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EDITORIAL

Current understanding of the functional roles of aberrantly
expressed microRNAs in esophageal cancer
Christine Kestens, Peter D Siersema, Jantine WPM van Baal
improvements in diagnosis and treatment, the overall
5-year survival rates remain low. MicroRNAs (miRNAs)
are small non-coding RNA molecules that regulate the
expression of target genes. Recently, disease specific
miRNAs have been identified, which act as tumor
suppressors or oncogenes. In this review, we will
summarize the current knowledge about the function
of aberrantly expressed miRNAs in esophageal cancer.
We selected 5 miRNAs (miRNA-21, -143, -145, -196a
and let-7) based on the available literature, and
described their potential role in regulating pathways
that are deregulated in esophageal cancer. Finally we
will highlight the current achievements of using and
targeting miRNAs. Because these miRNAs likely have
important regulatory roles in cancer development,
they open a therapeutic window for new treatment
modalities.
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Core tip: MicroRNAs (miRNAs) likely have important
regulatory roles in the development of cancer as
they target essential pathways. Here, we review the
function of aberrantly expressed miRNAs in esophageal
cancer, with the aim to provide guidelines for future
studies focusing on the function of miRNAs and the
development of new treatment modalities.
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Abstract
The incidence of esophageal cancer is rising, mostly
because the increasing incidence of esophageal
adenocarcinoma in Western countries. Despite
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[6]

expressed in various malignancies . Next to colon
[7]
and gastric cancer , miRNA-21 expression is also
upregulated in esophageal cancer. In ESCC, miRNA-21
expression is consistently reported to be higher
expressed compared to normal adjacent squamous
[8-10]
epithelium
. Moreover, increased expression of
miRNA-21 is associated with more advanced stages
[8,9]
of ESCC . Profiling studies of EAC have also shown
upregulated miRNA-21 expression in EAC compared to
[11-13]
normal adjacent squamous epithelium
. In addition,
high miRNA-21 expression is already observed in the
[12,14,15]
known precursor of EAC, BE
. This indicates that
miRNA-21 plays an important role in the carcinogenic
process that occurs in the esophagus. Several studies
have focused on functional roles of miRNA-21 during
cancer development of the esophagus.
In vitro studies using ESCC cell lines showed
increased cell viability upon miRNA-21 precursor
[8,9]
transfection . This increase in cell viability could be
the effect of miRNA-21 targeting the PI3K pathway.
This pathway regulates various cellular processes
including metabolism, proliferation and cell migration
and is one of the most critical cancer-promoting
pathways. In short, PI3K catalyzes the formation
of PIP3, which transduces activating signals to the
serine-threonine kinase AKT, which in his turn is
able to phosphorylate a wide array of additional
substrates that also induces proliferation and sur
vival. Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) is an antagonist of this path
way; it dephosphorylates PIP3 and subsequently
[16]
inhibits activation of AKT . Dysregulation of the
PI3K pathway through selective mutations have been
[16]
reported in numerous cancers .
[9]
In ESCC, Ma et al observed an inverse correlation,
however not statistically significant, between miRNA-21
expression and PTEN protein expression (Table 1
summarizes the function of all miRNAs described
in this review). In vitro transfection experiments
overexpressing miRNA-21 showed no significant effect
on PTEN mRNA expression, but a downregulation of
PTEN protein expression was observed. This suggests
that miRNA-21 targets PTEN at a post-transcriptional
level. In addition, knockdown of miRNA-21 leads
[9,17,18]
to significantly upregulated PTEN expression
.
[17]
Moreover, Huang et al
showed, that after PTEN
downregulation, pAKT is dephosphorylated. Based
on these studies, it can be concluded that miRNA-21
inhibits PTEN thereby inhibiting the PI3K pathway
leading to increased proliferation and cancer cell
survival.
[10]
Next to regulating the PI3K pathway, Liu et al
reported that miRNA-21 targets programmed cell
death 4 (PDCD4) gene in ESCC. This is in line with
other studies, which have shown that miRNA-21
directly targets PDCD4 in colorectal cancer, hepa
[19-21]
tocellular carcinoma and breast cancer
. PDCD4 is
a recently discovered tumor suppressor which controls
cell migration, directs apoptosis and regulates the

INTRODUCTION
th

Esophageal cancer is the 8 most common cancer and
th
[1]
the 6 most lethal cancer worldwide . Esophageal
cancer is divided into two main histopathological
subtypes; esophageal squamous cell carcinoma (ESCC)
and esophageal adenocarcinoma (EAC). ESCC develops
in esophageal squamous cells while EAC develops
in intestinal type epithelium containing goblet cells,
which is also known as Barrett’s esophagus (BE). Both
cancer types are different in development, etiology
and treatment. Due to fact that most patients have
already distant metastases at the time of diagnosis,
the prognosis of esophageal cancer remains poor.
Despite improvements in diagnosis and treatment,
the overall 5-year survival rate is 15%-20%, and only
after treatment with a curative intent, the survival rate
[2]
increases to 47% .
MicroRNAs (miRNAs) are small non-coding RNA
molecules of 20-24 nucleotides long that modulate
the expression of target genes. They are first
transcribed from DNA as parts of longer molecules
(pre-miRNA) and undergo final processing by dicer
[3]
in the cytoplasm to form mature miRNAs . miRNAs
are present in tissue, blood and other body fluids
and have emerged as critical components of complex
functional pathways involved in processes such as
[4]
differentiation, apoptosis and proliferation . Recently,
numerous studies have identified tissue or disease
specific miRNAs by extensive miRNA-profiling. These
studies have identified miRNAs which are aberrantly
expressed in esophageal cancer for example miR-21,
-145, -192, which are upregulated and miRNA-31,
-203, -205 and let-7 which are often downregulated
[5,6]
compared to normal esophageal tissue
. These
findings have led to the identification of miRNAs that
act as tumor suppressors or oncogenes. In addition,
several studies have shown that aberrant expression of
specific miRNAs correlates with the survival of patients
with esophageal cancer, presence of metastasis and
[5]
response to neo-adjuvant therapies . However, to
date little is known about the cellular function of these
differently expressed miRNAs.
In this review, we will summarize the function of
miRNAs in the carcinogenic process of the esophagus.
Using PubMed, we identified studies that evaluated
the effects of miRNAs in ESCC or EAC and selected
five miRNAs, miRNA-21, -143, -145, -196a and
let-7, which are known to be up- or downregulated
in esophageal cancer. Moreover, we will describe the
current development of novel anti-cancer therapy by
targeting miRNAs.

MIRNA-21 ACTS AS AN ONCOGENE
IN ESOPHAGEAL SQUAMOUS CELL
CARCINOMA
MiRNA-21 is reported to be an oncogene and is highly

WJG|www.wjgnet.com
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Table 1 MiRNAs and their targets in esophageal cancer
miRNA

Expression
profile

ESCC

miRNA-21

↑

Let-7

↓

miRNA-143 and -145

↓

PTEN
PDCD4
HMGA2
IL-6
FSCN
ERK5

miRNA-196a

↑

EAC

FSCN
Annexin A1
SPRR2C
S100A9
KRT5

RAP1A

Related biological function

Ref.

Cell proliferation
Cell migration, apoptosis
Cell proliferation
Cytokine activity
Cell migration
Cell proliferation, cell migration
Apoptosis
Pseudogene
Cell differentiation, cell proliferation
Cell architecture
Cell proliferation, cell adhesion and cell migration

[8,17,18]
[9]
[25,26]
[27]
[29,32]
[30]
[38,39]
[38]
[38]
[38]
[41]

miRNAs with corresponding expression profile (↑ = upregulated, ↓ = downregulated in esophageal cancer), described targets and related biological
function in esophageal squamous cells carcinoma (ESCC) and esophageal adenocarcinoma (EAC).

cellular response to DNA damage. In various types of
cancer tissue, PDCD4 expression is downregulated.
This was also observed in ESCC, where high expression
of PDCD4 was detected in normal squamous
[10,22]
epithelium in contrast to ESCC
. In addition, in
ESCC an inverse correlation of PDCD4 with miRNA-21
[10]
was reported . Future studies should determine if
miRNA-21 also targets PDCD4 during the carcinogenic
processes that occur in the transition from BE to EAC.

knowledge, no studies regarding HMGA2 expression
have been performed in BE or EAC. It would be
interesting to determine if downregulated expression
of let-7 also results in upregulation of HGMA2 in EAC.
Future studies are required to elucidate this in detail.
Besides HGMA2 as putative target of let-7,
[27]
Sugimura et al
reported an inverse association
between both let-7b/c and IL6 expression in ESCC
tissue. IL-6 was identified as potential target using
the Target scan database. In addition, in vitro studies
have shown that let-7c overexpression significantly
reduced IL-6 expression in ESCC cell lines. Moreover,
expression of STAT3, a downstream target of IL-6,
[27]
was also reduced after let-7c overexpression .
[28]
Findings by Sung et al
supported the results of this
study as they showed that let-7 directly targets IL6 in
cancer associated mesenchymal stem cells involved in
prostate cancer.

LET-7 ACTS AS A TUMOR SUPPRESSOR
IN ESOPHAGEAL CANCER
One of the first miRNAs discovered, the let-7 family
is comprised of 12 family members and have an
[23]
overlapping set of target genes . In the earliest
phases of embryology, the let-7 family is not expressed
while expression is upregulated during later stages
of development. During neoplastic progression, let-7
is often downregulated and therefore considered to
[24]
be a tumor suppressor . In both ESCC and EAC,
downregulated expression of let-7 has been reported
and downregulated expression is associated with a
[5,6]
poor prognosis .
Overexpression of let-7 in an ESCC cell line resulted
in decreased cell viability compared to cells transfected
[25]
with a let-7 inhibitor . Several studies have identified
high mobility group AT-Hook (HMGA2) as a putative
[24]
target of let-7 . In contrast to let-7, expression of
HMGA2 is prominent during development and absent
in adult human tissues. However, during cancer
development HMGA2 is re-expressed and acts as
[24]
an oncogene by regulating cell proliferation . An in
[25]
vitro study of Liu et al
observed decreased HMGA2
protein expression after let-7 overexpression in an
ESCC cell line. However, no difference was observed
in mRNA expression among the different groups
suggesting that let-7 targets HMGA2 at a posttranscriptional level. Another paper from the same
group confirmed with a luciferase assay that let-7
[26]
directly targets HMGA2 in the esophagus . To our

WJG|www.wjgnet.com

miRNA-143 AND miRNA-145 JOINTLY
ACT AS TUMOR SUPPRESSORS
miRNA-143 and miRNA-145 are positioned in close
proximity with each other on chromosome 5 and this
suggests that they have similar biological functions.
The expression of miRNA-143 and miRNA-145 is down
[29-31]
regulated in both ESCC and EAC
. Furthermore,
downregulation of these miRNAs is reported to be
associated with increased invasion depth and lymph
[29,30]
node metastasis
suggesting a tumor suppressive
role for these miRNAs. In vitro studies have shown
that overexpression of both miR-143 and miR-145
significantly reduced cell proliferation and migration
[30-33]
while apoptosis was increased
. In addition,
overexpression of miRNA-143 decreased invasive
[30]
properties of ESCC cell lines .
Two different groups have shown that miRNA-145
directly targets fascin homolog (FSCN). Following
overexpression of miRNA-145, a significant down
[29,32]
regulation in FSCN expression was observed
.
[29]
In addition, Liu et al
showed that miRNA-143
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also directly targets FSCN, with even a 2-fold higher
inhibition efficacy compared to miRNA-145. FSCN is an
important regulatory element in the maintenance and
stability of filamentous actin. It organizes filamentous
actin in well-ordered parallel bundles and plays a
crucial role in the formation of membrane protrusions.
It has been suggested that FSCN has an oncogenic
[29,32]
role as it promotes cell motility and migration
.
Knockdown of FSCN in an ESCC cell line resulted in
[32]
decreased cell growth and cell invasion . In addition,
high expression of FSCN correlates with poor survival
[34]
in ESCC .
Besides the effect on FSCN expression, it was also
suggested that miRNA-143 targets extracellular-signalregulated kinase 5 (ERK5) expression. This kinase is a
member of the mitogen activated protein kinase family
and is important for cell proliferation and angiogenesis.
Some reports have shown a potential role for ERK5
[35]
in cancer progression . To our knowledge, only one
study investigated ERK5 expression in ESCC on protein
level. After overexpression of miRNA-143 in an ESCC
[30]
cell line, ERK5 expression was downregulated . In
bladder cancer, overexpression of both miRNA-143
[36]
and -145 reduced ERK5 expression . However,
further studies are necessary to evaluate if ERK5 is
a direct target of miRNA-143 and -145 and if the
downregulation is a downstream effect of targeting
another gene in the MEK5/ERK5 pathway in the
esophagus.

confirm that annexin A1 was a direct target of miRNA196a, luciferase assays were performed, showing that
[39]
miRNA-196a directly targets annexin A1 . The same
group also showed an inverse correlation between the
expression of miRNA-196a and SPRR2C, S100A9 and
Keratin 5. To confirm these putative targets, in vitro
miRNA-196a overexpression and luciferase-based
[38]
assays were performed in EAC cell lines .
[41]
In addition, Wang et al
showed in ESCC cell
lines that miRNA-196a directly inhibits RAP1A.
RAP1A belongs to the family of RAS-related proteins
regulating a wide range of biological processes, i.e.,
[41]
cell proliferation, cell adhesion and cell mobility .
In patients with ESCC, high expression of RAP1a is
associated with lymph node metastasis. Overexpression
of RAP1A in an ESCC cell line resulted in increased
migration and invasion. In addition knockdown of
[41]
RAP1A resulted in decreased migration and invasion .
To our knowledge, this is the only study which have
reported RAP1A as a target for miRNA-196a. It would
be interesting if other groups can confirm these results
and to further evaluate the effect of reduced expression
of RAP1A in ESCC.

CLINICAL APPLICATIONS OF MIRNAS
Results of the studies summarized above highlight the
important regulatory roles of miRNAs in mediating
changes in gene expression during the development
of esophageal cancer. These miRNAs are excellent
candidates for the development of novel treatment
modalities. Depending on the oncogenic or tumor
suppressive role(s) of the specific miRNA, it may be
possible to inhibit or replace its function through the
use of miRNA mimics and inhibitors. However until
now, the research field has mainly focused on the
identification of down-stream targets of miRNAs using
in vitro studies (Figure 1). Animal studies should
be the next step in order to elucidate whether the
manipulation of specific miRNAs could provide a new
therapeutic window for esophageal cancer. In a mouse
model of ESCC, knockdown of miRNA-21 reduced
tumor size and weight, suggesting a potential role for
miRNA-21 as therapeutic target in the treatment of
[9]
ESCC . This study indicates that it should be possible
to translate the in vitro results to animal studies.
Recently, the first human study for the evaluation
of miRNA-based therapy was published. In patients
with chronic hepatitis C virus (HCV), Miravirsen, an
antisense oligonucleotide which binds and thereby
blocks miRNA-122, was randomly compared with
placebo. Treatment with Miravirsen was found to
dose-dependently reduce HCV RNA levels compared
[42]
to placebo . In addition, MRX34, a mimic of the
tumor suppressor miRNA-34, is currently evaluated
in an open-label phase 1 clinical trial in patients with
unresectable liver cancer (ClinicalTrials.gov number:
NCT01829971). These crucial studies will pave the way
for other phase 1 studies for miRNA-based therapies.

MIRNA-196a ACTS AS AN ONCOGENE
The miRNA-196 family contains three miRNAs: miRNA196a-1, miRNA-196a-2 and miRNA196b. miRNA196a-1 is located on chromosome 17 while miRNA196a-2 is located on chromosome 12. When these
miRNAs are processed to mature miRNAs, both have
[37]
identical mature nucleotide sequences (miRNA196a) .
In BE, the precursor of EAC, the expression of miRNA196a is already significantly upregulated compared
to the normal squamous epithelium. This increased
[38]
expression is also observed in EAC . Further
studies are needed to specifically identify whether
this is miRNA-196a-1 or -196a-2 that is upregulated
in BE and EAC. For ESCC, publications concerning
miRNA-196 expression are limited.
Functional assays have shown that overexpression
of miR-196a in EAC cells resulted in increased cell
[39]
proliferation compared to control cells . However,
this study used SEG-1 cells, which later found to
[40]
be a cell line derived from lung cancer . The first
study which evaluated the effect of increased miRNA196a expression in EAC found an inverse correlation
comparing the expression of Annexin A1 and miRNA196a. As expected, miRNA-196a was upregulated
while Annexin A1 was downregulated in EAC compared
[38]
to normal squamous epithelium . Annexin A1 is a
crucial factor regulating apoptosis and suppression
[39]
of Annexin is often reported in malignancies . To

WJG|www.wjgnet.com



January 7, 2016|Volume 22|Issue 1|

Kestens C et al . Functional role of microRNAs in esophageal cancer

Future studies
Phase-3 studies
Phase-2 studies
Phase-1 studies
Animal studies
Current studies

Experimental studies evaluating the function of miRNAs
Experimental profiling studies evaluating the expression of miRNAs

Figure 1 Overview of study phases for developing miRNA-based therapies for esophageal cancer. An overview of the current and future studies for developing
miRNA-based therapies. The research field of esophageal cancer has mainly focused on the identification of miRNAs (profiling studies) and evaluating their specific
functions by identifying the targets using in vitro experiments. Animal studies provide insight whether the manipulation of miRNAs provide new therapeutic windows.
For the future, phase-1, -2 and -3 studies should be conducted in order to determine whether the manipulation of miRNAs could provide a new therapeutic window for
esophageal cancer.

Moreover the expression of specific miRNAs could
be used in order to individualize the treatment for
patients with esophageal cancer. For example, a
low expression of let-7c was found to correlate with
[27]
a poor response to chemotherapy . Sensitivity to
cisplatin, which is commonly used as chemotherapy
in esophageal cancer, increased after transfection with
[27]
let-7c in ESCC cell lines . Furthermore, Hummel et
[43]
al
compared the miRNA signature of chemoresistant
esophageal cell lines (both EAC as ESCC) to che
motherapy sensitive controls and identified 18 miRNAs
that were significantly dysregulated compared to
controls. Q-RT-PCR validation of the microarray
experiments has identified numerous miRNAs aber
rantly expressed in cisplatin resistant esophageal
cancer cell lines and 5-FU resistant esophageal
cancer cell lines It would be of high interest to further
investigate if these results can be translated into a
clinical setting in order to modify the treatment for
patients with esophageal cancer and increase disease
survival.

therapeutic targets and/or as prognostic markers.
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TOPIC HIGHLIGHT
2016 Alcoholic Liver Disease: Global view

Optimal management for alcoholic liver disease:
Conventional medications, natural therapy or combination?
Moon-Sun Kim, Madeleine Ong, Xianqin Qu
pathogenesis of chronic liver diseases. Alcoholic liver
disease (ALD) is defined by histological lesions on the
liver that can range from simple hepatic steatosis to
more advanced stages such as alcoholic steatohepatitis,
cirrhosis, hepatocellular carcinoma and liver failure. As
one of the oldest forms of liver injury known to humans,
ALD is still a leading cause of liver-related morbidity
and mortality and the burden is exerting on medical
systems with hospitalization and management costs
rising constantly worldwide. Although the biological
mechanisms, including increasing of acetaldehyde,
oxidative stress with induction of cytochrome p450
2E1, inflammatory cytokine release, abnormal lipid
metabolism and induction of hepatocyte apoptosis,
by which chronic alcohol consumption triggers serious
complex progression of ALD is well established, there
is no universally accepted therapy to prevent or
reverse. In this article, we have briefly reviewed the
pathogenesis of ALD and the molecular targets for
development of novel therapies. This review is focused
on current therapeutic strategies for ALD, including
lifestyle modification with nutrition supplements,
available pharmacological drugs and new agents that
are under development, liver transplantation, application
of complementary medicines, and their combination.
The relevant molecular mechanisms of each con
ventional medication and natural agent have been
reviewed according to current available knowledge in
the literature. We also summarized efficacy vs safety on
conventional and herbal medicines which are specifically
used for the prevention and treatment of ALD. Through
a system review, this article highlighted that the
combination of pharmaceutical drugs with naturally
occurring agents may offer an optimal management for
ALD and its complications. It is worthwhile to conduct
large-scale, multiple centre clinical trials to further prove
the safety and benefits for the integrative therapy on
ALD.
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Abstract
Alcohol consumption is the principal factor in the
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morbidity and mortality statistics and related health
expenses, there is a lack of effective treatments for
ALD, especially cirrhosis and HCC. Abstention from
alcohol may reverse the early stage of ALD to a normal
condition. The treatment for ALD with conventional
medicines, mainly pharmaceutical medications, has
limited success with side-effects. Recently, natural
medicines, which mainly apply herb-derived agents,
are emphasized as alternative therapies to manage the
various alcohol-related liver diseases. It is the aim of
this article to provide an overview of understanding the
mechanisms of ALD, which could generate therapeutic
interventions with conventional medicines, natural
therapies and their combinations to reverse or retard
the progression of ALD.
Pathogenesis of ALD is multifactorial. Strategically,
the liver is the most important organ to target as about
[7]
90% of alcohol intake is metabolized by the liver .
Alcohol consumption can cause fatty liver by disrupting
hepatic lipids and glucose metabolism. Furthermore,
ethanol and its oxidative and non-oxidative metabolites
[8]
have direct toxic effects on the liver . Histologically,
fatty liver, or HS, is a malfunctioned fat accumulation
in the parenchymal cells of the liver. HS is a reversible
lesion. Fibrosis (or scar formation) is the subsequent
result if liver injury persists. Fibrosis determined by
biopsy increases the likelihood of progression to cirrhosis
and end-stage liver disease. Biochemically, alcohol
abuse contributes to a serious complex phenomenon
involving different molecular and biological mechanism
to induce ALD. Many hypotheses have been investigated
and established to explain the pathogenic mechanisms
of ALD. These include: (1) activation of alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase
[9]
(ALDH) to cause the over generation of acetate ;
(2) induction of cytochrome P450 2E1 (CYP2E1) for
[10]
alcoholic oxidative stress and hepatotoxicity ; (3)
abnormal lipid metabolism by increasing fatty acid (FA)
[10]
synthesis and decreasing of FA oxidation ; (4) hepatic
inflammation indicated by an increase of tumour
[11]
necrosis factor-α (TNF-α) and cytokine release ; (5)
induction of hepatocyte apoptosis and subsequent
activation of Kupffer cells; (6) increased hepatic levels
of cellular fibronectin and tissue growth factor-β (TGF-β)
[12]
related to the activation of hepatic stellate cells ; and
[13,14]
(7) ethanol-induction of gut endotoxins
. Proposed
mechanisms impacting hepatocellular dysfunction
by alcohol exposure within ALD pathogenesis are
summarized in Figure 1. To further improve current
strategies for managing ALD, a deeper understanding of
the pathomechanisms of the disease is needed. Various
curative approaches based on these mechanisms could
prevent the progression of ALD and its downstream
sequelae.

Conventional medicines; Natural medicines; Hepatic
lipid metabolism; Hepatic inflammation; Combination
therapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this article is to review the
impairment of hepatocellular dysfunction in alcoholic
liver diseases and their prospective managements.
Specifically, we focused on the natural therapies
with their efficacies and safeties. Moreover, we
summarized molecular mechanisms of herbal therapy
to treat alcoholic liver disease (ALD). With evidencebased natural therapy, this article highlighted that the
combination of pharmaceutical drugs with naturally
occurring agents may offer an optimal management for
this complex liver disease. It is worthwhile to conduct
large-scale, multiple centre clinical trials further to
prove the safety and benefits for the integrative
therapy on ALD.
Kim MS, Ong M, Qu X. Optimal management for alcoholic
liver disease: Conventional medications, natural therapy or
combination? World J Gastroenterol 2016; 22(1): 8-23 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/8.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i1.8

INTRODUCTION
Alcohol is a psychoactive substance and has been
widely used in many cultures for centuries. Alcoholic
abuse causes a large range of diseases and is
also a social and economic burden in world societies.
Reduction of alcohol consumption is now becoming the
global strategy, with attempts to define “harmful use”
of alcohol by the World Health Organization (WHO) to
reduce the associated morbidity and mortality. Alcohol
intake is a principal etiological factor in chronic liver
diseases. Alcoholic liver disease (ALD), which initially
manifests as hepatic fat accumulation, followed by
an inflammatory response to induce final stage liver
[1]
failure, is now a deleterious health problem . Alcohol
abuse accelerates various types of liver diseases,
such as alcoholic fatty liver disease (AFLD), alcoholic
steatohepatitis, alcoholic hepatitis (AH), progressive
[2]
fibrosis, liver cirrhosis and liver failure . Patients
with ALD, especially with alcoholic cirrhosis, are
associated with increased risk of hepatocellular
[3,4]
carcinoma (HCC) .
The prevalence of ALD has increased in the last
years, parallel with the increasing alcohol consumption
[5]
in the western world as well as in Asian counties .
According to the WHO report in 2011, chronic alcohol
consumption results in approximately 2.5 million deaths
[6]
each year with much of the burden related to ALD .
Though ALD significantly contributes to the rising
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Figure 1 The molecular mechanisms of alcohol-related liver pathogenesis and therapeutic targets. Adapted from references[8,13,159]. When alcohol intake
is chronic and heavy, alcohol oxidation occurs via cytochrome P450s, resulting in increased levels of CYP2E1, which in turn causes oxidative stress through
the generation of ROS which are responsible for lipid peroxidation and alcoholic liver injury. ROS also negatively regulates the activation AMPK and leads to
overexpression of SREBP-1, resulting in an increase of de novo lipogenesis. GSH also has been reported to its depletion by CYP2E1 followed by the development
of oxidative stress. Alcohol consumption negatively affects adiponectin secretion from adipocytes then causes inactive AMPK pathway, leading to elevated de
novo lipogenesis and inflammatory process in the liver, while simultaneously decreasing fatty acid β-oxidation and contributing to hepatocyte necrosis. The red
font indicates the end-point of pathology in the liver. ACC: Acetyl-CoA carboxylase; ADH: Alcohol dehydrogenase; AdipoR1: Adiponectin 1; ALDH: Acetaldehyde
dehydrogenase; AMPK: 5’ adenosine monophosphate-activated protein kinase; CYP2E1: Cytochrome P450 2E1; CPT-1: Carnitine palmitoyl-transferase-1;
ECM: Extracellular matrix; FA: Fatty acid; GSH: Glutathione; HSC: Hepatic stellate cells; IRF-3: Interferon regulatory factor 3; IL-6/IL-1: Interleukin 6 and 1; LPS:
Lipopolysaccharide; NADH/NAD+: Nicotinamide adenine dinucleotide hydrogen, nicotinamide adenine dinucleotide; NF-κB: Nuclear factor kappa; ROS: Reactive
oxygen species; RNS: Reactive nitrogen species; PPAR-α: Peroxisome proliferator-activated receptor-α; SIRT1: Sirtuin 1; SREBP1: Sterol regulator element binding
protein 1; TG: Trigylcerides; TLR-4: Toll-like receptor 4; TNF-α: Tumour necrosis factor-α; TGF-β: Tissue growth factor-β.
[2]

abstinence from alcohol . This becomes increasingly
vital as the condition progresses. However, this is largely
dependent on patient willingness and compliance.
Currently, there is no universally accepted therapy to
prevent or reverse the progression of ALD. Successful
managements include lifestyle modification with the
correction of nutritional deficiencies, conventional drugs,
liver transplantation, application of complementary
[15,16]
medicines, and their combinations
.

to hepatic cirrhosis by reducing portal pressure and
[17,18]
histological lesions
. However, long-term alcohol
abstinence heavily relies on patient compliance and
willingness and therefore may need to be accompanied
with psychological therapy or social support. Cognitive
behavioral therapy, one of the psychotherapies, reduces
the risk of alcoholism and motivates patients to take
[19]
responsibility and avoid relapse . Pharmacotherapy
in combination with psychosocial interventions also
encourages patients to sustain abstinence from alcohol.
Naltrexone and Acamprosate have been used to
[20]
manage alcohol abuse in chronic heavy drinkers .
Disulfiram has also been approved by the FDA for
the management of alcoholism and is broadly utilized
[21]
despite unclear results from clinical trials . Disulfiram
is an acetaldehyde dehydrogenase inhibitor and may
cause an increase of serum acetaldehyde by changing

Lifestyle intervention

Lifestyle intervention initially entails the abstinence
from alcohol. Abstinence limits the development of
hepatic steatosis (HS) and prevents further ongoing
liver injury, fibrosis and the possibility of HCC. It was
reported that abstaining from alcohol improves the
prognosis of ALD patients and prevents advancement
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the alcohol metabolism. Disulfiram, therefore, needs
[21]
to have supervised administration . Furthermore,
reducing alcohol consumption, but not completely
stopping has also displayed favourable results for the
[22]
survival of patients with ALD . Other important lifestyle
changes can include smoking cessation, adopting a
balanced diet and weight control if relevant. Smoking is
an independent risk factor for increasing the severity of
[23,24]
ALD and its progression to fibrosis and HCC
. Obesity
is another risk factor that can accelerate the progression
of ALD as it alone is linked to fatty liver disease and
[25]
cirrhosis .

Another recent published clinical trial randomized 101
acute AH patients to corticosteroids (e.g., prednisone
30 mg/d or methylprednisone 24 mg/d intravenously)
and at 30 d, survival was 70% in corticosteroid group
[37]
when compared to the control (37/53) . Although,
corticosteroids have been established as a common
treatment for ALD, the data on treatment duration
and efficacy of corticosteroids in ALD are conflicting.
Long-term usage of corticosteroid seems to enhance
the efficacy while others have showed no benefit
[38]
of corticosteroid therapy after more than 6 mo .
Glucocorticoid has been demonstrated to decrease
serum bilirubin levels, which is shown to be a clinically
[39,40]
useful indicator
. Using corticosteroids in severe
AH, however, carries contraindication including sepsis,
hepatitis B, hepatorenal syndrome and gastrointestinal
[37,41]
(GI) bleeding
.
Pentoxifylline (PTX), has been thought of as
an appropriate substitute to replace corticosteroid
treatment in patients with severe AH when there is a
contraindication to steroids and is suitable for short-term
[42,43]
use
. The exact mechanism of PTX is not entirely
clear. Anti-TNF actions may explain part of its protective
effect for ALD. Interesting results have proved that
100 to 1000 µg/mL of PTX inhibited TNF expression by
murine peritoneal exudate cells treated with endotoxin
1 µg/mL and PTX treatment significantly reduced serum
[44]
TNF-α levels in murine in vivo . Despite these positive
efficacies, treatment with PTX still remains controversial.
It has been reported that no significant differences
between PTX and corticosteroid treatment groups, or
[45]
their combination were observed . Meta-analysis
also argued that PTX decreased the hepatic-related
mortality, but trial sequential analysis did not support
[46]
this result . Nevertheless, the European Association
for the Study of the Liver and the American Association
for the Study of Liver Diseases have both recommended
that PTX should be considered when AH patients have
[47]
contraindications to corticosteroid treatment .
S-adenosyl-L-methionine (SAM) operates as a
methyl donor and contributes in the synthesis of
the major cellular antioxidant, glutathione (GSH).
In patients with AH and cirrhosis, decreased hepatic
SAM, cysteine, and GSH levels caused by abnormality
of hepatic gene expression in methionine and GSH
[48]
metabolism is observed . SAM deficiency arises in
early stages of ALD. SAM supplementation can however
increase reduced SAM concentrations and reverse
[49]
liver injury and mitochondrial damage . SAM works
to reduce the severity of oxidative stress and hepatic
stellate cell (HSC) activation by inhibiting hepatic TGF-α
signalling pathway in an ethanol-lipopolysaccharide[50]
induced fibrotic rat model . SAM supplementation
has also shown its benefit in 220 patients with chronic
hepatitis and cirrhosis in a prospective, double-blind,
placebo-controlled trial. Other studies have contradicted
these findings, as one demonstrated that there was no
significant difference between SAM and placebo in liver

Nutritional supplements

Malnutrition is another major complication of ALD
as poor dietary intake from anorexia, vomiting, maldigestion, iatrogenic causes, metabolic disturbance,
hypermetabolic state, impaired protein synthesis, or
mal-absorption can lead to malnutrition and contribute
[26,27]
to the disease
. Nutritional supplementation
may address calorie, protein, and nutrient intake to
[28]
support hepatocyte regeneration . Protein energy
malnutrition can be detected with symptoms of
muscle wasting, edema and loss of subcutaneous
fat. It is recommended that patients with ALD have a
daily intake of 1.5 g/kg and 35-40 kcal/kg per day of
[29]
protein . Supplementation with vitamins such as folate
and thiamine should be considered if their deficiencies
[16,30]
are detected
. A discussion concerning micronutrient
supplementation is necessary beyond the scope of
this article. Nevertheless, an example of micronutrient
deficiency related to ALD is seen in zinc deficiency as
zinc supplementation has shown to improved ALD by
enhancing the activity of ADH and suppressing CYP2E1
[31,32]
in animal models
. In summary, nutritional status
should be balanced in individual cases of malnutrition.

Established conventional therapies for ALD

Although patients living with ALD are mostly treated
with strategies to encourage abstinence from alcohol,
some patients may need to be accompanied with
pharmacological treatment approaches. There are
several drugs that have been widely used and reviewed
with efficacy, molecular mechanisms (Figure 1), and
safety. Table 1 summarizes the effects and mechanism
of conventional medicines.
Corticosteroids were one of the first pharmacologic
therapies investigated for the treatment of AH and
many researchers have extensively studied their use
[33]
for patients with ALD . The underlying mechanism of
action is thought to be the ability of corticosteroids to
ameliorate the characteristic inflammatory response
[34,35]
by decreasing TNF-α, IL-6, and IL-8
and also
to suppress the formation of acetaldehyde adduct
[36]
metabolites with inhibition of collagen . Prednisolone,
belonging to the corticosteroid family, with a dose of
40 mg/d for 28 d followed by tapering over 2-4 wk is
recommended to treat severe alcoholic hepatitis (AH).
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Table 1 The information of effects of current conventional medicines on the treatment of alcoholic liver disease
Medicine/
compound
Corticosteroid

Pentoxifylline

Type of model

Dosage/duration

Effects

RCT in severe AH

Prednisone (30 mg/d, 30 d)

Lower mortality AH group
compared to antioxidant
treated group
Decrease short-term mortality
of patients with AH

RMT and double blind trials in
Methylprednisolone (32 mg
severe AH
within 7 d) and 28 d treatment
and then tapered over 2 wk and
discontinued
A double-blind, placebo400 mg orally 3 times daily for 4
controlled trial
wk

Mechanisms

Decrease in the risk of
Progressing hepatorenal
syndrome;
Improve short-term survival in
patients with AH
A RCT followed by open study 400 mg/d, orally for 4 wk and
Better reduced mortality
in severe AH
then tapered by 5 mg/wk for 7 compared to prednisolone in
patients
wk
AH
SAM
Ethanol-LPS-induced fibrotic
10 mg/kg bw, ip
Attenuate oxidative stress and Inhibition of TGF-β signaling
rats
HSC activation
pathway
Double-blind, placebo1600 mg/d orally
Decreased serum markers of
controlled trial in 220 patients
cholestasis;
with AH and cirrhosis
Improved subjective
symptoms such as pruritus,
fatigue, and feeling of being
unwell
PPAR-α
C57BL/6J mice with ethanol
0.1% Wy-14643 for 4 wk
Decreased serum and hepatic
Enhancement of hepatic FA
agonists
(27.5% of total calories)
fat accumulation
oxidation pathway;
Increased PPAR-α mRNA
expression by 5-fold
C57BL/6J mice with 4 %
Wy-14643 (50 mg/kg per day)
Decreased serum AST and
Repress PI3K and COX-2
ethanol (Ethanol feeding for 12
for last 2 wk
ALT
expression;
wk)
Dropped on score of hepatic
Enhance adiponectin and
steatosis and hepatocyte
HO-1;
ballooning
Increase SIRT1 protein
expression
C57BL/6J mice with ethanol Rosiglitazone (3 mg/kg bw/d) Reduced hepatic triglyceride
Upregulated level of
containing diet
for 2 wk
content; Reduced AST and
adiponectin and its receptors;
(29% of total calories)
ALT
Enhance SIRT1-AMPK
signaling pathway
Metformin
C57BL/6 mice
200 mg/kg ip for 4 d prior to
Reduced ALT;
Prevention of the upregulation
TNF knockout mice
ethanol administration
Prevented hepatic fat
of PAI-1
PAI-1 knockout with ethanol
accumulation
(6 g/kg ig)
Metadoxine
HepG2, CFSC-2G and HSC
10µg/mL for 24 h
Reduced peroxidation and
Decrease collagen secretion
treated with ethanol (50 mM)
oxidized GSH
and IL-6, IL-8 and TNF-α
and acetaldehyde (175 µM)
content
secretion
Carvedilol
Male Wistar rats with ethanol 10 mg/kg per day for last 7 d of
Reduced hepatic TG level
Down-regulated FAS and
(5%) fed
total 49 d
and the accumulation of fatty
SREBP-1, and up-regulated
droplets within hepatocytes;
PPAR-α;
Inhibited ethanol-induced the
Reduced the activation
thickening of zone 3 vessel
of HSCs with decrease
walls
induction of TGF-β1 and
collagen
Propylthiouracil Male Sprague-Dawley rat with 50 mg/kg per day of Wy-14643 Increased hepatic blood flow;
ethanol consumption (36%) for last 2 wk for the last 5 d of 4-6
Reduces oxidative stress
wk diets with alcohol
Colchicine
RCT in 74 patients with
1 mg/d for 4.4 yr
Reduced serum N-terminal
cirrhosis
peptide of type Ⅲ procollagen
levels

Ref.
[37]

[160]

[42]

[161]

[50]
[162]

[163]

[164]

[55]

[57]

[69]

[56]

[71]

[70]

AH: Alcoholic hepatitis; AMPK: 5’ adenosine monophosphate-activated protein kinase; ALT: Alanine transaminase; AST: Aspartate aminotransferase;
bw: Body weight; COX-2: Cyclooxygenase-2, FA: Fatty acid; FAS: Fatty acid synthase; GSH: Glutathione; HepG2: Hepatoma G2 cell-line; HO-1: Heme
oxygenase-1; HSC: Hepatic stellate cells; IL-6: Interleukin 6; IL-8: Interleukin-8; LPS: Lipopolysaccharide; mRNA: Messenger ribonucleic acid; P13K:
Phosphoinositide 3-kinase; PAI-1: Plasminogen activator inhibiter-1; PPAR-α: Peroxisome proliferator-activated receptor-α; RCT: Randomized controlled
trial; RMT: Respiratory muscle training; SIRT1: Sirtuin 1; SREBP1: Sterol regulator element binding protein 1; TG: Triglycerides; TGF-β: Tissue growth
factor-β; TNF: Tumour necrosis factor; TNF-α: Tumour necrosis factor-α.
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[51]

The liver and GI tract shares a reciprocal relationship
and therefore establishing healthy gut microbiota has
been put forward as a strategy in the treatment of
ALD. Lipopolysaccharide (LPS) binds to CD14 in Kupffer
cells which reacts with toll like receptor-4 (TLR-4)
to activate and release pro-inflammatory cytokines
[63]
genes . LPS signaling and gut microbiota can be
adjusted by probiotics, prebiotics and TLR-4 antagonists
[64]
to treat ALD . In animal experiments, treating with
antibiotics or lactobacillius improved ALD by reducing
the gut microflora which suggests that gut-derived
[65]
endotoxin/LPS may be important in the study of ALD .
The modified probiotic, Escherichia coli Nissle 1917
was shown to secrete pyrroloquinoline quinone (PQQ),
which decreased lipid peroxidation and increased GSH
to have an anti-inflammatory, anti-oxidant and antihyperlipidaemia effect in acute alcohol exposure in
[66]
rats . LPS antibody may also benefit injury from LPS
induced by exposure to microorganisms in the gut.
The outcome of experimental studies has provoked the
need to compare the effects of LPS antibodies when
combined with corticosteroids for translation into clinical
[67]
trials for AH .
As mentioned, oxidative stress is regarded as a
key player in the pathogenesis of ALD with increasing
evidence of its importance, such as products of lipid
peroxidation being detected in both heavy drinkers
[68]
and ALD patients . It, therefore, has been anticipated
that anti-oxidant therapy would benefit the outcomes
for ALD patients. In an animal study, metadoxine had
preventative effects of lipid peroxidation and GSH
depletion in human hepatocyte (HepG2), exposed with
[68]
ethanol and acetaldehyde . In HSC, metadoxin also
prevents the increase of collagen production and TNF-α
[69]
secretion .
In addition, some drugs have been used for alcoholic
liver cirrhosis or fibrosis. Colchicine when administered
(1 mg/d) to patients with chronic liver cirrhosis over
[70]
a three year period displayed anti-fibrotic effects .
Propylthiouracil (PTU), typically used as an anti-thyroid
medication may also ameliorate liver fibrosis. PTU has
been suggested as a therapeutic drug to treat alcoholinduced liver cirrhosis as it increases hepatic blood flow
[71]
and also reduces oxidative stress in rats .

biopsies
and no improvement to liver histopathology
scores or steatosis, inflammation, fibrosis in ALD
[52]
patients . Large and high-quality clinical trials are
needed to further prove clinical benefits of SAM in ALD.
Peroxisome proliferator-activated receptor-alpha
(PPAR-α), a member of the nuclear receptor superfamily
and mainly expressed in liver, participates in the
regulation of the transcription of genes involved in fatty
acid (FA) oxidation, FA transportation, and export of
free fatty acid. Alcohol intake inhibits FA oxidation via
[53]
the suppression of PPAR-α in hepatocytes . PPAR-α
agonists, are therefore a potential therapy to reverse
fat accumulation in AFLD. Many PPAR-α agonists have
been assessed as a therapeutic approach to patients
with ALD owing their positive efficacies to their antiinflammatory and hypolipidaemic effects, as well as the
induction of FA oxidation. Adiponectin and its receptors,
recently, are a new prospective target to manage ALD
through PPAR-α, TNF-α and sirtuin 1 (SIRT-1)-related
[54]
pathways . Thereby, drug discovery of adiponectin
agonists may be a potential strategy to manage
ALD. PPAR-α plays a pivotal role in the regulation of
adiponectin level and rosiglitazone, one of the PPAR-α,
agonists has shown to increase the circulating level of
adiponectin and enhance hepatic adiponectin receptors
[55]
(AdipoRs) in ethanol-fed mice . These increments
are correlated with the activation of the SIRT-1-AMPK
signalling system. Carvedilol, a beta-blocker, has
been recently reported to attenuate the development
of AH by decreasing hepatic trigylceride (TG) levels
and lipid droplets within hepatocytes through downregulation of fatty acid synthase (FAS) and sterol
regulator element binding protein 1 (SREBP-1), and
[56]
up-regulated PPAR-α . Carvedilol also prevented
ethanol-induced thickening of zone 3 vessel walls and
reduced HSC activation, decreased induction of TGF-β1
[56]
and collagen . Metformin, an antidiabetic drug, has
recently been discovered to improve HS by lowering
fat accumulation and liver damage in mouse models of
acute and chronic alcohol stimulation. This was through
the prevention of the up-regulation of plasminogen
activator inhibitor-1 and improvement of insulin
resistance and liver injury by increasing PPAR-γ and
[57,58]
adiponectin levels
.
Although CYP2E1 inhibitors prevent alcohol-induced
liver damage, compounds, which have been available
in commercial markets, have been too toxic for clinical
use. Polyenylphosphatidylcholine (PPC), an innocuous
mixture of polyunsaturated lecithins, extracted from
soybeans, was recently showed to reduce CYP2E1
activity and also attenuate hepatic oxidative stress
[59]
and fibrosis . However, one randomized controlled
trial (RCT) did not confirm the clear association with
[60]
the progression of liver fibrosis . Further studies
into the effect of PPC on ALD should be encouraged.
Clomethiazole, another potential CYP2E1 inhibitor, has
also shown to protect the liver from injury in ethanol[61,62]
fed rats and humans
.
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Approach to late stage ALD

Liver transplantation is an effective therapy and is
the next viable option for ALD patients with alcoholic
cirrhosis who have not responded to abstaining from
alcohol. Liver transplantation proposes to be a rescue
option for patients with decompensated liver injury
[72]
and no response from pharmaceutical therapy .
Liver transplantation is regarded as a final treatment
option for end-stage ALD. However, many reviews
have reported that relapse incidences following
liver transplantation are common and generally
[73,74]
occurs in approximately 10%-52%
of patients.
Moreover, patients who have been treated with liver

13

January 7, 2016|Volume 22|Issue 1|

Kim MS et al . Optimal management for alcoholic liver disease
transplantation related to ALD display an increased
likelihood of de novo cancer in other organs, especially,
[75-77]
. In
a high rate of cardiovascular complications
addition, the transplantation should be followed after six
[78,79]
months of abstinence to avoid histological damage
.

many advantages as it is readily available, has fewer side
effects and is a natural way of healing with lasting effects
[85]
when compared to conventional medicines . With
these benefits, natural therapy and herbal medicines
have attracted a lot of attention as a potential therapy
for the treatment of ALD. It was found that 41% of
outpatients with liver disease had utilized some form
[86]
of CAM . In the US survey, Silymarin and garlic were
reported as the most used herbs for liver disease with
12% and 8% respectively. Ginseng (6%), green tea
(5%), gingko (5%), echinacea (5%), and St. John’s wort
(4%) have also been reported. Other than silymarin, the
only herb used specifically for liver diseases was licorice
[87]
root (1%) . Herbal medicines and formulations are
commonly grouped according to country. This includes
Traditional Chinese Medicine (TCM), Japanese Herbal
Medicine, Ayurvedic Medicine (Indian Subcontinent),
Traditional African Medicine, Traditional Medicines of
the Amazonian Basin in South America, and Arab
Traditional Medicine. In general, the markers to display
the benefits of herbal products rely on serum/plasma
enzymes such as alanine transaminase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP).
Other characteristics, including lipid lowering effects,
anti-oxidant, anti- inflammation and anti-fibrotic effects
[87]
are also used to show the hepatoprotective effects .
This review may describe the potential role and effects
of natural products in chronic ALD including biological
properties and their beneficial effects. A summary list of
natural compounds is shown in Table 2.

Safety issues with drug treatment

Chronic alcohol uses and subsequent injury to the liver
involves various changes to cells and molecules that
can compromise the metabolic capabilities of the liver.
Therefore, medications that rely mainly on the liver
for their metabolism and clearance should be used
with caution as there is subsequently less elimination
[80]
and higher plasma concentrations . Impaired drug
metabolism may also relate to changes of the enzyme,
[81]
CYP2E1
which is effected by chronic alcohol use.
Additionally, in a cirrhotic liver, drug administration may
also be compromised with an increased risk for adverse
drug reactions. Furthermore, adverse reactions in the
treatment of ALD may often occur due to individual
differences such as food intake, genetic differences,
age, gender and environmental factors including
obesity and diabetes. Although it was found that there
was no significantly increased risk of hepatotoxicity
[80]
in patients with liver disease , there still should be
considerable attention to dosage when medicating
ALD patients to minimise the risk of adverse drug
reactions and hepatotoxicity. Caution, for example,
should also be taken when using corticosteroids and
[82]
anti-TNF medications
in the hospital setting due to
an increased risk of immune-related events including
pneumonia, staphylococcus septicaemia, candida
[83]
septicaemia and GI bleeding . This outcome was seen
in a previous study investigating the effects of infliximab
and prednisolone which was terminated prematurely
due to a significantly higher occurrence of severe
infections in the treatment group when compared
[83]
to placebo and prednisolone . Corticosteroids also
increase the risk of coincidental bacterial infections,
gastrointestinal bleeding, or renal failure indicating
the need for more clinical evidence to confirm this
safety issue. Metformin and alcohol combination may
produce severe consequences as a side effect of lactic
acidosis. This condition can generate when the blood
has insufficient oxygen, which is required to transport
the glucose throughout the body. Metformin also should
be prudent in patients with cirrhosis due to arterial
[84]
hypoxemia . Other drugs lack evidence in human
models beyond preliminary trials due to toxicity or
no significant treatment effect. This could perhaps be
influenced by the high morbidity rates and short-term
mortality associated with end stage ALD, especially
acute AH. This highlights the need for complementary
and alternative medicine (CAM) where side effects and
potential for toxicity are significantly reduced.

Green tea polyphenols

Green tea is derived from the leaves and buds of
Camellia sinensis. Green tea contains rich polyphenolic
compounds and has pleiotropic effects including antioxidant, hypolipidaemic and anti-inflammatory actions.
Green tea polyphenols (GTP) significantly ameliorated
ethanol-induced hepatic necrosis. Furthermore, while
ethanol significantly increased the accumulation of 4hydroxynonenal, a product of lipid peroxidation and
an index of oxidative stress, green tea extract down
regulated this effect. This indicated that GTP protects
alcohol-induced liver injury through preventing oxidative
[88]
stress . The major tea catechins include epicatechin
(EC), epicatechin gallate (ECG), epigallocatechin
(EGC), and epigallocatechin gallate (EGCG) with
EGCG being the major constituent of the catechins
[89-91]
with numerous biological functions
. Our previous
study showed total GTP and EGCG enhance glycogen
[92]
synthesis and inhibit lipogenesis in hepatocytes .
EGCG treatment also significantly decreased elevated
[88]
serum ALT in alcohol-induced rats
and normalised
[93]
the activities of enzymatic anti- oxidants . Another
study has reported that EGCG ameliorated plasma
endotoxin levels in alcohol-induced female rats with
endotoxemia, displaying anti- inflammatory effects
through the inhibition of TNF-α, COX-2, and iNOS
[94]
mRNA expression . EGCG also protected against liver
impairment through the enhancement of FA oxidation

Natural medicines as a potential alternative treatment of
ALD

CAM encompasses a wide range of approaches with
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Table 2 The information of effects of current natural medicines on the treatment of alcoholic liver disease
Medicine/
compound
Vitamin E and C

Type of model

Dosage/duration

Malnourished rats with
ethanol

Vitamin E (15 mg/kg)
Vitamin C (10 mg/kg); single
and combined treatments

Epigallocatechin- Male albino Wistar rats with
3-gallate (EGCG) Ethanol (6 g/kg per day) for
60 d
Female Sprague-Dawley rats
with ethanol (56%)
Male Wistar rats with ethanol
for 5 wk
Silymarin
(Silybum
marianum)

RCT, double-blind, 170
patients with cirrhosis
Alcohol induced baboons
(50% of calories)
Alcohol and high fat induced
rats

Betaine

Ethanol diet Wistar rats

High fat containing ethanol
diet rats 6 g/kg for 8 more wk

Glycyrrhizin
(Glycyrrhiza
glabra)

Ethanol-CCl4 induced male
SD rats

Ginsenosides

Ethanol-feeding mice Ethanol
feeding hepatocytes (AML12
cell lines)

Fenugreek seed
polyphenol

Alcohol consumption with
high fat diet mice
EtOH (30 mM) induced Chang
liver cells
Ethanol induced rats (6 g/kg
per day) for 30 d

Curcumin

LIV-52

Alcohol (100 mM) induced rat
primary hepatocytes
Alcohol-induced female
Sprague-Dawley rats
Ethanol-induced HepG2 cells
(100 and 200 mM )

Effects

Mechanisms

Decreased ethanol induced
hepatic glutathione peroxidase
activity and hepatic fibrosis;
Attenuated the development
of hepatomegaly and hepatic
necroinflammation
EGCG (100 mg/kg per day)
Normalization of activities of
for the last of 30 d of ethanol
enzymatic antioxidants;
administration
Reduction of lipid peroxidation
EGCG (100 mg/bw)
Partly blocked the gut leakiness;
Blunted the elevated
Reduced endotoxemia and lipid expressions of CD14, TNF-α,
peroxidation
COX-2 and iNOS
EGCG contained diet (3 g/L) Reduced serum AST and ALT Enhancement of FA oxidation
for 2 wk and then ethanolthrough increasing of CTP-1
EGCG diet for 5 wk
and p-ACC expression
140 mg/d for 3 times orally
Reduced the rate of mortality
No side effect
0.84 mg/calorie for 36 mo
Improve histologic stage of
Decrease collagen I and (I)
fibrosis
procollagen
100 mg/kg per day, 150 mg/
200 mg/kg per day decrease
Attenuated NF-κB p65,
kg per day, 200 mg/kg per
serum ALT and AST and
ICAM-1 and IL-6 were found
day for 6 wk
hepatic fat contents
in silymarin groups (150 mg/
kg, 200 mg)
1% (w/v) in diet
Decrease hepatic ballooning and Attenuate NOS production;
fat contents
Decrease CYP2E1 protein and
activity
200 and 400 mg/kg per day
Decrease ALT and AST
Inhibition of TLR-4
for 4 wk
expression;
Decrease serum endotoxin,
TNF-α, IFN-γ and IL-18
Intraperitoneal injections of
Decreasing serum ALT levels
Normalized NF-κB binding
potenlin (acquired from Hai
activity
Ning Pharmaceutical Co., Zhe
Jiang, China)
Red ginseng extract containing
Improves chronic alcoholInhibition of lipogenesis
abundant ginsenosides (Rb1,
induced histopathological
pathway;
Rb2, and Rd) (250 mg/kg or
changes;
Attenuated EtOH-induced
500 mg/kg) for 4 wk in mice Decreases in hepatic triglyceride
cytochrome;
content
P450 2E1, 4-hydroxynonenal,
and nitrotyrosine levels;
Activation of AMPK-SIRT1
Red ginseng (200 mg/kg per
Lower ALT levels and no
Reduced level of TNF-α and
day) for last 2 wk
different AST
IL-1 and increase IL-10
20, 40, 60 mg/mL
Increased GSH/GSSG ratio
Inhibition of NF-κB
Reduced EtOH-induced LDH
leakage
200 mg/kg per day for 30 d
Improved lipid profile and
reduced collagen content,
crosslinking, aldehyde content
and peroxidation
0-50 μmol/L
Ameliorated MDA and AST
Improved GSH and heme
oxygenase-1 (HO-1) induction
400 mg/kg bw
Improved liver pathology,
Suppressing of NF-κB
decreasing elevation of hepatic
activation
MDA
1% or 2% Liv.52 for 24 h
Normalized suppressed
PPAR-α and induced TNF-α

Ref.
[165]

[93]

[94]

[95]

[33]
[100]
[101]

[106]

[107]

[114]

[166]

[124]
[129]

[132]

[133]
[134]

[148]

ACC: Acetyl-CoA carboxylase; AML12: Alpha mouse liver 12; AMPK: 5’ adenosine monophosphate-activated protein kinase; ALT: Alanine transaminase;
AST: Aspartate aminotransferase; bw: Body weight; CCL4: Chemokine ligand 4; CD14: Cluster of differentiation 14 gene; COX-2: Cyclooxygenase-2; CPT-1:
Carnitine palmitoyl-transferase 1; CYP2E1: Cytochrome P450 2E1; EGCG: Epigallocatechin-3-gallate; etOH: Ethanol; FA: Fatty acid; GSH: Glutathione;
GSSG: Glutathione disulfide; HepG2: Hepatoma G2 cell-line; HO-1: Heme oxygenase-1; ICAM-1: Intercellular adhesion molecule-1; IFN-γ: Interferon-γ;
IL-1: Interleukin 1; IL-6: Interleukin 6; IL-10: Interleukin-10; IL-18: Interleukin-18; iNOS: Inducible nitric oxide synthase; LDH: Lactate dehydrogenase;
MDA: Malondialdehyde; NF-κB: Nuclear factor kappa; NOS: Inducible nitric oxide synthase; RCT: Randomized controlled trial; SIRT1: Sirtuin-1; TLR-4:
Toll-like receptor-4; TNF-α: Tumour necrosis factor-α.
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with increased carnitine palmitoyl transferase 1 (CPT-1)
[95]
levels . Despite much evidence supporting the effects
of EGCG on ALD, clinical studies are still limited and
large-scale human studies may be needed to confirm
this effect. GTP, catechins may also increase HO-1
activity to reduce oxidative stress in human liver tissue
(hHeps). Administering polyphenols prior to ethanol
exposure reduced the diminishing of GSH to display a
protective effect on liver cells by regulating the immune
system and pro-inflammatory mediators such as
[96]
TGF-β1 .

suppression of endotoxin/TLR-4 signaling pathways.
Betaine treatment decreased the levels of serum ALT,
AST, endotoxin, TNF-α, IFN-γ, IL-18, and TLR-4, and
improved the degree of HS and inflammation in liver
[107]
tissues in rats with alcohol-induced liver injury .
Glycyrrhiza glabra (Leguminosae), commonly named
licorice root, is a perennial herb cultivated in temperate
and subtropical regions of the world as well as central
[108]
and South-Western Asia
. Glycyrrhizin, as a main
constituent in aqueous extract, is a conjugate of two
molecules of glucuronic acid and one of 18β-glycyrrhetic
[109]
acid . Glycyrrhizin is hydrolysed by intestinal bacterial
into 18β-glycyrrhetic acid, which is reabsorbed into
the bloodstream. Glycyrrhizin suppressed serum AST
and ALT levels and histologically inhibited the spread of
deteriorating areas in hepatocytes in an animal model
[110]
of concanavalin A-induced liver injury . Moreover, the
effects of Glycyrrhizin has extended to the attenuation
of inflammation response by regulation of NF-κB and
[111]
MAPK pathway
and inhibition of TNF-α, ROS, and
proinflammatory interleukins such as IL-6 and IL[112,113]
1β
. Another beneficial effect of glycyrrhizin, from
Potenlini compound, was shown in ethanol-CCl4 induced
liver cirrhosis rats by decreasing serum ALT levels and
[114,115]
normalising NF-κB binding activity
. In clinical
trials, glycyrrhizin is mostly used to treat hepatitis C
[16]
and interferon treatment . One clinical trial showed
to lower level of ALT with 200 mg of glycyrrhizin for 5
d per week for approximately 10 years in hepatitis C
[116]
patients
. Glycyrrhizin has potential effects to cure
various chronic liver diseases but large-scale, rigorously
designed clinical trials for ALD is warranted.
Ginseng, an ancient medicinal herb, has been
popular as a tonic for the treatment of various dis
[117]
eases including diabetes and hepatic diseases
.
Ginsenosides, the main active constituent groups of all
ginseng species, has been used as a supplementary
medicine and is mostly responsible for the beneficial
pharmacological effects in metabolic disorders and
various cancer via its ability to boost immunity and its
[118,119]
anti- inflammation function
. Ginsenoside Rb1,
as the most abundant ginsenoside in P. ginseng has
improved hepatic fibrosis induced by CCl4 by down
regulation of hepatic prostaglandin E2 and TIMP-1[120].
Ginsenoisde Rg1 showed to inhibit TNF-α-mediated
NF-κB transcriptional activity in HepG2 cells with IC50
of 28.14 µmol/L and gene expression of iNOS and
[121]
COX-2 inducible inflammatory enzymes . It was also
reported that ginsenoside Rc (40 mg/kg) attenuates
AFLD in alcoholic-fed ICR mice through the regulation
[122]
of AMPK and MAPK pathways . Red ginsengs, which
contain an abundance of ginsenosides, showed to
improve chronic alcohol-induced histopathological
changes and hepatic TG content through inhibition of
the lipogenesis pathway and AMPK-SIRT1 activation in
[123]
alcohol-fed mice
. Red ginseng also reduced levels
of TNF-α and IL-1β which were increased by alcohol
[124]
consumption with a high fat diet in mice . Recently,

Herbal medicines

Silymarin (Milk thistle), which is one of the active
compounds extracted from Silybum marianum (Aste
raceae) is the most common type of CAM therapy
[85]
for treatment of liver diseases . Silymarin is a
complex mixture of polyphenolic molecules including 7
flavonolignans (silybinA, B, isosilybin A, B, silychristin,
[97]
isosilychristin, silydianin) and 1 flavonoid (taxifolin) .
Silibinin, which is a semi-purified fraction of silymarin,
[98]
has been shown to be a radical scavenger and a RCT
with silymarin also improved survival from patients
with alcoholic and non-alcoholic cirrhosis without any
[33]
side effect . Another RCT was also conducted with
[99]
the prospective effect of silymarin (140 mg/d) in AH .
Mechanisms by which silymarin extracts ameliorate
liver disease include anti- inflammatory, anti-oxidative,
[100]
antifibrotic, and immune-modulating activities
.
Silymarin has retarded the development of alcoholinduced hepatic fibrosis in baboons by preventing
collagen typeⅠand decreasing histological progression
[100]
to fibrosis . Silymarin also reduces the elevated serum
AST and ALT levels, and decreases hepatic lipid contents
in alcohol-induced fatty liver in rats. These effects may
be through down-regulating the expression of NF[101]
. However,
κB p65, ICAM-1 and IL-6 in liver tissue
Cochrane Database reviews have been unsuccessful in
demonstrating the beneficial effect of silymarin on ALD.
Further studies are needed to provide the appropriate
data concerning efficacy.
Betaine is another natural dietary compound,
synthesized in vivo from choline and converts homo
[102]
cysteine to methionine . Betaine (trimethylglycine),
a pivotal nutrient for humans, can be acquired from a
[103]
wide range of foods and nutritional supplements
.
It attenuates AH by restoring phosphatidylcholine
generation via the phosphatidylethanolamine methy
[104]
ltransferase pathway
. Betaine also increases
SAM, normalizing hepatocellular SAM:S-adenosyl-L[105]
homocysteine ratio , resulting in the attenuation of
[103]
fatty liver . The study of mitochondrial dysfunction in
the progression of ALD has also been enforced by many
research areas. Betaine gives a beneficial effect against
loss of oxidative phosphorylation system proteins by
alcohol, by preventing NOS2 induction and NO generation
in male Wister rats with exposed to ethanol[106]. The
mechanism of betaine in liver is also involved in the
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[136]

compound K which is a metabolite form of ginsenoside
Rb1 and Rc has been identified as an inducer to increase
AMPK expression, resulting in reduction of lipid droplets
and hepatic TG accumulation in high FA exposed human
hepatocytes (Huh7). This compound had better efficacy
[125]
to treat HS compared to metformin . With the hepa
toprotective effects of many types of ginsenosides,
these herbal components should be potential targets to
improve liver damage caused by alcohol abuse.
Fenugreek (Trigonella foenum graecum) seeds
have been reported to have beneficial effects on
[126]
enhancing the antioxidant apparatus
. Fenugreek
seeds also have been used in remedies for diabetes
and high cholesterol in various traditional medicines
[127]
and proven experimentally in diabetic humans . The
polyphenolic extract of the seeds is the main constituent
beneficial for the treatment of ALD according to many
articles. In general, fenugreek seed polyphenols
contain five different polyphenolic flavonoids, vitexin,
tricin, naringenin, quercetin, and tricin-7-O-b-D[128]
glucopyranoside
. These polyphenols prevent the
alcohol-induced toxic effect in human Chang liver
[129]
cells through improvement of GSH/GSSG ratio
.
Interestingly, quercetin ameliorated ethanol-stimulated
mitochondrial dysfunction by induced permeability
transition though suppressing GSH depletion. This
[130,131]
indicates a promising preventive strategy for ALD
.
Fenugreek seed polyphenols also have demonstrated
improvement to lipid profiles and collagen content
[132]
in alcohol-fed rats
. Compared to other herbal
medicines, however, the clinical studies of fenugreek
seed polyphenols are lacking evidence in metabolic
disorders, especially in relation to ALD, suggesting the
need for accurate standardization of polyphenols and
their individual efficacy for the treatment of ALD.
Curcumin, commonly called turmeric yellow and
compound of curcuma longa, is a low-molecular weight
polyphenol derived agent. It is commonly used in
Ayurvedic medicine and has various pharmacological
effects including anti-oxidative, anti- inflammatory,
[105]
and hepatoprotective activities
. This historical
use of curcumin has prompted investigation into the
hepatoprotective effects against liver damage induced
by alcohol abuse and the molecular mechanisms,
however the research in this area is still lacking.
Curcumin has ameliorated malondialdehyde (MDA)
and AST and improved GSH and heme oxygenase-1
(HO-1) induction in alcohol (100 mM) induced rat
[133]
primary hepatocytes
. Curcumin (400 mg/kg bw)
has also been examined in alcohol-induced female
Sprague-Dawley rats to show improvement by reducing
the elevation of hepatic MDA, and the suppressing of
[134]
NF-κB activation
. Another similar result confirmed
the inhibition of the expression of NF-κB-dependent
genes by the supplementation of curcumin (75 mg/kg
[135]
per day) for 4 wk in rats . Recently, low dosage of
curcumin prevented HS compared with the alcohol
control group with inhibition of dehydrogenase, ALDH2

WJG|www.wjgnet.com

as well as CYP2E1 activation . Curcumin also proved
its anti-oxidant effect against ethanol-exposed mice by
[137]
decreasing ROS generation
. Despite the beneficial
effects of curcumin in ALD, it is unfavourable to apply as
a medical strategy due to its decreased bioavailability
and rapid metabolism with systemic elimination in
animals and humans, suggesting an investigation of
more sophisticated pharmacokinetic improvements of
curcumin such as curcumin phospholipid complex or
[105,138]
curcumin nanoparticles
.

Herbal formulas to treat ALD

Historically, some herbal blends have been commonly
used for hepatic disorders around the world. Cli
nical trials to evaluate their efficacy are, however,
challenging to demonstrate due to heterogeneous
formulations and dosages. Moreover, these blends
have not been regulated by the Food and Drug Admini
stration. In this review, a few blends are evaluated
in ALD. Herbal Medicine861 (HM 861) consists of 10
herbs, based on TCM including Salvia miltiorrhiza,
Astragalus membranaceus and Spatholobus sube
[139]
rectus
. HM861 has shown the inhibition of HSC
proliferation and induction of HSC apoptosis in patients
[140]
with chronic hepatitis .
Moreover, the compound also suppressed tissue
inhibitor metalloprotease 1 (TIMP-1) mRNA expression
[141]
in HSC-T6 cells
. In clinical trials, this herbal blend
was tested for anti-fibrotic activity encompassing 107
patients with hepatitis B resulting in the drop of ALT
[142]
levels to the normal range in 73% of patients
. In
a clinical trial, HM861 showed to improved fibrosis
and early cirrhosis in 52 patients with HBV-related
fibrotic patients with the hepatic inflammatory scores
[143]
also decreased
. More Cochrane reviews, however,
are needed to confirm the efficacy of the blend in
the treatment of ALD. TJ-9, also referred to as Shosaiko-to in Japan or xiao-chai-hu- tang in China, con
taining 7 herbal constituents including: bupleurum
root, pinellia tuber, scutellaria toot, jujube fruit, ginger
rhizome, ginseng root, and glycyrrhiza root. The
formula has been traditionally used for the treatment
of liver diseases. Usually, the preparation contains 7.5
g of TJ-9 with the active components, baicalin and
[144]
baicalein, responsible for the anti-oxidant activity
.
Although the exact of mechanism of TJ-9 is unknown,
one anticipated mechanism may be exposed in the
observation of stellate cells which has shown an inhibition
of α-smooth muscle actin, typeⅠcollagen production,
and cell spreading, indicating the suppression of HSC
[144]
activation
. TJ-9 has been associated with several
cases of interstitial pneumonitis, especially when used
[145]
with interferon for the treatment of chronic hepatitis .
Liv-52, which is an Indian Ayurvedic medicine that
has been used for the treatment of liver diseases, is a
herbal preparation including Capparis spinosa (Himsara),
Cichorium intybus (Kasani), Mandur bhasma, Solanum
nigrum (Kakamachi), Terminalia arjuna (Arjuna),
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Cassia occidentalis (Kasamarda), Achillea millefolium
[146]
(Biranjasipha), and Tamarix gallica (Jhavaka)
. It
was originally used to treat ALD, but a recent RCT
from Europe demonstrated a detrimental effect on
[147]
advanced alcohol-induced cirrhosis
. Contrastingly,
an in vitro study, reported that Liv.52 improved PPAR-γ
[148]
suppression and TNF-α expression in HepG2 cells .
Another clinical study also showed the efficacy of LIV.52
in 26 cirrhotic patients for 6 mo with normalized serum
[149]
ALT and AST levels compared to the placebo group .
Although there are many positive effects of LIV.52
for the improvement of ALD, underlying molecular
mechanisms are still necessary to support its potential
function. In summary, many compounds are available
on the open market to treat ALD, but their efficacy data
is still not supported by clinical trials. Comprehension
of herbal interaction with pharmacological medicines is
also necessary to improve the treatment of ALD.

More readily available on the market and popular
than ever, CAM and herbal therapy are increasingly
attractive treatments for chronic liver diseases
with many advantages, such as low side effect and
toxicity. Augmentation of herb-drug interaction has
consequently followed stipulating dialogue between
pharmaceutical experts and practician. Although
there is strong evidence, supporting the use of herbal
medicine for the treatment of ALD, combination therapy
should be speculated for any safety issues. Magnesium
isoglycyrrhizinate injection is one example of a drug
containing glycyrrhizin and possesses effective and
[150]
safe treatment for chronic liver diseases
and down
[151]
regulates the progress of pulmonary fibrosis
.
Glycyrrhizin also has been combined with matrine to
improve CCL4-induced liver fibrosis through lowering
[152]
levels of collagen and less HSC proliferation
,
suggesting the positive effect of their combination to
protect against liver fibrosis. Recently, a combination
of silymarin and SAM was evaluated in ALD markets
[153]
with much promise
. There have been some cases
of adverse events and hepatotoxicity caused by herbal
[154]
medicines . Xiao Chaihu Tang, alone or in combination
with interferon, may induce acute interstitial pneumonia
[155]
in chronic hepatitis patients . Despite the emerging
of CAM on the markets, documented herb-drug
interactions are still sparse, especially in relation to
ALD with a reliance only on individual case reports.
Although some combinations of CAMs and conventional
drugs contribute many beneficial efficacies, some herbdrug interaction also may be associated with toxicity in
certain situations such as the combination of silymarin
[156]
with indinavir therapy in AIDS patients .

gender or other factors. The more advanced the stage
of alcoholic liver disease, the more morbid and lifethreatening the complications become. Various therapies
should, therefore, aim to reverse these complications
but are often only palliative. As an initial therapy of ALD,
abstinence from alcohol accompanied with basic lifestyle
modifications when appropriate. When the injury
becomes decompensated, pharmacological therapy
should be accompanied to reverse the more severe
stages of ALD. The present studies are still inconclusive
with humble methodological quality and design, high
heterogeneous patient populations, and poorly defined
point of progression of ALD. These flaws may partly
explain the conflicting reports in the literature to
support the effectiveness of treatment for ALD for many
conventional medications, such as Corticosteroids, PTX,
and SAM. Mechanistic studies are still insufficient to
prove their pharmaceutical potency and future studies
will be thirsty to investigate the molecular mechanisms
related in the complex relationships between ethanol
metabolism, oxidative stress, immune response, HSC
activation and extracellular matrix remodelling. Larger
RCTs with a longer follow-up period are required for
further evaluation.
Increasing attention has been paid to herbal me
dicines as a newly emerging treatment strategy for ALD.
In this review, we summarized functionalities of CAM
for the prevention and treatment of ALD. Most single
herbs and formulae have resulted in improvement
of ALD-related conditions with multiple and diverse
mechanisms of actions in spite of their mild side effects.
To date, only a few active compounds from herbal
extracts have been identified as candidates to treat
ALD and alcohol induced liver injury. Although many
herbal constituents have shown promising potential for
the treatment of ALD with multi-targets, the underlying
molecular mechanisms, especially that of single herbal
compounds, have not been completely elucidated.
Moreover, clinical trials to adjust concurrent systematic
review are still required in the area of ALD research.
More profound studies underlying the prospective effect
of herbal medicines should be further investigated. In
addition, some unique therapies are now increasing to
develop the treatment of ALD. Epigenetic regulation
underlying alcohol metabolism, such as histone mo
dification may be a new trend to advance effective
[157]
treatment strategies for ALD
. Acetate may affect
histone modification by up-regulating acetyl-CoA
and enhance the inflammation in ethanol-exposed
macrophages by interfering histone deacetylase
[158]
activity
. With many natural products potentially
possessing this ability of epigenetic modification, it
would be a particularly beneficial breakthrough for ALD
patients.
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2016 Alcoholic Liver Disease: Global view

Multipotent mesenchymal stromal cells: A promising
strategy to manage alcoholic liver disease
Fernando Ezquer, Flavia Bruna, Sebastián Calligaris, Paulette Conget, Marcelo Ezquer
disease. The term alcoholic liver disease (ALD) refers
to a spectrum of mild to severe disorders including
steatosis, steatohepatitis, cirrhosis, and hepatocellular
carcinoma. With limited therapeutic options, stem
cell therapy offers significant potential for these
patients. In this article, we review the pathophysiologic
features of ALD and the therapeutic mechanisms of
multipotent mesenchymal stromal cells, also referred
to as mesenchymal stem cells (MSCs), based on
their potential to differentiate into hepatocytes, their
immunomodulatory properties, their potential to
promote residual hepatocyte regeneration, and their
capacity to inhibit hepatic stellate cells. The perfect
match between ALD pathogenesis and MSC therapeutic
mechanisms, together with encouraging, available
preclinical data, allow us to support the notion that
MSC transplantation is a promising therapeutic strategy
to manage ALD onset and progression.
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Core tip: Chronic alcohol consumption is a major cause
of liver disease. Stem cells, in particular multipotent
mesenchymal stromal cells (MSCs), have been envi
sioned as a promising tool for the development of
therapeutic strategies to treat alcoholic liver diseases
(ALD). The advantages of MSC include the regulation of
exacerbated inflammatory process, their differentiation
into hepatocytes, the production of trophic factors
that prevent the apoptosis of parenchymal cells,
and the induction of the proliferation of endogenous
progenitors. Here, we revise the pathophysiology of
ALD to identify therapeutic targets for MSCs. Also, we
discuss the rationale to propose an MSC-based therapy
to treat ALD.
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Abstract
Chronic alcohol consumption is a major cause of liver
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the tricarboxylic acid cycle in skeletal muscle, brain, and
heart. Although acetate has no direct hepatotoxicity,
it is believed that it can regulate the inflammatory
response in patients with alcoholic steatohepatitis
through the upregulation of proinflammatory cytokines
[16]
released by macrophages .
Alcohol abuse also results in changes in colonic
microbiota and increased gut permeability, leading
to translocation of bacterial products, such as
[17]
lipopolysaccharide, into the portal circulation . In
Kupffer cells, lipopolysaccharide activates the MyD88independent signaling pathway through toll-like
receptor 4, resulting in the production of oxidative
stress and proinflammatory cytokines such as tumor
necrosis factor (TNF)-α, contributing to hepatocellular
[18,19]
damage
.
Histologic features of alcoholic steatohepatitis
include inflammation and necrosis, which are more
prominent in the centrilobular region of the hepatic
acinus, while hepatocytes are classically ballooned,
leading to compression of the sinusoid and portal
[20,21]
hypertension
. Alcoholic cirrhosis is the end
stage of ALD and is characterized by distortion of the
hepatic architecture, septum formations, rings of scars
that surround hepatocyte nodules, the formation of
[22]
regenerative nodule, and the loss of liver function .
Extracellular matrix (ECM), particularly collagen
type Ⅰ, is mainly produced by activated hepatic stellate
cells (HSCs), located in the space of Disse between
the hepatocytes and sinusoids. HSCs can be activated
by neutrophils, damaged hepatocytes, and activated
Kupffer cells through various profibrogenic mediators,
including transforming growth factor (TGF)-β, TNF-α,
[3,23]
and ROS
. Additionally, ROS downregulate the
action of metalloproteinases and upregulate tissue
inhibitor of metalloproteinase-1, resulting in greater
[24]
collagen accumulation .
Along with other liver diseases, patients with
cirrhosis are at risk for hepatic decompensation
(ascites, variceal bleeding, and encephalopathy) and
[25,26]
the development of hepatocellular carcinoma
.
Although the most important risk factor for ALD is
the absolute amount of alcohol intake, only approxi
mately 35% of heavy drinkers develop advanced
ALD, indicating that other factors are involved in host
susceptibility to the disease. These factors include sex,
obesity, drinking pattern, dietary factors, non-sex[27-30]
linked genetic factors, and cigarette smoking
.

Ezquer F, Bruna F, Calligaris S, Conget P, Ezquer M. Multipotent
mesenchymal stromal cells: A promising strategy to manage
alcoholic liver disease. World J Gastroenterol 2016; 22(1): 24-36
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i1/24.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.24

ALCOHOLIC LIVER DISEASE
Chronic alcohol consumption is a major cause of liver
[1-3]
disease . Moreover, alcohol consumption negatively
impacts the natural history of other types of chronic
liver diseases such as nonalcoholic steatohepatitis,
[3-5]
and hepatitis B and C, favoring fibrosis progression .
Alcoholic liver disease (ALD) comprises a broad
spectrum of disorders, encompassing simple steatosis,
steatohepatitis, and cirrhosis. The pathomechanism
associated with ALD involves complex interactions
between the deleterious effects of alcohol and its
toxic metabolites on various cell types in the liver, the
induction of reactive oxygen species (ROS), and the
[1,3]
up-regulation of the proinflammatory cascade .
Alcoholic steatosis, the earliest manifestation
of ALD, is present in more than 90% of heavy
drinkers, and is pathologically characterized by
microvesicular and macrovesicular fat accumulation
within hepatocytes, minimal inflammatory reaction,
[1]
and no hepatic fibrosis . This stage is asymptomatic
[6]
and reversible with alcohol abstinence . Alcohol
+
consumption increases the ratio of NADH/NAD in
hepatocytes, which disrupts mitochondrial β-oxidation
[7]
of fatty acids, leading to steatosis development .
Alcohol consumption also increases fatty acid trigly
cerides synthesis through the upregulation of the
[8]
sterol regulatory element binding protein 1c and the
downregulation of the peroxisome proliferator-activated
[9]
receptor-α . ALD progression is characterized by
steatosis, a superimposed inflammatory infiltrate of
predominantly polymorphonuclear leukocytes and
hepatocellular damage. When the inflammation and
hepatocellular injury are severe, the condition is
termed steatohepatitis and is associated with a high
[10,11]
mortality rate
.
The pathogenesis of alcoholic steatohepatitis
is complex and multifactorial. In the liver, alcohol
is metabolized primarily into acetaldehyde by the
enzymes alcohol dehydrogenase in the cytosol,
cytochrome P450 in microsomes, and catalase in
[12]
peroxisomes . Acetaldehyde is highly toxic to
hepatocytes because it binds to proteins and DNA,
forming adducts that promote glutathione depletion,
[13,14]
lipid peroxidation, and mitochondrial damage
.
Additionally, these adducts act as antigens that activate
the adaptive immune response, leading to lymphocyte
[15]
recruitment to the liver . Acetate resulting from
acetaldehyde breakdown is rapidly released from the
liver into circulation and then metabolized into CO2 via
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CURRENT ALD TREATMENT
Despite the profound economic and health impacts
of ALD, little progress has been made in the manage
ment of patients with this condition, and medical
treatment has not changed significantly in the last
[10,31,32]
45 years
. Although nutritional and supportive
management are important, alcohol abstinence is
the mainstay therapy for patients with all stages of
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[33,34]

[49,50]

ALD
. However, the benefits of alcohol abstinence
may not be sufficient for patients with decompensated
[35,36]
ALD, such as cirrhosis or severe alcoholic hepatitis
.
Corticosteroids were one of the first pharmacologic
therapies investigated for the treatment of alcoholic
hepatitis. Despite the widespread awareness and use
of this therapy, controversy still exists regarding its
[37]
true efficacy . Taking into account the participation
of TNF-α in ALD pathogenesis, TNF-α antagonists
have also been studied for this condition. Although
the initial studies were promising, larger clinical
trials demonstrated an increased risk of infection
[38]
and mortality with these agents . In addition,
pharmacologic therapy with medications such as
disulfiram, baclofen, colchicine, vitamin E, and nal
trexone have been considered, although their efficacies
[3,39,40]
are limited
.
The most effective therapy for advanced cirrhosis
is liver transplant, however, the scarcity of donors,
surgical complications, immunologic suppression and
rejection, and high medical cost limit its availability and
[41]
clinical utility . Moreover, liver transplantation is not
an option for most patients, and, until now, no other
treatment has demonstrated superiority over steroids.
Therefore, alternative therapies are needed. To this
end, alternative approaches that circumvent the use
of the whole organ, such as transplantation of cells of
[42]
diverse origins, have been proposed in recent years .

hepatocyte transplantation
. Immunosuppression
is a particularly important point, as the hepatic
failure itself increases the risk of developing septic
complications, which are worsened by the use of
immunosuppressive drugs.
Numerous studies have focused on investigating
the ability of a variety of stem cells that can be readily
isolated using noninvasive procedures to give rise to
[51]
hepatocytes both in vitro and in vivo . Considering
that some of these stem cell populations are present
in adults, it would be possible to produce personalized
[52]
immunologically matched hepatocytes . Moreover,
adult stem cells have the ability to reduce the hepatic
proinflammatory microenvironment, inhibit the acti
vation or induce apoptosis of HSCs, and promote the
[53,54]
regeneration of residual hepatocytes
.

MESENCHYMAL STEM CELLS AS A
TOOL FOR THE INDUCTION OF TISSUE
REGENERATION
The aim of regenerative medicine is to develop
therapeutic strategies for the management of se
vere injuries or chronic diseases in patients whose
endogenous regenerative mechanisms have failed to
restore the impaired functions. Over the past years,
stem cells have been envisioned as the best tool for
this purpose. Stem cell-based intervention is known
to act through multiple mechanisms, which is a clear
advantage when facing diseases with a complex
pathophysiology, such as ALD.
In general terms, adult stem cells are found in all
nonembryonic tissues, where they contribute to both
maintenance of cellular homeostasis and regeneration
of damaged organs. These cells are multipotent and
can be isolated from a fetus, newborn, child, or adult,
and due to their limited self-renewal potential, they are
not teratogenic. Some of them also have plasticity, i.e.,
they can differentiate into cells from lineages different
[55]
from their origin .
As adult stem cells pose fewer bioethical and
technical concerns than embryonic stem cells, the
first candidate for a stem cell-based strategy to treat
liver regeneration was bone marrow-derived stem
[53,56-58]
cells
. Bone marrow harbors at least two distinct
adult stem cell populations: the hematopoietic stem
[59]
cells that give rise to blood and endothelial cells
and the multipotent mesenchymal stromal cells, also
referred to as mesenchymal stem cells (MSCs), that
provide support to hematopoietic stem cells and drive
[60]
the process of hematopoiesis . In addition to bone
marrow, MSCs have now been isolated from numerous
tissues, including liver, lung, umbilical cord, skeletal
[61-63]
muscle, dental pulp, spleen, and adipose tissue
.
Thus, it has been postulated that MSCs play a critical
role in organ homeostasis by providing supportive
factors to the surrounding tissue.

CELLULAR THERAPY FOR LIVER
REGENERATION
It is well known that the liver has a high regenerative
capacity. Under normal conditions, recovery of liver
mass occurs mainly via proliferation of remaining adult
hepatocytes. On the other hand, under pathologic
conditions in which the proliferation of hepatocytes is
inhibited, liver progenitor cells (oval cells) proliferate
and differentiate into hepatocytes or biliary epithelial
[43]
cells . Chronic ethanol exposure and sustained in
flammation have been shown to inhibit DNA synthesis
[44,45]
in the damaged liver
. This impaired hepatocyte
proliferation is the consequence of oxidative damage
[46]
by the ROS produced from alcohol metabolism .
Moreover, ethanol could inhibit early differentiation
of hepatic progenitor cells into functional mature
[47]
hepatocytes .
Cell therapy for the treatment of hepatic fibrosis
has been evaluated in different animal models, and
some findings have been very encouraging. The
transplantation of mature hepatocytes into human
patients has provided insights into the way in which
human liver disease could be treated by cellular
[48]
therapies . However, the high number of cells
needed for the transplantation, the availability of fresh
cells or the quality of cryopreserved ones, and the
necessity of immunosuppression to avoid the rejection
of transplanted cells are the main limitations of adult
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Table 1 Proposed cellular and molecular mechanisms that could contribute to hepatic protection by mesenchymal stem cells in
alcoholic liver disease
MSCs in liver inflammation
Inhibit the proliferation of CD8 cytotoxic T lymphocytes and increase the relative rate of CD4 Th2 lymphocytes[97,100]
Inhibit the maturation of monocytes into dendritic cells[94]
Inhibit the secretion of TNF-a, INF-g, and IL-12 by dendritic cells and increase their secretion of IL-10, reducing the proinflammatory potential[95]
Suppress the proliferation, cytolytic activity, and cytokine secretions of the NK cells[96]
Express indoleamine 2,3-dioxygenase upon INF-g stimulation, leading to tryptophan depletion and the inhibition of T-cell proliferation[98]
MSCs in liver fibrosis
Reduce the proliferation of HSCs and the synthesis of collagen type Ⅰ through the secretion of TNF-a[125]
Induce HSCs apoptosis[124]
Express matrix metalloproteinase-9, which degrades the extracellular matrix[128,129]
MSCs in liver regeneration
Secrete trophic factors (HGF, EGF, and IGF-1) that promote hepatocyte proliferation and function during liver regeneration[68,128,130]
EGF: Epidermal growth factor; HGF: Hepatocyte growth factor; HSC: Hepatic stellate cell; IGF-1: Insulin-like growth factor-1; IL: Interleukin; INF-g:
Interferon-g; MSC: Mesenchymal stem cell; TNF-a: Tumor necrosis factor-a.

One of the main technical difficulties associated with
the therapeutic use of MSCs is the lack of a specific
antigen for their identification. Therefore, in 2006, the
International Society for Cellular Therapy proposed
minimal criteria to define human MSCs (hMSCs):
(1) must be plastic-adherent when maintained
under standard culture conditions; (2) must express
CD105, CD73, and CD90, and lack the expression
of CD45, CD34, CD14, CD11b, CD19, and class Ⅱ
human leukocyte antigen surface molecules; and
(3) must differentiate into osteoblast, adipocytes,
and chondroblasts under in vitro differentiation
[64,65]
conditions
.
Despite the scarcity of MSCs (< 0.01% of the
mononuclear cells present in the bone marrow), they
can be considered as ideal candidates for cell therapy
because: (1) they can be obtained from donors
without major complications; (2) they can be easily
expanded ex vivo; (3) when MSCs are systemically
administered, they can selectively migrate to and
engraft damaged tissue. The migration of MSCs is
facilitated by the release of several molecules from
the damaged tissues that interact with different
[66,67]
receptors expressed by the MSCs
; (4) it has been
suggested that MSCs cross the germ line barrier and
generate cells from the endodermal and ectodermal
[55]
lineages ; (5) MSCs secrete a broad range of bio
active growth factors, including vascular endothelial
growth factor (VEGF), basic fibroblast growth factor,
insulin-like growth factor (IGF), hepatocyte growth
[68]
factor (HGF), and epidermal growth factor (EGF) .
Therefore, MSCs could provide trophic support to
injured tissue by modifying the microenvironment to
induce local precursor proliferation and differentiation,
improving damaged tissue irrigation, and preventing
[55,68]
parenchymal cell apoptosis
; and (6) MSCs are
[69]
hypo-immunogenic , which represents the main
advantage of MSCs over hematopoietic stem cells
for clinical use, as histocompatibility between donor
and receptor is not required and the recipients do not
[70]
need to be conditioned before MSC transplantation .
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Furthermore, MSCs have been administered to more
than 1000 human patients with no evidence of adverse
[70]
effects or tumor formation (Table 1).

MSC TRANSPLANTATION: A PROMISING
STRATEGY TO TREAT PATIENTS WITH
ALD
Multiple mechanisms have been suggested to play
a role in amelioration of liver diseases after MSC
administration, such as: trans-differentiation of MSCs
into hepatocytes, immunomodulation, inhibition of
fibrosis development, protective effects on hepatic
cells, and restoration of hepatic cell proliferation
capacity (Figure 1).

Differentiation of MSC into parenchymal cells

The high degree of plasticity of MSCs has been widely
[55,71]
described over the last decade or so
. Thus,
MSCs have the potential cross the germ line barrier
and differentiate into non-mesodermal cells (such as
[72]
hepatocytes and neurons) . It is important to note
that MSC-derived hepatocytes need to not only express
the genes found in mature liver cells, but express
them at a level that is close to what is observed in
the normal liver. Therefore, it is crucial to define
which characteristics are needed for a differentiated
cell to be comparable to a primary hepatocyte. The
minimal set of functions of a true hepatocyte includes:
(1) metabolic function (detoxification of xenobiotics
and endogenous substances); (2) synthetic function
(production of albumin, clotting factors, and comple
ment); and (3) storage function (storage of glycogen
[73]
and fat-soluble vitamins) .
Although the protocols for hepatocyte induction
[74,75]
have been standardized for cultured MSCs
, an
organ-specific microenvironment is the most suitable
place for them to differentiate into the required
[76]
cell types. In this sense, Sato et al
were the first
to demonstrate the in vivo hepatic differentiation
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Figure 1 Pathogenesis of alcoholic liver disease and possible interventions of mesenchymal stem cells. Ethanol promotes the translocation of lipopolysaccharides
from the gastrointestinal lumen to the portal vein. In Kupffer cells and in HSCs, lipopolysaccharides increase the expression of multiple pro-inflammatory cytokines,
reducing liver regeneration. Chronic alcohol exposure reduces the intracellular concentration of antioxidants with subsequent mitochondrial dysfunction, leading to
hepatocyte apoptosis. Acetaldehyde is highly toxic to hepatocytes because it binds to proteins forming adducts that promote glutathione depletion, lipid peroxidation,
and mitochondrial damage. Additionally, these adducts act as antigens that activate the adaptive immune response, leading to lymphocyte recruitment to the liver.
HSCs can be activated by damaged hepatocytes and activated Kupffer cells through various profibrogenic mediators, resulting in ECM accumulation and fibrosis. The
interventions of MSCs include: (1) trans-differentiation into parenchymal cells; (2) induction of endogenous regeneration (i.e., stimulation of hepatocyte proliferation,
inhibition of hepatocyte apoptosis, and improvement of the impaired endogenous regeneration); (3) modulation of inflammation (i.e., inhibition of APC maturation,
proliferation, activation, and/or T-cell priming activity, reduction of lymphocyte proliferation and stimulation of Treg proliferation); and (4) decrease of liver fibrosis
(i.e., inhibition of HSC proliferation, stimulation of HSC apoptosis and induction of ECM degradation). APC: Antigen-presenting cell; ECM: Extracellular matrix; HSC:
Hepatic stellate cell; MSC: Mesenchymal stem cell; ROS: Reactive oxygen species; TGF-b: Transforming growth factor-b.

with endogenous hepatocytes is the main mechanism
[86,87]
by which new hepatocytes are produced in vivo
.
Hence, irrespective of whether the mechanism is
MSC trans-differentiation or fusion, these events do
not occur at a sufficiently high frequency to account
for the observed functional improvement after MSC
administration. Therefore, additional mechanisms may
[88-90]
be involved in the regenerative process
.

potential of hMSCs. In this study, hMSCs were directly
xenografted to the liver of allyl alcohol-treated rats, and
they observed that some of the administered hMSCs
differentiated into hepatocyte-like cells one month
later. Additionally, the in vivo hepatic differentiation
[77]
potential of MSCs has been demonstrated in rats ,
[78]
[79]
[51]
mice , sheep , and humans .
On the other hand, in vitro differentiated cells
were found to express hepatocyte markers (alphafetoprotein, albumin, CK18, CK19, CYP1A1, CYP3A4,
[80]
G6P, and human growth hormone-releasing factor) ,
[81]
[82]
store glycogen , clear ammonia and produce urea ,
and to secrete albumin and uptake low-density
[83,84]
lipoprotein
. However, it is much more challenging
to determine whether a cell is a true hepatocyte in
vivo. Immunostaining for albumin, CK18, or hepatocyte
nuclear factor are recognized indicators of hepatocyte
trans-differentiation but not cellular functionality. It is
important to note that differentiated MSCs still express
mesenchymal markers such as CD90, α-smooth
muscle actin, vimentin, and fibronectin, suggesting
[85]
that complete trans-differentiation is not achieved .
Hepatic trans-differentiation potential is essential
for MSCs-based therapies in the context of ALD, in
which the injured hepatocyte cannot regenerate.
However, the initial optimism has been tempered by
the recognition of many groups that fusion of MSCs
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Modulation of inflammation by MSCs

Liver injury caused by persistent inflammation is
accompanied with T cell, B cell and monocyte infi
[91,92]
ltration of the liver
. In this respect, MSC immuno
modulatory and immunosuppressive properties could
potentially be involved in the positive effects that MSC
transplantation has in chronic and acute liver diseases.
MSCs regulate the activity of cells from both
[93]
adaptive and innate immunity . In vitro, they inhibit
the differentiation of monocytic precursors into activated
[94,95]
dendritic cells
. Thus, MSCs indirectly limit the
[96]
cytotoxic expansion and activity of NK T lymphocytes .
Both in vitro and in vivo, MSCs downregulate the
expression of proinflammatory molecules [interleukin
(IL)-1β, IL-12, TNF-α, and interferon-γ] and secrete
anti-inflammatory factors (IL-4 and IL-10), shifting the
immune response pattern toward a protective Th2 type,
and establishing a tolerogenic microenvironment where
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activated T cells are unable to proliferate and die by
[97]
apoptosis .
Another candidate for the suppressive effects
of MSCs is indoleamine 2,3-dioxygenase, which is
expressed by MSCs upon interferon-γ stimulation,
leading to tryptophan depletion, and thus inhibition
[98]
of T-cell proliferation . This effect on T lymphocytes
indirectly suppresses the function of B lymphocytes
because their activation is mainly T-cell dependent.
Moreover, MSCs can also modulate B-cell functions
by inhibiting their proliferation, differentiation into
[99]
antibody-secreting cells, and chemotaxis .
MSCs also promote the appearance of regulatory
[100]
T cells, inducing antigen-specific tolerance
. Inte
restingly, it has been shown that the immunologic
properties of undifferentiated MSCs are retained when
[101]
they differentiate into parenchymal cells . Therefore,
both undifferentiated and differentiated MSCs will
contribute to the maintenance of a microenvironment
that allows tissue regeneration.

mRNA, and microRNA, which might affect several
[106]
cellular processes and pathways
. MVs account
for approximately 10% of conditioned medium
components in terms of protein amount; therefore,
MSC-CM therapeutic activity could thus be partially
[107,108]
attributed to MVs
.
In addition to the induction of liver regeneration,
antifibrotic properties of the MSC secretome have also
[109]
been described. In this sense, Li et al
demonstrated
that transplantation of MVs derived from human
umbilical cord MSCs can alleviate liver fibrosis induced
by carbon tetrachloride administration. These results
have also been recapitulated by the administration of
[109-112]
ex vivo expanded MSCs
. However, other studies
have reported that MSCs can potentially be fibrogenic
[113-115]
and contribute to increased fibrosis
or have no
[116,117]
effect whatsoever
.
These experimental results suggest two apparently
contradictory scenarios; a great number of variables
contribute to the inconsistences between the different
observations. One such inconsistency is the difference
in the properties of MSCs prepared in different
laboratories, due to differences in the protocols used
for MSC isolation and ex vivo expansion. There are
also important differences between hMSCs and rodent
[55]
MSCs, and even between different mouse strains .
Finally, another important factor is the dependence of
the MSC differentiation process on most of the culture
conditions or in vivo microenvironments, especially
those developed in damaged tissue. In most of the
cases, the signals that drive this differentiation process
have not been characterized, so they cannot be
replicated in vitro.

Induction of endogenous regeneration by MSCs

It is known that MSCs have the ability to secrete,
in vitro and in vivo, a wide range of trophic factors,
including VEGF, basic fibroblast growth factor, HGF,
platelet-derived growth factor, TGF-β, IGF-1, and
[68]
EGF . The biologic effects of these factors can be
both direct, by unleashing intracellular signalization
pathways, and indirect, by inducing other cells from
the microenvironment to secret additional bioactive
factors. Therefore, it has been proposed that MSCs
have a catalytic role in tissue regeneration, as once
in the damaged tissue, they are able to modify the
microenvironment by secreting factors that would:
(1) prevent parenchymal cells from dying; (2) induce
the proliferation and differentiation of endogenous
progenitors; (3) promote neovascularization; and (4)
[88,90]
avoid/revert fibrosis development
.
Diverse studies have shown that < 1% of sys
temically administered MSCs are still present in
any organ, including the lung, heart, kidneys, liver,
[102-104]
spleen, and gut, one week after administration
.
However, clinically, the beneficial effects associated
with MSC administration can be observed for much
longer than one week.
MSC-conditioned medium (MSC-CM) administration
can recapitulate the beneficial effects of MSCs
regarding tissue repair; for instance, data from van
[105]
Poll et al
has provided the first clear evidence that
MSC-CM procures trophic support for injured liver by
inhibiting hepatocellular death and by stimulating liver
regeneration. Although no specific mechanisms of
action have been identified, soluble factors, including
VEGF, HGF, IGF-1, EGF, IGF-binding protein, and IL-6,
have been implicated in those regenerative effects.
Microvesicles (MVs) have recently been considered
as important mediators of cell-to-cell communications,
as they carry a complex load of proteins, lipids,
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MSC TRANSPLANTATION IN ANIMAL
MODELS OF LIVER INJURY
Numerous studies have tried to demonstrate the
therapeutic potential of MSCs in the treatment of acute
and chronic liver diseases, however, to date, a gap in
the study of MSC administration for the treatment of
ALD remains (Table 2). This gap is due, in part, to the
lack of experimental animal models that recapitulate the
full progression of ALD in human patients. Nonhuman
primates are possibly the most similar model for human
[118,119]
diseases
. For example, exposure of baboons
to ad libitum alcohol intake leads to the progression
of all stages of liver damage associated with ALD
in humans. However, the relevance of nonhuman
primates as a model of ALD is outweighed by the
prodigious cost of maintaining them, which limits
their utility to the field as a whole. Therefore, it is
not surprising that the majority of alcohol research
[118,119]
performed in animal models involves rodents
.
The major disadvantage of rodent models with
regard to experimental ALD is that the obtained liver
pathology is limited predominantly to steatosis, with
some necroinflammatory changes. The more-severe
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Table 2 Preclinical studies using mesenchymal stem cells or their derivatives to treat liver injury
Model
animal
species

MSCs
Liver injury
induction/kind of administration
route
liver injury

Number and
source of
transplanted MSCs

Therapeutic effect

Proposed mechanisms

Ref.

Rat

Allyl alcohol (ip
administration)/
chronic damage
Low-level of
radiation/
minimal, hepatic
damage
Chronic exposure
to high fat diet/
NASH

Intrahepatic

1 × 106 MSCs from
human BM

Hepatocyte regeneration

Hepatocyte differentiation without
evidence of cell fusion

[76]

Tail vein

2 × 104 MSCs from
mouse BM

Hepatocyte regeneration

Hepatocyte differentiation

[78]

Tail vein

0.5 × 106 MSCs from
mouse BM

Prevention of NASH onset

[110]

Chronic exposure
to atherogenic
diet/NASH

Splenic
capsule

Paracrine promotion of hepatic
proliferation
Increase in the fatty-acid oxidation
enzymes expression
Modulation of inflammation

Mouse

CCl4 (ip
administration)/
liver fibrosis

Spleen

Mouse

CCl4 (ip
administration)/
liver fibrosis
D-galactosamine
(ip
administration)/
fulminant hepatic
failure
CCl4 (ip
administration)/
liver fibrosis

Tail vein

0.5 × 106 MSCs from
human BM

Penile vein

Conditioned medium
from human BM
MSCs

Intrahepatic

Exosomes derived
Recovery of serum aspartate
from human
aminotransferase activity
umbilical cord MSCs Decrease in collagen type Ⅰ and
Ⅲ, TGF-b1 level

Mouse

Mouse

Mouse

Rat

Mouse

Preclusion of the inflammatory
process
0.1 × 106 MSCs from Restoration of albumin expression
mouse adipose tissue
in hepatic parenchymal cells
Amelioration of fibrosis
Suppression of persistent hepatic
inflammation
0.5 × 106 MSCs from
Reduction of liver fibrosis
Improvement of hepatic function
human amniotic
membrane
Reduction of liver fibrosis

[111]

Increase in MMP expression

Inactivation of HSCs
Reduction of hepatocyte apoptosis
Promotion of liver regeneration
Differentiation of hepatocyte-like cells
Induction of MMP-9 expression
Reduction in TGF-β expression

[126]

[121]

Reduction in the mortality rate Modulation of the immune response [105,122]
Reduction in panlobular
Trophic factor release (i.e., VEGF,
leukocyte infiltrates
HGF, and IGF-BP)
Reduction in hepatocellular death
Not determined

[109]

BM: Bone marrow; HGF: Hepatocyte growth factor; HSC: Hepatic stellate cell; IGF-BP: Insulin-like growth factor-binding protein; ip: Intraperitoneal;
MMP: Matrix metalloproteinase; MSC: Mesenchymal stem cell; NASH: Nonalcoholic steatohepatitis; TGF-b: Transforming growth factor-b; VEGF: Vascular
endothelial growth factor.

steatohepatitis and advanced liver damage observed in
human patients (fibrosis and cirrhosis) is generally not
[118,119]
observed in rodents
.
Several in vivo studies have been performed to
evaluate the therapeutic potential of MSCs in the
[54,56]
context of liver fibrosis
. In most of the studies, liver
fibrosis was induced by intraperitoneal or subcutaneous
injection of carbon tetrachloride, however, this
model cannot provide a perfect simulation of human
[120,121]
etiology
.
Application of MSCs in the in vivo models of liver
fibrosis/cirrhosis ameliorates the development of
[54,56,111,112]
the disease
. Similar results were obtained
[105,108,109,122]
when MSC-CM or MVs were applied
,
suggesting that long-term survival of MSCs might
not be necessary for their beneficial effects. In these
studies, the reduction of fibrosis was correlated with
the decrease in the synthesis of collagen Ⅰ and matrix
metalloproteinase inhibitors, with a concomitant
decrease in activated HSCs. Multiple mechanisms
have been suggested to participate, such as im
[123]
[124,125]
munomodulation
, selective apoptosis of
or
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reversion to a quiescent state of HSCs, and production
[126,127]
of protective factors
.
Studies of in vitro co-cultures of MSCs with ac
tivated stellate cells have shown that, even in small
numbers, MSCs can paracrinally inhibit the fibrogenic
activity of activated stellate cells. This inhibition can be
a consequence of the secretion of IL-10 and TNF-α by
MSCs. Moreover, MSCs are able to induce apoptosis
in reactive stellate cells, a process mediated in part
[125]
by the secretion of HGF
. These results support
the hypothesis that the therapeutic effects of MSCs
on fibrosis inhibition are the result of the secretion
of paracrine factors that modulate the proliferation,
viability, and function of resident stellate cells. The
production of matrix metalloproteinases can also
be effective at reverting hepatic fibrosis. MSCs are
capable of secreting and inducing the expression of
matrix metalloproteinase-9 and -13 in other cells, the
latter being the main rodent and human interstitial
[128,129]
collagenase
.
In ALD, as well as in more prominent cirrhotic liver,
hepatocytes are reported to have reduced proliferative
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[140]

capacity, which may reflect either the inhibitory effect
of adjacent collagen Ⅰ or that they have reached
replicative senescence after many rounds of injury and
[44,45]
repair
. MSC infusion may increase the intrinsic
ability of hepatocytes to proliferate by the release
of proliferative trophic factors and cytokines, or by
facilitating the breakdown of scar tissue, thereby
[130]
removing a block to proliferation .
In our laboratory, we found that intravenous admi
nistration of bone marrow-derived MSCs into animals
suffering from diet-induced metabolic syndrome and
obesity restores liver function and avoids progression
[110]
from steatosis to nonalcoholic-steatohepatitis . Such
MSC-mediated hepatoprotection was unrelated to
metabolic syndrome reversion. Nevertheless, this has
been associated with the potential of MSCs to enhance
liver regeneration and/or manage the second hit
required for the transition from steatosis to nonalcoholicsteatohepatitis, as an increased hepatic proliferation
rate was found as well as an increased expression of
fatty-acid oxidation enzymes. Thus, MSC administration
could prevent the progression of ALD by reducing the
impairment of fatty-acid oxidation.
Finally, the question of the ideal route of MSC
injection remains one of the main unsolved issues
regarding efficient administration of MSCs. Even
if the tail vein seems to be the most often used
administration route in animals, the portal vein and
[129,131]
intrahepatic injections also seem to be efficient
.
The optimal dose of cells or conditioned medium also
needs to be evaluated because there are significant
variations among studies in terms of the number of
cells injected per animal.

Recently, Jang et al
evaluated the effect of
autologous bone marrow-derived MSC transplantation
on hepatic fibrosis in patients with alcoholic cirrhosis.
After MSC administration, liver histologic improvements
were observed in 6/11 patients, and recovery of liver
function in 10 patients associated with a decreased
expression of TGF-β1, collagen type Ⅰ, and α-smooth
muscle actin, without significant complications
[140]
or side effects during the study period
. These
results support the use of these cells as a therapy
for patients with alcoholic cirrhosis. However, further
prospective, controlled studies are needed before MSC
administration can be accepted as new strategy for
antifibrosis therapy.

POTENTIAL LIMITATIONS TO CLINICAL
TRANSLATION
Knowledge regarding MSC biology and their application
in liver fibrosis treatment has significantly increased
over the past years. Nevertheless, the clinical use of
MSCs for liver regeneration, in particular ALD, is still in
its beginnings, and fundamental questions remain to
be addressed.
Although clinical trials have provided hope that
MSCs could be a valuable resource for cell-based
therapies for liver fibrosis, these results must be
interpreted with some caution given the limited
number of patients enrolled in each trial and the lack
of appropriate controls. For example, patients with
acute alcoholic hepatitis normally receive a high dose
of prednisone therapy. However, the effect of highdose steroids on the transplantation of MSCs is not
well studied. There is some evidence that MSCs are
glucocorticoid sensitive and are induced to differentiate
[146]
into adipocytes with steroid exposure .
Clinical trials have shown that MSC-based therapy
is relatively safe, and no serious detrimental effects
have been reported in humans to date. However,
some concerns have risen over the use of replicating
[147]
cells, which may escape control as time elapses
.
Some potential complications could also arise
from intravascular administration of MSCs leading
to vascular occlusion. Preclinical studies have not
excluded the differentiation of injected MSCs into
[148]
[149]
ectopic structures
, myocardial calcification
,
and enhanced accumulation of fibroblasts and
[150]
myofibroblasts in the lungs
, as these events have
been reported following MSC treatment.

CLINICAL TRIALS USING MSCS
MSCs have been successfully used in humans to
treat different pathologies such as osteogenesis
[132]
[133]
imperfecta
, idiopathic aplastic anemia
, graft[134]
versus-host disease
, and acute myelogenous
[135]
leukemia
. Other applications have been to
specifically avoid lung fibrosis injury after bleomycin
[136]
challenge , and for the protection of cardiac function
[137]
after a myocardial infarction
. In every case, clear
therapeutic effects with no complications have been
reported.
In the same direction, the translation of preclinical
research on MSCs to clinical use for cirrhotic patients
has generated great interest due to the growing
population of patients with advanced liver diseases and
the critical shortage of available liver donors.
To date, some clinical trials using hMSCs to treat
[112,138-145]
patients with liver fibrosis have been published
.
Unfortunately, in general, the studies were hetero
geneous in their design and did not distinguish between
the various etiologies of cirrhosis. ALD patients and viral
hepatitis patients were mixed together in small case
series.
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CONCLUSION
Stem cell-based therapy represents a newly emerging
therapeutic approach to treat ALD. MSCs are an
attractive tool because they have been shown to
trigger the regeneration of damaged liver tissue, with
no evidence of significant adverse effects in either
preclinical or clinical studies.
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Due to the relation between pathologic events
that occur in ALD development and the cellular and
molecular mechanisms associated with MSC therapeutic
effects, we believe that MSC transplantation could
be a promising therapeutic strategy to manage ALD
progression.
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2016 Alcoholic Liver Disease: Global view

Relationships among alcoholic liver disease, antioxidants,
and antioxidant enzymes
Kyu-Ho Han, Naoto Hashimoto, Michihiro Fukushima

Abstract

Kyu-Ho Han, Michihiro Fukushima, Department of Food Science,
Obihiro University of Agriculture and Veterinary Medicine, Inada,
Obihiro, Hokkaido 080-8555, Japan

Excessive consumption of alcoholic beverages is
a serious cause of liver disease worldwide. The
metabolism of ethanol generates reactive oxygen
species, which play a significant role in the deterio
ration of alcoholic liver disease (ALD). Antioxidant
phytochemicals, such as polyphenols, regulate the
expression of ALD-associated proteins and peptides,
namely, catalase, superoxide dismutase, glutathione,
glutathione peroxidase, and glutathione reductase.
These plant antioxidants have electrophilic activity
and may induce antioxidant enzymes via the Kelchlike ECH-associated protein 1-NF-E2-related factor-2
pathway and antioxidant responsive elements.
Furthermore, these antioxidants are reported to
alleviate cell injury caused by oxidants or inflammatory
cytokines. These phenomena are likely induced via
the regulation of mitogen-activating protein kinase
(MAPK) pathways by plant antioxidants, similar to
preconditioning in ischemia-reperfusion models.
Although the relationship between plant antioxidants
and ALD has not been adequately investigated, plant
antioxidants may be preventive for ALD because of
their electrophilic and regulatory activities in the MAPK
pathway.
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Core tip: The metabolic process of ethanol generates
reactive oxygen species, which play a significant role
in the deterioration of alcoholic liver disease (ALD).
Antioxidant phytochemicals, such as polyphenols,
upregulate the expression of antioxidant enzymes and
peptides via the Kelch-like ECH-associated protein
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[12,13,15,16]

fatty liver
. Hepatic functions are gradually lost
[11]
with the progression of ALD , which is one of the
[11,17]
most critical causes of cirrhosis
. Three mechanisms
have been proposed to cause alcoholic liver injury:
[18]
(1) acetaldehyde toxicity ; (2) metabolic generation
[10,19-21]
of ROS or exposure to oxidative stress
; and
(3) provocation of an immune response that causes
[13,22-24]
oxidative stress in hepatocytes
. ALD patients
[11]
appear to exhibit oxidative stress ; thus, increasing
defense activities against this stress is important in the
prevention of ALD.
In mammals, ROS is scavenged by antioxidant
enzymes, such as superoxide dismutase (SOD) and
catalase, and antioxidant substances, such as vitamins
and glutathione (GSH) in collaboration with glutathione
[25]
peroxidase (GPx) and glutathione reductase (GR) .
In previous studies, the induction and/or restoration
of these substances and enzymes, which are reduced
by ethanol administration, appeared to ameliorate
[12,13,23,26]
ALD
. Some vitamins exhibit antioxidant ac
[27-29]
tivity and are reduced in the ALD model
. They are
also deficient in ALD patients, although if present in
sufficient quantities, may contribute to the prevention
[30]
of oxidative stress . Vitamin E is not only a lipophilic
antioxidant but also may improve lipid metabolism via
interaction with lipid accumulation-related proteins,
namely patatin-like phospholipase domain containing
3 (PNPLA3) and microsomal triglyceride transfer
[31]
protein . However, several clinical studies have
[32,33]
identified only partial effects of vitamin E in ALD
.
Therefore, the induction of antioxidant enzymes may
be more effective than vitamin supplementation in the
prevention of ALD.
A trend in gastronomic culture is the exclusion of
low molecular weight phytochemicals during plant
breeding or processing because of their toxicity, taste,
or deteriorating color. However, phytochemicals have
recently received attention for their physiological
activities in mammals. Many types of phytochemicals
abundant in fruit and vegetables are known to have
antioxidant activity. Although research efforts have
focused on phenolic compounds due to their direct
[34,35]
scavenging activity of ROS
, their direct activity
towards endogenous ROS appears limited in mammals
because of their relatively low concentrations in the
[2,36,37]
bloodstream
. However, many types of polyphenols,
non-phenolic phytochemicals, and antioxidant-rich
plant fractions have recently been reported to elicit
an antioxidant defense system against liver damage
[34,35,38,39]
[40-43]
induced by ethanol
, other chemicals
,
[21,44]
or abnormal metabolism
to reduce oxidative
[34,42,43,45]
stress and cell death
and to improve lipid
[12,16,44,46]
metabolism
in various organs. In addition, some
phytochemicals change both phase Ⅰ and phase Ⅱ
[7,13,16,47]
enzymes of drug metabolism, including CYP2E1
.
Recent reports indicated that some polyphenols can
[48-51]
improve epithelial cell junctions
, indicating a role
for the hepatic immune response. These findings

1-NF-E2-related factor-2 pathway, which leads to
antioxidant responsive elements in animal models.
Furthermore, these antioxidants alleviate cell injury
caused by oxidants or inflammatory cytokines via
impairment of hyperactivation of mitogen-activating
protein kinase pathways, similar to preconditioning in
ischemia-reperfusion models. Although the relationship
between plant antioxidants and ALD has not been
adequately investigated, plant antioxidants may be
preventive for ALD.
Han KH, Hashimoto N, Fukushima M. Relationships among
alcoholic liver disease, antioxidants, and antioxidant enzymes.
World J Gastroenterol 2016; 22(1): 37-49 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i1/37.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i1.37

INTRODUCTION
Humans are surrounded by many chemicals, inclu
ding nutrients, phytochemicals, food additives,
pharmaceuticals, and drugs. Although the intestine
and liver absorb and metabolize many types of
[1]
[2]
chemicals for utilization or detoxification , some
[3]
become more toxic once metabolized . Ethanol,
which is a component of alcoholic beverages, is one
of the most common and abundant chemicals in
daily life. Consuming ethanol can be relaxing and
provides other benefits, but excessive drinking can be
harmful physically and mentally and may decrease
quality of life. Moderate consumption of alcohol has
been shown to reduce the risks of cardiovascular
[4]
[5]
disease and non-alcohol fatty liver disease . With
moderate intake, most ethanol is oxidized by alcohol
dehydrogenase and catabolized to acetaldehyde, which
is subsequently catabolized to acetate via aldehyde
dehydrogenase in the mitochondria. However, with
binge drinking, ethanol is predominately metabolized
to acetaldehyde via cytochrome P450, family 2,
subfamily E, polypeptide 1 (CYP2E1), which comprises
[6]
a microsomal ethanol-oxidizing system that is
involved in the generation of reactive oxygen species
[7-9]
(ROS) . Despite much evidence demonstrating a role
for CYP2E1 in alcoholic liver disease (ALD), several of
our studies have demonstrated that consumption of
ethanol-containing diets significantly increased hepatic
CYP2E1 levels without significantly affecting plasma
alanine aminotransferase (ALT) activity (unpublished
data). These findings support the existence of a potent
endogenous antioxidant system that can prevent
potential damage via the excessive expression of
[10]
CYP2E1 .
Binge drinking may cause liver injury, as demon
strated by increased blood levels of ALT, aspartate
aminotransferase (AST), and/or lactate dehydrogenase
[11-14]
(LDH)
and lipid accumulation in the liver-alcoholic

WJG|www.wjgnet.com

38

January 7, 2016|Volume 22|Issue 1|

Han KH et al . ALD and antioxidants
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acids are also thought to enhance oxidative stress
[61]
and are a source of prostaglandins . In a previous
study, ethanol administration increased the plasma
[62]
prostaglandin E2 level , and some prostaglandins are
[61,63]
thought to cause inflammation in NAFLD
. These
data suggest that prostaglandins enhance deterioration
of ALD; however, the influence of antioxidants on
prostaglandins will not be detailed here.
As shown in Figure 1, oxidative stress stimulates
intracellular events via the mitogen-activating
[64]
protein kinase (MAPK)
pathway, as initiated by
[30,65,66]
the activation of protein kinase C (PKC)
or the
[67]
degradation of protein phosphatases (PPs) . These
signals activate the Kelch-like ECH-associated protein 1
(Keap1)-NF-E2-related factor-2 (Nrf2) pathway, which
[45,68-70]
leads to antioxidant responsive element (ARE)
.
However, MAPK hyperactivation also leads to cell
[71,72]
death via activation of the Bax/Bcl-2 pathway
. In
addition, antioxidant enzymes have been reported to
be induced via several intracellular pathways, such as
[45,69,70,73]
the Keap1-Nrf2-ARE pathway
and the Sirt1
(sirtuin-1)-FoxO3 (forkhead winged-helix box class
O3 transcription factor)-PGC-1a (PPARγ coactivator[45,68]
1a) pathway
. The regulation of Sirt1 and Nrf2
[45]
levels has also been reported , which implies crosstalk between both pathways, whereas the activation of
Sirt1 and resveratrol, an activator of Sirt1, have been
reported to inhibit the DNA-binding activity of Nrf2 via
[74]
deacetylation in vitro . Taken together, substances
that deactivate or normalize MAPKs and/or activate
[45,75]
ARE or Sirt1
are potential candidates for the
prevention of ALD, but the mechanisms are unknown.

Antioxidants
Sirt1

FoxO3

63 kDa LR

ROS
PGC-1α
?

SOD
Catalase
Trx-2
HO-1

ARE

Nrf-2

Keap1

Nrf-2

Cell death

PKC
MAPKs

Bax

PPs

Figure 1 Oxidative stress-stimulating signaling pathways. The oval with the
gray indicates the start point; gray boxes indicate consequences; other boxes
indicate key substances. ARE: Antioxidant responsive element; FoxO3: Forkhead
winged-helix box class O3 transcription factor; HO-1: Heme oxygenase-1; Keap1:
Kelch-like ECH-associated protein 1; LR: Laminin receptor; MAPK: Mitogenactivating protein kinase; Nrf2: NF-E2-related factor-2; PGC-1α: Peroxisome
proliferator-activated responsive element γ coactivator-1α; PKC: Protein kinase C;
PP: Protein phosphatase; ROS: Reactive oxygen species; Sirt1: Sirtuin 1; SOD:
Superoxide dismutase; Trx: Thioredoxin.

suggest that phytochemicals could potentially have
a comprehensive preventive effect on ALD. However,
the physiological activities of phytochemicals in the
prevention of ALD have not been well recognized.
In this review, we discuss the physiological ac
tivities of phytochemicals and the mechanisms for
cell injury, the regulation of antioxidant and prooxidant enzyme expression, and concomitant intestinal
permeability. Herein, “antioxidants” are defined as the
phytochemicals that elicit or enhance the antioxidant
defense system, regardless of their radical scavenging
activity. Because information regarding the effects
of antioxidants in ALD patients or animal models is
insufficient for discussion, various oxidative stress
models in animals and cells are included. In particular,
the mechanisms of non-alcoholic fatty liver disease
(NAFLD) may comprise, in part, the mechanisms of
ALD because these two diseases likely share many
[31]
common pathways .

Antioxidant enzymes and peptides

In mammals, SOD generates hydrogen peroxide,
which is catabolized to a hydroxyl radical by catalase
[25]
and detoxified by GSH in collaboration with GPx .
The oxidized glutathione form is recruited to GSH
[76]
by GR with NAD(P)H . Heme oxygenase-1 (HO-1)
contributes to the antioxidant system because of the
production of bilirubin as a redox substance.
It has been suggested that the hepatic catalase level
is negatively associated with the severity of alcoholic
[10]
liver injury
and that SODs scavenge hydroxyl
peroxides generated in the cytosol and mitochondria,
thereby terminating autoxidation. Thus, catalase and
SODs are essential for the antioxidant system. There
are three isozymes of SOD in the cytosol, mitochondria,
and extracellular matrix: CuZn-SOD, Mn-SOD, and
extracellular SOD. SOD levels have been shown to be
[77]
regulated by MAPK activity . GSH is not an enzyme
but a redox tripeptide that acts as a proton donor. GSH
levels, GPx content, and/or GR content were reduced
in rats fed ethanol diets and, in some cases, ALD
[16,23,62]
[3,78]
animals
or under other oxidative conditions
.
The FoxO transcriptional factor is involved in GPx and
[79]
Sirt1 protein expression . These findings indicate that
in addition to catalase and SOD, GSH is essential for

MECHANISMS OF LIVER INJURY FROM
ALCOHOL CONSUMPTION
As a cause of oxidative stress, ROS are generated
by pro-oxidant enzymes, such as CYP2E1 in hepa
[7,52,53]
tocytes
and NADPH oxidase (NOX) in Kupffer
[25]
cells (liver-dwelling macrophages) . In addition,
populations of intestinal bacteria that comprise the
intestinal environment have been suggested to be
involved in ALD via stimulation of the immune sys
tem. For example, lipopolysaccharides (LPS) derived
[15,24,54]
from intestinal bacteria
activate NOXs and
[55-58]
produce inflammatory cytokines
in macrophages.
Acetaldehyde increases the permeability of LPS between
[15,59,60]
intestinal epithelial cells
, which is also involved in
the deterioration of ALD. Dietary polyunsaturated fatty
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reducing hepatic oxidative stress.
Under oxidative conditions, HO-1 appears to be
[45,69,80,81]
rapidly induced via the Keap1-Nrf2 pathway
.
This enzyme may also be involved in the immune
[55]
response . Furthermore, in ALD model animals,
[13,16,82]
HO-1 levels have been reported to be reduced
.
Adiponectin has received recent attention because of
its anti-inflammatory functions via Sirt1 activation,
HO-1 induction, and NOX suppression in Kupffer
[55]
cells . However, the blood concentration of this
adipokine was higher in ALD patients compared with
[83]
[84]
controls
or equal to the controls in ALD animals ,
which suggests that adiponectin may be less effective
against ALD than antioxidants.
Thioredoxin (Trx) is a ubiquitous scavenger of
oxidative species. Endogenous Trx is reported to be
reduced by ethanol ingestion; however, the levels
can be restored by supplementation with exogenous
Trx, which has been demonstrated to ameliorate the
[84]
symptoms of ALD . Because Trx is a peptide, it must
be digested in the digestive system, indicating that it is
difficult for exogenous Trx to directly scavenge hepatic
ROS.

reported to widen this gap
. Therefore, improving
intercellular junctions or reducing LPS-producing
bacteria may have a partial preventive effect on
[15]
ALD .

PLANT ANTIOXIDANTS
Classification of plant antioxidants

Figure 2 shows the structures of representative anti
oxidants abundant in fruit and vegetables. Polyphenol
is a generic name for compounds that have a mono- or
polycyclic structure with hydroxyl residues. Flavonoids,
including anthocyanins, catechins, and flavonols, form
one of the largest groups of polyphenols. Anthocyanins
[42]
[34]
have a red, purple, or blue color in grapes , berries ,
[89]
[37,77]
seed coats , and root crops
. Catechins include
epicatechin, epigallocatechin, and epigallocatechin galate
(EGCG) and are sometimes referred to as “tannins”
[35]
. Proanthocyanidins are polymers of catechins (but
not anthocyanin despite the similarity in names); they
are categorized as catechins and are widely abundant
[27,90]
[91]
[92]
in crops, particularly tea
, apples , and grapes .
Quercetin, kaempferol, and isorhamnetin belong to the
flavonol group and are ubiquitous in plants. Narirutin
and hesperidin belong to the flavanone group and are
[14,23]
abundant in the albedo of citrus peel
. Resveratrol is
categorized as a stilbenoid, a phytoalexin, and is present
[93]
[42]
in wine
and grapes ; it has recently received
substantial attention for its physiological functions.
Chlorogenic acid is a caffeic acid derivative and one of
the most widely consumed polyphenols because of its
abundance in coffee and other plants. Alkaloids, such as
[46]
berberine , are also included in the polyphenol group.
Curcumin, a curcuminoid present in turmeric, has a
yellow color and also belongs to polyphenols.
Lignans, a terpenoid whose metabolites exert
estrogenic activity in the lumen, as well as isoflavones
and coumestans possess antioxidant activity. Sulfide
[12,82]
and thiocyanate compounds are present in garlic
,
[47]
[16]
onions , and Brassicaceae plants
and are reported
to be chemopreventive.

Pro-oxidant enzymes

In microsomes, CYP2E1 is a phase Ⅰ enzyme of drug
metabolism that adds a hydroxyl residue to chemicals
[7-9]
to increase hydrophilia and may generate ROS
.
Chronic ingestion of ethanol and other small chemicals
increase hepatic CYP2E1. CYP2E1 induction has also
[52,85]
been demonstrated in animals with NAFLD
and
hepatic insufficiency. Insulin signaling may suppress
[53]
CYP2E1 expression
via the Akt pathway but not
[86]
the MAPK pathway , with subsequent expression of
[87]
certain microRNAs .
Macrophage-like cells, including Kupffer cells,
express NOXs and generate ROS with the consumption
[24]
[25]
of NAD(P)H
to eliminate xenobiotics . Many
isoforms of NOXs have been identified, and NOX-2 is
uniquely expressed in phagocytes. NOX expression
was regulated via the Keap1-Nrf2 pathway in a
[88]
mouse glial-neural co-cultured system
in which
NOX-2 predominantly caused oxidative stress. In
ALD animals, NOX-2 in Kupffer cells was activated by
[55]
LPS . In addition, Kupffer cells produce inflammatory
[13,24,55]
cytokines
, such as tumor necrosis factor alpha
(TNF-α) and interleukin-6. Thus, the reduction of NOXs
and inflammatory cytokines are important for ALD.
Given the gut-liver axis in ALD, intestinal conditions
play a considerable role in ALD severity, particularly
[15,60]
conditions mediated by LPS
. In the large intestine
in humans (or the cecum in animals), an enormous
number of intestinal bacteria live and ferment
undigested food matter, flaked epithelial cells, and
[25]
digestive fluid ; some of these species generate LPS,
[15]
which provokes the host’s immune system . Small
amounts of LPS can pass through gaps in the epithelial
cells into the intestine. Ethanol or its metabolites are
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PROVOCATION OF THE ANTIOXIDANT
SYSTEM BY PLANT ANTIOXIDANTS AND
PLANT EXTRACTS
Flavonoids

In animal models, quercetin ameliorated lipid meta
bolism and ethanol-induced liver damage by inducing
antioxidant enzymes, increasing GSH levels, and
[20,39]
reducing CYP2E1 activity
. Quercetin also inhibited
the activity and expression of CYP2E1 in human
[20,94]
hepatocytes
, which was consistent with in vivo
findings. In non-alcoholic steatohepatitis animals,
quercetin ingestion increased hepatic catalase,
[21]
SOD, GPx, and GR activities and the GSH level
and reduced hepatic lipid accumulation and CYP2E1
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[21,85]

[96]

pathway ; however, its involvement in ALD has not
been assessed. Alcohol-free red wine increased the
[97]
blood antioxidant capacity in a human study , which
suggests a preventive function of the polyphenol
fraction in red wine against ALD. However, other
studies have demonstrated that alcohol-free red
wine worked with ochratoxin A to increase the
[98]
intercellular permeability in Caco-2/TC7 cells , and
alcohol-containing red wine increased hepatic and
renal CYP2E1 expression in rats, whereas ethanol
[99]
did not . Malvidin, an anthocyanin in red wine, has
been reported to attenuate MAPK activity, which was

expression
. A computer simulation predicted the
[31]
involvement of quercetin in PGC1a and PNPLA3 .
Furthermore, hyperoside (quercetin-3-O-galactoside)
has been reported to increase cell viability and HO-1
[95]
activity via MAPKs and ARE in L-02 cells.
[42]
[77]
Pigments from grapes , colored potatoes , and
[89]
black soybean seed coats
that contain abundant
anthocyanin have been reported to induce antioxidant
enzymes via the alteration of MAPK activities in cells
in other oxidative conditions. An anthocyanin fraction
from bilberries appears effective in improving lipid
metabolism via the AMP-activated protein kinase
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promoted by LPS , and to enhance PP activity in RAW
264.7 macrophage cells. An anthocyanin-rich extract
from colored potato increased Mn-SOD expression via
extracellular signal regulated kinase (ERK) activation
[77]
in HepG2 cells . It has also been reported that an
ethanol-induced acute gastric lesion was prevented by
the ingestion of strawberry extract rich in anthocyanin
prior to ethanol treatment via the induction of gastric
[34]
antioxidant enzymes .
In animal studies, catechin- and tannin-rich extracts
from pecan nut shells improved ALD symptoms by
[35,38]
restoring antioxidant enzymes
. A tea extract rich
in catechins reduced CYP2E1 expression and hepatic
[92]
lesion via paracetamol injection , and a diet that
contained EGCG improved hepatic injury; although
[100]
there was no reduction in hepatic CYP2E1 levels
.
In a clinical study, EGCG-rich green tea and its extract
[90]
also increased the blood GSH level . The ingestion
of green tea extract also restored antioxidant activity
in the brain that had been decreased by ethanol and
[28]
aging . Furthermore, catechins have been reported
to suppress the expression of NOX and inflammatory
[56]
[57]
cytokines in macrophages , dendrocytes , and
human cerebral microvascular endothelial cells
[101]
(hCMEC)
as well as restore antioxidant enzymes
[102]
in human neuroblastoma cells
. Catechins have
both antioxidant and pro-oxidant activities. They have
recently been reported to stimulate the 63 kDa laminin
[56,57,101,103]
[104]
receptor
, which ROS may initiate
, and
consequently to calm over-activation of the immune
system via the inactivation of the Toll-like receptor
(TLR) 2 and 4 pathways. TLR 4, in particular, plays a
central role in Kupffer cell stimulation with LPS and the
[57]
induction of ALD deterioration . Dietary catechins
may thus contribute to the impairment of ROS
generation via LPS and the prevention of ALD.
Citrus flavonoids, narirutin, and glycosylated
citrus flavonoids also improved ALD and reduced
[14,23]
inflammatory cytokine levels
.

a resveratrol glycoside, stimulates Sirt1 and Nrf2 and
[45]
induces antioxidant enzymes in glomerular cells .
Chlorogenic acid (Figure 2) and caffeic acid restored
the hepatic activity of SOD and GPx and hepatic injuries
[43]
promoted by methamphetamine injection for 7 d .
[19]
Honokiol, identified in Magnolia officinalis , im
proved ALD, restored the hepatic GSH content and
SOD activity, and reduced inflammatory cytokine
[19]
levels in an ALD animal model .
Hispidin, a fungal polyphenol with PKC-inhibitory
activity, increased HO-1 and catalase activities in H9c2
[65]
cardiomyoblast cells .
Berberine is a benzyl isoquinoline alkaloid in the
Coptis genus that has been reported to reduce ALD
symptoms, increase levels of GSH and PGC1a, and
normalize CYP2E1 expression in the livers of animals
[46]
fed an alcohol-containing diet .
The sulfur-containing compounds (Figure 2) diallyl
disulfide and garlic oil have been reported to improve
[12]
alcoholic hepatic injury
by increasing HO-1 levels
via the Nrf2 pathway and increasing the GSH level
[82]
[94]
in vivo
and in vitro . A similar preventive effect
has also been identified in diallyl sulfide treatment in
[30]
astrocytes . Sulforaphane has been reported to act
[16]
as an inducer of HO-1 , which suggests that these
compounds may be useful in the treatment of ALD.
In addition to restoring HO-1 levels, sulforaphane
[16]
improved hepatic lipid accumulation in ALD animals .
The consumption of onion powder, which is rich in
sulfide compounds and flavonols, has also been
reported to reduce hepatic CYP2E1 levels in normal
[47]
rats .
Oleanolic acid, a triterpenoid, restored antioxi
dant enzymes and increased nucleic Nrf2 levels
[13]
and improved ALD . Sesamin (Figure 2) is a wellcharacterized terpenoid in sesame seeds that may
contribute to the reduction of fatty liver by promoting
β-oxidation of fatty acids and inducing hepatic aldehyde
[108,109]
dehydrogenase
. Maslinic acid, a triterpenoid rich
in basil, brown mustard, and other plants, has been
reported to protect hepatic injury via acute ethanol
[62]
toxicity . These data suggest that some types of
terpenoids may improve the symptoms of ALD.
Curcumin (Figure 2), but not resveratrol, has
been reported to restore hepatic antioxidant enzymes
[110]
reduced by aflatoxin in rats
. Curcumin also in
creased antioxidant enzymes as well as Nrf2 and HO-1
[111]
levels in quails under heat stress .
[112]
Mangiferin, identified in mango
, is a xanthine
derivative that has been reported to restore pulmonic
and hepatic antioxidant enzyme levels reduced by
[3]
benzo(a)pyrene in mice .
Plant extracts that contain significant amounts of
antioxidants also prevent oxidative damage in various
[27]
other organs. An extract from black tea
improved
[91]
ALD symptoms in rats. The extracts from apples ,
[40]
[113]
Amorphophallus commutatus , cinnamon
, and
[22,41]
hibiscus
partially normalized hepatic oxidative

Other phenolic antioxidants and non-phenolic
antioxidants

Resveratrol (Figure 2) restores or induces antioxidant
[93]
[105]
enzymes in ALD model rats , lung fibroblasts
,
[75]
and rats with spontaneous hypertension
and
[44,73]
diabetes
via the activation of sirtuins in some
cases. In vitro, resveratrol stimulated HO-1 induction
[81]
via the MAPK-Nrf2 pathway in PC12 cells . Thus,
red wine consumption is likely to be superior to
other alcoholic beverages in the prevention of ALD.
Resveratrol concentrations in wine may be insufficient
to prevent ALD; however, it may be responsible for the
[106]
“French paradox”
. Resveratrol has been reported
to activate monocytes and produce inflammatory
cytokines in vitro, which indicates that provoking the
immune system with resveratrol may not prevent
[107]
the deterioration of ALD . Thus, excessive red wine
consumption should not be recommended. Polydatin,
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[66]

stress induced by chemical toxins.

to the MAPK signaling pathways , which may lead
to a comprehensive impairment of MAPK signaling.
Despite their antioxidant activity, polyphenols also have
[72,121]
a slight pro-oxidant activity
. This impact may
[103]
[120]
increase MAPK and PP activity
or PP stability
prior
to crucial oxidative stress by ROS. At minimum, PPs
activated by antioxidants may partially inhibit MAPK
pathway activation. Following pretreatment with plant
antioxidants, the hyperactivation of MAPKs by injuring
[22,41,48,64]
stimuli appears to decrease
. These findings
[1]
may support the preconditioning hypothesis . Taken
together, ROS and/or MAPK are key regulators of both
cell injury and antioxidant enzyme induction.
In addition, this mechanism can explain the effects
of antioxidants on the barrier functions of epithelial cells.
Junction proteins and the intercellular barrier function
[48,114]
are disturbed by oxidative stress
. Antioxidants
have been reported to exhibit minimal activity to
[114,121]
generate ROS
and subsequently activate MAPKs,
[114]
which disturbs barrier function in vitro
. However,
antioxidant pretreatment may diminish excessive
oxidative stress, as previously discussed, which leads to
[49,50]
the protection of barrier function
.
It has been suggested that ROS (and electrophilic
reagents) directly activate the Keap1-Nrf2 pathway.
Keap1 is a sensor of intracellular oxidative stress and
[122]
couples with Nrf2
. Once Keap1 is oxidized, Nrf2
is released, moves to the nuclei, and activates ARE.
Regarding the relationship between chemical structures
and antioxidant activities, it has been suggested that
electrophilic compounds, such as flavonoids, curcumin,
and thiocyanate-related compounds, stimulate the
[122]
[123]
Keap1-Nrf2 pathway
. Satoh et al
proposed the
importance of ortho- or para-positions of hydroxyl
residues in the benzene structure, which result in
hydroquinone and catechol, respectively (Figure 2),
because of their electrophilic residue. Some flavonoid
compounds have a catechol structure (Figure 2), which
indicates an interaction between flavonoids and Keap1.
These results may support the hypothesis proposed by
[123]
Satoh et al .
This hypothesis suggests that antioxidants directly
activate Keap1. However, some antioxidants appear to
induce antioxidant enzymes via MAPK activation despite
the upper proteins of Keap1 (Figure 1), as demonstrated
with specific inhibitors of MAPKs that diminished the
[77]
[81]
induction
or activation of Nrf2 . Antioxidants may
contribute to the induction of antioxidant enzymes via
MAPK pathways rather than through direct activation of
Keap1. Moreover, resveratrol has a resorcinol structure
rather than a catechol structure. Resorcinol has less
[123]
electrophilic activity than catechol
; however, it
[122]
appears to stimulate Nrf2
. This mechanism must
also be elucidated.
In in vivo studies, the ingestion of antioxidants
induces (or tends to induce) antioxidant enzymes in the
[3]
[124]
[28,125]
[45]
lung , thymus
, brain
, and kidney , despite
[2,36,37]
very low concentrations in the bloodstream
.

Improvement of fatty acid accumulation

Alcoholic fatty liver is a predictive symptom of ALD,
and hepatic inflammation is also present in non-alcohol
[21,41,52]
steatohepatitic animals
. Moreover, a computer
simulation predicted many common pathways between
alcoholic fatty liver and NAFLD that were associated with
[31]
inflammation, lipid metabolism, and some immunity .
These data suggest that a reduction in lipids in the liver
[16,19,100]
may lead to an improvement in liver injuries
.
In addition to the induction of antioxidant enzymes,
some plant antioxidants have recently been reported
to improve lipid metabolism and reduce hepatic lipid
[19,39,46]
accumulation
, which may also contribute to the
amelioration of ALD.

Improvement of intestinal permeability by plant
antioxidants and plant extracts

Antioxidants, such as quercetin, resveratrol, EGCG,
and naringenin, prevent the downregulation of junc
tion proteins, namely, Zo-1 and/or Occludins, and
consequently enhance intercellular barrier functions
[49]
[50]
in vitro
and in vivo . In contrast, EGCG has been
reported to disturb the barrier function of hepatic
[114]
epithelial cells
because of ROS-induced ERK
activation. In addition to intestinal cell models, cocoa
polyphenol extract improved barrier functions disturbed
by a high glucose condition in retinal pigment epithelium
[51]
cells . Cocoa polyphenol extract and resveratrol also
attenuated the permeability of renal cell junctions
[48,115]
in vitro
, and EGCG increased the adhesion of
[101]
hCMEC . The tightness of cellular junctions regulated
by antioxidants may be involved in the severity of ALD
and should be elucidated.

Mechanisms for ALD prevention via plant antioxidants

Cellular oxidative stress is caused by many factors, such
[22,75]
as exposure to humoral factors
, enzymatic generation
[7-9,24]
[41,91,102,116]
of ROS
, metabolites of chemicals
, or
[39]
the mitochondrial respiratory chain . Two major
mechanisms may be proposed for hepatic injury pre
vention via oxidation: (1) the impairment of oxidative
signaling that leads to cell death; and (2) the activation of
the Keap1-Nrf2 pathway, which results in the induction of
antioxidant enzymes.
As a leading mechanism, “preconditioning” in
ischemia-reperfusion models has been proposed to
alleviate tissue damage. In ischemia-reperfusion models,
excessive ROS are present following reperfusion,
whereas slight ischemic-reperfusion pretreatment to
tissues or cells alters MAPK activities and interferes with
[117-119]
cellular damage
. It has been reported that ROS
stimulate PKC, MAPKs, and subsequent events that
[89]
lead to cell death
or induce an antioxidant system
[66,120]
(Figure 1). MAPKs appear to activate both PPs
and
[69]
Nrf2 . Once activated, PPs may deactivate not only
MAPKs but also other phosphorylated proteins related
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Figure 3 Potential multiple effects of crop components on alcoholic liver disease. LPS: Lipopolysaccharide; ROS: Reactive oxygen species.
[126,129]

These reports imply that there is an intermediate
signal by polyphenols, such as nerve and/or humoral
pathways, rather than direct stimulation of cells or
organs; they may also be explained by remote ischemic
[117]
preconditioning . This preconditioning suggests that
some types of stimuli can regulate MAPK activities in
remote organs.

the intestine
, which are proposed as prebiotics.
Oral ingestion of butyrate, a type of SCFA produced
from DF, promotes junction protein expression and an
[130]
increase in intestinal barrier function . These findings
also suggest the potential of DFs in the prevention of
ALD. Thus, intact fruits and vegetables, including both
antioxidants and DF, are worthy of consideration for
ALD prevention.
Mammals often intrinsically treat plant chemicals
as xenobiotics and have developed metabolic systems
[1]
against phytochemicals . The human body evolved
with environmental factors, including phytochemicals
and DFs. The data reviewed here imply the necessity
for the unwanted materials to elicit an accomplished
defense system, a barrier function in the intestine and
a chemical metabolizing system in the intestine, and
liver against xenobiotic substances.
However, most of these data are derived from
animal and cell studies. In these studies, antioxidants
[75]
may, in some cases, be overdosed , which makes
it difficult to justify their effectiveness in humans,
particularly ALD patients who may have impaired
[11]
liver functions . As previously reported, vitamin E
[32,33]
supplementation only partially improved ALD
despite its effectiveness in cell studies. Thus, it is
important for future studies to accumulate clinical data
regarding the relationships among ALD, antioxidants,
and antioxidant enzymes.
In conclusion, plants have a potential role in the
prevention of ALD (Figure 3). Although most individuals
are aware that abstinence from alcohol is the most

PERSPECTIVE
Even ubiquitous plant antioxidants, such as antho
cyanins and flavonols, appear to have many phy
siological activities, indicating that botanical substances
can provoke the antioxidant system. Apart from
oxidative stress via lipid accumulation, lipids also
appear to be a central cause of ALD. For example,
prostaglandins, which are initiated by phospholipase
[61]
(PL) A2 and activated by cyclooxygenases , are
involved in inflammatory events, and PNPLA3 has
been suggested to have PLA2 activity and to regulate
[63]
hepatic lipid accumulation . Therefore, the regulation
of prostaglandins and/or expression of their related
proteins may be critical for the improvement of ALD.
Fruits and vegetables are great sources of anti
[126]
oxidants as well as dietary fibers (DFs) , which were
once considered to be unwanted materials or nonnutrients. It is now well established that the ingestion
of DFs improves lipid metabolism and reduces hepatic
[127,128]
lipids
. Some types of DFs, particularly watersoluble fibers, promote the excretion of lipids into feces
and the synthesis of short-chain fatty acids (SCFA) in
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effective way to prevent ALD, it is recognized that
this is not easy. Therefore, it is important to improve
our defense system against ALD. Many types of plant
antioxidants with electrophilic activity may activate
antioxidant enzymes or peptides under oxidative
conditions and alleviate ALD, which may occur via a
mechanism that is somewhat similar to preconditioning
[117-119]
in ischemia-reperfusion models
. The antioxidants
reviewed here are common in vegetables and fruits,
which can be easily consumed. Moreover, plants contain
abundant amounts of DF and vitamins. Vitamins are
[27,28]
wasted by binge drinking
, and DFs can improve
[127,128]
lipid metabolism and intestinal conditions
in
mammals. Therefore, non-processed food materials
may have considerable intrinsic potential. Clearly,
ALD patients should be administered appropriate
medications to facilitate recovery from crucial damage.
However, fresh vegetables and fruits may be more
effective than processed foods in comprehensively
preventing hepatic damage induced by alcohol.
Antioxidants commonly taste bitter, and DFs appear to
exhibit a bad texture; thus, they have been eliminated
from foods over centuries. However, humans have
evolved alongside phytochemicals and DFs to overcome
these issues. Thus, an approach that elicits the intrinsic
potential of the human body to prevent ALD and other
lifestyle-related disorders should be reconsidered.
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Abstract
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Chronic intake of alcohol undoubtedly overwhelms
the structural and functional capacity of the liver by
initiating complex pathological events characterized
by steatosis, steatohepatitis, hepatic fibrosis and
cirrhosis. Subsequently, these initial pathological events
are sustained and ushered into a more complex and
progressive liver disease, increasing the risk of fibrohepatocarcinogenesis. These coordinated pathological
events mainly result from buildup of toxic metabolic
derivatives of alcohol including but not limited to
acetaldehyde (AA), malondialdehyde (MDA), CYP2E1generated reactive oxygen species, alcohol-induced
gut-derived lipopolysaccharide, AA/MDA protein and
DNA adducts. The metabolic derivatives of alcohol
together with other comorbidity factors, including
hepatitis B and C viral infections, dysregulated iron
metabolism, abuse of antibiotics, schistosomiasis,
toxic drug metabolites, autoimmune disease and other
non-specific factors, have been shown to underlie
liver diseases. In view of the multiple etiology of
liver diseases, attempts to delineate the mechanism
by which each etiological factor causes liver disease
has always proved cumbersome if not impossible. In
the case of alcoholic liver disease (ALD), it is even
more cumbersome and complicated as a result of the
many toxic metabolic derivatives of alcohol with their
varying liver-specific toxicities. In spite of all these
hurdles, researchers and experts in hepatology have
strived to expand knowledge and scientific discourse,
particularly on ALD and its associated complications
through the medium of scientific research, reviews
and commentaries. Nonetheless, the molecular
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[1-3]

women) spanning several years (10-20 years)
may ultimately lead to chronic liver injury most
often characterized by steatosis, steatohepatitis,
liver fibrosis and cirrhosis leading to increased risk
[1,4-6]
[6-9]
of fibro-hepatocarcinogenesis
. Many reviews
[10-12]
and research reports
, just to mention but a few,
have all emphasized the pathological role of alcohol
and its metabolic derivatives in ALD as well as efforts
to identify some of the signaling pathways crucial in
alcohol-induced liver disease. These important expert
inputs have provided new insights in our understanding
of ALD and fibro-hepatocarcinogenesis and have
also provided new research directions about these
diseases. Nevertheless, the pathological and molecular
signaling pathways which underpin the initiation and
progression of alcohol-induced liver injury leading to
fibro-hepatocarcinogenesis still remain incompletely
elucidated. For instance, signaling pathways that
integrate gut-dependent alcohol-induced dysbiosis,
inflammation and liver-specific alcohol-related
inflammation, immune regulation and fibrogenic
signals have so far remained elusive. The current
difficulty in elucidating the molecular pathogenesis
of alcohol-induced liver disease is multifaceted. (1)
The anatomical position of the liver coupled with the
diversity of agents in terms of number, biochemical
properties, physicochemical properties, toxicity
potential, their duration/frequency of exposure to the
liver have obscured well designed attempts to delineate
and characterize agent-specific effects on the liver
much less the signaling pathways involved; (2) There
is accumulating evidence, which seems to indicate
that buildup of mutations in hepatic alcohol metaboli
zing enzymes (alcohol dehydrogenase, aldehyde
dehydrogenase, CYP2E1) and genetic alterations
[13,14]
induced by alcohol in hepatic cells
may have further
obscured attempts to elucidate the signaling pathways
in ALD and fibro-hepatocarcinogenesis; and (3) Perhaps
the most major difficulty is the bidirectional origin of
ALD and fibro-hepatocarcinogenesis (gut to liver or
liver to gut) and the dysregulation of key homeostatic
functions (inflammation, immune regulation and
regulation of fibrogenic signals). Notably, hepatic
metabolism of alcohol as well as effect of alcohol on
the gut generates many toxic chemical species with
different mechanisms of hepatic toxicity which makes it
difficult to distinctly identify their individual effects and
signaling pathways involved.
This review takes a close look at current per
spectives and scientific investigations on the effect
of alcohol and its metabolic derivatives on hepatic
parenchymal and non-parenchymal cells, bidirectional
origin of ALD as well as the subtle conspiracy at the
molecular level involving inflammatory, immune
and fibrogenic signaling pathways underpinning ALD
and fibro-hepatocarcinogenesis. Specifically, we put
into perspective the complex and integrative roles of
TGF-β (a key fibrogenic cytokine), Smad proteins, and

mechanisms underpinning ALD, particularly those
underlying toxic effects of metabolic derivatives of
alcohol on parenchymal and non-parenchymal hepatic
cells leading to increased risk of alcohol-induced fibrohepatocarcinogenesis, are still incompletely elucidated.
In this review, we examined published scientific
findings on how alcohol and its metabolic derivatives
mount cellular attack on each hepatic cell and the
underlying molecular mechanisms leading to disruption
of core hepatic homeostatic functions which probably
set the stage for the initiation and progression of
ALD to fibro-hepatocarcinogenesis. We also brought
to sharp focus, the complex and integrative role of
transforming growth factor beta/small mothers against
decapentaplegic/plasminogen activator inhibitor-1 and
the mitogen activated protein kinase signaling nexus
as well as their cross-signaling with toll-like receptormediated gut-dependent signaling pathways implicated
in ALD and fibro-hepatocarcinogenesis. Looking into
the future, it is hoped that these deliberations may
stimulate new research directions on this topic and
shape not only therapeutic approaches but also models
for studying ALD and fibro-hepatocarcinogenesis.
Key words: Alcoholic hepatitis; Lipopolysaccharide;
Fibro-hepatocarcinogenesis; Mitogen activated protein
kinase; Transforming growth factor beta; Small mother
against decapentaplegic
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alcoholic liver disease (ALD) leading to fibrohepatocarcinogenesis may show a bidirectional origin
within the gut-liver axis. We bring to light the subtle
reprogramming of the gut epithelium, gut microbiome
and hepatic cells by both metabolic derivatives and
unstable chemical species secondary to chronic alcohol
intake, and their concerted role in ALD. We specifically
highlight the integrative role of transforming growth
factor-β/Smad, which synchronizes inflammatory
and fibrogenic signals within the gut-liver axis. The
gut may provide a less invasive option not only for
prognosis and treatment of ALD but also for future
research. We suggest that therapies for ALD and fibrohepatocarcinogenesis should focus on restoring the gut
microbiome.
Boye A, Zou YH, Yang Y. Metabolic derivatives of alcohol and
the molecular culprits of fibro-hepatocarcinogenesis: Allies or
enemies? World J Gastroenterol 2016; 22(1): 50-71 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/50.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.50

INTRODUCTION
It is a common knowledge that continuous heavy
alcohol intake (80 g/d by men and 40 g/d by
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MAPK signaling pathways which pathologically suffer
complicity in ALD and fibro-hepatocarcinogenesis mainly
due to up-regulation of PAI-1 gene (a key downstream
target gene of dysregulated TGF-β/Smad signaling in
fibro-hepatocarcinogenesis) as well as recruitment
of inflammatory and immune signaling pathways to
promote ALD and fibro-hepatocarcinogenesis. Of note,
the pathological role of PAI-1 in liver fibrosis, cirrhosis
[15]
and cancer in general has been reported . And
these pathological roles of PAI-1 may be linked to
dysregulated TGF-β/Smad and MAPK pathways.
Transforming growth factor beta is a prototype of
a superfamily of multi-functional cytokines including
bone morphogenetic protein (BMPs), activin, inhibin,
growth and differentiation factors, nodal, and anti[16]
Mullerian hormone . The TGF-β1 subtype has been
extensively studied, mainly due to its physiological
and pathological roles in the regulation of metazoan
development, differentiation and homeostasis. It is in
the light of these that the TGF-β class of cytokines is
seen as a necessary evil in metazoan biology. In fact,
TGF-β signaling pathway plays an important role during
embryonic development, normal physiological processes
and disease states by regulating several cellular
processes, including cell growth and differentiation, cell
[16]
migration, apoptosis, extracellular matrix formation
and inhibition of cell proliferation in the early stages
of carcinogenesis mainly by blocking uncontrolled
proliferation of epithelial, endothelial and hematopoietic
[17]
cells . However, genetic and epigenetic alterations
of the TGF-β ligand, TGF-β-specific membrane
receptors (TβRⅠ, TβRⅡ and TβRⅢ), and mediators
(Smad proteins) may switch its tumor suppressor
effects into tumor promotion. The susceptibility of
TGF-β to loss of function mutations in various cancers
[18]
has been reported . For example, loss or gain of
[19]
[20-22]
[23,24]
function mutations in TβRⅠ
TβRⅡ
, Smad2
,
[25]
[23,26]
Smad3
and Smad4
have all been implicated in
various human cancers. Therefore, it is not surprising
that dysregulated TGF-β signaling pathway suffer
[27-30]
complicity in almost all known human cancers
. It is
maintained that genetic and epigenetic factors conspire
to mastermind switching of TGF-β function by rendering
tumor cells resistant or unresponsive to TGF-β-mediated
growth arrest, and other homeostatic functions. TGF-β
has been branded as the key factor regulating the
acquisition of all the phenotypic hallmarks of cancer (cell
proliferation, induction of epithelial to mesenchymal
transition (EMT), induction of tissue invasion and
migration, induction of tumor angiogenesis, inhibition
of immune surveillance, induction of cancer cell
survival, cancer cell immortality and resistance to
[27,30]
TGF-β-mediated cytostasis)
. Recent evidence
shows that mitogen activated protein kinase (MAPK)
pathway regulate linker-dependent phosphorylation
of receptor mediated Smads (Smad2 and Smad3)
to promote pathological roles of dysregulated TGF-β/
Smad signaling in liver fibrosis and hepatocellular
[31,32]
carcinoma (HCC)
. The question arises as to how
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these signaling pathways act in synchrony to modulate
alcohol-dependent activation of the hepatic cells to
promote ALD and fibro-hepatocarcinogenesis from
the perspective of the gut and the liver. Does chronic
alcohol exposure alter TGF-β/Smad and MAPK signaling
pathways? If it does, how and which component of the
TGF-β/Smad signaling mediators is/are altered and
how? Finally, how do deliberations on these questions
inform us of future research directions and therapeutic
strategies against ALD and fibro-hepatocarcinogenesis?
The above questions are the preoccupation of the
present review.

HEPATIC ALCOHOL METABOLISM
The liver metabolizes alcohol by employing two
mechanisms, either through cytosol degradation
by alcohol dehydrogenase to acetaldehyde (AA),
then to acetic acid by aldehyde dehydrogenase in
the mitochondria or via the cytochrome P450 (CYP)
isoenzyme system where CYP2E1 actively metabolizes
[33-35]
alcohol in cases of heavy alcohol ingestion
.
Efficient functioning of these two hepatic alcohol
metabolic processes ensure that toxic metabolites
of alcohol, mainly AA (a hepatotoxin as well as a
neurotoxin), MDA (a hepatotoxin) and some other
unstable derivatives of the metabolites including
CYP2E1-generated free radicals, protein adducts
of AA and MDA, are rendered inactive or cleared
from the system long before they cause any cellular
damage. Indeed, buildup of AA and MDA, an inevitable
phenomenon in chronic alcohol intake, is implicated
for most of the toxic effects associated with chronic
[34]
alcohol use .
Interestingly, it was reported that CYP2E1 activity
may be induced about two to tenfold after chronic
alcohol exposure and the underlying mechanism was
[36]
linked to oxidative stress . It was also reported
that CYP2E1-dependent alcohol metabolism causes
oxidative stress through increased output of reactive
[37-39]
oxygen species (ROS)
, which has already been
[40]
implicated in lipid peroxidation and liver injury .
It must be noted that both cytosolic and mito
+
chondrial alcohol metabolic pathways reduce NAD
+
to NADH (addition of a hydrogen atom to NAD to
convert it to NADH), however, impairment of any of
the two metabolic pathways as a result of chronic
+
alcohol intake may lead to a high NADH/NAD ratio
which by extension affects cytosolic and mitochondrial
metabolism of carbohydrate and lipid substrates
[4]
leading to impaired gluconeogenesis . It was reported
that alcohol exposure induces fatty liver disease by
+
[41]
increasing NADH/NAD ratio . It remains to be
+
established whether alcohol-induced NADH/NAD
turnover underlies reprogramming and switching
energy metabolism of pre-neoplastic hepatic cells from
efficient mitochondria oxidative phosphorylation to
that of inefficient but protective aerobic glycolysis (socalled Warburg effect). The net effect is that there is

52

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
diminished substrate flow through the Kreb’s cycle,
giving rise to diversion of acetyl CoA to fatty acid
synthesis and this possibly underlies NADH-induced
inhibition of mitochondria fatty acid β-oxidation and
elevated fatty acid synthesis leading to the onset of
[42-44]
alcoholic liver disease
.
Currently, it has been proposed that the path
ogenesis of a healthy liver to one of alcohol-induced
liver damage may involve a two-hit progression
with steatosis being considered as the “first hit”,
followed by cellular insults such as oxidative stress,
lipid peroxidation, direct lipid toxicity, mitochondrial
dysfunction and/or infection to cause hepatic in
[4-6]
flammation leading to alcoholic steatohepatitis
.
As useful as this current “two hit” proposal may be,
it remains to be clarified whether the pathological
sequence of ALD leading to fibro-hepatocarcinogenesis
lend itself to any particular set pattern, in view of the
fact that diverse toxic agents of non-alcoholic origin
may also influence ALD progression. The effect of comorbidity factors such as hepatitis B and C infections
has been shown to increase the progression of ALD.
However, it is still difficult to clarify the question of
which toxic agent first initiates liver damage and
which toxic agent takes over at what cellular time
scale and how? Is it alcohol or the co-morbidity
factors that first initiate liver damage? It appears
that alcohol-induced liver damage leading to ALD
and fibro-hepatocarcinogenesis may not follow any
specific temporal sequence, in view of the presence
of other non-alcohol toxic agents. It is possible that
the underlying non-alcohol liver-specific toxic agents
may be the determinants of the temporal sequence of
alcohol-induced liver disease.
Alcohol-induced liver damage displays bidirectional
origin in view of the significant nauseating role of
lipopolysaccharide (LPS) derived from progressive
alteration of the gut microenvironment by chronic
alcohol intake.

short-chain fatty acids (SCFAs). About 60%-90% of
SCFAs in the gut lumen are absorbed by enterocytes
to regulate energy supply, control gut pH, and resist
[50]
[51]
pathogenic growth
probably via inflammasome .
The gut microbiome also plays a role in bile acid
[52,53]
regulation
, exchange of phenolic and aromatic
[54]
[55,56]
acids , cholines, fatty acids and phospholipids
.
Liver-specific biosynthesis of primary bile acids are
reported to be dehydroxylated by some of these gut
microbiome giving rise to secondary bile acids, which
may be absorbed by the enterocytes to promote lipid
[52,53]
absorption and energy homeostasis
. In view of
the above, the importance of the gut microbiome
in anti-oxidant, inflammatory, immune and energy
homeostasis cannot be underestimated and therefore
it represents a crucial determinant of the body’s sus
ceptibility to irritants including alcohol and its metabolic
derivatives.
It is not surprising that alterations in the num
ber and species diversity of the gut microbiome
culminating from host-behaviors including but not
limited to chronic alcohol intake derail the essential
[57]
benefits of the gut microbiome
and may provide
avenue for the onset of various inflammatory diseases
of the gastrointestinal system and its accessory
organs, of which the liver is the most affected. From
hindsight, change in gut microbial diversity has long
[46]
been implicated in Crohn’s disease (CD) , ulcerative
[46]
[46,58]
colitis (UC)
and irritable bowel disease (IBD)
.
The case is not different with chronic alcohol exposure
and the possible increase in Gram negative/Gram
positive bacteria ratio (Figure 1). Nakayama et
[59]
al
have shown that increased translocation of
Streptococcus suis and its degraded products across
the gut wall secondary to alcohol exposure correlated
with progression of ALD. Accumulating evidence show
that chronic alcohol intake may switch the aforementioned essential regulatory functions of the gut
microbiome into a rather deleterious one. For example,
alcohol-induced gut dysbiosis increases endotoxin
[60,61]
[6,62]
turnover
, particularly LPS
, which leads to
increased leakage of endotoxins into portal circulation
and chronic stimulation of the liver. By diverse
mechanisms, alcohol and its metabolic derivatives
have been implicated in dysbiosis of the gut mucosal
[63-66]
layer
.
Lipopolysaccharides (LPS) are breakdown products
of bacterial cell walls, specifically pathogenic Gram
[67]
negative bacteria strains and it is reported that it can
[6,67]
activate hepatic cells
and initiate overt inflammatory
[68,69]
responses via TNF-α mediation
. Under normal
physiological conditions, release of LPS from breakdown
of pathogenic Gram negative bacteria into portal
circulation is rendered harmless by endothelial cells
lining blood vessels, sinusoidal endothelial cells (SECs)
of the liver as well as liver-resident macrophages (KCs)
or its cellular concentration is reduced to levels well
below physiological concentrations insufficient to elicit
any inflammatory response. But perturbations of the

ALCOHOL AND ALTERATION OF GUT
MICROBIOME
[45]

The invention of the microscope provided the impetus
to uncover the co-existence of micro-organisms and
[46]
humans . It is now a common knowledge that the
human gut, (a prominent barrier organ) harbors
14
a metagenomic community of some 10 micro[47]
organisms
mainly dominated by bacteria. The gut
microbiome does play many regulatory functions
spanning regular modulation of the innate and adap
[48]
tive immune systems , synthesis and release of
nutrients, vitamins, and preservation of the structural
[46]
and functional integrity of the gut wall . For instance,
in the course of evolution of the gut microbiome,
the diverse gut microorganisms have progressively
managed to adapt as commensals, producing nutrients,
[49]
such as vitamins of the B and K subclasses , and
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Alcohol-induced perturbation of intestinal epithelium and
derangement of liver sinusoidal micro-structure in ALD and
fibro-hepatocarcinogenesis
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Figure 1 An illustration of the bidirectional origin of alcoholic liver disease and fibro-hepatocarcinogenesis within the gut-liver axis. Chronic alcohol
use induces derangement of the gut epithelium, increases Gram-/Gram+ bacteria ratio, increases endotoxin turnover, increases permeability of gut epithelium to
endotoxins including lipopolysaccharide (LPS). Subsequently leakage of LPS into portal circulation gain access to liver to initiate activation of hepatic cells. LPSdependent activation of hepatic cells is further augmented by metabolic derivatives of alcohol to promote alcoholic liver disease (ALD) and fibro-hepatocarcinogenesis.
T: Toll-like receptor 4; HSC: Hepatic stellate cell; KC: Kupffer cell; SD: Space of disse; SEC: Sinusoidal endothelial cell; M: Monocyte.

gut wall as a result of chronic alcohol intake (Figure 1),
increases gut permeability to LPS derived from degraded
[62]
bacterial cells
and this certainly leads to leakage of
high concentrations of LPS into portal circulation. The
high levels of LPS in portal circulation overwhelms the
regulatory capacity of SECs and endothelial cells leading
[41]
to chronic liver injury . Continual exposure of the liver
to gut-derived LPS serves as an inflammatory nosae,
first by disrupting the balance between inflammatory
and anti-inflammatory homeostatic regulation. This
balance is shifted to favor heightened or sustained
inflammatory response. To sustain the exaggerated
inflammatory response, LPS first activates hepatic
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parenchymal cells, precisely SECs KCs and hepatic
stellate cells (HSCs) leading to re-programming of their
core functions. It is not surprising that a correlation was
reported between increased intestinal LPS permeability
[60,61]
and alcoholic hepatitis
. Similarly, LPS derived
from alcohol-induced increase in gut permeability was
shown in alcoholics to correlate with the pattern and the
[70,71]
amount of alcohol consumed
while high levels of
LPS were detected in the sera and livers of patients with
[62]
alcohol-induced liver disease . The hepatotoxic effect
of pathogen associated molecular patterns (PAMPs),
[72]
e.g., LPS
has been shown to be mediated through
[73]
toll-like receptors (TLRs) . LPS is specifically reported
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[67]

to be the ligand for TLR4 subtype . Importantly, TLR4
as well as other TLR subtypes have been shown to
be expressed on KCs, HSCs and hepatocytes under
[9,74]
inflammatory conditions
. TLRs are crucial in the
regulation of innate immune responses, sensing of
damage associated molecular patterns (DAMPs) as
well as PAMPs, of which LPS is an integral component.
Also, it was reported that LPS/TLR4 signaling involves
[75,76]
LPS-binding protein (LBP), CD14 and MD-2
. LBP
facilitates the transfer of LPS from the outer membrane
of bacterial cells to CD14, which in turn ensures
[77]
the formation of TLR4-MD-2
to trigger LPS/TLR4
signaling, but downstream of this TLR4-mediated LPSinduced liver inflammation is myeloid differentiation
factor protein 88 (MyD88). LPS-induced release of
pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, IL-8,
[78]
IL-12), chemokines (INF-γ, MCP-1)
as well as cell
adhesion molecules (ICAM-1, VCAM-1) via activation
of NF-kB and IkB in injured hepatic cells was MyD88[78]
dependent . LPS-induced activation of the MAPK
pathway leading to the expression of activator protein
[79-81]
(AP)-1 was also reported to be MyD88-dependent
.
In short, chronic alcohol intake may generate an
inflammatory arsenal comprising LPS, ROS, AA and
MDA together with their respective protein adducts,
which launches continuous attack on hepatic cells
(Figure 1). The pathological manifestation of these
acohol-mediated attacks on the liver may depend in
part on the synergistic interaction between alcohol
and non-alcohol co-morbidity factors. Consequently,
this sets the stage for the onset of liver fibrosis and
its progression to cirrhosis, thus increasing the risk
of fibro-hepatocarcinogenesis. To appreciate how the
alcohol generated inflammatory arsenal attack the
hepatic cells, we take a cursory look at each of the
hepatic cells in the light of their normal structure and
function vs their alteration by alcohol and its metabolic
derivatives.

SECs, by logic provides the first line of defense for
the liver, essentially scavenging and clearing potential
harmful products from attacking the liver. Many
immunological functions, including but not limited to
the following, removal of small molecules (< 200 nm)
from the blood using innate immune mechanisms such
[82,83]
as scavenger and mannose receptors
, expressions
of MHC class Ⅱ and co-stimulatory molecules (CD54
and CD106), and antigen processing, presentation,
[83]
and leukocyte recruitment , have been attributed to
SECs.
The afore-mentioned homeostatic functions of
SECs in the liver of an alcoholic become derailed due
to continuous and sustained activation of SECs by
gut-derived LPS leakage into portal circulation. For
example, exposure of SECs to LPS was shown to have
[84]
induced basement membrane formation , and this
observation was said to have preceded fibrogenesis.
Some results from in vitro studies have also shown
that SECs can reverse activated HSCs back to their
quiescent state, but SECs loose this property following
[85]
capillarization due to LPS activation . Serious is the
fact that continuous LPS-activation of SECs induces
decreased responsiveness of SECs to LPS and also
diminishes SEC-dependent scavenger functions.
Eventually, the liver may be exposed to potentially
damaging insults including metabolic derivatives of
alcohol.
Accordingly, AA and MDA were shown to have
formed protein adducts, which in turn stimulated
[6]
SECs to produce more fibrogenic cytokines . A clear
attestation to this observation was demonstrated by
fibronectin. Fibronectin was shown to be overexpressed
following alcohol-induced liver damage and it was
implicated in the activation of HSCs leading to liver
[6]
fibrosis . MDA-derived protein adducts were reported
to have increased the expression of soluble fibronectin,
cellular fibronectin and EⅢA fibronectin variant (the
variant form of fibronectin, most implicated in HSC
[86,87]
activation)
. Pro-inflammatory cytokines including
TNF-α, MCP-1, and MIP-2 were similarly shown to
have increased following treatment of isolated SECs
[87,88]
with MDA-derived protein adducts
. Also, AA/MDA
modified proteins were reported to have induced SECs
to release both pro-inflammatory and pro-fibrogenic
[88]
signals , while LPS was similarly reported to induce
AA/MDA modified protein adduct-dependent release
[89]
of chemokines and cytokines by SECs . Evidently,
LPS, AA, MDA, and their protein adducts act in concert
to potently induce apoptosis of SECs which leads to
weakening of SEC-dependent defense mechanisms
of the liver, further, compounding an already com
promised liver. LPS-activated SECs may in turn transactivate KCs and HSCs in addition to their direct
stimulation by LPS.

ALCOHOL, METABOLIC DERIVATIVES
OF ALCOHOL AND ACTIVATION OF
HEPATIC CELLS
Sinusoidal endothelial cells

Sinusoidal endothelial cells (SECs) are hepatic nonparenchymal cells characterized by flattened and
[6]
highly fenestrated features . SECs have no basement
membrane and their microstructure endows them
with the ability to selectively filter blood components
from portal circulation into the space of Disse, for
subsequent presentation to the hepatocytes and lipid
[6]
storage cells .
Additionally, SECs are endowed with scavenger
receptors (SRs) and higher permeability properties,
and these factors make it possible for SECs to engage
in phagocytosis, clearing blood of harmful toxins and
ensuring bidirectional exchange of substances between
the hepatic parenchyma cells and portal blood. The
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Kupffer cells

As part of the reticuloendothelial system are cells
called Kupffer cells (KCs). Kupffer cells are monocyte-
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derived cells resident in the liver as specialized hepatic
[6,90]
macrophages
. These cells were first observed
[91]
by Karl Wilherm von Kupffer in 1876
to whom is
credited the name KCs, but it was not until 1898 that
[92]
KCs were correctly identified as macrophages . Their
origin can be traced to the bone marrow, where promonocytes and monoblasts cells differentiate into
monocytes, which then enter circulation and finally
[93]
transform into KCs .
Functionally, KCs form a major part of the reti
culoendothelial system within the liver sinusoidal
compartment, phagocytizing senescence red blood cells
as well as phagogenic presentations. As a result, they
are widely scattered within the sinusoids. In support
[94]
of the phagocytizing capacity of KCs, Helmy et al
have reported a receptor of the immunoglobulin family
(CRIg), and they further showed that CRIg null mice
could not clear complement system-coated pathogens,
and that CRIg is well conserved in mice and humans,
emphasizing the relevance of the CRIg as a component
of the innate immune system and that of the role of
KCs in the innate and complement systems.
In normal physiological state, KCs perform their
immuno-regulatory functions without overt release
of pro-inflammatory cytokines and chemokines;
however, alcohol and its associated metabolic deriva
tives have the potential to reprogram KCs through
repeated or continuous activation. This undue
activation of KCs renders them more pro-inflammatory
and pro-fibrogenic due to KC-dependent release of
inflammatory and fibrogenic cytokines. For instance,
it was reported that under stress conditions, KCs and
other hepatic cells release cytokines (IL-1, IL-6, IL-8,
TNF-) and chemokines (MIP-2, IP-109, KC/GRO, MIP[90,95]
1α, and RANTES)
. It is the unregulated release
of these inflammatory and fibrogenic cytokines that
induces liver injury. It was further shown that each of
the pro-inflammatory cytokines and chemokines could
directly cause liver injury by targeting hepatic cells or
indirectly through chemo-attraction of immune cells
[95]
including neutrophils and lymphocytes . Also, it was
reported that the expression of adhesion molecules
changes during LPS/alcohol-dependent liver injuries.
Notably the enhanced expression of PECAM-1 and
down-regulation of ICAM-1 characteristic of normal
liver were reported to be reversed by TGF-β under
[96]
inflammatory conditions .
Chronic exposure of the liver to alcohol succeeds in
[97-99]
changing the sensitivity of KCs to LPS stimulation
.
In a study to clarify alcohol-induced sensitization of
[100]
KCs to LPS, Watanabe et al
have suggested that
it could be due to the effect of alcohol on calcium
channels, which is indispensable for TNF-α release.
Exposure of KCs to alcohol does not only increase
sensitivity of KCs to metabolites of alcohol but also
increases intracellular calcium channels in KCs. It
was shown that KCs exposed to alcohol for two hours
lacked elevated intracellular calcium, but prolongation
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of alcohol exposure time to 24 h showed increased
intracellular calcium, which manifested as TNF-α
production and expression of LPS binding receptor
(CD14), and this perhaps explains the increased
sensitivity of KCs to LPS. Chronic alcohol exposure was
also shown to have increased the expression of α2Aadrenoceptors in activated KCs and it was linked to the
[101]
release of TNF-α and TNF-α-induced liver injury
.
LPS was shown to augment AA/MDA protein adductmediated release of pro-inflammatory and pro[89]
fibrogenic cytokines and chemokines by KCs . LPSinduced acute and chronic liver injury was linked to
[102,103]
activation of KC
.
The activation of KCs is not limited to only LPSderived from gut microbiome, and proteins modified
by AA and MDA may also activate KCs leading to overt
inflammatory and immunological responses injurious
to the liver (Figure 2). Many alcohol modified protein
adducts have been widely implicated in alcoholic liver
[89,104,105]
disease
. Alcohol and its metabolic derivatives
have also been implicated in KC/prostaglandin E2[106]
induced liver injury
and this is in part attributed to
endotoxin-dependent release of nitric oxide (NO) in
[107]
KCs
. It appears that, chronic alcohol exposure in
addition to AA and MDA dependent liver injury may
also induce increase in gut-derived LPS, increase
in LPS leakage into portal blood, increase in blood
concentration of LPS, increase in LPS binding receptor
expression and increased sensitivity of KCs to LPS and
these may collectively sustain liver injury.
LPS activation of hepatic cells shows a snowballing
effect, in that apart from LPS directly activating each
hepatic cell, each activated hepatic cell may in turn
influence the activation of its neighboring hepatic
cells in a manner akin to paracrine or hormone-like
cell to cell communication. For example, LPS-induced
activation of SECs leads to activation of KCs via release
of pro-inflammatory and pro-fibrogenic factors, similar
activation of KCs also in turn activate quiescent HSCs
[6]
through the release of TNF-α and TGF-β1 . Typically,
LPS-activated KCs were shown to have activated HSCs
in vitro leading to HSC proliferation and increased ECM
[108]
production
. Next, we look at how alcohol and its
metabolic derivatives act in concert to activate HSCs to
usher in liver fibrosis.

Hepatic stellate cells

Hepatic stellate cells (HSCs) are non-parenchymal
hepatic cells located within the space of Disse between
[109,110]
endothelial cells and hepatocytes
. HSCs can
exist in two distinct forms depending on whether
they are activated by an external inflammatory
nosae or otherwise. In their normal inactivated state,
also known as quiescent stellate (Ito) cells, they
function normally by storing vitamin A, and may play
modulatory roles during inflammation by expressing
ICAM-1 and VCAM-1. It has been shown that HSC
activation (tran-differentiation of quiescent vitamin
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Chronic alcohol intake

Impairement of alcohol metabolizing enzymes i.e. ,
ALDH, ADH, CYP2E1

Increase in gut wall permeability to endotoxins,
e.g. , LPS

+++ AA, MDA

+++ Portal LPS concentration
+++ Free radicals
and other reactive
substrates

AA-Adducts
MDA-Adducts

Activation of SECs, KCs, HSCs,
Hepatocytes and pit cells

+++ NF-kB, TNF-alpha,
IL-1, VCAM-1, ICAM-1

+++ TGF-β1

+++ ECM, transmigration
of perisinusoidal cells

Progression of liver fibrosis leading to cirrhosis

Figure 2 A schematic illustration of the two-way attack of hepatic cells in alcoholic liver disease and fibro-hepatocarcinogenesis. By multiple mechanisms
alcohol metabolizing enzymes and gut-derived LPS induce production of free radicals which stimulate the release of pro-inflammatory and pro-fibrogenic cytokines.
Free radical-dependent activation of hepatic cells leads to the release of pro-inflammatory transcription factor (NF-kB) and inflammatory cytokines (TNF-α, IL-1β)
which provide the signal for injurious overt hepatic inflammatory response. Secondary to the injurious hepatic inflammatory response, is the activation of hepatic
cells (mainly HSCs and KCs) to further release pro-fibrogenic factors, mainly the key fibrogenic cytokine (TGF-β) which mediates a high ECM turnover (increased
fibrogenesis : fibrinolysis ratio) in HSCs and the space of Disse, and trans-migration of hepatic non-parenchymal cells. These pathological events initiate liver fibrosis
and cirrhosis leading to fibro-hepatocarcinogenesis. AA: Acetaldehyde; ADH: Aldehyde dehydrogenase; ALDH: Alcohol dehydrogenase; ECM: Extracellular matrix;
HSCs: Hepatic stellate cells; IL-1β: Interleukin-1 beta; KCs: Kupffer cells; LPS: Lipopolysaccharide; MDA: Malondialdehyde; NF-kB: Nuclear factor kappa B; SECs:
Sinusoidal endothelial cells; TGF-β: Transforming growth factor beta; TNF-α: Tumor necrosis factor alpha; VCAM: Vascular cell adhesion molecule; +++: Up-regulated
expression or overproduction.

A-storing cells to proliferative myofibroblast cells) by
hepatotoxins plays a crucial role in liver fibrogenesis. To
substantiate this claim, it was shown that inactivation
[111]
of HSCs attenuates liver fibrosis
. Activated HSCs,
mostly release excess TGF-β1 which has been shown to
down-regulate ICAM-1 and VCAM-1 while increasing
N-CAM expression in HSCs. In addition, HSCs in their
activated states may express TNF-α, which reduces
N-CAM-coding mRNAs and also induces ICAM-I-and[90]
VCAM-1 specific transcripts by many folds . Under
inflammatory conditions, HSCs trans-differentiate
into myofibroblast and concomitantly increase ECM
production. There is dysregulation of ECM metabolism
which promotes liver fibrosis. This underlies the
initiation of fibrogenesis and the complicity of HSCs
[112]
in liver fibrosis
. Coherent with this, Knittel et
[113]
al
have intimated the importance of HSCs during
hepatic injury through the recruitment and migration
of mononuclear cells in the peri-sinusoidal space. This
perhaps sets the stage for the secretion of TGF-β and
[114,115]
TNF-α and their pathological role in liver fibrosis
and several other cytokines and chemokines including
[116-118]
MCP-1, RANTE-1, and IL-8
.
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The effect of alcohol and its metabolic derivatives
on HSC activation and their roles in ALD progression
have been extensively investigated. For example,
alcohol-induced activation of HSCs was linked to the
release of TGF-β1, matrix proteins, and initiation of
[112,119]
[120]
fibrogenic response
. Karaa et al
have also
shown that alcohol exposure to mice produced HSC
activation in addition to increased hepatic collagen
output and neutrophil infiltration.
Evidence implicating alcohol-specific metabolites
in liver injury was clearly demonstrated by using
4-methylpyrazole (4-MP), an inhibitor of alcohol
metabolism. It was shown that sustained alcohol
exposure to precision cut liver slices (PCLS) produced
increased levels of IL-6, depletion of GSH stores,
increased lipid peroxidation, increased expression of
smooth muscle actin (α-SMA) and increased deposition
[6]
of collagen in liver sinusoidal space . But all these
aforementioned alcohol exposure-specific phenotypic
[6,121]
hallmarks were reversed by 4-MP treatment
,
emphasizing the involvement of alcohol and its meta
bolic derivatives in liver fibrosis.
Furthermore, LPS was reported to exert direct
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[122]

effect on HSCs
and also indirectly via LPS activated
[108,123]
KCs
. LPS was shown to enhance the effect
[124,125]
of alcohol and AA on HSC activation
and the
[126]
expression of collagen 1 and IL-6
, while AA alone
[127,128]
induced activation and proliferation of HSCs
and
[127,129]
expression of α-SMA
.
At the mechanistic level, AA-induced activation of
[130,131]
HSCs was linked partly to ERK1/2/PI3K pathway
,
[132]
JNK/α1-collagen pathway
and TGF-β 1/TβR Ⅱ
[133,134]
signaling
. Transcriptional elevation of TGF-β and
its membrane receptors (TβRⅠ and TβRⅡ) have been
[135]
considered as key hallmarks of activated HSC . And
this certainly increases the sensitivity of activated HSCs
to TGF-β-mediated fibrogenic signals. Siegmund et
[9]
al have posited that the signal for ECM production by
HSCs in liver-related diseases of all etiologies including
alcohol emanates from TGF-β. Corroboratively, it was
shown that TGF-β protein levels increased in both
[136]
experimental and human liver fibrosis . Thus, TGF-β
is the key contributor of irregular ECM accumulation
in liver sinusoidal space by forming basal membranes
[137]
leading to defenestration of the liver sinusoids
as well as decreasing MMPs to further halt ECM
[138]
degradation .

attempt to fight back, hepatocytes employ various
mechanisms including release of chemokines such
[149]
[149]
as MIG
, IP-10
, cytokine-induced neutrophil
chemo-attractant (KC), MIP-1, MIP-2, and MIP-3
which act in concert to recruit and activate proinflammatory cells (mononuclear phagocytes) and
KCs respectively. But because the inbuilt intracellular
hepatocyte defense mechanisms i.e., CRP, SAA and
HO-1, and the anti-oxidant system have already
been weakened, by the continuous exposure of the
damaging nosae, the hepatocyte defense response
leads to mass hepatocyte apoptosis at a rate that
further compromise the structural and functional
integrity of the liver as a whole. Hepatocyte cytosol
and microsomal compartments are the initial sites for
alcohol metabolism before mitochondrial-dependent
breakdown. The number and integrity of hepatocytes
are rate-limiting factors in alcohol metabolism.
Therefore, increased apoptosis of hepatocytes leads
to poor alcohol metabolism which further increases
the buildup of alcohol metabolites (AA and MDA),
meanwhile KCs, SECs, and NKs which could clear the
debris and the resulting buildup of toxins have been
disabled by LPS, AA, and MDA. This situation exposes
the liver to potentially damaging nosae which may set
the stage for the initiation of cirrhosis leading to HCC.

Hepatocytes

Hepatocytes are the main hepatic cells in the liver
accounting for 80% of the cytoplasmic mass of
[90]
the liver . Characteristically, hepatocytes exhibit
eosinophilic cytoplasm (a cytoplasm with abundant
mitochondria) and basophilic stippling (abundance of
[90]
endoplasmic reticulum and ribosomes) . Within the
liver, hepatocytes are organized into cell-thick plates
[139,140]
separated by vascular channels
. When these
structural and functional characteristics of hepatocytes
are not disturbed or altered by any nosae, hepatocytes
can attain an average life span of 5 months whiles
[90]
retaining the capacity to regenerate .
Functionally, hepatocytes are involved in protein
synthesis, protein storage, and transformation of
carbohydrates, synthesis of cholesterol, bile salts,
phospholipids, detoxification, modification and
[90]
excretion of exogenous and endogenous substances .
Additionally, hepatocytes can biosynthesize hormones
[90,141]
including insulin-like growth factor (IGF-1)
,
[142]
[143]
thrombopoietin , erythropoietin
and cytokines such
[144,145]
as IL-8
needed for normal hepatic homeostatic
processes.
In the event of liver injury due to alcohol and its
metabolic derivatives, the degree of injury overwhelms
the hepatocyte defense mechanisms, especially when
the nosae is continuous and sustained (Figure 1).
As a means of defense, hepatocytes may respond
to acute phase inflammatory mediators such as
IL-6 by releasing acute phase proteins including
[146]
C-reactive protein (CRP)
, serum amyloid A
[147]
(SAA)
and also some intracellular defense proteins
[148]
like heme-oxygenase-1 (HO-1)
. In a desperate
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Pit cells

Pit cells, lymphocyte-derived non-parenchymal cells,
[150]
form about 1% of the non-parenchymal cell mass .
Pit cells are liver representatives of natural killer cells
(NKs) in other organs. Pit cells are suspected to have
originated from the bone marrow transported by blood
to finally settle in the liver, where they transmogrify
into their current state by lowering their density and
increasing their granular content. The very existence of
[151]
the pit cells are dependent on KCs , which suggest
that whatever that happens to KCs will in turn affect
the fate of pit cells.
Functionally, pit cells biosynthesize interferon
gamma (IFN-γ) in response to damaging inflammatory
nosae, but they can also partake in the destruction of
virus-infected malignant cells. Pit cells are versatile
migratory cells and they are normally activated
[90]
by interleukin-2 . Alcohol, AA, MDA, and LPS
may directly damage pit cells through continuous
activation or indirectly by activated KCs and HSCs,
leading to functional impairment and consequences
thereof on the liver, in view of the fact that pit cells
via the perforin/granzyme-dependent mechanism
are indispensable in the removal and apoptosis of
[152]
splenic/blood-NK-resistant tumor cells . Importantly,
TGF-β-induced repression of NKs, a phenomenon
[153]
characteristic of chronic alcohol consumption
, has
been linked to failure of NK cell-mediated apoptosis of
[154,155]
HSCs
.
Evidently, chronic alcohol intake affects the
structural and functional capacity of all the hepatic

58

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
cells and this possibly may set the cellular stage for
the actions of pro-inflammatory and pro-fibrogenic
cytokines acting in concert to promote ALD leading
to fibro-hepatocarcinogenesis. At the center of this
complex cellular conspiracy against the liver are
the TGF-β/Smad and MAPK pathways and their
downstream target genes.

covery of a group of genes, which were later named
Smads from their original sources. Smads are the
central mediators that carry signals from receptors of
[172]
TGF-β, BMP, and activin cytokines to the nucleus
.
Smads which are now identified as substrate
transcriptional factors play integral functions in the
intracellular signaling responses to TGF-β and its
[173]
related signaling complex
. Basically, the Smad
proteins have three forms, namely receptor mediated
Smads (Smad 2 and Smad3 specific for TGF-β),
inhibitory Smad (Smad7) and a common Smad
(Smad4). It must be stated that mutations in these
Smad types due to genetic and epigenetic causes such
as alcohol exposure are linked to dysregulated TGF-β
signaling in ALD and cancer in general. For example,
Smad7 inhibits TGF-β/TβRI-dependent phosphorylation
[174-176]
of Smad2 and Smad3
to abrogate dysregulated
TGF-β/Smad signaling transduction in many disease
pathologies including but not limited to ALD and fibrohepatocarcinogenesis. But, alcohol and LPS were
shown to down-regulate Smad7 expression to induce
[120]
liver fibrosis in a Smad3-dependent fashion
.
Similarly, a number of reports from cell and animal
studies (Table 1) have implicated receptor-mediated
Smad proteins (Smad2 and Smad3) in ALD as well as
in HCC patients. Smad4 deletions have been mapped
[18]
[23,24]
[25]
[177]
in HCC . Smad2
, Smad3
and Smad4
mutations have been detected in various cancer
subtypes. But it remains to be elucidated how alcohol
and its metabolic derivatives modulate the Smad
proteins and the signaling pathways they mediate,
particularly the upstream (TGF-β ligand, TβRⅠ, TβR
Ⅱ, Smad2, Smad3, Smad4, Smad7) and downstream
(Imp7/8, PAI-1) signaling mediators of TGF-β and how
such findings may inform future research directions
and precisive therapeutic strategies against ALD and
fibro-hepatocarcinogenesis. It is worth suggesting
that Smad2, Smad3, and Smad7 deletions or/and
mutations should be mapped in ALD as well as in HCC
to facilitate early screening, diagnosis and treatment of
ALD and its related complications.
Importantly, it must be mentioned that the switch
of TGF-β function from tumor suppression in early
stages of cancer as well as in early stages of ALD to
tumor promotion in late HCC reflects an imbalance
between canonical and non-canonical TGF-β signaling
and recruitment of other oncogenic signaling pathways
(Figure 3). What actually causes this switch has so far
remained elusive. Refreshingly, in HCC it was reported
that binding of Gas6 ligand to Axl induces activation
of Axl/14-3-3ζ to switch TGF-β signaling from tumor
suppression to tumor promotion in a JNK/Smad3L[178]
dependent fashion
. It was also mentioned that
suppression of Axl succeeded in blocking oncogenic
TGF-β signaling in HCC, and this has raised hopes
about indirect inhibition of oncogenic TGF-β signaling
using Axl-specific inhibitors. A number of Axl-specific
inhibitors are under various stages of preclinical studies
[179]
including SGI-7079, BGB324, DP3975 and NA80xl .

TGF-β: A VERSATILE SIGNALING
MODULATOR WITH COMPLEX
FUNCTIONALITY IN ALD AND FIBROHEPATOCARCINOGENESIS
To appreciate how alcohol and its metabolic derivatives
alter TGF-β/Smad signaling to promote ALD and
fibro-hepatocarcinogenesis, we should first take a
panoramic view of TGF-β/Smad signaling and also
the cell/context-specific functions of TGF-β which
perhaps may explain its complex and integrative roles
in ALD. TGF-β is considered to exert growth restraints
on various cancer cells at the initial stages of fibrohepatocarcinogenesis by mechanisms including
cell cycle arrest at critical check points, induction of
[156-158]
apoptosis and restoration of cellular structure
,
an observation which highlights TGF-β as a potent
[31]
anti-tumor cytokine . However, by a sudden twist of
events, in a different cellular context such as in ALD,
fibro-hepatocarcinogenesis as well as in other disease
pathologies, it tends to promote disruption of cell
adhesion, induces migration and invasion, and mediate
immune suppression and angiogenesis, to become a
[158]
crucial tumor promoter . For example, in ALD it was
reported that AA does not only increase the steady
[159]
levels of TGF-β mRNA transcripts
but also promote
activation of latent TGF-β and elevate the expression of
[134]
TβRⅡ
. Furtheremore, it was shown that a decrease
in TGF-β protein levels correlated with a decrease in
[160]
AA-induced α2 collagen (I) gene .
Basically, TGF-β signaling involves two major
signaling modes, canonical and non-canonical. The
former is mediated by Smad proteins while the latter
involves cross signaling between TGF-β and other
cell signaling pathways implicated in cancer such as
[161,162]
[163,164]
Wnt/β-catenin pathway
, VEGF pathway
,
[165,166]
aberrant FGF/FGFR signaling pathways
, MAPK
[167,168]
[169]
pathway
, PI3k/AKT/ mTOR pathway
, HGF
[164]
[170]
signaling , aberrant EGF/EGFR signaling pathway ,
[171]
and deregulation of IGF pathway
. To proceed, we
highlight the Smad proteins and the MAPK pathway,
which have so far been shown to work closely with
TGF-β signaling in both cell and animal models of ALD
[31]
(Table 1) to promote liver fibrosis and HCC .

Smad proteins

Genetic studies spanning more than a decade ago
using Caenorhabditis elegans (a nematode), and
Drosophila melanogaster (a fruitfly) led to the dis
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Table 1 Involvement of Transforming growth factor-β, Smad, plasminogen activator inhibitor-1 and mitogen activated protein
kinase signaling pathways in alcoholic liver disease and fibro-hepatocarcinogenesis
Alcohol/
metabolic
derivative

Mechanism/pathway

Cellular context

Ref.

Alcohol, LPS, Inhibition of TGF-β/Smad signaling abrogates alcohol-induced liver injury
Cultured HSCs,
[120,221]
alcohol and LPS induce liver fibrosis via activation of TGF-β signaling in a Smad3-dependent fashion
SAMe
male rats
and down-regulation of Smad7, but SAMe could abrogate it and also restore Smad7 expression
AA
Up-regulation of Smad3 and Smad4, increase in nuclear translocation of Smad3/4 complex, decrease
Human and
[159,219,222,223]
in Smad7 expression, all leading to enhanced expression of COL1A2
mouse HSCs
Increase in TGF-β1 secretion and up-regulated expression of TβRII in HSCs was linked to AA
AA increased COLα1 expression in HSCs in a Smad3-dependent manner
Alcohol
Alcohol-induced increase in endotoxemia linked to up-regulated protein expression of TGF-β1, IL-6, Guinea pig liver
[224]
NF-kB, TNF-α, IkBα
Alcohol, LPS Alcohol potentiates LPS-induced pancreatic fibrosis via increased production of TGF-β1
Human
[225]
pancreatic
tissue sample,
pancreatic
acinar-like cells
(AR42J)
Alcohol
Alcohol-induced translocation of S. suis across gut wall and also up-regulated TGF-β1 and COL 1 to Alcoholics, mice,
[59]
promote liver disease
Caco-2 cells
Alcohol
While alcohol exposure impairs nuclear import of growth hormone-induced STAT5B and IL-6Rat liver, adult [11,184,226,227]
induced STAT3, it had no effect on TGF-β1-induced nuclear import of Smad2/3
male C57BL/6J
TGF-β1 mediates liver fibrosis in experimental rats in a Smad4-dependent fashion
mice
Alcohol-induces hepatic iron overload leading to liver damage via modulation of hepcidin through
BMP6/Smad4 signaling pathway
Alcohol
Alcohol modulates iron-induced liver injury via increased expression of TGF-β1, BMP2,
Mice
[228]
phosphorylated Smad2
Alcohol
Alcohol-induced steatosis and liver injury in Smad7 null mice is enhanced by TGF-β1 signaling and
Alb-Cre mice,
[229]
TGF-β1-induced EMT in hepatocytes
Smad7 (loxP/
loxP) mice
Alcohol
Alcohol exposure induces TGF-β1 release and activation of TGF-β1-induced down-regulation of
Mice
[230]
alcohol dehydrogenase 1 (ADH1) mRNA transcripts in part through TGF-β/ALK5/Smad2/3
signaling
Alcohol, AA Alcohol and AA-induced activation of TGF-β1, JNK and p38 signaling pathways were inhibited by
HSCs, HepG2
[231]
butein
cells
Alcohol
TGF-β1 mediates alcohol-induced activation of HSCs via activation of p38/JNK MAPK pathway
Rat HSCs
[232]
and overexpression of HSC markers including α-SMA, procollagen1, betulin and betulinic acid can
reverse these pathways to restore liver integrity
Alcohol, LPS LPS and CYP2E1-dependent oxidative stress synergistically activate p38/JNK pathway via LPS/
Hepatic cells
[233]
TNF-α signaling pathway
Alcohol
Alcohol induces cytotoxicity via activation of p38, JNK and ERK MARK pathway, but COS reversed
Human L02
[234]
this by inhibiting the MAPK pathway and activation of Nrf2
normal liver
cells
Alcohol
Alcohol induces hepatotoxicity by activating p38/JNK MAPK pathway in addition to NF-kB, IL-6,
Mice
[235]
TNF-α, but these effects were reversed by MA
Alcohol
Activation of JNK and ERK MAPK pathway mediates alcohol-induced oxidative stress, but HOAdult male
[236]
1-derived CO reversed these effects by activating p38 MAPK pathway just as CORM-2, which
Balb/c mice,
suppressed TNF-α and IL-6
primary rat
hepatocytes
Alcohol
TLR2/4, p38/ERK MAPK pathway, IL-1β, TNF-α, COX-2 mediate alcohol-induced liver injury, but
Mice
[237]
noni juice (NJ) effectively reverses alcohol-induced liver injury by modulating the above factors
Alcohol
Alcohol-induced hepatocyte apoptosis is mediated through activation of p38/JNK MAPK pathway
Human liver
[238]
and also involve Fas
adenocarcinoma
(SK-Hep1) cells
LPS
LPS induces liver inflammation via multiple pathways including activation of p38 MAPK/Nrf2/
RAW264.7 cells,
[239]
HO-1, ICAM-1, VCAM-1, TNF-α
CLP-induced
septic mice
Alcohol
ERK MAPK activation, increase in mRNA transcripts of egr-1 and PAI-1 are associated with alcoholRats
[240]
induced steatosis and hepatic necrosis
LPS
Activation of p38 MAPK pathway and COX-2 mediate LPS-induced liver injury, however, ES
Sprague-Dawley
[241]
attenuates liver injury by modulating the above pathways
(SD) rats
Alcohol
Activation of p38, JNK and ERK MAPK pathways and histone modification (acetylation, methylation Male SD rats
[242]
and phosphorylation) mediates alcohol-induced hepatic cellular injury
Alcohol
Alcohol enhances Fas-induced liver injury by activating p38/JNK MAPK pathway, increase
Mice
[243]
caspase-3 and -8 and TNF-α
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LPS

Alcohol induces CYP2E1 and LPS overproduction, and CYP2E1 sensitizes hepatocytes to LPS/TNFα-dependent injury and this is mediated through activation of p38/JNK MAPK pathway
Alcohol
Inhibition of liver regeneration in partial hepatectomized rats is associated with alcohol-induced p38 Male Wistar rats
activation and cyclin D1 expression
Alcohol
Alcohol-induced inhibition of HO-1 is mediated through blockade of p38/ERK MAPK-dependent
Human
nuclear import of Nrf2, but quercetin can reverse this blockade to restore hepatoprotection against
hepatocytes
alcohol-induced oxidative stress
Alcohol
Increased gastric mRNA transcripts was reported as a response to alcohol-dependent nosae on the
C57BL/6 mice,
gut wall, suggesting the protective role of PAI-1 in the gut
PAI-1-1-H/Kβ
mice
Alcohol, LPS Increase in PAI-1 correlated with progression of ALD
In vitro and in
PAI-1 was implicated in hepatic inflammation and fibrosis in a two-hit model of ALD involving
vivo models of
alcohol and LPS
ALD, mice
Alcohol-induced increased in hepatic lipids was linked to up-regulation of PAI-1, but this was
reversed by metformin

[244]
[245]
[246]

[247]

[199-201]

ALD: Alcoholic liver disease; HGF; Hepatocyte growth factor; ECM: Extracellular matrix; PAI: Plasminogen activator inhibitor; PI3K: Phosphatidylinositol
3-kinase; EGF: Epidermal growth factor; MAPK: Mitogen activated protein kinase; TGF-β: Transforming growth factor beta; Smad: Small mother against
decapentaplegic; SAMe: S-adenosyl-L-methionine.

Canonical TGF-β signaling

modulation of canonical TGF-β/Smad, particularly
Smad2/3/4 and their regulation by alcohol and its
metabolic derivatives need to be clarified, in the light
of gut-dependent and liver-dependent alcohol-induced
inflammatory and fibrogenic signals. It is currently held
[187-190]
that ALD may begin from the gut
. A paradigm
that does not only highlight the therapeutic potential of
[191]
the gut
but also the prognostic and diagnostic value
of the gut. The possible crosstalk between LPS/TLR4/
TNF-α/TNF-αRI/MLCK in gut dysbiosis/inflammation
and alcohol-induced liver inflammation/fibrogenesis
driven by dysregulated TGF-β/Smad and the MAPK
pathways remain veiled. Unveiling the link between
the gut-liver axis in the light of TGF-β/Smad/MAPK
and TLR4/TNF-αRI signaling will undoubtedly not only
help to explain the switch of TGF-β signaling from
tumor suppression to tumor promotion in ALD, but
will also open a new therapeutic avenue to advance
target specific therapies against ALD and fibrohepatocarcinogenesis.

The canonical TGF-β signaling is mediated primarily
by Smad proteins (Smad2, Smad3, Smad4) via TGFβ-specific receptors (TβRⅠ, TβRⅡ and TβRⅢ). Transmembrane TGF-β signaling begins with ligand binding
[180]
of TβRⅢ , which then presents TGF-β to TβRⅡ
,
this is peculiar to TGF-β2 which only interacts with
TβRⅢ before it becomes bound to TβRⅡ. However,
the other TGF-β family members, precisely TGF-β1
and TGF-β3 readily bind to TβRⅡ without the need
of binding to TβRⅢ ; therefore they can transduce
intracellular signals either in the presence or absence
[17]
of TβRⅢ . TGF-β activated TβRⅡ subsequently
trans-phosphorylate TβR Ⅰ . Activated TβR- Ⅰ in
turn trans-phosphorylate latent transcriptional
factors (Smad2 and Smad3) at their C-terminal SXS
[17]
motif . The phosphorylated Smad2/3 undergoes a
rapid conformational change which facilitates their
oligomerization with a common Smad4. The formation
of Smad2/3/4 complex enhances preferential nuclear
[181-183]
relocation and accumulation of the complex
.
The cellular responses to TGF-β are fine-tuned by
continuous nucleocytoplasmic shuttling of Smad2/3,
which permits continuous sensing and responds
[184,185]
to changes in TGF-β receptor activity
. The
nucleocytoplasmic shuttling of Smad2/3/4 complex
is crucial for TGF-β signaling and this is aided by
karyopherins, particularly Imp7/8. In the nucleus, the
Smad2/3/4 complex interacts with transcriptional coactivators or repressors to determine the transcription
of TGF-β target genes, such as PAI-1 gene, therefore
[186]
deciding the fate of cells .
Though alcohol and its metabolic derivatives in
many studies (Table 1) have been shown to stimulate
increased expression of PAI-1, it remains to be
explored how alcohol and its metabolic derivatives
modulate Imp7/8 which facilitates Smad2/3/4
nucleocytoplasmic shuttling. It must be noted that
TGF-β/Smad signaling mediated through C-terminal
phosphorylation of Smad2/3 corresponds to all its
tumor suppressor and cytostatic functions. The exact

WJG|www.wjgnet.com

Non-canonical TGF-β signaling

Aside the canonical TGF-β signaling via TGF-βspecific membrane receptors (TβRⅡ and TβRⅠ) and
latent Smad proteins (Smad2, Smad3 and Smad4),
TGF-β also activates other signaling pathways quiet
independently. Among the signaling pathways
[192-194]
activated by TGF-β are the MAPK pathway
, the
growth and survival kinases (P13K, AKT/PKB, mTOR)
and the small GTP-binding proteins (Ras, RhoA, Racl,
[195-197]
and Cdc42)
. It is worth notice that oncogenic
non-canonical TGF-β signaling in its full activation as
is the case in ALD and fibro-hepatocarcinogenesis far
outweigh the canonical tumor suppressor TGF-β/Smad
signaling and could therefore explain the connivance
between alcohol and its metabolic derivatives and
the oncogenic non-canonical TGF-β signaling in ALD,
increasing the risk of fibro-hepatocarcinogenesis. This
is evident in the elevated expression of PAI-1 in some
cell and animal models of ALD and HCC. Importantly,
PAI-1 is a key target gene of TGF-β signaling and plays
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Akt/PBK

MAPK

Ca-calmodulin kinase Ⅱ

HGF

Ras

CDK2 and 4

EGF
TGF-β/Smad
Src

PI3K

Casein kinase Ⅰ

FAK

Wnt/β-catenin

Sprouty 2

Oncogenic non-canonical TGF-β signaling,
e.g. , MAPK-dependent linker phosphorylated
Smad2/3-mediated TGF-β signaling
Canonical tumor suppressor TGF-β/Smad signaling,
e.g. , C-terminal phosphorylated Smad3-mediated
TGF-β signaling

+++PAI-1

Progression of ALD and high risk of fibro-hepatocarcinogenesis

Figure 3 A proposed schematic illustration of the complex and integrative role of TGF-β/Smad signaling in alcoholic liver disease and alcohol-induced fibrohepatocarcinogenesis. Alcohol and its metabolic derivatives induce the release and activation of TGF-β/Smad signaling through NF-kB/TNF-α mediation (Figure 1). The
NF-kB/TNF-α-mediated activation of TGF-β/Smad signaling switches canonical tumor suppressor (C-terminal phosphorylated Smad3/Smad4-dependent TGF-β
signaling) into oncogenic (MAPK-dependent linker phosphorylated Smad2/3-dependent TGF-β signaling) and also non-canonical TGF-β signaling involving crosssignaling with other signaling pathways implicated in hepatic malignancies. Key cross-signaling pathways which team up with TGF-β signaling includes but not limited
to CDK 2 and 4, Ca-calmodulin kinase Ⅱ, EGF, HGF, PI3K/AKT, FAK, Src, Sprouty2, casein kinase Ⅰ, Wnt/β-catenin. This leads to imbalance between canonical
and non-canonical TGF-β signaling. Increase in oncogenic TGF-β/Smad signaling leads to up-regulation of PAI-1 gene expression and PAI-1-mediated pathologies
thereof. The key pathological effects of PAI-1 include dysregulated ECM regulation, cell proliferation and invasion, and dysregulated apoptosis and these underlie
initiation and progression of alcohol-induced fibro-hepatocarcinogenesis. HGF: Hepatocyte growth factor; ECM: Extracellular matrix; PAI: Plasminogen activator
inhibitor; PI3K: Phosphatidylinositol 3-kinase; EGF: Epidermal growth factor; MAPK: Mitogen activated protein kinase; TGF-β: Transforming growth factor beta; Smad:
Small mother against decapentaplegic; +++: Up-regulated expression or overproduction.

crucial roles in all disease pathologies in which TGF-β is
implicated.

The complicity of TNF-α in alcohol-induced fatty
liver disease, where it was purported to increase the
[6]
expression of PAI-1, emphasizes a more complex
interaction between pro-inflammatory and fibrogenic
factors in ALD. TNF-α mediates the pro-inflammatory
signaling while TGF-β1 controls the fibrogenic signals.
To confirm the TNF-α/PAI-1 link, alcohol-induced
expression of PAI-1 in TNFR1 -/- mice was investigated
[200]
and found inhibited
, indicating that TNF-α might
[203]
induce PAI-1 through the MAPK pathway
. But the
crosstalk between the MAPK pathway and TGF-β/Smad
signaling pathway is a common dysregulated signaling
pathway implicated in many cancers, particularly
MAPK-dependent linker phosphorylation of Smad2
and Smad3 leading to increased PAI-1 expression
and occurrence of phenotypic hallmarks of fibro[32]
hepatocarcinogenesis .

Plasminogen activator inhibitor

Plasminogen activator inhibitor (PAI)-1 gene is an
important inhibitor of both tissue and urokinase type
plasminogen activators; as a result it inhibits fibrin
[6]
degradation via inactivation of plasminogen and also
[198]
mediates some inflammatory responses
. Many
reports have implicated PAI-I in alcohol-induced liver
[199-201]
damage
. PAI-I levels were shown to increase
[200]
following acute and chronic alcohol exposure
, and
a decrease in PAI-1 expression perhaps through RNA
interference significantly reduced alcohol-induced
[200]
steatosis and lipid peroxidation .
Fibrinolysis has been shown to be a common
feature in alcohol-induced liver disease; meanwhile
PAI-1 gene is a crucial modulator of fibrinolysis through
[201]
its inhibitory action on plasminogen activator
. The
involvement of PAI-1 in alcohol-induced liver damage
could be traced to the link between TNF-α and TGF-β/
Smad signaling and could also explain the integrative
role of TGF-β in the gut-liver axis in alcohol-induced
fibro-hepatocarcinogenesis, since PAI-1 is a major
[31,32,202]
target gene of TGF-β/Smad signaling pathway
.
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MAPK pathway

Recent developments in the understanding of TGF-β/
Smad signaling has revealed non-Smad TGF-β sig
[204]
naling
and a growing indication of a crosstalk bet
ween MAPK pathway and Smad signaling downstream
[205]
of TGF-β
. The MAPKs represent a large class of
serine/threonine protein kinases crucial in the initial
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responses to a diversity of extracellular signals involved
[206]
in cell growth, cell differentiation and apoptosis
and
activation of nuclear transcription factors by allowing
[207]
nuclear sensing of extracellular signals
. They are
grouped into three sub-classes: the extracellular signalregulated kinases (ERK1, ERK2), the stress-activated
protein (SAP) kinases, also known as c-jun N-terminal
kinases (JNK1, JNK2, and JNK3), and the p38 MAPKs (α,
β, γ, and δ)[193]. In several reports, TGF-β was shown to
[208,209]
activate ERK, p38, and JNK in different cell types
.
As a result, TGF-β signaling can be regulated via linkerdependent phosphorylation of Smad2/3. A number of
[193]
[210]
[211]
protein kinases including ERK1/2 , JNK
and p38
activated by TGF-β in turn phosphorylate Smad2/3 at
the linker region. It is a common knowledge that linkerdependent phosphorylation of Smad2/3 in part switches
the TGF-β/Smad signaling from tumor suppression to
tumor promotion.
Notably, alcohol and its metabolic derivatives have
been shown to activate the MAPK pathway, and this
was reported to be crucial for collagen formation in
[212]
HSCs
. Alcohol-dependent activation of the MAPK
pathway depended on the type of hepatic cell and
their physiological state, duration of alcohol exposure,
[212]
and the type of agonist
. With specific reference
to KCs, TNF-α production and release was linked to
chronic alcohol exposure and LPS-induced activation
[212]
of p38 MAPK
. Similarly, LPS-induced activation
of ERK and p38 MAPKs was shown to be responsible
[213]
for liver injury
. While elucidating how alcohol
and its metabolic derivatives activate the MAPK
[214]
pathway, Yao et al
showed that CD14-mediated
LPS recognition of TLR4/MD-2 complex mediates
TNF-α release secondary to MAPK activation. To stoke
more arguments and perhaps stimulate search for
explanation, it was reported that activation of p38
MAPK is indispensable for hepatocyte proliferation,
while sustained activation of the MAPKs reverses
[215,216]
this effect
. The TGF-β/Smad and the MAPK
signaling pathways may be crucial in the initiation and
progression of ALD and fibro-hepatocarcinogenesis. It
is apparent that a signaling loop possibly involves LPS/
TLR4/MD-2/TNF-α-MAPK and TGF-β/Smad crosstalk
at multiple levels and plays key roles in ALD as well
as recruitment of other signaling pathways implicated
in ALD (Figure 3). Some of the signaling pathways
recruited into the TGF-β/Smad/MAPK signaling nexus
[217]
may include but not limited to Spry2
, EGF and
[218]
[219]
FGF
, Ras and Wnt/β-catenin
. For instance,
TGF-β1 was shown to down-regulate Spry2 in a
[217]
Smad-dependent fashion
, meanwhile, Spry2 aids
phosphorylation of PTEN and its nuclear accumulation
[220]
to induce p53-mediated growth arrest
which
perhaps underlies Spry2-dependent inhibition of HCC
cell growth and inhibition of c-Met-induced proliferation
[218]
and angiogenesis in fibro-hepatocarcinogenesis . But
PTEN, which negatively regulates PI3K/AKT signaling,
[31]
is in turn down-regulated by TGF-β1 . However, it is
yet to be determined how alcohol and its metabolic
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derivatives modulate the tumor suppressor PTEN
via the TGF-β/Smad/MAPK pathways. Will selective
inhibition of TGF-β specific receptors, MAPK-dependent
phosphorylation of Smad2/3, TNF-α/TNF-αRI in ALD
enhance PTEN expression to halt ALD and the risk of
fibro-hepatocarcinogenesis?

CONCLUSION
The structural and functional integrity of the liver is
anchored on three pillars: effective modulation of
inflammation, oxidative/nitrosative stress, and the
innate and adaptive immune systems. From the
foregoing, it appears that alcohol and its metabolic
derivatives disrupt these three cardinal hepatic functions
through reprogramming the functions of hepatic cells to
favor ALD and fibro-hepatocarcinogenesis progression
through concerted interplay of LPS/TLR4/MD-2/TNF-αMAPK and TGF-β/Smad signaling. Consequently, alcohol
primes the liver to diverse irritants and also increases
the sensitivity of hepatic cells to inflammatory nosae
derived from non-alcohol sources such as those from
co-morbidity factors. This may underlie the spectrum
of the pathological features of ALD and other liver
disorders, in view of the fact that alcoholics and nonalcoholics alike have in one way or the other been
exposed to alcohol and its metabolic derivatives once
in their life time either through de novo biosynthesis of
alcohol from food or from some endogenous substrates
under conditions of low oxygen tension such as hypoxia.
Etiologically, metabolic derivatives of alcohol as well
as alcohol-dependent alteration of gut microbiome,
derangements of gut wall, increased production of
PAMPs such as LPS and their subsequent leakage
into portal circulation, certainly are the significant
alcohol-induced disrupters of inflammatory, innate
and adaptive immune regulation within the gut-liver
axis. Alcohol-induced liver inflammation, liver fibrosis,
and cirrhosis leading to increased risk of HCC may not
follow a specific temporal sequence but could follow a
multi-dimensional pattern determined in part by the
existence of non-alcohol co-morbidity factors.
Mechanistically, alcohol and its metabolic deriva
tives provide a pathological platform for concerted
interaction between pro-inflammatory factors (NFkB, TNF-α, and IL-1β), pro-fibrogenic factors (TGF-β,
Smad, MAPK and PAI-1) and recruitment of other
signaling pathways such as the PI3K, Sprouty2 in a
TGF-β/Smad-dependent fashion to promote ALD and
fibro-hepatocarcinogenesis. TGF-β/Smad/MAPK and
their associated cross-signaling nexus must be seen as
indispensable in ALD and fibro-hepatocarcinogenesis.
At the research front, it is important that future
studies on ALD and fibro-hepatocarcinogenesis focus
on experimental models that will permit study of each
of the distinct alcohol-derived inflammatory nosae,
i.e., AA, MDA, ROS, LPS, AA/MDA-derived protein/
DNA adducts and also delineation of nosae-specific
pathways, while at the same time excluding overlap
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from co-morbidity factors. This will certainly further
expand our understanding and discourse on ALD and
fibro-hepatocarcinogenesis to guarantee informed
prognosis, diagnosis and treatment.
Therapeutically, TGF-β receptor inhibitors, Smad3Lspecific inhibitors, MAPK-specific inhibitors, TNF-α/TNFαRI-specific inhibitors as well as gut-specific therapeutic
strategies must feature prominently in therapies de
signed for ALD and fibro-hepatocarcinogenesis.

14
15

16
17

ACKNOWLEDGMENTS

18

We thank Mr. James Asenso (Department of Clinical
Pharmacology, Institute of Drug Research, Anhui
Medical University, Hefei, China) for typing the
manuscript.

19

REFERENCES
1

2
3
4
5
6

7
8

9
10

11

12

13

20

Liu JD, Leung KW, Wang CK, Liao LY, Wang CS, Chen PH, Chen
CC, Yeh EK. Alcohol-related problems in Taiwan with particular
emphasis on alcoholic liver diseases. Alcohol Clin Exp Res 1998;
22: 164S-169S [PMID: 9622397]
Mandayam S, Jamal MM, Morgan TR. Epidemiology of
alcoholic liver disease. Semin Liver Dis 2004; 24: 217-232 [PMID:
15349801 DOI: 10.1055/s-2004-832936]
Teli MR, Day CP, Burt AD, Bennett MK, James OF. Determinants
of progression to cirrhosis or fibrosis in pure alcoholic fatty liver.
Lancet 1995; 346: 987-990 [PMID: 7475591]
Gyamfi MA, Wan YJ. Pathogenesis of alcoholic liver disease: the
role of nuclear receptors. Exp Biol Med (Maywood) 2010; 235:
547-560 [PMID: 20463294 DOI: 10.1258/ebm.2009.009249]
Stewart S, Jones D, Day CP. Alcoholic liver disease: new insights
into mechanisms and preventative strategies. Trends Mol Med
2001; 7: 408-413 [PMID: 11530336]
Schaffert CS, Duryee MJ, Hunter CD, Hamilton BC, DeVeney
AL, Huerter MM, Klassen LW, Thiele GM. Alcohol metabolites
and lipopolysaccharide: roles in the development and/or
progression of alcoholic liver disease. World J Gastroenterol 2009;
15: 1209-1218 [PMID: 19291821 DOI: 10.3748/wjg.15.1209]
Ceni E, Mello T, Galli A. Pathogenesis of alcoholic liver disease:
role of oxidative metabolism. World J Gastroenterol 2014; 20:
17756-17772 [PMID: 25548474 DOI: 10.3748/wjg.v20.i47.17756]
Shepard BD, Fernandez DJ, Tuma PL. Alcohol consumption
impairs hepatic protein trafficking: mechanisms and consequences.
Genes Nutr 2010; 5: 129-140 [PMID: 19890673 DOI: 10.1007/
s12263-009-0156-z]
Siegmund SV, Dooley S, Brenner DA. Molecular mechanisms
of alcohol-induced hepatic fibrosis. Dig Dis 2005; 23: 264-274
[PMID: 16508291 DOI: 10.1159/000090174]
Jin M, Ande A, Kumar A, Kumar S. Regulation of cytochrome
P450 2e1 expression by ethanol: role of oxidative stress-mediated
pkc/jnk/sp1 pathway. Cell Death Dis 2013; 4: e554 [PMID:
23519123 DOI: 10.1038/cddis.2013.78]
Fernandez DJ, Tuma DJ, Tuma PL. Hepatic microtubule
acetylation and stability induced by chronic alcohol exposure
impair nuclear translocation of STAT3 and STAT5B, but not
Smad2/3. Am J Physiol Gastrointest Liver Physiol 2012; 303:
G1402-G1415 [PMID: 23064763 DOI: 10.1152/ajpgi.00071.2012]
Fritz KS, Green MF, Petersen DR, Hirschey MD. Ethanol
metabolism modifies hepatic protein acylation in mice. PLoS
One 2013; 8: e75868 [PMID: 24073283 DOI: 10.1371/journal.
pone.0075868]
Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis:
from genes to environment. Nat Rev Cancer 2006; 6: 674-687
[PMID: 16929323 DOI: 10.1038/nrc1934]

WJG|www.wjgnet.com

21

22

23

24

25

26

27
28
29
30
31
32

64

El-Serag HB. Epidemiology of hepatocellular carcinoma in USA.
Hepatol Res 2007; 37 Suppl 2: S88-S94 [PMID: 17877502 DOI:
10.1111/j.1872-034X.2007.00168.x]
Van De Craen B, Declerck PJ, Gils A. The Biochemistry,
Physiology and Pathological roles of PAI-1 and the requirements
for PAI-1 inhibition in vivo. Thromb Res 2012; 130: 576-585
[PMID: 22801256 DOI: 10.1016/j.thromres.2012.06.023]
Derynck R, Akhurst RJ. Differentiation plasticity regulated by
TGF-beta family proteins in development and disease. Nat Cell
Biol 2007; 9: 1000-1004 [PMID: 17762890 DOI: 10.1038/ncb434]
Tian M, Neil JR, Schiemann WP. Transforming growth factor-β
and the hallmarks of cancer. Cell Signal 2011; 23: 951-962 [PMID:
20940046 DOI: 10.1016/j.cellsig.2010.10.015]
Levy L, Hill CS. Alterations in components of the TGF-beta
superfamily signaling pathways in human cancer. Cytokine Growth
Factor Rev 2006; 17: 41-58 [PMID: 16310402 DOI: 10.1016/
j.cytogfr.2005.09.009]
Goggins M, Shekher M, Turnacioglu K, Yeo CJ, Hruban RH, Kern
SE. Genetic alterations of the transforming growth factor beta
receptor genes in pancreatic and biliary adenocarcinomas. Cancer
Res 1998; 58: 5329-5332 [PMID: 9850059]
Markowitz S, Wang J, Myeroff L, Parsons R, Sun L, Lutterbaugh
J, Fan RS, Zborowska E, Kinzler KW, Vogelstein B. Inactivation
of the type II TGF-beta receptor in colon cancer cells with
microsatellite instability. Science 1995; 268: 1336-1338 [PMID:
7761852]
Parsons R, Myeroff LL, Liu B, Willson JK, Markowitz SD,
Kinzler KW, Vogelstein B. Microsatellite instability and mutations
of the transforming growth factor beta type II receptor gene in
colorectal cancer. Cancer Res 1995; 55: 5548-5550 [PMID:
7585632]
Myeroff LL, Parsons R, Kim SJ, Hedrick L, Cho KR, Orth K,
Mathis M, Kinzler KW, Lutterbaugh J, Park K. A transforming
growth factor beta receptor type II gene mutation common in colon
and gastric but rare in endometrial cancers with microsatellite
instability. Cancer Res 1995; 55: 5545-5547 [PMID: 7585631]
Maliekal TT, Antony ML, Nair A, Paulmurugan R, Karunagaran D.
Loss of expression, and mutations of Smad 2 and Smad 4 in human
cervical cancer. Oncogene 2003; 22: 4889-4897 [PMID: 12894231
DOI: 10.1038/sj.onc.1206806]
Prunier C, Ferrand N, Frottier B, Pessah M, Atfi A. Mechanism
for mutational inactivation of the tumor suppressor Smad2. Mol
Cell Biol 2001; 21: 3302-3313 [PMID: 11313456 DOI: 10.1128/
mcb.21.10.3302-3313.2001]
Han SU, Kim HT, Seong DH, Kim YS, Park YS, Bang YJ, Yang
HK, Kim SJ. Loss of the Smad3 expression increases susceptibility
to tumorigenicity in human gastric cancer. Oncogene 2004; 23:
1333-1341 [PMID: 14647420 DOI: 10.1038/sj.onc.1207259]
Burger B, Uhlhaas S, Mangold E, Propping P, Friedl W, Jenne D,
Dockter G, Back W. Novel de novo mutation of MADH4/SMAD4
in a patient with juvenile polyposis. Am J Med Genet 2002; 110:
289-291 [PMID: 12116240 DOI: 10.1002/ajmg.10411]
Blobe GC, Schiemann WP, Lodish HF. Role of transforming growth
factor beta in human disease. N Engl J Med 2000; 342: 1350-1358
[PMID: 10793168 DOI: 10.1056/nejm200005043421807]
Pasche B. Role of transforming growth factor beta in cancer. J Cell
Physiol 2001; 186: 153-168 [PMID: 11169452 DOI: 10.1002/1097
-4652(200002)186:2]
Jakowlew SB. Transforming growth factor-beta in cancer and
metastasis. Cancer Metastasis Rev 2006; 25: 435-457 [PMID:
16951986 DOI: 10.1007/s10555-006-9006-2]
Shi Y, Massagué J. Mechanisms of TGF-beta signaling from
cell membrane to the nucleus. Cell 2003; 113: 685-700 [PMID:
12809600 DOI: 10.1016/S0092-8674(03)00432-X]
Boye A, Yang Y. Hepatic microRNA orchestra: a new diagnostic,
prognostic and theranostic tool for hepatocarcinogenesis. Mini Rev
Med Chem 2014; 14: 837-852 [PMID: 25342194]
Boye A, Kan H, Wu C, Jiang Y, Yang X, He S, Yang Y. MAPK
inhibitors differently modulate TGF-β/Smad signaling in HepG2

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis

33
34

35

36

37
38

39
40

41
42

43

44
45
46
47
48
49
50

51

cells. Tumour Biol 2015; 36: 3643-3651 [PMID: 25560488 DOI:
10.1007/s13277-014-3002-x]
Zakhari S, Li TK. Determinants of alcohol use and abuse: Impact
of quantity and frequency patterns on liver disease. Hepatology
2007; 46: 2032-2039 [PMID: 18046720 DOI: 10.1002/hep.22010]
Niemelä O, Parkkila S, Ylä-Herttuala S, Villanueva J, Ruebner
B, Halsted CH. Sequential acetaldehyde production, lipid
peroxidation, and fibrogenesis in micropig model of alcoholinduced liver disease. Hepatology 1995; 22: 1208-1214 [PMID:
7557872]
Sladek NE, Manthey CL, Maki PA, Zhang Z, Landkamer GJ.
Xenobiotic oxidation catalyzed by aldehyde dehydrogenases. Drug
Metab Rev 1989; 20: 697-720 [PMID: 2680404 DOI: 10.3109/036
02538909103572]
Gouillon Z, Lucas D, Li J, Hagbjork AL, French BA, Fu P, Fang
C, Ingelman-Sundberg M, Donohue TM, French SW. Inhibition of
ethanol-induced liver disease in the intragastric feeding rat model
by chlormethiazole. Proc Soc Exp Biol Med 2000; 224: 302-308
[PMID: 10964266]
Lieber CS. CYP2E1: from ASH to NASH. Hepatol Res 2004; 28:
1-11 [PMID: 14734144]
Lieber CS. The discovery of the microsomal ethanol oxidizing
system and its physiologic and pathologic role. Drug Metab
Rev 2004; 36: 511-529 [PMID: 15554233 DOI: 10.1081/
dmr-200033441]
Parola M, Robino G. Oxidative stress-related molecules and liver
fibrosis. J Hepatol 2001; 35: 297-306 [PMID: 11580156]
Seth D, Haber PS, Syn WK, Diehl AM, Day CP. Pathogenesis
of alcohol-induced liver disease: classical concepts and recent
advances. J Gastroenterol Hepatol 2011; 26: 1089-1105 [PMID:
21545524 DOI: 10.1111/j.1440-1746.2011.06756.x]
Liu J. Ethanol and liver: recent insights into the mechanisms
of ethanol-induced fatty liver. World J Gastroenterol 2014; 20:
14672-14685 [PMID: 25356030 DOI: 10.3748/wjg.v20.i40.14672]
Crabb DW, Dipple KM, Thomasson HR. Alcohol sensitivity,
alcohol metabolism, risk of alcoholism, and the role of alcohol and
aldehyde dehydrogenase genotypes. J Lab Clin Med 1993; 122:
234-240 [PMID: 8409698]
Crabb DW, Galli A, Fischer M, You M. Molecular mechanisms
of alcoholic fatty liver: role of peroxisome proliferator-activated
receptor alpha. Alcohol 2004; 34: 35-38 [PMID: 15670663 DOI:
10.1016/j.alcohol.2004.07.005]
Lieber CS. Alcoholic fatty liver: its pathogenesis and mechanism
of progression to inflammation and fibrosis. Alcohol 2004; 34: 9-19
[PMID: 15670660 DOI: 10.1016/j.alcohol.2004.07.008]
Scher JU, Abramson SB. The microbiome and rheumatoid
arthritis. Nat Rev Rheumatol 2011; 7: 569-578 [PMID: 21862983
DOI: 10.1038/nrrheum.2011.121]
Actis GC. The gut microbiome. Inflamm Allergy Drug Targets
2014; 13: 217-223 [PMID: 24953716]
Seksik P. Gut microbiota and IBD. Gastroenterol Clin Biol
2010; 34 Suppl 1: S44-S51 [PMID: 20889004 DOI: 10.1016/
s0399-8320(10)70020-8]
Rosenstiel P. Stories of love and hate: innate immunity and hostmicrobe crosstalk in the intestine. Curr Opin Gastroenterol 2013; 29:
125-132 [PMID: 23337934 DOI: 10.1097/MOG.0b013e32835da2c7]
Ramakrishna BS. Role of the gut microbiota in human nutrition
and metabolism. J Gastroenterol Hepatol 2013; 28 Suppl 4: 9-17
[PMID: 24251697 DOI: 10.1111/jgh.12294]
Probert HM, Apajalahti JH, Rautonen N, Stowell J, Gibson GR.
Polydextrose, lactitol, and fructo-oligosaccharide fermentation by
colonic bacteria in a three-stage continuous culture system. Appl
Environ Microbiol 2004; 70: 4505-4511 [PMID: 15294779 DOI:
10.1128/aem.70.8.4505-4511.2004]
Elinav E, Strowig T, Kau AL, Henao-Mejia J, Thaiss CA, Booth
CJ, Peaper DR, Bertin J, Eisenbarth SC, Gordon JI, Flavell RA.
NLRP6 inflammasome regulates colonic microbial ecology and
risk for colitis. Cell 2011; 145: 745-757 [PMID: 21565393 DOI:
10.1016/j.cell.2011.04.022]

WJG|www.wjgnet.com

52
53
54
55

56

57

58

59

60

61

62
63

64

65
66

67

68

65

Ridlon JM, Kang DJ, Hylemon PB. Bile salt biotransformations
by human intestinal bacteria. J Lipid Res 2006; 47: 241-259 [PMID:
16299351 DOI: 10.1194/jlr.R500013-JLR200]
Dawson PA, Lan T, Rao A. Bile acid transporters. J Lipid Res
2009; 50: 2340-2357 [PMID: 19498215 DOI: 10.1194/jlr.
R900012-JLR200]
Lord RS, Bralley JA. Clinical applications of urinary organic
acids. Part 2. Dysbiosis markers. Altern Med Rev 2008; 13:
292-306 [PMID: 19152477]
Serino M, Blasco-Baque V, Burcelin R. Microbes on-air: gut and
tissue microbiota as targets in type 2 diabetes. J Clin Gastroenterol
2012; 46 Suppl: S27-S28 [PMID: 22955352 DOI: 10.1097/
MCG.0b013e318264e844]
Serino M, Fernández-Real JM, García-Fuentes E, Queipo-Ortuño
M, Moreno-Navarrete JM, Sánchez A, Burcelin R, Tinahones
F. The gut microbiota profile is associated with insulin action in
humans. Acta Diabetol 2013; 50: 753-761 [PMID: 22711164 DOI:
10.1007/s00592-012-0410-5]
Leone V, Chang EB, Devkota S. Diet, microbes, and host
genetics: the perfect storm in inflammatory bowel diseases. J
Gastroenterol 2013; 48: 315-321 [PMID: 23475322 DOI: 10.1007/
s00535-013-0777-2]
David LA, Maurice CF, Carmody RN, Gootenberg DB, Button
JE, Wolfe BE, Ling AV, Devlin AS, Varma Y, Fischbach MA,
Biddinger SB, Dutton RJ, Turnbaugh PJ. Diet rapidly and
reproducibly alters the human gut microbiome. Nature 2014; 505:
559-563 [PMID: 24336217 DOI: 10.1038/nature12820]
Nakayama T, Takeuchi D, Matsumura T, Akeda Y, Fujinaga Y,
Oishi K. Alcohol consumption promotes the intestinal translocation
of Streptococcus suis infections. Microb Pathog 2013; 65: 14-20
[PMID: 24036179 DOI: 10.1016/j.micpath.2013.08.006]
Parlesak A, Schäfer C, Schütz T, Bode JC, Bode C. Increased
intestinal permeability to macromolecules and endotoxemia in
patients with chronic alcohol abuse in different stages of alcoholinduced liver disease. J Hepatol 2000; 32: 742-747 [PMID:
10845660]
Choudhry MA, Fazal N, Goto M, Gamelli RL, Sayeed MM.
Gut-associated lymphoid T cell suppression enhances bacterial
translocation in alcohol and burn injury. Am J Physiol Gastrointest
Liver Physiol 2002; 282: G937-G947 [PMID: 12016118 DOI:
10.1152/ajpgi.00235.2001]
Schenker S, Bay MK. Alcohol and endotoxin: another path to
alcoholic liver injury? Alcohol Clin Exp Res 1995; 19: 1364-1366
[PMID: 8561316]
Elamin E, Masclee A, Troost F, Pieters HJ, Keszthelyi D, Aleksa
K, Dekker J, Jonkers D. Ethanol impairs intestinal barrier function
in humans through mitogen activated protein kinase signaling:
a combined in vivo and in vitro approach. PLoS One 2014; 9:
e107421 [PMID: 25226407 DOI: 10.1371/journal.pone.0107421]
Yan AW, Fouts DE, Brandl J, Stärkel P, Torralba M, Schott E,
Tsukamoto H, Nelson KE, Brenner DA, Schnabl B. Enteric
dysbiosis associated with a mouse model of alcoholic liver disease.
Hepatology 2011; 53: 96-105 [PMID: 21254165 DOI: 10.1002/
hep.24018]
Rao R. Endotoxemia and gut barrier dysfunction in alcoholic liver
disease. Hepatology 2009; 50: 638-644 [PMID: 19575462 DOI:
10.1002/hep.23009]
Purohit V, Bode JC, Bode C, Brenner DA, Choudhry MA,
Hamilton F, Kang YJ, Keshavarzian A, Rao R, Sartor RB, Swanson
C, Turner JR. Alcohol, intestinal bacterial growth, intestinal
permeability to endotoxin, and medical consequences: summary of
a symposium. Alcohol 2008; 42: 349-361 [PMID: 18504085 DOI:
10.1016/j.alcohol.2008.03.131]
Frasinariu OE, Ceccarelli S, Alisi A, Moraru E, Nobili V. Gutliver axis and fibrosis in nonalcoholic fatty liver disease: an input
for novel therapies. Dig Liver Dis 2013; 45: 543-551 [PMID:
23280158 DOI: 10.1016/j.dld.2012.11.010]
McClain CJ, Song Z, Barve SS, Hill DB, Deaciuc I. Recent
advances in alcoholic liver disease. IV. Dysregulated cytokine

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis

69

70

71

72

73
74
75

76
77

78
79
80
81
82
83
84
85

86

87

metabolism in alcoholic liver disease. Am J Physiol Gastrointest
Liver Physiol 2004; 287: G497-G502 [PMID: 15331349 DOI:
10.1152/ajpgi.00171.2004]
Enomoto N, Ikejima K, Kitamura T, Oide H, Takei Y, Sato N,
Thurman RG. Alcohol enhances lipopolysaccharide-induced
increases in nitric oxide production by Kupffer cells via
mechanisms dependent on endotoxin. Alcohol Clin Exp Res 2000;
24: 55S-58S [PMID: 10803781]
Fukui H, Brauner B, Bode JC, Bode C. Plasma endotoxin
concentrations in patients with alcoholic and non-alcoholic liver
disease: reevaluation with an improved chromogenic assay. J
Hepatol 1991; 12: 162-169 [PMID: 2050995]
Nanji AA, Khettry U, Sadrzadeh SM, Yamanaka T. Severity of
liver injury in experimental alcoholic liver disease. Correlation
with plasma endotoxin, prostaglandin E2, leukotriene B4, and
thromboxane B2. Am J Pathol 1993; 142: 367-373 [PMID:
8382006]
Seki E, Schnabl B. Role of innate immunity and the microbiota
in liver fibrosis: crosstalk between the liver and gut. J Physiol
2012; 590: 447-458 [PMID: 22124143 DOI: 10.1113/
jphysiol.2011.219691]
Yang L, Seki E. Toll-like receptors in liver fibrosis: cellular
crosstalk and mechanisms. Front Physiol 2012; 3: 138 [PMID:
22661952 DOI: 10.3389/fphys.2012.00138]
Schwabe RF, Seki E, Brenner DA. Toll-like receptor signaling
in the liver. Gastroenterology 2006; 130: 1886-1900 [PMID:
16697751 DOI: 10.1053/j.gastro.2006.01.038]
Miyake K. Endotoxin recognition molecules MD-2 and tolllike receptor 4 as potential targets for therapeutic intervention of
endotoxin shock. Curr Drug Targets Inflamm Allergy 2004; 3:
291-297 [PMID: 15379597]
Miyake K. Innate recognition of lipopolysaccharide by Toll-like
receptor 4-MD-2. Trends Microbiol 2004; 12: 186-192 [PMID:
15051069 DOI: 10.1016/j.tim.2004.02.009]
Freudenberg MA, Tchaptchet S, Keck S, Fejer G, Huber M,
Schütze N, Beutler B, Galanos C. Lipopolysaccharide sensing an
important factor in the innate immune response to Gram-negative
bacterial infections: benefits and hazards of LPS hypersensitivity.
Immunobiology 2008; 213: 193-203 [PMID: 18406367 DOI:
10.1016/j.imbio.2007.11.008]
Guo J, Friedman SL. Toll-like receptor 4 signaling in liver injury
and hepatic fibrogenesis. Fibrogenesis Tissue Repair 2010; 3: 21
[PMID: 20964825 DOI: 10.1186/1755-1536-3-21]
Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol
2004; 4: 499-511 [PMID: 15229469 DOI: 10.1038/nri1391]
Akira S, Takeda K. Functions of toll-like receptors: lessons from
KO mice. C R Biol 2004; 327: 581-589 [PMID: 15330257]
Takeda K, Akira S. TLR signaling pathways. Semin Immunol
2004; 16: 3-9 [PMID: 14751757]
Braet F, Wisse E. Structural and functional aspects of liver
sinusoidal endothelial cell fenestrae: a review. Comp Hepatol 2002;
1: 1 [PMID: 12437787]
Knolle PA, Limmer A. Control of immune responses by savenger
liver endothelial cells. Swiss Med Wkly 2003; 133: 501-506 [PMID:
14652798]
Wang BY, Ju XH, Fu BY, Zhang J, Cao YX. Effects of ethanol on
liver sinusoidal endothelial cells-fenestrae of rats. Hepatobiliary
Pancreat Dis Int 2005; 4: 422-426 [PMID: 16109529]
Deleve LD, Wang X, Guo Y. Sinusoidal endothelial cells prevent
rat stellate cell activation and promote reversion to quiescence.
Hepatology 2008; 48: 920-930 [PMID: 18613151 DOI: 10.1002/
hep.22351]
Thiele GM, Duryee MJ, Freeman TL, Sorrell MF, Willis MS,
Tuma DJ, Klassen LW. Rat sinusoidal liver endothelial cells (SECs)
produce pro-fibrotic factors in response to adducts formed from the
metabolites of ethanol. Biochem Pharmacol 2005; 70: 1593-1600
[PMID: 16202982 DOI: 10.1016/j.bcp.2005.08.014]
Duryee MJ, Freeman TL, Willis MS, Hunter CD, Hamilton BC,
Suzuki H, Tuma DJ, Klassen LW, Thiele GM. Scavenger receptors

WJG|www.wjgnet.com

88

89

90
91
92
93

94

95
96

97
98

99

100
101

102
103

104

66

on sinusoidal liver endothelial cells are involved in the uptake of
aldehyde-modified proteins. Mol Pharmacol 2005; 68: 1423-1430
[PMID: 16105988 DOI: 10.1124/mol.105.016121]
Thiele GM, Duryee MJ, Willis MS, Sorrell MF, Freeman TL,
Tuma DJ, Klassen LW. Malondialdehyde-acetaldehyde (MAA)
modified proteins induce pro-inflammatory and pro-fibrotic
responses by liver endothelial cells. Comp Hepatol 2004; 3 Suppl 1:
S25 [PMID: 14960177 DOI: 10.1186/1476-5926-2-s1-s25]
Duryee MJ, Klassen LW, Freeman TL, Willis MS, Tuma DJ,
Thiele GM. Lipopolysaccharide is a cofactor for malondialdehydeacetaldehyde adduct-mediated cytokine/chemokine release by rat
sinusoidal liver endothelial and Kupffer cells. Alcohol Clin Exp
Res 2004; 28: 1931-1938 [PMID: 15608611]
Ramadori G, Moriconi F, Malik I, Dudas J. Physiology and
pathophysiology of liver inflammation, damage and repair. J
Physiol Pharmacol 2008; 59 Suppl 1: 107-117 [PMID: 18802219]
Haubrich WS. Kupffer of Kupffer cells. Gastroenterology 2004;
127: 16 [PMID: 15236167]
Stachura J, Gałazka K. History and current status of Polish
gastroenterological pathology. J Physiol Pharmacol 2003; 54
Suppl 3: 183-192 [PMID: 15075472]
Naito M, Hasegawa G, Takahashi K. Development, differentiation,
and maturation of Kupffer cells. Microsc Res Tech 1997; 39:
350-364 [PMID: 9407545 DOI: 10.1002/(sici)1097-0029(1997111
5)39]
Helmy KY, Katschke KJ, Gorgani NN, Kljavin NM, Elliott JM,
Diehl L, Scales SJ, Ghilardi N, van Lookeren Campagne M. CRIg:
a macrophage complement receptor required for phagocytosis of
circulating pathogens. Cell 2006; 124: 915-927 [PMID: 16530040
DOI: 10.1016/j.cell.2005.12.039]
Ramadori G, Saile B. Inflammation, damage repair, immune
cells, and liver fibrosis: specific or nonspecific, this is the question.
Gastroenterology 2004; 127: 997-1000 [PMID: 15362057]
Neubauer K, Lindhorst A, Tron K, Ramadori G, Saile B. Decrease
of PECAM-1-gene-expression induced by proinflammatory
cytokines IFN-gamma and IFN-alpha is reversed by TGFbeta in sinusoidal endothelial cells and hepatic mononuclear
phagocytes. BMC Physiol 2008; 8: 9 [PMID: 18466611 DOI:
10.1186/1472-6793-8-9]
Bautista AP, Spitzer JJ. Cross-tolerance between acute alcohol
intoxication and endotoxemia. Alcohol Clin Exp Res 1996; 20:
1395-1400 [PMID: 8947315]
D’Souza NB, Nelson S, Summer WR, Deaciuc IV. Alcohol
modulates alveolar macrophage tumor necrosis factor-alpha,
superoxide anion, and nitric oxide secretion in the rat. Alcohol Clin
Exp Res 1996; 20: 156-163 [PMID: 8651446]
Sarphie TG, D’Souza NB, Deaciuc IV. Kupffer cell inactivation
prevents lipopolysaccharide-induced structural changes in the rat
liver sinusoid: an electron-microscopic study. Hepatology 1996;
23: 788-796 [PMID: 8666333 DOI: 10.1002/hep.510230420]
Watanabe N, Suzuki J, Kobayashi Y. Role of calcium in tumor
necrosis factor-alpha production by activated macrophages. J
Biochem 1996; 120: 1190-1195 [PMID: 9010769]
Ajakaiye MA, Jacob A, Wu R, Zhou M, Ji Y, Dong W,
Wang Z, Qiang X, Chaung WW, Nicastro J, Coppa GF, Wang
P. Upregulation of Kupffer cell α2A-Adrenoceptors and
downregulation of MKP-1 mediate hepatic injury in chronic
alcohol exposure. Biochem Biophys Res Commun 2011; 409:
406-411 [PMID: 21575605 DOI: 10.1016/j.bbrc.2011.05.007]
Thurman RG. II. Alcoholic liver injury involves activation of
Kupffer cells by endotoxin. Am J Physiol 1998; 275: G605-G611
[PMID: 9756487]
Enomoto N, Ikejima K, Bradford B, Rivera C, Kono H, Brenner
DA, Thurman RG. Alcohol causes both tolerance and sensitization
of rat Kupffer cells via mechanisms dependent on endotoxin.
Gastroenterology 1998; 115: 443-451 [PMID: 9679050]
Niemelä O. Distribution of ethanol-induced protein adducts in
vivo: relationship to tissue injury. Free Radic Biol Med 2001; 31:
1533-1538 [PMID: 11744326]

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
105 Tuma DJ. Role of malondialdehyde-acetaldehyde adducts in liver
injury. Free Radic Biol Med 2002; 32: 303-308 [PMID: 11841919]
106 Enomoto N, Ikejima K, Yamashina S, Enomoto A, Nishiura T,
Nishimura T, Brenner DA, Schemmer P, Bradford BU, Rivera CA,
Zhong Z, Thurman RG. Kupffer cell-derived prostaglandin E(2)
is involved in alcohol-induced fat accumulation in rat liver. Am J
Physiol Gastrointest Liver Physiol 2000; 279: G100-G106 [PMID:
10898751]
107 Enomoto N, Ikejima K, Bradford BU, Rivera CA, Kono H, Goto M,
Yamashina S, Schemmer P, Kitamura T, Oide H, Takei Y, Hirose
M, Shimizu H, Miyazaki A, Brenner DA, Sato N, Thurman RG.
Role of Kupffer cells and gut-derived endotoxins in alcoholic liver
injury. J Gastroenterol Hepatol 2000; 15 Suppl: D20-D25 [PMID:
10759216]
108 Zhang X, Yu WP, Gao L, Wei KB, Ju JL, Xu JZ. Effects of
lipopolysaccharides stimulated Kupffer cells on activation of rat
hepatic stellate cells. World J Gastroenterol 2004; 10: 610-613
[PMID: 14966928 DOI: 10.3748/wjg.v10.i4.610]
109 Ramadori G, Saile B. Portal tract fibrogenesis in the liver. Lab
Invest 2004; 84: 153-159 [PMID: 14688800 DOI: 10.1038/
labinvest.3700030]
110 Saile B, Ramadori G. Inflammation, damage repair and liver
fibrosis--role of cytokines and different cell types. Z Gastroenterol
2007; 45: 77-86 [PMID: 17236124 DOI: 10.1055/s-2006-927395]
111 Day SA, Lakner AM, Moore CC, Yen MH, Clemens MG, Wu ES,
Schrum LW. Opioid-like compound exerts anti-fibrotic activity
via decreased hepatic stellate cell activation and inflammation.
Biochem Pharmacol 2011; 81: 996-1003 [PMID: 21291870 DOI:
10.1016/j.bcp.2011.01.015]
112 Friedman SL. Preface. Hepatic fibrosis: pathogenesis, diagnosis,
and emerging therapies. Clin Liver Dis 2008; 12: xiii-xxiv [PMID:
18984462 DOI: 10.1016/j.cld.2008.07.009]
113 Knittel T, Dinter C, Kobold D, Neubauer K, Mehde M, Eichhorst S,
Ramadori G. Expression and regulation of cell adhesion molecules
by hepatic stellate cells (HSC) of rat liver: involvement of HSC in
recruitment of inflammatory cells during hepatic tissue repair. Am
J Pathol 1999; 154: 153-167 [PMID: 9916930]
114 Knittel T, Mehde M, Kobold D, Saile B, Dinter C, Ramadori
G. Expression patterns of matrix metalloproteinases and their
inhibitors in parenchymal and non-parenchymal cells of rat liver:
regulation by TNF-alpha and TGF-beta1. J Hepatol 1999; 30:
48-60 [PMID: 9927150]
115 Saile B, Matthes N, Knittel T, Ramadori G. Transforming
growth factor beta and tumor necrosis factor alpha inhibit both
apoptosis and proliferation of activated rat hepatic stellate cells.
Hepatology 1999; 30: 196-202 [PMID: 10385656 DOI: 10.1002/
hep.510300144]
116 Marra F, Delogu W, Petrai I, Pastacaldi S, Bonacchi A, Efsen
E, Aleffi S, Bertolani C, Pinzani M, Gentilini P. Differential
requirement of members of the MAPK family for CCL2 expression
by hepatic stellate cells. Am J Physiol Gastrointest Liver
Physiol 2004; 287: G18-G26 [PMID: 15016614 DOI: 10.1152/
ajpgi.00336.2003]
117 Schwabe RF, Bataller R, Brenner DA. Human hepatic stellate
cells express CCR5 and RANTES to induce proliferation and
migration. Am J Physiol Gastrointest Liver Physiol 2003; 285:
G949-G958 [PMID: 12829440 DOI: 10.1152/ajpgi.00215.2003]
118 Paik YH, Schwabe RF, Bataller R, Russo MP, Jobin C, Brenner
DA. Toll-like receptor 4 mediates inflammatory signaling by
bacterial lipopolysaccharide in human hepatic stellate cells.
Hepatology 2003; 37: 1043-1055 [PMID: 12717385 DOI: 10.1053/
jhep.2003.50182]
119 Wang JH, Batey RG, George J. Role of ethanol in the regulation
of hepatic stellate cell function. World J Gastroenterol 2006; 12:
6926-6932 [PMID: 17109512 DOI: 10.3748/wjg.v12.i43.6926]
120 Karaa A, Thompson KJ, McKillop IH, Clemens MG, Schrum LW.
S-adenosyl-L-methionine attenuates oxidative stress and hepatic
stellate cell activation in an ethanol-LPS-induced fibrotic rat
model. Shock 2008; 30: 197-205 [PMID: 18180699 DOI: 10.1097/

WJG|www.wjgnet.com

shk.0b013e318160f417]
121 Klassen LW, Thiele GM, Duryee MJ, Schaffert CS, DeVeney AL,
Hunter CD, Olinga P, Tuma DJ. An in vitro method of alcoholic
liver injury using precision-cut liver slices from rats. Biochem
Pharmacol 2008; 76: 426-436 [PMID: 18599023 DOI: 10.1016/
j.bcp.2008.05.012]
122 Shi H, Dong L, Dang X, Liu Y, Jiang J, Wang Y, Lu X, Guo X.
Effect of chlorogenic acid on LPS-induced proinflammatory
signaling in hepatic stellate cells. Inflamm Res 2013; 62: 581-587
[PMID: 23483217 DOI: 10.1007/s00011-013-0610-7]
123 Purohit V, Brenner DA. Mechanisms of alcohol-induced hepatic
fibrosis: a summary of the Ron Thurman Symposium. Hepatology
2006; 43: 872-878 [PMID: 16502397 DOI: 10.1002/hep.21107]
124 Ha MH, Wei L, Rao HY, Liu F, Wang XY, Feng B, Fei R, Chen
HS, Cong X. Effect of interferon-gamma on hepatic stellate cells
stimulated by acetaldehyde. Hepatogastroenterology 2008; 55:
1059-1065 [PMID: 18705328]
125 Szuster-Ciesielska A, Plewka K, Kandefer-Szerszeń M. Betulin,
betulinic acid and butein are inhibitors of acetaldehyde-induced
activation of liver stellate cells. Pharmacol Rep 2011; 63:
1109-1123 [PMID: 22180353]
126 Quiroz SC, Bucio L, Souza V, Hernández E, González E, GómezQuiroz L, Kershenobich D, Vargas-Vorackova F, Gutiérrez-Ruiz
MC. Effect of endotoxin pretreatment on hepatic stellate cell
response to ethanol and acetaldehyde. J Gastroenterol Hepatol
2001; 16: 1267-1273 [PMID: 11903746]
127 Guo Y, Wu XQ, Zhang C, Liao ZX, Wu Y, Xia ZY, Wang H.
Effect of indole-3-carbinol on ethanol-induced liver injury
and acetaldehyde-stimulated hepatic stellate cells activation
using precision-cut rat liver slices. Clin Exp Pharmacol
Physiol 2010; 37: 1107-1113 [PMID: 20880187 DOI: 10.1111/
j.1440-1681.2010.05450.x]
128 Zhang L, Wu T, Chen JM, Yang LL, Song HY, Ji G. Danshensu
inhibits acetaldehyde-induced proliferation and activation of
hepatic stellate cell-T6. Zhong Xi Yi Jie He Xue Bao 2012; 10:
1155-1161 [PMID: 23073200]
129 Liu Y, Brymora J, Zhang H, Smith B, Ramezani-Moghadam M,
George J, Wang J. Leptin and acetaldehyde synergistically promotes
αSMA expression in hepatic stellate cells by an interleukin
6-dependent mechanism. Alcohol Clin Exp Res 2011; 35: 921-928
[PMID: 21294755 DOI: 10.1111/j.1530-0277.2010.01422.x]
130 Jiang MD, Ma HD, Zhong XF, Xie FW, Zeng WZ. [Effects of
Erk signal transduction on the cell cycle of rat hepatic stellate cells
stimulated by acetaldehyde]. Zhonghua Gan Zang Bing Za Zhi
2003; 11: 650-653 [PMID: 14636436]
131 Svegliati-Baroni G, Ridolfi F, Di Sario A, Saccomanno S, Bendia
E, Benedetti A, Greenwel P. Intracellular signaling pathways
involved in acetaldehyde-induced collagen and fibronectin gene
expression in human hepatic stellate cells. Hepatology 2001; 33:
1130-1140 [PMID: 11343241 DOI: 10.1053/jhep.2001.23788]
132 Chen A, Davis BH. The DNA binding protein BTEB mediates
acetaldehyde-induced, jun N-terminal kinase-dependent alphaI(I)
collagen gene expression in rat hepatic stellate cells. Mol Cell Biol
2000; 20: 2818-2826 [PMID: 10733585]
133 Anania FA, Potter JJ, Rennie-Tankersley L, Mezey E. Activation
by acetaldehyde of the promoter of the mouse alpha2(I) collagen
gene when transfected into rat activated stellate cells. Arch
Biochem Biophys 1996; 331: 187-193 [PMID: 8660697 DOI:
10.1006/abbi.1996.0297]
134 Chen A. Acetaldehyde stimulates the activation of latent
transforming growth factor-beta1 and induces expression of the
type II receptor of the cytokine in rat cultured hepatic stellate cells.
Biochem J 2002; 368: 683-693 [PMID: 12223100 DOI: 10.1042/
bj20020949]
135 Kim Y, Ratziu V, Choi SG, Lalazar A, Theiss G, Dang Q, Kim SJ,
Friedman SL. Transcriptional activation of transforming growth
factor beta1 and its receptors by the Kruppel-like factor Zf9/core
promoter-binding protein and Sp1. Potential mechanisms for
autocrine fibrogenesis in response to injury. J Biol Chem 1998;

67

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
273: 33750-33758 [PMID: 9837963]
136 Friedman SL. Molecular regulation of hepatic fibrosis, an
integrated cellular response to tissue injury. J Biol Chem 2000;
275: 2247-2250 [PMID: 10644669]
137 Siegmund SV, Brenner DA. Molecular pathogenesis of alcoholinduced hepatic fibrosis. Alcohol Clin Exp Res 2005; 29:
102S-109S [PMID: 16344593]
138 Border WA, Noble NA. Transforming growth factor beta in tissue
fibrosis. N Engl J Med 1994; 331: 1286-1292 [PMID: 7935686
DOI: 10.1056/nejm199411103311907]
139 Grisham JW, Nopanitaya W, Compagno J, Nägel AE. Scanning
electron microscopy of normal rat liver: the surface structure of its
cells and tissue components. Am J Anat 1975; 144: 295-321 [PMID:
1211369 DOI: 10.1002/aja.1001440304]
140 Macchiarelli G, Motta PM. The three-dimensional microstructure
of the liver. A review by scanning electron microscopy. Scan
Electron Microsc 1986; (Pt 3): 1019-1038 [PMID: 3541157]
141 Scharf J, Ramadori G, Braulke T, Hartmann H. Synthesis of
insulinlike growth factor binding proteins and of the acid-labile
subunit in primary cultures of rat hepatocytes, of Kupffer cells, and
in cocultures: regulation by insulin, insulinlike growth factor, and
growth hormone. Hepatology 1996; 23: 818-827 [PMID: 8666337
DOI: 10.1053/jhep.1996.v23.pm0008666337]
142 Shimada Y, Kato T, Ogami K, Horie K, Kokubo A, Kudo Y,
Maeda E, Sohma Y, Akahori H, Kawamura K. Production of
thrombopoietin (TPO) by rat hepatocytes and hepatoma cell lines.
Exp Hematol 1995; 23: 1388-1396 [PMID: 7498368]
143 Eckardt KU, Pugh CW, Ratcliffe PJ, Kurtz A. Oxygen-dependent
expression of the erythropoietin gene in rat hepatocytes in vitro.
Pflugers Arch 1993; 423: 356-364 [PMID: 8351193]
144 Ramadori G, Christ B. Cytokines and the hepatic acute-phase
response. Semin Liver Dis 1999; 19: 141-155 [PMID: 10422197
DOI: 10.1055/s-2007-1007106]
145 Sheikh N, Tron K, Dudas J, Ramadori G. Cytokine-induced
neutrophil chemoattractant-1 is released by the noninjured liver
in a rat acute-phase model. Lab Invest 2006; 86: 800-814 [PMID:
16715102 DOI: 10.1038/labinvest.3700435]
146 Sambasivam H, Rassouli M, Murray RK, Nagpurkar A,
Mookerjea S, Azadi P, Dell A, Morris HR. Studies on the
carbohydrate moiety and on the biosynthesis of rat C-reactive
protein. J Biol Chem 1993; 268: 10007-10016 [PMID: 8486673]
147 Ramadori G, Rieder H, Sipe J, Shirahama T, Meyer zum
Büschenfelde KH. Murine tissue macrophages synthesize and
secrete amyloid proteins different to amyloid A (AA). Eur J Clin
Invest 1989; 19: 316-322 [PMID: 2478371]
148 Tron K, Samoylenko A, Musikowski G, Kobe F, Immenschuh
S, Schaper F, Ramadori G, Kietzmann T. Regulation of rat heme
oxygenase-1 expression by interleukin-6 via the Jak/STAT pathway
in hepatocytes. J Hepatol 2006; 45: 72-80 [PMID: 16510205 DOI:
10.1016/j.jhep.2005.12.019]
149 Ren X, Kennedy A, Colletti LM. CXC chemokine expression after
stimulation with interferon-gamma in primary rat hepatocytes in
culture. Shock 2002; 17: 513-520 [PMID: 12069190]
150 Bioulac-Sage P, Kuiper J, Van Berkel TJ, Balabaud C. Lymphocyte
and macrophage populations in the liver. Hepatogastroenterology
1996; 43: 4-14 [PMID: 8682487]
151 Vanderkerken K, Bouwens L, Van Rooijen N, Van den Berg
K, Baekeland M, Wisse E. The role of Kupffer cells in the
differentiation process of hepatic natural killer cells. Hepatology
1995; 22: 283-290 [PMID: 7601422]
152 Vermijlen D, Luo D, Froelich CJ, Medema JP, Kummer
JA, Willems E, Braet F, Wisse E. Hepatic natural killer cells
exclusively kill splenic/blood natural killer-resistant tumor cells by
the perforin/granzyme pathway. J Leukoc Biol 2002; 72: 668-676
[PMID: 12377935]
153 Jeong WI, Park O, Gao B. Abrogation of the antifibrotic effects
of natural killer cells/interferon-gamma contributes to alcohol
acceleration of liver fibrosis. Gastroenterology 2008; 134: 248-258
[PMID: 18166357 DOI: 10.1053/j.gastro.2007.09.034]

WJG|www.wjgnet.com

154 Jeong WI, Park O, Suh YG, Byun JS, Park SY, Choi E, Kim
JK, Ko H, Wang H, Miller AM, Gao B. Suppression of innate
immunity (natural killer cell/interferon-γ) in the advanced stages
of liver fibrosis in mice. Hepatology 2011; 53: 1342-1351 [PMID:
21480338 DOI: 10.1002/hep.24190]
155 Radaeva S, Sun R, Jaruga B, Nguyen VT, Tian Z, Gao B. Natural
killer cells ameliorate liver fibrosis by killing activated stellate cells
in NKG2D-dependent and tumor necrosis factor-related apoptosisinducing ligand-dependent manners. Gastroenterology 2006; 130:
435-452 [PMID: 16472598 DOI: 10.1053/j.gastro.2005.10.055]
156 Derynck R, Akhurst RJ, Balmain A. TGF-beta signaling in tumor
suppression and cancer progression. Nat Genet 2001; 29: 117-129
[PMID: 11586292]
157 Heldin CH, Landström M, Moustakas A. Mechanism of TGF-beta
signaling to growth arrest, apoptosis, and epithelial-mesenchymal
transition. Curr Opin Cell Biol 2009; 21: 166-176 [PMID:
19237272]
158 Massagué J. TGFβ signalling in context. Nat Rev Mol Cell Biol
2012; 13: 616-630 [PMID: 22992590 DOI: 10.1038/nrm3434]
159 Casini A, Cunningham M, Rojkind M, Lieber CS. Acetaldehyde
increases procollagen type I and fibronectin gene transcription in
cultured rat fat-storing cells through a protein synthesis-dependent
mechanism. Hepatology 1991; 13: 758-765 [PMID: 2010171]
160 Greenwel P. Acetaldehyde-mediated collagen regulation in hepatic
stellate cells. Alcohol Clin Exp Res 1999; 23: 930-933 [PMID:
10371417]
161 Behari J. The Wnt/β-catenin signaling pathway in liver biology
and disease. Expert Rev Gastroenterol Hepatol 2010; 4: 745-756
[PMID: 21108594 DOI: 10.1586/egh.10.74]
162 Giles RH, van Es JH, Clevers H. Caught up in a Wnt storm: Wnt
signaling in cancer. Biochim Biophys Acta 2003; 1653: 1-24 [PMID:
12781368 DOI: 10.1016/S0304-419X(03)00005-2]
163 Shen YC, Hsu C, Cheng AL. Molecular targeted therapy for
advanced hepatocellular carcinoma: current status and future
perspectives. J Gastroenterol 2010; 45: 794-807 [PMID: 20567987
DOI: 10.1007/s00535-010-0270-0]
164 Whittaker S, Marais R, Zhu AX. The role of signaling pathways
in the development and treatment of hepatocellular carcinoma.
Oncogene 2010; 29: 4989-5005 [PMID: 20639898 DOI: 10.1038/
onc.2010.236]
165 Turner N, Grose R. Fibroblast growth factor signalling: from
development to cancer. Nature Reviews Cancer 2010; 10: 116-129
[DOI: 10.1038/nrc2780]
166 Knights V, Cook SJ. De-regulated FGF receptors as therapeutic
targets in cancer. Pharmacol Ther 2010; 125: 105-117 [PMID:
19874848 DOI: 10.1016/j.pharmthera.2009.10.001]
167 Schmitz KJ, Wohlschlaeger J, Lang H, Sotiropoulos GC, Malago
M, Steveling K, Reis H, Cicinnati VR, Schmid KW, Baba HA.
Activation of the ERK and AKT signalling pathway predicts
poor prognosis in hepatocellular carcinoma and ERK activation
in cancer tissue is associated with hepatitis C virus infection.
J Hepatol 2008; 48: 83-90 [PMID: 17998146 DOI: 10.1016/
j.jhep.2007.08.018]
168 Chang Q, Zhang Y, Beezhold KJ, Bhatia D, Zhao H, Chen
J, Castranova V, Shi X, Chen F. Sustained JNK1 activation is
associated with altered histone H3 methylations in human liver
cancer. J Hepatol 2009; 50: 323-333 [PMID: 19041150 DOI:
10.1016/j.jhep.2008.07.037]
169 Villanueva A, Chiang DY, Newell P, Peix J, Thung S, Alsinet
C, Tovar V, Roayaie S, Minguez B, Sole M, Battiston C, Van
Laarhoven S, Fiel MI, Di Feo A, Hoshida Y, Yea S, Toffanin S,
Ramos A, Martignetti JA, Mazzaferro V, Bruix J, Waxman S,
Schwartz M, Meyerson M, Friedman SL, Llovet JM. Pivotal role
of mTOR signaling in hepatocellular carcinoma. Gastroenterology
2008; 135: 1972-1983.e1911 [PMID: 18929564 DOI: 10.1053/
j.gastro.2008.08.008]
170 Zhang H, Berezov A, Wang Q, Zhang G, Drebin J, Murali R,
Greene MI. ErbB receptors: from oncogenes to targeted cancer
therapies. J Clin Invest 2007; 117: 2051-2058 [PMID: 17671639

68

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
39: 763-775 [PMID: 25872593 DOI: 10.1111/acer.12704]
190 Chen P, Stärkel P, Turner JR, Ho SB, Schnabl B. Dysbiosisinduced intestinal inflammation activates tumor necrosis factor
receptor I and mediates alcoholic liver disease in mice. Hepatology
2015; 61: 883-894 [PMID: 25251280 DOI: 10.1002/hep.27489]
191 Hartmann P, Chen WC, Schnabl B. The intestinal microbiome
and the leaky gut as therapeutic targets in alcoholic liver disease.
Front Physiol 2012; 3: 402 [PMID: 23087650 DOI: 10.3389/
fphys.2012.00402]
192 Bakin AV, Rinehart C, Tomlinson AK, Arteaga CL. p38 mitogenactivated protein kinase is required for TGFbeta-mediated
fibroblastic transdifferentiation and cell migration. J Cell Sci 2002;
115: 3193-3206 [PMID: 12118074]
193 Watanabe H, de Caestecker MP, Yamada Y. Transcriptional crosstalk between Smad, ERK1/2, and p38 mitogen-activated protein
kinase pathways regulates transforming growth factor-beta-induced
aggrecan gene expression in chondrogenic ATDC5 cells. J Biol
Chem 2001; 276: 14466-14473 [PMID: 11278290 DOI: 10.1074/
jbc.M005724200]
194 Zavadil J, Bitzer M, Liang D, Yang YC, Massimi A, Kneitz S,
Piek E, Bottinger EP. Genetic programs of epithelial cell plasticity
directed by transforming growth factor-beta. Proc Natl Acad
Sci USA 2001; 98: 6686-6691 [PMID: 11390996 DOI: 10.1073/
pnas.111614398]
195 Dumont N, Bakin AV, Arteaga CL. Autocrine transforming growth
factor-beta signaling mediates Smad-independent motility in
human cancer cells. J Biol Chem 2003; 278: 3275-3285 [PMID:
12421823 DOI: 10.1074/jbc.M204623200]
196 Bhowmick NA, Ghiassi M, Bakin A, Aakre M, Lundquist CA,
Engel ME, Arteaga CL, Moses HL. Transforming growth factorbeta1 mediates epithelial to mesenchymal transdifferentiation
through a RhoA-dependent mechanism. Mol Biol Cell 2001; 12:
27-36 [PMID: 11160820]
197 Perlman R, Schiemann WP, Brooks MW, Lodish HF, Weinberg
RA. TGF-beta-induced apoptosis is mediated by the adapter
protein Daxx that facilitates JNK activation. Nat Cell Biol 2001; 3:
708-714 [PMID: 11483955 DOI: 10.1038/35087019]
198 Haas SL, Fitzner B, Jaster R, Wiercinska E, Gaitantzi H,
Jesnowski R, Löhr JM, Singer MV, Dooley S, Breitkopf K.
Transforming growth factor-beta induces nerve growth factor
expression in pancreatic stellate cells by activation of the ALK-5
pathway. Growth Factors 2009; 27: 289-299 [PMID: 19639490
DOI: 10.1080/08977190903132273]
199 Arteel GE. New role of plasminogen activator inhibitor-1 in alcoholinduced liver injury. J Gastroenterol Hepatol 2008; 23 Suppl 1:
S54-S59 [PMID: 18336665 DOI: 10.1111/j.1440-1746.2007.05285.x]
200 Bergheim I, Guo L, Davis MA, Lambert JC, Beier JI, Duveau I,
Luyendyk JP, Roth RA, Arteel GE. Metformin prevents alcoholinduced liver injury in the mouse: Critical role of plasminogen
activator inhibitor-1. Gastroenterology 2006; 130: 2099-2112
[PMID: 16762632 DOI: 10.1053/j.gastro.2006.03.020]
201 Beier JI, Arteel GE. Alcoholic liver disease and the potential role
of plasminogen activator inhibitor-1 and fibrin metabolism. Exp
Biol Med (Maywood) 2012; 237: 1-9 [PMID: 22238286 DOI:
10.1258/ebm.2011.011255]
202 Yang Y, Yang S, Chen M, Zhang X, Zou Y, Zhang X. Compound
Astragalus and Salvia miltiorrhiza Extract exerts anti-fibrosis
by mediating TGF-beta/Smad signaling in myofibroblasts. J
Ethnopharmacol 2008; 118: 264-270 [PMID: 18502066 DOI:
10.1016/j.jep.2008.04.012]
203 Fearns C, Loskutoff DJ. Induction of plasminogen activator
inhibitor 1 gene expression in murine liver by lipopolysaccharide.
Cellular localization and role of endogenous tumor necrosis factoralpha. Am J Pathol 1997; 150: 579-590 [PMID: 9033272]
204 Zhang YE. Non-Smad pathways in TGF-beta signaling. Cell Res
2009; 19: 128-139 [PMID: 19114990 DOI: 10.1038/cr.2008.328]
205 Javelaud D, Mauviel A. Crosstalk mechanisms between the
mitogen-activated protein kinase pathways and Smad signaling
downstream of TGF-beta: implications for carcinogenesis.

DOI: 10.1172/JCI32278]
171 Lund P, Schubert D, Niketeghad F, Schirmacher P. Autocrine
inhibition of chemotherapy response in human liver tumor cells by
insulin-like growth factor-II. Cancer Lett 2004; 206: 85-96 [PMID:
15019164 DOI: 10.1016/j.canlet.2003.10.018]
172 Matsuzaki K. Smad phosphoisoform signals in acute and chronic
liver injury: similarities and differences between epithelial and
mesenchymal cells. Cell Tissue Res 2012; 347: 225-243 [PMID:
21626291 DOI: 10.1007/s00441-011-1178-6]
173 Derynck R, Miyazono K. The TGF- family: Cold Spring Harbor
Laboratory. NY: Press Cold Spring Harbor, 2008
174 Hayashi Y, Hirose F, Nishimoto Y, Shiraki M, Yamagishi M,
Matsukage A, Yamaguchi M. Identification of CFDD (common
regulatory factor for DNA replication and DREF genes) and role
of its binding site in regulation of the proliferating cell nuclear
antigen gene promoter. J Biol Chem 1997; 272: 22848-22858
[PMID: 9278447]
175 Nakao A, Afrakhte M, Morén A, Nakayama T, Christian JL,
Heuchel R, Itoh S, Kawabata M, Heldin NE, Heldin CH, ten Dijke
P. Identification of Smad7, a TGFbeta-inducible antagonist of
TGF-beta signalling. Nature 1997; 389: 631-635 [PMID: 9335507
DOI: 10.1038/39369]
176 Souchelnytskyi S, Nakayama T, Nakao A, Morén A, Heldin CH,
Christian JL, ten Dijke P. Physical and functional interaction of
murine and Xenopus Smad7 with bone morphogenetic protein
receptors and transforming growth factor-beta receptors. J Biol
Chem 1998; 273: 25364-25370 [PMID: 9738003]
177 Friedl W, Uhlhaas S, Schulmann K, Stolte M, Loff S, Back W,
Mangold E, Stern M, Knaebel HP, Sutter C, Weber RG, Pistorius
S, Burger B, Propping P. Juvenile polyposis: massive gastric
polyposis is more common in MADH4 mutation carriers than
in BMPR1A mutation carriers. Hum Genet 2002; 111: 108-111
[PMID: 12136244 DOI: 10.1007/s00439-002-0748-9]
178 Reichl P, Dengler M, van Zijl F, Huber H, Führlinger G, Reichel
C, Sieghart W, Peck-Radosavljevic M, Grubinger M, Mikulits W.
Axl activates autocrine transforming growth factor-β signaling in
hepatocellular carcinoma. Hepatology 2015; 61: 930-941 [PMID:
25251599 DOI: 10.1002/hep.27492]
179 Wu X, Liu X, Koul S, Lee CY, Zhang Z, Halmos B. AXL kinase as
a novel target for cancer therapy. Oncotarget 2014; 5: 9546-9563
[PMID: 25337673]
180 López-Casillas F, Wrana JL, Massagué J. Betaglycan presents
ligand to the TGF beta signaling receptor. Cell 1993; 73:
1435-1444 [PMID: 8391934]
181 Massagué J, Gomis RR. The logic of TGFbeta signaling. FEBS
Lett 2006; 580: 2811-2820 [PMID: 16678165]
182 Moustakas A, Heldin CH. Non-Smad TGF-beta signals. J Cell Sci
2005; 118: 3573-3584 [PMID: 16105881 DOI: 10.1242/jcs.02554]
183 Galliher AJ, Neil JR, Schiemann WP. Role of transforming growth
factor-beta in cancer progression. Future Oncol 2006; 2: 743-763
[PMID: 17155901 DOI: 10.2217/14796694.2.6.743]
184 Xu XB, He ZP, Liang ZQ, Leng XS. [Obstruction of TGF-beta1
signal transduction by anti-Smad4 gene can therapy experimental
liver fibrosis in the rat]. Zhonghua Gan Zang Bing Za Zhi 2004;
12: 263-266 [PMID: 15161498]
185 Inman GJ, Nicolás FJ, Hill CS. Nucleocytoplasmic shuttling of
Smads 2, 3, and 4 permits sensing of TGF-beta receptor activity.
Mol Cell 2002; 10: 283-294 [PMID: 12191474]
186 Feng XH, Derynck R. Specificity and versatility in tgf-beta signaling
through Smads. Annu Rev Cell Dev Biol 2005; 21: 659-693 [PMID:
16212511 DOI: 10.1146/annurev.cellbio.21.022404.142018]
187 Chen P, Schnabl B. Host-microbiome interactions in alcoholic
liver disease. Gut Liver 2014; 8: 237-241 [PMID: 24827618 DOI:
10.5009/gnl.2014.8.3.237]
188 Szabo G. Gut-liver axis in alcoholic liver disease. Gastroente
rology 2015; 148: 30-36 [PMID: 25447847 DOI: 10.1053/
j.gastro.2014.10.042]
189 Hartmann P, Seebauer CT, Schnabl B. Alcoholic liver disease: the
gut microbiome and liver cross talk. Alcohol Clin Exp Res 2015;

WJG|www.wjgnet.com

69

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
Oncogene 2005; 24: 5742-5750 [PMID: 16123807]
206 Anderson P. Kinase cascades regulating entry into apoptosis.
Microbiol Mol Biol Rev 1997; 61: 33-46 [PMID: 9106363]
207 Whitmarsh AJ, Davis RJ. Signal transduction by MAP kinases:
regulation by phosphorylation-dependent switches. Sci STKE 1999;
1999: PE1 [PMID: 11865181 DOI: 10.1126/stke.1999.1.pe1]
208 Derynck R, Zhang YE. Smad-dependent and Smad-independent
pathways in TGF-beta family signalling. Nature 2003; 425:
577-584 [PMID: 14534577]
209 Wakefield LM, Roberts AB. TGF-beta signaling: positive and
negative effects on tumorigenesis. Curr Opin Genet Dev 2002; 12:
22-29 [PMID: 11790550 DOI: 10.1016/S0959-437X(01)00259-3]
210 Engel ME, McDonnell MA, Law BK, Moses HL. Interdependent
SMAD and JNK signaling in transforming growth factor-betamediated transcription. J Biol Chem 1999; 274: 37413-37420
[PMID: 10601313 DOI: 10.1074/jbc.274.52.37413]
211 Furukawa F, Matsuzaki K, Mori S, Tahashi Y, Yoshida K, Sugano
Y, Yamagata H, Matsushita M, Seki T, Inagaki Y, Nishizawa
M, Fujisawa J, Inoue K. p38 MAPK mediates fibrogenic
signal through Smad3 phosphorylation in rat myofibroblasts.
Hepatology 2003; 38: 879-889 [PMID: 14512875 DOI: 10.1002/
hep.1840380414]
212 Aroor AR, Shukla SD. MAP kinase signaling in diverse effects of
ethanol. Life Sci 2004; 74: 2339-2364 [PMID: 15027449]
213 Mandrekar P, Szabo G. Signalling pathways in alcohol-induced
liver inflammation. J Hepatol 2009; 50: 1258-1266 [PMID:
19398236 DOI: 10.1016/j.jhep.2009.03.007]
214 Yao J, Mackman N, Edgington TS, Fan ST. Lipopolysaccharide
induction of the tumor necrosis factor-alpha promoter in human
monocytic cells. Regulation by Egr-1, c-Jun, and NF-kappaB
transcription factors. J Biol Chem 1997; 272: 17795-17801 [PMID:
9211933]
215 Chen J, Ishac EJ, Dent P, Kunos G, Gao B. Effects of ethanol
on mitogen-activated protein kinase and stress-activated protein
kinase cascades in normal and regenerating liver. Biochem J 1998;
334 (Pt 3): 669-676 [PMID: 9729476]
216 Spector MS, Auer KL, Jarvis WD, Ishac EJ, Gao B, Kunos G,
Dent P. Differential regulation of the mitogen-activated protein
and stress-activated protein kinase cascades by adrenergic agonists
in quiescent and regenerating adult rat hepatocytes. Mol Cell Biol
1997; 17: 3556-3565 [PMID: 9199291]
217 Ding W, Shi W, Bellusci S, Groffen J, Heisterkamp N, Minoo P,
Warburton D. Sprouty2 downregulation plays a pivotal role in
mediating crosstalk between TGF-beta1 signaling and EGF as well
as FGF receptor tyrosine kinase-ERK pathways in mesenchymal
cells. J Cell Physiol 2007; 212: 796-806 [PMID: 17516543 DOI:
10.1002/jcp.21078]
218 Masoumi-Moghaddam S, Amini A, Morris DL. The developing
story of Sprouty and cancer. Cancer Metastasis Rev 2014; 33:
695-720 [PMID: 24744103 DOI: 10.1007/s10555-014-9497-1]
219 Arellanes-Robledo J, Reyes-Gordillo K, Shah R, DomínguezRosales JA, Hernández-Nazara ZH, Ramirez F, Rojkind
M, Lakshman MR. Fibrogenic actions of acetaldehyde are
β-catenin dependent but Wingless independent: a critical role
of nucleoredoxin and reactive oxygen species in human hepatic
stellate cells. Free Radic Biol Med 2013; 65: 1487-1496 [PMID:
23880292 DOI: 10.1016/j.freeradbiomed.2013.07.017]
220 Patel R, Gao M, Ahmad I, Fleming J, Singh LB, Rai TS, McKie
AB, Seywright M, Barnetson RJ, Edwards J, Sansom OJ, Leung
HY. Sprouty2, PTEN, and PP2A interact to regulate prostate cancer
progression. J Clin Invest 2013; 123: 1157-1175 [PMID: 23434594
DOI: 10.1172/jci63672]
221 Chen N, Geng Q, Zheng J, He S, Huo X, Sun X. Suppression
of the TGF-β/Smad signaling pathway and inhibition of hepatic
stellate cell proliferation play a role in the hepatoprotective effects
of curcumin against alcohol-induced hepatic fibrosis. Int J Mol
Med 2014; 34: 1110-1116 [PMID: 25069637 DOI: 10.3892/
ijmm.2014.1867]
222 Reyes-Gordillo K, Shah R, Arellanes-Robledo J, Hernández-

WJG|www.wjgnet.com

223

224

225

226

227

228

229

230

231

232

233

234

235

70

Nazara Z, Rincón-Sánchez AR, Inagaki Y, Rojkind M, Lakshman
MR. Mechanisms of action of acetaldehyde in the up-regulation of
the human α2(I) collagen gene in hepatic stellate cells: key roles
of Ski, SMAD3, SMAD4, and SMAD7. Am J Pathol 2014; 184:
1458-1467 [PMID: 24641900 DOI: 10.1016/j.ajpath.2014.01.020]
Svegliati-Baroni G, Inagaki Y, Rincon-Sanchez AR, Else C,
Saccomanno S, Benedetti A, Ramirez F, Rojkind M. Early response
of alpha2(I) collagen to acetaldehyde in human hepatic stellate
cells is TGF-beta independent. Hepatology 2005; 42: 343-352
[PMID: 16025520 DOI: 10.1002/hep.20798]
Abhilash PA, Harikrishnan R, Indira M. Ascorbic acid suppresses
endotoxemia and NF-κB signaling cascade in alcoholic liver
fibrosis in guinea pigs: a mechanistic approach. Toxicol Appl
Pharmacol 2014; 274: 215-224 [PMID: 24239723 DOI: 10.1016/
j.taap.2013.11.005]
Gu H, Fortunato F, Bergmann F, Büchler MW, Whitcomb DC,
Werner J. Alcohol exacerbates LPS-induced fibrosis in subclinical
acute pancreatitis. Am J Pathol 2013; 183: 1508-1517 [PMID:
24091223 DOI: 10.1016/j.ajpath.2013.07.023]
Xu XB, He ZP, Leng XS, Liang ZQ, Peng JR, Zhang HY, Zhang
HY, Xiao M, Zhang H, Liu CL, Zhang XD. Effects of Smad4
on liver fibrosis and hepatocarcinogenesis in mice treated with
CCl4/ethanol. Zhonghua Gan Zang Bing Za Zhi 2010; 18:
119-123 [PMID: 20196951 DOI: 10.3760/cma.j.issn.1007-3418.2
010.02.010]
Tang Y, Li Y, Yu H, Gao C, Liu L, Chen S, Xing M, Liu L, Yao
P. Quercetin prevents ethanol-induced iron overload by regulating
hepcidin through the BMP6/SMAD4 signaling pathway. J Nutr
Biochem 2014; 25: 675-682 [PMID: 24746831 DOI: 10.1016/
j.jnutbio.2014.02.009]
Gerjevic LN, Liu N, Lu S, Harrison-Findik DD. Alcohol
Activates TGF-Beta but Inhibits BMP Receptor-Mediated Smad
Signaling and Smad4 Binding to Hepcidin Promoter in the Liver.
Int J Hepatol 2012; 2012: 459278 [PMID: 22121494 DOI:
10.1155/2012/459278]
Zhu L, Wang L, Wang X, Luo X, Yang L, Zhang R, Yin H, Xie
D, Pan Y, Chen Y. Hepatic deletion of Smad7 in mouse leads to
spontaneous liver dysfunction and aggravates alcoholic liver injury.
PLoS One 2011; 6: e17415 [PMID: 21386907 DOI: 10.1371/
journal.pone.0017415]
Ciuclan L, Ehnert S, Ilkavets I, Weng HL, Gaitantzi H, Tsukamoto
H, Ueberham E, Meindl-Beinker NM, Singer MV, Breitkopf
K, Dooley S. TGF-beta enhances alcohol dependent hepatocyte
damage via down-regulation of alcohol dehydrogenase I. J
Hepatol 2010; 52: 407-416 [PMID: 20129692 DOI: 10.1016/
j.jhep.2009.12.003]
Szuster-Ciesielska A, Mizerska-Dudka M, Daniluk J, KandeferSzerszeń M. Butein inhibits ethanol-induced activation of liver
stellate cells through TGF-β, NFκB, p38, and JNK signaling
pathways and inhibition of oxidative stress. J Gastroenterol 2013;
48: 222-237 [PMID: 22722906 DOI: 10.1007/s00535-012-0619-7]
Szuster-Ciesielska A, Plewka K, Daniluk J, Kandefer-Szerszeń
M. Betulin and betulinic acid attenuate ethanol-induced liver
stellate cell activation by inhibiting reactive oxygen species
(ROS), cytokine (TNF-α, TGF-β) production and by influencing
intracellular signaling. Toxicology 2011; 280: 152-163 [PMID:
21172400 DOI: 10.1016/j.tox.2010.12.006]
Cederbaum AI, Lu Y, Wang X, Wu D. Synergistic toxic
interactions between CYP2E1, LPS/TNFα, and JNK/p38 MAP
kinase and their implications in alcohol-induced liver injury. Adv
Exp Med Biol 2015; 815: 145-172 [PMID: 25427906 DOI: 10.100
7/978-3-319-09614-8_9]
Luo Z, Dong X, Ke Q, Duan Q, Shen L. Chitooligosaccharides
inhibit ethanol-induced oxidative stress via activation of Nrf2
and reduction of MAPK phosphorylation. Oncol Rep 2014; 32:
2215-2222 [PMID: 25189124 DOI: 10.3892/or.2014.3463]
Yan SL, Yang HT, Lee HL, Yin MC. Protective effects of maslinic
acid against alcohol-induced acute liver injury in mice. Food
Chem Toxicol 2014; 74: 149-155 [PMID: 25301236 DOI: 10.1016/

January 7, 2016|Volume 22|Issue 1|

Boye A et al . Alcohol and fibro-hepatocarcinogenesis
j.fct.2014.09.018]
236 Li Y, Gao C, Shi Y, Tang Y, Liu L, Xiong T, Du M, Xing M, Liu
L, Yao P. Carbon monoxide alleviates ethanol-induced oxidative
damage and inflammatory stress through activating p38 MAPK
pathway. Toxicol Appl Pharmacol 2013; 273: 53-58 [PMID:
23994557 DOI: 10.1016/j.taap.2013.08.019]
237 Chang YY, Lin YL, Yang DJ, Liu CW, Hsu CL, Tzang BS,
Chen YC. Hepatoprotection of noni juice against chronic alcohol
consumption: lipid homeostasis, antioxidation, alcohol clearance,
and anti-inflammation. J Agric Food Chem 2013; 61: 11016-11024
[PMID: 24152092 DOI: 10.1021/jf4038419]
238 Morio Y, Tsuji M, Inagaki M, Nakagawa M, Asaka Y, Oyamada
H, Furuya K, Oguchi K. Ethanol-induced apoptosis in human liver
adenocarcinoma cells (SK-Hep1): Fas- and mitochondria-mediated
pathways and interaction with MAPK signaling system. Toxicol
In Vitro 2013; 27: 1820-1829 [PMID: 23726865 DOI: 10.1016/
j.tiv.2013.05.009]
239 Park EJ, Kim YM, Park SW, Kim HJ, Lee JH, Lee DU, Chang
KC. Induction of HO-1 through p38 MAPK/Nrf2 signaling
pathway by ethanol extract of Inula helenium L. reduces
inflammation in LPS-activated RAW 264.7 cells and CLP-induced
septic mice. Food Chem Toxicol 2013; 55: 386-395 [PMID:
23298677 DOI: 10.1016/j.fct.2012.12.027]
240 Aroor AR, Jackson DE, Shukla SD. Elevated activation of
ERK1 and ERK2 accompany enhanced liver injury following
alcohol binge in chronically ethanol-fed rats. Alcohol Clin Exp
Res 2011; 35: 2128-2138 [PMID: 21790671 DOI: 10.1111/
j.1530-0277.2011.01577.x]
241 Hung HF, Hou CW, Chen YL, Lin CC, Fu HW, Wang JS, Jeng
KC. Elephantopus scaber inhibits lipopolysaccharide-induced
liver injury by suppression of signaling pathways in rats. Am J

242

243

244

245

246

247

Chin Med 2011; 39: 705-717 [PMID: 21721151 DOI: 10.1142/
s0192415x11009147]
Aroor AR, James TT, Jackson DE, Shukla SD. Differential changes
in MAP kinases, histone modifications, and liver injury in rats acutely
treated with ethanol. Alcohol Clin Exp Res 2010; 34: 1543-1551
[PMID: 20586759 DOI: 10.1111/j.1530-0277.2010.01239.x]
Wang X, Lu Y, Xie B, Cederbaum AI. Chronic ethanol feeding
potentiates Fas Jo2-induced hepatotoxicity: role of CYP2E1 and
TNF-alpha and activation of JNK and P38 MAP kinase. Free Radic
Biol Med 2009; 47: 518-528 [PMID: 19477265 DOI: 10.1016/
j.freeradbiomed.2009.05.021]
Lu Y, Cederbaum AI. CYP2E1 potentiation of LPS and TNFαinduced hepatotoxicity by mechanisms involving enhanced
oxidative and nitrosative stress, activation of MAP kinases, and
mitochondrial dysfunction. Genes Nutr 2010; 5: 149-167 [PMID:
19798529 DOI: 10.1007/s12263-009-0150-5]
Hsu MK, Qiao L, Ho V, Zhang BH, Zhang H, Teoh N, Dent P,
Farrell GC. Ethanol reduces p38 kinase activation and cyclin
D1 protein expression after partial hepatectomy in rats. J
Hepatol 2006; 44: 375-382 [PMID: 16226824 DOI: 10.1016/
j.jhep.2005.07.031]
Yao P, Nussler A, Liu L, Hao L, Song F, Schirmeier A, Nussler
N. Quercetin protects human hepatocytes from ethanol-derived
oxidative stress by inducing heme oxygenase-1 via the MAPK/
Nrf2 pathways. J Hepatol 2007; 47: 253-261 [PMID: 17433488
DOI: 10.1016/j.jhep.2007.02.008]
Kenny S, Steele I, Lyons S, Moore AR, Murugesan SV, Tiszlavicz
L, Dimaline R, Pritchard DM, Varro A, Dockray GJ. The role of
plasminogen activator inhibitor-1 in gastric mucosal protection.
Am J Physiol Gastrointest Liver Physiol 2013; 304: G814-G822
[PMID: 23494120 DOI: 10.1152/ajpgi.00017.2013]
P- Reviewer: Chetty R S- Editor: Qi Y L- Editor: Ma JY
E- Editor: Wang CH

WJG|www.wjgnet.com

71

January 7, 2016|Volume 22|Issue 1|

World J Gastroenterol 2016 January 7; 22(1): 72-88
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i1.72

© 2016 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2016 Cirrhosis: Global view

Molecular changes in hepatic metabolism and transport in
cirrhosis and their functional importance
Christoph G Dietrich, Oliver Götze, Andreas Geier
hepatic diseases and represents a relevant risk for liver
failure and hepatocellular carcinoma. The progress
of liver fibrosis and cirrhosis is accompanied by
deteriorating liver function. This review summarizes
the regulatory and functional changes in phase Ⅰ and
phase Ⅱ metabolic enzymes as well as transport
proteins and provides an overview regarding lipid and
glucose metabolism in cirrhotic patients. Interestingly,
phase Ⅰ enzymes are generally downregulated
transcriptionally, while phase Ⅱ enzymes are mostly
preserved transcriptionally but are reduced in their
function. Transport proteins are regulated in a specific
way that resembles the molecular changes observed in
obstructive cholestasis. Lipid and glucose metabolism
are characterized by insulin resistance and catabolism,
leading to the disturbance of energy expenditure
and wasting. Possible non-invasive tests, especially
breath tests, for components of liver metabolism
are discussed. The heterogeneity and complexity
of changes in hepatic metabolism complicate the
assessment of liver function in individual patients.
Additionally, studies in humans are rare, and species
differences preclude the transferability of data
from rodents to humans. In clinical practice, some
established global scores or criteria form the basis for
the functional evaluation of patients with liver cirrhosis,
but difficult treatment decisions such as selection for
transplantation or resection require further research
regarding the application of existing non-invasive tests
and the development of more specific tests.
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Core tip: Liver cirrhosis is a common endpoint for
many hepatic diseases and is accompanied by the
extensive gene regulation of cytokines and enzymes

Abstract
Liver cirrhosis is the common endpoint of many
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changes are the result of the up- or down-regulation
of the respective genes in the liver cell or changes in
translational mechanisms in the cell. Preliminary data
from microarray analysis imply that there are distinct
molecular differences between the different etiologies
[7,8]
of cirrhosis . Research over the past 20 years has
been focused on examining molecular mechanisms
in the liver for the development of methods to block
or retard the development of cirrhosis but has also
focused on molecular changes in hepatic metabolism
to identify additional risks elicited by insufficient liver
function. The limited function of the liver in cirrhosis
has significant importance and limits therapeutic
options in not only chronic liver disease but also in
70% of all hepatocellular carcinomas (intermediate and
advanced stages). The molecular changes in cirrhosis
can alter the transport and metabolism of drugs
and carcinogens as well as endogenous metabolic
intermediates and therefore lead to a higher risk of
side effects, drug interactions and genotoxic effects
as well as to changes in glucose or lipid metabolism.
Many previous studies have used animal models (see
below), with unclear transferability to humans. Human
studies are scarce and mostly include small sample
sizes. This review summarizes the existing knowledge
and puts the results into the clinically relevant
framework of non-invasive metabolic tests and their
application in the clinical routine.

for hepatic metabolism. The resulting organ deficiency
complicates treatment decisions, especially regarding
transplantation and the resection of hepatocellular
carcinoma. This review summarizes the regulatory
events involving the metabolism in the cirrhotic liver
and puts these events into the context of the noninvasive testing of liver function. This combination can
help to better estimate the liver function of individual
patients.
Dietrich CG, Götze O, Geier A. Molecular changes in hepatic
metabolism and transport in cirrhosis and their functional
importance. World J Gastroenterol 2016; 22(1): 72-88 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/72.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.72

INTRODUCTION
Liver cirrhosis is the common final pathway of
inflammatory liver diseases of different origins.
In general, it takes many years or even decades
to develop the full picture of liver cirrhosis that is
associated with the complete destruction of liver
architecture (represented by the liver lobes) through
bridging fibrosis. Liver cirrhosis per se is the main
risk factor for hepatocellular carcinoma and leads, if
the underlying disease is not treated adequately, to
chronic liver failure. Other pathways to liver failure
include acute and acute-on-chronic liver failure (figure
1). Liver failure of various origins necessitates the
[1]
transplantation of 5500 livers per year in Europe .
Chronic hepatitis B and C and alcoholic and nonalcoholic steatohepatitis are quantitatively the most
important causes of cirrhosis, the first mainly in subSaharan Africa and most parts of Asia and the latter
three in more developed countries in Europe and North
[2]
America . Other less frequent causes of liver cirrhosis
comprise autoimmune diseases such as autoimmune
hepatitis, primary biliary cirrhosis or primary sclerosing
cholangitis and hereditary entities such as Wilson
disease, hemochromatosis and alpha-1-antitrypsindeficiency. Vascular diseases such as Budd-Chiari
syndrome or Osler disease rarely cause liver cirrhosis,
while right-heart failure is likely a more frequent cause
[3]
than is commonly assumed . Finally, drug-induced
[4]
liver injury , recurrent biliary obstruction and rare
metabolic disorders such as porphyria can lead to liver
[5]
cirrhosis and decompensation .
The development of cirrhosis is a continuous
process from inflammation to fibrosis and ultimately
cirrhosis and is complicated by decompensation,
liver failure and/or hepatocellular carcinoma (figure
1). It is accompanied by molecular changes in the
hepatocytes and other liver cells modulating the
inflammatory and fibrosing process itself that also
influence the metabolism of endo- and xenobiotics as
[6]
well as the synthesis of liver-derived proteins . These
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ANIMAL MODELS OF LIVER CIRRHOSIS
AND THEIR HUMAN COUNTERPARTS
Experimental liver cirrhosis has been induced by
bile duct ligation, toxic compounds such as carbon
tetrachloride and the generation of fatty liver for
[9-11]
almost a century
. Over the years, various animal
models have been developed in rodents that closely
reflect relevant human disease entities and their
[12,13]
unique differences
. The pattern of hepatic fibrosis
varies with the model used.
Carbon tetrachloride (CCl4) is one of the oldest
and most widely used toxins for the experimental
induction of liver fibrosis in laboratory animals but
does not currently resemble a clinically relevant human
[10,14]
disease
. Alternatively, thioacetamide can be
used as a supplement to the drinking water to induce
[12,13]
severe toxic bridging fibrosis
. Diethylnitrosamine
induces toxic fibrosis that mechanistically resembles
CCl4-induced fibrosis. As rodents develop malignancies
under treatment with this carcinogen, it is best for
those studying fibrosis in the context of hepatocellular
[13]
carcinoma (HCC) .
Several models have been developed to represent
biliary fibrosis and cirrhosis. These include surgical
common bile duct ligation, which leads to cirrhosis
[13]
with signs of portal hypertension and ascites .
Genetic alterations of the biliary transporters involved
in bile formation are reflected by mice with targeted
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under
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Figure 1 Clinical stages of liver disease. Commonly used scores or criteria are given at the respective treatment boxes (resection or transplantation). LF: Liver
failure; for scores and criteria, see Table 2. MELD: Model of end stage liver disease.
[25]

disruption of the Mdr2 (Abcb4) gene, encoding a
-/canalicular phospholipid flippase (Mdr2 mice) that
spontaneously develops sclerosing cholangitis with
macroscopic and microscopic features of human
primary sclerosing cholangitis (PSC) and serves as a
[15,16]
model for biliary liver cirrhosis
. Immunological
models include a range from simple heterologous
serum application to sophisticated knockout models
[17]
of autoimmune liver disease . Beyond autoimmune
hepatitis models, different spontaneous autoimmune
biliary disease mouse models, including the interleukin
-/[18]
(IL)-2Rα mouse model, have been reported .
Non-alcoholic fatty liver disease (NAFLD)-associated
cirrhosis currently represents the most frequent liver
disease in developed countries. Various rodent models
for fatty liver-derived fibrosis are available either
[19-22]
nutritionally or based on a genetic modification
.
Among the most widely used models for different
stages of the metabolic syndrome including NAFLD
are ob/ob and db/bd mice with genetic alterations in
the leptin/leptin receptor pathway and feeding models
with high fat (or high fat high fructose). In contrast,
the methionine-choline-deficient diet model does not
resemble typical human NAFLD in the context of the
metabolic syndrome but rather full-blown non-alcoholic
[20]
steatohepatitis (NASH) with peripheral cachexia .
Animal models of alcohol-induced liver disease include
a range of different exposure modalities from acute
binge ethanol feeding to chronic ethanol feeding
[23]
(Lieber-DeCarli model) .
Genetically humanized mouse models for hepatitis
C virus infection are just emerging and have their
focus on the immunological pathogenesis rather than
[24]
on the induction of advanced fibrosis . The same is
true for hepatitis B models, which provide clues for
understanding host-virus immunologic interactions
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rather than serve as a disease-specific fibrosis model .
As human studies providing data on molecular
changes in hepatic metabolism and transport in
cirrhosis are very scarce, data from animal models of
cirrhosis have been incorporated into this work as far
as these models adequately reflect human disease
counterparts.

REGULATION
CYP450 isoforms

The human Cytochrome P450s are more than 50
oxygenases present mainly in the liver and the
intestine, divided into several families with different
substrate specificities. CYP P450 families 1-3 are
most important for the metabolism of xenobiotics,
including drugs and carcinogens, while the other
families catalyze the metabolism of endogenous
substrates. A comprehensive review of the structure
[26]
and function of the CYPs can be found elsewhere .
It is very important to note that the CYP450s not only
catalyze the detoxification of drugs or carcinogens, but
can also promote their carcinogenicity by activating
[27]
such compounds via hydroxylation . Changes in the
gene regulation or functional activity of the CYP450s
therefore do not have a uniform effect on xenobiotics.
Additionally to this central role of hepatic CYPs in
the handling of xenobiotics, the rate-limiting step of
bile acid synthesis is mediated by the liver-specific CYP
7A1. Thus, changes in CYP gene regulation also have
an impact on bile acid synthesis and lipid metabolism.
CYP isoforms are intensely regulated by nuclear
receptors aryl hydrocarbon receptor (AhR), constitutive
androstane receptor (CAR), pregnane X receptor
(PXR) and peroxisome proliferator-activated receptors
(PPAR) in coordination with phase Ⅱ enzymes and
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[28]

transporters . Not unexpectedly, inter-individual
variations in gene expression are much higher in
[29]
human samples than in animal livers . Additionally,
end-stage livers often exhibit even higher variation
[30]
than normal livers . Depending on the study design,
conflicting data exist regarding the regulation of CYP
isoforms in cirrhosis.
In an animal study from 30 years ago, rats with
biliary cirrhosis (35 d of bile-duct ligation) showed
a reduction in the total protein mass of cytochrome
[31]
P450 by 45% . In the same study however, toxic
post-necrotic cirrhosis in rats (induced by CCl4) did
not lead to a change in the CYP450 protein mass in
the diseased livers. This result is in line with recent
data regarding non-ascitic animals with cirrhosis,
while ascitic cirrhotic rats (assuming a later cirrhosis
stage for those animals) had a significant decrease in
[32]
the total CYP450 protein mass in this newer study .
Certainly the differential regulation of specific isoforms
of CYP450 contributes to unchanged total protein
mass in cirrhosis. CYP450 11B2, for example, was
[33]
upregulated in rats with fibrotic liver due to CCl4 .
In (uninduced) rats, CYP 1A1 is virtually absent,
[32]
while CYP 1A2 is abundant . Basically, the CYP
1A2 protein mass was decreased to approximately
half in cirrhotic rats without ascites; this reduction
was intensified to less than 20% in rats with ascites,
[32]
indicating a dependency on the cirrhosis stage .
The mRNA levels correlated well with the protein
amount in this study. Interestingly, treatment with
benzo[a]pyrene led to the normalization of CYP 1A2
mRNA and protein mass in cirrhotic rats without
ascites, while in rats with ascites, a significant
decrease remained (albeit lower than in uninduced
animals). The same results were obtained for CYP 1A1
in these animals, and all these changes in regulation
correlated well with AhR mRNA as well as protein
[32]
expression . Practically, this means that the ability to
have microsomal oxidation (accompanied by possible
molecular activation) of carcinogens is preserved in
compensated liver cirrhosis (in rats).
Human studies began 20 years ago, when an
analysis of 50 end-stage livers showed the differential
regulation of CYP isoforms, with the clear basal
downregulation of CYP 1A2 as one of the most
important activators of xenobiotic carcinogens. In
contrast, the CYP 3A protein mass (as the most
important isoform for drug metabolism) was only
slightly decreased, reaching significance only in noncholestatic cirrhosis due to hepatocellular diseases, and
CYP 2E1 was significantly reduced only in cholestatic
[34]
cirrhosis . This result implies an interesting isoformspecific regulation in different subforms of cirrhosis.
The mechanisms of regulation were diverse and were
[35]
not restricted to classic translational regulation .
These results question an interpretation of gene
regulation that rests solely upon mRNA analysis. Very
recently, a clear correlation of midazolam clearance (as
a surrogate for CYP 3A activity) with the Child Pugh
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and model of end stage liver disease (MELD) score
was shown in 24 patients with end-stage liver disease
without any differentiation between cholestatic and
[36]
non-cholestatic types . Likewise, CYP 1A2, 2C19,
3A4 and 2E1 mRNA were negatively correlated with
increasing liver stiffness in additional studies analyzing
[37]
[38,39]
patients with alcoholic fibrosis
or viral hepatitis
.
Combined, these data support the hypothesis that
the expression and function of many CYP isoenzymes
declines with cirrhosis progression.
In Chinese patients with cirrhosis based on he
patitis B, CYP 1A2 activity measured via phenacetin
[40]
metabolism was decreased by 91% . This result
was accompanied by unchanged sulfotransferase
(SULT) 1A1 activity in 159 cirrhotic patients, while a
subgroup of 46 patients exhibited normal CYP 1A2
activity and elevated SULT 1A1 activity. Interestingly,
in a 2 year follow up, three patients from this latter
group, but none from the first group, developed HCC,
indicating a higher carcinogenic risk with preserved
[40]
CYP 1A2 activity . These results may offer a chance
for identifying a subgroup of cirrhotic patients prone
to HCC but were obtained in a simple metabolism
analysis of phenacetin without any determination of
the molecular expression levels. Even if these results
fit with the theoretical considerations regarding the
importance of CYP 1A2 in the activation of carcinogens,
they should be confirmed in further studies.
In another Chinese study with human end-stage
liver disease samples, almost all CYP isoforms (and
especially 1A2, 2E1, 2C19, 3A4 and 4A11) were
[30]
down-regulated to various degrees . This result was
accompanied by the down-regulation of the nuclear
receptor PPAR, while CAR, PXR and AhR expression
was preserved. The data regarding metabolic enzymes
are in line with another study already cited above
showing the significant down-regulation of CYP 1A2,
2C19 and 2E1 in advanced fibrosis and cirrhosis in
[39]
patients with viral hepatitis . However, in this study,
CAR, PXR and AhR expression were reduced as well,
significantly in contrast to the study above. In both
studies, the analysis was restricted to mRNA data,
while protein expression and functional data were
[30,39]
lacking
.
The down-regulation of CYP 2E1 mRNA in cirrhosis,
[30]
including alcoholic cirrhosis , is interesting as this
isoform is up-regulated in acute and chronic alcohol
consumption and is implicated in the genesis of
alcoholic liver damage due to its ability to produce
[41,42]
ROS
. Obviously, cirrhosis as the end stage of
alcoholic disease evens this up-regulation into a more
dominant general regulatory event associated with
severe cell damage.
CYP 7A1 as the rate-limiting enzyme of bile acid
synthesis was shown to be up-regulated in primary
biliary cholangitis (PBC) patients, but when determined
in end-stage patients with PBC (defined as Child Pugh
class C), the investigators observed the significant
[43]
mRNA down-regulation of this enzyme . This
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mechanism of late down-regulation may be associated
with protective regulation events in liver cirrhosis
(avoidance of intracellular bile acid accumulation
in hepatocytes) and is confirmed by an additional
[44]
study . Interestingly, in this latter study, CYP 8B1
as well as CYP 27 mRNAs were preserved, and CYP
3A4 mRNA was only mildly reduced. PBC patients with
a certain CYP 7A1 polymorphism leading to higher
protein expression of this isoform in hepatocytes were
at risk for a rapid PBC progression in a study of more
[45]
than 300 Japanese patients .
In vitro studies in human hepatocytes showed
that PXR not only induces CYP 3A4 in normal cells but
also mediates the IL-6-induced repression of this CYP
[46]
isoform . These results may confer an explanation of
CYP 3A4 down-regulation in an IL-6 productive state,
such as chronic inflammation and liver cirrhosis, but it
needs confirmation in in vivo studies. A recent human
study implies that microRNA-155, a known regulator
of liver inflammation, may contribute to lower CYP
[47]
3A4 activity in liver cirrhosis , but the data presented
in this study are merely descriptive and lack a clear
mechanistic explanation.
The effect of liver fibrosis or cirrhosis on CYP450
expression and function outside the liver remains
controversial. In a human study with 23 patients
with various degrees of cirrhosis, duodenal CYP 3A
expression and total midazolam hydroxylation were
both reduced to less than 50% of normal control
[48]
patients . In a pharmacokinetic animal study of
ofloxacin, the authors found increased CYP enzyme
activity in cirrhotic rats (CCl4, ethanol and high fat) as
a reason for prolonged and reduced bioavailability of
[49]
the test substance . It must be clarified in additional
studies whether these conflicting data are speciesspecific or relate to the different study designs.
In summary, most CYP isoforms are reduced
in expression and activity in advanced fibrosis and
cirrhosis. This especially holds true for the important
isoenzymes 1A2, 2E1 and 3A4 (for exogenous
compounds) but also for CYP 7A1 (for bile acids). One
important problem in many studies is that only mRNA
data are available for the respective animal model or
the human liver disease. Additionally, even protein
expression data do not necessarily reflect the enzyme
activity in vivo in advanced liver disease (see also
below).

also potentiate the genotoxic effect of a certain
carcinogen. In general however, these metabolites
are no longer toxic or carcinogenic, and therefore
phase Ⅱ-metabolism is the final step of detoxification
(before transport into urine or bile). Not surprisingly,
both groups of enzymes are regulated coordinately by
[28,52]
the nuclear receptors AhR, CAR, PXR and PPAR
together with phase Ⅰ and transporters, and this
[39]
principle also holds for human liver disease . In the
latter study, coordination between nuclear receptors
and metabolic enzymes was even stronger in severe
liver disease (METAVIR score 3-4 in patients with
mainly HCV) than in mild liver disease, indicating
[39]
increasing cross-talk between transcription factors .
Human SULT 2A1, an important sulfotransferase
for endogenous compounds including bile acids,
has been shown to be regulated by the retinoid[53]
related orphan receptors RORα and β . For UDPglucuronosyltransferase (UGT) 1A7, a clear association
of low-activity genotypes with cirrhosis, functional
[54]
hepatic impairment and HCC was shown , indicating
the importance of detoxification by this isoenzyme in
the pathophysiology of chronic liver disease.
Increasing amounts of deposited cholesterol in
the livers of rats fed with high cholesterol diet, with
final development of fibrotic steatohepatitis, led to a
progressive down-regulation of the mRNA expression
of SULT 2A1 and UGT 1A1 as well as UGT activity,
most likely due to the parallel down-regulation of PXR
[55]
and CAR . In a rat model of toxic fibrosis/cirrhosis
(treatment with thioacetamide), major UGT isoforms
were up-regulated, but the enzyme activity was
[56]
unchanged . In CCl4-cirrhotic rat livers, however,
UGT protein expression was completely preserved
[57]
while enzyme activity was not measured . In biliary
cirrhotic rats, we also found the protein content of UGT
1A isoforms unchanged, but the enzyme activity of
[58]
both UGT and SULT isoforms was clearly reduced .
As Mrp2 expression (the main transporter of glucu
ronidated and sulfated metabolites) is extensively
down-regulated in biliary cirrhosis, these results can be
interpreted as end-product inhibition of UGT 1A activity
[58]
via lack of efflux .
[44]
Zollner et al
investigated the mRNA expression
of a few UGT and SULT isoforms (UGT 2B4 and 2B7
and SULT 2A1) in 11 PBC patients and found them
unaltered. This result is only partially in line with an
earlier human study showing the mRNA expression
levels of several UGT isoforms (1A4, 2B4, 2B7) to be
significantly down-regulated in inflammation but not
[59]
in fibrotic livers . Later, the same group confirmed
unaltered UGT isoenzyme mRNA in advanced fibrosis
[39]
or cirrhosis in viral hepatitis . In a recent human
study, the authors analyzed UGT and SULT expression
along with NAFLD from steatosis via NASH to
[60]
cirrhosis . In this comprehensive study, the mRNA
expression levels of numerous UGT and SULT isoforms
were almost invariably preserved in cirrhosis. Protein
expression of the tested UGT isoforms (1A1, 1A6, 1A9

Phase-Ⅱ metabolism (UGT’s, sulfotransferases)

Phase Ⅱ in metabolism of xenobiotics is conferred
by several groups of enzymes, the most important
of which are uridine diphosphate (UDP)-glucuro
nosyltransferases (2 families with more than 20
[50]
isoforms ) and sulfotransferases (13 isoforms in 4
[51]
groups ). The ultimate goal of phase Ⅱ metabolism
is the solubilization of metabolites in water and
thereby the potential for excretion in urine and bile.
Nevertheless, sulfatation by sulfotransferases can
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[63,64]

and 2B10) was also very similar in normal, steatotic
and cirrhotic tissue, with a significant down-regulation
in cirrhosis only for 1A6. SULT isoenzymes protein
expression levels (analyzed for 1A1, 1C4 and 2A1)
were significantly up-regulated for SULT 1C4 (important
for endocrine metabolism) and down-regulated for 2A1
in cirrhotic NASH. The significance of these specific
regulatory events on enzyme activity or hepatic
metabolism must remain open as in this study, UGT
activity was unchanged in all NASH patients, and SULT
activity was significantly reduced in fatty and cirrhotic
[60]
NASH patients . In another study analyzing the
SULT isoenzymes 1A1, 2A1, 1E1 and 1A3 in fatty liver
disease (both NASH and ASH), the authors showed a
clear reduction of SULT 1A1, 1A3 and 1E1 activity and
protein expression correlating to the extent of fatty
[61]
liver disease . This down-regulation was pronounced
in alcoholic cirrhotic patients, where additionally
SULT 2A1 activity was reduced. In general, this study
found a clear reduction in the protein expression and
function of SULT isoenzymes with the progression of
[61]
liver disease . In contrast, SULT 1A1 activity was
unchanged in cirrhosis in a study analyzing phenacetin
metabolism, while cirrhotic patients with elevated SULT
1A1 activity (along with preserved CYP 1A2 activity)
[40]
were at higher risk for HCC (see above ). These
partially conflicting data may indicate on the one hand
high interindividual differences and on the other hand
the decoupling of molecular expression and activity
of isoenzymes during advancing fibrosis. Additionally,
a decrease in SULT expression or activity can be
modified by sulfatase activity, which is known to be
[62]
reduced in cirrhosis as well .
In general, UGT and SULT expression seem to be
largely unchanged in advanced fibrosis and cirrhosis.
However, with regard to the enzyme activity of these
two important phase Ⅱ enzymes, we are facing
a serious methodological problem. Most studies
(especially in humans) have used in vitro methods
with defined substrates to determine the activity of
[60,61]
the respective isoenzymes
. In these isolated
test situations, the pure enzymatic activity of each
specific isoenzyme can be determined accurately
and is preserved for most isoenzymes. In contrast,
data from rat in vivo experiments indicate that in the
cirrhotic liver, where the transport of some phase Ⅱ
metabolites is impaired (see below), the phenomenon
[58]
of end product inhibition can occur . As phase Ⅱ
metabolism is crucially linked to transporter-mediated
export into bile, these results in a reduced in vivo
activity of phase Ⅱ isoenzymes despite preserved in
vitro activity. The validity of in vitro data is therefore
in question, which in turn indicates the increasing
importance of in vivo test systems for hepatic
metabolism in health and disease.

specific human disease entities
.
Basolateral import transporters of the liver are
down-regulated in inflammatory and cholestatic
[63]
conditions . In human cholestatic liver disease,
decreased Na-taurocholate co-transporting polypeptide
(NTCP) (SLC 10A1), mRNA and protein levels have
been observed in PBC patients with stage Ⅲ and
[65,66]
[67]
as well as biliary atresia . Reduced
Ⅳ disease
organic anion-transporting polypeptides (OATP1B1)
and OATP1B3 mRNA and protein expression have also
[65,66]
been described in the later stages of PBC
. In line
with these findings, OATP1B1 down-regulation can
be observed in other cholestatic conditions such as
[68]
PSC . Remarkably, the expression of NTCP is only
reduced in PBC stage Ⅳ (cirrhosis), whereas OATP1B1
[65,68]
is diminished at an earlier stage Ⅲ
. The downregulation of NTCP (SLC 10A1) and OATP1B1 may not
only contribute to impaired hepatic bile salt uptake
in the advanced stages of cholestatic liver disease
but could also represent a defense mechanism that
is partially limiting the accumulation of potentially
[65]
toxic bile salts . As another line of defense, the
compensatory upregulation of basolateral escape
transporters such as the multidrug resistanceassociated proteins MRP3 (ABCC3) and MRP4 (ABCC4)
is already induced at a precirrhotic PBC stage, while
canalicular ATP-dependent export pumps remain stably
[44,65,66,69]
expressed in the cirrhotic stage
.
Canalicular transport systems of the liver are less
tightly regulated in inflammatory and cholestatic
conditions. For Multidrug resistance-associated protein
2 (MRP2, ABCC2), decreased immunostaining has
been described in a subset of PBC patients with stage
[70]
Ⅳ disease and progressive cholestasis . Similarly,
decreased MRP2 (ABCC2) mRNA levels have also been
observed in PSC patients and patients with poorly
[68,71]
drained obstructive cholestasis
. In the latter study,
the mRNA levels of MRP2 (ABCC2) and bile salt export
pump (BSEP, ABCB11) were decreased in poorly
drained compared to well-drained patients, who were
at the levels of control subjects. Immunostaining of
MRP2 (ABCC2) and BSEP (ABCB11) at the canalicular
membrane domain were fuzzy to varying degrees in
the specimens obtained from poorly drained cholestatic
liver but linear and intense in the liver of well-drained
patients and control subjects, correlating with impaired
[71]
bilirubin conjugate and bile acid secretion .
The down-regulation of hepatic transport systems
has also been observed in patients with non-cholestatic
chronic inflammation of the liver such as hepatitis C
infection. Together with the expression levels of nuclear
receptors as the transactivators, the mRNA levels of
various transporter genes, including NTCP (SLC10A1),
OATP1B1, BSEP (ABCB11) and MRP2 (ABCC2), are
decreased depending on the stage of fibrosis, with
an approximately 50 % decrease between F3 and
[72]
F1 patients . In another study investigating viral
hepatitis C patients, inflammatory cytokines such as
tumor necrosis factor (TNF)α have been found to be

Transport

Functional changes in enterohepatic transport systems
have been described in experimental liver disease and
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transcellular pathway, which can be blocked by col
[81]
chicines . This might be an explanation for ICG
plasma disappearance that occurs in humans during
the anhepatic phase of orthotopic liver transplantation,
[82]
possibly hampering the validity of the test .
Although less frequently used in clinical practice today,
hepatobiliary radiotracers such as 99mTc-mebrofenin
and 99mTc-N-pyridoxyl-5-methyltryptophan (99mTcPMT) share a transporter spectrum that is partially
overlapping with ICG, which involves OATP1B1 and
[80,83,84]
OATP1B3 for basolateral uptake
. 99mTcmebrofenin and 99mTc-PMT excretion into bile cana
liculi is facilitated by the canalicular ATP-dependent
[83,84]
export pumps MDR1 (ABCB1) and MRP2 (ABCC2)
,
which contribute to the visualization of biliary struc
tures in clinical scintigraphy.
Changes in transporter expression in chronic liver
disease associated with fibrosis or even cirrhosis
also have implications for MRI-based imaging. MRI
contrast agents are taken up into and excreted out
of hepatocytes by the same transporters of the
OATP and MRP family. Experimental cirrhosis in
rats is associated with the decreased entry of GdBOPTA into hepatocytes in a radioactivity distribution
[85]
compartment model in agreement with the reduced
expression of Oatp transporters in experimental
[86]
cirrhosis . Although the entry of contrast agent into
hepatocytes was lower in cirrhotic than in normal
livers, the accumulation of Gd-BOPTA was higher in
cirrhotic livers because biliary excretion was totally
[85]
abolished , again correlating with decreased Mrp2
(Abcc2) expression in previous studies. Additionally,
the Gd-EOB-DTPA uptake in hepatocytes is strongly
[87]
affected by liver function . Gd-EOB-DTPA-enhanced
MRI and the assessment of relative enhancement
during the hepatobiliary phase may serve as a useful
image-based test in liver imaging for determining
[88]
regional and global liver function .

increased with fibrosis stage F3, while transporters
[38]
including OATP1B1 were decreased . Additional
cell culture experiments have also demonstrated a
functional contribution of interleukin (IL)-1 and -6,
which was most prominent for NTCP (SLC 10A1).
The functional consequences of decreased tran
sporter expression during the progression of fibro
genesis have been studied in rats with experimental
[58]
biliary cirrhosis . A significant down-regulation of
canalicular multidrug-resistance transporters, including
Mrp2 (Abcc2) and Bcrp (Abcg2), has been detected,
while the biliary excretion of a radiolabelled foodderived carcinogen into the bile was significantly
decreased. Of note, the mRNA and protein expression
of MRP2 (ABCC2) was only moderately decreased
in human livers with alcoholic cirrhosis, whereas
[73]
BCRP (ABCG2) was increased . Therefore, the
potential contribution of decreased carcinogen defense
transporters to the increased hepatic and extrahepatic
incidence of cancers in cirrhosis patients remains to
be evaluated in more detail. Additional findings for
hepatic uptake systems have been obtained in rat
liver perfusion experiments. Here, a linear relationship
was found to exist between the histopathologic
fibrosis index and the hepatic extraction ratio of
[74]
3H-taurocholate .
In summary, changes in transporter expression
[75]
in cirrhosis fit into the “cholestatic paradigm”
of
transporter regulation. Cirrhosis also represents a
cholestatic state with the intracellular accumulation
of bile acids in hepatocytes. Consequently, import
transporters (at the basolateral membrane) are
downregulated, and export transporters (especially
basolaterally) are simultaneously upregulated. At
the canalicular membrane, the regulation events are
less uniform and also depend upon the stage and
pathogenesis of fibrosis and cirrhosis.
In clinical practice, decreased hepatic transport
and metabolic function may be critical for decision
making in critically ill patients or those undergoing
hepatic intervention or surgery. Methods to assess
hepatic function quantify the abundance and functional
integrity of the basolateral uptake and canalicular
export systems described above. The indocyanine
green (ICG) disappearance rate reflects a direct
non-invasive measure of the actual functional state
of these hepatic transport systems at the time of
[76-78]
assessment
. Albumin-bound water-soluble
[79]
ICG, which is not metabolized by hepatocytes , is
selectively taken up by the basolateral uptake systems
NTCP (SLC10A1) and OATP1B3 and is later excreted
unchanged into the bile by the canalicular MRP2
[80]
(ABCC2) transporter . At the basolateral membrane,
[80]
OATP1B1 and OATP2B1 are both inhibited by ICG .
ICG clearance thus reflects the overall hepatic uptake,
and excretory function and can be used to assess liver
function in patients with chronic liver failure and as a
[76]
prognostic factor in critically ill patients . However, a
delayed residual ICG excretion indicates an additional
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Lipid and glucose metabolism

Interaction and changes in hepatic lipid and glucose
metabolism are important for the etiology and
[89]
progression of non-alcoholic steatohepatitis .
These changes are not confined to the liver, and
they contribute to the development of liver cirrhosis
rather than being the result of cirrhosis development.
Insulin resistance, increased synthesis and the release
of free fatty acids and changes in the production of
leptin, adiponectin and interleukins 1 and 6 are the
central players in NAFLD and NASH-dependent liver
[90,91]
fibrosis
, and these changes are connected to
[92]
excessive fat accumulation in obese NASH patients .
However, studies investigating changes in lipid
and glucose metabolism in liver cirrhosis are rare.
Insulin resistance is also an important hallmark in liver
cirrhosis, but here it is a catabolic disease associated
with muscle wasting, anorexia and weight loss. Twenty
years ago, a receptor/postreceptor dysfunction was
already postulated as the explanation for the glucose
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metabolism disturbances and malnutrition found in
cirrhotic patients, based on altered membrane lipid
composition, hyperinsulinemia and a lack of liver[93]
derived humoral factors . Protein synthesis in
[94]
general is disturbed in liver cirrhosis , intensifying
[95]
ER stress and organ failure , but the changes in
glucose and lipid metabolism are more complex and
are individually very diverse depending on the general
metabolic status. This concept is also illustrated by
the results of a microarray analysis of fibrosis progres
sion in hepatitis c patients. In this study, the amino
acid metabolism enzymes were more severely and
uniformly down-regulated than were the glucose and
[6]
lipid metabolism enzymes .
Patients with cirrhosis were shown to have a
lower energy intake and a higher resting energy
expenditure, higher fasting leptin and higher insulin
[96]
resistance than controls . In a follow-up study with
42 cirrhotic patients, the same group found increased
postprandial glucose, insulin and glucagon-like pep
tide 1 responses and reduced postprandial ghrelin.
Interestingly, in this latter study, these metabolic
changes were related to delayed gastric emptying and
[97]
prolonged small bowel transit , and a high proportion
of these patients suffered from gastrointestinal
symptoms. Additionally, cirrhotic patients showed
increased rates of gluconeogenesis but lower net
[98]
hepatic glycogenolysis . These effects explain the
higher insulin resistance and the diminished reaction to
hypoglycemia in cirrhotic patients. Hyperinsulinemia in
cirrhotic patients has also been linked to an increased
[99]
pancreatic beta-cell sensitivity to glucose , again
an extrahepatic metabolic effect of liver cirrhosis. In
the explanation of higher circulating plasma levels
of enzymes (e.g., insulin or glucagon) or proteins in
general, the decreasing hepatic extraction capacity as
represented by, for example, the asialoglycoprotein[100]
receptor certainly plays a role
but must be quan
[99]
tified individually . However, again, effects such as
this may form a basis for another non-invasive test of
a part of liver function, in this case the extraction of
[101-104]
circulating proteins from the portal blood
.
Fibroblast growth factor (FGF) 15/19 acts as a FXRactivated negative feedback regulator that signals
from the intestine to the liver to repress bile acid
synthesis and has recently been recognized to regulate
energy homeostasis and lipid metabolism (Jahn and
Geier, Mechanisms of enterohepatic Fibroblast Growth
Factor (FGF) 15/19 signaling in health and disease,
manuscript submitted). Intestinal FGF19 has emerged
as a novel endocrine regulator of hepatic bile salt and
lipid metabolism, and an impaired hepatic response
to FGF19 may contribute to the dysregulation of lipid
[105]
homeostasis in NAFLD patients
. Although no data
on FGF19 expression and signaling exist in human
liver cirrhosis, recent data from mouse experiments
indicate that activated ileal FGF15 may contribute to
HCC development in the context of chronic liver injury
[106]
and fibrosis .
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Many associations between cytokine regulation
and metabolism have been identified. The level of
the adipokine resistin was increased in 57 cirrhotic
patients and correlated negatively with hepatic
glucose production and positively with circulating
free fatty acids and TNF-α levels, implicating an
effect in glucose and lipid metabolism. However,
resistin was not associated with the degree of insulin
resistance after transplantation; the resistin levels
remained unchanged, while the insulin resistance was
[107]
significantly improved
. Adiponectin has also been
shown to be elevated in liver cirrhosis without any
etectable correlation with the parameters of lipid or
[108]
glucose metabolism or proinflammatory cytokines .
So far, the overall influence of these cytokine regulatory
events on lipid and glucose metabolism is unclear, and
a causal relationship has not continuously been shown.
However, it is obvious that altered cytokine profiles
in liver cirrhosis contribute to systemic alterations
in lipid and glucose metabolism that concern many
extrahepatic sites, such as the pancreas, the gut
and the muscle tissue. Still, the exact mechanisms
of altered lipid and glucose metabolism during liver
cirrhosis deserve further research.
In addition to the general changes in cirrhotic livers,
disease-specific metabolic events must be considered
in these patients. As such, hepatitis B virus (HBV)
infection alters bile acid and cholesterol metabolism
as a consequence of impaired NTCP-mediated bile
[109]
acid uptake into hepatocytes
. Using human liverchimeric uPA/SCID mice (SCID - severe combined
immunodeficiency) and human liver biopsies from
[110]
HBV patients, Oehler et al
showed that nuclear FXR
localization and SHP expression are decreased with
chronic HBV infection, leading to relevant expression
changes in genes involved in bile acid synthesis as well
as cholesterol uptake and synthesis. The metabolic
consequences for patients with chronic HBV infection
and particularly end-stage liver disease remain to be
determined. The regulatory events of liver cirrhosis
described in this chapter are summarized in Figure 2.

BREATH TESTS FOR LIVER METABOLISM
AND FUNCTION
Several functions of hepatic metabolism can be
monitored non-invasively using specific breath test
analysis. The determination of pCO2 in breath following
the ingestion of a meal was the first application
of a breath analysis in hepato-gastroenterology in
[111-113]
the early twentieth century
. Because of their
minimally invasive nature and feasibility, breath
tests were attractive for their clinical use but had no
clinical applications for almost 40 years. Later on, a
large variety of breath tests were introduced as “notouch” functional diagnostic tests and are currently
performed to investigate gastrointestinal motility and
[114]
liver disorders
. Typical stable isotope breath tests
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[134,135]

by

:
clearance = [c (arterial) - c (hepatic venous)]/c
(arterial) × hepatic blood flow
with [c (arterial) - c (hepatic venous)]/c (arterial)
defined as first pass hepatic extraction E, calculated
from the concentrations of the substance measured
[136]
in the arterial and hepatic venous blood
. For
substances with high extraction, which is facilitated
by high affinity transport systems, e.g., for orally
[137]
administered bile acids
, the membrane sodiumdependent bile acid transporter and organic solute
transporter (OST-α/OST-β in enterocytes, the Nadependent taurocholate cotransporter (NTCP,
SLC10A1) and the Na-independent superfamily of
organic anion transporting polypeptides (OATP) at the
basolateral membrane of hepatocytes, elimination halflives are in the range of minutes, and the clearance
is close to HBF. If flow-dependent substances are
[138]
[139]
administered, such as ICG
or lidocaine , then the
hepatic extraction of ICG in normal controls measured
by hepatic venous catheter is 0.7-0.9. In patients with
liver diseases, it is reduced, with values < 0.3.
Test substances with E < 0.25, such as the CYPmetabolized xenobiotics aminopyrine or diazepam,
are only extracted to a small amount during liver
passage, i.e. , the hepatic disposition of the substance
is determined only by the metabolic capacity of the
liver and not by HBF. Interestingly, for most substrates
frequently used for the assessment of hepatic
biotransformation function (methacetin, aminopyrine),
the transport mechanisms are not well described.
13
For example, erythromycin applied as a C-labeled
substrate in a breath test for hepatic CYP 3A4 activity
[140]
inhibits OATP1B1 and OATP1B3
, is transported by
OATP1B1 and is a substrate for MRP2 (see also ICG
[135]
transport above
). Again, transport function alters
erythromycin metabolism, showing a close relationship
with hepatocyte metabolism and transport in humans
[141]
as well . This interrelationship must be implemented
13
in the interpretation of the C erythromycin breath
test. The biotransformation of drugs is reduced in
patients with severe liver diseases, whereas the
microsomal monooxygenase system is the most
affected. The well-known reduction of total cytochrome
[142,143]
P450 protein in patients with liver cirrhosis
could be characterized in detail by George and coworkers for specific CYP subfamilies in patients with
cholestatic (primary biliary cirrhosis, primary sclerosing
cholangitis, biliary atresia, idiopathic cholestasis) and
non-cholestatic liver cirrhosis (auto-immune hepatitis,
alcoholic cirrhosis, chronic viral hepatitis) in different
[34]
Child Pugh stages (see above ). Furthermore,
the CYP1A2 protein amount and catalytic activity
is significantly and homogenously reduced in both
cholestatic and non-cholestatic liver cirrhosis compared
to a control group, which serves as a pathobiochemical
13
basis of the frequently used C-methacetin breath
[34,144-147]
test
. It is important to note that the activity
of the NADPH-cytochrome P450 reductase is not

Table 1 Typical clinical applications for the quantitative
13
assessment of hepatic function by means of C-labeled
compounds as breath test substrates
13

Investigated function
Bile acid malabsorption
Hepatic microsomal function
(CYP P450)
Hepatic cytosolic function
(galactokinase)
Hepatic mitochondrial function
(α-keto acid dehydrogenase complex)

C-labelled compound

Glycocholic acid
Aminopyrine, methacetin,
phenacetin caffeine, diazepam,
erythromycin
Galactose, phenylalanine
Methionine, octanoate,
α-ketoisocaproic acid

for liver function are listed in Table 1.
Liver function tests using unlabeled and labeled
13
14
15
( C, C, D, N) compounds as marker substances
play an important role for the management of patients
with chronic liver disease. Chronic liver diseases
comprise pathomorphological features such as ne
crosis, inflammation, fibrosis, changes of intra- and
extrahepatic blood flow and impaired function. These
changes result in the typical clinical manifestations
of complications governing overall patient outcome,
whereas the degree of functional impairment has
been described as a stronger predictor for the clinical
outcome than are histological changes in patients
[115]
with chronic hepatitis C infection
. Indices for the
prediction of survival are essential tools for assessing
prognosis, establishing priority for liver transplantation
and identifying those at high risk for developing
complications due to disease progression or following
[116-118]
interventions
. Determining the hepatic reserve
is essential for assessing the prognosis, predicting
[119,120]
decompensation and organ allocation
. Decisionmaking in the treatment of patients with chronic liver
disease focuses on the early identification of these
[118,120]
patients
. For the non-invasive evaluation of
“quantitative liver function” exogenous/xenobiotic
or natural liver, specific test substances have been
introduced to specify partial function, such as
hepatic blood flow (HBF) by ICG clearance or cholate
clearance, hepatic plasma flow by sorbitol elimination
13
capacity, cytosolic liver function by ( C) galactose
elimination capacity, mitochondrial function by alpha13
ketoisocaproic acid or C-methionine breath test
13
(MeBT), hepatic cytochrome P450 function by C
aminopyrine (CYP 2C19, 2D6) (ABT), caffeine test
13
or C-methacetin (CYP 1A2) (MBT) breath test or
lidocaine/monoethylglycinexylidite (CYP 3A4) (MEGX)
[121-134]
test
. The dual cholate test is a novel oral (D413
cholate) and intravenous ( C-cholate) simultaneous
function test that quantifies clearance from the
systemic circulation, portal circulation and portal
[134]
systemic shunting .
Hepatic clearance (in ml of plasma/min/kg of
substance cleared) can be flow or functional liver cell
mass-dependent (comprising extraction and metabolic
efficiency of hepatocytes) or both and is given
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Figure 2 Regulatory events in hepatocytes in liver cirrhosis. In the left hepatocyte, the regulation in transport proteins (phase 0 and phase Ⅲ) is shown, and
in the right hepatocyte, regulation in phase Ⅰ and phase Ⅱ metabolism is summarized. Large arrows show the tendency of protein expression and/or activity
for the respective single enzyme/transporter or groups of enzymes/transporters (up- or downregulation or no change). Central nuclear receptors for each group
of enzymes are additionally shown. Details and source of the data are given in the text. expr.: expression; act.: activity; BA: bile acids; OA: organic anions; OC:
organic cations; Xen: xenobiotics; NTCP: Na-taurocholate co-transporting polypeptide; OATP: Organic anion-transporting polypeptide; UGT: Uridine-diphosphateglucuronosyltransferase; SULT: Sulfotransferase; MRP: Multidrug resistance-associated protein.

decreased in patients with liver cirrhosis, and thus
the reduction of specific CYP isoforms in hepatocytes
for the selective change of the mixed functional
[34]
monooxygenase activity is causative .
In summary, transport systems are an important
component of well-established flow and liver cell
mass-dependent liver function tests. The involvement
of multiple processes, including substance uptake
in the intestine and the hepatocyte, metabolism,
and excretion from the hepatocyte indicate that the
(patho)-physiological interpretation of a liver function
test is multilayered and might influence the clinical
[135]
value of a single test .

sequence of enzymatic steps: (1) extraction of
compounds from the portal blood is followed by uptake
into the hepatocyte (phase 0, basolateral import);
(2) oxygenation/activation of compounds (phase I,
CYP 450); (3) glucuronidation or sulfation, and rarely
acetylation, methylation or conjugation to glutathione
(phase Ⅱ, UGT, SULT and others); and (4) secretion
via the basolateral or canalicular membrane to the
caval blood or the bile (phase Ⅲ, basolateral or
canalicular export transporters).
The close connection between these steps is also
embodied by the coordinated regulation of these
metabolic steps by central nuclear receptors, which
[28,39]
is even stronger in diseased livers
. The data
summarized in this review show the down-regulation
[34,35]
of important CYP 450 isoforms
and basolateral
[65,66]
import transporters
. Phase Ⅱ enzymes (UGT,
[39,44,60]
SULT) are mostly preserved in their expression
,
but data from animal in vivo experiments point
[58]
to a reduction of enzymatic function . Lipid or
glucose metabolism is individually altered as a
result of cytokine regulation, differential enzyme
expression and basic metabolic status but is in general
characterized by hyperinsulinemia, insulin resistance
[96,98]
and catabolism
. These data show the complexity
of metabolic processes and their regulation in cirrhosis.
Experimental data clearly show that every metabolic
step can influence the preceding steps of metabolism
in their functional capacity or differentiation. In a

CONCLUSION
Liver cirrhosis is a serious disease with far-reaching
changes in gene expression and function. The
impairment of hepatic function has consequences
for the treatment and prognosis of patients. These
consequences mainly comprise the resection of
hepatocellular carcinoma (or other tumors including
metastasis) and an indication for liver transplantation.
Additionally, decisions about medical treatment
must take impaired liver function into account
(dose adjustment), and the altered metabolism of
xenobiotics including carcinogens can have an impact
on toxic or carcinogenic effects in the body.
Metabolism in the liver represents a coordinated
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Table 2 Established scores or criteria for treatment decisions in hepatology, some criteria are used with different parameters in
different countries
Name
MELD[163]
Child Pugh[164]
King’s College[165]
Clichy[165]
Milano[166]

Parameters

Used for

INR, creatinine, bilirubin
Prothrombin time, bilirubin, ascites, encephal., albumin
Paracetamol-ALF: pH, INR, creatinine, encephal
Non-paracetamol-ALF: INR, age, bilirubin, timing of jaundice, etiology
Age, factor V, encephalopathy
Size and number of tumor nodules

CLF, LTX, resection
CLF, resection
ALF, LTX
ALF, LTX
HCC, LTX

INR: international normalized ratio; CLF: chronic liver failure; ALF: acute liver failure; encephal.: encephalopathy; LTX: liver transplantation; HCC:
hepatocellular carcinoma.

[155]

study in Gunn rats (an animal model for Crigler-Najjar
syndrome), the lack of UGT1 isoforms significantly
changed the metabolic ratio of phase Ⅰ metabolism
[148]
conferred by CYP isoforms . The influence of a single
transporter function on hepatic metabolism is best
exemplified by MRP2. MRP2 represents a transporter
[149]
for organic anions
but also transports amphipathic
[150,151]
compounds in co-transport with glutathione
. The
genetic loss of MRP2 expression forms the basis for the
[152]
rare Dubin Johnson syndrome , but acquired MRP2
deficiency is common in cholestatic diseases, including
[72,73]
liver cirrhosis
. In Mrp2 knockout mice but also
in patients with a MRP2 polymorphism, metabolism
of erythromycin was altered independently from CYP
[141]
3A4 expression and function . In animal studies, the
pronounced down-regulation of the canalicular organic
anion transporter MRP2 is supposed to be responsible
for the pronounced functional inhibition of phase Ⅱ
[58]
enzymes
despite preserved enzyme expression.
The up-regulation of Mrp3 and 4 at the basolateral
membrane can obviously only partially compensate
for this acquired Mrp2 deficiency. Phase Ⅱ metabolism
is extremely important in the detoxification of
endogenous and exogenous toxicants, including
carcinogens. At least in rats, the accumulation of
metabolized but also activated carcinogens in the liver
and in other organs as a consequence of genetic or
acquired Mrp2 deficiency was shown and may have
consequences for the toxic and carcinogenic effects
[58,153]
of xenobiotics
. However, species differences
can complicate the interpretation of these results.
Hepatic BCRP, a transporter with overlapping substrate
specificity, can compensate for MRP2 deficiency in
[73]
humans, where it is preserved or even upregulated ,
while in rats, it is down-regulated during liver cir
[58]
rhosis . As a further complication, extrahepatic
expression of these transporters also contributes to
metabolism, tissue accumulation and the excretion of
toxic compounds. In colonic adenomas, BCRP is more
down-regulated in humans than in mice, where the
accumulation of a food-derived carcinogen has been
[154]
shown to promote carcinogen accumulation
. The
overall effect of impaired liver function the metabolism
of toxins and carcinogens is not sufficiently defined
and needs further studies, especially epidemiological
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data .
Dose adjustments in patients with liver cirrhosis
are also difficult and mostly based on rough calculation
[156]
of hepatic function with Child Pugh criteria
. Many
of the tests mentioned above, using either blood or
breath samples, exploit pharmaceutical compounds
such as midazolam or erythromycin, but no test can
be recommended for dosing decisions in cirrhotic
[114,156]
patients
.
The summarized data show that in humans,
enzymatic functions are difficult to test in vivo, and
therefore ex vivo methods (e.g., microsomal assays)
have been used. In these assays, however, the
enzymatic function is tested in an isolated manner,
leaving out the necessary connection between phases
0 and Ⅲ. For almost all steps in hepatic metabolism,
there is a test that can be applied, but the full picture
is hidden behind many complex regulatory events.
No single test is able to reliably estimate liver function
simply because liver function is extremely complex
and encompasses many diverse functions. Breath tests
have advantages in daily patient care as they are noninvasive, readily available and can be applied in vivo in
[114,115,134]
the intact metabolic sequence
. Nevertheless,
even these tests are dependent on test substances,
and therefore the used test substance and its rate[114]
limiting step determines the value of the test
.
From a logical point of view, it certainly is useful to
combine breath tests with different test substances
and different rate-limiting metabolic steps to examine
different aspects of liver function in a test panel.
In every-day practice, established global easy-tomeasure scores such as MELD or Child Pugh will be
used for a first estimation of liver function (Table 2 and
Figure 1). The continuing discussion about the efficacy
and validity of these scores already shows their
[157-160]
limitations
. We know too little about functional
tests in liver cirrhosis, and all available tests only
represent parts of the individual’s liver function. As a
consequence, even applying multiple tests on different
aspects of liver function cannot avoid the misjudgment
[161,162]
of individual patients
. If difficult decisions in
treatment must be made (e.g., partial liver resection
or liver transplantation), the application of two or more
complementary breath tests as outlined above may
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help in an appropriate classification of liver function to
live up to the expectations of clinicians and patients in
legitimate treatment decisions.
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imaging. In addition to sonography and computer
tomography, MRI is a valuable tool for diagnosing
cardiovascular and abdominal diseases, for determining
disease severity, and for assessing therapeutic success.
MRI techniques have improved over the last few
decades, revealing not just morphologic information,
but functional information about perfusion, diffusion
and hemodynamics as well. Four-dimensional (4D)
flow MRI, a time-resolved phase contrast-MRI with
three-dimensional (3D) anatomic coverage and velocity
encoding along all three flow directions has been used
to comprehensively assess complex cardiovascular
hemodynamics in multiple regions of the body. The
technique enables visualization of 3D blood flow
patterns and retrospective quantification of blood flow
parameters in a region of interest. Over the last few
years, 4D flow MRI has been increasingly performed in
the abdominal region. By applying different acceleration
techniques, taking 4D flow MRI measurements has
dropped to a reasonable scanning time of 8 to 12 min.
These new developments have encouraged a growing
number of patient studies in the literature validating
the technique’s potential for enhanced evaluation
of blood flow parameters within the liver’s complex
vascular system. The purpose of this review article
is to broaden our understanding of 4D flow MRI for
the assessment of liver hemodynamics by providing
insights into acquisition, data analysis, visualization and
quantification. Furthermore, in this article we highlight
its development, focussing on the clinical application of
the technique.

Abstract

Key words: Four-dimensional flow magnetic resonance
imaging; Phase contrast-magnetic resonance imaging;
Liver cirrhosis; Imaging technique; Hemodynamics; Blood
flow; Visualization; Quantification; TIPS; Splanchnic system
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Since its introduction in the 1970’s, magnetic resonance
imaging (MRI) has become a standard imaging
modality. With its broad and standardized application,
it is firmly established in the clinical routine and an
essential element in cardiovascular and abdominal
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insights into the 4D flow MRI imaging technique
for blood flow visualization and flow quantification
in patients with advanced liver cirrhosis and in
healthy volunteers. I also aim to describe the clinical
advantages and disadvantages of the method,
illustrating recent developments of the technique
in the liver’s vascular system as well as presenting
several very recent clinical applications of the method
for evaluating hemodynamic anomalies.

of morbidity and mortality in the United States,
Europe and Asia. Advanced stages of liver cirrhosis
are accompanied by hemodynamic changes of the
hepatic vascular system. Four-dimensional (4D) flow
magnetic resonance imaging (MRI) has been validated
for the clinical assessment of the liver blood flow in
patients with advanced liver cirrhosis. It represents
a method that supplements Doppler ultrasound and
provides important additional information on the
vessel system in difficult patients. The purpose of this
review is to provide insights into 4D flow MRI for blood
flow visualization and quantification in patients with
advanced liver cirrhosis.

DIAGNOSTIC MODALITIES FOR LIVER
FIBROSIS AND LIVER CIRRHOSIS
A perfect non-invasive test for patients with liver
cirrhosis would be simple to perform, safe, inexpensive,
accurate, reproducible, yield numeric results in real
time, reflect therapy-induced changes, enable prognostic
stratification, and predict potential long-term outcomes
[18-20]
related to liver cirrhosis
.
Liver biopsy is acknowledged as the gold standard
when diagnosing liver cirrhosis and assessing the stage
[21-24]
and grade of chronic hepatitis
. The histological
sub-classification and quantitative evaluation of hepatic
fibrosis reveals a correlation with the disease’s clinical
stage and prognosis, and is valuable in validating
[25,26]
other non-invasive markers
. The repeatability
of liver biopsy and its clinical acceptance by the
patients is limited by its potential for complications,
sampling errors, inter- and intra-observer variability,
[27,28]
and invasiveness
. In patients with liver cirrhosis,
measurements of the hepatic venous pressure gra
dient (HVPG) provide an accurate estimate of portal
pressure and offer a solid clinical and prognostic
[29-32]
marker for chronic liver disease
. It enables us
to assess the development of clinical complications,
e.g. esophageal varices and bleeding and the risk of
decompensation, and provides independent prognostic
information on patients’ survival and future mortality
[33-37]
risk
. Similar to liver biopsy, HVPG’s main limitation
[32]
is its invasiveness and limited availability . Much
effort has been made to identify a non-invasive
alternative offering comparable reliability to the
invasive interventions described above.
An important clinical role is played by laboratory
tests such as biochemical and hematological serum
markers with the benefits of simple, non-invasive and
repetitive testing and results reflecting the entire liver.
Serum markers are “indirect” and “direct”: the “indirect
markers” reveal the degree and stage of fibrosis,
while “direct markers” indicate the enzymes playing
a key role in matrix regulation or the hepatic matrix
[38,39]
components and their deposition or removal
.
Studies evaluating serum markers have demonstrated
[40,41]
their predictive efficiency for fibrosis and cirrhosis
although a meta-analysis describes their accuracy as
[42]
limited in assessing the fibrosis stage . To optimize
reliability, a combination of serum markers is used
[43]
instead of a single marker . Nevertheless, non-

Stankovic Z. Four-dimensional flow magnetic resonance imaging
in cirrhosis. World J Gastroenterol 2016; 22(1): 89-102 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/89.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.89

INTRODUCTION
Liver cirrhosis is a leading cause of serious morbidity
th
and the 9 most often cause of death in the United
States and Europe with a mortality of more than 35000
[1,2]
deaths per year . The most common causes of liver
cirrhosis in developed countries are alcoholic liver
disease and hepatitis C, while in most parts of the subAfrican continent and in Asia, hepatitis B dominates as
[3-5]
the predominant cause . Liver cirrhosis reflects the
histological development of regenerative nodules and
fibrotic bands as a response to chronic liver injury. In
the cascade of liver damage, it appears at advanced
stages of liver fibrosis and is accompanied by distortion
of the hepatic vascular system. The hemodynamic
changes in the liver result in the shunting of the portal
venous and arterial blood supply directly into the
central hepatic veins, bypassing the exchange between
[6,7]
hepatic sinusoids and the adjacent hepatocytes .
The major clinical effects of the liver damage and
liver cirrhosis are impaired liver function, portal
hypertension with increased intrahepatic resistance,
and potential development of malignant hepatocellular
carcinoma. The hemodynamic changes in liver cirrhosis
are closely associated with portal hypertension and
[8,9]
vascular alterations in the liver parenchyma .
Over the last 3 decades, phase contrast (PC) MRI
has become established in the clinical routine for
diagnosing hemodynamic alterations in the heart, aorta
[10-12]
and large thoracic and abdominal vessel systems
.
Further improvements in PC-MRI led to time-resolved
(CINE) 3-dimensional (3D) PC-MRI technique with the
feasibility of three-directional velocity encoding [fourdimensional (4D) flow MRI]. 4D flow MRI enables
3D volumetric coverage and the means of assessing
hemodynamic changes in a specific region over
[13-17]
time
.
The purpose of this review article is to provide
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[71-74]

invasive assessment of the dynamic changes in portal
hypertension, liver fibrosis and cirrhosis by laboratory
[42,43]
serum markers remains inadequate
.
Diagnostic imaging modalities have a fundamental
function in managing patients with chronic liver disease
and in diagnosing the malignant transformation to
hepatocellular carcinoma. The clinical gold standard
and most comprehensive available and evaluated
[44-48]
imaging test is ultrasound (US)
and accompanied
[49,50]
techniques including transient elastography (TE)
,
[51]
acoustic radiation force impulse (ARFI) and supersonic
[52]
shear-wave elastography (SSWE) imaging. Based on
its broad availability, non-invasive character and easy
applicability, Doppler US is well established in the clinical
routine for the follow-up and assessment of patients
[44-48]
with chronic liver disease and liver cirrhosis
. In
advanced stages of liver fibrosis, morphological alte
rations are accompanied by changes in the liver’s blood
[53]
flow . Assessment by US include liver and spleen
size measurements, liver parenchyma evaluation,
but also measurements of portal vein (PV) velocities,
PV blood flow, liver perfusion, and resistance indices
[53-57]
in splanchnic arteries
. Ultrasound is reported
to demonstrate very low sensitivity and specificity
for liver fibrosis, and no correlation was detected
between US results and liver biopsies when staging
[58,59]
liver fibrosis
. Better assessment of hemodynamic
changes in the liver has been made possible by
[60,61]
contrast-enhanced ultrasound (CEUS)
. There is
evidence that regional hepatic perfusion parameters
correlate with the severity of liver failure and are
[61]
increased in patients with liver cirrhosis . The
usual US limitations are involved in this technique,
as the involvement of different contrast agents with
different kinetics and drug design, varying operator
skills and inconsistent availability of the method.
Other limitations are the patient-related and operatordependent conditions. US is influenced by the stage of
NPO (nothing per mouth), patient respiration, ascites,
bowel gas, differences in equipment and inter-observer
[62-66]
variability in the measurements
.
Other ultrasound-based techniques focus on the
mechanical properties of liver tissue and measure
differences in viscoelasticity in patients with liver
[51]
fibrosis . The modalities in evaluating liver stiffness
in hepatic fibrosis are useful to reduce invasive
pressure measurements, predict lethal complications
or improve patient’s prognoses and risk stratification.
The two most frequent modalities are either realtime based elastography or shear-wave elastography.
TE is the most widely applied and tested modality,
[51]
[52]
followed by ARFI
and SSWE . Numerous studies
have shown that TE results correlate significantly
with the histological stage of liver fibrosis and are
[67-69]
very diagnostically accurate
. Nevertheless, TE
has a high measurement failure rate of up to 20%
due to limitations like severe obesity, ascites and
[49,60,70]
subcutaneous fat
. Further restrictions for its
broad clinical use are its wide range of cut-off values
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and results variability across different studies
.
Conventional CT and MRI are well-suited for
evaluating morphological anomalies in patients with
chronic liver disease, as they show the degree of liver
injury from cirrhosis and accompanying complications.
Alterations result from portal hypertension, hepatic
insufficiency and portosystemic shunting, which result
in ascites, gastrointestinal bleeding, coagulopathy,
encephalopathy, and the formation of collateral
[75-77]
vessels and portosystemic shunts
. Predisposing
locations of the collateral vessels are distal esophageal,
the gastric fundus, paraumbilical, splenorenal,
[78,79]
retroperitoneal, abdominal wall and hemorrhoidal
.
These morphologic changes in liver hemodynamics are
usually visible in advanced stages of liver cirrhosis. As
a result, CT and MRI are unsuitable for diagnosis of
the early stages of liver cirrhosis, including functional
evaluation of the liver blood flow. An MRI-based
assessment of liver stiffness by MR elastography
(MRE) offers better contrast between different body
[80-82]
tissues than Ultrasound
. Further advantages of
the technique is its potential to assess the whole liver,
observer-independence, and no influence by the body
[83,84]
habitus
. MRE has become standard for assessing
liver fibrosis as it offers generally high sensitivity
[81-86]
and specificity for different histological gradings
.
Factors associated with this technique that limit its
use in the daily clinical routine are its expense and
[83,84]
restricted availability
.
Much experience has been gained over the last
two decades in using MRI to hemodynamically assess
[87-90]
the liver blood flow
. Most published studies relied
on 2D PC-MRI measurements, a robust and reliable
technique for hemodynamic assessment of the liver. It
has revealed low intra- and inter-observer variability
[87-90]
and high reproducibility compared to Doppler US
.
2D PC-MRI is, however, limited by the application
and positioning of 2D planes. Flow measurements
and flow quantification results obtained via 2D PCMRI can be unreliable because of difficulties in precise
orthogonal positioning of the measurement plane
[91]
within the complex liver vascular system . Another
large group of studies assessing liver hemodynamics
relied on contrast-enhanced MRI. Since nephrogenic
systemic fibrosis (NSF) has been observed with its
potential connection to the injection of gadoliniumbased contrast medium, contrast medium is being
[92-96]
more carefully applied
.
Until now, no non-invasive diagnostic modality
has been able to determine the changes in and exact
stage of chronic liver disease and portal hypertension.
Nevertheless, new modalities reveal promising results
in hemodynamic assessments of the liver. Further
clinical trials examining different disease stages are
needed to validate the reproducibility and long-term
prognostic values of these non-invasive diagnostic
modalities. These tests have the potential to lead
to unknown and new paradigms in the specific
management of patients with chronic liver disease.
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resolution, fewer motion artifacts and self-gating. A
recent study evaluated scan time savings using a k-t
GRAPPA accelerated Cartesian 4D flow MRI to visualize
[118]
and quantify liver hemodynamics
. Three different
acceleration factors were used, with additional focus
on temporal resolution. All k-t GRAPPA acceleration
factors displayed significant scan time savings, R = 3
and R = 5 over 40% to almost 8 min and R = 8 over
70% with a 4D flow MRI scan time of almost 4 min.
While acceleration factors R = 3 and R = 5 showed
quantitative blood flow and velocity results comparable
to standard GRAPPA R = 2, acceleration factor R = 8
revealed increased noise and artifacts with significantly
lower measurement results in the arterial system
[118]
according to the calculated blood flow parameters .
Another current study is evaluating a combinedspiral-sampling and dynamic-compressed-sensing
[119]
approach for faster acquisition of 4D flow MRI
. In
a study cohort with 10 subjects, investigators have
demonstrated the feasibility of applying 4D flow
MRI within an average scan time of 24 s (18-25 s
range), comparable to 2D PC-MRI measurements.
Moderate to substantial agreement was observed in
the delineation of arterial and venous vessel borders
between the spiral 4D flow MRI and the Cartesian 4D
flow MRI approach. Quantitative results revealed good
agreement and a 95% confidence interval between
[119]
60% and 77% for the flow parameters acquired
.
These recent studies addressing the acceleration of 4D
flow MRI for abdominal imaging show the potential for
this technique to be accelerated to last a few seconds
while enabling comprehensive evaluation of liver
hemodynamics. For thoracic or abdominal applications
of the 4D flow MRI technique, breathing control and
ECG-gating is needed to reduce consequent artifacts.
In addition to breathing bellows or navigator gating,
[120-123]
self-gating methods have been reported
.
Upcoming studies will continue to validate the scantime savings results using various acceleration
techniques and offering broad clinical application for
patients with advanced liver cirrhosis as well as better
understanding of complex blood flow changes in the
liver.

4D FLOW MRI
During data acquisition with 4D flow MRI, velocity is
encoded along all three spatial directions throughout
the entire heart cycle. This results in a timeresolved volumetric velocity field from the scanned
body region, e.g. heart, aorta, lung, intracranial
[10,97,98]
vessels or liver
. To take quantitative velocity
measurements in one spatial direction, two data
acquisitions and the following subtraction are needed
for velocity encoding. Seeking velocity encoding in all
three spatial directions, one needs a reference image
and three velocity-encoded images acquired along
[99-101]
the three orthogonal directions X, Y and Z
. The
data is acquired over several cardiac cycles, while
data acquisition at the same time is synchronized
with the heart cycle using the k-space segmentation
technique. The 4D flow MRI data is thus measured
only partially during one heart cycle; the entire
data is acquired ongoing over several heart cycles.
After completing 4D flow MRI data acquisition, 4
time-resolved 3D flow datasets are generated: one
dataset with the magnitude information containing
anatomic information and three flow datasets giving
the velocities in each spatial direction X, Y and Z. The
extended amount of data encoding for three spatial
dimensions, three velocity directions, and the time
information over the cardiac cycle is reflected in the
scan time. Several recent examinations in 4D flow MRI
sequencing addressed this limitation and tried to find
a potential solution to shorten the scan time. While
the manufacturers continuously improve the hardware
aspect of the scanners, others are working on software
improvements.
Fast imaging techniques like radial imaging 3D
PC-VIPR (vastly undersampled isotropic projection
[102,103]
reconstruction)
, spiral techniques without
[104]
[59,105]
acceleration
, compressed sensing
or parallel
imaging enable 4D flow MRI scans within 8 to 20
[15,106]
min
. Conventional acceleration techniques like
GRAPPA (generalized auto-calibrating partially parallel
[57]
[55]
acquisitions)
or SENSE (sensitivity encoding)
can
usually achieve a scan time reduction by factor 2 or
3. Applying higher values could negatively influence
the quantification of velocities with a reduced signal[107]
to-noise ratio
. Further advancements in spatialtemporal parallel imaging techniques such as k-t
[108]
PCA (k-t principal component analysis)
, k-t
[109-111]
[112,113]
[113,114]
GRAPPA
, k-t SENSE
or k-t BLAST
facilitate higher acceleration factors and represent
promising imaging techniques for scan time reduction
using 4D flow MRI. Several studies have already used
a radial data acquisition technique combined with
under sampling of the data (PC-VIPR) for assessing
the arterial and portal venous system within the
[115-117]
liver and splanchnic vessels
. This imaging
technique offered shorter scan times together with
broad volumetric coverage and enhanced spatial
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Technical aspects for data analysis

Many technical aspects must be considered when
performing 4D flow MRI data acquisition and validating
the data acquired. A detailed description and discussion
of these technical aspects is beyond the scope of
this clinically-focused review article, and I offer only
an overview of the most important facts. For further
detailed information, please consult comprehensive
[16,17]
review articles for 4D flow MRI, e.g.
.
Velocity encoding sensitivity (Venc) represents
the peak flow velocity that can be acquired. If
the peak velocity of the blood flow in the vessels
exceeds the preset setting for the Venc, the accuracy
of flow visualization and quantification of the liver
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Figure 1 Particle traces visualization of portal venous flow in a healthy
volunteer. Blue emitter planes were positioned in the splenic vein and superior
mesenteric vein (sup.-mes. vein), portal vein, right (right PV) and left (left PV)
intrahepatic portal vein branch. The gray-shaded iso-surface three-dimensional
angiogram has been calculated from the 4D flow magnetic resonance imaging
data. Color-coded peak velocities in the inflow of the portal vein from the splenic
and superior mesenteric veins and the intrahepatic part of the portal vein.

Figure 3 Four-dimensional flow magnetic resonance imaging in a 63-yrold female with liver cirrhosis after TIPS placement. Small lower left corner:
three-dimensional (3D) segmentation of the liver and splanchnic hemodynamics
(red: arterial system; orange: portal venous system; blue: venous system).
Large figure: Color-coded 3D particle-traces visualization demonstrates
increased velocities within the TIPS and the arteries. Blue analysis planes were
positioned throughout the arterial and portal venous systems as well as TIPS to
quantify liver hemodynamics. abd. aorta: Abdominal aorta; hep. artery: Hepatic
artery; sma: Superior mesenteric artery; smv: Superior mesenteric vein; Right
PV: Right portal vein branch; IVC: Inferior vena cava.
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take such errors into account and consider appropriate
correction strategies.
To visualize the 4D flow MRI data acquired, many
options are available on the market, usually using 2D
analysis planes which must be positioned in the vessel
[11,128-133]
of interest
(Figures 1 and 2). Time-resolved
particle traces and 3D streamlines are emitted from
these analysis planes. Time-resolved particle traces
display the temporal evolution of blood flow over one
[132]
or more cardiac cycles
. Velocity changes can be
visualized or the flow pattern traced to its origin by
color-coding the particle-traces. Streamlines represent
3D traces that track the spatial distribution of 3D
velocities within an individual cardia time frame. Colorcoding the streamlines enables visualization of the
spatial distribution and orientation, especially of peak
blood flow velocities.
4D flow MRI has the potential to retrospectively
quantify hemodynamic parameters of the liver at
any location within the 3D data volume following
[134,135]
data acquisition
. 2D analysis planes can be
freely positioned in the interesting arterial or portal
venous vessel to quantify standard flow parameters
like peak and mean velocities, flow volume over
the cardiac cycle, vessel area, shunt fraction or flow
reversal (Figures 2 and 3). Several studies report
excellent agreement between 2D PC-MRI and 4D
[136,137]
flow MRI in flow quantifications
. Good scanrescan reproducibility and low inter- and intra-observer
variability have been shown in conjunction with 4D
flow MRI flow quantification in the intracranial, cervical,
[136,138,139]
thoracic and abdominal vessel systems
.
New strategies are also discussed in the literature for
evaluating more advanced hemodynamic parameters,
e.g. wall shear stress, pressure difference, turbulent

Right PV
Po

Splenic vein

rta

lv

ein

sup.- mes. vein

Figure 2 The portal venous system visualized by particle traces in a
68-year-old male patient with liver cirrhosis (Child-Pugh stage B). Blue
emitter planes were positioned in the splenic vein and superior mesenteric vein
(sup.-mes. vein), portal vein, right (right PV) and left (left PV) intrahepatic portal
vein branch. Time-resolved particle traces illustrate physiological flow in the
extrahepatic portal venous system with inflow in the portal vein from the splenic
and superior mesenteric veins. Flow over the left branch of the intrahepatic
portal vein into a re-opened umbilical vein is visible (arrowhead).

hemodynamics may be compromised and anti-aliasing
[124]
corrections are necessary . To obtain optimal image
quality, the Venc should represent the hemodynamic
conditions in the hepatic area and be as high as
necessary to avoid anti-aliasing, but as low as possible
to reduce velocity noise. A typical Venc setting for
the portal venous system is 50 cm/s, for the arteries
100 cm/s, and values even above 150 cm/s within a
[16,17]
TIPS stent
. An interesting approach for the liver
with different flow velocities is a dual-venc, already
[125]
discussed in other regions of the body .
Many errors in 4D flow MRI can impair image
quality and trigger inaccuracies in quantitative flow
measurements. The most common errors are phase
[106]
offset errors based on gradient field nonlinearity
,
[126]
[127]
eddy currents
and Maxwell terms . Before further
processing the 4D flow MRI data, it is important to
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[135,140-143]

kinetic energy and pulse wave velocity

.

systems were visualized prior to TIPS revision in 8
[151]
out of 11 cases
. The shunt was not visible in the
follow-up 4D flow MRI examination after insertion of a
[151,152]
TIPS stent graft
. The successful occlusion of the
shunt was proven during the intervention. The results
of these studies also highlight one of the limitations
of the 4D flow MRI sequence. Due to the 100 cm/s
velocity encoding favoring high blood flow velocities
and the applied spatial resolution, it can be difficult
to distinguish the collateral vessels having a small
diameter and low blood flow velocities in advanced
stages of the liver disease. Precise differentiation of the
regressive development of collateral vessels might be
difficult when referring to 4D flow MRI using only the
actual sequence parameter. Better spatial resolution
would improve visualization of the portal venous vessel
system and the collateral vessels with low blood flow
velocities and small vessel size in advanced stages of
liver disease. A further potential limiting factor is the
signal-to-noise ratio. The above-mentioned studies
involving radial acquisition applied contrast medium,
while the Cartesian-based studies did not. The
influence of the contrast medium, field strength and
better respiratory triggering on the 4D flow MRI for
the liver hemodynamics should be examined in future
studies with larger patient cohorts.

Blood flow visualization

4D flow MRI represents a non-invasive and observerindependent technique for comprehensive 3D
volumetric evaluation of the liver and splanchnic
region, as well as the means of assessing the liver’s
arterial and portal venous system, collateral vessels,
and potential shunts. In addition to initial studies
[89,144-146]
evaluating flow in the portal vein
the focus of
the first feasibility studies using 4D flow MRI in the
[147,148]
liver was on the entire portal venous system
.
These studies addressed the inflow from the splenic
and superior mesenteric vein, the splenic-mesenteric
confluence, the intrahepatic portal vein and right
[147,148]
and left intrahepatic branches
. Initial studies
comparing healthy volunteers and patients with liver
cirrhosis applied a velocity encoding of 50 cm/s and
attained complete visualization of the extrahepatic
vessels in over 94% of their subjects (Figure 2). The
small intrahepatic branches presented a limitation,
however, as complete visualization was only possible
[147,148]
in about 80% of the subjects
. Another group
[102,103]
applied radial 4D flow MRI acquisition
and
demonstrated good to excellent visualization in
patients with liver cirrhosis, identifying all arterial
[115,116]
vessels and 86% of the portal venous circulation
.
Subsequent studies using Cartesian 4D flow MRI
and a velocity encoding of 100 cm/s were also able
to evaluate the liver’s arterial and portal venous
[118,149]
system
. Complete visualization of the arterial
system was accomplished in liver cirrhosis patients and
volunteers in almost 100% of the cases. The limiting
factor in the volunteer studies was the left intrahepatic
branches (complete visualization in 50% to 60% of
[118,149]
the cases)
. In the patient cohort studies the
limitations in the portal venous system were more
obvious as complete visualization of the extrahepatic
vessels was only possible in in 60% to 90% of the
cases, while the small intrahepatic branches of the
portal vein were completely visible in only 20% to
[150,151]
60% of the cases
. A possible reason for these
limitations might be in the spatial resolution of the
4D flow MRI sequence and the quite long scan time
under free breathing during acquisition, resulting in
partial volume effects and signal blurring due to organ
motion and reduced effective spatial resolution in the
Z-direction. In addition to visualization of the hepatic
hemodynamic system, a major advantage of the 4D
flow MRI sequence is its ability to evaluate the blood
flow direction. Qualitative results in a feasibility study
using radial 4D flow MRI depicted reverse hepatofugal
[115]
flow in 5% of the portal venous vessels
. Using
Cartesian 4D flow MRI, that study group showed a
reopened umbilical vein in 6 out of 20 liver cirrhosis
[148]
patients with portosystemic shunts
. In another
patient-cohort study addressing more advanced
stages of liver cirrhosis portosystemic collateral vessel
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Retrospective blood flow quantification

As well as visualizing 3D blood flow characteristics and
clinically illustrating complex alterations in patients
with advanced liver disease, 4D flow MRI enables the
comprehensive quantification of blood flow parameters
from the same dataset. Several working groups have
conducted a quantitative evaluation of flow parameters
in the portal venous system using Doppler US or MRI,
while most of the MRI results are based on 2D PC[144,145,153-156]
MRI measurements
. Initial studies using
4D flow MRI within the portal venous system displayed
moderate, but significant correlations among 4D
[147,148]
flow MRI, 2D PC-MRI and Doppler US values
.
The peak-velocity results were between 23-27 cm/s,
slightly lower than in other studies reporting 28 cm/s
[89]
using 2D PC-MRI and Doppler US . Mean velocity
values between 10-12 cm/s resemble those in other
[144,145,154]
studies based on 2D PC-MRI (11-14 cm/s)
.
However, published values from studies applying
Doppler US reveal higher mean velocities between
[156,157]
15-17 cm/s
. The peak and mean velocities of
blood flow in the liver tended to be underestimated
in conjunction with 4D flow MRI (between 35% and
[147,148]
38%)
. Another 4D flow MRI study evaluating
blood flow in the carotid bifurcation offered a similar
underestimation of flow velocities (between 31% and
[158]
39%) via 4D flow MRI compared to Doppler US
.
An explanation for MRI’s tendency to underestimate
velocities is related to the data acquisition method. The
velocity data is acquired over several cardiac cycles,
resulting in an average velocity progression. Velocity
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changes within the different heart cycles and short
time fluctuations are not displayed. In comparison:
Doppler ultrasound measurements represent real-time
[144,156]
velocity data
. MRI’s underestimation of velocities
therefore has to do with velocity averaging. Another
reason might be partial volume effects due to lower
spatial resolution in MRI than in Doppler US.
A 4D flow MRI study detected lower flow-volume
values after measuring mean velocities and vessel
[148]
area (mean 0.7 ± 0.4 L/min)
compared to 2D PC[89,145,155]
MRI studies (between 1.0 and 1.3 L/min)
.
Doppler US studies, however, yielded a wide range
[159,160]
of flow volumes (between 0.3 and 1.3 L/min)
.
One reason for these different flow volumes could
be hemodynamic changes after ingestion. A Doppler
US-based study evaluating postprandial hyperemia
in patients with liver cirrhosis revealed an average
increase in portal venous flow velocities of 29% and
[161]
a 38% increase in the portal venous blood flow
.
Most recent studies evaluating reproducibility and
the postprandial effect via 4D flow MRI report
good to excellent short-term reproducibility in the
[162,163]
fasting state
. Portal venous flow parameters
were significantly higher in the postprandial state,
confirming the large impact of caloric intake on portal
[162]
venous flow
. Portal venous flow regulation might
also be impaired after a meal challenge in patients
[163]
with liver cirrhosis .
Recent 4D flow MRI studies measuring the vessel
area report higher values compared to Doppler
US in correlation to earlier studies with 2D PC-MRI
[144,145,147,148,164]
and Doppler US
. One reason for the
differences between these two modalities might be the
location and angle of the ultrasound transducer during
vessel diameter assessment, which would compromise
reliable measurements not just in small vessels. The
differences are inter-observer and intra-observer
[157]
variability .
A recent reproducibility study examined the
reliability of 4D flow MRI data acquired from the
[138]
thoracic aorta with high flow velocities
showing
good scan-rescan reliability and low inter- and intraobserver variability in the acquired and clinicallyrelevant blood-flow parameters and in wall shear
[138]
stress (WSS) . Via radial acquisition, another study
group confirmed the results from quantifying hepatic
[116]
and splanchnic hemodynamics using 4D flow MRI .
Investigating patients with portal hypertension, that
study revealed good internal data consistency and low
inter- and intra-observer variability in 4D flow MRI data
[116]
from the liver’s vascular system
. They validated
their results indirectly by being internally consistent at
three different locations within the vascular system.
Taking measurements at three different locations in
the portal vein revealed an average absolute error
of 4.2% ± 3.9%. Comparison of flow into the portal
confluence coming from the splenic and superior
mesenteric veins with the flow in the portal vein
yielded an error of 5.9% ± 2.5%. Assessment of
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flow in the portal bifurcation and the right and left
intrahepatic portal vein branches showed an error of
[116]
5.8% ± 3.1%
. Another study applying Cartesian
4D flow MRI revealed similarly good results with small
errors in the internal consistency validation of the flow
[150]
parameters
. Those authors performed additionally
a real scan-rescan validation of 4D flow MRI with a
rescan of all volunteers at least 5 mo later on the
same scanner. They reported good reproducibility
of 4D flow MRI quantification in the portal venous
system with low blood flow velocities offering a mean
average difference of 2% between the two scans for
[150]
peak velocities and 5% for the mean velocities
.
Quantitative evaluation of arterial blood flow velocities
using 4D flow MRI yielded robust results with mean
average differences of 3% for peak velocities and 7%
[150]
for mean velocities . Reproducibility of flow volume
assessments showed low error for mean average
differences of 6% in the portal vein, while the arterial
flow volume evaluation was limited by an error of 14%.
Inter-observer variability of between 16% and 26%
is described in the literature in association with the
evaluation of portal venous blood flow velocities using
[165]
the clinical gold standard, Doppler US . 4D flow MRI
has yielded similar results: a scan-rescan-variability
between 25% and 26% in the assessment of flow
[150]
velocities . A possible reason for these variations is
the manual segmentation of vessel borders. A semior full-automatic segmentation method could improve
the reproducibility of such calculated parameters and
[166]
those derived from the vessel area .
Doppler US-based studies describe significantly
low flow velocities and flow volumes in patients
with advanced liver cirrhosis compared to healthy
[159,167]
volunteers
. In a study taking the radial 4D flow
MRI approach, the MELD score was calculated to
estimate disease severity and correlated with image
[115]
quality
, yielding no correlation between image
quality and the MELD score. Another study analyzed
their patient cohort applying the Child-Pugh score
to assess the degree of liver failure compared to the
quantitative flow parameters derived from 4D flow MRI
[148]
data and Doppler US measurements . They detected
no relevant correlation between disease severity and
changes in liver hemodynamics; the expected changes
were only visible in few hepatic vessels. Those 4D
flow MRI findings might be associated with the study
patients they recruited. In both 4D flow MRI studies,
most of the cohorts’ liver cirrhosis patients presented
an early stage of the disease and a low MELD score or
Child-Pugh stage A with subsequently few anomalies
[115,148]
in liver hemodynamics
. The Doppler US studies
reveal upon closer inspection to have included patients
with mainly advanced liver cirrhosis (Child-Pugh stage
C) and more advanced impairments in the hepatic
[159,167]
vessel system
. To further validate 4D flow
MRI data, additional patient studies are needed with
larger patient cohorts and involving different stages of
disease severity.
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The most interesting novelty represented by 4D
flow MRI is that it allows us to reliably assess both
the portal venous system in patients with altered liver
hemodynamics, as well as small arteries in the liver
[115,116,118,149,151]
and splanchnic system
(Figure 3). It is
a technique that offers quantitative equilibrium in the
patient’s blood flow between the arterial inflow to the
liver and splanchnic system and the portal venous
outflow to the liver parenchyma. We can thus calculate
the shunt fraction in patients with advanced liver
[151,152]
cirrhosis and a portosystemic shunt
. An increase
in liver perfusion of 424 mL/min can be verified after
TIPS intervention by assessing the different flow rates
in the hepatic arteries, portal vein and TIPS stent[151]
graft . Doppler US studies reveal an increase in flow
velocities after a TIPS intervention by a factor of 2 to
[168,169]
4
. 4D flow MRI data has demonstrated results
similar to Doppler US’s in peak velocities in the portal
vein before TIPS insertion (4D flow MRI: 19 ± 5 cm/s
vs Doppler US 10-20 cm/s), but revealed lower values
in the portal vein during TIPS follow-up (4D flow
[151,169]
MRI: 28 ± 7 cm/s vs Doppler US 40-60 cm/s)
.
Normally-functioning stent-shunts yielded in-stent
values via 4D flow MRI comparable to those in Doppler
US with peak velocities measuring between 50 cm/s
[151,169]
and 200 cm/s (range 58-194 cm/s)
. Stenoses
within the stents were reliably depicted and confirmed
by invasive catheter pressure gradient measurements
[151]
during stent shunt revision
. These recent studies
evaluating 4D flow MRI for abdominal imaging after
TIPS placement show the potential for this technique
to be an additional tool for interventional radiologists
while enabling pre-procedure mapping and planning
[151,152]
of the optimal stent graft configurations
. As a
result, ideal outcome after TIPS placement can be
obtained including pressure gradient reduction and
long-term stent graft patency.

diseases. Nevertheless, our aim should be to carry out
large multicenter cohort studies reflecting different
manifestations of liver cirrhosis in order to further
validate the 4D flow MRI technique in a clinical setting.
Validation of the 4D flow MRI method is another
limitation: studies have already compared 4D flow
MRI to Doppler US, the clinical gold standard, in
[158,170]
many body regions
including hepatic and
[116,149]
visceral blood flow
. 4D flow MRI provides good
scan-rescan variability and low inter- intra-observer
[116,149,158,170]
variability
, although most of those studies’
subjects were healthy volunteers, and few patients
with liver cirrhosis were monitored during followup. We will need further clinical cohort studies to
assess the accuracy of the quantitative 4D flow MRI
results in comparison with invasive measurements of
hemodynamic parameters.
A further limiting factor of the 4D flow MRI
sequence is still the spatial and temporal resolution.
The Cartesian 4D flow MRI approach has particular
limitations in capturing the small intrahepatic vessels
and hepatic arteries. With its superior resolution, the
radial 4D flow MRI sequence visualizes the vessel
system impressively. 4D flow MRI methods require
further improvements to enhance the accuracy of
quantitative results in the small vessels. Another
limitation of 4D flow MRI compared to Doppler US
is the acquisition of data over several cardiac cycles
averaging over time. This issue is a concern in the
arteries especially, less so in the portal venous system,
whose peak velocities and flow volume values are
slightly lower and do not reveal brief time variations
in blood flow. The 4D flow MRI sequence is still being
researched. The shortage of freely-available software
packages, the time it takes to perform the pre- and
post-processing, and the lack of a standardized
approach for data evaluation are additional factors that
limit the broader clinical application of this method.
A collective endeavor is needed from clinicians,
researchers and manufacturers to pave the way for
greater availability of the 4D flow MRI sequence and
consequent increased clinical applications. Further
developments should focus on refining the clinical
workflow, on presenting the acquired data to clinical
colleagues, and on improving the accessibility of
results from within existing patient archives.

DISCUSSION
There is ample evidence that 4D flow MRI has po
tential to image the hemodynamics in patients with
advanced liver cirrhosis and to measure altered blood
flow parameters.
One of the main limitations of 4D flow MRI investi
gations addressing the liver and visceral blood flow is
the small size of the patient and control cohorts in the
clinical studies. This has a lot to do with the advanced
clinical stages of patients suffering from worsening
liver cirrhosis. It is difficult to obtain accurate data in
patients with severe ascites, moreover, the compliance
of patients with advanced stages of the disease is often
poor. The imaging potential and therapeutic tools are
sometime only palliative when treating patients with
advanced liver cirrhosis, and we often have access
to too few patients (e.g. Child-Pugh stage C). Their
high mortality rate also makes a longitudinal study
design with longer follow-up controls more difficult
than, for example, examining patients with heart
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CONCLUSION
4D flow MRI has been validated for the clinical
assessment of the liver blood flow in patients with
advanced liver cirrhosis. It is an MRI technique that
can examine the patient from a functional perspective
as a part of “one-stop-shopping”. More importantly, 4D
flow MRI is a method that supplements Doppler US. It
provides important additional information on the vessel
system in difficult patients. The potential of 4D flow
MRI is growing; the more advanced it becomes, the
better we will understand the pathophysiology of liver
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cirrhosis and the dynamic alterations it causes. That, in
turn, will ensure better patient management and more
accurate risk stratification.
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Abstract
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Gadoxetic acid improves detection and characterization
of focal liver lesions in cirrhotic patients and can
estimate liver function in patients undergoing liver
resection. The purpose of this article is to describe the
optimal gadoxetic acid study protocol for the liver, the
unique characteristics of gadoxetic acid, the differences
between gadoxetic acid and extra-cellular gadolium
chelates, and the differences in phases of enhancement
between cirrhotic and normal liver using gadoxetic
acid. We also discuss how to obtain and recognize an
adequate hepatobiliary phase.
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Core tip: Hepatobiliary contrast materials improve
detection and characterization of focal liver lesions
in cirrhotic patients and can measure liver function.
Familiarity with unique characteristics of gadoxetic acid
is crucial to achieve an optimal magnetic resonance
examination of the liver. In this review, we discuss
the protocol for gadoxetic acid enhanced magnetic
resonance imaging of the liver and describe differences
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dynamic and hepatobiliary images are acquired in two
separate sessions, increasing examination time and
patient discomfort. For these reasons, gadoxetic acid
is generally preferred over gadobenate dimeglumine
when acquisition of hepatobiliary phase is deemed
necessary for the management of patients. The main
disadvantage of liver magnetic resonance imaging
(MRI) with gadoxetic acid is the contrast cost: the
purchase price of gadoxetic acid is approximately
twice that of gadobenate dimeglumine. As MRI
reimbursements in the public sector are fixed, many
institutions use gadobenate dimeglumine instead of
gadoxetic acid for economic reasons.
In this review, we describe the optimal MRI study
protocol of the liver and the differences in phases of
enhancement between cirrhotic and normal liver using
gadoxetic acid. We also illustrate the differences in
phases of enhancement between gadoxetic acid and
extracellular contrast agents and discuss how to obtain
and recognize an adequate hepatobiliary phase.

between gadoxetic acid and extra-cellular contrast
materials.
Agnello F, Dioguardi Burgio M, Picone D, Vernuccio F, Cabibbo
G, Giannitrapani L, Taibbi A, Agrusa A, Bartolotta TV, Galia
M, Lagalla R, Midiri M, Brancatelli G. Magnetic resonance
imaging of the cirrhotic liver in the era of gadoxetic acid. World J
Gastroenterol 2016; 22(1): 103-111 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i1/103.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i1.103

INTRODUCTION
Several studies have demonstrated the added value
of hepatobiliary contrast agents in the detection and
characterization of focal liver lesions in cirrhotic patients
compared with extra-cellular gadolinium chelates and
[1-4]
contrast enhanced computed tomography (CT)
.
Hepatobiliary contrast agents are first distributed in the
extracellular fluid compartment, subsequently taken
up by functioning hepatocytes, and then excreted into
[5,6]
the biliary system . Thus, hepatobiliary contrast
agents can differentiate lesions that contain functioning
hepatocytes, such as regenerative nodules and most
dysplastic nodules, from hepatocellular lesions without
functioning hepatocytes, such as most hepatocellular
carcinomas (HCCs) and nonhepatocellular lesions,
such as cyst, hemangioma, cholangiocarcinoma,
[7]
metastases .
There are two commercially available hepatobiliary
contrast agents: gadolinium ethoxybenzyl diethy
lenetriamine pentaacetic acid (gadoxetic acid;
Eovist/Primovist; Bayer-Healthcare, Leverkusen,
Germany) and gadobenate dimeglumine (Multihance,
Bracco, Italy). Both of them allow evaluation of lesion
vascularity and hepatobiliary function. However,
approximately 50% of the injected dose of gadoxetic
acid is eliminated by functioning hepatocytes, while only
3%-5% gadobenate dimeglumine undergoes the same
[5,6]
pathway of excretion . Therefore, using gadoxetic
acid, higher hepatobiliary uptake results in greater
[8]
enhancement of liver parenchyma .
Another unique feature of gadoxetic acid is the
rapid hepatocellular uptake (starting at approximately
[1]
90 s after injection) , which results in an overlap
between extracellular and hepatobiliary phases (the socalled “transitional phase”). Rapid uptake of gadoxetic
acid allows acquisition of the hepatobiliary phase
[1]
at 20 min after contrast injection . Hepatocellular
uptake of gadobenate dimeglumine starts no sooner
[5]
than 40 min after contrast injection . Therefore,
the extracellular phase of gadobenate dimeglumine
is “pure” (it shows no overlap with the hepatobiliary
phase, similar to what can be obtained with any
extracellular contrast agent), and the hepatobiliary
phase is typically acquired 60-180 min after contrast
[9]
injection . Thus, with gadobenate dimeglumine,
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WHY GADOXETIC ACID IN THE
CIRRHOTIC LIVER
The need for an accurate detection and characterization
of HCC represents the main reason for the increasing
[10-12]
use of gadoxetic acid in cirrhotic patients
. The
ability to detect HCC with gadoxetic acid depends
on the differences in hepatocellular contrast uptake
[4]
between HCC and the surrounding liver . On
hepatobiliary phase, HCCs are typically hypointense
due to the absence of functioning hepatocytes, while
the liver parenchyma enhances due to hepatocellular
uptake of gadoxetic acid. Consequently, HCC to liver
[4]
contrast and HCC detection rate are increased .
Hepatobiliary phase hypointensity also helps
differentiate HCCs from dysplastic and regenerative
nodules. Since hepatocellular uptake of gadoxetic acid
decreases during hepatocarcinogenesis, hepatobiliary
phase hypointensity suggests a diagnosis of HCC
over that of dysplastic and regenerative nodules,
[13-16]
which are typically iso- or hyperintense
. Typical
imaging appearance of HCC includes moderate arterial
[17]
enhancement and venous wash-out . Using these
criteria, however, several small HCCs can be missed
because of absence of venous wash-out or, more
[18]
rarely, arterial enhancement . The hypointensity on
hepatobiliary phase helps to correctly characterize
[13-16,19]
small HCCs
. Hepatobiliary phase hypointensity,
however, is not specific for the diagnosis of HCC because
it can be found in any non-hepatocyte containing
lesion (e.g., hemangiomas, cholangiocarcinomas,
[20]
metastases) .
Another application of gadoxetic acid is the pre
operative evaluation of patients scheduled for liver
[21,22]
resection
. Recent studies have reported that
quantitative analysis of hepatocellular uptake of
gadoxetic acid can be used to estimate liver function
and to predict the risk of liver failure after major hepatic
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[21,22]

resection
. Hepatocellular uptake of gadoxetic acid
correlates with indocyanine green clearance and uptake
[22,23]
of radiopharmaceutical agents
. The advantages
of gadoxetic acid over traditional methods, such as
indocyanine green clearance and hepatic scintigraphy
with radiopharmaceutical agents, include anatomic
resolution (i.e., liver function can be evaluated at
segmental or subsegmental level) and the absence of
[24]
ionizing radiation .

approach is advantageous because: (1) acquisition of
a greater number of phases increases the likelihood
to obtain at least one diagnostic arterial phase image;
and (2) reducing the acquisition time of each phase
[30]
minimizes the opportunity for motion .
There are methods for achieving an optimal an
optimal hepatic arterial phase. The most frequently
used is a fixed delay (approximately 25-30 s) between
the start of contrast injection and data acquisition.
This method, however, is often inadequate because
it does not take into account injection- or patientrelated factors (e.g., cardiac output) that influence
circulation time. Indeed, arterial phase images are
frequently obtained either too early (i.e., before portal
venous enhancement) or too late (i.e., when contrast
[32]
is already in the hepatic veins) . Another option is
the test bolus technique, in which a small test bolus
(1-2 mL) of contrast material is injected to calculate
contrast material arrival time. Although this technique
is effective with extra-cellular contrast materials,
it is not recommended in gadoxetic acid enhanced
MRI because hepatocellular uptake of the bolus can
increase liver signal intensity, and the removal of
bolus volume from the pre-filled syringe can leave
insufficient contrast to administer during the dynamic
phases of the study. The use of a fluoroscopic system
(MR SmartPrep, GE Medical Systems, Milwaukee, WI,
United States; CARE Bolus, Siemens Medical Solutions,
Erlangen, Germany; Bolus-Track, Philips Medical
[10]
Systems, Best, The Netherlands) is preferable . This
technique is based on real-time monitoring of the bolus
arrival at the level of the vessel of interest (typically
the suprarenal abdominal aorta) with a 2D fluoroscopic
sequence. Arterial phase acquisition can be started
manually or automatically with a trigger threshold.
The optimal scan delay for late hepatic arterial phase
is 15-20 s after the peak aortic enhancement, which
corresponds to the time necessary to synchronize the
arrival of contrast material in the main portal vein with
[26]
central k-space filling .
The injection of contrast material breaks k-space
[33]
homogeneity and can cause truncation artifacts .
These artifacts appear as dark or bright lines at
interfaces between high and low signal intensity
structures (e.g., enhanced arteries and surrounding
liver parenchyma) and alter anatomic details of
[34]
structures . Several methods of minimizing truncation
artifacts truncation artifacts have been proposed. One
option is to use a larger volume of contrast material
[33]
by diluting gadoxetic acid with saline . Alternatively,
a slow (1 mL/s) injection rate, which results in natural
dilution of the contrast in the vascular space, can be
[35]
used . In addition, to increase k-space homogeneity,
the larger contrast volume provides a wider temporal
[36]
window of hepatic arterial phase. Tamada et al
compared arterial phase images obtained with
three different techniques: diluted gadoxetic acid
administered at conventional rate of 3 mL/s; undiluted
gadoxetic acid administered at conventional rate of 3

OPTIMAL STUDY PROTOCOL OF THE
LIVER
An ideal MRI liver protocol should evaluate both liver
parenchyma and vessels and should aid in detection
and characterization of hepatic lesions. Typically, MRI
liver protocol includes T2-weighted turbo or fast spinecho (with and without fat saturation) sequences,
gradient-recalled echo (GRE) T1-weighted in- and
opposed-phase sequence, diffusion-weighted (DW)
sequence, and contrast-enhanced three-dimensional
T1-weighted GRE sequence with fat suppression.
Field-strength magnets of 1.5 Tesla or greater are
[25]
recommended to obtain high-quality liver imaging .
Contrast administration should be performed through a
power injector. The use of a saline solution is strongly
recommended because it reduces the dose of contrast
material remaining in the dead space (e.g., the
brachial vein) and shortens the arrival time of contrast
[10]
material in the hepatic arteries . Contrast enhanced
images are obtained on vascular, transitional, and
[26]
hepatobiliary phases . Vascular phases include the
[26]
late hepatic arterial and portal venous phases .
Late hepatic arterial phase is crucial to detect and
[27]
characterize hypervascular lesions . Demonstration
of moderate enhancement of intrahepatic portal veins,
slight enhancement of liver parenchyma, and no
enhancement of hepatic veins indicate an appropriate
[28]
timing . Achieving an adequate arterial phase
with gadoxetic acid is more challenging than with
conventional extra-cellular contrast materials. Due
to the higher T1-relaxivity, gadoxetic acid has onehalf lower contrast volume and one fourth lower Gdcontent per kg than those of conventional extra-cellular
[29]
contrast materials . Thus, gadoxetic acid injection
duration and time to peak aortic enhancement are
shorter than those of conventional extra-cellular
[29]
contrast materials . In addition, the administration
of gadoxetic acid has been associated with acute
self-limited dyspnea, and consequent severe motion
[30]
artifacts . By definition, acute self-limited dyspnea
is limited to the hepatic arterial phase images, and
respiratory motion artifacts are absent in other
[30]
sequences . The exact cause remains unknown.
A relationship between higher gadoxetic acid doses
and chronic obstructive pulmonary disease has been
[31]
reported . Because the dyspnea is transient (10-20 s),
a potential solution in order to overcome the artifacts
is to acquire more than one arterial phase image. This
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Vascular phase
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Figure 1 Gadoxetic acid contrast-enhanced magnetic resonance images obtained in a 46-year-old woman with normal liver. Contrast-enhanced magnetic
resonance images show a stepwise intensity increase of the liver parenchyma from the hepatic arterial phase to hepatobiliary phase. On hepatic arterial and portal
venous phases (vascular phase), the intrahepatic vessels show intense and homogeneous enhancement. On 3 min late and 5 min late phases (transitional phase),
the intrahepatic vessels (open arrows) show isointensity to the liver, indicating the transition of gadoxetic acid from the extra-cellular spaces to the hepatocellularspaces. On 10 min and 20 min phase (hepatobiliary phase), the intrahepatic vessels show hypointensity to the liver, while the bile ducts (arrows) show hyperintensity;
these findings indicate an adequate hepatobiliary phase. Also note kidney hypointensity to the liver, which indicates normal hepatobiliary elimination of gadoxetic acid
and adequate hepatobiliary phase. PRE: Precontrast; HAP: Late hepatic arterial phase; PVP: Portal venous phase.
Vascular phase

Extracellular agent

PRE

Gd-EOB-DTPA

Same patient-cirrhotic liver

PRE

PRE

HAP

HAP
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3-min

5-min
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Vascular phase

Transitional phase
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Figure 2 Intraindividual differences in hepatic enhancement in cirrhotic liver between extra-cellular contrast agent (top row) and gadoxetic acid
(bottom row) in a 69-year-old woman with hepatitis C virus-related cirrhosis. On contrast-enhanced magnetic resonance (MR) images obtained with an extracellular agent liver enhancement peaks on portal venous phase and then slightly decreases. On contrast-enhanced MR images obtained with gadoxetic acid, liver
enhancement shows a stepwise increase from the hepatic arterial phase to the 20 min phase. Vascular enhancement is more prolonged with extra-cellular agent than
with gadoxetic acid, indicating a slower vascular elimination. On 10 min, the intrahepatic vessels (black arrow) show slight hypointensity to the liver, and the bile ducts
are not opacified. These findings indicate hepatic dysfunction and a prolonged transitional phase. Also, note a wedge shaped enhancing area in the hepatic arterial
phase (white arrow), with lack of washout on portal venous phase and isointensity on hepatobiliary phase, due to arterioportal shunt. PRE: Precontrast; HAP: Late
hepatic arterial phase; PVP: Portal venous phase.

mL/s; and undiluted gadoxetic acid administered at a
rate of 1 mL/s. They concluded that the injection rate
of 1 mL/s with undiluted gadoxetic acid was preferable
[37]
to the other two methods . Portal venous phase is
acquired 50-70 s after gadoxetic acid injection. On
portal venous phase, the liver parenchyma shows
intense enhancement, and the portal and hepatic
[38]
veins are fully and maximally enhanced The interval
time (2-5 min after gadoxetic acid injection) between
perfusion phase and hepatobiliary phase is termed
“transitional phase”, and, therefore, should not be
confused with or referred to as the equilibrium phase
that is typically obtained at the same time delay with
[37]
extracellular contrast agents
(Figures 1 and 2). The
transitional phase is obtained 3 min after the start of
[26]
contrast injection . Gadoxetic acid shows uptake by
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hepatocytes through a canalicular multispecific organic
anion transporting polypeptide 1B3 (OATP1B3) as
early as 90 s after contrast injection, but this process
takes several minutes before all contrast is taken up by
hepatocytes. Thus, gadoxetic acid “transitates” from
interstitial space to intracellular space. That is why we
refer to this phase as the transitional phase, indicating
the transition of gadoxetic acid from the extra-cellular
[37]
space to the hepatocellular space . In contrast,
extra-cellular contrast materials are equally distributed
between vascular spaces and interstitial spaces.
Hepatocellular uptake of gadoxetic acid explains higher
signal intensity of liver parenchyma with gadoxetic acid
[39]
than with extracellular contrast materials . Earlier
elimination of gadoxetic acid from the vessels leads to
earlier de-enhancement and, therefore, lower signal
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intensity of intrahepatic vessels with gadoxetic acid
[39]
than with extra-cellular contrast materials (Figure 2) .
Hepatobiliary phase is acquired 10-20 min after
the start of contrast injection. Since the injection of
gadoxetic acid does not compromise tissue contrast on
T2-weighted images and diffusion-weighted images,
these sequences can be acquired in the interval
between the 3 min phase and the hepatobiliary phase,
[40-42]
thus reducing the total examination time
. DW
images can help to differentiate hypovascular HCC
from high-grade dysplastic nodules and can predict
the progression of hypovascular hypointense nodules
[43,44]
on hepatobiliary phase into hypervascular HCC
.
That is, hyperintensity on high-b-value DW images
suggests a diagnosis of HCC and is strongly associated
with progression of hypovascular nodules into
[43,44]
hypervascular HCC
. The adjunct of DW images,
however, does not significantly improve the diagnostic
accuracy of MRI with hepatobiliary contrast materials
[45,46]
in the detection of HCC
. Most small HCCs are
imperceptible on DW images because they have
cellular density and microscopic architecture relatively
[46]
similar to that of surrounding cirrhotic liver .

resection and liver transplantation, vascular evaluation
can reduce the advantages of gadoxetic acid.

DIFFERENCES IN PHASES OF
ENHANCEMENT BETWEEN CIRRHOTIC
AND NORMAL LIVER WITH GADOXETIC
ACID
Cirrhosis is characterized pathologically by distortion
of hepatic architecture due to marked bridging
[47]
hepatic fibrosis and regenerative nodule formation .
The number of normal hepatocytes is reduced, and
[34,48]
biliary excretion is impaired
. Cirrhosis alters
liver perfusion with a reduction in portal inflow and a
[11]
compensatory increase of arterial inflow . Thus, on
hepatic arterial phase, liver enhancement is higher in
[49]
cirrhotic patients than in normal-liver patients . On
portal venous phase, however, liver enhancement is
superimposable in cirrhotic patients and normal-liver
[49]
patients . At 3 min and in the hepatobiliary phases,
liver enhancement is higher in normal patients than
in cirrhotic patients and shows an inverse correlation
[49]
with the severity of cirrhosis . This is because
hepatic fibrosis and the reduction in the number of
functioning hepatocytes decrease the hepatocellular
[49]
uptake of gadoxetic acid . Pharmacokinetic analysis
demonstrated that liver signal intensity shows a
stepwise increase from the hepatic arterial phase
to the hepatobiliary phase in patients with normal
liver and in patients with Child-Pugh class A and B
cirrhosis (Figure 1); on the other hand it does not
significantly change from portal venous phase to 20
min hepatobiliary phase in patients with Child-Pugh
[49]
class C cirrhosis (Figure 3). The consequence is that
oftentimes, at 20 min, the vessels will not be “dark”
enough in patients with Child-Pugh class C cirrhosis,
resulting in a suboptimal hepatobiliary phase. Thus,
in our practice, acquisition of hepatobiliary phase
beyond the conventional 20 min delay may be useful
in patients with impaired hepatic function in order to
allow the hepatocytes more time to take up contrast
[50,51]
from the extracellular space
. Conversely, in
normal-liver patients, a hepatobiliary delay of 10 min
[52]
after gadoxetic acid injection is sufficient . Unlike
normal liver, cirrhotic liver can show heterogeneous
enhancement on the hepatobiliary phase, which can
further complicate the detection and characterization
[49]
of hepatic nodules . The heterogeneity directly
[49]
correlates with Child-Pugh class . Enhancement
of biliary tree is delayed in patients with cirrhosis
[48]
compared with normal-liver patients .
[52]
Tschirch et al
compared the visualization of
biliary tree between cirrhotic patients and normal-liver
patients and found that 16/40 (40%) cirrhotic patients
showed sufficient visualization of the biliary tree within
30 min of injection, and 21/40 (53%) cirrhotic patients
showed sufficient visualization of the biliary tree within
180 min of injection. In contrast, in their series, all

DIFFERENCES IN PHASES OF
ENHANCEMENT BETWEEN GADOXETIC
ACID AND EXTRA-CELLULAR CONTRAST
MATERIALS
Although gadoxetic acid allows dynamic imaging during
the hepatic arterial, portal venous, and 3 min phases,
some enhancement characteristics are different from
[1,39]
those of extracellular contrast materials
(Figure 2).
Gadoxetic acid shows a biphasic enhancement pattern
[1]
in the liver . The first phase (arterial + portal venous)
is due to distribution in the vascular compartment.
The second phase is due to hepatocellular uptake of
gadoxetic acid by the canalicular multispecific OATP1B3
[1]
and starts 90 s after injection . Extra-cellular con
trast materials distribute in the extracellular fluid
compartments, and, as the name implies, they are not
[1]
taken up by the hepatocytes . Liver enhancement
[39]
peaks on portal venous phase and then decreases .
Vascular enhancement is higher and longer with
extracellular contrast materials than with gadoxetic
[39]
acid . It has been reported that, on hepatic arterial
phase, aorta and liver parenchymal enhancement is
[39]
weaker . Since most HCCs are hypervascular, this
[1,39]
can influence their detection and characterization
.
On portal venous phase, the signal intensity of liver
parenchyma is comparable between gadoxetic acid
and extra-cellular contrast materials, but the signal
intensity of portal vein is lower with gadoxetic acid
[39]
than with extra-cellular contrast materials . Thus,
the evaluation of portal and hepatic veins can be
[12]
suboptimal with gadoxetic acid . Since HCC invasion
into portal or hepatic vein and portal vein thrombosis
influence treatment options and can preclude surgical
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Figure 3 Gadoxetic acid contrast-enhanced magnetic resonance images obtained in a 57-year-old man with Child-Pugh C hepatitis C virus-related
cirrhosis. Contrast-enhanced magnetic resonance images show slight decrease of liver enhancement after the portal venous phase. On hepatic arterial and portal
venous phases, the intrahepatic vessels show intense and homogeneous enhancement, which persists on 3 min, 5 min, and 10 min phase. On 20 min phase, the
intrahepatic vessels show isointensity to the liver. Prolonged retention of the contrast in intrahepatic vessels indicates impaired hepatic function and an inadequate
hepatobiliary phase. Twenty minutes phase corresponds in this case to the transitional phase observed in normal liver patient due to prolonged retention of gadoxetic
acid in intrahepatic vessels. Also, note that the kidney shows isointensity to the liver on 10 min and 20 min phases, indicating a compensatory increase of renal
elimination of gadoxetic acid and an inadequate hepatobiliary phase. PRE: Precontrast; HAP: Late hepatic arterial phase; PVP: Portal venous phase.

A

B

Figure 4 Twenty-minute hepatobiliary phase gadoxetic acid enhanced magnetic resonance imaging obtained in a 67-year-old man with Child-Pugh class
A hepatitis C virus-related cirrhosis (A) and in a 67-year-old woman with Child-Pugh class B hepatitis C virus-related cirrhosis (B). A: The liver shows high
signal intensity compared with the portal vein (arrowhead), which shows hypointensity; B: The liver shows relative high signal intensity compared with the portal vein
(arrowhead), which shows “less” hypointensity if compared with A. Visual comparison of signal intensity of the liver relative to the portal vein can be used to evaluate
adequacy of hepatobiliary phase. Enhancement of bile ducts, noted in both A and B (arrows), cannot be used alone to indicate adequacy of hepatobiliary phase.

normal-liver patients showed sufficient visualization of
[48]
the biliary tree within 30 min of injection .

of cirrhosis and cannot be used alone to evaluate
[48]
adequacy of the hepatobiliary phase (Figure 4).
The uptake of gadoxetic acid does not depend only
on the hepatic function but also on the hepatic blood
[33]
[33]
flow . Motosugi et al reported that most patients
with Child Pugh Class A cirrhosis and inadequate
hepatobiliary phase had considerable arterial-portal
and portal-systemic shunts. The shunts decrease the
hepatic blood flow and hepatic retention of gadoxetic
[33]
acid . Other causes of reduced hepatobiliary phase
enhancement include severe steatosis (Figure 5),
[54-57]
hepatic fibrosis, and iron overload
. An inade
quate hepatobiliary phase may impair detection
and characterization of focal liver lesions because
the contrast between focal liver lesions and the liver
[58]
parenchyma is reduced . These patients should be
evaluated with alternative modalities, such as contrastenhanced CT and contrast-enhanced ultrasound, in
order to avoid misdiagnosis. To date, however, no liver
function test can predict whether the hepatobiliary
phase result will be adequate.
Recent studies have demonstrated that increasing
the flip-angle from 10°-15° to 30°-40° can improve
detection and conspicuity of focal hepatic lesion,

ADEQUACY OF HEPATOBILIARY PHASE
In patients with normal hepatic function, gadoxetic
acid is equally eliminated by biliary excretion and
[6]
glomerular filtration . Impaired hepatic function
results in a compensatory increase of renal elimination
and more prolonged plasma half-life of gadoxetic acid
[36]
in cirrhotic patients than in normal-liver patients .
The consequence is typically a decrease of contrast
[53]
between liver parenchyma and portal vein . Visual
evaluation of the signal intensity of the liver relative to
the portal vein or kidney can help radiologists assess
[34,38]
adequacy of the hepatobiliary phase
. Specifically,
brighter signal intensity of the liver parenchyma
compared with the portal vein and kidney indicates
an adequate hepatobiliary phase, while persistent
contrast within the portal vein and brighter or equal
signal intensity of the kidney compared with the liver
parenchyma indicates an inadequate hepatobiliary
[36,39]
phase
(Figures 3 and 4). Opacification of the
biliary tree shows no correlation with the severity
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A

B

C

D

Figure 5 Reduced hepatobiliary phase enhancement due to severe hepatic steatosis in a 42-year-old woman with hepatitis C virus-related chronic
hepatitis. A, B: T1-weighted gradient-echo images show diffuse signal intensity decrease of the liver on out-of-phase (A) image compared with that on the in-phase
image (B), indicating severe hepatic steatosis; C: On 10 min hepatobiliary phase, gadoxetic acid enhanced magnetic resonance imaging, left portal vein (black arrow)
shows iso- to hypointensity to liver parenchyma; D: On 20 min hepatobiliary phase left portal vein shows slight hypointensity to liver parenchyma. Enhancement of bile
ducts (white arrows) is less intense on 10 min hepatobiliary phase than that on 20 min hepatobiliary phase, indicating delayed biliary elimination of gadoxetic acid.
[44-46]

particularly of small lesions
. Larger flip angle
maximizes T1-contrast and results in better diffe
rentiation between tissues with short T1-relaxation
times, such as liver parenchyma with gadoxetic acid
uptake and tissues with long T1-relaxation times, such
[59-61]
as lesions without functioning hepatocytes
. Larger
flip angle, however, increases specific absorption rate
[59]
(SAR) in patient tissue .

2

3

CONCLUSION

4

Gadoxetic acid enhanced liver MRI is emerging as
a powerful tool in the diagnostic workup of cirrhotic
patients and provides unique information related to
lesion vascularity and hepatobiliary function. Use of
gadoxetic acid improves detection and characterization
of focal liver lesions, and hepatocellular uptake can be
used as a measure of liver function. Thus, radiologists
involved in liver imaging need to be familiar with the
state-of-art MRI study protocol of the liver and the
unique characteristics of gadoxetic acid.

5

6
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Left ventricular function assessment in cirrhosis: Current
methods and future directions
Francisco Sampaio, Joana Pimenta
cardiac dysfunction in patients with cirrhosis characterized
by impaired contractile responsiveness to stress and/or
altered diastolic relaxation with electrophysiological
abnormalities in the absence of other known cardiac
disease. Non-invasive cardiovascular imaging modalities
play a major role in unmasking systolic and diastolic
dysfunction in patients with cirrhosis. Echocardiography
has been the most commonly used modality for assessing
myocardial function in these patients. Conventional
echocardiographic indices rely on several assumptions
that may limit their applicability in patients with a
hyperdynamic circulation. Newer imaging modalities may
contribute to a more accurate diagnosis of cardiovascular
abnormalities in cirrhotic patients, thereby influencing
clinical management. We aimed to review the different
non-invasive imaging technologies currently used for
assessing left ventricular systolic and diastolic function in
cirrhosis, as well as to describe new imaging modalities
with potential clinical applicability in the near future.
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Core tip: Cardiac dysfunction has been documented
in cirrhosis. Conventional non-invasive methods are
frequently used to detect abnormalities. Newer imaging
techniques have been developed and can contribute to
a more accurate diagnosis of cirrhotic cardiomyopathy.
However, it is essential to understand the strengths
and limitations of every modality in order to correctly
interpret the results. Currently applied methods for
assessing left ventricular myocardial function as well as
future perspectives are reviewed.
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Abstract
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Cirrhotic cardiomyopathy has been defined as a chronic
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accurate and reproducible, when compared to cardiac
[13-16]
magnetic resonance (CMR)
. Fully automated
software is commercially available allowing fast online
measurements and better reproducibility. However,
3DE is highly dependent on image quality and has
lower temporal resolution than two-dimensional
echocardiography (2DE); some ultrasound systems
still require electrocardiogram gating and breath
hold making it more prone to artifacts. These issues
may limit its applicability in cirrhotic patients with
[17]
tachycardia and/or unable to hold their breath .
Volumes obtained with 3DE are larger than 2DEderived volumes and should not be used inter[12]
changeably in serial measurements . To the best of
our knowledge, there are no studies comparing 3DE
with 2DE or CMR in cirrhosis; hence, its validity in this
specific setting remains unproven.
Cardiac magnetic resonance has evolved into
the reference standard methodology for assessment
[18,19]
of cardiac morphology and volumes
. Such
as echocardiography it provides morphological
and functional information, does not use ionizing
radiation and has a better spatial resolution than
2DE. Volumes obtained with CMR are also larger
[16,20-22]
than echocardiography-derived values
. The
widespread use of this method is limited by availability
and cost. Its use in cirrhotic patients may also be
hampered by the need of repeated end-expiratory
apneas for image acquisition and tachycardia
(decreasing temporal resolution) or irregular heart
rates. Current development of improved free breathing
and short breath-hold sequences may soften some of
[23,24]
these problems in the near future
.
Computed tomography and single photon emission
computed tomography (SPECT) are alternative
modalities for calculating EF and some studies in
[25,26]
cirrhosis have used SPECT to quantify LV function
.
However, these methods are limited by low temporal
resolution and radiation.
According to the current consensus, an EF of less
than 52% in men and 54% in women, using 2DE,
suggests systolic dysfunction. Reference values for
3DE may be different since there is less published
[12]
data on normal subjects . Higher cut-off values may
[27]
also apply to CMR . In the 2005 World Congress of
Gastroenterology, a resting EF < 55% was proposed as
a diagnostic criteria of systolic dysfunction. However,
since EF is highly dependent on loading conditions,
a higher cut-off value may need to be considered
in patients with cirrhosis due to the peripheral
vasodilatation and decreased afterload. This probably
explains the finding of normal resting ejection fraction
[5,28-30]
in the majority of the studies in cirrhosis
.

INTRODUCTION
Cardiovascular dysfunction in patients with cirrhosis
[1,2]
has been recognized for more than sixty years .
These abnormalities were initially attributed exclusively
to the effects of alcohol; however findings from
animal and clinical studies performed during the last
decades, lent support to the existence of a specific
cardiomyopathy in cirrhosis, irrespective of its
[3]
etiology . Based on these reports, in 2005, cirrhotic
cardiomyopathy was defined as a “chronic cardiac
dysfunction in patients with cirrhosis characterized by
impaired contractile responsiveness to stress and/or
altered diastolic relaxation with electrophysiological
abnormalities in the absence of other known cardiac
disease”. Several criteria for diagnosing this entity were
proposed, relying mostly on non-invasive assessment
[4-6]
of myocardial function .
In the last years, the role of cardiac imaging in
the management of cardiovascular diseases has
been increasingly important. The development of
newer imaging modalities resulted in an improvement
in diagnostic accuracy and prognostic information
thereby influencing clinical management of several
cardiac disorders. Although the role of these methods
in the diagnostic work-up of cirrhotic cardiomyopathy
is still uncertain, several recent studies suggested their
utility in unmasking myocardial dysfunction in this
[7,8]
population . The aim of this paper is to review the
different non-invasive imaging technologies currently
used for assessing left ventricular systolic and diastolic
function in cirrhosis, as well as to describe new
imaging modalities with potential clinical applicability in
the near future.

SYSTOLIC FUNCTION
Ejection fraction (EF) is the most widely used
parameter of global left ventricular systolic function.
It is calculated from end-systolic and end-diastolic
volumes, which can be estimated by different
methods.
Echocardiography was the most commonly used
[9-11]
modality for assessing EF in studies in cirrhosis
.
The disk summation method in two orthogonal planes
(modified Simpson’s rule; Figure 1) is still the method
of choice for calculating ejection fraction in recent
[12]
recommendations . Volumes and EF derived from
linear dimensions may be very inaccurate in several
conditions and should not be used. Three-dimensional
echocardiography (3DE) is becoming more available
and increasingly used in clinical practice (Figure 1).
Left ventricular volumes derived from 3DE do not
rely on geometrical assumptions and may be more
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NEWER INDICES OF SYSTOLIC
FUNCTION
Although widely used in systolic function assessment,
EF has several limitations. Ejection fraction is not
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Figure 1 Ejection fraction determination using two-dimensional (biplane Simpson’s method - upper panel) and three-dimensional echocardiography (fully
automated software - lower panel).

an index of contractility and depends on loading
[31]
conditions, heart rate and valvular function .
Besides, EF relies on accurate tracing of endocardial
borders and the inter-observer agreement in different
[32]
measurements can be modest .
Tissue Doppler imaging (TDI) and speckle tracking
echocardiography are newer imaging modalities able
to objectively quantify regional and global LV function.
Deformation is computed from the spatial gradients of
myocardial velocities (using TDI) or from the relative
position of “speckles” within a myocardial region, along

WJG|www.wjgnet.com

the cardiac cycle (speckle tracking). Strain (ε) is the
fractional change in length of a myocardial segment
relative to its original dimension, and is expressed as
a percentage (%). Strain rate (SR) is the change in
strain over a period of time and is usually expressed
-1
as 1/s or s . Both TDI and speckle tracking have
strengths and weaknesses, that are described in
[33,34]
detail elsewhere
. Briefly, TDI is mainly limited by
angle-dependency (making it unsuitable to assess
circumferential motion) and by artifacts, while speckle
tracking has lower temporal resolution, which may
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Figure 2 Left ventricular deformation analysis using speckle tracking echocardiography. Longitudinal (top panel) and circumferential (lower panel) strain
curves are displayed.
[40-48]

in the prediction of outcomes
. Left ventricular
longitudinal dysfunction has also been previously
[7,8]
documented in patients with cirrhosis, at rest
.
Longitudinally oriented subendocardial fibers are
more susceptible to damage than the radial fibers
of the middle myocardium layer and this probably
accounts for these findings. Loading conditions also
[49-51]
influence strain and strain rate
and this should be
taken into account when interpreting strain results in
patients with cirrhosis, since the decreased afterload
secondary to peripheral vasodilatation improves
strain values. This may explain previous findings of
strain values within the normal range in patients with
decompensated cirrhosis as well as similar strain
[7,8,52]
between hospitalized and ambulatory patients
.
The presence of an abnormal response to exercise

limit its use in patients with higher heart rates (such
as patients with decompensated cirrhosis) or in the
assessment of short-lived events. Speckle tracking
has the advantage of being able to quantify all the
components of myocardial mechanics (longitudinal,
circumferential and radial motion/deformation as
well as rotation and torsion; Figure 2) within the
image plane. It may also be more reproducible than
[35-39]
TDI
. There is a large body of evidence supporting
the clinical utility of myocardial deformation analysis
in cardiovascular disease. These methods were
successfully used in identifying subclinical myocardial
dysfunction in different settings, in the improvement
of the performance of stress echocardiography for
diagnosing coronary artery disease, in the assessment
of therapeutic interventions in cardiomyopathies and

WJG|www.wjgnet.com

115

January 7, 2016|Volume 22|Issue 1|

Sampaio F et al . Myocardial function in cirrhosis

Figure 3 Mitral inflow velocities using pulsed-wave Doppler showing a impaired relaxation pattern (top), and tissue-Doppler derived mitral annulus
velocities at the septal wall (bottom).

or pharmacological stress has been reported as a
[26,53-58]
feature of cirrhotic cardiomyopathy
. Limitations
of classical non-invasive parameters of systolic function
also apply under stress (particularly pharmacological
stress). Deformation may also be assessed during
stress and abnormalities in the response of myocardial
deformation to exercise have been found in heart
[59]
failure patients, using speckle tracking . The
improvement in longitudinal strain under low-dose
dobutamine may be lower in patients with cirrhosis
when compared to a control group suggesting that
longitudinal dysfunction can contribute to the inotropic
incompetence previously documented in these
[60]
patients .
A major limitation to the widespread use of speckle
tracking in routine clinical practice is the significant
variability that exists among vendors and software
packages that prevent the definition of normal
reference values. Likewise, abnormal strain variations
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in follow-up echocardiographic studies cannot be
safely determined when using different analysis
[61,62]
software
. An effort to implement standardization
in strain imaging is currently underway and will
[63]
hopefully reduce intervenor variability of strain .

DIASTOLIC FUNCTION
Diastolic dysfunction (DD) has been reported as a
common finding in patients with cirrhosis. Abnormalities
in membrane receptor function and intracellular
signaling pathways, as well as changes in contractile
proteins and extracellular matrix composition are
probably involved in the pathogenesis of DD in
[64-68]
cirrhosis
.
Non-invasive assessment of DD has classically
relied on the echocardiographic analysis of mitral inflow
pattern using pulsed-wave Doppler (Figure 3). In the
presence of mild DD, early diastolic filling is decreased
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Diastolic dysfunction, as defined in the 2005
World Congress of Gastroenterology (E/A ratio <
1.0, deceleration time > 200 ms and isovolumetric
relaxation time > 80 ms, is highly prevalent in patients
[10,69,70]
with cirrhosis
. An association between liver
disease severity and DD and an improvement in DD
after paracentesis has also been reported. Earlier
studies also suggested that DD was related to the liver
[10,71]
disease severity and improved after paracentesis
.
More importantly, an association between an E/A ratio
< 1 and increased mortality and slower mobilization
of ascites after transjugular intrahepatic portosystemic
[72,73]
shunt (TIPS) insertion has been suggested
.
However, mitral inflow-based assessment of
diastolic function has several limitations that should
[74-78]
be taken into account
. Different loading and
heart rate can significantly change the E/A ratio and
[79-81]
DT, even in normal subjects
. This can be a major
issue in cirrhotic patients, due to the blood pooling
in the splanchnic bed and reduced preload which,
along with faster heart rates, may result in lower
E/A ratios, regardless of the presence of impaired
relaxation. This can also contribute to the association
of this pattern with mortality since there is usually a
direct relation between hyperdynamic circulation and
[82]
disease severity . Besides, impaired relaxation has
a better prognosis than more advanced stages of DD,
both in the general population and in heart failure
[83,84]
patients
.
Acknowledging the pitfalls of mitral-flow variables,
recommendations for evaluating left ventricular
diastolic function by echocardiography have been
[80]
issued in 2009 . According to this consensus
document, tissue-Doppler diastolic velocities of the
mitral annulus play a major role on DD assessment
(Figure 3). Early diastolic annular velocity (E’) is a
[85-87]
sensitive parameter of myocardial relaxation
. E’
is also a surrogate marker of the volume that enters
the left ventricle during early diastole. Since E wave
velocity reflects the pressure gradient between the
left atrium and left ventricle, the E/E’ ratio represents
the volume that enters the ventricle for a given LA-LV
pressure gradient. A high E/E’ ratio means that there
is a small volume change between the two chambers
despite a high pressure gradient, reflecting diastolic
dysfunction with an increase in left ventricular filling
[88,89]
pressure
.
Using a tissue-Doppler based approach, some
studies have found a lower prevalence of DD in
cirrhotic patients; furthermore, the prevalence of DD
[8,52,90,91]
did not differ between disease stages
. The
association between DD and prognosis also remains
controversial, with conflicting results reported in
[52,92-94]
different studies
.
Although a clear advance in the diagnostic workup
of DD, tissue-Doppler based parameters are not
flawless, and E/E’ may not adequately reflect left
ventricular filling pressures in different settings.
Hence, the diagnosis of DD should not rely on a

Figure 4 Left atrial volume quantification using two-dimensional
(biplane Simpson’s method - upper panel) and three-dimensional
echocardiography (lower panel).

as a result of delayed LV relaxation and atrial con
traction becomes a more important contributor to left
ventricular filling. This impaired relaxation pattern
(grade Ⅰ DD) is characterized by a decrease in E
wave velocity, prolongation of E-wave deceleration
time, and an increase in A wave velocity resulting
in an inverted E/A ratio (< 1). With worsening DD,
the increase in left atrial pressure restores the early
diastolic pressure gradient, increasing E wave velocity;
on the other hand, LV pressure at the end of diastole
is higher, so that the contribution of atrial contraction
(A wave) is reduced. So, in grade Ⅱ DD, mitral flow
is similar to that in the normal individual (hence
called pseudonormal pattern), with the E wave again
greater than the A wave. The Valsalva maneuver,
which decreases preload, can be used to differentiate
a normal from a pseudonormal pattern since the latter
is changed to an impaired relaxation pattern during
the maneuver. With even more severe DD (grade Ⅲ),
there is a marked elevation in LA and LV pressures
and most filling occurs during early diastole. In this
restrictive pattern, E wave velocity is increased, E
wave deceleration time is very short (< 160 mseg)
and the E/A ratio is > 1.5.
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Conduit

Pump

Reservoir

Figure 5 Left atrial deformation analysis using speckle tracking echocardiography. Reservoir, conduit and pump function of the left atrium during the cardiac
cycle can be quantified from the strain curves.

single measurement and a multi-parameter approach
(including tissue-Doppler mitral annulus velocities,
pulsed-waved Doppler mitral inflow and pulmonary
veins velocities, and left atrial volume) is usually
[80,95]
recommended
. Unfortunately, the use of these
more complex algorithms results in some variability
in the classification of DD, even among expert
[96,97]
echocardiographers
. This probably explains some
of the differences in the prevalence of DD among more
recent studies in cirrhosis.
Speckle tracking echocardiography can also provide
information regarding diastolic function, through the
analysis of strain rate during isovolumic relaxation,
[33,85]
early filling and late diastole
. However, the lower
temporal resolution of speckle tracking can limit the
analysis of fast events (such as those during diastole),
and there is no evidence to support its superiority over
[98]
the already established TDI parameters .
Left atrial volume, preferably indexed to body
surface area, is a mandatory measurement for the
assessment of diastolic function. Left atrial volume
index (LAVI) is strongly associated with the severity
and duration of DD reflecting the cumulative effects
[83]
of elevated filling pressures over time . As for LV
volumes and EF, the disk summation algorithm is the
recommended method for calculating LAVI (Figure
[12]
4) . An increase in LAVI has also been reported in
cirrhosis, which has been interpreted as a marker of
[29]
DD in these patients . However, dilated atria may
also be seen in patients with volume overload, anemia
or other high-output states such as cirrhosis. We have
previously found that, in a cohort of patients with
cirrhosis of several etiologies, LAVI was associated
with stroke volume, LV end-diastolic volume and
hemoglobin and not with diastolic dysfunction, sugges
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ting that atrial enlargement in cirrhosis may be related
to loading conditions and should not be used as a
[99]
marker of DD . Speckle tracking echocardiography
can also be used in the assessment of left atrial phasic
volumes and deformation, providing information about
[100,101]
left atrial function (Figure 5)
. Atrial dysfunction
may be involved in the pathophysiology of heart failure
with preserved ejection fraction and may be associated
[102-105]
with symptom onset
. Left atrial longitudinal
strain correlates better with LV filling pressures than
LA volume or other echocardiographic indices such as
[106,107]
the E/E’ ratio
. A decrease in LA longitudinal strain
has also been reported in patients with cirrhosis, and
this seems to relate to abnormal relaxation in these
[99]
patients .
Magnetic resonance can be used to study diastolic
[108]
function
. Both mitral inflow and pulmonary vein
velocities can easily be determined and a good correlation
with echocardiography-derived indices has been
[109]
demonstrated
. However, like echocardiographic
variables, mitral inflow velocities calculated by
magnetic resonance are heavily dependent on loading
conditions and heart rate. Availability issues, costs,
and lower temporal resolution (when compared to
echocardiography) also hamper cardiac magnetic
resonance limiting its use to patients in which echo
cardiography is non-diagnostic.
Magnetic resonance can also be used to detect
myocardial fibrosis through the quantification of late
gadolinium enhancement (LGE). A diffuse pattern of
intramyocardial LGE has been previously described
in patients with cirrhosis; the authors did not analyze
a possible relation between LGE extent and DD
[110]
indices
. The use of gadolinium-based contrast
agents should be very cautious in patients with renal
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Figure 6 Left ventricular deformation analysis using magnetic resonance feature tracking.

failure due to case-reports of nephrogenic systemic
[111]
fibrosis induced by older linear gadolinium chelates .
This may be an issue in patients with advanced
cirrhosis and hepatorenal syndrome.

indices of myocardial function that can be assessed
[113-115]
with CMR
. Newer technologies, like feature
tracking (a technique analogous to speckle tracking,
which tracks tissue voxel motion of CMR cine images)
will result in faster scans and post-processing analysis
times (Figure 6).
T1 mapping is a new CMR application that quantifies
T1 relaxation times for each myocardial pixel. With
the use of gadolinium-based contrast agent, the
extracellular volume fraction of the myocardium - a
surrogate marker of the size of extracellular matrix can also be quantified. This may allow for the detection
and quantification of diffuse myocardial involvement
in different disease processes. A detailed description
of technical aspects of these new modalities can
[116,117]
be found elsewhere
. T1 mapping has been a
field of intensive research in the last few years. Its
usefulness in diagnosing infiltrative diseases (such
has amyloidosis, Fabry disease or iron overload) as
well as the diagnostic and prognostic value of fibrosis
quantification in heart failure, cardiomyopathies,

FUTURE PERSPECTIVES
Three-dimensional echocardiography will improve
to allow the acquisition of single-heartbeat fullvolume data sets with higher temporal and spatial
resolution. Chamber volume quantification will
become quicker, more simple and reproducible with
the use of fully automated software (Figures 1 and
4). Three-dimensional speckle tracking can analyze
the deformation of the heart from a single data set.
Although limited by a lower temporal resolution, 3D
speckle tracking use will result in a more complete and
[112]
more accurate analysis of myocardial function .
Myocardial deformation can also be quantified
with CMR. Systolic and diastolic strain rate, atrial
deformation parameters and twisting/untwisting are
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myocarditis or cardiac involvement in systemic
[118-132]
diseases has been suggested in several studies
.
Although never previously reported, its use in cirrhosis,
conceptually, appears to be very promising. However,
issues regarding standardization still preclude clinical
use of T1 mapping and this technique is mainly in the
[116]
research field .
In conclusion, these newer CMR technologies,
along with classical volume determination, flow
analysis and late enhancement quantification will allow
a comprehensive evaluation of myocardial function
in a single exam, not dependent on a good “acoustic
window” for image acquisition and with no radiation.
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CONCLUSION
A large number of parameters derived from different
imaging modalities are currently available for the
assessment of left ventricular function. Newer tech
nologies will become widely available in the near
future, allowing a detailed evaluation of myocardial
function, and improving the diagnostic accuracy of the
tests. However one must be aware of the limitations
of every parameter in order to correctly interpret
the results. On the other hand, the use of these new
methods in cirrhosis has been limited to a few studies
and further work is needed to evaluate their diagnostic
performance and, more importantly, the impact on
clinical management of this specific group of patients.
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Abstract
Hepatitis B virus (HBV) has a worldwide distribution and
is endemic in many populations. Due to its unique life
cycle which requires an error-prone reverse transcriptase
for replication, it constantly evolves, resulting in
tremendous genetic variation in the form of genotypes,
sub-genotypes, and mutations. In recent years, there has
been considerable research on the relationship between
HBV genetic variation and HBV-related pathogenesis,
which has profound implications in the natural history of
HBV infection, viral detection, immune prevention, drug
treatment and prognosis. In this review, we attempted to
provide a brief account of the influence of HBV genotype
on the pathogenesis of HBV infection and summarize
our current knowledge on the effects of HBV mutations
in different regions on HBV-associated pathogenesis,
with an emphasis on mutations in the preS/S proteins in
immune evasion, occult HBV infection and hepatocellular
carcinoma (HCC), mutations in polymerase in relation
to drug resistance, mutations in HBV core and e antigen
in immune evasion, chronicalization of infection and
hepatitis B-related acute-on-chronic liver failure, and
finally mutations in HBV x proteins in HCC.
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DNA synthesis, a spacer domain that is tolerant to
mutations, the RT domain, and the ribonuclease H
(RNase H) domain. The RT and RNase H domains
have sequences highly conserved among proteins with
[4,5]
similar enzymatic functions such as the HIV RT .
Similar to the HIV RT, HBV RT lacks proofreading
[6,7]
activity . As a result, HBV exhibits an estimated
-5
-5
mutation rate of 1.4 × 10 -3.2 × 10 nucleotides per
site per year, which is more than 10-fold higher than
[8-10]
other DNA viruses
. The high error rate of HBV RT
causes frequent nucleotide substitutions during viral
replication, resulting in genetic diversity in the form
of genotypes, sub-genotypes, quasispecies and a
large number of mutations in different regions of the
-5
HBV genome. With a spontaneous error rate of 10
substitution/base/cycle, viral mutants are generated
every day in a mixture of viral quasispecies within
the same patient. These mutants usually confer
disadvantages to the replication, assembly, secretion
or infectivity of the virus; however, in the context of
pressure due to antiviral immune response or therapy,
the mutants can be selected and become the dominant
species.
The natural history of HBV infection can vary dra
matically depending on both host and viral factors.
Most people do not experience any symptoms during
the acute infection phase. However, some people have
acute illness with symptoms that last several weeks.
A small subset of people with acute hepatitis can
develop acute liver failure which can lead to death.
Acute HBV infection is characterized by the presence
of HBsAg and immunoglobulin M antibody to the core
antigen, HBcAg. During the initial phase of infection,
patients are also seropositive for HBeAg. HBeAg is
usually a marker of high levels of virus replication. The
presence of HBeAg indicates that the blood and body
fluids of the infected individual are highly contagious.
In adults, about 5% of otherwise healthy persons
who are infected with HBV as adults will develop
chronic infection. Chronic infection is characterized
by the persistence of HBsAg for at least 6 mo (with
or without concurrent HBeAg). Persistence of HBsAg
is the principal marker of risk for developing chronic
liver disease and HCC. The 20%-30% of adults who
are chronically infected will develop cirrhosis and/or
hepatocellular carcinoma (HCC). Some people can
develop occult HBV infection. Occult HBV infection is
defined as the presence of HBV DNA in the liver tissue
[11,12]
of HBsAg-negative individuals
.
Abundant evidence has shown that the genetic
diversity of HBV plays critical roles in modulating
the pathogenesis in HBV infection (Figure 1). HBV
genotypes, sub-genotypes and mutations in certain
regions of the HBV genome have been found to
influence the HBeAg seroconversion rates, HBcAg
seroconversion, viremia levels, immune escape,
emergence of mutants, pathogenesis of liver disease,
response and resistance to antiviral therapy, and
vaccination against the virus (Figure 2).

transcriptase for replication, it constantly evolves
resulting in significant genetic variation in the form
of genotype, sub-genotype, and mutations. A large
number of publications on the relationship between
HBV genetic variation and HBV-related pathogenesis
have appeared in recent years. However, the progress
in this field has not been reviewed. We have attempted
to provide a brief account of the influence of HBV
genotype and mutations in the different viral genome
regions on HBV-associated pathogenesis. This review
provides an overview for scientists working on HBV and
related fields.
Zhang ZH, Wu CC, Chen XW, Li X, Li J, Lu MJ. Genetic
variation of hepatitis B virus and its significance for pathogenesis.
World J Gastroenterol 2016; 22(1): 126-144 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i1/126.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i1.126

INTRODUCTION
Hepatitis B virus (HBV) is the prototype member of
a family of viruses called hepadnaviruses. It has a
relaxed partially double-stranded circular DNA genome
of approximately 3200 bases with four overlapping
open reading frames (ORFs): pre-S/S (surface
proteins), pre-C/C (pre-core/core), X (transcriptional
co-activator) and P (DNA polymerase). The pre-S/S
ORF is contained completely within the P ORF, but is
translated in a different reading frame. ORFs C and X
overlap the ORF P by 1/4 and 1/3 of their respective
[1]
sequence lengths . The preS/S ORF encodes three
different, structurally related envelope proteins,
which are synthesized from alternative initiation
codons and termed Large (L), Middle (M) and Small
(S) protein, respectively. The S protein [hepatitis
B surface antigen (HBsAg)] consists of 226 amino
acids (aa), and the M protein has an extra N-terminal
extension of 55 aa, whereas the L protein has a further
N-terminal extension of 108 or 119 aa depending on
the genotype. The preC/C ORF codes for two distinct
products derived from in-frame alternative initiation
sites on the same transcript: the core protein forming
the protein shell of the nucleocapsid [hepatitis B core
antigen (HBcAg)] and the precore protein which is
targeted into the cell’s secretary pathway, processed
at both ends and eventually found in the serum of
infected individuals [hepatitis B e antigen (HBeAg)].
The X ORF encodes the small regulatory X protein,
which is essential for viral replication, and plays roles
in modulating host and viral gene expression. The P
[2]
ORF encodes protein P, the viral DNA polymerase .
HBV relies on protein P, which is also a specialized
reverse transcriptase (RT), to replicate its genomic
[3]
DNA via a RNA intermediate . Protein P consists of
four domains: a terminal protein that is covalently
linked to the DNA primer during negative-strand
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Figure 1 Interventions, mutations and clinical outcomes in the natural history of hepatitis B virus infection. The natural history of hepatitis B virus (HBV)
infection is typically classified into 4 phases: immune tolerant, immune clearance, inactive and recovery phase. Patients who receive HBV vaccine and/or hepatitis B
immunoglobulin (HBIg) injection may develop chronic HBV infection with PreS and/or S gene mutations, this phenomenon is called occult HBV infection (OBI); during
the immune clearance phase, long-term use of NAs can select for mutations in the reverse transcriptase (RT) and S regions; HBV reactivation may occur during the
inactive phase in patients with hepatitis B surface antigens (HBsAg) and/or anti-HBc positive after chemotherapy or immunosuppression. HBV isolated from these
patients may harbor mutations in the PreS, S, basal core promoter (BCP) or Pre-C regions. The causal relationship between these mutations and chemotherapy or
immunosuppression is unclear; with increasing age, some patients can develop BCP, Pre-C or X region mutations or HBV DNA integration leading to hepatitis B e
antigen (HBeAg) negativity or tumor.
[22-27]

C16 were isolated from Indonesia
. This pattern
of defined geographical distribution was less evident
for D1-D4, where the sub-genotypes were widely
[18]
spread in Europe, Africa, and Asia . Moreover, as
was pointed out in a recent review article, immigration
has become an important confounding factor of global
HBV distribution and has been substantially changing
[28]
the geographic pattern of HBV sub-genotypes .
Notably, the intergenotype recombination has also
been described previously, which plays an important
role in the evolutionary history of HBV. Recombination
[29,30]
is favored in particular geographical regions
.
For instance, B/C recombinants are prevalent in
[31]
Southeast Asia and East Asia . Other intergenotype
recombinants such as A/D, A/E, C/D and G/C
recombinants have also been observed in different
[29-31]
geographical regions
. Therefore, it is logical to
predict that distinguishing exotic (sub)genotypes from
native ones will become more and more important for
improved prophylaxis, diagnosis and treatment.
Not only are HBV genotypes and sub-genotypes
related to geographical distribution, mounting evidence
has shown that they are also associated with the
pathogenesis and outcome of HBV infection. An early
study from Europe found that genotype A infection
was associated with a significantly higher rate of

GENOTYPES AND SUB-GENOTYPES
HBV was formerly classified into nine serological
[13]
subtypes according to the antigenic determinants .
[14]
In 1988, Okamoto et al compared the full nucleotide
sequence of 18 HBV strains and classified them into
four groups, genotype A to D, by a divergence of
more than 8% between genotypes. Since then, at
least 10 genotypes (A to J) have been identified. By
a divergence of 4%, HBV genotypes can be further
classified into sub-genotypes. This approach has
resulted in HBV genotype A (A1-A7), genotype B
(B1-B9), genotype C (C1-16), genotype D (D1-D8),
[15-17]
and genotype F (F1-F4)
. Similar to HBV serological
subtypes, HBV genotypes and sub-genotypes also
have distinct geographical distributions. HBV subgenotype B1 dominates in Japan, B2 dominates in
China and Vietnam, B3 is confined to Indonesia, and
[18]
B4 is confined to Vietnam . B7, B8, and B9 have
[19]
been found in an island in Southeast Asia . HBV/
C1 (Cs) is found mainly in Southeast Asia, whereas
[20]
C2 (Ce) is predominant in East Asia . HBV/C3 was
confined to Oceania, while C4 (Caus) was exclusively
found in Australia and regarded as the most divergent
[21]
sub-genotype within HBV/C . Sub-genotypes C5
and C7 were found in Philippines, while C6 and C8 to

WJG|www.wjgnet.com

128

January 7, 2016|Volume 22|Issue 1|

Zhang ZH et al . Genetic variation of HBV
Immune escape (B cell)
PreS: Deletion
MHR: K122I, T123N,
G145R, etc.
S2S2
rere
PP
1
eSS1

P

Per
Pr

P

SS

HRRR
MMHH
M
RRTT

5’

+

-

Partially dsDNA

5’

C

Increased viral replication
Abolish or decrease HBeAg
expression
Immune escape (T cell)
BCP: A1762T and G1764A
PreC: G1896A
Core gene: CTL epitope

Drug resistance
RT: V173L, L180I/V,
A181V/T, T184S,
S202I, M204I/V,
N236T, F249A,
M250I/V, etc.

XX

C

Tumorgenesis
Truncated mutant
C1653T, T1753V, etc.

PPrer
CeC

Figure 2 Hepatitis B virus genome and the major gene mutation types in hepatitis B virus open reading frames. The hepatitis B virus (HBV) genome is a 3.2
kb double-stranded DNA molecule that is organized into four open reading frames: the polymerase, the envelope, the precore and X. The deletion mutations in the
PreS gene region and/or some point mutations in the major hydrophilic region (MHR) of S gene can lead to immune escape and occult HBV infection; mutations in
reverse transcriptase (RT) can lead to drug resistance after long-term use of nucleotide analogues and this drug-resistant HBV typically has an altered viral envelope
of hepatitis B surface antigen because of the overlap between the polymerase and envelope, for example, A181T/V mutations in the RT region can cause W172* (stop
codon mutation), W172L and L173F mutations in the S region. M204V/I mutations in the RT region can result in I195M, W196* (stop codon mutation), W196S and
W196L mutations in the S region; A1762T and G1764A mutations in the base core promotor (BCP) or G1896A mutation in PreC can increased viral replication, abolish
or decrease HBeAg expression. Some mutations in the CTL epitope of HBV core gene can cause T cell immune escape; some point mutations or truncated mutants
in the HBV X gene can cause tumorigenesis or other end-stage liver disease.

sustained biochemical remission, HBV DNA clearance,
and HBsAg clearance in patients with chronic HBV
[32]
infection than genotype D infection . Similarly, a
study from China has also shown that genotype A and
B patients have a higher rate of HBsAg sero-clearance
[33]
than genotype C and D patients . A study from India
has also suggested that genotype D was associated
with more severe liver diseases and HCC in younger
[34]
patients than genotype A . Furthermore, a study
from Alaska, where five of the ten HBV genotypes
are present, showed that the rate of complications,
including HCC, for those infected with genotype A
appeared to be less than that found in individuals
[35]
infected with genotype D, C, or F1 . A study by the
same group also revealed that HBeAg seroconversion
occurred about 3 decades later in women infected with
genotype C than those infected with genotypes A2,
[36]
B6, D, and F1 . Multiple cross-sectional studies have
suggested that patients with genotype C experience
HBeAg seroconversion at older ages and are more
likely to be HBeAg positive at any given age than
[37-39]
HBV genotype B
. HBV genotype C has also been
associated with increased risk of liver inflammation,
[37,38,40]
flares of hepatitis, liver fibrosis, and cirrhosis
.
Prospective studies compared the outcome in those
infected with genotypes B and C further and have
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also shown that HBeAg seroconversion occurred at
a significantly younger age for those infected with
[36,41-43]
genotype B than genotype C
, and that increased
[42,44]
risk of fibrosis was associated with genotype C
. In
addition, infection with genotype C has been identified
as an independent risk factor for the development
[45]
of HCC . Taken together, it can be concluded that
individuals infected with HBV genotype C seroconvert
from HBeAg later in life and have an increased risk of
liver inflammation, liver fibrosis, and HCC. In an acute
liver failure study in the United States, genotype D was
found to be an independent risk factor for fulminant
[46]
hepatitis . Genotype G is the most uncommon of all
HBV genotypes. This genotype is almost exclusively
found in persons co-infected with another HBV
genotype, most commonly genotype A, with the
only exception being a single report of a transfusion[47,48]
associated case
. HBV genotypes F and H are the
‘‘New World’’ genotypes found primarily in indigenous
populations of North and South America. In a nested
case-control study of a cohort of 1176 Alaskan Natives
with chronic HBV infection followed up for 20 years, a
significantly higher proportion of persons infected with
either genotype F1 or genotype C2 developed HCC
[35]
than those infected with genotype A2, B6, or D .
Genotype H is most closely related to genotype F and
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[65-67]

likely evolved from this genotype.
The current definitive method for HBV genotyping
is PCR amplification and sequencing of the entire
[14,49-51]
genome followed by phylogenetic analysis
.
Studies on HBV concerning different genotypes
frequently face problems regarding representativeness
of reference strains. Taking advantage of large number
of sequences deposited in the GenBank database,
we have developed a strategy to establish reference
sequences for different genotypes. Briefly, sequences
were clustered and genotyped using phylogenetic
analyses first, and sequences belonging to the
same genotype were then aligned with each other
and the most common nucleotides in each position
were chosen to form the reference sequence for this
[52]
particular genotype . Although HBV consensus
sequences can be generated by sequence alignment,
they may not exist in nature or can not usually be
isolated from patient samples. To solve this problem,
we have adopted a chemical synthesis strategy to
generate the consensus HBV genome for certain
genotypes. In our recent study, genotype B consensus
sequence was established by comparing 42 full-length
HBV genotype B sequences and the genome was
generated by chemical synthesis. A plasmid carrying
a 1.3 × full-length chemically synthesized HBV
consensus genome was constructed. This consensus
genome was fully replication competent when
transfected into hepatoma cells. After this plasmid was
hydrodynamically injected into BALB/c mice, HBsAg,
anti-HBs, HBeAg, anti-HBe, anti-HBc and HBV genome
replication were all detected. Thus, this approach
represents a novel strategy to design and create HBV
[53]
genomes for future studies .

MHR have been comprehensively analyzed
.
In 2003, we noted that a renal transplant recipient
was persistently positive for HBV despite preexisting
anti-hepatitis B surface antibodies (anti-HBs). We
cloned the HBsAg gene that was found to be mutated
from the patient and compared the antigenicity and
immunogenicity of the mutant HBsAg with wild-type
HBsAg (wtHBsAg) in mice using a genetic vaccination
approach. Our results showed that both B cell and
T cell immune responses were impaired by these
mutations, suggesting that mutations within HBsAg
[68]
may enable HBV to escape immunological control .
Subsequently, in an agenetic vaccination animal
model, we demonstrated that serum samples from
mice immunized with aa substitution G145R could
recognize plasma-derived mtHBsAg, suggesting HBsAg
with aa substitutions may be immunogenic, but with
[69]
changed specificity . We further investigated the
impact of some naturally occurring HBsAg mutations
around position 120 to 123 on the antigenicity and
detection of HBsAg. Strikingly, aa substitution K122I
abolished the reactivity of HBsAg in all immunoassays
tested. mtHBsAg G145R was clearly detected with
four different enzyme-linked immunosorbent assays
that were based on monoclonal anti-HBs antibodies
(MAbs) with high affinity. Positive immunofluorescence
staining of mtHBsAg K122I was achieved only by
polyclonal anti-HBs, while all tests using MAbs
failed. mtHBsAg T123N showed a low reactivity in
immunoassays and appeared to be secretion deficient.
The aa substitution P120T reduced the binding of antiHBs, but did not completely prevent the detection of
mtHBsAg by anti-HBs MAbs. Thus, our data showed
that the presence of aa substitutions within the region
of 120 to 123 is essential for HBsAg antigenicity
and strongly associated with impaired detection in
[70]
immunoassays . In another study, we systematically
investigated a variety of aa substitutions that have
been identified around or within the “a” determinant
of HBsAg, such as K122I and G145R, on HBsAg
expression, secretion and antibody binding. The
results showed that the hydrophobicity, the presence
of the phenyl group, and the charges in the side
chain of the aa residues at position 145 reduced
HBsAg secretion and impaired reactivity with anti-HBs
antibodies. Only the substitution K122I at position
122 affected HBsAg secretion and recognition by antiHBs antibodies. Genetic immunization in mice further
demonstrated that the priming of anti-HBs antibody
response was strongly impaired by the substitutions
K122I, G145R, and others, such as G145I, G145W,
and G145E. Moreover, when mice that had been preimmunized with wtHBsAg or variant HBsAg (vtHBsAg)
were challenged by hydrodynamic injection (HI) with
a replication-competent HBV clone, HBsAg persisted
in peripheral blood for at least 3 d after HI in mice
pre-immunized with vtHBsAg, but was undetectable
in mice pre-immunized with wtHBsAg, indicating that
vtHBsAgs fail to induce proper immune responses for

PRE-S/S MUTATIONS
The preS/S ORF encodes proteins L, M and S. The
Pre-S1 domain is unique for the L protein. The Pre-S2
domain is the shared sequence with the M protein
and the S domain is seen in all three proteins. The L
and S proteins are essential for virion formation and
the M protein can increase the efficiency of virion
[8,54,55]
secretion
. The dominant epitopes of HBsAg,
which are the targets of neutralizing B cell responses,
are located in the “a” determinant (aa 124-147)
within the HBsAg major hydrophilic region (MHR),
[56-62]
which covers aa 99-169
. Mutations in the MHR,
particularly the ‘‘a’’ determinant, are known to be
associated with immune escape due to conformational
changes in the epitope resulting in reduced binding
affinity between the HBsAg and the antibody to HBsAg.
[56]
Carman et al
first reported the G145R mutation
in the ‘‘a’’ determinant of HBsAg in a child who
became infected with HBV despite active and passive
immunoprophylaxis. Subsequently, several other
mutations within and outside the “a” determinant
were reported to have reduced binding affinity to anti[57,63,64]
HBs
. To date, escape mutations in the HBsAg
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[60,77,78]

efficient HBsAg clearance. Therefore, the biochemical
properties of aa residues at positions 122 and 145
of HBsAg have a major effect on antigenicity and
immunogenicity. In addition, the presence of proper
anti-HBs antibodies is essential for the neutralization
[71]
and clearance of HBsAg during HBV infection .
Viral envelope N-glycosylation modification has
been known to play important roles in the biogenesis,
stability, antigenicity and infectivity in HIV, HCV and
[72,73]
influenza virus
. Previously, a few studies indicated
that a potential N-glycosylation site (Asn-X-Ser/Thr,
where X is any aa except Pro) could be created by some
[62,74]
mutations within the HBsAg MHR
. In a recent study,
we systematically examined the effects of naturally
occurring N-glycosylation-related aa substitutions
K122I, T123N, A159G and K160N. T123N and K160N
substitutions resulted in additional N-glycosylated forms
of HBsAg, while the other mutations produced more
heavily glycosylated HBsAg compared with the wild-type
(wt). These results showed that vtHBsAg with K122I
could not be recognized by HBsAg immunoassays,
ELISA or immunofluorescence staining, vtHBsAg
with T123N, A159G, K160N and A159G/K160N could
be detected, but showed reduced antigenicity. DNA
immunization in BALB/c mice revealed that wtHBsAg
and vtHBsAg with T123N and K160N were able to
induce antibodies to HBsAg (anti-HBs), whereas K122I
and A159G greatly impaired the ability of HBsAg
to trigger anti-HBs responses. The cellular immune
response to the HBsAg aa 29-38 epitope was enhanced
by the K160N substitution. Replication competent
clones of HBV, T123N and A159G substitutions were
shown to strongly reduce virion assembly. The aa
substitution K160N appeared to compensate for the
negative effect of A159G on virion production. Thus,
our study revealed complex effects of aa substitutions
on the biochemical properties of HBsAg, on antigenicity
[75]
and immunogenicity, and on the replication of HBV .
Another recent study investigated the molecular and
clinical characteristics of HBV immune escape mutants
in a Chinese cohort of chronically infected patients. By
investigating 216 patients with double positive HBsAg
and anti-HBs and 182 HBV carriers without anti-HBs as
a control group, the authors found that the frequency
of N-glycosylation mutations in the patient group was
much higher than that in the control group (47/216
vs 1/182). Using a chemiluminescent microparticle
enzyme immunoassay, they showed that HBsAg
mutants reacted weakly with anti-HBs compared with
wtHBsAg. Their native gel analysis of secreted virion
in supernatants of transfected Huh7 cells further
revealed that mutants had better virion envelopment
[76]
and secretion capacity than wt HBV . Together
these studies strongly suggested that N-glycosylation
mutations on HBsAg greatly contribute to immune
escape.
Numerous studies including ours have demonstrated
that immune escape mutations were the underlying
mechanisms for HBsAg and anti-HBs double positive
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status
. These mutations are also responsible for a
large portion of failure in immunoprophylaxis. In Taiwan,
the prevalence of surface gene mutants was found to
[79]
be approximately 20% in HBsAg carrier children . A
study from China reported that the prevalence of aa
substitutions among immunoprophylaxis failed children
[80]
was 20% . Another study reported that the nucleotide
diversity rate was 11.4% in those children in Jiangsu
[81]
Province . The mutation rate in children who failed
to be protected by perinatal prophylaxis in Singapore,
Japan, and the United States has been reported to be
[64,82,83]
39.0%, 30.8% and 25.5%, respectively
.
Variants within the MHR of HBsAg have also been
associated with occult HBV infection (OBI). A study
[84]
from China by Hou et al
found that in 46 cases of
OBI, 32 aa substitutions were found between positions
100-160 within the MHR. In addition to the G145R,
11 positions inside and 5 positions outside the “a”
determinant were involved. Combined mutations
were also detected in some patients. Another two
patients had insertion mutations immediately before
the “a” determinant. Another study conducted in
China in recent years identified another 8 escape
mutations associated with OBI, in addition to the
G145R, mainly located at positions 120, 126, 129,
[66]
130, 133, 134, 137, 140, 143 and 144 . In a recent
cohort study conducted in South Korea, mutations in
the “a” determinant were also found to be related to
[85]
OBI . Another recent study from China compared
the characteristics of 61 patients with OBI to 153
HBsAg (+) carriers with low titers of serum HBsAg
(HBsAg-L group) and 54 samples with high serum
HBsAg (HBsAg-H group). MHR mutations were seen
significantly more frequently in OBI cases (55.7%)
compared to the HBsAg-L (34.0%) or the HBsAg-H
groups (17.1%). 13 representative MHR mutations
were observed in patients with OBI. Of which, 4
mutations strongly decreased the analytical sensitivity
of 7 commercial HBsAg immunoassays and 10
mutations significantly impaired virion and/or S protein
[86]
secretion in both Huh7 cells and mice .
Mutations in the pre-S region, especially deletions,
have been associated with a lack of detectable HBsAg
in the serum. Deletions in the pre-S region can result
in reduced expression of HBV surface proteins and
help viral persistence by eliminating HLA-restricted
B-cell and T-cell epitopes. Pre-S1/pre-S2 mutations
[85,87,88]
are also frequently detected in OBI
. In one
study, a 183-bp deletion (nt 3019 to 3201) in the
pre-S1 region was detected in occult HBV patients. The
deletion covered the CCAAT element that is required
for transcription factor binding. The association of
deletions in the pre-S gene with a lack of secreted
HBsAg was demonstrated using functional analysis by
[89]
transfection into hepatocyte cell lines . In a similar
[90]
study, Xu et al
showed that a 129-bp in-frame
deletion in the S promoter region was associated
with reduced levels of M and S protein transcripts,
resulting in a marked reduction in the expression of
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the two proteins. The roles of S promoter mutations
and deletions in HBsAg production and secretion in
[87,91]
OBI have also been reported in other studies
. In a
recent study, a male patient from China with a chronic
hepatitis B infection for 30 years was diagnosed with
HB-LF. We amplified the HBV sequences from this
patient and found that 2 major variants coexisted
in the ratio of 1 to 4: the first variant harbored the
A1762T/G1764A 257 double mutation in the basal
core promoter (BCP) region and the G1896A mutation
in the preC region; the second variant contained 2
deletions in the preS1 region (nt 2976-3102) and the
preS2 promoter and preS2 ORF region (nt 3203-3215,
nt 1-31), resulting in a stop codon mutation in the
ORF of large HBsAg and the deletion of the start
codon in the ORF of middle HBsAg, respectively.
When we transfected replication competent plasmids
harboring these variants into Huh7 cells, we observed
phenotypes one would normally predict. However,
when both constructs were co-transfected into Huh7
cells, new phenotypes arose. For example, coexistence
of both variants increased HBV replication and led
to the predominant nuclear localization of HBcAg.
Moreover, mice mounted significantly stronger
antibody and cytotoxic T lymphocyte (CTL) responses
to HBsAg when both variants were co-applied in
the HI mouse model. Thus, the coexistence of preS
deletion mutants with other variants may significantly
modulate specific host immune responses and may
enhance immune-mediated liver damage under some
circumstances, which represents a novel mechanism
[92]
for the immunopathogenesis of HBV infection .
Numerous studies have linked preS, especially
[93-98]
preS2 deletions to the occurrence of HCC
. At least
three mechanisms have been suggested to be involved
in the pathogenesis of preS deletion-associated
HCC: Firstly, the preS1 and preS2 regions contain
several epitopes for T and B cells, and play essential
roles in the interaction with host immune responses.
Therefore, preS deletion mutations may result in an
[99,100]
inefficient immune response
. Secondly, pre-S1
and pre-S2 mutations may cause overproduction and
accumulation of L protein in the endoplasmic reticulum
(ER), resulting in significant ER stress that may
induce DNA damage and genomic instability leading
[101]
to hepatocarcinogenesis
. Thirdly, preS2 mutants
have been shown to directly activate tumor promoting
pathways such as the VEGF/AKT/mTOR pathway and
the p27/retinoblastoma/Cdk2/cyclin A, D pathway,
[102-106]
among others
. In fact, the pre-S mutants have
been shown to be capable of inducing dysplasia in
hepatocytes and the development of HCC in transgenic
[107]
mice .
S region mutations have also been associated
with acute exacerbation of liver diseases leading to
fatal liver failure. In our study, a Chinese patient who
suffered from acute liver failure after discontinuation of
lamivudine treatment was described. The patient was
treated with lamivudine for 4 mo and ceased treatment
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without consulting. After receiving lamivudine, the
patient developed anti-HBs and became negative for
hepatitis B surface antigens (HBsAg). However, the
patient suffered from a severe exacerbation about
two months after cessation of treatment and died
due to acute liver failure. Sequencing of HBV isolates
revealed mutations including G145R and stop codon
mutations at the aa positions 74 and 199 in the HBsAg
sequences in all clones. F134S and F134V substitutions
within the a-determinant were also detected in some
clones. Various aa substitutions were present outside
the a-determinant. No wt clone was found among
the six cloned sequences. Importantly, no lamivudine
resistance-associated mutation was found in the RT
region coding for the HBV polymerase protein. The
data suggested that anti-HBs antibody which appeared
during the lamivudine treatment might be the selective
force for the emergence of HBV mutants, and HBV
replication resumed after the cessation of lamivudine
treatment in this patient might have triggered the
[108]
process leading to liver failure .
In a recently published study, a correlation was
revealed between some HBsAg-mutations and serum
HBV-DNA levels in HBV chronically-infected drug-naive
patients. In this study, 187 patients were stratified
into the following ranges of serum HBV-DNA: 12-2000
IU/ml, 2000-100000 IU/ml, and > 100000 IU/ml.
The S gene of HBV was isolated and sequenced.
Mutant and wt HBV genomes were expressed in Huh7
cells and HBsAg production was determined in cellsupernatants 3 d post-transfection. The results showed
that HBsAg-mutations M197T, S204N, Y206C/H and
F220L were significantly correlated with serum HBVDNA < 2000 IU/ml (posterior-probability > 90%, P
< 0.05), and the presence of Y206C/H and/or F220L
was also associated with lower median (IQR) HBsAglevels and lower median (IQR) transaminases [for
HBsAg: 250 (115-840) IU/ml for Y206C/H and/or
F220L vs 4300 (640-11838) IU/ml for wt, P = 0.023;
for ALT: 28 (21-40) IU/ml vs 53 (34-90) IU/ml, P <
0.001). These mutations were localized in the HBsAg
C-terminus, known to be involved in virion and/or
HBsAg secretion. Thus, specific HBsAg-mutations
in the HBsAg C-terminus correlated with low-serum
HBV-DNA and HBsAg-levels. These mutations may
represent an important mechanism underlying low
[109]
HBV replication and the inactive-carrier state .

P REGION MUTATIONS
The P ORF encodes the viral DNA polymerase protein
P, which is a specialized RT. Except for interferon-α
and pegylated interferon-α, all five drugs approved
for HBV treatment are nucleos(t)ide analogues
(NAs) that target the DNA polymerase activity of
this protein. Treatment with these NAs is generally
efficient and well tolerated. However, resistance to
some of these agents is a major issue affecting longterm therapy. Lamivudine resistance occurs frequently
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and is observed in up to 80% of patients treated for
[110-112]
5 years
. Among adefovir-treated patients, the
cumulative incidence of resistance over 5 years has
been reported to be 29% in HBeAg-negative patients
[113,114]
and 42% in HBeAg-positive patients
. With
25% of HBeAg-positive and 11% of HBeAg-negative
patients experiencing virological breakthrough due
to resistance after 2 years of treatment, telbivudine
[115]
resistance is relatively slower to emerge . Resistance
to entecavir has been shown to remain low (1.2%)
[116]
after 6 years of therapy in NA-naıve patients
. No
tenofovir resistance has been observed after 4 years of
[117]
treatment in the registration studies .
Antiviral drug resistance is associated with the
selection of adaptive mutations which reduces the
sensitivity of the mutants to the inhibitory effects of
a drug. The barrier to resistance can be defined as
the difficulty with which the resistance mutants are
selected and the barrier to resistance increases as
the number of specific mutations required for drug
[118]
resistance increase . The main aa change associated
with lamivudine and telbivudine-resistance is rtM204V/
I, which is located in the YMDD motif of the RT. In the
context of lamivudine resistance, the compensatory
mutations rtL180M and rtV173L frequently occur
[4]
in domain B and C of the viral polymerase .
The rtA181V/T, rtL80I/V and rtM204Q mutants
identified recently showed that primary lamivudineresistance mutations can also occur outside the
[119,120]
YMDD motif
. Lamivudine-resistance mutations
have been reported to result in the selection of high
replicative HBV variants leading to exacerbation of
disease during chronic HBV infections. In an early
study, full-length HBV genomes were analyzed from
four chronic hepatitis B patients who developed
resistance to lamivudine [-2’-deoxy-3’-thiacytidine,
LMV] accompanied by acute exacerbation of disease.
Paired full-length HBV isolates were cloned from the
sera of patients prior to LMV treatment and after drug
resistant breakthrough. Compared to the isolates
before treatment, isolates from all four patients during
exacerbation showed a marked increase in replicative
competence in a cell transfection study. Viral genome
amplification and sequencing showed that while all
isolates shared mutations at the YMDD motif, the
isolates from the one patient who recovered from the
exacerbation showed a lower number of mutations,
and in particular, lacked BCP mutations at 1762/1764.
In contrast, BCP mutations were found in isolates
from the other three patients. Thus, in patients with
acute exacerbation, high replicative strains were
selected from the total HBV quasispecies during
treatment, and among these strains, those with core
promoter mutations at 1762/1764 were most likely to
[121]
be associated with severe clinical exacerbations
.
Adefovir resistance is characterized by rtN236T and/
or rt181V/T selected in the D and B domain of the
[122-124]
polymerase, respectively
. The rtI233V mutation
[124]
was found to confer resistance to adefovir . Entecavir
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is a NA with a high barrier of resistance as multiple
mutations are required to confer a high level of
resistance to this drug. Entecavir resistance tends
to emerge in a stepwise manner with the rtI169T,
rtT184S, rtS202I, and rtM250I/V changes occurring
sequentially in the virus already carrying lamivudine
[125,126]
resistance mutations
.
No tenofovir resistance has been described after
3 and 4 years of therapy, but rt181T/V and rtN236T,
the main adefovir-associated resistance mutations, do
[117,122,127]
reduce its sensitivity clinically and virologically
.
Tenofovir (TDF) has been a first-line antiretroviral
drug for human immunodeficiency virus (HIV) since
2001 and it is well known that this drug induces
resistance mutations leading to treatment failure.
Taking advantages of the high homology between
the HIV and HBV RTs and the determination of the
crystal structure of HIV-1 RT complexed with TDF, we
[5,128]
built the homology model for HBV-RT
. Based on
the modeled HBV-RT structure, we designed some
mutants and tested their effects on TDF susceptibility
in vitro in Huh7 cells and in vivo in a mouse model.
Our results showed that HBV mutants with rtP177G
and rtF249A reduced susceptibility to tenofovir in vitro
with a resistance index of 2.53 and 12.16, respectively,
and the testing result based on the HI mouse model
revealed the antiviral effect of TDF against wt and
mutated HBV genomes, and confirmed the reduced
[129]
susceptibility of mutant HBV to TDF
. In a recent
population-based cross-sectional study from China,
serum samples from 179 patients who developed
virological breakthrough while receiving treatment
with NAs were obtained and analyzed for NA[130]
resistant mutations in the RT region
. NA-resistant
mutations were detected in 89.4% (160/179) of these
patients. The prevalence of HBV mutations at rtM204
was 93.0% (106/114) in patients on lamivudine/
telbivudine-based therapy, with rtM204I being more
frequently associated with rtL80I/V mutations [rtM204I
+ rtL80I/V (50.0%, 32/64) vs rtM204V + rtL80I/V
(27.3%, 9/33), P = 0.032]; rtN236 mutations were
found in 76.1% (35/46) of patients receiving adefovir/
dipivoxil-based therapies, with rtM204V mutations
being more frequently associated with the rtL180M
mutations [rtM204V + rtL180M (100%, 33/33) vs
rtM204I + rtL180M (60.9%, 39/64), P < 0.001]. In
addition, rtA181 mutations were observed in 19.3%
(22/114) of patients receiving lamivudine/telbivudinebased therapy and 23.9% (11/46) of patients receiving
adefovir/dipivoxil-based therapy.
The RT and HBsAg ORFs overlap at RT aa 8-236,
and the HBsAg ORF shifts downstream by 1 nucleotide.
Not surprisingly, some resistance mutations also affect
the overlapping HBsAg. For instance, the rtA181T
mutant selected by adefovir, lamivudine or telbivudine
typically results in a stop codon in the envelope gene
(sW172stop), causing a dominant negative secretion
defect in HBsAg leading to an altered viral rebound
[131]
profile
. Studies have also shown that common
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antiviral drug selected mutations may confer changes
in the antigenicity of the overlapping HBsAg. A
[132]
pioneering study by Torresi et al
reported that
resistance mutations rtV173L + rtL180M + rtM204V
that resulted in mutations sE164D + sI195M in HBsAg
reduced antigen-antibody binding. A few years later,
[133]
Sloan et al
confirmed their observations and
further revealed that these mutations caused immune
evasion through disruption of the “α” determinant on
HBsAg. In recent years, similar observations have
[134,135]
been made in studies from Brazil and China
.
On the other hand, the overlapping changes in
surface genes may potentially affect the impact of
HBV polymerase mutation on replication and drug
resistance. For example, the sW172 stop mutation
could result in decreased viral replication and increased
[136,137]
drug resistance
. Additionally, wt HBV and drugresistant HBV such as the sW172 stop mutation could
complement each other to maintain viral replication
and rescue virion production under NAs treatment,
thus facilitating HBV survival and persistence under
NAs pressure (our unpublished data).

CTL responses compared with other viral proteins,
suggesting that the HBc-speciﬁc T cell response may
[148-152]
play a leading role in viral control and clearance
.
However, mutations in HBcAg may lead to the
production of immune escape variants, resulting in the
[2,153]
persistence of HBV
. In a recent study, the HBV
core gene was amplified and sequenced from 148
patients with chronic HBV infection, and the human
leukocyte antigen (HLA) class Ⅰ genotype (A and B
loci) of the patients was determined. Using a statistical
approach with a novel analysis package SeqFeatR,
residues under selection pressure in the presence of
particular HLA class I alleles were identified. With this
approach, nine residues in HBV core under selection
pressure in the presence of 10 different HLA class I
alleles were identified. Immunological experiments
confirmed that seven of these residues were located
inside epitopes targeted by patients with chronic
HBV infection carrying the relevant HLA class I allele.
Consistent with viral escape, the selected substitutions
reproducibly impaired recognition by HBV-specific CD8
[154]
T cells .
HBeAg is not required for HBV replication in
vitro, but is secreted into the blood. Acting as both
an immunogen and a tolerogen, it has profound
effects on the natural history and pathogenesis of
[155]
HBV infection
. In general, HBV replicates more
actively in carriers with HBeAg than those with antiHBe, and carriers with HBeAg have a higher activity
[156]
to transmit HBV than those with anti-HBe
. In
chronic hepatitis B infection, a key event in the natural
history of progression is HBeAg seroconversion to
HBeAb with a marked reduction of HBV replication
[157]
followed by gradual histological improvement
.
However, a proportion of patients who undergo HBeAg
seroconversion demonstrate a recurrence of high HBV
DNA levels and intermittent or persistent ALT level
elevations. These individuals harbor a mutant form of
HBV that does not produce HBeAg, due to a mutation
in the precore or core promoter region. In Asia, the
Middle East, Mediterranean basin and southern Europe,
about 15% to 20% of these carriers have elevated
[158]
alanine aminotransferase and viral DNA
. HBeAgnegative chronic hepatitis B (precore mutant) emerges
as the predominant species during the course of typical
HBV infection with wt virus and is selected during the
[159]
immune clearance phase (HBeAg seroconversion)
.
Sustained spontaneous remission is rare (6% to
15%) in these individuals, and spontaneous HBsAg
[160]
clearance is only about 0.5% per year . Therefore,
long-term prognosis is poorer among HBeAg-negative
individuals than their HBeAg-positive counterparts. In
fact, HBeAg-negative chronic hepatitis B is currently
the main type worldwide as well as the most difficult
to treat in terms of achieving sustained virological
response.
In China, hepatitis B-related ACLF (HB-ACLF)
patients account for more than 80% of ACLF cases
as a result of the high incidence of chronic HBV

C REGION
The HBV core gene is divided into the precore (PC)
region and the basic core region (BCP) by two in-frame
initiating ATG codons. This results in the transcription
of either the pregenomic RNA that is essential for
HBV replication and translates into the nucleocapsid
protein HBcAg or the PC RNA that translates into HBV
e antigen (HBeAg) protein. Studies have linked defect
core protein expression to PC and/or BCP mutations.
The most prevalent PC mutation is a guanineto-adenine transition at nucleotide position 1896
(G1896A), which creates a TAG stop codon at codon
28 of the PC protein and abolishes HBeAg expression
[138]
at the translational level
. The most common BCP
mutation is the double A1762T and G1764A nucleotide
exchange, which results in a decrease in HBeAg
expression of up to 70%, but enhanced viral genome
[138-140]
replication
.
The core protein HBcAg of HBV is a potent immune
stimulator, stimulating a strong neutralizing immune
[141,142]
response
. Cytotoxic T cells (CTLs) play a key role
in the control of HBV infection and viral clearance. The
HBV-speciﬁc CD8+ T lymphocytes (CTL)-mediated
immune response is multi-speciﬁc, polyclonal, and
vigorous during acute hepatitis B (AHB), which plays
a vital role in viral control and viral clearance, as well
[143-145]
as disease pathogenesis
. In contrast, the HBVspeciﬁc CTL response is minimal or undetectable
in chronic hepatitis B (CHB) with viral persistence
and immune tolerance, indicating the key role of
HBV-speciﬁc T-cell response in the determination of
[146,147]
disease progression and outcome
. Analysis of
CTLs speciﬁc for viral epitopes within core, envelope,
polymerase, and X proteins showed that the highly
conserved HBV core protein (HBc) elicits the strongest
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infection, with a high mortality rate of 60%-80% in
the absence of liver transplantation, causing 22600
[161,162]
deaths annually
. Characterized by increased
viral load and a fierce immune response, HB-ACLF is
very often associated with mutations in the BCP and
PC regions, because the BCP mutations may enhance
HBV replication and the PC mutation abrogates transla
tion of HBeAg, which is considered a tolerogen and
immune repressor buffering the immune attack on the
[163-168]
infected hepatocyte
. In fact, a higher prevalence
of the BCP double mutation A1762T/G1764A and the
G1896A PC mutation have been reported in ALF than
[169-173]
in acute hepatitis B patients
. In addition, single
mutations including the T1753V (C/A/G), C1766T,
T1768A, G1862T and G1899A in the BCP/PC region
have been reported to be associated with increased
HBV replication capacity and/or reduced HBeAg
expression in vitro, and in some cases associated with
[46,163,173-176]
ALF in the clinic
. A recent study reported
that T1846 and A/G1913 mutations are associated
with ACLF in patients infected with HBV genotypes B
[177]
and C .

Studies from Korea have reported that HCC risk
increased in the presence of ≥ 6 mutations of eight
key mutations in Korean chronic HBV genotype C2
carriers. The eight key mutations comprise G1613A,
C1653T, T1753V, A1762T, G1764A, A1846T, G1896A
and G1899A that are located throughout the core
promoter and the proximal portion of the precore gene
[197,198]
(X/preC region)
. A recent study assessed the
postoperative prognostic value of HBV mutations in
HBxAg in HBV associated HCC patients and found that
eight mutational sites, including 1383, 1461, 1485,
1544, 1613, 1653, 1719, and 1753, could serve as
[199]
independent predictors of HCC survival .

Mutations in reactivation of HBV infection upon
chemotherapy and immunosuppression

Reactivation of HBV infection is a well-documented
complication among cancer patients undergoing
cytotoxic chemotherapy. In recent years, it has
become clear that HBV mutations associated with
severe liver diseases are frequently found in patients
on chemotherapy. The most common mutations
associated with chemotherapy-related HBV reactivation
include the G to A mutation at nt 1896 in the preC/C
region, the nt 1762 (A to T) and nt 1764 (G to A)
[200-204]
mutations in the preC promoter region
. A study
of ours suggested that immune escape mutations may
also be involved in chemotherapy-associated HBV
[205]
reactivation .
HBV reactivation can also occur during immuno
suppression. A few years ago, we reported a case
in which a non-Hodgkin lymphoma patient who had
displayed positive anti-HBs and anti-HBc before
immunosuppressive therapy developed HBV reacti
vation after receiving a rituximab-based regimen. Our
sequencing data revealed genotype D with two known
escape mutations P120S and S145P and three other
mutations Y134K, I150T and T189I, which had not
[206]
been found in the usual escape setting . In a recent
study, the genetic features of HBsAg were investigated
by population-based and ultradeep sequencing (UDS)
of HBV DNA from 93 patients: 29 developed HBV
reactivation and 64 consecutive patients with chronic
[207]
HBV infection (as controls) . Of the HBV-reactivated
patients, 51.7% were treated with rituximab, 34.5%
with different chemotherapeutics, and 13.8% with
corticosteroids only for inflammatory diseases. In total,
75.9% of HBV-reactivated patients (vs 3.1% of control
patients; P < 0.001) carried HBsAg mutations localized
in immune-active HBsAg regions. Of the 13 HBsAg
mutations found in these patients, 8 of 13 (M103IL109I-T118K-P120A-Y134H-S143L-D144E-S171F)
reside in the MHR where neutralizing antibodies target.
The remaining five (C48G-V96A-L175S-G185E-V190A)
are localized in class Ⅰ/Ⅱ-restricted T-cell epitopes,
suggesting a role in HBV escape from T-cell-mediated
responses. Using UDS, these mutations occurred in
HBV-reactivated patients with a median intra-patient

X REGION
Chronic HBV infection is the dominant global cause
of HCC, accounting for 55% of cases worldwide and
80% or more in the eastern Paciﬁc region and sub[178]
Saharan Africa . Accumulating evidence has shown
that HBxAg, the viral product of the X ORF, plays
[179]
critical roles in the pathogenesis of HCC
. HBxAg
promotes carcinogenesis by interacting with cellular
proteins resulting in dysregulation of multiple signaling
pathways involved in cell cycle progression, cell growth
and apoptosis. To date HBxAg has been found to
interfere with cellular signaling pathways including
Src, pRb/E2F, p53, NF-kB, PI3K, Jak1/STAT, ERK and
[180-187]
PI3K/AKT and Wnt/β-catenin
. During the last
decade or so, several studies have indicated that the
C-end truncated X protein often occurs in patients with
[188-194]
HCC
. Further investigations revealed that the
truncated HBxAg lost the proapoptotic activity of the
full length form and thus acquired stronger cellular
transformation activity in vitro and tumor promoting
[189]
activity in vivo
. A recent study reported that,
relative to WTHBxAg, naturally occurring truncated
mutant HBxΔ127 strongly enhanced cell proliferation
[195]
and migration in HCC
. In addition to truncated
HBxAg mutants, insertions in the HBx gene may play
a pivotal role in hepatocarcinogenesis. A Korean cohort
study showed that the prevalence of insertions was
significantly higher in patients with severe liver disease,
HCC, or cirrhosis of the liver compared to patients who
were carriers or had chronic hepatitis. Four novel types
of insertions including PKLL, GM, FFN, and tt, were
observed in six patients, which were accompanied
[196]
by double mutations in the BCP region
. Moreover,
site mutations have also been associated with HCC.
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prevalence of 73.3% (range, 27.6%-100%) vs 4.6%
(range, 2.5%-11.3%; P < 0.001) in control patients,
supporting their fixation in the viral population as a
predominant species. Moreover, additional N-linked
glycosylation sites within the MHR were found in 24.1%
of HBV-reactivated patients (vs 0% of chronic patients;
P < 0.001). Thus, data from this study suggest that
HBV reactivation occurs upon immunosuppression,
correlating with HBsAg mutations endowed with
enhanced capability to evade immune response.
Another study cloned and sequenced the full length
HBV genome from an HBsAg-negative patient who
developed HBV reactivation following chemotherapy
[208]
with rituximab . The results showed that the number
of aa substitutions in HBV from this patient was much
higher than that reported for occult HBV infection
or vaccine escape. It is worth noting that this study
detected not only known “a” determinant mutations
such as Q129H, F134Y, D144E and the preC G1896A
mutation, but also a large number of mutations in
other regions including preS, P, X and C, suggesting
the possibility that mutations in other regions may also
play some roles in immunosuppression-associated HBV
reactivation.
Co-infection with HBV and human immunodeficiency
virus (HIV) is not uncommon. It is estimated by the
Joint United Nations Program on HIV/AIDS that 10%
of 33 million HIV-infected patients has concurrent
[209]
chronic HBV infection
. A higher proportion of
chronic HBs antigenemia has been found in HIVinfected patients because HIV destroys CD4 cells
[210]
which compromises host immunity against HBV
.
Clinical observational studies have demonstrated
that HIV/HBV-co-infected patients may have faster
progression of hepatic fibrosis and a higher risk of
cirrhosis, end-stage liver disease, and HCC than HBV[211,212]
mono-infected patients
. The recurrence of HBV
replication due to withdrawal of lamivudine therapy and
administration of glucocorticosteroids in HIV/HBV-co[213-216]
infected patients has been described previously
.
Further observations including ours revealed that even
slight suppression of host immunity by HIV infection at
a level that did not require drug therapy could cause
[217,218]
HBV reactivation
. It is worth noting that immune
escape mutations were detected in most of these
studies.

occurred much later in patients infected with genotype
C compared to other genotypes. As shown in Figures 1
and 2, mutations in the preS/S region are associated
with vaccine failure, immune escape, occult HBV
infection and the occurrence of HCC. Mutations
in the P region may cause drug resistance to NA
antivirals. Mutations in the preC/C region are related
to HBeAg negativity, immune escape, and persistent
hepatitis. Mutations in the X region play critical roles in
promoting HCC.
Investigations of HBV genetic variability and
pathogenic implications of specific mutations have
resulted in significant advances over the past decade. A
significant increase in the body of knowledge regarding
HBV genetic variability has greatly improved the way
HBV infection is managed and treated. However, there
are questions that remain unanswered and obstacles
that need to be overcome. For example, much of
our current understanding regarding HBV genetic
variability was inferred from molecular epidemiological
analyses. Due to constant viral evolution as a result
of interactions among the host, virus and drug
therapy, the results of these types of analyses can
be confounded by many known or unknown factors.
We believe that more physical experiments using
reference strains that are really representative of their
respective genotypes and sub-genotypes can help
overcome this problem and provide more detailed and
reliable information. In addition, as both viral and host
factors affect HBV pathogenesis, reliable biomarkers
and convenient methods need to be established to
monitor both the viral and host factors to, ideally,
achieve personalized management and treatment.
As an example, in a recent pioneering study, Gong et
[219]
al
compared the performance of next-generation
sequencing and clone-based sequencing (CBS) in
analyzing HBV RT quasispecies heterogeneity. In
that study, HBV genomic DNA was extracted from
serum samples obtained from 31 antiviral treatmentnaive patients with chronic hepatitis B. The RT region
quasispecies were analyzed in parallel using CBS and
ultradeep pyrosequencing (UDPS). Their data showed
that the number of qualified strains obtained by UDPS
was much larger than that obtained by CBS (P <
0.001), and the complexity value derived from UDPS
data was higher than that derived from CBS data (P <
0.001). A study on the prevalence of variations within
the RT region showed that CBS detected an average of
9.7 ± 1.1 aa substitutions/sample and UDPS detected
an average of 16.2 ± 1.4 aa substitutions/sample. This
study clearly demonstrated that viral heterogeneity
determination by the UDPS technique is more
sensitive and efficient in detecting low-abundance
variations than that by the CBS method, and thus
has shed some light on the future clinical application
of next generation sequencing in HBV quasispecies
[219]
evaluation . Additionally, it is important to continue
research on the identification of novel therapeutic
targets in the life cycle of HBV or in the host immune

SUMARRY AND PERSPECTIVES
Most HBV genotypes and sub-genotypes have distinct
geographical distributions. Abundant evidence
has shown that genotypes and sub-genotypes are
associated with the pathogenesis and outcome of
HBV infection. Generally, HBV genotype C has been
associated with an increased risk of liver inflammation,
flares of hepatitis, liver fibrosis and HCC. Compared to
other genotypes, patients with genotypes D, C, and F1
are more likely to develop complications such as liver
cirrhosis and HCC. In addition, HBeAg seroconversion
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system to stimulate the development of new antiviral
agents and immunotherapies. These can be antiviral
agents targeting HBV entry, cccDNA, capsid formation,
viral morphogenesis and virion secretion, as well as
therapeutic vaccines.
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Overview of hepatitis B virus mutations and their
implications in the management of infection
Patrizia Caligiuri, Rita Cerruti, Giancarlo Icardi, Bianca Bruzzone
liver cirrhosis and hepatocellular carcinoma. Although
an extended HBV immunization program is being
carried out since the early ‘80s, representing effective
preventive measure, leading to a dramatic reduction
of HBV hepatitis incidence, globally HBV infection still
represents a major public health problem. The HBV
virus is a DNA virus belongs to the Hepadnaviridae
family. The HBV-DNA is a circular, partial double
strand genome. All coding information is on the
minus DNA strand and it is organized into four open
reading frames. Despite hepatitis B virus is a DNA
virus, it has a high mutation rate due to its replicative
strategy, that leads to the production of many nonidentical variants at each cycle of replication. In fact,
it contains a polymerase without the proofreading
activity, and uses an RNA intermediate (pgRNA) during
its replication, so error frequencies are comparable
to those seen in retroviruses and other RNA viruses
rather than in more stable DNA viruses. Due to the
low fidelity of the polymerase, the high replication
rate and the overlapping reading frames, mutations
occur throughout the genome and they have been
identified both in the structural and not structural gene.
The arise of mutations being to develop of a whole of
viral variants called “quasi-species” and the prevalent
population, which favors virus replication, was selected
by viral fitness, host’s immune pressure and external
pressure, i.e. , vaccination or antiviral therapy. Naturally
occurring mutations were found both in acute and
chronic subjects. In the present review we examine
and discuss the most recent available data about HBV
genetic variability and its significance.
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Abstract
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Hepatitis B virus (HBV) affects approximately two
billion people worldwide and more than 240 million
people in the world are currently chronic carrier that
could develop serious complications in the future, like
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(HBcAg) and the e antigen (HBeAg) synthesis.
Mutations in these sites mainly cause the wellknown HBeAg negative hepatitis. The A1762T and
the G1764A, responsible for the decreased preCore
(PC) mRNA synthesis, were detected in the specific
basal core promoter (BCP) and described in patients
with HBeAg negative hepatitis. The G1896A mutation
caused by a G to A switch is the most prevalent and
produces a translation stop codon at amino acid
position 28 in the HBeAg sequence, with inhibition of
HBeAg synthesis. Moreover, both BCP and stop codons
are often associated and recent reports suggest
their association with a more severe outcome of
[1,2]
hepatitis .
X ORF encodes for a multifunctional nonstructural
protein, originally defined X protein because its
functions were unknown and are still unclear. It has
been proposed a function in the establishment of
infection and viral replication. Furthermore, a role of
gene X in the HBV carcinogenesis has been recently
[1,2]
hypothesized .
In the present review we examine and discuss
the most recent available data about HBV genetic
variability and its significance.

of whom deemed to develop chronic carrier state and
eventually die from cirrhosis or liver cancer. Unlike in
other DNA viruses, its high mutation rate and replicative
capability arise considerable genetic variability, recently
analyzed by molecular biology tools. HBV mutations
occur in all four overlapping open reading frames
encoding viral polymerase, surface antigen, core and
X protein. Understanding the correlation between
mutations and liver disease progression is crucial for
an effective clinical management in HBV patients with
resistance to antiviral drugs, hepatitis B surface antigen
escape mutant, “occult” hepatitis and hepatocellular
carcinoma.
Caligiuri P, Cerruti R, Icardi G, Bruzzone B. Overview of hepatitis
B virus mutations and their implications in the management of
infection. World J Gastroenterol 2016; 22(1): 145-154 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/145.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.145

INTRODUCTION
Hepatitis B virus (HBV) mutations have been found
both in acute and chronic patients and in all the four
HBV open reading frames (ORFs - preS/S, polymerase,
preCore/core, and X).
The preS/S ORF codes for three different surface
molecules that form the surface antigen (HBsAg).
This is the main antigen recognized by the immune
system, responsible for the attachment of the virus to
hepatocytes and the epitope binding the neutralizing
antibodies. Point mutations, deletions and also genetic
recombinations have been found within the preS/S
ORF, which is recognized as the part of HBV genome
with the highest heterogeneity. Genetic changes in
this region are driven by viral fitness and polymerase
infidelity, but also, due to the strict relationships of the
products of these genes with the immune system, by
[1,2]
host’s immune pressure .
The pol ORF codes for the reverse transcriptase
(RT) domain of HBV polymerase that represents the
target of the new antiviral agents belonging to the
nucleoside/nucleotide analogues and to the acyclic
nucleotide analogs (NAs) classes. Under the NAs
selective pressure, mutations, collected during the
replicative cycles, are selected and confer resistance
to NAs. In addition to the high mutation rate, due
to the HBV replicative strategy, other factors (viral
fitness, potency and genetic barrier of the drugs) are
associated to the development of resistance. NAs with
high potency and high genetic barrier could prevent
resistance generation and should be preferred in HBV
therapy. Moreover, due to the overlapping S reading
frame, mutations arising in the RT domain cause the
appearance of mutations in the preS/S ORF (escape
[1,2]
mutants) .
PreCore/core ORF codes for the core nucleocapsid
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EPIDEMIOLOGY
The virus is transmitted by contact with blood or other
body fluids from an infected person. Hepatitis B virus
is endemic worldwide and hyper-endemic in many
parts of the world.
The prevalence of HBV carriers varies from 0.1%
to 2% in low prevalence areas (United States and
Canada, Western Europe, Australia and New Zealand),
from 3% to 5% in intermediate prevalence areas
(Mediterranean countries, Japan, Central Asia, Middle
East, and Latin and South America), from 10% to
20% in high prevalence areas (Southeast Asia, China,
sub-Saharan Africa). A systematic review focusing
on data in the United States estimated that there are
2.2 million individuals with chronic HBV, two-thirds of
[3]
whom were foreign born .
The wide range in HBV carrier rate in different
parts of the world is largely related to differences in
the age of infection, which is inversely related to the
risk of chronicity. The rate of progression from acute
to chronic HBV infection is approximately 90% for
perinatally acquired infection, from 20% to 50% for
infections acquired at 1 to 5 years of age and less than
[4]
5% for adult acquired infection .
With regard to Europe in 2012, 17329 cases of
hepatitis B were reported in 29 countries (no data
from Belgium and Liechtenstein), resulting in an
overall crude rate of 3.5 per 100000 inhabitants. Of
these cases, 2798 (16.1%) were classified as acute
infection, 12306 (71.0%) as chronic infection and
1865 (10.8%) as unknown. Three hundred and sixty
cases (2.1%) could not be classified in any of these
groups. However, due to the differences in surveillance
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systems across Europe, these figures are known to be
[5,6]
an underestimation of the true situation .
Ten genotypes have been identified (A-J) on the
base of a sequence difference greater than 8% in
the entire HBV genome or 4% in the S region. Each
genotype is further divided into sub-genotypes when
differences in nucleotide sequences are major than
4% but minor than 8%. Interestingly, both genotypes
and sub-genotypes are related to clinical course,
geographical distribution and mode of transmis
sion. Hyper-endemic areas and at high incidence of
hepatocellular carcinoma (HCC) were found in East
Asia (genotypes B and C) and in sub-Saharan Africa
(genotype A). Moreover, genotypes A and D are
prevalent in countries where horizontal transmission
is common, i.e., sub-Saharan Africa, Mediterranean,
Middle East and India, whilst genotypes B and C are
prevalent in countries where vertical transmission is
[7-9]
common, i.e., East Asia .

an important role in viral genome amplification and
[1,2]
replication .
The latter is transcripted into viral RNA gene
products: HBV surface protein, structural core protein,
non-structural core protein (secreted HBeAg), X
protein and viral polymerase.
After this step the viral assembly occurs (en
capsidation by the core protein to form the viral
nucleocapsid), followed by the virion secretion or the
recycle of the newly generated nucleocapsid into the
nucleus for conversion to cccDNA.
The permanence of cccDNA into the hepatocyte
nucleus is a basic factor for viral persistence, because
it allows for viral replication to restart, either during
the antiviral therapy (resistance) or after the antiviral
[13,14]
therapy is stopped (reactivation)
.

HBV S-GENE MUTANTS
The pre-S1/S2/S ORFs encode three envelope proteins
(large, middle and small) which are determinant for
virus assembly and virus attachment to hepatocytes.
L protein (pre-S1 domain) is the substrate for viral
receptor attachment; M protein (pre-S2 domain)
function is not well understood and, finally, S protein
(S domain) is commonly referred to as the HBsAg
or Australian antigen. The small, the middle and the
large proteins are detected as HBsAg. HBsAg protein
contains the major B cell epitope, the “a” determinant
[1]
(121-149 aa) .
HBsAg is the surface antigen that is targeted
by the antibodies present in vaccinated people and
by the antibodies binding to HBsAg in serological
immunoassays. It is the major envelop protein, formed
by 226 amino acids, it is highly heterogenic, but within
the protein there are conserved areas defining the
genotype.
The amino acid positions between 99 and 169 are
called the major hydrophilic region (MHR), in which
the “a” determinant is located (comprising two loops
of amino acids, 124-147), that is the main target of
[15,16]
neutralizing B cell responses
.
Mutations causing a conformational change within
the “a” determinant could affect the antigenicity of
HBsAg, essential for inducing protective antibody, and
be responsible for escaping vaccine induced immunity,
escaping anti HBV immunoglobulin therapy and pro
[17-19]
viding false negative results in serological tests
.
In 1988 HBV S-gene mutants were observed in
Italian vaccinated children’s sera with the presence
of both HBs antigen and anti-HBs antibodies. These
children acquired infection from the mother and their
S-gene sequences revealed glycine (G) to arginine (A)
substitution at position 145, within the a-determinant
of S-gene, causing conformational changes that
allowed for the virus to escape the vaccine-induced
[20]
response . G145R is the major vaccine-induced
immune escape mutation and in the last years an
increase of G145R detection has been reported by

MORPHOLOGY AND VIRAL GENOME
HBV is a partially double-stranded circular DNA virus
that belongs to the Hepadnaviridae family. The virus
consists of the HBcAg, which contains circular DNA
molecule approximately of 3.2 kb, and an outer
envelope containing the HBsAg. One of the two strands
is incomplete and associated with a DNA polymerase
able to complete the strand. This virus is unique
among human viral pathogens, since it is a DNA virus
that replicates by reverse transcription of an RNA
intermediate. The longer strand of HBV DNA (L strand)
is a complete circle, whereas the complementary
strand is shorter (minus strand). Minus strand DNA
is the template for the synthesis of the viral mRNA
transcripts. HBV DNA has a very compact coding
organization with four partially overlapping ORFs that
are translated into seven known proteins: polymerase
protein (Pol gene); HBcAg and HBeAg (both from the
C gene); large, medium, and small HBsAg (S gene);
and the X regulatory protein (X gene). The overlap in
the ORFs does not seem to limit variability since all
HBV genes have variants. Noncoding regions are not
[10-12]
present
.
The first step in the HBV life cycle is its attachment
to the hepatocyte through the interaction of its envelope
proteins (pre-S1 region) with the host cell receptors.
Then it penetrates in the hepatocyte, uncoating,
and the viral genome, organized as relaxed circular
partially double stranded DNA (rc DNA), is sent to
the nucleus and converted into covalently closed
circular DNA (ccc DNA). The cccDNA acts as template
for transcription of four co-terminal mRNAs: 3.5 kb
pre-core (pre-C) and progenomic RNA (pgRNA), 2.4
kb large surface mRNA, 2.1 kb middle and small
surface mRNA and 0,7 kb X mRNA. pgRNA serves
as template for the reverse transcriptase and, after
being transported to the cytoplasm, encodes viral
capside protein and viral polymerase, thus playing
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several studies, mainly in countries with high rate
of endemicity and universal immunization program.
Nevertheless, it has been recently demonstrated that
the risk of acquiring HBV infection is extremely low
in a vaccinated subject. Other mutations were later
found in “a” determinant T116N, P120S/E, I/T126A/
N/I/S, Q129H/R, M133L, K141EP142S, D144A/E and
[15]
considered as “immune escape” as well .
Similar mutations were also detected in immunecompromised patients and were considered res
ponsible for HBV reactivation by immune escape in
previously anti-HBs immune persons. These mutations
in the HBsAg can result crucial in failing virus detection
in the routine screening.
In recent studies it has been observed that during
immunosuppression, some patients, with resolved
infection, showed HBV reactivation that in some
cases could lead to severe acute hepatitis, synthetic
dysfunction, fulminant liver failure and death. In a very
[21]
recent report, Salpini et al
showed, that 75.9% of
HBV reactivated patients were carriers of more than
one HBsAg mutations. 8/13 mutations were located
in the major hydrophilic loop (M103I-L109I-T118KP120A-Y134H-S143L-D144E-S171F) and 5/13 in T
cell epitopes belonging to class Ⅰ (C48G-V96A-L175SG185E-V190A).
In recent years, occult HBV infection (OBI) has
been widely investigated. OBI is identified as the
persistence of HBV-DNA in HBsAg negative patient’
s liver with or without other serological markers of
previous HBV infection. To explain this phenomenon
three mechanisms have been proposed. For two of
these, the common factor is the change in the steric
configuration in HBsAg molecule, determined by
mutations located within the “a” determinant. These
modified HBsAg molecules, most commonly, either
cannot be detected by commercial available assays
or are actually very weakly exposed in the surface of
hepatocytes due to a poor recognition by the immune
system. Finally, several authors suggest that host
immune surveillance and epigenetic mechanisms are
[22]
probably involved .
Some studies report that several and different
mutations are correlated with OBI depending on
subtypes and also sub-subtypes, or even that OBI
[23,24]
associated mutations are unique for each subtype
.
[25]
Cassini et al
suggest that a change in the C695T
nucleotide leads to a stop codon in the 181 amino-acid
that could be responsible for the strongly reduction of
HBsAg production.
Finally, also deletions in the S-region seem to
be involved in OBI development, in fact, they can
influence the expression, synthesis and secretion of
[26,27]
HBsAg
.
According to some authors, mutations in this region
[28]
might contribute to hepato-carcinogenesis. Lee et al
discovered the W4P/R pre-S1 mutations. They may
be associated with disease severity in male patients
chronically infected with HBV genotype C. These W4P/
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R mutants were significantly related to severe liver
diseases [HCC and liver cirrhosis (LC) (12.4%, 19/153
patients) vs chronic hepatitis and carrier (1.1%, 1/94
patients), P < 0.001]. Interestingly, all the W4P/R
mutants were found only in the male gender, not in
the female gender, which may in part provide a likely
explanation for the relatively high male to female ratio
in the incidence of HCC generation in Korean HBV
chronic patients.
Other mutations, that usually occur in Pre-S/S
region, seem to play an important role in inactivation
of the preS2/S region promoter, resulting in inter
ference with HBsAg secretion. As in this region there
is the hepatocyte binding site they are associated with
[29]
occult HBV status as well . Several studies dispute
about the important role of pre-S deletions on the
progression of liver disease. Above all, it seems that
a set of deletions or mutations in different genes is
associated with the progression of liver disease. The
regions involved are: pre-S, BCP and PC; moreover, it
seems that the PC mutations precede the appearance
of the others. Pre-S deletions, observed both in pre-S1
and pre-S2 regions, cause a decrease in the synthesis
and secretion of small surface antigen which tends to
accumulate in the hepatocytes and especially in the
endoplasmic reticulum (ER). This supposedly causes
an ER stress which in turn causes an oxidative DNA
damage that induces mutagenesis and finally HCC.
[30,31]
Several other hypotheses have been formulated
.
[32]
Wang et al
suggest that the conspicuous increase
of the cyclin A, implicated in the DNA synthesis and
centrosome duplication, observed in the HCC tissues
and mainly in patients with the pre-S2 deletions, could
be activated by the ER stress and could be responsible
of the development of HCC. Finally, a study of Yang et
[33]
al
demonstrated that, in chronic HBV patients, the
pre-S mutants, besides causing ER stress and DNA
damage, also cause a vascular endothelial growth
factor-A (VEGF-A) overexpression on the ground
glass hepatocytes (GGHs). This could be implicated in
the preneoplastic GGHs progression to HCC through
the activation of Akt/mTOR (mammalian target of
rapamycin).

POL-GENE MUTANTS
The goal of treatment in patients with chronic hepatitis
B (CHB) is to eliminate the virus, thus reducing the
risk of progressive liver damage that leads to the
development of complications such as cirrhosis and
HCC. However, due to the persistence of cccDNA forms
in the infected hepatocytes nucleus, a complete and
definitive virus eradication is not achievable.
The currently available drugs, approved for
treatment of CHB in many parts of the world, are 2
immuno-modulators (inteferon α-2a and peginteferon
α-2a) and 5 antiviral agents belonging to the NAs:
lamivudine (LAM-3TC), telbivudine (LdT), entecavir
(ETV) and the acyclic nucleotide analogues adefovir
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Table 1 Cross-resistance data for the most frequent resistant hepatitis B virus variant
HBV variants
Wild-tipe
M204V
M204I
L180M + M204V
A181A/T
N236T
L180M + M204V/I ± I196T ± V173L ± M250V
L180M + M204V/I ± T184G ± S202I/G

Level of susceptibility
Lamivudine

Telbivudine

Entecavir

Adefovir

Tenofovir

S
R
R
R
I
S
R
R

S
S
R
R
S
S
R
R

S
I
I
I
S
S
R
R

S
I
I
I
R
R
S
S

S
S
S
S
S
I
S
S

The amino-acid substitution profiles are shown in the left column and the level or susceptibility is given for each drugs: S (sensitive), I (intermediate/
reduced susceptibility), R (resistant). EASL Clinical Practice Guidelines 2012.

[38]

dipivoxil (ADV) and tenofovir disoproxil fumarate
[34]
(TDF) . These last five drugs are inhibitors of RT
domain of HBV polymerase.
The viral polymerase/RT is encoded by the largest
ORF. This protein arises from the translation product of
the 3.5 kb pre-core mRNA and pgRNA, that serves as
template for reverse transcriptional synthesis of viral
DNA.
Due to the absence of proofreading activity,
the HBV polymerases/RT, as already mentioned,
leads to the introduction of random mutations into
HBV genome. The error rate of HBV polymerase is
5
7
approximately 1 × 10 to 10 base syntheses, as result
[34,35]
of the highly error-prone nature of the HBV RT
.
Under the selective pressure by means of the
administration of antiviral agents, quasi species of HBV
converge on a dominant HBV mutant that can escape
selection pressure, creating a drug-resistant HBV
strain.
Earlier researches have suggested that LAM is the
major cause of YMDD (tyrosine-methionine-aspartateaspartate) mutations (M204I/V) in the catalytic sites (C
[36]
domain) within HBV P-ORF .
The mutations rtM204I/V (domain C), rtL180M
(domain B) and rtA181T/V (domain B) confer
resistance to LAM and LdT (Table 1).
M204I/V are often associated with compensatory
mutations in other domains such as rtL80V/I, 58
rtI169T,59 rtV173L, rtL180M, rtT184S/G, rtS202I, and
[36-38]
rtQ215S which increase viral replication
. Other
proposed compensatory mutations are rtV84M, rt214,
[37]
rtL217P, rtL229M, rtI233V and rtN238H . Among
them, the rtL217P substitution, known to confer
replicative advantage if emerging in a wild-type virus,
in the context of LAM resistance likely represents a
[39]
compensatory mutation to boost replication (Table 1).
In fact, compensatory mutations emerge because
the selection of resistance-associated changes in the
viral polymerase is usually associated with some cost
in replication fitness for the virus; these compensatory
mutations are important in the setting of antiviral
resistance because they “fix” the discriminatory
primary drug-resistant mutations into the genetic
archive of viral cccDNA, thus providing a “quasi species
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memory” .
ADV resistance is associated with two primary
resistant mutations (belonging to the pathway for alkyl
phosphonates) in the B and D domain, the rtA181T
and the rtN236T. Furthermore, rtI233V is another
mutation that has been identified in ADF-resistant HBV
variants; its true significance remains contradictory
since some authors have confirmed and some have
[40,41]
denied its capability to confer resistance
(Table 1).
Mutations in the B domain of RT, the rtA181T/V,
were shown to confer resistance to LAM, LdT and ADV.
The rtA181T mutation also encodes a stop codon in the
overlapping S reading frame (sW172*) thus resulting
in the truncation of the HBsAg proteins. As Warner
and Locarnini emphasized, the rtA181T/sW172*
variant has a secretory defect and exerts a dominant
negative effect on the wild-type HBV virion secretion.
This mutation is often present in patients with primary
[42-44]
HCC
.
Due to high genetic barrier, ETV and TDF are
considered the most potent antiviral agents and at
low risk of developing resistance. Indeed, they result
to have a mutation incidence rate of 1.2% and 0%,
[45]
respectively . Long-term monitoring shows HBV
resistance to ETV in nucleoside-naive patients is rare
through 5 years of therapy. Multiple mutations are
required to obtain high-level resistance to ETV. Those
usually involved in ETV resistance are rtL180M + M204V
and another among rtI169T, rt184G/S, rtS202I/G
and rtM250V; actually, ETV resistance appears in LAM
treated patients in which the rtL180M and M204V
[38]
mutations were formerly present (Table 1).
To date, there have been no confirmed reports
of resistance selection during treatment of CHB with
[46]
TDF in mono-infected individuals. Kitrinos et al
in
their study report that TDF mono-therapy maintained
effective viral suppression over up to 6 years of
continuous therapy without selecting TDF resistance.
Recently, a complex TDF-resistance associated
mutation pattern, including the rtR192PR substitution,
very close to the site of the rtA194T mutation which
has been found to confer TDF resistance in vitro, has
been reported in a HIV-HBV co-infected individual
[47]
failing TDF .
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mutations may be correlated with the HBeAg status
and the HBV DNA level. These results also suggest
that LAM therapy improved the clinical course in HBV
[51]
patients with natural YMDD mutations .
The HBV polymerase (Pol) gene overlaps the
HBsAg in a frame-shifted manner with the result that
drug resistant mutations in the HBV Pol can directly
impact on the HBsAg and its function. Therefore,
drug resistance mutations in the polymerase gene
may result in the production of mutations and stop
codons in the envelope gene leading to modified viral
secretion, infectivity and creating both viral escape to
[38]
anti-HBs antibodies
and modified HBsAg molecule
not detected by screening tests (Table 2). About this
[52]
last topic, the study of Hsu et al
found that the
P120A mutation in the HBsAg gene, selected during
LAM therapy in 6/11 samples patient, was responsible
for HBsAg detection failure, misinterpreted as HBsAg
clearance.
Through a molecular analysis performed in HIVHBV co-infected and HBsAg-negative patients, AminiBavil-Olyaee in 2009 revealed an unusual HBV
polymerase mutation (rtV191I), during TDF therapy,
conferring simultaneously immune escape by HBsAg
negativity and resistance to LAM, but not TDF. Due to
the overlapping surface antigen the rtV191I mutation
also created a stop-codon in sW182s, deleting the last
44 amino acids of the HBsAg, which resulted HBsAg
[53]
negative in diagnostic serum assays .
Interestingly, neither the ADV-associated resistance
mutation rtN236T nor the TDF-associated resistance
mutation rtA194T, selected only in vitro, cause changes
[54]
in the HBV surface gene .
HBV mutants carrying drug and vaccine resistance
may represent a considerable individual risk and public
health concern.
With regard to the best treatment strategy after
HBV resistance, the international practice guidelines
recommend the use of a nucleoside/tide analogue with
high antiviral potency and high genetic barrier, such as
ETV or TDF. Nevertheless, incomplete response to ETV
[55]
therapy has been reported .

Table 2 Impact of drug resistant mutations in the the hepatitis
B virus Pol on the hepatitis B surface antigen
Antiviral drugs

Resistance
mutations

HBsAg corresponding
changes

Lamivudine (LAM2)
Tebivudine (LdT2)

rtL180M
rtM204V
rtM204I2
rtA181T2
rtA181T2
rtA181V2
rtN236T

No change
sI195M
sW1961/S/L
sW1721
sW172L
sL173F
After end of HBs open reading
frame
sF161H/L
No change
sL175F + sL176V
No change
sL176V
sL175F
sL1761
sL175F
No change/sS193F
sV194F/S
No change/sS193L
After end of HBs open reading
frame
After end of HBs open reading
frame

Adefovir (AdV)
Tenofovir (TDF)
LAM2

Entecavir (ETV)

rtI169T
rtT184A
rtT184C
rtT184I
rtT184G
rtT184S
rtT184M
rt184L
rtS202C
rtS202I
rtS202G
rtM250I
rtM250V

1

Stop codon; 2Cross-resistance. HBsAg: Hepatitis B surface antigen. Modified
from Zoulim et al[38].

The common mutations that confer resistance to
LAM and LdT (e.g., rtM204V/I, rtL180M) give crossresistance to other L-nucleosides and reduce sensitivity
to ETV but not to ADV or TDF. Conversely, mutations
causing resistance to ADV (rtA181T/V, rtN236T)
and TDF generally do not give rise to resistance to
L-nucleosides and ETV. Both the L-nucleosides (LMV
and LdT) and the alkyl phosphonates (ADV and TDF)
also select the mutation rtA181T/V, thereby making it
[36-38]
a marker for multidrug resistance
(Table 1).
Further research has revealed that strains with
YMDD mutations also exist in patients with chronic HBV
[48,49]
infection not previously treated with lamivudine
.
A recent research showed that spontaneous
YMDD mutations were detected in LC and HCC
patients. Moreover, it has been demonstrated that in
genotype C, HCC patients had a significantly higher
spontaneous YMDD mutation rate than LC patients,
and that genotype C was associated with a higher
risk for the development of HBV-related HCC than
patients infected by other HBV genotype (P = 0.013,
95%CI: 1.540-39.264). This may have been caused
by different genotype strains having different biological
[50]
properties, pathogenicity and carcinogenicity .
Furthermore, the rate of viral breakthrough
tended to be lower in patients without natural YMDD
mutations than in those with natural YMDD mutations.
Naturally occurring YMDD mutations are found in
a large proportion of CHB patients who have not
undergone anti-viral therapy. The incidence of YMDD
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PRE CORE/CORE MUTANTS
Pre-Core/Core region encodes for two proteins, one
structural, the HBcAg, that forms the nucleocapsid,
[2-56]
and the HBeAg that is a secretion protein
.
HBeAg is the marker of HBV replication and infec
tivity. In the natural course of HBV chronic infection,
the loss of HBeAg expression and the appearance
of antibodies directed against it (anti-HBe) usually
represent the end of viral replication and the resolution
of hepatitis. Mutations in the pre-core and core regions
cause HBeAg-negative chronic hepatitis B with presence
of anti-HBe, in which replicative infection continues and
[2,15,56]
HBV-DNA remains detectable (> 2000 IU/mL)
.
HBeAg negativity is due to basal core promoter
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(BCP) and precore (PC) mutations that respectively
modulate HBeAg secretion during transcription and
[2,15,56]
stop HBeAg production
.
[57]
Recently, in Korea, Lee et al
described 36
prospectively enrolled patients with acute hepatitis B,
20 of which, infected with HBV genotype C, showed
detectable HBV DNA. Among them, 4 patients had BCP
mutations, and two had PC mutations. Platelet counts
were signiﬁcantly lower in the 4 patients with PC/BCP
mutations compared to those with wild type. The
A1762T and the G1764A, responsible for the decreased
PC mRNA synthesis, were the typical specific BCP
mutations detected and described, mainly together,
in patients with HBeAg negative hepatitis. These two
mutations were first found in a study of Baptista et
[58]
al
aimed at investigating the presence of mutations
responsible for the HBeAg negativity and their possible
role in hepato-carcinogenesis in the HBeAg negative
patients. This study showed that these two mutations
produced a decrease in the HBeAg secretion and had
[59]
a significant role in hepato-carcinogenesis . The
increased risk of HCC in patients harboring a virus
with the A1762T and the G1764A was confirmed by
several studies but the mechanism of oncogenesis
[59-63]
[64]
remains unknown
. Furthermore, Yang et al
investigated the risk of HCC considering, in addition to
BCP mutations, also HBV genotypes and PC mutations.
They proved that the highest risk of HCC development
depends on genotype (mostly genotype C), and on the
presence of the A1762T and G1764A BCP mutations
and of the G1896A PC mutation.
In addition to the A1762T and G1764A mutations,
other BCP mutations have been identified: the T1753C,
and the C1766T. Basically, these mutations reduce
the HBeAg synthesis and enhance viral replications in
liver cells, often in association with more severe and
[65]
advanced liver disease .
Some of these mutations (T1753C, A1762T and
1764A), together with A1752G, A1846T, G1896A and
G1899A, were significantly correlated with HBeAg
seroconversion; in a recent work the authors showed
significant differences between HBeAg positive
and HBeAg negative child patients groups. But the
frequencies of the mutations in HBeAg-negative child
patients were significant lower than in HBeAg negative
adult patients, because the role of BCP/PC muta
tions is less important in the early phases of HBeAg
[66]
seroconversion .
The main prevalent PC region mutations collected
over the years in various works are the G1896A
and the G1899A, alone or associated. The G1896A
mutation is due to a G to A switch that produce a
translation stop codon at amino acid position 28 in
the HBeAg sequence, with inhibition of its synthesis.
This mutation was often found in non-A genotypes
associated with the mutation C1858T, whose onset is
eased by typical viral structure of certain genotypes
(B, D, E, C, F). Also these mutations have been first
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found in Mediterranean Countries, where the majority
of patients are genotype D carriers.
In a longitudinal study on 99 HBV- DNA positive
patients, all genotype D, HBeAg negative and with
PC G1896A mutation, Besharat observed that they
still had a detectable HBV-DNA even after 7 years of
monitoring, unlike the patients with the wild type PC
[67]
sequence .

X-GENE MUTANTS
Gene X encodes for a multifunctional nonstructural
protein, originally defined X protein because its
function was unknown and even now are unclear. It
has been proposed a function in the establishment of
infection and viral replication. Furthermore, a role of
gene X in the HBV carcinogenesis has been recently
[68]
hypothesized .
The HBX gene overlaps with the core promoter
region and mutations here in this gene may alter the
functions of the HBX protein, playing an important
role in HBV replication and hepato-carcinogenesis.
[69]
According to Yan et al , the HBX mutants linked with
core promoter mutations may regulate p53 through a
S-phase kinase associated protein 2 (SKp2), promoting
or preventing cellular transformation and proliferation.
In HBX region, twelve mutations were associated
with hepato-carcinogenesis, suppression of HBeAg
[70]
secretion and increase of viral DNA synthesis .

CONCLUSION
In the last decade, mainly due to molecular biology
studies, a lot of information about HBV life cycle, genetic
variability and pathogenesis has been achieved. HBV
genomic sequencing, back in 1988, allowed Zanetti
[20]
et al
to discover the G145R mutation within the
“a” determinant of S gene, the first escape mutant
identified. Other escape mutants have been detected
afterwards and the relevant role of other mutations
has been established in immune compromised
patients and in OBI infection. Sequencing of pol gene,
especially performed to drive clinicians to the better
treatment, not only has allowed to achieve knowledge
on the mutations able to confer resistance to the new
NAs, some of which are often related with hepatocarcinogenesis, but, considering the overlapping of the
pol gene with the S gene, also to discover other escape
mutants or stop codons in this site. Sequencing also
allowed to identify mutations responsible of HBeAgnegative chronic hepatitis B and finally to identify
mutations, deletions and insertion in X gene probably
associated with hepato-carcinogenesis, suppression of
HBeAg secretion and increase of viral DNA synthesis.
Nevertheless, further studies are needed in the field
of HBV genetic variability, especially to investigate
on the role of X gene, about which there are still too
few data which also need to be confirmed. Finally,
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further studies are also needed to understand whether
and how much genotypes and sub-genotypes could
influence the response to treatment, the appearance
of viral variants and the risk of cirrhosis and HCC. It is
possible to hypothesize that additional knowledge above
viral variants, genotypes and sub-genotypes could be
considered into clinical decision.
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increases the risk of liver cirrhosis and hepatocellular
carcinoma in infected patients. Metabolic syndrome
(MetS) is a disease endemic mostly to the developed
countries. It is associated with high cardiovascular
mortality and morbidity, diabetes mellitus as well as
cancer. In this manuscript, we systematically review the
published data on the relationship between MetS and
CHB infection. Multiple studies have described highly
variable correlations between CHB on one hand and
MetS, non-alcoholic fatty liver disease and dyslipidemia
on the other. No association between CHB and diabetes
mellitus or atherosclerosis has been described as of
now. The presence of MetS in patients infected with
hepatitis B virus increases the risk of fibrosis, cirrhosis
and hepatocellular carcinoma. Appropriate lifestyle,
but also pharmacological interventions are needed to
prevent the development of these complications.
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Core tip: Currently, no clear relationship between
chronic hepatitis B (CHB) and the prevalence of
metabolic syndrome (MetS) could be established,
but observations on large patient cohorts reveal
some interesting patterns. Surprisingly, male patients
with CHB may have lower prevalence of MetS than
patients without CHB, but this has not been observed
in females. Furthermore, CHB is probably not
associated with higher risk of type 2 diabetes mellitus
or atherosclerosis. Regarding the clinical outcomes,
available data do not sufficiently reveal all of the
possible interactions between MetS, its individual
components and CHB.
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Abstract
Chronic hepatitis B (CHB) is a global health issue that
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an inverse correlation between the prevalence of MetS
[6-8]
and CHB in the whole cohort . In the next two Asian
studies, this inverse correlation between CHB and MetS
was present, after adjustment, only in males, while no
[10,15]
correlation was observed in females
. One study
did not found any association between the prevalence
[9]
of these two diseases , and in the retrospective
cohort from Shanghai authors found that patients with
CHB had a higher prevalence of MetS compared to the
[12]
uninfected controls . The study from United States
that evaluated the proposed relationship in the large
population database (NHANES Ⅲ) found previously
documented inverse correlation in the whole cohort
and males, however this correlation was not present in
women. The results were adjusted for race and other
confounders, however it is prudent to mention that
roughly 80% of controls were non-Hispanic whites,
but the prevalence of hepatitis B was higher in other
[11]
races . Although not mentioned specifically in this
study, it is known that a significant proportion of CHB
[16]
patients in the United States is of Asian descent .
No relationship between CHB and MetS was found
in both studies from Europe, however, the study by
[13]
[14]
Jarčuška et al and Janicko et al included only very
specific young Roma population, but the second study
expanded this population with also majority Cauca
sian population. A meta-analysis of four, previously
[6,8-10]
mentioned studies from Asia
was performed by
[17]
Wang et al . Altogether, authors included 10015
patients with CHB and 79475 controls. Despite the
findings of the original studies, no difference in the
prevalence of MetS in the CHB patients and controls
was found (OR = 0.82; 95%CI: 0.66-1.02 by random
[17]
effect model; heterogeneity: I-squared 84.8%) .
As is evident from the conflicting results of published
studies, currently no clear relationship between CHB
and MetS prevalence could be established. However,
it is necessary to note that male population with CHB
may have lower prevalence of MetS and the prevalence
of MetS increases with age not only in uninfected
[13]
patients but also in patients with CHB .
The presence of antibodies against HBV core antigen
(antiHBc) without HBsAg positivity signifies previous
contact with hepatitis B. Four studies examined the
relationship between antiHBc positivity and the presence
of MetS. In the NHANES Ⅲ cohort no difference in the
MetS prevalence between antiHBc positive patients and
controls was found (OR = 0.87, 95%CI: 0.69-1.08,
adjusted for age, sex, race, smoking and alcohol
[11]
status) . Another cross-sectional study from Taiwan
included 8226 subjects with mean age 19.2 ± 2.3
years. AntiHBc positive patients in this study had 58%
[18]
higher risk of having MetS (P < 0.05) . Similarly,
antiHBc positive subjects had higher prevalence of
MetS compared to antiHBc negative controls (29.8%
vs 22%, P = 0.008) also in the study from central
Europe. However, antiHBc positive patients were
also significantly older compared to antiHBc negative
[13]
patients . In the specific population of young Roma

Association between hepatitis B and metabolic syndrome: Current
state of the art. World J Gastroenterol 2016; 22(1): 155-164
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i1/155.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.155

INTRODUCTION
Approximately 2 billion people are infected with
hepatitis B virus (HBV) during their lifetime. Around
350-400 million people are infected at any given
moment. One hundred twenty-five million of these
come from China. Acute hepatitis B infection pro
gresses in a proportion of patients into chronicity.
Chronic hepatitis B (CHB) subsequently increases the
risk of liver cirrhosis and hepatocellular carcinoma
(HCC). In CHB patients HCC could occur even without
[1]
the presence of cirrhosis . More than one million
patients with CHB die due to liver failure or HCC
[2]
annually .
Metabolic syndrome (MetS) has various definitions,
however all these definitions stress the presence
of abdominal obesity in conjunction with other
parameters. Widely used criteria from the International
Diabetes Federation define central obesity as waist
circumference ≥ 94 cm for males and ≥ 80 cm for
females in western population; ≥ 90 cm for males
≥ 80 cm for females for Asian population excluding
2
Japanese, or BMI > 30 kg/m ). Two or more of the
following criteria also need to be fulfilled: (1) “Raised
triglycerides ≥ 150 mg/dL (1.7 mmol/L) or specific
treatment for this lipid abnormality; (2) reduced HDL
cholesterol < 40 mg/dL (1.03 mmol/L) in males < 50
mg/dL (1.29 mmol/L) in females or specific treatment
for this lipid abnormality; (3) raised blood pressure
systolic ≥ 130 or diastolic ≥ 85 mmHg or treatment
of previously diagnosed hypertension; and (4) raised
fasting plasma glucose ≥ 100 mg/dL (5.6 mmol/L),
or previously diagnosed type 2 diabetes If above 5.6
mmol/L or 100 mg/dL, oral glucose tolerance test is
[3]
strongly recommended but is not necessary .”
Patients suffering from MetS have higher risks
of cardiovascular morbidity and mortality, diabetes
[4,5]
mellitus and cancer
. Nonalcoholic fatty liver
disease (NAFLD) is currently considered a hepatic
manifestation of MetS.

ASSOCIATION BETWEEN THE
PREVALENCE OF MetS AND CHB
The presence of MetS in patients with CHB (HBsAg
[6-15]
positive) was evaluated in 10 published studies
.
The results are summarized in Table 1. The majority
were done in Asia, one study analyzed a large
population database in the United States and two
papers report the data from central Europe. The data
presented in these studies are very heterogeneous.
In three out of seven Asian studies, authors reported
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Table 1 Association between chronic hepatitis B virus infection and metabolic syndrome
Ref. (Region)

Race

Jan et al[6] (Taiwan)

Asian

Luo et al[7] (China)

Asian

Wong et al[8]
(Hong Kong, China)
Li et al[9] (Taiwan)

Asian

Chung et al[10]
(South Korea)

Asian

Jinjuvadia et al[11]
(United States)

Zhou et al[12] (China)

Jarčuška et al[13]
(Slovakia)
Janicko et al[14]
(Slovakia)
Choi et al[15]
(South Korea)

Asian

Study design

HBV patients/
controls

Prevalence MS in HBV
patients/controls

Result/statistical significance

8.0%/10.9%

Inverse correlation between MS and HBV infection

Population5995 HBV patients/
based
47533 controls
Cross-sectional
study
Cross-sectional 858 HBV patients/
study
6579 controls
Case series
91 HBV patients/
922 controls
Case series
3408 HBV patients/
22897 controls
Cross-sectional 521 HBV patients/
study
8953 controls

5.9%/8.8%
11.0%/20.2%
13.4%/14.0%

OR = 0.72 (0.65-0.79); P < 0.001
aOR = 0.84 (0.76-0.93); P < 0.0011
Inverse correlation between MS and HBV infection
OR = 0.65 (0.48-0.88); P = 0.003
Inverse correlation between MS and HBV infection;
P = 0.034
No correlation between MS and HBV infection

19.5%/20.8% in men
Inverse correlation between MS and HBV infection in
14.3%/13.7% in women
men only after adjustation
OR = 0.92 (0.72-1.17); P = 0.492; NS
aOR = 0.75 (0.57-0.98); P = 0.033b
No correlation between MS and HBV infection in
women
OR = 1.05 (0.56-1.96) NS
aOR = 0.80 (0.38-1.66); P = 0.545; NS2
Caucasian
Large
593 594 HBV
10.4%/25.6% total
Inverse correlation between MS and HBV infection in
(80%)
population
patients/7280620
all patients
OR = 0.34 (0.13-0.87)
database
patients with past
aOR = 0.32 (0.12-0-82); P = 0.019c
exposure to hepatitis
Inverse correlation between MS and HBV infection in
B/138283905 controls
men
OR = 0.13 (0.04-0.44)
aOR = 0.14 (0.04-0.55)3
No correlation between MS and HBV infection in
women
OR = 0.89 (0.30-2.65)
aOR = 0.73 (0.22-2.46)3
Asian
Retrospective
480 HBV patients/
24.5%/10.5%
Correlation between MS and HBV infection
OR = 2.46 (1.77-3.41)
cohort study
496 controls
aOR = 2.27 (1.52-3.38)4
Caucasian Cross-sectional 66 HBV patients/
24.6%/24.7%
No correlation between MS and HBV infection;
+ Roma
study
789 controls
P = 0.561; NS
Roma
Cross-sectional 55 HBV patients/
27.8%/29.6%
No correlation between MS and HBV infection;
study
387 controls
P = 0.785; NS
Asian
Population
209 HBV patients/
23.4%/31.5% in men
Inverse correlation between MS and HBV infection in
18.6%/23.7% in women
database
4899 controls
men only after adjustation
OR = 0.66 (0.42-1.05); P = 0.079; NS
OR = 0.61 (0.375-0.998); P = 0.0495
No correlation between MS and HBV infection in
women
OR = 0.74 (0.44-1.22); P = 0.235; NS
aOR = 0.70 (0.40-1.21); P = 0.197; NS5

1

Adjusted for age and sex; 2Adjusted for age, body mass index, alaninaminotranferase, alcohol intake, smoking, exercise, family income and educational
status; 3Adjusted for age, sex, race, smoking and alcohol status; 4Adjusted for age, gender, smoking, passive smoking, alcohol consumption, high-energy
food intake, fresh fruit and vegetable intake, physical activity; 5Adjusted for age, location, smoking habits, alcohol consumption, exercise habits, income
status, and education levels. MS: Metabolic syndrome; NS: Not significant; HBV: Hepatitis B virus; OR: Odds ration; aOR: Adjusted odds ratio.

people, no significant difference in the MetS prevalence
[14]
was found (31.9% vs 26.7%, not significant) .
Very limited data suggest lower prevalence of
MetS in subjects vaccinated against hepatitis B. In the
above mentioned study from Taiwan, antiHBs positive,
antiHBc negative subjects had lower prevalence of
MetS compared to antiHBs negative controls (OR =
0.76, 95%CI: 0.6-0.96, adjusted for age, gender and
BMI). Due to the design of the study, it is difficult to
determine if this association is only arbitrary or has a
[18]
clinical foundation .
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LIPOPROTEIN METABOLISM IN THE
PATIENTS WITH CHB
The lipid profile in the serum of patients with CHB has
[6-11,13-15,19-22]
recently drawn significant attention
. An
overview of the published studies is in the Table 2.
The levels of total cholesterol were significantly lower
in most of the CHB patients compared to controls
in practically all of the published studies. Two of the
studies also reported lower levels of apolipoprotein
B100, which is the principal protein component of
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Table 2 Levels of lipoproteins in chronic hepatitis B virus patients and controls
Ref.
Su et al[19]

Jan et al[6]
Luo et al[7]
Chen et al[20]
Wong et al[8]

Hsu et al[21]

Li et al[9]

Liu et al[22]

Chung et al[10]

Jinjuvadia et al[11]

Jarčuška et al[13]

Janicko et al[14]

Choi et al[15]

Laboratory parameter

HBV patients vs controls statistical significance

HBV patients vs controls

Total cholesterol
LDL-C
HDL-C
TG
TG
HDL-C
TG
HDL-C
Cholesterol
TG
Total cholesterol
LDL-C
HDL-C
TG
LDL-C
HDL-C
TG
Total cholesterol ≤ 45 yr in women
Total cholesterol > 45 yr in women
LDL-C ≤ 45 yr in women
LDL-C > 45 yr in women
HDL-C ≤ 45 yr in women
HDL-C > 45 yr in women
TG ≤ 45 yr in women
TG > 45 yr in women
Total cholesterol ≤ 45 yr in men
Total cholesterol > 45 yr in men
LDL-C ≤ 45 yr in men
LDL-C > 45 yr in men
HDL-C ≤ 45 yr in men
HDL-C > 45 yr in men
TG ≤ 45 yr in men
TG > 45 yr in men
Total cholesterol
LDL-C
HDL-C
TG
TG in men
HDL-C in men
TG in women
HDL-C in women
TG
HDL-C (total)
HDL-C in men
HDL C in women
Total cholesterol
LDL –C
HDL-C
TG
ApoB100
Total cholesterol
LDL –C
HDL-C
TG
ApoB100
TG in men
HDL-C in men
TG in women
HDL-C in women

P < 0.05
NS
P < 0.01
NS
OR = 0.64 (0.60-0.69)
OR = 0.89 (0.80-0.99)
OR = 0.62 (0.53-0.72); P = 0.002
NS
P < 0.001
P < 0.001
P = 0.004
NS
NS
P = 0.027
NS
aOR = 0.004 (0.001-0.017); P < 0.0011
aOR = 0.107 (0.054-0.213); P < 0.0011
P < 0.001
P = 0.040
P = 0.040
NS
P < 0.001
NS
NS
P < 0.001
NS
P < 0.001
NS
P < 0.001
NS
NS
P = 0.017
P < 0.001
P < 0.05
P < 0.05
NS
NS
P < 0.001
P = 0.039
NS
NS
NS (total, in men, in women)
OR = 0.37 (0.15-0.91)
NS
OR = 0.26 (0.07-0.93)
P = 0.001
P = 0.001
NS
NS
P = 0.013
P = 0.035
NS
NS
NS
P = 0.025
OR = 0.63 (0.40-0.99); P = 0.043
NS
OR = 0.34 (0.17-0.69); P = 0.003
NS

181.7 ± 29.8 mg/dL vs 186.8 ± 33.3 mg/dL
108.7 ± 25.9 mg/dL vs 109.4 ± 28.6 mg/dL
53.4 ± 11.6 mg/dL vs 56.5 ± 13.5 mg/dL
99.2 ± 54.0 mg/dL vs 102.7 ± 57.6 mg/dL

4.9 ± 0.8 mmol/L vs 5.2 ± 1.0 mmol/L
2.9 ± 0.8 mmol/L vs 3.0 ± 0.9 mmol/L
1.5 ± 0.4 mmol/L vs 1.5 ± 0.4 mmol/L
1.0 (0.1-2.9) mmol/L vs 1.1 (0.3-21.3) mmol/L

178 mg/dL vs 174 mg/dL
201 mg/dL vs 205 mg/dL
103.5 mg/dL vs 101.2 mg/dL
123.6 mg/dL vs 126.8 mg/dL
63.3 mg/dL vs 61.5 mg/dL
60.1 mg/dL vs 59.4 mg/dL
67 mg/dL vs 67 mg/dL
85 mg/dL vs 93 mg/dL
183 mg/dL vs 182 mg/dL
188 mg/dL vs 197 mg/dL
49.8 mg/dL vs 49.7 mg/dL
117.6 mg/dL vs 123 mg/dL
51 mg/dL vs 51 mg/dL
49.8 mg/dL vs 49.7 mg/dL
100 mg/dL vs 104 mg/dL
102 mg/dL vs 116 mg/dL
193 ± 36 mg/dL vs 197 ± 36 mg/dL
124 ± 31 mg/dL vs 126 ± 36 mg/dL
53 ± 16 mg/dL vs 53 ± 16 mg/L
126 ± 129 mg/dL vs 131 ± 87 mg/dL
4.59 ± 0.48 mg/dL vs 4.75 ± 0.52 mg/dL
3.81 ± 0.26 mg/dL vs 3.84 ± 0.25 mg/dL
4.45 ± 0.30 mg/dL vs 4.50 ± 0.50 mg/dL
4.01 ± 0.20 mg/dL vs 3.97 ± 0.24 mg/dL

4.54 ± 0.84 mmol/L vs 5.00 ± 0.99 mmol/L
2.29 ± 0.58 mmol/L vs 2.60 ± 0.68 mmol/L
1.19 ± 0.35 mmol/L vs 1.19 ± 0.41mmol/L
1.11 ± 0.59 mmol/L vs 1.31 ± 0.91 mmol/L
0.71 ± 0.21 g/L vs 0.77 ± 0.23 g/L
4.45 ± 1.21 mmol/L vs 4.71 ± 1.23 mmol/L
2.20 ± 0.88 mmol/L vs 2.50 ± 0.90 mmol/L
1.10 ± 0.53 mmol/L vs 1.10 ± 0.36 mmol/L
1.02 ± 1.56 mmol/L vs 1.15 ± 1.75 mmol/L
0.66 ± 0.26 g/L vs 0.74 ± 0.29 g/L

1

Multivariate analyses using logistic regression, the status of HBsAg positivity as the dependent variable, age, sex, body mass index, serum TG, LDL-C,
HDL-C and alaninamonotransferase level as independent variables were performed. NS: Not significant; HBV: Hepatitis B virus; OR: Odds ration; TG:
triglycerides; HDL-C: High density lipoproteins; LDL-C: Lowe density lipoproteins; ApoB100: Apolipoprotein B100; aOR: Adjusted odds ratio.
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[13,14]

low and very low-density lipoprotein particles
.
The data on individual lipoprotein classes are more
conflicting. Currently published studies mostly did
not find any difference in the levels of low-density
lipoproteins (LDL) in patients with CHB and controls.
Nevertheless, three studies did report significant
[9,13,22]
differences in LDL values
, however the direction
and magnitude of these differences differed greatly
between studies and subgroups within individual
studies. Same conclusions can be drawn from the
published data about triglycerides and high-density
lipoproteins (Table 2).
The risk of atherosclerosis related outcomes has
been evaluated in only one large study from Taiwan that
included 3931 CHB patients and 18541 controls followed
for 17 years. The HBsAg seropositivity did not increase
the risk of coronary heart disease, cerebrovascular
[23]
disease and atherosclerosis in general .
No simple reason for these changes in the lipoprotein
metabolism in CHB patients has been confirmed in the
literature. However, multiple proposed explanations exist.
It has been shown that total cholesterol correlates with
liver function and prognosis in patients with advanced
liver disease. Therefore, at least in a proportion of
patients, the low total cholesterol could be associated
with incipient liver failure. Hepatitis B infection also
interferes with the hepatocyte metabolism. It has
been known for some time that HBV modifies the
expression of host genes. Particularly the genes for
enzymes of lipid biosynthesis pathways were the
largest upregulated category in one published murine
[24]
model . On the other hand, data from hepatoma cell
cultures suggest that hepatocytes infected with HBV
[25]
have lower concentrations of apolipoprotein mRNA .
The binding of apolipoprotein H to the HBsAg could
[26]
also result in the lower plasma apolipoprotein levels .
Therefore, despite the lack of strong cytotoxic effect,
HBV infection profoundly alters the metabolism of
infected hepatocytes.

to CHB patients without cirrhosis (OR = 1.74, 95%CI:
1.43-2.13). Authors of this meta-analysis concluded
[31]
that HBV itself might not be pro-diabetic . Shen
[32]
et al
tried to identify the risk factors for T2DM in
patients infected with hepatitis B. Multivariate analysis
revealed that besides general risk factors (family
history, low education level, elevated triglycerides,
gamma-glutamyl transferase, and alcoholic steatosis),
three hepatitis B related risk factors (high viral load,
long duration of infection and presence of cirrhosis)
contributed independently to the risk of T2DM.

CHB AND NAFLD
Insulin resistance is the principal pathophysiological
mechanism behind the MetS. Although not officially
included in the definition of MetS, NAFLD is very
prevalent is patients with MetS and its clinical preva
lence is estimated around 20% in the general popu
lation of developed countries. Histological prevalence
could be even higher. In a series of consecutive liver
biopsies from potential liver donors, the prevalence
of histological changes associated with NAFLD was
[33-35]
50%
. Non-alcoholic fatty liver disease could
progress to non-alcoholic steatohepatitis (NASH) and
liver cirrhosis. The prevalence of NASH is estimated
around 2%-3% of general population. It progresses
to cirrhosis in 20%-25% of the cases. The mortality of
NASH related cirrhosis is estimated around 40% mostly
[36]
due to liver failure or HCC . Besides liver related
mortality, the presence of NASH also increases the risk
[37]
of total and cardiovascular mortality . The definitive
diagnosis of NAFLD is confirmed by quantification of
the fat in the liver biopsy specimen, which should be
[38]
more than 5% . The liver biopsy is not feasible for the
routine diagnosis of NAFLD and ultrasound is commonly
used instead. The correlation between ultrasound and
biopsy is very good (Spearman’s coefficient: 0.80;
[39]
95%CI: 0.71-0.88, P < 0.001) . Another relatively
sensitive and specific noninvasive test for NAFLD is
1
proton-magnetic resonance spectroscopy ( H-MRS)
[40]
that determines intrahepatic triglyceride content .
The NAFLD-associated fibrosis could also be evaluated
noninvasively by transient elastography, serum
[41]
biomarkers or the combination of both .
In the large study that included 33439 subjects who
received health check-up at single center in Taiwan,
NAFLD was found in 43.9% in general uninfected
population compared to only 38.9% in patients
with CHB. This result was also significant in lean
[42]
and overweight subgroups separately . However,
two other, smaller studies did not find significant
difference in the prevalence of NAFLD between CHB
[29,43]
[8]
and uninfected patients
. Study by Wong et al
determined the NAFLD prevalence in 91 patients
with CHB and 922 controls by proton magnetic
spectroscopy. The intrahepatic triglyceride content
was significantly lower in infected patients compared

CHB, INSULIN RESISTANCE AND
DIABETES MELLITUS
Chronic hepatitis C is an important risk factor for
insulin resistance that accelerates fibrogenesis in
[27]
the liver . Moreover, patients with hepatitis C and
insulin resistance have poorer response to antiviral
[28]
treatment . This relationship in CHB patients is not
so straightforward. The insulin resistance was not
associated with HBsAg positive patients in a study by
[29]
Wang et al
from Taiwan. However, another study
from Korea reported that patients with CHB had
higher levels of fasting insulin, HOMA-IR index and
[30]
lower QUICKI index . In a recent meta-analysis of
15 studies, no increase in the risk of type 2 diabetes
mellitus (T2DM) attributable to CHB without cirrhosis
was reported. However, increased risk of T2DM was
reported in CHB patients with liver cirrhosis compared
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but may even be lower in patients with CHB than
in general population. Surprisingly, the presence of
NAFLD is not associated with the severity of liver
fibrosis.

HBV DNA load (IU/mL log scale)

10000000
1000000
100000

HEPATITIS B VIRAL LOAD AND MetS

10000

Multiple studies on animal models have shown that
HBV influences metabolism, most likely by changes
in the gene expression. Some authors therefore use
the term “metabolovirus”, because the regulation of
gene expression of HBV and key metabolic genes in
[47]
hepatocytes is very similar . It is known that HBV
DNA load increases the risk of liver cirrhosis and
[48,49]
HCC
. The presence of a relationship between MetS
and HBV DNA viral load has not been confirmed to
[50,51]
date. Some studies did not find any relationship
,
while another proposed an inverse correlation
[52]
between HBV DNA and liver steatosis that has been
shown also in the already mentioned meta-analysis.
Pooled data from seven studies in this meta-analysis
showed significant negative effect of HBV load on the
[44]
prevalence of hepatic steatosis . On the other hand,
in a study from our group CHB patients with MetS
had significantly higher HBV DNA load compared to
[13]
infected patients without MetS . These results are
not directly comparable as the our study used clinically
diagnosed MetS compared to ultrasonographically
diagnosed liver steatosis.
The association between HBV viral load and
components of MetS is also interesting. Body weight,
glycemia and triglycerides have typical distribution
with pathological values on both ends of the spectrum.
Authors of a cross-sectional study from Taiwan
reported that the patients with BMI from 23 to 24.9
[53]
had the lowest levels of HBV DNA . Analogous
results have been produced by our study regarding
total cholesterol levels and apolipoprotein B100
levels. Both parameters had quadratic relationship
with HBV DNA load. Patients with subnormal but also
higher than normal levels of total cholesterol and also
apolipoprotein B100 had higher levels of HBV DNA
compared to patients with both parameters in the
[13]
normal range(Figure 1) . Patients with low levels
of total cholesterol often have advanced fibrosis
that already impacts liver function. It is known that
the risk of advanced fibrosis increases with the viral
[48]
load . On the other end of the spectrum, patients
with high total cholesterol often have MetS and, as
[13]
shown in our study , also the higher risk of increased
HBV DNA. Other studies most commonly described
linear inverse relationship of HBV DNA and other
parameters of lipoprotein metabolism, such as high
[54]
[21]
density lipoprotein
or triglycerides
that was not
[13,14]
present in our data
. No relationship was revealed
between HBV DNA and glycemia, HOMA-IR in any of
[21]
the studies . In the REVEAL study, HBV DNA load
showed inverse correlation with extreme (P = 0.004)
and central obesity (P = 0.004) even after adjustment

1000
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2
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Figure 1 Association between total cholesterol and hepatitis B virus DNA
load. Adapted from Janicko et al[14] (2014).

to the controls (1.3% vs 2.1%, P < 0.001). When
the presence of NAFLD was determined using 5%
cut-off for triglyceride content, patients with CHB had
markedly lower prevalence compared to uninfected
patients (13.5%; 95%CI: 6.4%-20.6% vs 28.3%;
95%CI: 25.3%-31.2%).
Some histological data on the prevalence of NAFLD
in CHB patients are available, however bioptic studies
naturally did not include the control group. Machado
[44]
et al
published a meta-analysis of 17 studies that
assessed hepatic steatosis prevalence by histology and
compared the results to hepatitis C patients. Overall,
NAFLD prevalence was 29.6%, patients with CHB
had significantly lower prevalence of hepatic steatosis
compared to patients with hepatitis C (OR = 0.55,
95%CI 0.45-0.67, P < 0.001) and the prevalence was
comparable to uninfected patients. In CHB patients,
the risk factors for hepatic steatosis were male sex,
higher BMI, diabetes mellitus, higher levels of serum
glucose, triglycerides, total cholesterol and higher
alcohol consumption. On the other hand, the steatosis
was negatively associated with HBV DNA. Other virus
related factors, such as HBeAg, genotype or histology
did not have any association with hepatic steatosis.
[45]
In the study by Zheng et al , that included only
CHB patients, hepatic steatosis also correlated well
with fasting insulin levels, however only BMI and total
cholesterol were predictors of hepatic fibrosis.
The combination of CHB and NAFLD could poten
tially accelerate the development of fibrosis. This was
[46]
assessed in the study by Peng et al
who found that
in patients with CHB and hepatic steatosis the stages
of fibrosis were independently associated only with
histology activity index and HBV DNA. No significant
association between hepatic steatosis and the stages of
cirrhosis was reported in this study. Above-mentioned
meta-analysis confirmed that the presence of NAFLD
does not worsen the necroinflammation or the degree
[44]
of fibrosis in patients with CHB .
In conclusion, the prevalence of NAFLD is comparable,
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for triglycerides, hyperuricemia, gender and history
of hypertension in HBe positive patients (i.e.,
patients with high viral replication). In HBe negative
patients inverse correlation with triglycerides was
[55]
demonstrated .

obesity, elevated fasting glucose, elevated TG, and
[65]
lower HDL-C were associated with liver fibrosis .
Simultaneous presence of MetS and CHB increases
the risk of liver fibrosis independently of biochemical
[66]
activity and HBV DNA load . CHB patients with
MetS have higher prevalence of cirrhosis compared
to CHB patients without MetS (38% vs 11%, P <
[67]
0.001) . Kaplan-Meier analysis showed significantly
more frequent development of cirrhosis and cirrhosis
decompensation in CHB patients with diabetes mellitus
compared to nondiabetic patients during 12-year
[68]
follow-up . Analysis of NHANES Ⅲ cohort showed
that the presence of T2DM or insulin resistance is an
[69]
independent predictor of mortality in CHB patients .
Another prospective study from Taiwan included 2903
HBsAg positive men followed for the median of 14.7
years. Higher BMI at baseline correlated with the
incidence of NAFLD, liver cirrhosis and HCC. Higher
BMI was also a significant risk factor for liver related
[70]
mortality . Body mass index, levels of insulin, gly
cated albumin and HOMA-IR correlated directly with
the incidence of HCC, but triglycerides and LDL showed
[71]
an inverse correlation . CHB and MetS increased the
risk of HCC, but also intrahepatic cholangiocarcinoma
[72]
in United States population as well .
Because of the adverse influence of MetS and
increased total cholesterol on the HBV DNA viral load
and clinical outcomes of these patients, intervention
with statin therapy has been proposed. Statins decrease
[73,74]
HCV RNA load in patients with chronic hepatitis C
.
Limited data are available on the pleiotropic effects of
statins in patients with hepatitis B. In one study, the
inhibition of HBsAg secretion into culture medium of
[75]
Hep3B cells by lovastatin was observed . Simvastatin
has been shown to potentiate the anti-HBV activity of
several nucleot(s)ide analogues (lamivudine, adefovir,
[76]
tenofovir and entecavir) in vitro . Data on clinical
outcomes of statin therapy in CHB patients are even
more limited. Recent study from Taiwan showed that
this therapy reduces the risk of HCC in CHB patients
[77]
in dose dependent manner . Another observational
study showed that CHB patients taking metformin or
[78]
statins had lower risk of HCC as well . Unfortunately,
both trials were observational and no randomized
controlled trials are available.

CHB AND THE RISK OF
ATHEROSCLEROSIS
CHB is an inflammatory condition. Other diseases with
chronic low grade inflammation have been shown to
[56]
increase the risk of atherosclerosis . Nevertheless,
the additional risk for atherosclerosis that could be
attributed to CHB has been explored in surprisingly few
studies. One study from Japan did not find significant
differences between CHB patients and controls in
systolic blood pressure, bilateral ankle brachial index,
heart-ankle pulse wave velocity and the heart-carotid
[57]
pulse wave velocity . Also no significant difference
was found when carotis intima-media thickness,
maximal common carotid artery intima media thi
ckness or extracranial carotid artery atherosclerotic
[58]
score were evaluated in CHB patients . Patients
with HBsAg, but also antiHBc positivity have similar
coronarography findings as uninfected, otherwise
[59,60]
healthy patients
. No differences between these
two groups of patients were found in the levels of
[60]
high sensitivity C-reactive protein . Despite these
findings, it is necessary to note that CHB patients
had significantly lower carotis intima-media thickness
[61]
compared to the patients with NASH in one study .
Regarding clinical outcomes, patients with CHB had
comparable cardiovascular mortality risk as uninfected
[23]
patients .
It may seem that CHB patients do not have in
creased risk of atherosclerosis compared to uninfected
patients, however several observations and hypotheses
about the possible pro-atherogenic influence of
CHB do exist. One paper from Turkey showed that
inactive HBsAg carriers have greater mean platelet
volume, considered to be an emerging risk factor for
atherothrombosis, although clinical relevance of this
[62]
observation is unknown . Furthermore, a case report
of 34 years old, hepatitis B infected man with multiple
cerebral arterial stenoses without any risk factors for
[63]
atherosclerosis was described by Korean authors .

CONCLUSION
Multiple, but not all, studies showed that patients with
CHB have lower risk of MetS, NAFLD and dyslipidemia.
Patients with CHB without cirrhosis do not have
increased risk of T2DM. CHB is probably not associated
with higher risk of atherosclerosis as well. Regarding
the clinical outcomes, available data do not sufficiently
reveal all of the possible interactions between MetS,
its individual components and CHB. Although more
studies on the topic are needed, we can be reasonably
sure that the simultaneous presence of both diseases
accelerates fibrogenesis, increases the risk of liver

MetS AND THE RISK OF FIBROSIS AND
HCC IN PATIENTS WITH CHB
Both CHB as well as NAFLD associated with MetS led
to the development of liver fibrosis, cirrhosis and HCC.
Larger waist circumference, dyslipidemia and arterial
hypertension in patients with CHB were associated
[64]
with superimposed NASH in multivariate analysis .
A group of Spanish authors evaluated the severity of
liver fibrosis by transient elastography in chronic HBV
carriers, that were thought to be inactive. Central
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cirrhosis and HCC. Therefore, it is necessary to
influence the MetS by lifestyle interventions as well as
pharmacotherapy. Preliminary observational studies
suggested the beneficial effect of statins and insulin
sensitizers on the risk of HCC.
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Liver transplantation (LT) is a considerably effective
treatment for patients with end-stage hepatitis B virus
(HBV)-related liver disease. However, HBV infection
often recurs after LT without prophylaxis. Since the
1990s, the treatment for preventing HBV reinfection
after LT has greatly progressed with the introduction of
hepatitis B immunoglobulin (HBIG) and nucleos(t)ide
analogues (NAs), resulting in improved patient survival.
The combination therapy consisting of high-dose HBIG
and lamivudine is highly efficacious for preventing the
recurrence of HBV infection after LT and became the
standard prophylaxis for HBV recurrence. However,
mainly due to the high cost of HBIG treatment, an
alternative protocol for reducing the dose and duration
of HBIG has been evaluated. Currently, combination
therapy using low-dose HBIG and NAs is considered as
the most efficacious and cost-effective prophylaxis for
post-LT HBV reinfection. Recently, NA monotherapy
and withdrawal of HBIG from combination therapy,
along with the development of new, potent high genetic
barrier NAs, have provided promising efficacy, especially
for low-risk recipients. This review summarizes the
prophylactic protocol and their efficacy including
prophylaxis of de novo HBV infection from anti-HBc
antibody-positive donors. In addition, challenging
approaches such as discontinuation of all prophylaxis
and active immunity through hepatitis B vaccination are
discussed.
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history of prophylaxis, for preventing recurrent postLT HBV infection. These include vaccine strategies that
involve active immunization after LT.

© The Author(s) 2016. Published by Baishideng Publishing
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INDICATIONS FOR LT AND
PREOPERATIVE ANTI-VIRAL THERAPY
FOR PATIENTS WITH HEPATITIS B AND
RISK FACTORS FOR HBV RECURRENCE

Core tip: Combination therapy consisting of high-dose
hepatitis B immunoglobulin (HBIG) and lamivudine
has been the standard prophylaxis for hepatitis B
virus recurrence after liver transplantation. Currently,
after development of more potent high genetic barrier
nucleos(t)ide analogues (hgbNAs), such as entecavir
and tenofovir disoproxil fumarate, combination therapy
using low-dose HBIG and hgbNA is considered as the
most efficacious and cost-effective prophylaxis. In
addition, monotherapy with hgbNAs and withdrawal
of HBIG following combination therapy of HBIG and
hgbNAs could be promising approaches, especially
for low-risk patients and those receiving grafts from
hepatitis B core antibody-positive donors. This review
discusses those approaches including other challenging
therapeutic options.

LT is indicated for patients with irreversible hepatic
failure due to HBV infection, which occurs through
acute exacerbation of chronic hepatitis, cirrhosis, or
fulminant hepatitis. The Child-Pugh score is widely
used to evaluate the severity of cirrhosis. The oneyear survival rate is 100% for patients with a ChildPugh score of less than 6 points (Class A), while it is
as poor as 50% for patients with a Child-Pugh score
of 10 points or more (Class C). If a patient’s clinical
severity falls into Grade B or C (a score of 7 or above),
LT may be required. The one-year survival rate after
LT is as high as 80% to 90%, even for patients with
Child-Pugh scores of 8 points or more. The model
for end-stage liver disease (MELD) score is useful for
predicting the short-term prognosis of patients with
[2]
cirrhosis . When the MELD score is below 14 points,
[3]
patients have limited benefits from LT , while the
risk of the transplantation itself increases when the
score is too high. Thus, transplantation is considered
optimal when the MELD score is above 15 points,
but not after it becomes too high. In practice, the
indications for transplant will be comprehensively
determined by the patient’s activities of daily living,
complications, and the presence or absence of liver
cancer or infectious diseases, among other indicators.
In patients with HBV-related disease, several factors
[4-7]
are considered as risks for HBV recurrence after LT .
High-risk patients include those who are hepatitis B e
antigen (HBeAg) positive, as well as those who have
high serum HBV-DNA levels at LT and anti-viral drug[6]
resistance before LT . On the other hand, low-risk
patients include those with fulminant HBV, co-infection
[1]
with hepatitis D virus , and low/negative serum
HBV-DNA levels, which occur due to spontaneous or
[8]
therapeutic features . Among them, high serum HBVDNA level at LT is a common significant risk factor
that occurs regardless of protocol and is reported by
many groups. Therefore, it is important to clear the
virus from the blood or to reduce levels as much as
possible by administering NAs before transplantation.
Entecavir (ETV) and tenofovir disoproxil fumarate
(TDF) are new potent agents that are recommended
for the first-line treatment of NA-naïve patients due
to low rates of drug resistance. For patients with renal
disorders, which is often complicated by cirrhosis, ETV
might be preferable compared to TDF because of the
risk for nephrotoxicity. Currently, there are several

Onoe T, Tahara H, Tanaka Y, Ohdan H. Prophylactic managements
of hepatitis B viral infection in liver transplantation. World J
Gastroenterol 2016; 22(1): 165-175 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i1/165.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i1.165

INTRODUCTION
Liver transplantation (LT) is a highly effective
treatment for patients with cirrhosis, liver cancer,
or fulminant hepatitis caused by hepatitis B virus
(HBV). However, the recurrence of HBV infection and
subsequent severe disease, including an atypical,
aggressive HBV recurrence pattern known as fibrotic
cholestatic hepatitis (FCH), is a concern for patients
with HBV-related diseases. In an era without effective
prophylaxis, LT for HBV-related disease was a relative
[1]
contraindication by the mid-1990s. Samuel et al
reported that the rate of HBV recurrence was 67% ±
4% among LT recipients with HBV-related cirrhosis and
83% ± 6% among those with positive post-LT serum
HBV-DNA in the absence of any prophylaxis.
Several prophylaxis strategies for recurrent HBV
have greatly progressed since the mid-1990s with
the use of anti-hepatitis B immunoglobulin (HBIG)
and nucleos(t)ide analogues (NAs). Therefore, LT
outcomes for HBV-related diseases have markedly
improved. Currently, combination therapy consisting of
HBIG and NAs is widely used in most liver transplant
centers. However, various issues exist with longterm combination therapy with HBIG and NAs after
transplantation. In this article, we review present
and future possible strategies, based on the previous
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reports of patients developing resistant strains, such
as the YMDD motif mutation, following long-term
administration of lamivudine (LAM) among patients
[9-11]
who are being considered for transplantation
.
However, there is cross-resistance between LAM
and ETV because a resistant mutation of LAM (e.g.,
rtM204V/I and rtL180M) is also necessary in order to
[12]
develop resistance to ETV . In fact, many patients
with LAM resistance have already acquired cross[13]
resistance to ETV . Therefore, ETV should not be
[14,15]
used in patients with LAM resistance
. In this case,
adding adefovir (ADV) or TDF to LAM, or switching
to TDF but not ETV, is recommended. It should be
noted that possible severe lactic acidosis might
occur when ETV is used in patients with decompen
[16]
sated cirrhosis . Interestingly, hepatocellular
carcinoma (HCC) is believed to be a risk factor for
[17-19]
[18]
HBV recurrence
. Saab et al
reported that 12
out of 175 patients (6.9%) developed HBV reinfection
after LT despite combination therapy with HBIG and
NAs. Among the 12 patients with HBV reinfection, 10
(83.3%) had HCC prior to LT and 5 (50%) developed
[18]
HCC recurrence after LT . Multivariate analyses
revealed that pre-LT HCC and post-LT recurrence
of HCC were independent risk factors for post-LT
HBV reinfection. Although the mechanism remains
unknown, close monitoring of virological status in
patients with HCC is important.

of anti-HBs Ab (i.e., escape mutation). A significant
correlation has been reported between the duration
of HBIG monotherapy and the development of such
mutants, indicating that mutations of the S gene were
induced or selected by immune pressures exerted by
[26]
HBIG . Currently, long-term HBIG monotherapy is
outmoded and not recommended for prophylaxis.

Combination therapy with HBIG and NAs

Following monotherapy with HBIG or LAM, a group
from the University of California, Los Angeles, reported
a landmark trial of combination therapy involving high[27]
dose HBIG and LAM . First described in 1998, this
therapy successfully prevented the recurrence of HBV
infection in almost all patients. In this trial, 14 patients
who underwent LT for HBV-related decompensated
liver disease received high-dose HBIG intra- and postoperatively in combination with pre- and post-operative
LAM therapy as prophylaxis. Using polymerase chain
reaction (PCR), all 13 surviving patients did not have
detectable serum HBV-DNA at a median of 346 d
(130-525 d) following LT. Similar high efficacy was
[28,29]
demonstrated by other groups using this strategy
.
Therefore, combination therapy consisting of highdose HBIG and LAM became the gold standard for
treatment and was rapidly introduced in many liver
transplant centers. A recent meta-analysis revealed
that combination therapy was superior in preventing
reactivation of the virus when compared with mono
[30]
therapy using HBIG or LAM alone .

PROPHYLAXIS OF RECURRENT
HEPATITIS B IN HBSAG-POSITIVE
RECIPIENTS AFTER LT

Combination therapy with low-dose HBIG and NAs, and
withdrawal of HBIG

Although the combination therapy consisting of highdose intravenous HBIG and NAs is very effective, it is
very expensive. Additionally, HIBG is not available in
some countries. The first year and subsequent yearly
treatment costs more than United States $100000
[31]
and United States $50000 , respectively. In costeffectiveness analysis, the cost-effectiveness is most
[32]
sensitive to the cost of HBIG . Therefore, optimizing
the protocol by reducing the dose and duration of
HBIG has been previously attempted. This concept is
utilized in two strategies. One involves combination
therapy with low-dose intramuscular HBIG and LAM,
while the other includes the withdrawal of HBIG from
[33]
combination therapy . There are two more options in
the combination therapy with low-dose HBIG involving
either fixed low-dose or on-demand low-dose HBIG
protocols.
[34]
For the fixed-dose protocol, Angus et al
showed that the combination of low-dose HBIG and
LAM provides effective prophylaxis for post-LT HBV
recurrence (Table 1). In this study, 400 or 800 IU of
HBIG was administered intramuscularly (im) daily for
1 wk after transplantation and monthly thereafter, in
combination with daily LAM (100 mg). Only 1 out of 32
patients was HBsAg positive and all 32 patients were

Monotherapy with HBIG or LAM

Prophylaxis of recurrent HBV infection with HBIG
or LAM monotherapy has been performed since
the 1990s for HBsAg-positive recipients. Several
breakthrough studies demonstrated a reduction
in reinfection and improvement of graft survival
[1,5,20,21]
using HBIG
. Moreover, high-dose and longterm HBIG administration was shown to be most
[1,20,21]
effective
. After the development of LAM, several
groups investigated its use as a monotherapy without
[22-25]
[24]
HBIG
. Perrillo et al
described the results of
a multicenter US-Canadian trial where 25 out of 42
(60%) transplanted patients were HBsAg-negative
at least three months post-transplantation. Patients
also exhibited superior survival rates in comparison
to a historical control group, which were similar to
patients who were treated with long-term HBIG
[24]
monotherapy . However, monotherapy with either
of HBIG or LAM resulted in the recurrence of HBV
infection in 30% to 40% of patients, which was still a
considerable rate despite the fact that graft survival
[1,21-24]
greatly improved in most studies
. It is well
known that amino-acid mutations in the predominant
epitope of the HBs-Ag results in lower-binding affinity
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Table 1 Main results of published studies using combination therapy of low-dose hepatitis B immunoglobulin and nucleos(t)ide
analogues and withdrawal of hepatitis B immunoglobulin from combination therapy
Ref.

Patients
(n )

Angus et al[34], 2000

32

Median
follow-up
(mo)
18.4

Gane et al[35],2007

147

62

Karademir et al[36],
2006

35

16

Iacob et al[38], 2008

42

21.6

Jiang et al[37], 2010

254

41.2

Nath et al[41], 2006

14

14.1

Angus et al[42], 2008

34

21

Saab et al[43], 2011

61

15

NAs
(dose)

HBIG protocol

HBV recurrence

32 LAM (100
mg/d)
147 LAM (100
mg/d)

400 IU or 800 IU/d im for 1 wk and then 400 IU or 800
1/32 (3.1%) HBsAg+
0/32 (0%) HBV-DNA+
IU/mo
400 IU or 800 IU/d im for 1 wk and then 400 IU or 800
5/147 (3.4%)
actuarial risk of HBV recurrence was
IU/mo
1% at 1 yr and 4% at 5 yr
33 LAM
6000 IU im intraoperatively, 2000 IU/d until HBsAb >
2/35 (5.7%)
2 LAM + ADV 200 IU/L, and then 1200 to 2000 IU im on-demand if
Two HBV recurrent case had LAM
resistance at LT
HBsAb < 100 IU/L, thereafter
42 LAM
10000 IU im in anhepatic phase and 10000 IU/d im for
2/48 (4.8%)
first 1 wk, and then 2500 IU im on-demand if HBsAb <
50 IU/L, thereafter
254 LAM
2000 IU im in anhepatic phase, followed by 800 IU/d
14/254 (5.5%)
The 1-, 3- and 5-yr HBV recurrence
for the next 6 d and weekly for the rest of 3 wk in
rates were 2.3%, 6.2% and 8.2%
the first postoperative month and 800 IU monthly
5 of 14 recurrent cases had YMDD
or biweekly im on-demand if HBsAb < 100 IU/L,
mutants at recurrence
thereafter
14 LAM + ADV 10000 IU HBIG iv in anhepatic phase and 10000 IU/d
1/14 (7.1%)
HBV recurrent case showed normal
for first 1 wk, and then HBIG was withdrawn and
liver function.
replaced with oral ADV
18 LAM + HBIG
Randomized trial
0/18 in HBIG + LMV
16 LAM to
All patients were treated with low-dose im HBIG +
1/16 (6.3%) in LMV + ADV (HBIG
LAM + ADV
LMV ≥ 1 yr post-LT
withdrawal group)
18 patients continued HBIG vs 16 patients discontinued Recurrent case was HBsAg+/HBVHBIG and ADV was added (LMV + ADV)
DNA19 LAM to
All patients were treated with low-dose im HBIG +
2/61 (3.3%)
LAM + ADV LMV ≥ 1 yr post-LT. All patients discontinued HBIG,
41 LAM to
Both recurrent case was HBsAg+/
and ADV or TDF was added as described left
LAM + TFV
HBV-DNA- without liver dysfunction
1 ETV to ETV +
ADV

HBV: Hepatitis B virus; NAs: Nucleos(t)ide analogues; HBIG: Hepatitis B immunoglobulin; LT: Liver transplantation; HBsAb: Hepatitis B surface antibody;
LAM: Lamivudine; ADV: Adefovir; ETV: Entecavir; TDF: Tenofovir disoproxil fumarate; im: Intramuscularly.

HBV DNA negative at the latest follow-up visit (mean
follow-up period, 18.4 mo). Subsequently, Gane et
[35]
al
reported the long-term results of an expanded
population, including high-risk patients from the same
group of HBV-DNA positive patients, at LT (85%)
(Table 1). One hundred and forty-seven patients were
analyzed and the actuarial risk of HBV recurrence was
1% and 5% after 1 and 5 years, respectively. The
high HBV-DNA titer at LT was associated with HBV
recurrence.
[36]
Karademir et al
previously reported on the
efficacy of the on-demand protocol (Table 1). Patients
received 6000 IU intra-operatively, 2000 IU daily,
and 2000 IU as on-demand maintenance medication
for life, respectively, in order to keep the serum
level at 100 IU/L. Two of the 35 patients who had
experienced HBV recurrence (5.7%) after a median
follow-up of 16 mo were HBV-DNA positive at the
time of LT, despite preoperative LAM administration
due to LAM resistance. The mean cumulative dose of
HBIG, that was administered within the first, second,
and third years were 34014, 5258, and 5090 IU,
[37]
respectively. Jiang et al
evaluated the low-dose,
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on-demand protocol in a larger population (Table 1).
Two hundred and fifty-four adult patients received
LAM (100 mg/d orally) and HBIG (2000 IU, im) in
the anhepatic phase, which was followed by 800 IU
daily for the next 6 d, and weekly for the rest of 3 wk
in the first postoperative month. This was followed
by the administration of 800 IU monthly or biweekly,
in order to maintain hepatitis B surface antibody
(HBsAb) levels at 100 IU/L. Their 1-, 3-, and 5-year
HBV recurrence rates were 2.3%, 6.2% and 8.2%,
respectively, after a mean follow-up period of 41.2 mo.
Fourteen patients experienced post-transplant HBV
recurrence. High pre-transplant HBV-DNA levels (>
5
10 copies/mL) at LT and post-transplant prednisone
withdrawal times (> 3 mo) were associated with
recurrences. Regarding the optimal target HBsAb titer,
[38]
Iacob et al
reported successful prophylaxis for 42
patients with lower HBsAb maintenance levels (10000
IU within the anhepatic phase and daily within the first
postoperative week, followed by 2500 IU on demand
if HBsAb titers fell below 50 IU/L) (Table 1). The HBV
recurrence rate was 4.8% with a median followup period of 1.8 years. Currently, the optimal target
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[7]

HBsAb titer of 50-100 IU/L is most accepted, although
it depends on the involved institutions. This low-dose,
on-demand protocol was also effective in living donor
[39,40]
liver transplantation
.
The withdrawal of HBIG from combination therapy
is another strategy that was reported by several
[41]
groups. Nath et al
evaluated the efficacy of this
protocol. Fourteen patients with HBV-related disease
received intravenous HBIG (10000 IU) administration
during the anhepatic phase at LT, and daily for 7 d
in combination with LAM. HBIG was subsequently
discontinued and replaced with the oral administration
of ADV. One patient experienced an HBV recurrence
(7.1%) with a mean follow-up of 14.1 mo. Angus et
[42]
al
reported a multicenter randomized study of ADV
substitution for low-dose intramuscular HBIG. In this
study, 34 patients without HBV recurrences at least
12 mo post-LT were randomized to either the ADV
replacement (16) and HBIG continuation (18) groups.
Although one patient in the ADV group (6.2%) had a
HBV recurrence, HBV-DNA was undetectable in the
[43]
subsequent 20 mo. Saab et al
also reported low
recurrence rates (3.3%) in 61 patients who changed
their regimen from low-dose HBIG and nucleoside
analogue therapy to nucleoside and nucleotide
analogue therapies, respectively.
Both Combination therapy consisting of low-dose
intramuscular HBIG and NAs and the withdrawal of
HBIG, were more cost-effective compared to the
combination therapy consisting of high-dose, indefinite
HBIG, and NAs.
In most studies that utilized the HBIG withdrawal
protocol, HBIG was replaced with a nucleotide
analogue (mostly ADV) in combination with LAM
and this likely resulted in favorable outcomes.
Furthermore, it has been reported that HBV recurrence
was associated with low HBIG dose during the first
week post-LT in patients receiving low-dose HBIG and
LAM suggesting that perioperative, high-dose HBIG
administration might compliment the low efficacy
[44]
of LAM . These facts would also imply that usage
of new and emerging, more potent high genetic
barrier NAs (hgbNAs) such as ETV or TDF could
increase the efficacy of these protocols. In fact, in
the combination therapy of low-dose HBIG and NAs,
[44-46]
ETV has been recognized as superior to LAM
. In
their systematic review of 519 HBV liver transplant
[44]
recipients from 17 studies, Cholongitas et al recently
indicated that patients who were treated with HBIG
and LAM developed HBV recurrence significantly more
frequently, compared to patients who were treated
with HBIG and ETV or the TDF combination (6.1%
vs 1.0%, P < 0.001). They also showed that hgbNA
administration, along with HBIG discontinuation,
was not inferior to the combination of HBIG and
hgbNA [3.9% (4/102) vs 1.0% (3/303), p = 0.17].
Furthermore, it has been reported that HBIG dose
and duration had no impact on HBV recurrence rate
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if combined with hgbNAs (ETV or TDF) . This result
might support the concept of NAs monotherapy for
HBV prophylaxis, as described in following section.

Prophylaxis without HBIG (NA monotherapy)

As mentioned above, LAM monotherapy without HBIG
after LT is partially effective but is not sufficient as
[22-24]
prophylaxis for recurrent HBV infection
. Therefore,
it has been rapidly replaced with the combination
therapy involving HBIG and LAM/other NAs.
However, along with development of more potent
hgbNAs such as ETV or TDF, the necessity of HBIG for
prophylaxis and efficacy of monotherapy with hgbNAs
has been the subject of much discussion. Four reports,
[47-49]
including three retrospective cohort studies
and
[50]
a prospective cohort study
on hgbNA monotherapy
[46]
have been published to date. Cholongitas et al
conducted a systemic review of 112 patients who
received hgbNAs without HBIG prophylaxis. Cholongitas
[46]
et al
showed that the post-LT HBV recurrence rate
was higher in patients with mono-prophylaxis using
hgbNAs than in those who were taking a combination
of HBIG and LAM [26% (29/112) vs 5.9% (109/1834),
p < 0.001] when HBV recurrence was defined as being
HBsAg positive. However, HBV-DNA was detectable in
only one patient in the mono-prophylaxis group and
the recurrence rates in both groups were comparable
(0.9% vs 3.8%, p = 0.11) when HBV recurrence was
defined as the presence of serum HBV-DNA.
[51]
More recently, Gane et al
reported that the
combination of LAM and ADV, without HBIG was a safe
and effective prophylaxis for post-LT HBV recurrence.
Eighteen patients with pre-LT serum HBV-DNA (<
3 log10 IU/mL) suppression were selected to receive
HBIG-free prophylaxis with LAM and ADV and did not
show any HBV recurrences after a median post-LT
[47]
follow-up of 22 mo. Fung et al
reported the longterm outcomes of 362 patients who were receiving
post-LT NA monotherapy without HBIG. The authors
showed that the virological relapse rates at 3 years for
the LAM, ETV, and combination groups (predominantly
LAM + ADV) were 17%, 0% and 7%, respectively
(p < 0.001). The majority of patients with virological
relapses were in the LAM and combination groups and
had the YMDD mutation. No resistance mutations were
identified in the ETV group. These results imply that NA
monotherapy without HBIG using either single potent
hgbNA or the combination of nucleoside and nucleotide
analogues, which have been associated with a very
low rate of virologic breakthroughs, might suffice in
the prophylaxis of HBV infections. In the current era,
increasing the use of potent NAs before LT and NA
monotherapy for post-LT prophylaxis is expected. The
studies described above suggest the satisfactory and
promising prophylactic efficacy of hgbNA monotherapy.
Nonetheless, the preoperative administration of
hgbNAs in the current age can achieve HBV-DNA
negativity in many LT candidates, and such low risk
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patients were included in studies described above.
Therefore, low-risk patients should be selected for
NA monotherapy. Furthermore, the inconsistencies
between the HBsAg and HBV-DNA appearances have
also been seen in NA monotherapy. HBsAg-positive
and HBV-DNA-negative patients receiving hgbNA
monotherapy had normal graft function without any
sign of hepatitis. Long-term, larger, and randomized
studies are needed in order to re-evaluate the clinical
impact of HBsAg and HBV-DNA levels in this setting.
Interestingly, it has been reported that prophy
[52-54]
lactic HBIG prevents acute rejection after LT
.
[52]
Kwekkeboom et al
reported that recipients receiving
HBsAg-positive liver grafts and treated with prophylactic
HBIG (n = 40) showed a significantly lower incidence
of acute rejection compared to recipients without
viral hepatitis (n = 147) (12% vs 34%, p = 0.012).
Furthermore, HBIG suppressed functional maturation of
human blood-derived dendritic cells (DCs) and cytokine
production as well as alloantigen- and lectin-stimulated
peripheral T cell proliferation in vitro at concentrations
similar to that during HBIG treatment. These findings
suggest that HBIG still has a significant role as an alloimmunosuppressant as well as a prophylactic agent.

median follow-up period of 28.7 mo, while 5 patients
subsequently became HBsAg-positive. All 25 patients
who did not have recurrences did not have detectable
total/ccc DNA in their liver specimens, while the 5
patients with recurrences had detectable total HBVDNA in their tissues. This study suggests that a
sensitive method using protocol biopsy might be useful
for identifying candidates for complete withdrawal of
prophylaxis. However, this concept remains challenging
and larger studies with longer follow-up are necessary.
It is important to remember that HBV recurrence
has been conventionally diagnosed by the persistence
or reappearance of serum HBsAg and/or HBV-DNA.
PCR assays have demonstrated that HBV-DNA is
[57]
typically detected prior to HBsAg re-appearance .
However, in this study, 4 out of 5 patients who became
HBsAg-positive did not have detectable HBV-DNA
in their serum, or experience any clinically relevant
events. This inconsistency between HBsAg and HBVDNA appearances has also been seen in HBIG-free
[46]
prophylaxis, as described above . All HBs Ag positive
and HBV-DNA negative patients receiving HBIG-free
prophylaxis with hgbNAs had normal graft functions
without any sign of hepatitis. These findings might
indicate the necessity for redefining HBV reinfection.
Its clinical impact should be confirmed in future
studies.

Discontinuation of all prophylaxis

How long a prophylactic treatment should be continued
[55]
has been previously debated. Cheung et al
reported occult post-LT HBV infection of both donor
and recipient origins despite NA prophylaxis. In this
study, 31 patients who received post-transplant NAs
prophylaxis remained seronegative for HBsAg for a
median of 44.5 mo. Nineteen of these recipients (61%)
had received anti-HBcAb positive grafts. Intrahepatic
total HBV DNA and levels were quantified, and the
sequence was analyzed. Intrahepatic total HBV DNA
and covalently closed circular DNA were detected
in 26 (84%) and 16 (52%) of the 31 recipients,
respectively, although none of them had detectable
serum HBsAg and HBV-DNA. A phylogenetic analysis
of the isolated HBV DNA sequence revealed HBV
infections of both donor and recipient origins. These
results showed that an occult HBV infection after LT
from either the recipient or donor could be present
despite the absence of serum HBsAg and HBV-DNA
after prophylaxis. Lifelong prophylaxis is advocated
[56]
based on these data. Lenci et al
have recently
addressed this issue. They investigated the safety of
withdrawal of all HBV prophylaxis regimens in selected
LT recipients according to a stepwise approach. After
receiving a combination of HBIG with LAM (± ADV)
as prophylaxis, 30 low-risk patients (i.e., HBeAg and
HBV-DNA negative at LT) underwent sequential liver
biopsies in order to confirm the absence of intrahepatic
total and cccDNA. Based on biopsy results, HBIG
and then NAs were withdrawn sequentially. Twentyfive patients did not showed clinical signs of HBV
recurrence after withdrawal of prophylaxis with a
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Active immunity through hepatitis B vaccination

Although the virus is cleared after surgery by the
aforementioned prophylaxis for HBV recurrence,
hepatitis could recur if treatment is discontinued.
Prolonging the treatment involves safety issues such as
the development of escape mutations and/or emerging
resistant strains due to long-term administration of
[58]
HBIG and NAs, as well as economic issues . These
considerations are also important in the prevention
of de novo HBV infection that is induced by anti-HBc
antibody (HBcAb)-positive donors. Theoretically, the
development of natural, long-lasting anti-HBsAb in the
recipient through active immunotherapy with a vaccine
is the most ideal approach in terms of cost and benefit,
in order to avoid the issues that are encountered after
LT and HBIG replacement. Nonetheless, this approach
has not been used widely because of its low response
[59-62]
rate in most trials (Table 2)
. This low response rate
is caused by the difficulty in introducing active immunity
under an immunosuppressed state after transplantation.
Newer data suggest the enhancement of vaccination
rates with the addition of more effective adjuvants or
the administration of third generation recombinant
vaccines. Some groups showed that HB vaccine plus
more potent adjuvants such as monophosphoryl lipid
[63-65]
A was much more effective for post-LT patients
.
Another group has shown the efficacy of pre-S
[66]
containing third generation vaccines . However,
as shown in Table 2, the long duration between LT,
vaccination, and mono-immunosuppression, especially
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Table 2 Main results of published studies using vaccination after liver transplantation
Patients (n )

Age, median
(yr)

HBV-DNA
negative
before LT

Duration
between
LT and
vaccination

Sánchez-Fueyo et al[59],
2000

22

39

100%

33%

Angelico et al[60], 2002

17

53

100%

48%

100

11.8%

Bienzle et al[63], 2003

20

54

100%

78%

80

80%

Stärkel et al[64], 2005

10

49

90%

55%

100

40%

Lo et al[66], 2005

52

47

81%

14%

92.3

1.9%

8

50

37.5%

60%

37.5

12.5%

Lo et al[66], 2007

20

52

80%

21%

85

35%

Tahara et al[69], 2009

20

53

75%

20%

60

65%

Di Paolo et al[65], 2010

18

59

100%

73%

89

44%

Ref.

Rosenau et al[62], 2006

Momo
immunosuppression

63.5

Response to
1
vaccination

Vaccination protocol
(dose: mg)

22.7%

40 im/40 im
3 + 3 (/cycle)
without HBIG
40 im/10 sc/40 im
3 + 6 + 3 (/cycle)
without HBIG
20 im or 100 im
5 + 3 (/cycle)
with HBIG Adjuvant: MPL +
QS21
40 im/40 im
5 (/cycle)
with HBIG
Adjuvant: MPL
40 im
3 + 3 (/cycle)
without HBIG
20 im
6 (/cycle)
without HBIG
HBs + preS 20 im
3 + 3 (/cycle)
without HBIG
20 im or 40 im
unrestraint
with HBIG
under immune-monitoring
20 im
6 + 6 (/cycle)
HBIG withdraw
Adjuvant: MPL

1

Anti-HBsAb level ≥ 100 IU/L. HBV: Hepatitis B virus; MPL: Monophosphoryl lipid A; HBIG: Hepatitis B immunoglobulin; QS21: Quillaja saponaria
Molina; HBsAb: Hepatitis B surface antibody; LT: Liver transplantation; im: Intra-muscular administration; sc: Subcutaneous administration.

with withdrawal of steroids, seems to be necessary
for vaccination to be effective. This suggests the
significance of immune-optimization for successful
[59]
treatment . In our facility, we are trying to optimize
immunosuppression by monitoring immune status
using the CFSE-MLR (mixed lymphocyte reaction
[67,68]
using carboxyfluorescein succinimidyl ester)
, in
order to achieve a more effective introduction to active
immunity and the withdrawal of HBIG therapy through
unrestricted HB vaccination. Using these methods, we
have seen an increase in anti-HBsAb values in 13 out
of 20 patients who received HB vaccination after LT
[69]
(65%) and have had successful HBIG
withdrawal.
When comparing the immunocompromised state
during HB vaccination, the responder group was in
the anti-donor-specific immunocompromised state,
which maintained immunity against the third party,
while the non-responder group was in a nonspecific
immunocompromised state. Although a reduction in
anti-HBsAb levels was observed after withdrawal of
HBIG in 8 out of 13 successfully immunized cases, no
re-administration of HBIG was required because the
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antibody levels increased again after short-term HB
vaccine re-administration. According to our results,
the proper maintenance of long-term immune status
and administration of the HB vaccine for a lengthy
period, if needed, is important for successful HB
vaccination therapy. The establishment of standardized
HB vaccination therapy is expected in the near future,
along with the development of a more efficient novel
hepatitis B vaccine, although additional large studies
will be needed prior to universally recommending this
strategy.

PROPHYLAXIS OF DE NOVO HBV
INFECTION FROM HBCAB-POSITIVE
DONORS
Transplantation from HBcAb-positive donors to HBVuninfected recipients is clinically critical. Ideally, in
order to prevent HBV transmission, HBcAb-positive
donors should not be accepted. Since a considerable
percentage of the population is HBcAb-positive and in
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the presence of a chronic and global organ shortage,
the use of HBcAb-positive donor livers would expand
the donor pool. Nonetheless, de novo HBV infection
would be a problem, particularly with the combination
of HBcAb-positive donor and HBcAb- and HBsAg[70,71]
[70]
negative recipients
, respectively. Dickson et al
evaluated 674 LT patients and reported that de novo
HBV infection developed in 18 out of 23 recipients of
livers from HBcAb-positive donors (78%) compared
with only 3 (0.5%) out of 651 recipients of HBcAbnegative donor livers (p < 0.0001). Furthermore, LT
from HBcAb-positive donors were associated with a
decreased four-year survival rate (adjusted mortality
hazard ratio of 2.4; 95%CI: 1.4-4.0). Therefore, the
establishment of necessary and sufficient prophylaxis
for de novo HBV infection is an important area for
therapeutics in LT cases. An adequate consensus
has not been established and prophylactic strategies
that are currently used for LT from HBcAb-positive
donors vary from the administration of HBIG or NAs
alone to combination therapy, depending on the liver
transplant centers. Several groups studied the efficacy
of HBIG monotherapy for the prophylaxis of de novo
HBV infection in recipients who received grafts from
[72]
HBcAb-positive donors. Roche et al
showed that
HBV infections were observed in 31.6% of HBV-naïve
recipients despite HBIG monotherapy. Furthermore,
HBIG monotherapy was associated with a significant
risk of de novo HBV infection and escape mutation.
[58]
Ueda et al
retrospectively analyzed the clinical
course of 75 patients who received HBIG prophylaxis
for greater than 6 mo after LT with HBcAb-positive
donor grafts. In this study, 19 out of 75 patients (25%)
developed de novo HBV infection and escape mutations
[58]
were detected in 7 out of 19 patients . Conversely, Yu
[73]
et al showed the excellent prophylactic effect of LAM
monotherapy for HBsAg-negative patients receiving
HBcAb-positive donor grafts (0 out of 9 patients) with
no evidence of HBV-DNA in the grafts. Two systematic
[74,75]
reviews confirmed these results
. Cholongitas et
[74]
al
reported de novo HBV infection rates of 19%,
2.6% and 2.8% in HBsAg-negative recipients treated
with HBIG, LAM, and their combination, respectively,
in their systemic review. These data indicate the
sufficient prophylactic potential of LAM monotherapy
and the absence of supplementary effects of HBIG
for preventing de novo HBV infection. However, the
necessity of lifelong prophylaxis needs to be elucidated
in future long-term studies.

following combination therapy with HBIG and hgbNAs,
are promising approaches.

FUTURE PERSPECTIVES
Treatment strategies that involve hgbNA monotherapy
or the withdrawal of HBIG are effective and would
be accepted in more institutions. However, further
studies are required to decide appropriate regimens
(timing and duration) and select optimal patient
subpopulations for those strategies. Long-term com
pliance with the administration of anti-HBV drugs
including hgbNAs and newly emerging drug resistance
are other issues that need to be addressed. Therefore,
close monitoring of recipients with NAs prophylaxis
is important. Active immunity through hepatitis B
vaccination might be another promising measure
for resolving these issues after a more effective and
standardized hepatitis B vaccination therapy has been
established.
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Abstract
Approximately 350 million people worldwide are
chronically infected by hepatitis B virus (HBV). HBV
causes severe liver diseases including cirrhosis and
hepatocellular carcinoma (HCC). In about 25% of
affected patients, HBV infection proceeds to HCC.
Therefore, the mechanisms by which HBV affects the
host cell to promote viral replication and its pathogenesis
have been the subject of intensive research efforts.
Emerging evidence indicates that both autophagy and
microRNAs (miRNAs) are involved in HBV replication
and HBV-related hepatocarcinogenesis. In this review,
we summarize how HBV induces autophagy, the
role of autophagy in HBV infection, and HBV-related
tumorigenesis. We further discuss the emerging roles of
miRNAs in HBV infection and how HBV affects miRNAs
biogenesis. The accumulating knowledge pertaining
to autophagy and miRNAs in HBV replication and its
pathogenesis may lead to the development of novel
strategies against HBV infection and HBV-related HCC
tumorigenesis.
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Core tip: A number of reviews have described auto
phagy and microRNAs (miRNAs) in the hepatitis B
virus (HBV)-related tumorigenesis. However, few
reviews have provided insights into the relationships
among autophagy, miRNAs, HBV biogenesis and
hepatocarcinogenesis. In this review, we describe
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autophagosome followed by fusion with the lysosome
to form the autolysosome and autolysosome-mediated
[11]
clearance . In adaptive immunity, autophagic
machinery produces antigenic peptides, which are
loaded onto the major histocompatibility complex
+
(MHC) class Ⅱ molecules and presented to CD4 T
[12]
cells . Pathogen infection of the host cells causes
cellular stress. To diminish the deleterious impact of
stress, the autophagic degradation system is induced
to recruit the damaging molecules including proteins,
organelles, pathogens, and microRNAs, which are
subsequently subjected to autophagic degradation.
Meanwhile, pathogens utilize various strategies to
escape, suppress or hijack the autophagic degradation
pathway. They may also interfere with autophagy[13,14]
related immune defenses
.
MicroRNAs (miRNAs) are small non-coding
RNAs which are initially transcribed as long primary
miRNAs which then undergo sequential processing
to form precursor miRNAs (pre-miRNA) by RNase
Ⅲ endonucleases. Pre-miRNAs are then transported
into the cytoplasm where they are transformed by
[15]
Dicer processing to become mature miRNAs .
MiRNAs suppress their target-gene expression either
by transcriptional degradation or by translational
inhibition, depending on sequence homology between
the miRNA and the target gene. MiRNAs are involved
in diverse diseases including viral infections and
[16]
cancers .
Hepatitis B virus (HBV) is characterized by partly
double-stranded relaxed circular DNA (rcDNA) and
belongs to the hepadnaviridae family. The HBV virion
consists of an outer envelope and the inner core proteins,
[17]
3.2 kb of rcDNA genome and DNA polymerase . During
HBV infection of the hepatocytes, the uncoated HBV
rcDNA is transported to the nucleus. In the presence of
viral DNA polymerase, the rcDNA is transformed into
covalently closed circular DNA (cccDNA), which serves
as the template for transcription of viral mRNAs in the
presence of host RNA polymerase. The HBV genome
contains four overlapping open reading frames (ORFs)
comprising the S, C, X and P regions. The S region
encodes three envelope proteins (S, M, and L) for
viral envelopment and the C region encodes the core
protein for the viral capsid. The X region encodes the
X protein for viral replication. The P region encodes the
proteins for viral RNA reverse transcription and DNA
[18]
replication . The progeny nucleocapsid harboring the
rcDNA then proceeds to viral envelopment and mature
virus release. In this review, we conduct an in-depth
exploration of the role of autophagy and miRNAs in
HBV infection and pathogenesis.

the emerging role of autophagy and miRNAs in HBV
replication and pathogenesis. Recent studies are
reviewed in the following sections: (1) the mechanism
by which HBV induces autophagy; (2) the effect of
HBV-induced autophagy on HBV replication; (3) the
relationship between autophagy and HBV in HBV-related
hepatocarcinogenesis; (4) the mechanism by which
miRNAs affects HBV replication; and (5) the regulation
of miRNAs biogenesis by HBV.
Wu SY, Lan SH, Liu HS. Autophagy and microRNA in hepatitis
B virus-related hepatocellular carcinoma. World J Gastroenterol
2016; 22(1): 176-187 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i1/176.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i1.176

INTRODUCTION
Proper autophagic responses protect the cell from
stresses and maintain cellular homeostasis. Autophagy
progression is regulated by a series of autophagyrelated genes (Atg). Atg5, Atg7 and Beclin 1 are
essential genes in the autophagic process and silen
[1]
cing any of these genes blocks autophagy . A novel
function of autophagy known as secretory autophagy
(also called autosecretion or type Ⅲ secretion) has
[2]
been the subject of increasing research interest .
In contrast to traditional degradative autophagy, the
recruited cargo is carried by the double-membrane
autophagosome and exported to the extracellular
environment (exocytosis). Traditionally, the cargo in
the cell is delivered through the endoplasmic reticulum[3]
Golgi apparatus-plasma membrane pathway . However,
specific cargo proteins in the cytosol are transported
to the extracellular environment without going through
the endoplasmic reticulum-Golgi apparatus-plasma
membrane pathway. This unconventional secretory
autophagy has been shown to be involved in vesicle
trafficking and cytokines secretion (IL-1β, IL-6,
IL-18 and TNF-α) for innate and adaptive immune
[4]
responses .
Cancer progression triggers diverse metabolic
stresses which lead to increased autophagic activity.
Aberrant autophagy may cause cell death which is
known as type Ⅱ programmed cell death. Recent
evidence indicates that autophagy suppresses tumo
rigenesis to preserve cellular fitness and genome
[5,6]
integrity . Therefore, manipulation of autophagic
activity may have potential in the development of
an alternative therapeutic strategy against cancer
[7-9]
development or drug resistance in cancer cells
.
Deficient autophagic responses cause diverse path
ologic conditions of the liver, including liver dysfunction
[9,10]
and tumorigenesis
. Autophagic machinery is
also important for innate and adaptive immunity.
In innate immunity, diverse pathogens including
bacteria and viruses are selectively engulfed by the
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AUTOPHAGY AND HBV
HBV infection can induce autophagy and different
genotypes of HBV have shown different increments
[19]
of autophagic activities . The following sections
summarize the underlying mechanisms of HBV-
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Figure 1 How hepatitis B virus infection induces autophagy. Hepatitis B virus (HBV) induces autophagy mainly through HBx protein or small surface protein (Small
HBs)-related mechanism. The former (HBx) induces autophagy by the following routes: (1): Increases mRNA expression of Beclin 1 through transcriptional regulation;
(2): Activates enzymatic activity of PI3KC3 to enhance autophagosome formation; (3): Activates DAPK to trigger autophagy in a Beclin 1-PI3KC3-dependent manner.
The latter (SHBs) triggers ER stress to induce autophagy. DAPK: Death-associated protein kinase.

induced autophagy and the roles of autophagy in HBV
infection, replication, and HBV-related hepatocellular
carcinogenesis.

region of Beclin 1 promoter, which further enhances
[20]
starvation-induced autophagy (Figure 1) . HBx
can also increase the enzymatic activity of PI3KC3,
which mediates PI3P formation and enhances auto
[21]
phagosome formation (Figure 1) . Autophagy
can be induced by death-associated protein kinase
(DAPK) through phosphorylation of Beclin 1 and
[26]
protein kinase D, which activates PI3KC3 . DAPK is
a calcium/calmodulin serine/threonine kinase and is
associated with different cell death pathways, including
[27]
autophagic cell death . DAPK phosphorylates Beclin
1 on the BH3 domain to promote its dissociation from
[28]
Bcl-XL, which triggers autophagic progression . Zhang
[23]
et al demonstrated that HBx activates DAPK through
dephosphorylation of DAPK, and induces autophagy in
a Beclin 1-dependent manner (Figure 1). In summary,
the HBx protein induces autophagy at the initiation
stage of autophagic progression.

HBV induces autophagy

HBV induces autophagy mainly through the HBx
protein or small surface protein (SHB)-dependent
mechanism.
HBx protein induces autophagy: The HBx protein has
been demonstrated to be the major molecule involved in
[20-23]
inducing autophagy during HBV infection
. Beclin
1 is an autophagy-related protein (the mammalian
orthologue of yeast Atg6), which forms a complex
with PI3KC3 to initiate autophagic progression. Beclin
1 is responsible for localization of the autophagic
complex proteins (PI3KC3 and UVRAG) to the pre[24]
autophagosomal structure . AMP-activated protein
kinase and mTORC1 signaling molecules, the sensors
of nutrient and energy, regulate the Beclin 1-PI3KC3
complex to produce phosphatidylinositol 3-phosphate
(PI3P), a signaling lipid for the recruitment of auto
[25]
phagy effectors . HBx directly increases Beclin 1
expression through the activation of the -277/+179
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HBV small surface protein (SHB) induces
autophagy: The HBV envelope proteins also plays
a role in HBV-induced autophagy. There are three
envelope proteins, including large, medium, and
[29]
small surface proteins (SHBs), in HBV. Li et al
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found that deletion of the HBV envelope proteins
abrogate HBV-induced autophagosome formation.
They further demonstrated that the intracellular
SHBs, but not extracellular SHBs, trigger endoplasmic
reticulum (ER) stress and unfolding protein responses
including ATF-6, PERK and IRE1 signaling pathways
to induce autophagy (Figure 1). SHBs do not affect
the expression level of Beclin 1, and therefore
involves a different mechanism to that of HBx-induced
autophagy. The phenomena described above indicate
that HBV may use various structure proteins to induce
autophagy through different mechanisms.

showed that suppression of HBV-induced autophagy
slightly reduced nucleocapsid-associated DNA (Ⅱ) but
significantly decreased intracellular enveloped DNA (Ⅱ)
and extracellular enveloped DNA (Ⅲ), indicating that
HBV-induced autophagy plays a major role during viral
envelopment (Figure 2). Finally, colocalization of HBV
envelope proteins with the autophagosome supports
the notion that autophagosome may serve as the
docking site for HBV envelopment.
Suppression of HBV replication - Degradation
of envelope proteins: ER plays multiple functions
including protein folding and transporting cargo to the
Golgi apparatus. Misfolded proteins may accumulate,
causing ER stress and unfolded protein responses
[34]
(UPR) . HBV infection induces ER stress and
activation the IRE1-XBP1 signaling pathway of UPR.
Accordingly, HBV envelope proteins are translocated
[35,36]
into ER for viral envelopment
. To relieve HBVinduced UPR, EDEM (ER degradation-enhancing,
mannosidase-like) proteins recognize and transport
the misfolded glycoproteins to the ER-related signaling
[37]
[38]
pathways for degradation . Lazar et al
reported
that EDEM1 is upregulated to interact with HBV viral
envelope proteins for degradation during HBV infection.
Furthermore, the degradation of HBV envelope
proteins was reversed by an autophagy inhibitor but
not by a proteasomal inhibitor, implying that interacted
envelope proteins are diminished by the autophagic
degradation pathway. Furthermore, EDEM1-mediated
degradation of HBV envelope proteins significantly
suppressed the secretion of the enveloped and subviral
HBV particles (Figure 2).

The effect of HBV-induced autophagy on HBV replication

HBV infection is thought to follow a particular
sequence involving virus entry followed by cccDNA
synthesis, mRNA transcription, viral protein synthesis,
encapsidation, viral DNA replication (reverse trans
cription), envelopment and release of the mature
[30]
viruses . HBV-induced autophagy positively or
negatively regulates virus replication at different
stages of HBV infection.
Promotion of HBV replication - DNA replication:
To clarify the effect of HBV-induced autophagy on
[21]
HBV replication, Sir et al
suppressed autophagy
using an inhibitor (3-MA) or by knocking out
autophagy-related genes using siRNA (si-Atg7 or
si-Vps34) during virus infection, and revealed that
inhibition of autophagy only slightly decreased viral
mRNA synthesis and HBV RNA packaging. HBV DNA
replication was significantly suppressed, suggesting
that autophagy mainly enhances HBV replication.
They further revealed colocalization of the HBV core
protein and autophagosome during HBV infection,
suggesting that the autophagosome may function
as the docking site for viral replication in a similar
manner to that observed in poliovirus and dengue
[31,32]
[33]
virus infection
. Tain et al
utilized the HBV
transgenic mice harboring liver-specific knockout of
-/Atg5 gene (Atg5 ) to demonstrate that autophagy
enhances HBV replication in vivo. In summary, these
data indicate that autophagy promotes HBV replication
through induction of viral DNA replication (Figure 2).
Whether unconventional secretory autophagy plays
a role in HBV replication and release warrants further
investigation.

The relationship between autophagy and HBV in HBVrelated tumorigenesis

Although many studies have reported that HBV
induces autophagy, which promotes viral replication
during HBV infection both in vitro and in vivo, the role
of autophagy in HBV-associated tumorigenesis remains
unclear. Many reports showed that autophagy plays
a suppressive role in HCC tumorigenesis. The mice
-/with mosaic deletion of Atg5 or liver-specific Atg7
gene developed multiple liver tumors. In addition,
autophagic gene Beclin 1 expression was decreased
in HCC tumors compared with adjacent non-tumor
[39,40]
[41]
tissues
. However, Tian et al
claimed that
autophagy shifts from a suppressive role to a promoter
role in HCC development at the late stages by
inhibiting the expression of various tumor suppressor
genes including p53 and p21. In the following section,
the current findings with respect to the mechanism by
which autophagy influences HBV-related tumorigenesis
and the implications for potential therapies are
described.

Promotion of HBV replication: viral envelopment:
During HBV infection, viral DNA is synthesized
through reverse transcription within the nucleocapsid,
which then progresses to envelopment in the Golgi
apparatus and becomes the mature virion followed by
exocytosis to release the mature viruses from the cell.
HBV nucleocapsid-associated DNA (Ⅰ), intracellular
enveloped DNA (Ⅱ) and extracellular enveloped
DNA (Ⅲ) represent the three steps of HBV viral
[29]
nucleocapsid, envelopment, and secretion. Li et al
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igenesis: Both the HBV transgenic mouse model
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Figure 2 The relationship between hepatitis B virus-induced autophagy and hepatitis B virus replication. Hepatitis B virus (HBV)-induced autophagy regulates
virus replication and maturation at different stages of HBV replication. (Ⅰ): Autophagy enhances HBV replication at the DNA replication stage; (Ⅱ): HBV-induced
autophagy is required for viral envelopment. However, envelope proteins (HBs) could be eliminated via the autophagic degradation pathway (Ⅲ).

and human HCC specimens were analyzed to clarify
the role of autophagy in HBV-related tumorigenesis.
In contrast to autophagy induction by HBV infection,
autophagy is suppressed in the liver tumors of a
transgenic mouse model and HBV-related HCC. In
the late stages of liver tumor development in the
HBx transgenic mice model, autophagic activity is
decreased following liver tumor formation. Both
mRNA and protein levels of autophagy-related genes
[42]
[43]
are reduced in the tumor tissues . Qu et al
demonstrated that heterozygous deletion of Beclin 1
in the HBV transgenic mice increased spontaneous
malignancies and accelerated HBV-induced HCC.
[44]
Furthermore, in a clinical investigation, Kotsafti et al
showed that the mRNA of Beclin 1 was significantly
lower in HCC tissues than in chronic hepatitis tissues.
Consistent with these reports, we demonstrated
that the protein levels of Atg5 and Beclin 1 were
significantly lower in tumor tissues compared with
the adjacent non-tumor tissues of HBV-associated
[43]
HCC . These results imply that autophagy plays a
tumor suppressive role in hepatocarcinogenesis and is
inhibited in HBV-associated tumorigenesis. However,
the mechanism by which high autophagy during
HBV infection shifts to low autophagy in HBV-related
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tumorigenesis remains unclear.
Autophagy-related potential therapy for HBVrelated HCC: Although the role of autophagy in HBVrelated tumorigenesis remains uncertain, several
research groups have claimed that autophagy exerts a
suppressive effect in HBV-related HCC tumorigenesis.
Therefore, manipulating autophagic activity may have
potential in the development of alternative therapies in
the treatment of HCC. Different therapeutic strategies
involving the regulation of autophagic activity in
HCC treatment are described as: (1) Autophagy
induces cell death; One method of suppressing
HCC tumorigenesis is to induce hepatoma cell
death. In contrast to type Ⅰ programmed cell death
(apoptosis), the checkpoints of type Ⅱ programmed
cell death autophagy are determined using several
[45]
[46]
metabolic stresses . Su et al
showed that soy
bean fermentation products containing live bacteria
(SCB) were used to suppress liver tumor formation
via induction of apoptosis and autophagy without
significantly changing the mean body and liver weight
in a syngeneic mouse model. Inhibition of auto
phagy by the inducer 3-MA suppresses SCB-induced
apoptosis, indicating that SCB induced-autophagy
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promotes apoptotic cell death. Furthermore, Zhang
[47]
et al
designed an inhibitor (NTI-007) to treat
HBV-infected cells, which targets the multiple
transmembrane transporter as well as the functional
receptor for HBV and leads to autophagic cell death
of the HBV-infected cells. Taken together, the above
findings indicate that some natural and synthetic
compounds have chemotherapeutic potential against
HBV infection through the induction of autophagic cell
death; (2) Autophagy enhances antitumor immune
responses: Another therapeutic approach in the
treatment of HBV-related HCC involves stimulating
[48,49]
antitumor immune responses
. HBx protein is
an oncoprotein that has been detected in 80% of
HBV-related HCC and is therefore a potential target
[50,51]
[52]
for immunotherapy
. Yan et al
reported that
significant antitumor immune responses could be
induced by irradiation treatment of mice inoculated
with the HBx gene expressing tumor cells. Irradiation
of the tumor cells harboring the HBx gene induced the
cytolytic T lymphocyte response which recognizes and
lyses the HBx-expressing hepatoma cells. Accordingly,
autophagosomes and autolysosomes were detected
in the irradiated tumor cells expressing the HBx
gene. These findings suggest that this autophagy+
+
enhanced CD8 and CD4 T lymphocyte antitumor
response could lead to the development of a promising
therapy against HBx-related HCC; and (3) Autophagy
degrades oncogenic miRNA: Selective autophagy
has been reported to recognize and clean the specific
[53]
cytosolic targets through autolysosome degradation .
Autophagy may suppress tumor formation of various
cancers through selective degradation of the oncogenic
molecules including proteins, microRNAs, and damaged
[54]
[42]
organelles . Lan et al
recently demonstrated that
low autophagic activity together with high expression
of miR-224 were detected both in HBx transgenic mice
and HBV-related HCC patients. Autophagy selectively
recruited the oncogenic miR-224, promoting tumor
formation and cellular migration activity by silencing
its target gene smad4. Furthermore, boosting
autophagic activity by amiodarone, an autophagy
inducer, suppressed oncogenic miR-224 expression
and significantly reduced liver tumor formation in
a rat orthotopic liver tumor model. These results
demonstrated that besides proteins and organelles,
microRNAs could also be degraded by autophagic
degradation machinery to suppress HBV-related
tumorigenesis.
Taken together, increased autophagic activity
suppresses HBV-related HCC tumorigenesis through
the induction of cell death, enhancement of the
immune response, or by the degradation of oncogenic
factors.

transcriptional modification by targeting 3’ UTR of
[55]
mRNA and silencing its translation . During viral
infection, the miRNAs either from infected viruses or
the host cells could affect the target gene expression
[56,57]
of viruses or host cells
. Here, we explored the
mechanisms by which miRNAs regulate HBV replication
as well as the underlying mechanism whereby miRNAs
biogenesis is regulated by HBV.

MiRNAs affect HBV replication

HBV gene expression and replication can be regulated
by host or viral miRNAs. These miRNAs may suppress
or promote HBV infection at each stage of viral
replication. We investigated the process by which
miRNAs regulates HBV replication through direct
targeting of mRNA in virus genes or by targeting host
genes which are required for virus replication.
[58]

MiRNAs directly target HBV genes: Wu et al
used clinical HBV patient specimens and identified
four human host miRNAs let-7, miR-345, miR-433 and
miR-511 using target gene prediction software, which
targeted the highly conserved HBV genes including
the genes of polymerase, S and preC in different
clades of HBV, indicating that these host miRNAs
[59]
suppress HBV replication. Moreover, Kohno et al
used SCID mice harboring humanized hepatocyte cells
to identify miRNAs upregulated by HBV infection in
the liver tissue. MiR-1231 was the most upregulated
miRNA which suppressed HBV replication through the
inhibition of HBV core protein expression. In addition,
miR-125a-5p, miR-199a-3p and miR-210 have also
been reported to be able to suppress HBV replication
[60,61]
by targeting and reducing S gene expression
.
In addition, one predicted HBV miRNA located in the
precore region (CAUGUCCUACUGUUCAAGCCUC)
may target three HBV genes (large S, polymerase
and X genes) and serves as the feedback regulation
[62]
of HBV replication to maintain the latent status .
Taken together, miRNAs may suppress HBV replica
tion through the suppression of diverse viral gene
expression.
MiRNAs regulate HBV replication by targe
ting host genes: It has been shown that HBVsynthesized miRNAs may target its own genes to
affect its replication, but host miRNAs could also
affect virus replication by targeting host genes. Guo
[63]
et al
reported that miR-372/373 was upregulated
in HepG2.2.15 cells, stably transfected with a com
plete HBV genome, and miR-372/373 enhanced the
expression levels of HBV core-associated DNA and
HBx protein. They found that miR-372/373 silenced
the host transcription factor nuclear factor I/B (NFIB),
which is a repressor bound to the enhancer 1 region
of HBV genome including the S gene promoter, sug
gesting that HBV enhances its replication through
the upregulation of miR-372/373 to suppress NFIB

THE EFFECT OF MIRNAS ON HBV
MiRNAs regulate gene expression through post-
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[64]

expression. In addition, Jin et al
showed that
miR-501 is overexpressed in HBV-infected cell lines
and in HCC specimens, thereby promoting HBV
replication by suppressing expression of HBXIP, which
is a host protein interacting with HBx protein at its
transactivation domain to repress its function. These
findings imply that HBV enhances its replication by
regulating host miRNAs expression to suppress antiHBV proteins from the host cell.
One research group identified potential miRNAs
which regulate HBV replication by screening a library of
[65]
miRNAs. Zhang et al
reported that overexpression
of miR-1 in hepatoma cells increased HBV replication
by silencing histone deacetylase 4 (HDAC4) and
increased the expression of farnesoid X receptor
(FXRA). FXRA, a transcriptional factor, interacts with
RXRA (FXRA/RXRA) and then binds to the HBV core
promoter to enhance its activity. HDACs regulate
acetylation of H3/H4 histones bound to the cccDNA
of HBV and this epigenetic modification regulates the
transcription and replication of HBV. In contrast, Hu
[66]
et al
reported that miR-141 identified by screening
64 miRNAs suppressed HBV replication by silencing
host transcription factor PPARA, which is an essential
factor for HBV pregenomic RNA synthesis and viral
replication. These findings summarize the miRNAs
which affect virus replication through the suppression
of host genes.
MiR-15b promotes HBV replication by silencing
hepatocyte nuclear factor 1 alpha, a repressor of the
HBV enhancer Ⅰ region. HBV replication upregulates
HBx protein expression, which then suppresses miR[67]
15b expression . The relationship between HBV and
microRNA suggests a feedback regulation between
HBV replication and host miRNAs expression. MicroRNA
may play dual roles in HBV replication. MiR-122 is
highly expressed in the liver of HCC patients and is
[68]
positively associated with HBV infection. Qiu et al
showed that miR-122 promotes HBV replication by
silencing heme oxygenase-1 which interacts and
reduces the stability of the HBV core protein. The
above findings are in contrast to the results of a study
[69]
by Ji et al
that showed miR-122 suppresses HBV
replication.

induced silencing complex (RISC) and then regulates
gene silencing. HBV affects the biogenesis of miRNAs
at various stages through different mechanisms.
HBV affects miRNA transcription and stability:
MiR-122 is a liver-specific miRNA which maintains liver
function. Dysregulated miR-122 affects virus replication
[70]
of diverse hepatitis viruses . In HCV infection,
miR-122 promotes its replication by interacting
[71]
with the 5’-non-coding region (5’-NCR) of HCV .
In contrast, miR-122 inhibits HBV replication and is
[72]
significantly downregulated during HBV infection .
HBV suppresses miR-122 using various mechanisms.
[73]
Song et al
reported that HBV suppresses miR-122
expression via the HBx protein, which interacts with
peroxisome proliferator activated receptor-gamma
(PPARγ) and suppresses the transactivation function
of PPARγ/RXRα complex on the promoter of miR-122
(Figure 3A). In addition, HBV downregulates miR-122
expression by influencing miRNA stabilization.
[74,75]
Peng et al
demonstrated that HBx suppresses
transcription of Gld2 protein (germline development
2) which specifically increases miR-122 stabilization by
catalyzing 3’ monoadenylation and reduces miR-122
[76]
maturation (Figure 3B). Li et al
showed that HBV
suppresses miR-122 expression and causes the
upregulation of the miR-122 target gene PTTG (pituitary
tumor-transforming gene 1 binding factor), which leads
to the promotion of HCC tumorigenesis. They further
identified the miR-122 complementary targeting site
on the four mRNAs of HBV, including pre-C/C, pre-S,
S and X gene. Therefore, HBV mRNA functions as a
sponge to bind and reduce miR-122 expression (Figure
3C). Taken together, the above findings provide
mechanistic insights into the differential regulation of
miRNAs by HBV.
HBV affects RNase expression: HBV infection
alters miRNA expression profiles in infected cell
[69,77]
lines and clinical HCC patients
. HBV could also
regulate miRNA biogenesis through miRNA-related
RNases. Drosha and Dicer are two miRNA processing
components required for miRNA maturation. Recent
evidence showed that HBV dysregulates miRNA
biogenesis by affecting these two proteins. Ren et
[78]
al
reported that expression of both Drosha mRNA
and protein was suppressed in cells expressing
the HBV genome. They revealed that HBx protein
downregulates Drosha expression through the
reduction of its promoter activity (Figure 4). Further
more, HBV upregulates the expression of the repressor
YY1 to suppress Drosha cofactor DGCR8 expression
and subsequently represses DGCR8 promoter activity
[79]
[80]
(Figure 4) . Lund et al
identified three single
nucleotide polymorphisms (SNPs) including DICER
rs1057035 and RAN rs3803012 in HBV-related
clinical HCC specimens, and these SNPs were found
to be associated with the risk of HBV-related HCC

HBV regulates the biogenesis of miRNAs

HBV may affect microRNA biogenesis to alter the
expression of miRNAs. MiRNAs are initially transcribed
by RNA polymerase Ⅱ and Ⅲ to form primary miRNA
(pri-miRNA, 300-1000 nucleotides) in the nucleus,
which is subsequently processed by the microprocessor
consisting of RNase, Drosha, and DGCR8 (DiGeorge
syndrome critical region gene 8) resulting in a shorter
precursor miRNA (pre-miRNA, 70-90 nucleotides). PremiRNA is then exported by the nuclear export receptor
exportin-5 and RAN-GTP to the cytoplasm, where it
is processed by Dicer to generate the mature miRNA.
The mature miRNA is incorporated into the RNA-
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(PPARγ); B: HBx suppresses transcription of Gld2 to decrease miR-122 stability; and C: HBV functions as a sponge to bind miR-122 and reduces its expression.
RXRa: Retinoid X Receptor, Alpha; Gld2: Germline development 2.

occurrence. They found that the SNPs located on the
3’UTR of DICER and RAN genes affect the binding
affinity of miR-574-3p and miR-199a-3p, respectively.
Dysregulated DICER and RAN affect miRNA biogenesis
[81]
in HBV-related diseases (Figure 4) . Taken together,
these findings show that HBV suppresses miRNA
biogenesis through the repression of the promoter
activity of mature miRNA-related genes.
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CONCLUSIONS AND FUTURE
DIRECTIONS
In summary, we provide a detailed description
of our current understanding of the relationships
among HBV, autophagy, and miRNAs. However, the
following questions remain unresolved: (1) Based
on manipulation of autophagic activity, therapeutic
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secretory autophagy. Furthermore, the HBV gene in
liver-specific Atg5 knockout transgenic mice showed
significantly lower expression of HBsAg and HBeAg
[33]
in the serum compared with the wild-type mice .
It is possible that HBV-induced secretory autophagy
contributes to release of viral antigens. Further studies
are needed to clarify the role of secretory autophagy in
HBV infection and pathogenesis; (3) The role of HBVaffected miRNA biogenesis in HBV replication remains
undetermined. Current evidence indicates that HBV
suppresses miRNAs biogenesis by affecting RNases
and cofactors of miRNA biogenesis, but whether this
is beneficial or harmful for HBV replication remains
unclear; and (4) The effect of autophagy and/or
miRNAs on HBV recurrence and latency has not been
clearly elucidated. During HBV infection, virus infection
is defined as acute in the initial period of several
months and is defined as chronic when the infection
period has lasted for many years. HBV is actively
replicated during the acute infection phase followed
by recovery in the presence of the host immune
responses. However, during the chronic infection, the
immune-tolerant phase is characterized by a high

strategies against the diseases of HBV-acute infection
and HBV-related HCC tumorigenesis should be dif
ferent. Because autophagy plays a promoting role
in HBV replication but a suppressive role in HBVassociated tumorigenesis, the timing of HBV infection
as well as the tumorigenesis status of the HCC patient
should be carefully evaluated before considering
an autophagy-related therapy. Further studies on
combination therapy using autophagy inducers and
anti-viral drugs for HBV-related diseases should be
considered; (2) The role of secretory autophagy in HBV
infection and its related pathogenesis could be further
explored. Secretory autophagy has been reported
to regulate cytokines secretion including IL-1β, IL-18
and HMGB1 (high-mobility group box 1 protein).
Interestingly, IL-1β and HMGB1 were significantly
upregulated in the serum of patients with hepatitis B
[82,83]
virus-related acute-on-chronic liver failure
, and the
expression of IL-18 in peripheral blood mononuclear
cells from patients with acute HBV infection was higher
compared with the expression in patients with chronic
[84]
HBV infection . These reports imply that HBV may
affect release of these cytokines through HBV-induced
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level of HBV DNA. When host immunity shifts to the
immune-active status, HBV accordingly becomes less
replicative. However, HBV may be reactivated to a
high replication status in certain HBV carriers. These
phenomena imply that HBV continuously undergoes
reactivation and latency. Further exploration is needed
to clarify the mechanisms by which autophagy and/or
miRNAs affect HBV recurrence and latency in HBVinfected patients.
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Naturally derived anti-hepatitis B virus agents and their
mechanism of action
Yi-Hang Wu

Abstract

Yi-Hang Wu, Zhejiang Provincial Key Laboratory of Biometrology
and Inspection and Quarantine, Department of Pharmacy, College
of Life Sciences, China Jiliang University, Hangzhou 310018,
Zhejiang Province, China

Despite that some approved drugs and genetically
engineered vaccines against hepatitis B virus (HBV)
are available for HBV patients, HBV infection is still
a severe public health problem in the world. All the
approved therapeutic drugs (including interferonalpha and nucleoside analogues) have their limitations.
No drugs or therapeutic methods can cure hepatitis
B so far. Therefore, it is urgently needed to discover
and develop new anti-HBV drugs, especially nonnucleoside agents. Naturally originated compounds
with enormous molecular complexity and diversity
offer a great opportunity to find novel anti-HBV lead
compounds with specific antiviral mechanisms. In
this review, the natural products against HBV are
discussed according to their chemical classes such
as terpenes, lignans, phenolic acids, polyphenols,
lactones, alkaloids and flavonoids. Furthermore, novel
mode of action or new targets of some representative
anti-HBV natural products are also discussed. The aim
of this review is to report new discoveries and updates
pertaining to anti-HBV natural products in the last 20
years, especially novel skeletons and mode of action.
Although many natural products with various skeletons
have been reported to exhibit potent anti-HBV effects
to date, scarcely any of them are found in the list of
conventional anti-HBV drugs worldwide. Additionly, in
anti-HBV mechanism of action, only a few references
reported new targets or novel mode of action of antiHBV natural products.
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Core tip: Hepatitis B virus (HBV) infection continues to
be a significant health problem in the world. The urgent
need for new anti-HBV drugs is a global concern.
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Naturally originated compounds with various skeletons
and diverse biological activities provide a large reservoir
for finding novel anti-HBV leads or candidates. In this
review, the anti-HBV natural products are classified
according to their structure types such as terpenes,
lignans, phenolic acids, polyphenols, lactones, alkaloids
and flavonoids. Furthermore, novel mode of action or
new targets of some representative anti-HBV natural
products are also discussed.

TERPENOIDS
Terpenoids are the largest class of natural products
basd on a various but definite number of five-carbon
isoprene units and play a variety of roles in mediating
antagonistic interactions especially in traditional herbal
remedies. Many natural terpenes possess promising
anti-HBV activity. Betulinic acid was isolated from
Pulsatilla chinensis and exhibited an inhibitory effect
on HBV replication by down-regulating expression
of manganese superoxide dismutase (SOD2) in HBV
transgenic mice, which was followed by mitochondrial
reactive oxygen species (ROS) generation and
[7]
dysfunction . Further investigation showed that SOD2
expression was repressed by betulinic acid-induced
dephosphorylation of cAMP-response element-binding
protein (CREB) at Ser133, a critical transcription factor
for SOD2 transcription. The inhibition of HBV replication
by betulinic acid was blocked by SOD2 overexpression,
and that SOD2 knockdown validated this effect,
indicating that the anti-HBV effect of betulinic acid
may be achieved by modulating the balance of
mitochondrial redox. Betulinic acid suppressed SOD2
expression, with enhanced ROS generation in the liver
followed by the significant decline of HBV replication
in HBV transgenic mice, suggesting that betulinic acid
[7]
could be a good anti-HBV candidate .
Asiaticoside from Hydrocotyle sibthorpioides
inhibited effectively the HBV surface antigen (HBsAg),
HBV e antigen (HBeAg), HBV DNA and covalently closed
circular DNA (cccDNA) levels in a dose dependent
[8]
manner . Moreover, asiaticoside significantly
decreased the transcription and replication of viral
DNA by suppressing the core, S1, S2, and X gene
promoter activities. Additionly, asiaticoside reduced
markedly duck hepatitis B virus (DHBV) replication.
On the third day after drug withdrawal, the DHBV
DNA, DHBsAg and DHBeAg levels were enhanced
in serum, but the rebound levels in the asiaticosidetreated groups are milder compared with the 3TCtreated group. Furthermore, asiaticoside could alleviate
[8]
liver damage . Astataricusones B and epishionol were
obtained from the roots and rhizomes of Aster tataricus
L. f. Astataricusones B showed an inhibitory effect on
HBsAg secretion with a 50% inhibition concentration
(IC50) value of 23.5 μmol/L, while astataricusones B
and epishionol exhibited inhibitory effects on HBeAg
secretion with IC50 values of 18.6 and 40.5 μmol/L,
respectively. Astataricusones B and epishionol also
exhibited inhibitory activities on HBV DNA replication
[9]
with IC50 values of 2.7 and 30.7 μmol/L, respectively .
Pumilaside A from Artemisia capillaris could inhibit not
only the secretion of HBsAg and HBeAg in HepG 2.2.15
cell line, but also HBV DNA replication with IC50 values
of 15.02 μmol/L (SI = 111.3), 9.00 μmol/L (SI = 185.9)
[10,11]
and 12.01 μmol/L (SI = 139.2), respectively
.
Dehydroandrographolide and andrographolide from
Andrographis paniculata possessed activity against
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org/10.3748/wjg.v22.i1.188

INTRODUCTION
Hepatitis B is an infectious disease caused by hepatitis
B virus (HBV), which infects the liver of Hominoidea,
including humans. The infection of hepatocytes
by HBV causes an inflammatory response and the
subsequence damage of hepatocytes. Although there
is an effective anti-HBV vaccine, chronic infection poses
[1]
still a huge health burden all over the world . In some
hyperendemic areas (such as sub-Saharan Africa and
[2]
East Asia), the prevalence of hepatitis B is over 8% .
Moreover, the people infected with HBV are nearly
3.7% of the global population (more than 240 million
people). Of these, the annual number of deaths from
[3]
HBV is estimated 786000 . Current USFDA approved
therapies for HBV infections including immune
modulators (interferon-alpha and pegylated interferonalpha) and nucleoside analogues (lamivudine,
entercavir, adefovir dipivoxil, telbivudine and tenofovir)
have also been approved for the treatment of chronic
HBV infection. However, the above-mentioned antiHBV drugs have their limitations. For example,
interferon-alpha has limited efficacy and high incidence
of adverse reactions; whereas nucleoside analogues
are very efficient HBV DNA inhibitors, but long-term
use of these agents may result in drug resistance in a
significant number of patients and does not result in
[4]
the clearance of HBV genome from the infected liver .
Therefore, there is an obvious and urgent need to
develop novel and efficient anti-HBV agents.
Natural products are important sources of new
[5]
drugs and leads besides tailored synthesis . To meet
the pressing need, the development of naturally derived
[6]
antiviral agents may be a promising approach . In this
review, anti-HBV natural products are reviewed and
discussed according to their chemical classes. Attempts
are made to cover as many reports as possible on
compounds of natural origin that inhibit HBV replication
giving special emphasis to new discoveries including
novel structures and targets.
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HBV DNA replication with IC50 values of 22.58 and
54.07 μmol/L and low SI values of 8.7 and 3.7 μmol/L,
[12]
respectively . Sweriyunnangenin A and 3-epitaraxerol
from Swertia yunnanensis showed activities against the
secretion of HBsAg (IC50 values of 0.28 and 0.70 mmol/
L) and HBeAg (IC50 values of 0.29 and 1.41 mmol/L),
[13]
respectively . Alisol A from the rhizomes of Alisma
orientalis exhibited potent activities against HBsAg
(IC50 = 0.039 mM) and HBeAg (IC50 > 0.028 mmol/L)
secretion with remarkable selective indices (SIHBsAg =
[14]
1.6, SIHBeAg < 0.03), respectively .
Alisol A 24-acetate, 25-anhydro alisol A, 13β,17
β-epoxy alisol A, alisol B 23-acetate, alisol F, and alisol
F 24-acetate from the rhizomes of Alisma orientalis
exhibited an inhibitory activity on HBsAg secretion of
HepG2.2.15 cells with IC50 values of 2.3, 11.0, 15.4,
14.3, 0.6 and 7.7 mmol/L, and on HBeAg secretion
with IC50 values of 498.1, 17.6, 41.0, 19.9, 8.5 and
[15,16]
5.1 mmol/L, respectively
. Hemslecin A from the
genus Hemsleya showed an effect against HBV DNA
replication (IC50 = 11.2 lM, SI = 5.8) in HepG2.2.15
[17]
cells . Perovskatone A and demethylsalvicanol from
Perovskia atriplicifolia possessed a superior inhibitory
effect on HBsAg (IC50: 0.16 mmol/L and 2.23 mmol/
L) and HBeAg (IC50: 1.54 mmol/L and 3.67 mmol/
[18]
L), respectively . Methyl helicterate (MH) from the
Chinese herb Helicteres angustifolia significantly
decreased the HBsAg/HBeAg secretion, the HBV
DNA/cccDNA levels, and the amount of viral RNA in
HepG2.2.15 cells; in DHBV-infected ducklings, MH
significantly reduced the serum DHBV DNA, liver total
viral DNA, and cccDNA levels, and improved the liver
[19]
pathological changes . Caudatin from Cynanchum
auriculatum had an inhibitory activity against HBsAg
secretion and HBV DNA replication with the IC50 values
of 142.67 μmol/L (SI = 1.7), 40.62 mmol/L (SI =
6.0), respectively, and 3-O- (3, 4, 5-trimethoxy)
cinnamoyl caudatin had the novel mechanism of
anti-HBV action by interfering HBV enhancers and
[20]
promoters . Phyllanthacidoid acid methyl ester and
phyllanthacidoids A, B, C, D, F, G, H, I and M from
Phyllanthus acidus Skeels displayed potential anti-HBV
activities, with IC50 values of 0.8-36 μmol/L against
HBsAg and HBeAg, and the results indicated that the
5-ketal group and sugar moieties had contributions to
[21]
the selectivity of HBsAg and HBeAg . Phyllaemblicins
G6-G8 and phyllaemblicin F from Phyllanthus emblica
displayed potential anti-HBV activities, especially for
phyllaemblicin G6 with IC50 values of 8.53 ± 0.97
and 5.68 ± 1.75 μmol/L towards the HBsAg and
[22]
HBeAg secretion, respectively . Ursolic acid from
the heartwood of Streblus asper showed an anti-HBV
effect, with IC50 values of 89.91 mmol/L for HBsAg and
[23]
IC50 values of 97.61 mmol/L for HBeAg, respectively .
Oleanolic acid from Swertia yunnanensis inhibited
the secretion of HBsAg with an IC50 value of 1.26
mmol/L and HBeAg with an IC50 value of 0.94 mM,
[13]
respectively . Glycyrrhizin and its metabolite
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glycyrrhetinic acid (GA) are the main effective con
stituents of Licorice root (Glycyrrhizae glabra) for
the treatment of chronic hepatitis B. GA exhibited
inhibitory activities against HBV DNA replication (IC50
= 39.28 mmol/L), HBV surface antigen secretion (IC50
= 20.86 mmol/L) and HBV e antigen secretion (IC50 =
[24]
10.49 mmol/L) (Figure 1).

LIGNANS
Lignans are a widely distributed phenylpropanoid
derivatives in plants and are classified into five main
structure types including lignans, oligomeric lignans,
hybrid lignans, norlignans and neolignans. Lignan is also
an important natural anti-HBV conponent. Helioxanthin
(HE-145) was isolated from the heartwood of Taiwania
cryptomerioides Hayata, and it was found to inhibit the
[25]
gene expression and replication of HBV in HCC cells .
To elucidate the mode of anti-HBV action of HE-145,
the authors examined the effects of HE-145 on HBV
promoter activities by the luciferase reporter assay. The
rusults showed that HE-145 inhibited selectively core
promoter (CP) and surface antigen promoter II (SPII),
but had no effect on X gene promoter (Xp) and surface
antigen promoter I (SPI). Meanwhile, the inhibition of
HE-145 on CP or SPII promoter was not observed in
non-liver cells such as 293T and HeLa, suggesting that
the inhibitory effects of HE-145 on SPII or CP could be
liver-specific. The electrophoretic mobility shift assay
indicated that HE-145 reduced the DNA-binding activity
of HepA2 cell nuclear extract to several cis elements
on CP, including alpha-fetoprotein transcription factor
binding site, peroxisome proliferator-activated receptor
(PPAR) binding site, and Sp1 binding site. Anomalous
expression of PPAR-γ or hepatocyte nuclear factor 4-α
reversed partially the HE-145-mediated HBV RNA
[25]
suppression . In short, HE-145 possess a unique
anti-HBV mechanism and could be a novel class of
potential anti-HBV agents. Nevertheless, what are its
specific mechanisms of action? Down-regulation of
these transcription factors by HE-145 or inactivation
of a common coactivator? Hence, further studies are
required to answer these questions.
A lignan glycoside (+)-cycloolivil-4′-O-β-Dglucopyranoside from Swertia chirayita exhibited an
inhibitory effect not only on the HBsAg and HBeAg
secretion with IC50 values of 0.31 ± 0.045 mmol/L
(SI = 4.29) and 0.77 ± 0.076 mmol/L (SI = 1.75),
respectively, but also on the replication of HBV DNA
with an IC50 value of 0.29 ± 0.034 mmol/L (SI
[26,27]
= 4.66)
. Schisanwilsonin D, schisantherin C,
deoxyschizandrin and (+)-gomisin K3 were isolated
from the fruits of Schisandra wilsoniana and showed
anti-HBV effects; schisantherin C exhibited the
strongest anti-HBV effect by diminishing HBsAg and
[28]
HBeAg secretion by 59.7% and 34.7%, respectively .
Honokiol from Streblus asper showed marked anti-HBV
activities with IC50 values of 3.14 μmol/L (SI = 21.47)
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and 4.74 μmol/L (SI = 14.22) for HBsAg and HbeAg,
[29]
respectively . Four lignans from the root of Streblus
asper, (7’R,8’S,7″R,8″S)-erythro-strebluslignanol G,
magnolol, isomagnolol and isolariciresinol, exhibited
significant anti-HBV effects in HepG2.2.15 cells with
IC50 values of 1.58, 2.03, 10.34 and 3.67 μmol/L,
respectively, for HBsAg, and of 3.24, 3.76, 8.83 and
14.67 μmol/L, respectively, for HBeAg. (7’R,8’S,7″R,8″
S)-erythro-strebluslignanol G and magnolol showed
significant anti-HBV activities to inhibit the replication
of HBV DNA with IC50 values of 9.02 and 8.67 μmol/L,
[30]
respectively . 9-β-xylopyranosyl-isolariciresinol from
the stem bark of Streblus asper exhibited a significant
anti-HBV activity in Hep G2.2.15 cells with an IC50
value of 6.58 μmol/L for secretion of HBsAg, and of
[31]
24.86 μmol/L for secretion of HBeAg . Niranthin and
nirtetralin B are two new lignans from Phyllanthus
niruri L. (Euphorbiaceae). Niranthin and nirtetralin B
inhibited HBV antigen secretion in HepG2.2.15 cells
with IC50 values for HBsAg of 15.6 and 17.4 μmol/
L, IC50 values for HBeAg of 25.1 and 63.9 μmol/L,
respectively. In ducklings with DHBV, niranthin and
nirtetralin B significantly decreased the serum HBsAg,
HBeAg, DHBV DNA, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels, and
improved the pathological changes of liver tissue,
[32,33]
respectively
. Three lignans, (+)-(7′S, 7″S, 8′
R, 8″R)-4, 4′, 4″-trihydroxy-3, 5′, 3″-trimethoxy-7oxo-8-ene [8-3′, 7′-O-9″, 8′-8″, 9′-O-7″] lignoid,
(1S)-4-hydroxy-3-[2-(4-hydroxy-3-methoxyphenyl)-1-hydroxymethyl-2-oxo-ethyl] -5-methoxybenzaldehyde and herpetetrone from the seeds of
Herpetospermum caudigerum Wall displayed inhibitory
effects on HBsAg secretion with IC50 values of 20.5,
0.34, and 4.89 μmol/L, and on HBeAg secretion
with IC50 values of 3.54, 0.048, and 8.02 μmol/L,
[34]
respectively (Figure 2).

their inhibitory rates on the HBsAg and HBeAg
expression were 89.96%/86.9% and 81.01%/72.9%,
respectively. Meanwhile, 3,4-O-dicaffeoylquinic
acid markedly decreased the HBV cccDNA content
and significantly increased the heme oxygenase-1
(HO-1) expression in HepG2.2.15 cells and HBV
transgenic mice. 3,5-O-dicaffeoylquinic acid showed a
similar effect. Because HO-1 can destabilize the HBV
core protein, this observation suggests that HO-1
overexpression may contribute to the antiviral activity
of the two compounds by decreasing the stability of
the HBV core protein, which blocks the refill of nuclear
[35,36]
HBV cccDNA
. Seven quinic acid derivatives,
3,4-O-dicaffeoylquinic acid, 4,5-O-dicaffeoylquinic acid,
3,5-O-dicaffeoylquinic acid, 3,5-O-dicaffeoyl-mucoquinic acid, 5-O-caffeoylquinic acid, 3-O-caffeoylquinic
acid and 5-O-(E)-p-coumaroylquinic acid, isolated
from the aerial parts of Lactuca indica L. (Compositae),
effectively reduced HBV DNA level in HepG2.2.15
cells, and treatment with 3,4-O-dicaffeoylquinic acid,
3,5-O-dicaffeoyl-muco-quinic acid and 5-O-(E)-pcoumaroylquinic acid led to a marked decline in the
[37]
extracellular HBV DNA level .
Chlorogenic acid and its related compounds
are widely distributed in the leaves and fruits of
dicotyledonous plants such as coffee beans and have a
diverse antiviral activity. Chlorogenic acid, quinic acid
and caffeic acid inhibited HBsAg production as well as
HBV-DNA replication in HepG2.2.15 cells. Chlorogenic
acid and caffeic acid also decreased the serum DHBV
[38]
level in a DHBV-infected duckling model (Figure 3).

POLYPHENOLS
Polyphenols are some secondary metabolites containing
two or more phenolic rings and are widely involved
in defense against aggression by pathogens such as
virus and bacteria. The compound LPRP-Et-97543
from Liriope platyphylla roots was observed to have
potential anti-HBV effects in HepG2.2.15 cells. The
antiviral mode of LPRP-Et-97543 was further studied
using the HBV-transfected Huh7 cells. The effects of
LPRP-Et-97543 on the viral precore/pregenomic and S/
preS RNA were apparent during HBV gene expression.
Analysis of promoter activity indicated that LPRPEt-97543 markedly decreased S, preS, and Core but
not X promoter activities. Further studies showed that

PHENOLIC ACIDS
Phenolic acids are the different types of naturally
occurring aromatic compounds containing a phenolic
ring and a carboxylic acid function. Interestingly,
some phenolic acids often have antiviral effects.
3,4-O-dicaffeoylquinic acid and 3,5-O-dicaffeoylquinic
acid isolated from Laggera alata significantly
suppressed the HBsAg and HBeAg production and
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Figure 2 Chemical structures of representative anti-hepatitis B virus natural lignans.
[40]

LPRP-Et-97543 attenuated the nuclear expression of
p65/p50 proteins from nuclear factor-kappaB (NF-κB)
family and augmented the protein level of cytoplasmic
IκBα without affecting their expression in HBVnontransfected cells. Furthermore, LPRP-Et-97543
decreased the binding of NF-κB protein to CS1 site
of HBV surface gene and suppressed CS1 element
containing promoter activity in HBV-expressing cells.
Nevertheless, HBV transfection markedly increases
CS1 containing promoter activity in cells. Lastly, the
inhibitory activity of LPRP-Et-97543 on HBV DNA
replication was significantly reversed by transfection
with the plasmid expressing p65 in HBV-positive cells.
In conclusion, the feedback regulation of HBV gene
expression and DNA replication may contribute to the
anti-HBV effect of LPRP-Et-97543 by HBV proteins,
[39]
which interferes with the NF-κB pathway .
Curcumin (a natural polyphenol) exhibited an
inhibitory effect on HBV gene expression and replication
in HBV-expressing cells by down-regulation of
peroxisome proliferator-activated receptor-γ co-activator
1α (PGC-1α), a co-activator of HBV transcription,
suggesting that curcumin may be a potential host-

WJG|www.wjgnet.com

targeting agent for the treatment of HBV infection .
Additionly, since HBV is very sensitive to the metabolic
regulator PGC-1α, targeting PGC-1a could be a potential
strategy of anti-HBV therapy.
Neolancerin from Swertia yunnanensis showed an
activity against the secretion of HBsAg with an IC50
value of 0.21 mmol/L and HBeAg with an IC50 value
of 0.04 mmol/L; and norswertianolin, 1,8-dihydroxy3,5-dimethoxyxanthone, neolancerin from Swertia
yunnanensis showed a significant inhibitory effect on
HBV DNA replication with IC50 values of 0.01, 0.07 and
[13]
0.09 mmol/L, respectively . Six phenols (including
m-hydroxybenzoic acid, phydroxybenzoic acid,
m-hydroxy benzenmethanol, 3,4-dihydroxybenzoic
acid, ethyl 3,4-dihydroxybenzoate and ethyl
2,5-dihydroxybenzoate) from Swertia mussotii
exhibited activities inhibiting the secretion of HBsAg
and HBeAg with IC50 values from 0.23 to 5.18 mmol/
L, and HBV DNA replication with IC50 values from
[41]
0.06 to 2.62 mmol/L . Ellagic acid was isolated
from Phyllanthus urinaria and exhibited unique
anti-HBV functions by blocking HBeAg secretion in
HepG2 2.2.15 cells (IC50 = 0.07 mg/ml), suggesting
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Figure 3 Chemical structures of representative anti-hepatitis B virus natural phenolic acids.

that it may be a potential agent for treatment of
[42]
immune tolerance in individuals with HBV infection .
Protocatechuic aldehyde (PA) derived from Salvia
miltiorrhiza appeared to down-regulate the HBsAg
and HBeAg secretion as well as the HBV DNA release
in HepG2.2.15 cells in a dose and time dependent
manner; PA at doses of 25, 50, or 100 mg/kg
(intraperitoneally, twice daily) also decreased viremia
[43]
in ducks with DHBV infection . Magnatriol B from
Streblus asper exhibited moderate anti-HBV activities
with IC50 values of 168.18 μmol/L (SI = 1.19) and
34.78 μmol/L (SI = 5.77) on HBsAg and HbeAg,
[29]
respectively . Mulberrofuran G from the root bark of
Morus alba L. showed a moderate activity, inhibiting
the replication of HBV DNA with an IC50 value of 3.99
[44]
μmol/L in HepG2.2.15 cells (Figure 4).

alteration on the aldehyde group exhibited more
[13,46]
potent anti-HBV agents
.
Swerilactones E and F (two novel lactones with
a phenyl group) from Swertia mileensis showed
significant suppressive effects on the secretion of HBsAg
with IC50 values of 0.22 and 0.70 mM and HBeAg with
IC50 values of 0.52 and > 6.78 mmol/L in HepG 2.2.15
[47]
cells, respectively . Artemisinin from Artemisia annua
induced moderate inhibition on HBsAg secretion and
HBV DNA replication with IC50 values of 55 and >
[48]
100 mmol/L, respectively . Two pyranocoumarins
clausenidin and nordentatin from Clausena excavata
[49]
suppressed HBsAg in HepA2 cells . Herpetosperin
B from the seeds of Herpetospermum caudigerum
showed an anti-HBV activity with HBsAg secretion by
[50]
33.1% at 200 μg/ml . Swerilactones H-K from Swertia
mileensis exhibit a potent anti-HBV activity against HBV
DNA replication with IC50 values ranging from 1.53 to
[51]
5.34 μmol/L . Swerilactones C and D from Swertia
mileensis exhibited inhibitory activities in HepG 2.2.15
cells against the secretion of HBsAg (IC50 = 1.24 and 2.96
mmol/L, respectively) and HBeAg (IC50 = 0.77 and 1.47
[52]
mmol/L, respectively) (Figure 5).

LACTONES
Lactone is a naturaly component containing a cyclic
ester of hydroxycarboxylic acid and also exhibits
an antiviral activity. Costunolide and dehydrocostus
lactone from the root of Saussurea lappa Clarks show
a potent inhibitory effect on the HBsAg and HBeAg
expression in Hep3B cells with IC50 values of 1.0 and 2.0
μmol/L, respectively. The suppression of HBsAg gene
expression by the two compounds was mainly at the
level of mRNA. Furthermore, the inhibitory activities of
the two compounds on HBsAg and HBeAg were also
[45]
observed in HepA2 cells . 6-hydroxyl-7-methoxylcoumarin from the heartwood of Streblus asper
showed an anti-HBV effect, with an IC50 value of 29.60
μmol/L for HBsAg and an IC50 value of 46.41 μmol/L
[23]
for HBeAg, respectively . Erythrocentaurin (ET) as
a C10-skeleton secoiridoid from Swertia yunnanensis
inhibited the secretion of HBsAg with an IC50 value of
1.30 mmol/L and HBeAg with an IC50 value of 1.14
mmol/L, and HBV DNA replication with an IC50 value
of 0.76 mmol/L; and a series of ET analogs with the
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ALKALOIDS
Alkaloids are a class of naturally occurring compounds
containing mostly basic nitrogen atoms and also
include some related neutral and even weakly
acidic compounds. Many alkaloids have potent phar
macological effects, such as quinine, pilocarpine,
and atropine. Oxymatrine from the plant Kushen
(Sophora japonica) has been used to treat patients
with hepatitis B in China for decades with a confirmed
safety and often is used to replace the nucleoside
analogues in order to decrease the emergence of
[53]
treatment-resistant HBV mutants . Monotherapy
with oxymatrine (orally, for twelve months) decreased
blood HBeAg by 70% and HBV DNA by 96% in
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Figure 4 Chemical structures of representative anti-hepatitis B virus natural polyphenols.

patients with chronic hepatitis B (CHB) resistant to
lamivudine (n = 17), equal to its efficacy in treatment[54]
naïve CHB cohort (n = 20) . Oxymatrine significantly
down-regulates the mRNA expression of host heatstress cognate 70 (Hsc70) at the post transcriptional
level through destabilizing Hsc70 mRNA, and then
inhibits the replication of HBV and exhibits anti-HBV
[55]
efficacy .
Cepharanthine is a natural biscoclaurine alkaloid
extracted from Stephania cepharantha Hayata.
Cepharanthine hydrochloride (CH), as a natural
alkaloid-derived compound, suppressed HBeAg
production and HBV DNA replication by either wildtype or lamivudine-resistant HBV clinical isolates
in a dose dependent manner and down-regulated
significantly the Hsc70 mRNA levels, suggesting that
its activity could be associated with its inhibitory effect
[56]
on host Hsc70 . Squalamine from the sea lamprey
(Petromyzon marinus) and the dogfish shark (Squalus
acanthias) possesses a broad-spectrum antiviral
effect on human viruses including HBV. Enveloped
DNA and RNA viruses are proved to be susceptible,
suggesting that it has a broad-spectrum antiviral
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activity. The antiviral mechanism of squalamine is
likely based on its capacity to neutralize the negative
electrostatic surface charge of intracellular membranes
that renders the host cell less effective in the process
[57]
of viral replication . Dauricumidine from Hypserpa
nitida Miers showed an IC50 value of 0.450 mM (SI =
[58]
4.13) on HBsAg secretion in HepG2.2.15 cells . N,Ndimethyltryptamine N12-oxide from liver-protective
medicinal plant Evodia fargesii Dode (Rutaceae) had
a potent suppressive effect on HBV DNA replication
[59]
(IC50 = 17.6 μmol/L, SI > 5.7) in HepG2.2.15 cells .
Dihydrochelerythrine isolated from Corydalis saxicola
Bunting exhibited the strongest effect on HBsAg
and HBeAg secretion with an IC50 value < 0.05 mM
[60]
and SI > 3.5, respectively . Dehydrocavidine,
dehydroapocavidine and dehydroisoapocavidine from
Corydalis saxicola Bunting (Papaveraceae) exhibited
a suppressive activity against the secretion of HBsAg
[61]
and HBeAg in Hep2.2.15 cells (Figure 6).

FLAVONOIDS
Flavonoids are a group of polyphenolic compounds
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Figure 5 Chemical structures of representative anti-hepatitis B virus natural lactones.
[63]

reduced the extracellular HBV DNA level . Sodium
taurocholate cotransporting polypeptide (NTCP), a
new-found receptor for HBV, is expressed in DMSOdifferentiated HuS-E/2 cells. During HBV inoculation,
EGCG significantly suppressed viral infection in
both HA-NTCP-expressing Huh7 cells and DMSOdifferentiated HuS-E/2 cells. Meanwhile, EGCG induced
clathrin-dependent endocytosis of NTCP from the
plasma membrane followed by lysosomal degradation.
Additionly, EGCG suppressed the clathrin-mediated
endocytosis of transferrin. However, no inhibitory

containing a 15-carbon skeleton (C6-C3-C6), which
consists of a heterocyclic ring (C) and two phenyl
rings (A and B). Flavonoids have a wide range of
pharmacological effects including antiviral activity.
Epigallocatechin-3-gallate (EGCG) from green tea
suppressed HBV entry into immortalized human
primary hepatocytes at a concentration of 50 μmol/L
[62]
by more than 80% . EGCG effectively inhibited the
HBsAg and HBeAg secretion in HepG2 2.2.15 cells in
a dose and time dependent manner, whereas its effect
was stronger than that of lamivudine; EGCG also
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level in hepG2.2.15 cells. DHBV DNA polymerase was
dramatically suppressed by wogonin with an IC50 value
of 0.57 mg/ml. In ducks with DHBV infection, wogonin
decreased the plasma level of DHBV DNA with a
50% effective dose (ED50) of 5 mg/kg. In human
HBV-transgenic mice, wogonin significantly reduced
[64]
plasma HBsAg level . Robustaflavone isolated from
Rhus succedanea exhibited a potent inhibitory effect
on HBV replication in HepG2.2.15 cells, with a 50%
effective concentration (EC50) of 0.25 mM, and an SI
of 153. Robustaflavone hexaacetate suppressed HBV
[65]
replication with an EC50 of 0.73 mmol/L (Figure 7).

effect of EGCG was observed on HBV virion secretion
or genome replication in cells in vitro. Furthermore,
EGCG also unaltered the HBV entry factor expression
and virion characteristic. Finally, the potent inhibitory
effect of EGCG on HBV entry was validated using four
different genotypes, A to D, suggesting that it could be
[62]
a potential agent for prevention of HBV reinfection .
Luteolin and isovitexin from Swertia yunnanensis
showed inhibitory effects on the secretion of HBsAg
(IC50 values of 0.10 and < 0.03 mmol/L) and HBeAg
(IC50 values of 1.51 and 0.23 mmol/L), and exhibited
a marked suppressive effect on HBV DNA replication
[13]
(IC50 values < 0.01 and 0.05 mmol/L) . Isooriention
from Swertia mussotii displayed significant anti-HBV
activities against HBsAg and HBeAg secretion with
IC50 values of 0.79 and 1.12 mmol/L, as well as HBV
[41]
DNA replication with an IC50 value of 0.02 mmol/L .
Wogonin from Scutellaria radix effectively inhibited the
HBV antigen secretion with an IC50 value of 4 mg/ml
for both HBsAg and HBeAg and also reduced HBV DNA
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OTHERS
Except for the above-mentioned chemical classes,
some other natural components also have anti-HBV
activities. p -Hydroxyacetophenone (p -HAP) from
Artemisia morrisonensis exhibited an inhibitory activity
on HBsAg secretion and HBV DNA replication with
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[69]

polymerase activity . 7-Dehydroxyl-zinniol from the
culture of Alternaria solani, an endophytic fungal strain
residing in the roots of Aconitum transsectum showed
[70]
a moderate anti-HBV activity (Figure 8).

IC50 values of 785.7 and 306.4 μmol/L, respectively.
Additionly, 6’-O-Caffeoyl-p -hydroxy-acetophenone-4O-β-D-glucopyranoside from A. capillaris possessed a
significant suppressive effect on HBV DNA replication
[66]
with an IC50 value of 8.0 μmol/L . In the HBVtransfected Huh7 cells, the 2.4 kb preS RNA of HBV
surface gene enhanced markedly relative to the 2.1
kb S RNA with p-HAP. p-HAP markedly augmented the
promoter activity of HBV preS and specifically reduced
endoplasmic reticulum (ER) stress related glucoseregulated protein 78 RNA/protein levels, but not those
of glucose-regulated protein 94, in treated Huh7 cells.
p -HAP also led to a marked intracellular accumulation
of virus. Furthermore, treatment with thapsigargin (ER
chaperone inducer) relieved the suppressive effect of
p -HAP on the HBV DNA levels in the supernatant of
HBV-expressed cells. Hence, the anti-HBV mechanism
of p -HAP could involve the regulation of HBV surface
gene expression and block the secretion of virion by
[67]
interference with the ER stress pathway .
β -Thujaplicinol from the heartwood of Western
Red Cedar trees (Thuja plicata, Thuja occidentalis and
Chamaecyparis obtusaI) inhibited RNAseHs from HBV
genotypes D and H in biochemical assays with IC50
values of 5.9 and 2.3 μmol/L, respectively. It blocked
replication of HBV genotypes A and D in culture by
inhibiting the RNAseH activity with an estimated EC50
of 5 μmol/L and a 50% cytotoxic concentration (CC50)
[68]
of 10.1 mmol/L . Chrysophanol 8-O-β -D-glucoside
from Rheum palmatum L. showed a significant
inhibitory effect on HBV DNA production and antigen
expression with an IC50 value of 36.98 mg/ml on HBV
DNA inhibition, and effectively suppressed HBV DNA
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CONCLUSION
Despite that several anti-HBV drugs and genetic
engineering vaccines are available for patients with
HBV, HBV infection is still a severe public health
problem in the world. In fact, no effective drugs
or therapeutic methods can cure hepatitis B so far.
Therefore, it is urgent affairs to further intensify
research and development of anti-HBV new drugs,
especially non-nucleoside agents. Natural products
with enormous molecular complexity and diversity
offer a large opportunity for finding novel antiviral lead
compounds or good candidates with unique anti-HBV
mechanisms. In this review, the natural products with
anti-HBV activity are classified and analysed according
to their structure types including terpenes, lignans,
phenolic acids, polyphenols, lactones, alkaloids and
flavonoids. These anti-HBV natural products can be
cited as promising leads or candidates.
The anti-HBV mechanisms of action of the com
pounds described above involve multiple aspects, and
several natural compounds exhibit special antiviral
characteristics and novel mode of action. Betulinic
acid (a triterpene) from Pulsatilla chinensis reduces
HBV replication by inhibiting the expression of SOD2
with subsequent overgeneration of mitochondrial
ROS, with promising HBV clearance both in HBV[7]
infected hepatocytes and in HBV-transgenic mice .
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Figure 8 Chemical structures of other anti-hepatitis B virus natural products.

Helioxanthin (a lignan) from the heartwood of Taiwania
cryptomerioides Hayata is a promising anti-HBV
agent and acts through liver-specific transcriptional
machinery for viral CP to suppress the gene expression
[25]
of HBV and the production of viral particles in vitro .
The anti-HBV effects of 3,4-O-dicaffeoylquinic acid
and 3,5-O-dicaffeoylquinic acid (a phenolic acid) from
Laggera alata are probably associated with the upregulation of HO-1 by decreasing HBV core protein
stability, which blocks nuclear HBV cccDNA refill
[35,36]
in HepG2.2.15 cells
. The mechanism of HBV
inhibition by LPRP-Et-97543 (a polyphenol) from
Liriope platyphylla might involve feedback control
of the gene expression and DNA replication of HBV
by viral proteins, which interferes with the NF-κB
[39]
pathway in HBV-transfected Huh7 cells . Curcumin
(a polyphenol) suppresses the gene expression and
DNA replication of HBV by down-regulation of PGC1α, a starvation-induced protein that initiates the
gluconeogenesis cascade and that can coactivate
[40]
robustly HBV transcription in HBV expressing cells .
β-Thujaplicinol (a polyphenol) from the heartwood of
Western Red Cedar trees inhibits HBV replication by
[68]
blocking the activity of viral ribonuclease H in vitro .
Oxymatrine (a alkaloid) from Sophora japonica
and Cepharanthine (a alkaloid) from Stephania
cepharantha down-regulate Hsc70 mRNA expression
at the post transcriptional level through destabilizing
Hsc70 mRNA, and then inhibits HBV replication in
[55,56]
cells
. Epigallocatechin-3-gallate (a flavonoid)
from green tea, as a new HBV entry inhibitor, induced
clathrin-mediated endocytosis of NTCP-HBV from the
plasma membrane followed by lysosomal degradation
and suppressed the clathrin-mediated endocytosis of
[62]
transferrin in vitro . The in vitro mechanism of HBV
inhibition by p-Hydroxyacetophenone from Artemisia
morrisonensis may involve the regulation of HBV
surface gene expression and blocking the secretion
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of virions by interference with the ER stress signaling
[67]
pathway .
In general, there are not many reports of novel
mode of action or new targets of anti-HBV natural
products. Additionly, although many natural products
are reported to exhibit potent anti-HBV effects to
date, they are limited to cell-based or transgenic micebased studies. Unfortunatley, none of these have been
added into the existing list of anti-HBV drugs. Given
that many of these naturally originated compounds
with various skeletons and diverse biological activities
discussed above are already available, future efforts
should be devoted to optimize and develop these lead
compounds into potent anti-HBV agents for clinical
application. Continued screening of natural products
with anti-HBV activities may find some novel skeletons
that possess new mechanism of action, but it may be
difficult to directly lead to the discovery of any clinical
candidate compounds.
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TOPIC HIGHLIGHT
2016 Hepatocellular Carcinoma: Global view

Advances in computed tomography and magnetic resonance
imaging of hepatocellular carcinoma
Tiffany Hennedige, Sudhakar K Venkatesh
imperative as several potentially curative treatments
are available when HCC is small. Hepatocarcinogenesis
occurs in a stepwise manner on a background of
chronic liver disease or cirrhosis wherein multiple
genes are altered resulting in a range of cirrhosisassociated nodules. This progression is related to
increased cellularity, neovascularity and size of the
nodule. An understanding of the stepwise progression
may aid in early diagnosis. Dynamic and multiphase
contrast-enhanced computed tomography and magnetic
resonance imaging still form the cornerstone in the
diagnosis of HCC. An overview of the current diagnostic
standards of HCC in accordance to the more common
practicing guidelines and their differences will be
reviewed. Ancillary features contribute to diagnostic
confidence and has been incorporated into the more
recent Liver Imaging Reporting and Data System. The
use of hepatocyte-specific contrast agents is increasing
and gradually changing the standard of diagnosis of
HCC; the most significant benefit being the lack of
uptake in the hepatocyte phase in the earlier stages
of HCC progression. An outline of supplementary
techniques in the imaging of HCC will also be reviewed.

Tiffany Hennedige, Department of Oncologic Imaging, National
Cancer Centre, Singapore 169610, Singapore
Sudhakar K Venkatesh, Department of Radiology, Mayo
Clinic, MN 55905, United States
Author contributions: Hennedige T and Venkatesh SK analyzed
the literature and wrote the manuscript.
Conflict-of-interest statement: The authors have no conflict of
interest to report.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Sudhakar K Venkatesh, MD, FRCR,
Department of Radiology, Mayo Clinic, 200, First Street SW,
Rochester, MN 55905,
United States. venkatesh.sudhakar@mayo.edu
Telephone: +1-507-2841728
Fax: +1-507-2842405

Key words: Hepatocellular carcinoma; Computed
tomography; Magnetic resonance imaging; Contrast
agent; Cirrhosis; Ancillary features

Received: May 29, 2015
Peer-review started: June 1, 2015
First decision: July 14, 2015
Revised: August 4, 2015
Accepted: December 1, 2015
Article in press: December 1, 2015
Published online: January 7, 2016

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Imaging is important for establishing a
diagnosis of hepatocellular carcinoma (HCC) and
an understanding of the stepwise progression of
hepatocarcinogenesis may aid in early diagnosis.
Dynamic and multiphase contrast-enhanced computed
tomography and magnetic resonance imaging still
form the cornerstone in the diagnosis of HCC. An
overview of the current diagnostic standards of HCC in
accordance to the more common practicing guidelines
and their differences will be reviewed. Various ancillary

Abstract
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer. Imaging is important for
establishing a diagnosis of HCC and early diagnosis is
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development of HCC. These include excessive alcohol
consumption, obesity, diabetes and intake of aflatoxin[7]
contaminated foods . Greater than 90% of HCC cases
develop in chronically inflamed liver as a result of viral
[8]
hepatitis and alcohol abuse . Obesity and diabetes are
associated with development of non-alcoholic fatty liver
[9]
disease (NAFLD) . Insulin resistance and the resulting
inflammatory cascade together with the development
of non-alcoholic steatohepatitis (NASH) appear to
[10]
encourage hepatocarcinogenesis . Cigarette smoking
is regarded as a co-factor in the development of
[11]
HCC . Hepatocarcinogenesis also increases in the
[12]
setting of HIV infection . Lastly, genetic conditions
such as haemochromatosis, glycogen storage disease
type 1, alpha 1-antitrypsin deficiency are all associated
with increased risk of HCC, most frequently on a
[13]
background of cirrhosis .

features, use of hepatocyte-specific contrast agents
and supplementary imaging techniques also help to
increase diagnostic confidence and will be reviewed.
Hennedige T, Venkatesh SK. Advances in computed tomography
and magnetic resonance imaging of hepatocellular carcinoma.
World J Gastroenterol 2016; 22(1): 205-220 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i1/205.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i1.205

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer. It ranks sixth in cancer incidence
[1]
and third in cancer mortality worldwide . It is the
most prevalent liver cancer with up to three-quarter
of cases in the world occurring in Asia due to the
[2]
high prevalence of chronic viral hepatitis B . Patients
diagnosed with HCC generally have a poor prognosis
[3]
due to the aggressive nature of the disease . Early
diagnosis of HCC is imperative as several potentially
curative treatments are available, especially when the
lesion is small.
Regular surveillance of patients is instituted for
early detection of HCC in patients with chronic liver
disease and particularly in those with advanced liver
fibrosis. Screening involves clinical examination, serum
analysis of liver function and tumour antigens such as
alpha-fetoprotein (AFP) and imaging. Although AFP is
not specific for HCC and may give false positive results
in the setting of hepatitis and fibrosis, it is still useful
in monitoring of the disease process in combination
[4]
with imaging . Non-invasive diagnosis with imaging is
currently the preferred method and several guidelines
are available to aid in diagnosis and they all endorse
arterial enhancement followed by washout in the
diagnosis of HCC (Figure 1). Dynamic and multiph
ase contrast-enhanced computed tomography (CT)
and magnetic resonance imaging (MRI) form the
cornerstone of diagnosis in HCC. This review presents
an overview of the current diagnostic standards of
HCC in accordance to the more common practicing
guidelines as well as the use of ancillary features and
hepatocyte-specific contrast agents in the diagnosis of
HCC. An outline of supplementary techniques in the
imaging of HCC will also be reviewed.

PATHOGENESIS
In patients with chronic liver disease, HCC typically
develops in a stepwise manner wherein multiple genes
are altered. Chronic inflammation and regeneration
of hepatocytes are underlying causes; it results in
damage to the DNA of regenerating hepatocytes
hence increasing the chance of gene alterations asso
[14]
ciated with carcinogenesis . The currently accepted
nomenclature for stepwise carcinogenesis of HCC is:
regenerative nodule (RN); low-grade dysplastic nodule
(DNI); high-grade dysplastic nodule (DNII); early and
[15-17]
progressed HCC
.

Regenerative nodules

These are typically well-defined rounded regions of the
[18]
cirrhotic parenchyma surrounded by scar tissue . RNs
are essentially phenotypically normal and are usually
[19]
considered benign lesions . Relative to background
parenchyma, they are typically isoattenuating on
unenhanced CT, T1, T2 and diffusion weighted (DWI)
[20,21]
MR imaging
(Figure 2). On occasion, they may
be T1 hyperintense and T2 hypointense, similar to
[22]
dysplastic nodules . With intravenous extracellular
contrast injection, most RN enhance to the same
degree as adjacent liver parenchyma or show slightly
less enhancement, hence, they may appear as mildly
hypoattenuating nodules relative to enhancing fibrosis
[23]
in the portal venous phase (Figure 3).

Dysplastic nodules

These are nodular lesions that differ macroscopically and
[24]
microscopically from background parenchyma . They
are classified as low or high grade depending on the
[25]
presence of cytologic and architectural aberrations .
DNI resemble RN histologically except that they contain
[24,25]
unpaired arteries and clone-like populations
. On the
other hand, DNII show features similar to that of a welldifferentiated HCC. They demonstrate cellular atypia
with clone-like features, expansile subnodules and

EPIDEMIOLOGY
HCC is associated with chronic liver disease and
cirrhosis irrespective of its etiology. It has been shown
that only about 10% of HCCs develop in non-cirrhotic
[5]
livers . The incidence of HCC has been increasing,
with chronic hepatitis B and C infections being major
[6]
contributory factors worldwide . Apart from chronic
viral infection, several lifestyle factors contribute to the
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A

B

Figure 1 Typical features of arterial enhancement (A) with washout in the portal venous phase (B) is noted in segment 6 in keeping with histologicalproven hepatocellular carcinoma.

A

B

C

D

E

F

Figure 2 The liver demonstrates a nodular outline consistent with cirrhosis and multiple small regenerative nodules that are isodense on unenhanced
(A) and portal venous phase (B) on computed tomography, predominantly isointense on T2W (C) and T1W (D) sequences with no evidence of arterial
enhancement (E) or restricted diffusion (F).
[25,26]

architectural alterations
. Some DNII may contain
subnodules of HCC resulting in the nodule-in-nodule
[27]
appearance . On CT, most DN are hypo- or isodense in
[28]
the arterial, portal venous and delayed phases . They
are typically T1 hyperintense and iso- to hypointense
[23]
on T2 imaging (Figure 4). Some, especially DNII may
contain intracellular fat resulting in signal loss on out-of[29]
phase images . Unlike HCC, DN are almost never T2
[30,31]
hyperintense or show restricted diffusion
(Figure 4).

Early HCC

Early HCC is likened to carcinoma-in-situ of other
[32]
organs . They rarely exceed 2 cm and unlike
progressed HCC which displaces and destroys sur

Figure 3 Multiple regenerative nodules in the portal venous phase may
appear mildly hypoattenuating relative to enhancing fibrosis.
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A

B

C

Figure 4 Dysplastic nodules may appears hyperintense on T1W (A), iso-hypointense on T2W (B) but do not show restricted diffusion (C).
[34,35,41,42]

77%-100% while that of CT is 68%-91%
.
The size of the lesion is an important determinant in
diagnosis; for lesions larger than 2 cm, the sensitivity
is close to 100% for both modalities but drops to
45%-80% with MRI and 40%-75% with CT for lesions
[40,43]
measuring 1-2 cm
.
Both EASL and AASLD stratify lesions according
to size; < 1 cm, 1-2 cm and > 2 cm for EASL and <
1 cm and > 1 cm for AASLD. Both guidelines deem
less than 1 cm lesions as too small for characterisation
and recommend follow-up. The diagnosis of HCC
in lesions larger than 2 cm requires only a single
imaging modality when the hallmark enhance
ment characteristics are present. Another imaging
technique should be performed when enhancement
characteristics are atypical. These guidelines differ
with respect to lesions between 1-2 cm; the AASLD
recommends the same approaches as for lesions larger
than 2cm whereas EASL recommends the presence of
typical enhancement characteristics on two imaging
modalities. Both EASL and AASLD recommend biopsy
in patients with lesions that do not fit in the above
imaging criteria. Unlike EASL and AASLD, APASL
does not stratify lesions according to size. Also, the
APASL acknowledges the use of contrast-enhanced
ultrasound (CEUS) to depict hypervascularity in lesions
hypovascular on CT or MRI. When a defect is observed
in the Kupffer phase on CEUS, it is diagnosed as HCC.
The Kupffer phase also known as the post-vascular
phase which occurs 20 min after injection and implies
the presence of Kupffer cells which are present in non[44]
neoplastic liver parenchyma and reduced in HCC .
If this defect is not observed, close follow-up is
recommended.
The Liver Imaging Reporting and Data System
[45]
(Li-RADS)
was introduced relatively recently by
the American College of Radiology. The aim of this
system was to standardize terminology and criteria
in reporting of liver lesions in chronic liver disease.
Each lesion is assigned a category ranging from L1 to
L5, with each category denoting a higher probability
of HCC. Unlike the above mentioned guidelines, Li-

rounding liver parenchyma, early HCCs expand by
[17]
gradually replacing the parenchyma . The main
distinguishing characteristic between a DNII and early
HCC is the presence of stromal invasion in the latter
which is defined as infiltration of tumour cells into
[25]
fibrous tissue surrounding portal tracts .

Progressed HCC

Theses nodules are overtly malignant with propensity
to invade vessels and metastasize. Lesions smaller
than 2 cm are typically distinctly nodular with welldefined margins; they grow by expanding into and
compressing surrounding parenchyma resulting in
[17]
formation of a pseudocapsule . Lesions larger than
2 cm demonstrate a more aggressive behaviour. A
mosaic pattern is characteristic which is defined by the
presence of several internal subnodules separated by
fibrous septa as well as areas of necrosis, haemorrhage
[33]
and occasionally fatty metamorphosis .

CURRENT DIAGNOSTIC STANDARDS
OF HCC ACCORDING TO EXISTING
GUIDELINES
In oncology, the diagnosis of malignancy usually
necessitates tissue sampling prior to determination
of treatment approach. Characterisation of HCC
however, is an exception as a non-invasive diagnosis
can be attained with imaging in high-risk patient
[2,34,35]
populations
. The more widely used guidelines
are the European Association for the Study of the
[34]
Liver (EASL) , American Association for the Study
[35]
of Liver Disease (AASLD)
and the Asian Pacific
[2]
Society for the Study of the Liver (APASL) . The
hallmark diagnostic characteristics of HCC are arterial
enhancement followed by portal venous and/or
[36-38]
delayed phase washout
(Figures 1 and 5), this is
common to all three guidelines. Comparative studies
for CT and MR imaging using extracellular contrast
[39,40]
agents found higher sensitivities with MR imaging
.
The sensitivity of MRI for nodular HCC of all sizes is
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A

B

C

D

E

Figure 5 Typical characteristics of a hepatocellular carcinoma. A small lesion in segment 6 demonstrates arterial enhancement (A), washout in the portal venous
phase (B), hypointensity in the hepatobiliary phase (C) and restricted diffusion [hyperintense on DWI (D) and hypointense on ADC (E)].

Restricted diffusion

Table 1 The Liver Imaging Reporting and Data System
Arterial phase
hypo- or isoenhancement
Diameter (mm)
Washout
None
Capsule formation One
Threshold growth ≥ Two

< 20
L3
L3
L4

≥ 20

L3
L4
L4

DWI assesses molecular water motion within tissues
and this information is acquired by applying balanced
gradients to T2-weighted sequences. The degree of
diffusion weighting can be altered by changing the
b value, an acquisition parameter. With DWI, signal
intensity from stationary water molecules is preserved
whilst those that are in motion lose signal intensity
depending on the degree of motion from their original
position at the time of signal acquisition. Diffusion
restriction is more prominent in malignant than in
[50]
benign tumours ; the combination of high cellularity
and intact cell membranes restrict the motion of water
molecules resulting in hyperintensity on diffusion
weighted imaging (DWI) and reduction in apparent
diffusion coefficient (ADC) maps. DWI is particularly
useful in the initial screening of the liver as nearly
[51-53]
70%-95% of HCCs can appear hyperintense
,
[54]
particularly using low b values . The presence of
restricted diffusion is found to be especially useful in
[55,56]
the characterisation of small lesions
(Figure 5).
Intermediate or poorly-differentiated HCCs are more
often hyperintense on DWI than well-differentiated
[16]
HCC . In addition, restricted diffusion may be useful
[16]
in the diagnosis of bland versus tumour thrombus .

Arterial phase
hyper-enhancement
< 10
L3
L4
L4

10-19
L3
L4/L5
L5

≥ 20

L4
L5
L5

Modified from URL: http://www.acr.org/Quality-Safety/Resources/
LIRADS/.

RADS takes into account ancillary features. The
diagnosis of HCC is established by a combination of
major signs including: arterial phase enhancement,
lesion size, washout, capsule formation and threshold
growth (Table 1). Ancillary features are then applied to
upgrade or downgrade the initial classification.

ANCILLARY FEATURES
A substantial proportion of HCCs do not demonstrate
the typical arterial enhancement with subsequent
washout pattern. It has been shown that up to 40%
[34]
of HCC lack arterial phase enhancement , these
are largely early or poorly-differentiated infiltrative
[46,47]
HCCs
. Also, 40%-60% of small HCCs do not
[48,49]
demonstrate subsequent washout
. Hence, several
ancillary signs have been described, most of which are
better depicted with MRI. It is important to emphasise
that these features individually are not specific for HCC,
but their presence increases diagnostic probability.

WJG|www.wjgnet.com

Intralesional fat

The presence of fat in a focal liver lesion is better
appreciated on MRI than on CT. The presence of fat
is depicted as signal drop-out in the opposed-phase
images (Figure 6). In chronic liver disease, a fat[42]
contained tumour is highly suggestive of HCC ,

209

January 7, 2016|Volume 22|Issue 1|

Hennedige T et al . Advances in imaging of HCC

A

B

C

Figure 6 A large hepatocellular carcinoma in the right lobe of the liver demonstrates fat attenuation on non-contrast enhanced computed tomography (A),
and loss of signal in the in- (B) and opposed-phase (C) images indicative of fat.

A

C

B

D

E

Figure 7 A small hepatocellular carcinoma demonstrates mild T2W hyperintensity (A), T1W hypointensity (B), arterial enhancement (C), portal venous
phase washout (D) and hypointensity on the 20 min hepatobiliary phase (E) after injection with Gd-EOB-DTPA.

however, benign fat-containing regenerative nodules
[16]
may also be seen . Intralesional fat is more commonly
seen in early as opposed to progressed HCC, with better
[55]
prognosis associated with fat-contained HCC .

intensity may have prognostic implications; many
well-differentiated HCCs are found to be hypo- or
[56]
isointense .

Mild to moderate T2 signal intensity

The variable tissue components of HCC account for
this mosaic pattern; enhancing areas indicate viable
tumour cells and low attenuation foci represent
[33]
necrosis, fibrosis or hemorrhage . Most large HCCs
present with this pattern and it is regarded as fairly
specific (Figure 8). Since it is found primarily in large
lesions, the utility of this ancillary sign is probably of
less utility in the characterisation of small HCCs.

Mosaic pattern

On MRI, the presence of mild to moderate T2 signal
intensity is more often seen in HCCs (Figure 7).
Markedly T2 hyperintense lesions are more likely
to represent benign lesions such as cysts and hae
mangiomas, whereas T2 hypointense lesions may
represent iron deposition in the nodules. Like the
presence of intralesional fat, the degree of T2 signal
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A

B

Figure 8 Mosaic attenuation is demonstrated on the arterial phase sequence (A) in this relatively large hepatocellular carcinoma followed by washout (B).

A

B

C

Figure 9 Cirrhotic liver with an arterially-enhancing lesion (black arrow) in segment 6 (A), which demonstrates a thin pseudocapsule (white arrow) in the
portal venous (B) and delayed phases (C), better appreciated in the latter.

Pseudocapsule

Lack of iron content

This refers to a rim of peripheral enhancement in
the portal venous or delayed phases (Figure 9). This
sign may be well depicted in both CT and MRI and
has been shown to be a significant predictor in the
[42,49]
diagnosis of HCC
. A pseudocapsule has been
found in 10%-47% of cases depending on the series
[57-59]
studied
.

Presence of iron is better appreciated on MRI as
opposed to CT and is shown as marked hypointensity
on T2W sequences. Iron is normally present in the
Kupffer cells that reside in sinusoids and are abundant
in normal liver parenchyma. The presence of iron
is highly suggestive of a non-malignant lesion in a
[48]
cirrhotic liver . On the contrary, the presence of an
iron-free lesion in an otherwise iron-laden liver may
suggest HCC (Figure 11).

Vascular invasion

Portal vein tumour thrombus (PVTT) is a well-known
complication of HCCs; such invasion helps distinguish
HCC from secondary hepatic cancers which rarely
[60]
invade intrahepatic vessels . It is important to note
that the presence of a tumour thrombus can modify
typical imaging features of HCC. When HCC infiltrates a
portal vein, it continues to receive arterial blood supply
and the tumor may drain directly into the portal vein.
This direct draining results in arterioportal shunting
[61]
and changes in portal vein haemodynamics . Large
HCCs complicated by PVTT less often demonstrate
typical arterial enhancement with subsequent washout.
Instead, the PVTT itself can show arterial phase
enhancement with subsequent washout with distension
[61]
of the vein (Figure 10) . This arterioportal shunting
may also result in poor enhancement of the surrounding
liver parenchyma.
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Nodule-in-nodule appearance

This refers to the presence of a nodule within a larger
nodule and is usually the result of the development
of HCC within a pre-existing cirrhosis-related nodule.
The nodule within the larger lesion may demonstrate
increased arterial enhancement or T2 signal intensity
relative to the surrounding larger nodule (Figure 12).

USE OF HEPATOBILIARY CONTRAST
AGENTS
Hepatobiliary MRI contrast agents are increasingly
being used and gradually changing the standard
of diagnosis of HCC. These agents are gadolinium
chelate-based with an initial vascular phase that is
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Figure 10 Vascular invasion. A large ill-defined left lobe mass with no significant arterial enhancement (A) and washout in the portal venous phase (B). An FDG-PET
CT was done which revealed uptake in the left lobe mass (C) consistent with a hypermetabolic tumour. Arterial enhancement is noted within the distended thrombus
filled portal veins in (A) with subsequent washout (B) suggestive of tumour thrombus. The tumour thrombus also demonstrates increased uptake on FDG-PET (C).
Coronal images better depict the distended thrombus filled portal vein (D) with increased uptake on PET/CT (E) (short arrow: tumour; long arrow: tumour thrombus).
PET: Positron emission tomography; CT: Computed tomography; FDG: Fluoro-2-deoxy-D-glucose.

A

B

C

Figure 11 An iron-laden liver in a patient with hemochromatosis demonstrates a T2W hyperintense lesion (A) which is iron-free in the in- (B) and opposed (C)
phases suggestive of hepatocellular carcinoma.

similar to the extracellular agents. However, they
are actively taken up by hepatocytes via a group of
proteins expressed in hepatocytes along the sinusoidal
membrane known as organic anionic transporting
[16]
polypeptides (OATP) . In humans, OATP 8 appears
[62]
to be responsible for cellular uptake . The contrast
agents are then partially excreted into the biliary
system. Two hepatobiliary MRI contrast agents are
currently in use: gadobenate dimeglumine (Gd-BOPTA,
Multihance, Bracco, Milan, Italy) and gadoxetate
dimeglumine (Gd-EOB-DTPA, Primovist in Europe and
Eovist in the United States, Bayer Healthcare). Both
contrast agents can be injected as an intravenous
bolus dose. The hepatobiliary phase is attained 1-3 h
after injection of Gd-BOPTA and about 20 min after
injection of Gd-EOB-DTPA. With Gd-BOPTA, only

WJG|www.wjgnet.com

5% of the drug is transported through hepatocytes
and excreted into bile whereas with Gd-EOB-DTPA,
approximately 50% of the drug undergoes biliary
excretion.
A small dose of Gd-EOB-DTPA (0.025 mmol/kg) is
required compared to 0.1 mmol/kg for Gd-BOPTA. The
former therefore has significant advantages in terms
of safety, timing of examination and potentially better
contrast. However, due to the low volume injected with
Gd-EOB-DTPA compared to Gd-BOPTA, the vascular
phase images are less ideal with a narrower imaging
[63]
window for late hepatic arterial phase acquisition
which is when peak arterial enhancement of a nodule
typically occurs. This can be overcome by performing
multiple acquisitions during the arterial phase. Gd-EOBDTPA does not provide a conventional delayed phase
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A

B

C

Figure 12 A focus of arterial enhancement is noted within a larger hypodense nodule (A) which demonstrates washout in the portal venous (B) and
delayed (C) phases suggestive of development of hepatocellular carcinoma within a pre-existing cirrhosis-related nodule (long arrow). Another focus of
hepatocellular carcinoma (short arrow) is noted more posteriorly demonstrating arterial enhancement (A) and delayed phase wash-out (C).
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Figure 13 An initial study was performed using Gd-DTPA. This showed an arterially-enhancing lesion (A) with no evidence of wash-out or pseudocapsule on the
portal venous (B) or delayed (C) phases with hyperintensity on T2W (D) and DWI (E) sequences. A follow-up study acquired two months later with Gd-EOB-DTPA
demonstrated a hypointense lesion on the hepatobiliary phase (F), increasing diagnostic confidence of hepatocellular carcinoma.

as hepatocellular uptake occurs during its first pass
[64]
through the hepatic sinusoids . Hence, by the end of
the portal venous phase, considerable hepatocellular
uptake has occurred with both intracellular and
extracellular pools of Gd-EOB-DTPA contributing
[64]
substantially to parenchymal enhancement . As
this phase represents a transition from extracellulardominant to intracellular-dominant enhancement, it
[65]
may be termed the transitional phase .
In addition to increased cellularity and neova
scularity in the multistep carcinogenesis of HCC, OATP
expression gradually decreases in the development
of HCC. This results in a lack of uptake in the hepa
tobiliary phase; most HCCs are hypointense in the
hepatobiliary phase (Figure 7) whereas most non-HCC
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cirrhosis-associated nodules are iso- or hyperintense
[66]
secondary to preservation of OATP 8 expression . It
is however important to note that 5%-10% of HCCs
are iso- or hyperintense to liver in the hepatobiliary
[67,68]
phase
. The addition of hepatobiliary phase
sequences improves sensitivity of diagnosis of HCC
[69,70]
by 5%-15% with Gd-EOB-DTPA (Figure 13)
and
[71]
around 10% with Gd-BOPTA . Interestingly, a study
showed that 96% of HCC lacking arterial enhancement
with subsequent washout (seen primarily in early
HCCs) were hypointense during the hepatobiliary
[72]
phase . This is likely the most significant benefit
of the use of hepatobiliary contrast agents in
determination of HCC. It is important to note however
that all non-hepatocellular lesions appear hypointense
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on the hepatobiliary phase. Hence, it is imperative
to interpret this phase in conjunction with that of the
other sequences.

attenuation of a material increases as its photon energy
decreases. Materials with higher atomic numbers,
such as iodine, portray a much greater attenuation
increase as the photon energy decreases. This provides
the basis for greater attenuation separation between
[80]
[81]
tumour and liver parenchyma . Gao et al
found
that monochromatic images obtained using single
source DECT can enhance the CT attenuation of iodine
contrast media at lower energy levels in the enhanced
arterial phase which aids in the identification of more
and smaller HCC lesions (Figure 14). DECT may also
improve detection of fat within hepatic lesions which
[82]
may be indicative of HCC .

SUPPLEMENTARY IMAGING
TECHNIQUES
Utility of non-contrast enhanced phase

Addition of a non-contrast enhanced phase (NC-CT)
to a multi-phase CT study has been found to useful in
providing a baseline for assessment of arterial phase
[73]
enhancement and improving diagnosis of HCC . The
current practice of characterizing enhancement and
washout with dynamic CT is performed qualitatively
by visual assessment of the lesion relative to the
surrounding liver parenchyma. This assessment is
thus dependent upon variables that can influence liver
attenuation such as steatosis and iron deposition. With
the addition of NC-CT, even if a lesion was found to
be isodense on the arterial phase, the observation of
hypodensity on NC-CT would imply hypervascularity of
the lesion.

MR elastography

MR elastography (MRE) is a technique which is used
for quantitative assessment of tissue stiffness and its
most common clinical application is for evaluation of
[83]
liver stiffness in the diagnosis of hepatic fibrosis .
In this technique, hepatic stiffness is measured using
low-frequency mechanical shear waves generated by
a source that is propagated through the liver. Liver
stiffness increases systematically with stage of fibrosis;
using a shear stiffness cut-off value of 2.93 kPa, the
predicted sensitivity and specificity for detecting all
[84]
grades of liver fibrosis is 98% and 99% respectively .
Malignant tumours have greater stiffness values than
[85-87]
benign tumours and normal liver parenchyma
.
Hence, MRE has shown to be a promising non-invasive
tool for the imaging and characterization of solid
hepatic tumours (Figure 15). A threshold value of
approximately 5.0 kPa may be useful for differentiating
[85]
benign focal lesions from malignant tumours . The
utility of MRE for differentiation of malignant tumors of
liver is not well established and still under research.

Perfusion imaging

The improved temporal resolution of newer and
faster multidetector CT systems allows perfusion
[74]
studies of the liver . CT perfusion is a method to
analyze hemodynamic changes in tissue; it allows for
quantitative assessment of various parameters such as
tumour blood flow, blood volume, mean transit time
[75]
and permeability-surface area product . The liver
has dual blood supply and neoarterialization occurs
with the development of HCC resulting in alteration
of perfusion parameters. Blood flow, blood volume,
arterial perfusion and hepatic perfusion index were
found to be significantly higher in HCC relative to
[76,77]
[75]
hepatic parenchyma
. Sahani et al
also found
that mean blood flow, blood volume and permeabilitysurface area product were higher in well-differentiated
HCC than in moderately or poorly differentiated
tumours. Additionally, it has been suggested that
perfusion parameters can be utilized as biomakers to
[78]
monitor treatment response in tumours .

MR spectroscopy

MR spectroscopy (MRS) allows for the non-invasive
interrogation of the presence and concentration of
various metabolites in tissue and hence aid in the
provision of information with regards to tumour
[88]
pathophysiology and metabolism . It utilizes the
magnetic properties of certain atomic nuclei; the
1
more common ones employed are proton ( H),
31
13
1
phosphorus-31 ( P) and carbon-13 ( C). H is the
most commonly studied as it has the highest sensitivity.
In liver tumour studies, the lactate resonance is related
to energy metabolism of the tumour. Proton resonances
of mobile lipids and the peak of total choline have
been investigated as biomarkers to identify malignant
[88]
tumours . An increase in phosphomonoesters is
associated with liver tumour progression and successful
treatment is associated with a reduction of these
[89-91]
31
levels
. Hence, P MRS can potentially be used for
13
treatment monitoring. MRS with C has barely been
utilized to examine human liver metabolism due to its
[88]
technical complexity and relatively low sensitivity .
However, new techniques such as hyperpolarization

Dual-energy CT

Conventional MDCT uses a polychromatic X-ray
spectrum provided by a single X-ray tube whereas
dual-energy CT (DECT) uses two different energy
spectra produced by two different kVp settings. This
is achieved by using two X-ray tubes at different
tube currents with two corresponding detectors or
with a single source X-ray tube with fast peak kVp
switching. It is based on the premise that tissues
demonstrate different attenuation at different energy
levels. This allows for enhanced tissue differentiation
and characterization, reduction of artifacts, iodine
conspicuity and improvement of contrast-to-noise
[79]
ratio (CNR) and signal-to-noise ratio (SNR) . The
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Figure 14 Dual-energy computed tomography of hepatocellular carcinoma. Nodular outline is suggestive of cirrhosis, arterial phase single energy computed
tomography (SECT) image acquired at 140kVp demonstrates a vague focus of arterial enhancement that is difficult to differentiate from surrounding liver parenchyma
(A), arterial phase DECT material decomposition iodine (MD-I) image shows uptake of iodine independently from inherent tissue attenuation, clearly demonstrating
a nodular hyperenhancing lesion (B), arterial phase color overlay MD-I image also depicts the lesion well (C). Portal venous phase SECT image acquired at 120
kVp demonstrates characteristic wash-out (D). MD-I images improve detection and characterization of this small hepatocellular carcinoma. (Courtesy of Drs. Andrea
Prochowski and Dushyant Sahani, Massachusetts General Hospital, Boston, MA, United States).
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Figure 15 Magnetic resonance elastography of hepatocellular carcinoma. Arterial phase image (A) and stiffness map (B) from magnetic resonance elastography.
The color scale of the stiffness map is expressed in kilopascal (kPa). A case of chronic alcoholic liver disease with liver stiffness of 5.3 kPa consistent with cirrhosis.
The enhancing hepatocellular carcinoma (white arrow) has mean stiffness of 8.2 kPa suspicious for a malignant tumour. Note the tumor is stiffer in the more hyper
enhancing regions of the tumour.
13

the effect of perfusion-related diffusivity is largely
eliminated and the ADC value can estimate true
molecular diffusion. The effect of perfusion-related
diffusion, however, cannot be completely removed.
Hence, DWI performed using a range of low and high
b-values or intravoxel incoherent motion imaging (IVIM)
imaging has been employed to measure diffusion
[94,95]
and perfusion-related diffusion separately
. Post
processing of IVIM sequences can generate several

of C-labeled glutamine has shown potential in the
[92]
detection of small HCC in a cirrhotic liver .

Intravoxel incoherent motion imaging

DWI is a technique used for imaging molecular
movement or diffusion. ADC in conventional DWI is
influenced by two types of molecular movement:
molecular diffusion and microcirculation in vessels
[93]
(perfusion-related diffusion) . With high b-values,
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parameters including: the D value (true diffusion that
reflects intra- and intercellular molecular movement)
and the pseudo-diffusion coefficient D* which reflects
the microcirculation in the vessels or perfusion-related
diffusion; perfusion fraction (Pf) and ADC. D and D*
aspects can be separated using biexponential fitting of
[95]
the DWI data . It is well-established that ADC values
of malignant hepatic lesions are lower than that of
[96,97]
benign lesions
. However, measured ADC values
show substantial variability secondary to differences in
[98]
choice of b-values . Diffusivity values acquired using
the IVIM model, however, are less influenced by the
choice of b-values and may provide consistent and
[99]
[99]
reproducible results . Ichikawa et al
found that
both the D and D* value of malignant hepatic lesions
was suppressed compared with that of benign lesions
and that the D value was a more reliable parameter
between the two. IVIM-derived D values have been
found to show significantly higher accuracy compared
with ADC in differentiating high- from low-grade
[100]
HCC . Additionally, since D* reflects microcirculation,
it may be possible to assess the effect of antiangiogenic
[101]
drugs in HCC
. The early results show promise of
IVIM in differentiating HCCs from benign nodules,
however evidence for clinical utility is still lacking.

can aid in diagnosis and its use has been incorporated
into Li-RADS. The use of hepatobiliary contrast agents
has shown great promise in several studies with the
ability to identify high grade dysplastic nodules and
early HCC prior to neo-arterialization and progression to
overt HCC, it may well be endorsed in future guidelines.
Several other imaging techniques have also been
investigated, many of which show potential that may
shift the paradigm of HCC imaging assessment in the
future.
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Abstract
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Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide. Significant efforts have
been devoted to identify new biomarkers for molecular
imaging and targeted therapy of HCC. Copper is a
nutritional metal required for the function of numerous
enzymatic molecules in the metabolic pathways of
human cells. Emerging evidence suggests that copper
plays a role in cell proliferation and angiogenesis.
Increased accumulation of copper ions was detected
in tissue samples of HCC and many other cancers in
humans. Altered copper metabolism is a new biomarker
for molecular cancer imaging with position emission
tomography (PET) using radioactive copper as a
tracer. It has been reported that extrahepatic mouse
hepatoma or HCC xenografts can be localized with PET
using copper-64 chloride as a tracer, suggesting that
copper metabolism is a new biomarker for the detection
of HCC metastasis in areas of low physiological copper
uptake. In addition to copper modulation therapy with
copper chelators, short-interference RNA specific for
human copper transporter 1 (hCtr1) may be used to
suppress growth of HCC by blocking increased copper
uptake mediated by hCtr1. Furthermore, altered copper
metabolism is a promising target for radionuclide
therapy of HCC using therapeutic copper radionuclides.
Copper metabolism has potential as a new theranostic
biomarker for molecular imaging as well as targeted
therapy of HCC.
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much as 63%-67% in a copper deficient diet, or as
little as 12% in those whose copper intake is very
high. The high acidic environment in the stomach is
believed to cause the release of copper from natural
organic complexes. Subsequently, absorption in the
small bowel is influenced by a change in the pH as well
[6-8]
as pancreatic enzymes .
Metallothionein within the absorptive cells of the
bowel are able to bind copper via mercaptide bonds
and then release it in the plasma cell membrane
on the serosal side. After being released from the
intestinal mucosa, copper is bound to amino acids
and albumin in the portal venous system. A small
portion of the copper in the portal venous system
is able to pass through to the systemic circulation,
while the remainder is transferred into the cytosol
of hepatocytes via cell membrane receptors. Within
the liver, copper is bound to various proteins, but
[5,9]
preferentially metallothionein .
The liver is a critical organ in the systemic re
gulation of copper metabolism and the maintenance
of copper homeostasis. Wilson’s disease (WD) is
an inherited copper metabolism disorder caused by
mutation of the ATP7B gene located on chromosome
13, for which numerous specific mutations have been
[10-12]
identified
. Long-Evans Cinnamon rat, an animal
model of WD, has a deletion in the copper transporting
ATPase gene and develops hereditary hepatitis
followed by spontaneous hepatocellular carcinoma
[13]
(HCC) . When these rats are treated with the copper
chelating agent D-pencillamine, as commonly used in
humans with WD, prevention of the onset of hepatitis
and the inhibition of elevated serum transaminases
[14]
[14]
were observed . Togashi et al
therefore concluded
that abnormal copper accumulation in the liver of
Long-Evans Cinnamon rats was associated with the
pathogenesis of hereditary hepatitis and subsequent
development of HCC. Both low and high molecular
weight copper binding species have been described.
The high molecular weight species predominate in
gallbladder bile, while low molecular weight species
are more prevalent in hepatic bile. The low molecular
weight species are thought to assist in the membrane
transport of copper across the biliary canaliculus.
The high molecular weight portion of copper binding
[9,15]
species is principally related to copper homeostasis
.
This is supported by the inability to adequately remove
hepatic copper in the absence of the higher molecular
weight copper binding species, in the setting of
[16]
protein synthesis inhibitors . Copper that is tightly
bound to bile salts is unable to be absorbed in the
gastrointestinal tract, and is lost in feces, which is the
[5,6,9,17]
predominant route of excretion
.
The plasma concentration of copper has been
shown to increase throughout life, peaking around
[18]
the age of 60, and then having a minimal decline .
This process is thought to be related to a progressive
reduction in biliary clearance later in life, rather than an

Core tip: Copper is required for cell proliferation and
tumor angiogenesis. This article provided an up-to-date
review of copper metabolism as a novel theranostic
biomarker in hepatocellular carcinoma. Altered
copper metabolism is not only a novel biomarker
for molecular imaging of extrahepatic metastasis of
hepatocellular carcinoma using radioactive copper, but
is also a promising target for copper modulation and
radionuclide therapy of hepatocellular carcinoma.
Wachsmann J, Peng F. Molecular imaging and therapy targeting
copper metabolism in hepatocellular carcinoma. World J
Gastroenterol 2016; 22(1): 221-231 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i1/221.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i1.221

INTRODUCTION
Copper is a trace metal that is required for numerous
metabolically important enzymes involved in various
[1,2]
metabolic pathways of human physiology . These
include ceruloplasmin, superoxide dismutase, do
pamine monooxygenase, lysyl oxidase, cytochrome
c oxidase, factor V, and tyrosinase. These enzymes
are used for a variety of purposes such as melatonin
production, bone production, thrombosis and neuro
transmitter synthesis. The amount of daily dietary
copper required for an average adult is 1.0 to 1.6 mg
according to the third National Health and Nutrition
[3]
Survey . zero point nine mg per day of copper is the
recommended daily allowance, and less than 10 mg
per day is recommended by the National Academy
[4]
of Sciences . The adult human body contains about
[5]
75 mg of copper . The liver and brain contain about
one third of the overall quantity present, but copper
is distributed throughout the human body and found
in many organ systems, including the heart, kidneys,
[5]
pancreas, spleen, bone and muscle .
The majority of daily copper intake is from ve
getables and legumes, with other sources such as
various meats. On average, vegetable sources of
dietary copper require a more complex enzymatic
process for absorption, compared to non-vegetable
sources such as meat or milk. The variable amount
of copper in food sources is dependent on the various
amounts of copper in the soil as well as different food
[1,6]
processing techniques . When copper is ingested
via food sources, dietary absorption of copper
predominantly occurs in the stomach and small
bowel, with only approximately 30%-40% of ingested
copper being absorbed by those living in industrialized
countries. However, depending on dietary intake of
copper, the human body can theoretically absorb as
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Typically, the FDG-6-phosphatase is trapped within the
cells, unless there is a high level of phosphatase activity,
[32]
as seen in the liver . Secondary to the high level of
phosphatase in the liver, the sensitivity for detecting
well differentiated HCC is poor. However, there is
usually high F-18 FDG uptake in moderately and poorly
differentiated HCC. Positron emission tomography/
computed tomography using F-18 FDG (F-18 FDG PET/
CT) is also useful for the detection of recurrence and
[33,34]
extrahepatic metastasis of HCC
.
The sensitivity of FDG PET/CT in the detection of
HCC was found to be approximately 50%, compared
[35]
to the sensitivity of CT (75%) . However, Wang et
[36]
al
showed improved performance in the detection
of HCC when an early dynamic F-18 FDG PET/CT was
performed 240 s after tracer injection. Even better
detection rates were obtained when early dynamic and
conventional delayed whole body information was used
in combination. The detection rates improved from
56.7% to 91.9% when using whole body delay versus
the combination of early dynamic and whole body
scans, respectively. In patients who were scheduled to
undergo liver transplantation, F-18 FDG PET/CT was
found to be useful for predicting microvascular invasion
by HCC. The presence of microvascular invasion
by HCC was predicted when the ratio of maximum
standardized uptake value (SUV) of HCC to mean SUV
[37]
of normal liver parenchyma was 1.2 or greater .
C-11 acetate, a tracer that evaluates free fatty acid
synthesis, may have better sensitivity than that of F-18
[38]
[39]
FDG . According to a study performed by Ho et al ,
the sensitivity of HCC detection in patients with less
than 3 lesions was 87% for C-11 acetate and 47% for
F-18 FDG. When this was correlated with histologic
findings, it appears that well differentiated tumors
were better detected by C-11 acetate, while the poorly
differentiated tumors were better detected by F-18
FDG. None of the non-HCC tumors demonstrated
abnormal C-11 acetate uptake. The use of dual phase
C-11 acetate, using the change in uptake values in
early and conventional imaging, correctly differentiated
between small, 1-3 cm, well differentiated HCC from
[40]
focal nodular hyperplasia and hemangiomas .
The tracer C-11 choline is used to evaluate the
metabolism of phospholipids subsequently used
as constituents of the cell membrane. F-18 FDG
negative HCC showed elevated uptake of C-11 choline,
which was predominantly seen in the moderately
[41]
differentiated group . F-18 fluorocholine has also
been shown to perform better than F-18 FDG for well
differentiated HCC, with a combination of both tracers
[42]
appearing to be the best option . Compared to a
single modality, a combination of imaging modalities,
including F-18 FDG PET, CT, MRI and ultrasound,
currently has higher sensitivity, with minimal effects on
[38]
specificity .
Continuous efforts are being made to develop new
tracers for molecular imaging of HCC. Radioactive

increase in gastrointestinal absorption
. Differences
in the plasma concentration of copper have also been
demonstrated due to gender, with females on average
having higher concentrations than men. Women
between the ages of 20 and 59 were shown to absorb
more and have a quicker turnover of radiolabeled
copper in a meal, when compared to men. Higher
[18]
levels of ceruloplasmin are also present in females .

COPPER AND HCC
HCC is the fifth most common cancer worldwide. It
is the third leading cause of cancer-related death
worldwide. Overall, about 75%-80% of HCC occurs
in patients with hepatitis B or C, with many other
known risk factors including aflatoxin B1, obesity,
[20,21]
alcohol usage, diabetes, and tobacco
. It was
demonstrated that the copper content in hepatic
parenchyma of patients with HCC was significantly
higher than in those without HCC, with no significant
difference in hepatic iron levels. In fact, the copper
liver level was the only significant factor associated
with the presence of HCC in the cohort of patients with
[22]
hepatitis C and chronic liver disease . There were
reports of an increased incidence of HCC in patients
[23,24]
diagnosed with WD
. The copper content and level
of copper binding proteins in HCC has been shown to
be higher than those seen in other liver malignancies
such as cholangiocellular carcinoma and metastatic
[25,26]
tumors
. In addition, the serum copper to zinc
ratio was significantly higher in patients with HCC than
[27]
matched controls .
There have also been reports of a decreased
incidence of HCC in patients with copper metabolism
[28]
disorders . It has been proposed that WD patients
treated with D-penicillamine have an elevated risk
[29]
of developing HCC . This may be secondary to the
associated decrease in copper content in the liver,
when on chelation therapy. This discrepancy could
reflect either a carcinogenic or a protective role of
copper in the pathogenesis of HCC, which remains to
be elucidated in further studies.

COPPER METABOLISM AS A BIOMARKER
FOR METABOLIC IMAGING OF HCC
Currently, the detection of liver masses is predominantly
[30]
evaluated using anatomic imaging modalities ,
such as ultrasound, computed tomography (CT) and
magnetic resonance imaging (MRI). Molecular imaging
is gaining momentum and is being used in various
[31]
disease states . Positron emitting fluorine-18-2-deoxygluocose (F-18 FDG) is a radioactive tracer used for
the assessment of glucose metabolism in both benign
and malignant tissues. After being delivered to the
cells via blood flow, F-18 FDG is transported by GLUT
transporters and then phosphorylated intracellularly.
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[57]

copper has been used for the assessment of copper
metabolism disorders in patients diagnosed with
[43-46]
WD using nuclear imaging for at least 45 years
.
When exploring copper metabolism as a biomarker
[47]
for molecular imaging of HCC, Peng et al , for the
first time, demonstrated that mouse extrahepatic
hepatoma could be visualized by PET using copper-64
64
chloride ( CuCl2) as a tracer, based on increased
copper uptake mediated by mouse copper transporter
64
1 (mCtr1). There was relatively less Cu uptake in the
hepatoma compared to the liver, which was thought to
be related to several factors: less mCtr1 in the tumor
relative to the liver, the possibility that endogenous
mCtr1 may be less active on the tumor, other copper
transporters in normal hepatocytes not expressed on
the tumor, and more rapid efflux of copper in tumor
[48]
cells than in normal hepatocytes . More recently,
human HCC xenografts in athymic mice were also
64
visualized by PET after intravenous injection of CuCl2
[49]
as a tracer . There was abundant physiologic dis
64
tribution of Cu in the liver, which resulted in limited
evaluation of primary HCC. Given the normal intense
uptake of FDG by cortical brain tissue and low
64
[47-53] 64
physiological cerebral uptake of Cu
, CuCl2-PET
is a promising technique for non-invasive assessment
of intracranial and other extrahepatic metastasis of
HCC located in areas with low physiological copper
uptake (Figure 1). The prognosis for patients with
intracranial HCC metastasis is poor as they are often
resistant to systemic chemotherapy. The use of
64
CuCl2-PET/CT for early detection of HCC intracranial
metastasis is significant for improving the prognosis
of patients with metastatic HCC. On the other hand,
64
CuCl2-PET is expected to be useful for excluding
extra-hepatic metastases in pre-transplant work up
of patients who are considered candidates for liver
64
transplantation. Positron emitting Cu radionuclide has
a half-life of 12.7 h, making it possible to ship it to an
imaging facility distant from the production site of this
64
radiotracer. Preclinical radiation dosimetry of CuCl2
-/using the Atp7b knockout mouse model of WD was
[50]
comparable to that of F-18 FDG , supporting the use
64
of CuCl2 as a radiotracer for PET of HCC metastasis,
with the exception of the metastatic lesions in the
64
abdomen due to excreted Cu in the intestinal tract.

benefit compared to embolization alone . A major
limitation in the literature regarding TACE is the lack of
[56]
consistent methods between various investigators .
The use of TACE with drug eluting beads (DEB-TACE),
primarily using doxorubicin allows for slow drug release
and lower levels of systemic chemotherapeutic agents
[58]
when compared to TACE using lipiodol . Although
[59]
no survival benefit was shown, Malagari et al
were also able to show longer times to progression,
less recurrence, and a better local response when
using doxorubicin-eluting beads compared to bland
embolization. Despite additional studies not showing a
difference in radiographic response, survival or adverse
[60]
[56]
events , Sieghart et al , still recommend that any
future trials should include drug eluting bead TACE
secondary to lower systemic levels of doxorubicin and
then a possible reduction in drug-drug interactions.
The ability to bridge a patient to liver transplant
has been achieved using several types of neo-adjuvant
therapies including TACE, radiofrequency ablation,
trans-arterial radioembolization (TARE), external beam
radiotherapy and surgical resection. Bridging has been
shown to decrease waiting list dropout, reduce HCC
recurrence, and improve post-transplant survival with
the goal of obtaining similar post-transplant outcomes
[61]
to non-HCC patients .
Palliation for patients with end-stage or terminal
HCC includes various options, with the primary goal
of improving patient symptoms rather than definitive
[62]
treatment . Average survival for patients with endstage or terminal HCC is 3-4 mo, and includes about
15%-20% of all HCC patients at presentation. The
treatment options for end-stage disease are opiates,
[62]
acetaminophen and corticosteroids . HCC can be
difficult to treat despite significant efforts devoted
to the development of effective therapies for the
[55]
treatment of this devastating disease . Continuous
efforts are being made to identify new targets for
the treatment of HCC. Angiogenesis is an important
pathway in tumor growth and copper is an important
[63]
angiogenic factor for tumor growth . Copper has
been shown to be a cofactor in several mediators
of angiogenesis including angiogenin, matrix me
[64-66]
talloproteinase and fibroblast growth factor
.
[67]
Moriguchi et al
demonstrated the antiangiogenic
effects of the copper chelator, trientine dihydrochloride,
on HCC in a rat model. Other groups have also shown
that the copper chelator, pencillamine, together
with diet modification can lower copper levels and
microvascular density in cerebral rabbit models. Brem
[68]
et al
also concluded that using pharmacologic
withdrawal and dietary depletion of copper suppressed
intracerebral tumor angiogenesis. However, prolonged
anti-copper cancer therapy with copper chelators or
long-term use of D-pencillamine for anti-inflammatory
treatment in rheumatoid arthritis has been shown
to cause toxicity such as bone marrow suppression,
[69,70]
rash and neurologic symptoms
. Significant

TARGETING COPPER METABOLISM FOR
THE TREATMENT OF HCC
Early detection and treatment are most critical for
[54,55]
reducing mortality in patients with HCC
. The
use of conventional transarterial chemoembolization
(TACE) for the treatment of unresectable HCC
has been found to improve the overall survival of
[56]
patients compared to available supportive care .
The use of cisplatin or doxorubicin in a large review
comparing chemoembolization showed a significant
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Clinical perspective
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Figure 1 Metabolic imaging of metastasis of hepatocellular carcinoma with 64CuCl2-position emission tomography and computed tomography. A: Preclinical
metabolic imaging of HCC xenografts in mice injected with 64CuCl2 as a tracer. 64Cu bound to copper binding molecules in the blood immediately after intravenous
injection of 64CuCl2. PET/CT images were then obtained that show the expected biodistribution of 64CuCl2 in the liver and intestinal tracts, with low uptake in the brain
and muscle tissues. The HCC xenografts implanted on the shoulder showed increased 64Cu uptake on PET/CT images; B: Schematic showing the clinical perspective
of metabolic imaging of HCC in humans. Human patients may be injected with 64CuCl2 and subjected to PET/CT for detection of HCC metastasis in areas of low
physiological 64Cu uptake, such as brain and musculoskeletal tissues. HCC: Hepatocellular carcinoma; PET/CT: Hybrid positron emission tomography and computed
tomography.
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therapy of HCC based on tumor-specific expression
of the human sodium/iodide symporter (hNIS)
under control of the alpha fetoprotein promoter and
[87-89]
enhancer
. Tumor-specific expression of the hNIS
in HCC cells was achieved by transfection of HCC
cells with a vector encoding the hNIS gene driven by
an alpha fetoprotein promoter/enhancer. Increased
uptake of I-131 by the cells expressing hNIS was
detected by gamma counting in vitro and by imaging
with a gamma camera in vivo. Growth of extrahepatic
tumor xenografts derived from cells expressing hNIS
131
was inhibited, secondary to radiation effects of
I
accumulated in the transfected HCC cells expressing
[89]
hNIS . The development of technologies to allow
safe and efficient delivery of the vector encoding the
hNIS gene is critical for the clinical application of I-131
radiogene therapy of HCC, based on the findings in
preclinical studies.
Multiple copper isotopes are available for cancer
[90-93]
+
imaging and therapy
. Copper-64 emits both β
and β particles and has potential as a theranostic
copper radionuclide for both cancer imaging and
[94]
64
therapy. Apelgot et al
demonstrated that Cu had
a lethal effect in mammalian cells similar to that of
67
Cu radionuclide. Significant efforts have been made
64
to develop Cu-radiolabeled conjugates for cancer
[95-99]
imaging and therapy
. Based on its simplicity
64
and increased tumor uptake of Cu demonstrated
[47-49,52,53,100,101]
64
by PET
, ionic CuCl2 has potential as a
therapeutic radiopharmaceutical for the treatment
of tumors expressing high levels of hCtr1. Recently,
it was reported that growth of malignant melanoma
overexpressing hCtr1 was suppressed in mice treated
64
[102]
with CuCl2
. In addition to its potential as a
reporter gene for tracking gene delivery with PET,
targeted overexpression of hCtr1 may be used for
copper radiogene therapy of tumors expressing low
[103]
levels of endogenous hCtr1
. The findings from
preclinical studies support further investigation of
64
ionic CuCl2 as a radiopharmaceutical for targeted
radionuclide therapy of HCC, in addition to copper
modulation therapy with copper chelators (Figure 2).

advancement has been made in understanding
the molecular biology of copper transporters and
[71]
chaperons regulating cellular copper homeostasis .
Recent advances in understanding the role of
copper in the signal transduction pathway of cellular
[53,72-76]
proliferation
support further study of copper
metabolism as a target for molecular therapy of HCC.
The selection of patients with copper hypermetabolic,
64
metastatic HCC using CuCl2-PET/CT may be helpful
for improving the efficacy of anti-copper therapy of
HCC. Human copper transporter 1 (hCtr1) is a high
affinity copper transporter which mediates cellular
[77]
copper uptake in humans . To overcome the side
effects of anti-copper therapy with long-term or
high-dose use of copper chelators, RNAi-mediated
[53]
knockdown of hCtr1
may be a promising approach
for targeted anti-copper therapy of HCC.
The use of external beam radiation for HCC has
been limited as the liver is considered a radiosensitive
organ, which may have led to early under-dosing of
[78]
patients . This limitation can be compounded when
HCC occurs in the setting of an already diseased
liver as seen with hepatitis C. Radiation-induced
liver disease in patients subjected to external beam
radiation can cause endothelial damage, platelet
activation, fibrin thrombus and venous occlusion.
These changes can lead to subsequent hepatic fibrosis.
However, there may be a role for radiotherapy in
patients with tumors that are in challenging locations,
for palliative purposes, a bridge to transplant, or in
[79]
combination with other treatment options . External
beam radiation as well as percutaneous cementoplasty
has been used for palliative purposes with successful
[80,81]
management of symptoms
.
The targeted delivery of radionuclide therapy has
been carried out by intra-arterial delivery of various
conjugates radiolabeled with therapeutic radioisotopes
including yttrium-90, iodine-131, holmium-166 and
[82,83]
rhenium-188
. Yttrium-90 labeled microspheres
are used for interventional radionuclide therapy of
[84]
HCC . Currently, there are both glass- and resinbased particles available for radioembolization of
HCC. The glass-based form has a smaller size with a
reduced embolic effect and lower incidence of postembolization syndrome. One limitation of TACE is
possible decompensation of the liver after use in
patients with hepatic artery and portal thrombus. The
use of Y-90 glass microspheres in patients with HCC
and branch or lobar portal vein thrombosis showed
favorable tumor response rates and was safe in a
[85]
trial which included 108 patients . Y-90 does not
emit gamma rays and is therefore not optimal for
imaging. In contrast, Rhenium-188 is a therapeutic
radionuclide with a physical half-life of 16.9 h and
emits both beta and gamma rays. The use of intraarterial Rhenium-188-conjugates for radioembolization
[86]
of HCC has been shown to inhibit tumor growth .
Attempts were also made to develop I-131 radiogene
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CONCLUSION
Copper is a transitional metal required for the re
gulation of cell proliferation and angiogenesis. The
exact role of copper in the development of HCC
is still poorly understood, as demonstrated by the
paradoxical suppression or increase of HCC in patients
with copper metabolic disorders such as WD. The
findings of increased uptake of radioactive copper by
extrahepatic HCC xenografts in mice invite clinical
exploration of altered copper metabolism as a new
imaging biomarker for metabolic imaging of HCC
64
metastasis with PET using CuCl2 as a radioactive
tracer. In addition, copper metabolism has potential as
a target for copper modulation gene therapy of HCC
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Figure 2 Perspective on targeting copper metabolism for the treatment of hepatocellular carcinoma. A: Copper metabolism in hepatocytes. Copper metabolism
in hepatocytes is regulated by a network of copper transporters and chaperons. Following copper uptake mediated by the influx copper transporter, hCtr1, copper is
transported intracellularly by copper chaperons and copper homeostasis is maintained by the outflow of copper mediated by the efflux copper transporter, ATP7B;
B: Targeting copper metabolism for the treatment of hepatocellular carcinoma (HCC). Copper is required for cell proliferation and may play a role in the signaling
transduction pathway regulating proliferation of HCC cells. Targeting copper metabolism with copper chelators has been tested for anti-copper therapy of HCC, with
variable response. RNAi-mediated knockdown of hCtr1 and/or other copper chaperons is a potential new approach for targeted anti-copper gene therapy of HCC.
Furthermore, ionic 64CuCl2 or 67CuCl2 have potential as new radiopharmaceuticals for systemic radionuclide therapy of HCC, based on increased 64Cu uptake of HCC
visualized on preclinical PET/CT images. hCtr1: Human copper transporter 1; ATOX-1: Antioxidant 1; Cox 17: Cytochrome c oxidase 17; CCS: Copper chaperone for
superoxide dismutase; SOD1: Superoxide dismutase 1; GSH: Glutathione; MT: Metallothionein; ATP7A: Copper-transporting ATPase 1; ATP7B: Copper-transporting
ATPase 2; PET/CT: Hybrid position emission tomography and computed tomography.
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based on RNAi-mediated knockdown of hCtr1 followed
by administration of copper chelators. Furthermore,
64
67
CuCl2 or CuCl2 may be used as radiopharmaceuticals
for radionuclide therapy of HCC and ablation of
extrahepatic HCC metastasis.
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Prediction of hepatocellular carcinoma biological behavior
in patient selection for liver transplantation
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Abstract

Umberto Cillo, Tommaso Giuliani, Marina Polacco, Luz
Maria Herrero Manley, Alessandro Vitale, Hepatobiliary
Surgery and Liver Transplantation Unit, Department of General
Surgery and Organ Transplantation, University Hospital of
Padua, 35128 Padova, Italy

Morphological criteria have always been considered the
benchmark for selecting hepatocellular carcinoma (HCC)
patients for liver transplantation (LT). These criteria, which
are often inappropriate to express the tumor’s biological
behavior and aggressiveness, offer only a static view
of the disease burden and are frequently unable to
correctly stratify the tumor recurrence risk after LT.
Alpha-fetoprotein (AFP) and its progression as well
as AFP-mRNA, AFP-L3%, des-γ-carboxyprothrombin,
inflammatory markers and other serological tests
appear to be correlated with post-transplant outcomes.
Several other markers for patient selection including
18
functional imaging studies such as F-FDG-PET imaging,
histological evaluation of tumor grade, tissue-specific
biomarkers, and molecular signatures have been
outlined in the literature. HCC growth rate and response
to pre-transplant therapies can further contribute to
the transplant evaluation process of HCC patients.
While AFP, its progression, and HCC response to pretransplant therapy have already been used as a part of
an integrated prognostic model for selecting patients,
the utility of other markers in the transplant setting is
still under investigation. This article intends to review the
data in the literature concerning predictors that could
be included in an integrated LT selection model and to
evaluate the importance of biological aggressiveness in
the evaluation process of these patients.
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Core tip: An integrated model predicting post-transplant
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Francisco (UCSF), the total tumor volume (TTV) and
[8,9]
the Up-to-7, which
are associated with good overall
middle to long term disease-free survival (DFS) rates
[10,11]
after transplantation
, are the most frequently used
and scientifically validated morphology-based criteria.
It is widely recognized, nevertheless, that use of pretransplant macromorphological criteria in the selection
process of LT candidates poses a number of relevant
drawbacks. It has likewise been shown that in a large
[12]
proportion of patients (up to 15%-25%) . There
is a significant discrepancy between pre-transplant
radiologic staging and explant pathology. These findings
are partially attributable to the time-lapse between the
last radiologic evaluation and the transplant itself during
which the tumor and the staging may have progressed.
The discrepancy may also be explained by inaccurate
radiological data leading to an underestimation of
nodule number/size. There could also be an incomplete
overlapping of macromorphological traits and absence
of microvascular invasion. In fact, although infrequent,
small paucinodular HCC may present biologically
aggressive features that would seem to predict an
unfavorable post-transplant outcome. Finally, and more
importantly, the strict adoption of macromorphologicical
criteria could lead to the exclusion of a relevant
number of patients who could, instead, benefit from
[13-17]
transplant
. Despite being outside current transplant
criteria, some multinodular HCCs and also, to a lesser
extent, relatively large tumors, have been shown
to possess a favorable biological behavior and an
acceptable long term post-transplant DFS. In view
of these findings, several clinical trials have focused
[9,18]
on expanding the Milan criteria
. According to “the
[8]
metroticket concept” , nevertheless, the further HCC
staging criteria is expanded for LT, the greater the
cost will be in terms of higher recurrence. Conversely,
when morphological selection protocols such as the
Milan one include other recurrence predictors, their
performance in predicting tumor recurrence seems to
[19,20]
be improved
, thus suggesting that other prognostic
factors do exist and may be useful in improving
prognostic accuracy. These considerations underline
how a better understanding of the proliferative activity
of HCC tumors can help to improve the selection
criteria for LT and optimize resource allocation.
Although a definitive characterization is at yet
unattainable, much light has recently been shed on the
assessment of HCC tumor aggressiveness; these data
and our own findings are the object of the present
article, which has been divided into five sections:
(1) biohumoral markers; (2) radiologic features; (3)
histology; (4) response to therapy; and (5) tumor
doubling times.

liver transplantation has not yet been defined. Current
selection criteria for liver transplantation that do not
consider its biological aggressiveness are mainly based
on morphological tumor markers that offer only a
static view of the tumor. Many biomarkers predicting
post-transplant outcome and stratifying those patients
who are candidates for liver transplantation are under
evaluation. An integrated prognostic model will make
it possible to quantify the tumor burden via functional
imaging modalities as well as biological markers.
Cillo U, Giuliani T, Polacco M, Herrero Manley LM, Crivellari
G, Vitale A. Prediction of hepatocellular carcinoma biological
behavior in patient selection for liver transplantation. World J
Gastroenterol 2016; 22(1): 232-252 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i1/232.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i1.232

INTRODUCTION
Liver transplantation is the gold standard treatment for
selected patients with hepatocellular carcinoma (HCC)
as it cures both the tumor and the underlying liver
cirrhosis. Since widespread use of liver transplantation
[1]
(LT) is still limited due to organ shortage , reliable
patient selection criteria are critical to maximize LT
survival benefit. The equipoise between the impact
that decision will have on the patients remaining on
the waiting list and on the recipient him/herself must
be based on reliable predictors of post-transplant
outcome.
Explant pathology features constitute a direct
expression of the tumor’s biological aggressiveness
and, in particular, of micromacrovascular invasion and
dedifferentiated grading. The former, in particular,
represents the most important marker of HCC ag
[2-6]
[7]
gressiveness
, Iwatsuki et al demonstrated a
more than 4-fold increased risk of recurrence following
transplant when microvascular invasion is detected.
Although associated with an excellent ability to predict
post-transplant HCC recurrence, microvascular invasion
is difficult to detect at the pre-operative biopsy. Crucial
information needed to predict the outcome and to
guide the decision-making process about listings
becomes available, therefore, only after the explant
specimen has undergone pathologic examination.
Although research has been attempting to identify
new makers, gross morphology has until now been
considered the primary prognostic parameter. Strict
adherence to macromorphological criteria (i.e., the
Milan criteria) has been considered the best selection
criteria for HCC patients in the transplant setting
since the sizes and the number of the nodules are
considered the best surrogates for microvascular
invasion. Indeed, nodule size and number are the
worldwide standard for patient selection in most
centers. The Milan, the University of California, San
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BIOHUMORAL MARKERS
AFP

[21]

First described by Abelev et al
in 1963, alphafetoprotein (AFP) is a usually fetal-specific glycoprotein
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Table 1 Hepatocellular carcinoma patients’ pre-transplant a-fetoprotein level, outcome, and biological features according to some
recent studies
No. of
patients

Static AFP cut-off
(mg/L)

Dynamic AFP

Outcome for increasing AFP
ranges

P value

Other biological
features

8659

≤ 15, 16-66, 66-320, >

-

-

Toso et al[26] (2011)

6478

-

< 0.001

-

Mailey et al[32] (2011)
Duvoux et al[20]
(2012)
Todo et al[30] (2007)
Fujiki et al[41] (2009)

2253
1033

≤ 100, 100-1000, >

< 0.001
< 0.001

653
144

≤ 200, > 1000

6 yr OS: from 70% to 60%,
57%, 51%
3 yr OS: from 71% to 60%,
51%
4 yr OS: from 76% to 54%
5 yr OS: from 68% to 51%,
39%
5 yr OS: from 73% to 34%
5 yr RFS: from 90% to 40%

-

320
≤ 100, 100-500, > 500

Sotiropoulos et al[12]

100

-

0.0003

Hameed et al[45]

211

≤ 20, 20-200,
200-1000, > 1000
≤ 1000, > 1000

Ⅵ, poor
differentiation
Ⅵ, poor
differentiation
-

0.025

Ⅵ

Kondili et al[46]

32

-

grate increasing, low
increasing

Han et al[28]

48

-

≤ 50 mg/L per month, >

Ref.
Berry et al[31] (2013)

≤ 20, > 400

-

1000
-

≤ 200, > 800

Vibert et al[29]

153

-

Merani et al[47]

6817

-

-

50 mg/L per month
≤ 15 mg/L per month, >
15 mg/L per month
Stable, ≥ 400, downstaged
to < 400

< 0.001
0.003

5 yr RFS: from 97% to 60%,
57%, 51%
5- yr RFS: from 80.3% to
52.7%
In 5 Patents with recurrence
AFP increased at a greater
magnitude than in 27
without recurrence
1 yr RFS: from 90% to 40%

-

-

< 0.001

Ⅵ

5 yr RFS: from 76% to 54%

0.01

Ⅵ

ITT survival: from 81% to
48%

< 0.001

-

OS: Overall survival rate; RFS: Recurrence-free survival rate; ITT: Intention-to-treat; VI: Vascular invasion.
[30,34-41]

whose importance in the diagnosis of HCC is well
[22-25]
[8,11,26-29]
established
. Increasing evidence
suggests,
moreover, that it also has a role in predicting outcome
[30-33]
after LT. Since many studies
have reported a
correlation between pre-LT serum AFP and post-LT
overall survival in patients with HCC, AFP is considered
an independent predictor of post-transplant survival
[30]
(Table 1). Todo et al
reported 1, 3, and 5-year
survival rates, respectively, of 84%, 77%, 72% for
AFP < 200 µg/L vs 65%, 42%, 34% for AFP > 1000
[32]
µg/L. Mailey et al likewise showed that the 1, 3, and
5-year absolute survival rates of 92%, 82%, 74%,
respectively, in patients whose AFP level was lower
than 20 µg/L decreased to 82%, 63%, 52% among
those with an AFP > 400 µg/L.
[31]
Berry et al
reported that transplant recipients
with HCC and serum AFP levels ≤ 15 ng/mL at
transplant did not have a higher post-transplant
mortality (AHR = 1.03) with respect to those without
HCC. Patients with 16 to 65 ng/mL (AHR = 1.38), 66
-320 ng/mL (AHR = 1.65), and > 320 ng/mL (AHR =
2.37) serum AFP levels had progressively worse posttransplant mortality rates in comparison with recipients
without HCC. Those investigators also reported that
patients outside the Milan criteria had excellent
outcomes if their AFP levels were < 15 ng/mL, while
those who fulfilled the Milan criteria but had high AFP
serum levels had poor survival rates.
Other investigators have reported that HCC
recurrence after LT was correlated to pre-transplant
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[41]

AFP levels
. Fujiki et al
demonstrated that the
1, 3, and 5-year recurrence-free survival (RFS) rates
in 144 patients was, respectively, 97%, 91%, 90%
when AFP was 200 µg/L. However when the AFP was
higher than 800 µg/L the RFS were 65%, 40%, 40%.
Evaluating 100 HCC transplant patients, Sotiropoulos
[37]
et al
found 1, 3, and 5-year RFS rates were 100%,
97% and 97% for AFP < 20 µg/L vs 68%, 23% and
23%, respectively, for AFP values higher than 100 µg/L.
Biological behavior features such as vascular inva
[2-7,42]
sion and tumor grade
have also been shown to be
[41]
correlated with AFP levels. Fujiki et al
demonstrated
that AFP > 800 µg/L was associated with an increased
risk of microvascular invasion and poor differentiation
of HCC with respect to AFP < 200 µg/L. In addition,
vascular invasion and tumor differentiation had the
highest odds ratios (OS) with AFP levels in a multivariate
[20]
analysis by Duvoux et al .
In view of this evidence, new transplant selection
criteria that include AFP have been investigated.
Carrying out a study on a population of 6478 patients,
[26]
Toso et al reported that both total TTV and AFP levels
were significant predictors of survival. A combined
patient selection score based on TTV and AFP was thus
developed. Compared to all the other criteria systems
tested, that score was found to be the best predictor
[20]
of outcome (Table 2). Duvoux et al
subsequently
studied a 2 cohort population (with training and
validation groups) of patients who had undergone
LT for HCC within the context of a multicentric retro
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Table 2 Integrated selection criteria schemes for liver transplantation in hepatocellular carcinoma patients
Ref.

Model

Toso et al[26] TTV/AFP

Duvoux
et al[20]

Lai et al[211]

The AFP
Model

-

No. of
Patients

Parameters

Cut-off
(points)

6478

TTV

≤ 115 cm³, >

Criteria

Endpoint

Criteria-in
outcome

Criteria-out
outcome

TTV ≤ 115 cm³
Corrected
> 65%
< 50%
115 cm³
AND AFP ≤ 400 posttransplant
≤ 400 ng/mL,
AFP
ng/mL
3-yr OS
> 400 ng/mL
Training
Longest
< 3 cm (0), 3-6
Sum of
posttransplant 7.7 % (Milan-in) 53.3 % (Milancohort: 597
Diameter
cm (1), > 6 cm
individual
5-yr RFS
14.4%
in)
Validation
(4)
points ≤ 2
(Milan-out)
47.6 % (Milancohort: 435 No. of nodules 1-3 (0), ≥ 4 (2)
out)
AFP
< 100 ng/mL
(0), 100-1000 (2),
> 1000 (3)
422
mRECIST
Progression vs No progression
5-yr RFS
RFS: 90% (Milan- RFS: 67.7%
No progression AND AFP solpe
5-yr OS
in), 87% (Milan- (Milan-in) 47%
≤ 15 ng/mL
≤ 15
AFP slope
out)
(Milan-out)
per mo, > 15
OS: 88% (MilanOS 67.3%
ng/mL per mo
in), 83.5%
(Milan-in)
(Milan-out)
55.4%
(Milan-out)

Validation
Grat et al: 104
patients with
similar results
Notarpaolo
et al[44]: 560
patients with
similar results

Not yet
validated

AFP: Alpha-fetoprotein.

spective study and identified 3 independent pre-LT
predictors of recurrence: the number of tumors, the
tumor size, and the AFP level. These parameters were
incorporated to develop a model stratifying low and
high risk of recurrence. A 3-tier AFP level score was
included in the model and cut-offs of 100 mg/L and
1000 mg/L were adopted to identify the 3 AFP groups.
The model proved to have an impact on recurrence
and on survival, and net reclassification improvement
showed that its predictability was superior to the Milan
[20]
criteria
(Table 2). Duvoux’s AFP model is, in fact,
currently used in France (www.agence-biomedecine.
fr) and United Kingdom (www.odt.nhs.uk/pdf/
advisory_group_papers/LAG/HCC_recommendations
_IR_TS_b_NAS_Work _in_Progress.pdf 19); a value
≤ 2 is used as inclusion criteria for LT in HCC patients.
The model has recently received an external validation
[43]
[44]
in Spain
as well as in Italy , and a recent United
States study confirmed the strong prognostic power
of an AFP > 1000 ng/mL threshold in HCC patients
[45]
undergoing LT meeting the Milan Criteria .
Although static, and despite the fact that a clear,
unanimous cut-off level has yet to be defined, it has
been seen AFP does indeed predict outcomes of HCC
patients undergoing LT. It is important to remember,
however, that a single assessment of serum AFP levels
are unable express dynamic changes in the tumor’
s biological behavior. Since tumor aggressiveness
shows a tendency to progress, at least two timespaced evaluations are needed to determine if the
biological course is stationary or progressing. A study
[46]
by Kondili et al
published in 2007 showed that a
rapid increase in AFP levels before LT represents a risk
factor for tumor recurrence. Another study by Han et
[28]
al
demonstrated that AFP progression exceeding
50 µg/L per month was significantly correlated to
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both vascular invasion and poorly differentiated tumor
[29]
grade. Vibert et al
who measured AFP levels once
a month in 153 patients on waiting lists for LT with
the intent of demonstrating the relevance of dynamic
AFP variations, found that its progression was more
predictive of tumor recurrence and poor survival after
LT than any static value. A slope > 15 µg/L per month
was identified as the cut-off value. As suggested by
[47]
Merani et al
decreasing AFP values also seem to
have a clinical significance. Studying 6817 HCC cases,
they reported that patients successfully downstaged
from AFP > 400 µg/L to AFP ≤ 400 µg/L had better
post-transplant outcomes than patients whose AFP
remained > 400 µg/L after downstaging. In addition,
both increasing and decreasing AFP levels were found
to be relevant to the evaluation of the oncological
behavior of HCC, identifying tumors tending toward
either a positive or a negative evolution. In view of
the biomarker’s potential relevance, the investigators
concluded that further studies are warranted to
standardize the cut-off values and assessment time
points.
Despite abundant data on AFP found in the
literature, any conclusions for the time being can only
be tentative in view of many unsolved issues. Firstly,
since AFP is a biomarker, biases linked to different
laboratory methods and processing techniques are
unavoidable and comparisons of results from multiple
laboratories/studies are uncertain. Secondly, it is
probable that the frequent exclusion of LT patients who
die within 30 post-operative days has restricted data
regarding the most aggressive tumors. According to
[48]
Hakeem et al , moreover, patients included in AFP
studies are highly heterogeneous. Finally, prognostic
evaluations based on AFP levels are made only with
regard to patients whose serum levels are higher
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[73,74]

[49]

than normal (> 20 µg/L)
despite the fact that a
considerable percentage of HCC patients are AFP[50]
negative. In a study by Yang et al
focusing on
novel prognostic biomarkers for HCC, 48.3% of the
305 patients studied had AFP < 20 µg/L. Zhang et
[51]
al
likewise reported that 30%-40% of HCC patients
studied were AFP-negative. Although a dynamic
evaluation of the biomarker (AFP slope) could partially
obviate this problem, further studies specifically
addressing HCC patients with in-range AFP values are
warranted.

et al
suggested that a combination of serum and
tissue DCP expression be utilized.
DCP’s prognostic role seems to be linked to its
association with elevated cellular proliferation and
[64,75]
tumor growth rates
as well as high infiltrative
[62,72,73,76]
growth and vascular invasion values
. Recently,
[62]
Poté et al
reported that a serum level of DCP > 90
mAU/mL was an independent predictor of vascular
invasion, while high DCP tissue expression was
associated with poor tumor differentiation. In vitro
studies have proven that PIVKA-Ⅱ is able to promote
[77,78]
cellular proliferation and migration
just as it
induces expression of angiogenetic factors such as
endothelial grow factor receptor (EGFR) and vascular
[79,80]
endothelial grow factor (VEGF)
.
While both clinical and biological reports and in
vitro studies support the view that DCP is an index of
HCC aggressiveness, its relative clinical relevance is
still under debate.

Des-g -carboxyprothrombin

Des-g carboxyprothrombin (DCP), also known as
protein induced by vitamin K absence or antagonist
Ⅱ (PIVKA-Ⅱ), was described more than twenty years
[52]
after the first description of AFP . The role of DCP
as a biomarker for the diagnosis of HCC has been
[53-56]
confirmed over the year
, just as has been its
potential to detect HCC early, given the highly sensitive
[57-59]
immune assay that has been developed
. DCP’s
sensitivity and specificity in diagnosing HCC appear
[60-62]
to be better than those of AFP
, and simultaneous
testing of both markers has been proposed for tumor
[63]
detection .
Interestingly, DCP has also been shown to be
[62,64-67]
predictive of outcomes regardless of treatment
.
Encouraging predictive values were first reported
[64,65,68]
after ablative therapies for HCC
. According to
[66]
Imamura et al
DCP was able to predict recurrences
after resection for small HCCs and, similarly, Sakaguchi
[67]
et al
demonstrated that DCP > 100 mAU/mL
was associated to a negative prognosis in HCC pati
ents within the Milan criteria undergoing resection.
Some studies have shown that DCP has a predictive
significance also with regard to LT outcome and that
it is a powerful predictive serum marker. Basing their
data on a cohort of 124 patients undergoing living
[69]
donor liver transplantation (LDLT), Shindoh et al
found that the prognosis of these patients strongly
depended on maximum pre-LT AFP or DCP values.
Multivariate analysis performed on 144 HCC patients
who underwent LDLT at the Kyoto University showed
that DCP > 400 mAU/mL was an independent risk
factor for tumor recurrence after transplant.
[41]
Fujiki et al
subsequently published the Kyoto
expanded criteria for LDLT which included preoperative
[41]
DCP levels < 400 mAU/mL, tumor size, and number .
[70]
A similar proposal was made by Taketomi et al
who
suggested a different cut-off value for DCP (DCP < 300
mAU/mL). The role of DCP was recently confirmed in
a United States population. A serum DCP ≥ 7.5 mAU/
mL in 127 HCC patients undergoing LT significantly
correlated with tumor recurrence (HR = 3.5; 1.9-6.7).
The HR increased when DCP was combined with AFP
[71]
and the Milan criteria . In addition, finding DCP
expression in the liver of HCC patients, especially in
[72]
the peritumoral tissue, both Inagaki et al
and Tang
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AFP mRNA

Post-transplant tumor recurrences are almost certainly
due to residual cancer cells from the removed tumor,
and detection of HCC cells in the peripheral blood
seems to be a direct and accurate method to predict
[81]
tumor recurrence . At the same time, AFP mRNA
expression in the peripheral blood is a reliable marker
[82]
of circulating cancer cells .
In 2005 our research group reported that the preoperative AFP mRNA level is a significant predictor of
[83]
survival after radical therapy for HCC . Marubashi
[84]
et al
likewise reported that a positive pre-operative
test for peripheral blood AFP mRNA was found to be an
independent risk factor for the recurrence of HCC after
LDLT.
Using a nested-polymerase chain reaction (PCR)
[85]
technique, Ijichi et al
reported, instead, that the
pre-operative presence of AFP mRNA-expressing cells
in the peripheral blood was not associated with after
resection HCC recurrence.
Data supporting AFP mRNA’s role as a predictor
of HCC recurrence are as yet inconclusive. Toso et
[86]
al
hypothesized that strategies to decrease the
engraftment of circulating tumor cells could lower
the risk of recurrence. Some of the strategies they
proposed were selecting recipients with low baseline
circulating HCC cells by adding biological markers to
the accepted combination of morphological criteria and
decreasing the perioperative release of HCC cells via
careful perioperative handling of the tumor.

AFP-L3%

Given its high specificity and sensitivity in detecting
tumors, in the early 90s some investigators began
to consider lens culinaris agglutinin-reactive fraction
of α-fetoprotein (AFP-L3%), the percentage of a
fucosylated form of AFP over the total AFP level, an
[87-90]
adjunctive marker for HCC diagnosis of
.
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The biomarker also seems to be able to predict
prognosis. High AFP-L3% levels have, in fact, been
reported to be correlated with poor outcome after
[91]
transcatheter arterial chemoembolization (TACE)
and with a higher risk of recurrence after local
[92,93]
[92,94]
ablation
and hepatectomy
. According to
[95]
Kobayashi et al
AFP-L3% values are useful in
predicting the outcome of patients with normal serum
[96]
AFP levels . Considering it a potential new generation
tumor marker, Kusaba demonstrated that liver cancer
cells expressing AFP-L3% showed a tendency towards
early vascular invasion and intra-hepatic metastasis,
staining more positive with Ki67and less with alpha[97]
[71]
catenin . Chaiteerakij et al
found that AFP-L3%
was significantly associated with tumor recurrence
in a population of 127 HCC patients undergoing
transplantation. Interestingly, the HR increased from
2.6 (1.2-6.6) to 4.5 (1.9-10.6) when that parameter
was added to the Milan criteria. A prognostic value
was also attributed by that same study to the absolute
AFP-L3% value .
There is still little evidence, nevertheless, to support
the prognostic relevance of AFP-L3% in the LT context.

h-TERT mRNA expression is a prognostic indicator of
poor outcome in HCC patients. The prognostic power
of h-TERT mRNA has been evaluated also in a liver
transplant setting: HCC patients with an elevation
of human telomerase reverse transcriptase mRNA
(preoperatively in the blood or after neoadjuvant
immunochemotherapy) suffered of higher tumor
recurrence and lower survival rates than those
[103,104]
without h-TERT mRNA in the blood
. More
studies are required to validate the prognostic power
of h-TERT mRNA due to an absence of an unanimous
[105,106]
consensus
.
High levels of alpha 1 fucosidase (AFU) and
transforming growth factor beta-1 (TGF-B1) seem
to be associated with poor prognosis in patients with
HCC. Although more studies are required to evaluate
[107-113]
the importance of said biomarkers after LT
.
Furthermore, biomarkers such as human cervical
cancer oncogene (HCCR), tumor specific growth factor
(TSGF) and gamma-glutamyl transferase Ⅱ (GGT
Ⅱ) have been proved to have an important role in
diagnosis, but more studies are required to clarify its
[56,114-120]
prognostic role
.

Other biomarkers: Many other HCC biomarkers
after liver resection, loco-regional treatments or LT
have been cited in medical literature but their potential
prognostic role in the transplant population has yet to
be well defined.
Furthermore, the systematic citation of each
individual marker is beyond the scope of this review,
which focuses on the most accessible and reproducible
markers used in daily clinical practice. Nevertheless
a brief mention is made for potential subsequent
studies into their prognostic value in patients with HCC
undergoing LT.
However, one particular biomarker worthy of
mention is glypican-3 (GPC3). This is a membrane
glycoprotein which is involved in cell cycle regulation
and which is detected in HCC patients. Although there
is as yet no unanimous agreement on this, high levels
of GPC3 in HCC tissue after curative resection and
LT seem to lead to poor prognosis in terms of both
[98,99]
disease free and overall survival
. In addition, a link
has been found between high GPC3 expression and
high tumor grade (moderate and poor differentiation),
late TNM stage (Ⅲ, Ⅳ), vascular invasion, tumor
multifocality and metastasis in patients with HCC.
Research has also shown high GPC3 expression to be
associated with the presence of large tumors (5 cm
[100]
or more) . The importance of glypican 3 in patients
with HCC undergoing liver transplantation has already
been proved to be useful in prognosis stratification
and several authors propose a cut-off value of 3.5 ×
-2[101,102]
10
.
Another important biomarker to mention is human
telomerase reverse transcriptase mRNA (h-TERT
mRNA). Several studies have demonstrated that high

Systemic inflammatory markers
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Systemic host inflammation is another factor that
has been evaluated as a parameter to assess tumor
[121,122]
aggressiveness
. Depending on the tumor
micro-environment, pro-inflammatory macrophages,
cytokines and chemokines seem to be factors
responsible for tumor progression given their ability to
induce metastatization and to inhibit apoptosis, thus
[123]
facilitating angiogenesis and DNA damage .
Neutrophil-to-lymphocyte ratio (NLR) is a serum
inflammatory marker that has been attracting increasing
interest since it has been found to be a predictor
of recurrence and poor prognosis in patients with
[123-125]
colorectal-liver metastasis
. High neutrophil levels
are able to enhance the propensity for vascular invasion
and metastatization by increasing the production of
[126,127]
VEGF
. Conversely, low lymphocyte numbers seem
to be responsible for impaired immunosurveillance
[128]
against disease development and progression .
[123]
In 2009, Halazun et al
demonstrated that
NLR predicts outcome in HCC patients after LT. They
reported that patients meeting the Milan criteria with
a NLR ≥ 5 had significantly worse recurrence-free
survival (RFS) and lower survival rates than patients
with a NLR < 5. Similar effects on tumor recurrence
and survival were later reported by other groups both
for cadaveric and for living donor liver transplantation
[129-132]
(LDLT)
. A recent meta-analysis evaluating
the prognostic significance of NLR in HCC patients
confirmed, moreover, that high NLR was associated
with poor OS and DFS of liver transplanted patients
with HRs of 3.42 (2.41-4.85) and 5.90 (3.99-8.70),
respectively. Notably, conventional prognostic indexes
such as vascular invasion, multiple tumors, and AFP
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radiologically detected tumors, functional imaging
studies appear to be able to provide even further
information about the tumor. F-18 fluoro-2-deoxy-d18
glucose positron emission topography ( F-FDG PET)
estimates the tumor growth and metabolism based on
calculated tumor volumes and maximum standardized
uptake values. The different ratio of glucose-6phosphatase and hexokinase in the normal liver and
tumor cells results in an increased accumulation of
18
[143]
F-FDG in primary HCC lesions .
18
While F-FDG-PET has demonstrated suboptimal
[144]
sensitivity in detecting new HCC (< 50%) , there are
reports that it is useful in uncovering the presence of
[145]
extra-hepatic metastasis
, in providing information
about HCC prognosis, and in predicting tumor
[146-149]
recurrence after LT
. In a retrospective analysis,
[146]
18
Yang et al
demonstrated that F-FDG-PET positive
patients (PET +) showed an overall greater risk of
tumor recurrence with respect to PET negative (PET-)
patients (OR = 7.6). Its ability to predict prognosis and
tumor recurrence was confirmed in 2009 by Kornberg
[147]
et al
who carried out a retrospective analysis on 42
liver transplanted patients. Their results demonstrated
that PET+ patients had a significantly worse 3-year
DFS (35%) and a higher recurrence rate (RR 50%)
than PET- patients (DFS = 93%, RR = 3.8%). The
same research group recently demonstrated that
HCC patients meeting the Milan criteria with a non18
avid F-FDG PET achieved an excellent DFS after
LT (> 80% at 5-year follow-up). An avid uptake of
18
F-FDG was found to be an independent predictor of
tumor related drop-out from waiting lists. This finding
confirms the potential advantages of this technique in
[148]
the LT setting .
As far as biological findings are concerned, Yang
[146]
+
et al
demonstrated that PET (greater PET lesion
uptake) HCCs were significantly associated with some
poor prognostic factors such as AFP > 200 ng/mL
[146]
(P < 0.001) and vascular invasion (P = 0.003)
.
Kornberg likewise demonstrated that PET+ status was
an independent predictor of microvascular invasion.
18
The uptake of F-FDG in HCC patients is reported,
moreover, to vary according to the degree of tumor
[146]
differentiation
. Well- and well-to-moderately
18
differentiated HCCs, in particular, exhibit an F-FDG
metabolism that is similar to normal liver tissue while
moderate-to-poorly and poorly differentiated HCCs
[146,150,151]
demonstrate an enhanced one
.
18
New tracers (e.g., F-fluoropropyloxy-L-tryptophan
3
11
11
and L-methyl- H-methionine, C-metomidate, C-acetate,
18
11
F-fluorocholine and C-choline) aiming to improve
PET’s specificity and sensitivity in detecting HCC and
[152-154]
its metastases are presently under investigation
.
Dual Tracer PET-CT imaging is also under examination:
11
18
C-acetate and F-FDG have already demonstrated high
sensitivity and specificity in detecting HCC (about 95%
and 100% respectively) in candidates for LT or liver
[155,156]
resection
; the potential role of these new tracers
[157]
and the recently introduced oncologic PET-MRI
in the

≥ 400 ng/mL were also reported to be correlated with
[133]

[69,134]

NLR
. Despite discordant findings
, the data
uncovered until now suggest that NLR can contribute
to the LT selection process of HCC patients. Further
data are needed to confirm the marker’s effectiveness.
Other inflammatory-related prognostic markers
are under evaluation. In a retrospective intention-totreat analysis on 181 HCC patients listed for LT, Lai et
[135]
al
demonstrated that the platelet-to-lymphocytes
ratio (PLR) > 150 was more efficacious than NLR in
predicting the risk of HCC recurrence after LT and
that it can be used to stratify patients for tumor-freesurvival (91.6% vs 80.7%, P = 0.02). The usefulness
of PLR was recently confirmed by a Chinese study
focusing on a cohort of 343 HCC in whom a PLR =
125 was found to be the most appropriate cut-off to
predict tumor-free survival after LT (sensitivity 61.6%,
[136]
specificity 62.7%)
. Unanimous agreement has,
[134]
however, yet to be reached .
Some have hypothesized that an inflammatory
response is implicated in the pathogenesis of cancer[137]
related malnutrition
. The prognostic nutritional
index (PNI) has been proposed as a further marker
of inflammation and HCC-related prognosis. Chan
[138]
et al
demonstrated that PNI is an independent
prognostic index of OS and DFS after surgical resection
of Barcelona Clinic Liver Cancer (BCLC) Stage 0/A, but
its potential role in the liver transplant setting is as yet
unestablished.
Due to a clear lack of single, self-sufficient pro
gnostic biomarkers, some attempts have been made
to assess prognosis using an integrated combination of
[139]
more than one of these. Toyoda et al
for example,
used an Asian population to develop the so-called
BALAD staging score which is based on 5 serum
markers including AFP, AFP-L3% and DCP; the scoring
system’s predictive power was found to be similar to
that of the BCLC staging system . Although the model
[140]
was recently validated on a British population
, it
has yet to be validated in a transplant setting.
Retrospectively studying 185 patients who
underwent hepatectomy for HCC, Kiriyama concluded
that triple positive tumor markers for HCC (AFP,
AFP-L3% and DCP) correlated with the poorest
prognosis and the most invasive characteristics in
[141]
pathological findings .
As a final consideration, research on miRNA plasma
expression is arousing interest in view of the potential
role of miRNA signature profiling in HCC prognosis
[142]
stratification .

RADIOLOGICAL FEATURES: THE ROLE
OF 18F-FDG-PET IMAGING
Morphological imaging studies have proven to be
effective in predicting outcome after orthotopic liver
transplantation (OLT). While both the Milan and the
UCFS criteria are based on the size and number of
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transplant scenario and their ability to detect biological
aggressiveness remain to be established.

the quality of the tissue sample, the histologic grade is
subject to inter-observer variability. Notwithstanding
the existence of the Edmondson and Steiner grading
[165]
system , and although automated grading systems
[166]
have been proposed , HCC biopsy imaging grading is
still visual, qualitative, and subjective. Indeed, the interobserver variability has been shown to be relevant,
with a K statistic from 0.32 to 0.66, respectively, for
[167]
moderately and well differentiated HCC
. Lack of
concordance clearly limits the widespread use of a
grade-based selection protocol of HCC patients for LT.
On the other hand, if one goes beyond the
possibility of “false negative” results, virtually all
G3 biopsies in HCC patients refer to true poorly
differentiated tumors, and all high grade tumors prove
to be strictly correlated with poor outcome after LT.
Excluding these patients from LT listing may contribute
to reducing the prevalence of patients with aggressive
HCC and this, of course, will lead to beneficial results
in terms of overall post-transplant outcome, as has
been reported by one of our studies as well as by a
Canadian study.
Multiple fine needle aspiration biopsies (FNABs) are
not, however, recommended given the complication
[168]
rates that vary from 0.75% to 13.6%
. Cases of
bleeding have also been described in 1/500 biopsies
and those requiring urgent hospitalization and blood
transfusion range from 1 /2500 to up to 1/10000
biopsies. There is, in addition, a 0 to 3% risk of needle
tract seeding in most studies although it did not seem
[169-171]
to influence the oncological outcome
.
A visual liver and biopsy site assessment could
overcome these sampling issues. Core needle biopsy
(CNB) under laparoscopic ultrasonography (LUS)
guidance makes it possible to directly examine the
[172,173]
[174]
area to be sampled
. Helmreich-Becker et al
described LUS guided CNB as a safe and feasible
procedure. LUS appears to be extremely promising tool
in the transplant setting; biopsy specimens and high
diagnostic accuracy can be obtained, and HCC can be
treated (downstaging - bridging) all at the same time
and potentially repeatedly. Further studies are needed
to establish its role in the pre-transplant assessment of
HCC patients.
While current guidelines do not include liver biopsy
[175]
to diagnose radiologically typical
HCC, given the
tendency to characterize tumors focusing on their
molecular features, biopsies will presumably play a
key role in the near future. Large steps forward have,
in fact, been made in the molecular signatures field
thanks to the development of microarray technolo
gies which permit the tumor expression of several
molecular markers associated with deregulation of
genes or pathways to be tested at the same time by
[176,177]
processing a tumor tissue sample
. Deregulation
of these genes and pathways has, in turn, been proven
to affect some of the tumor’s biological features such
[178,179]
[180,181]
as vascular invasion
and growth rate
,

HISTOLOGY: THE PRE-TRANSPLANT
LIVER BIOPSY
As mentioned above, microvascular invasion is an
established independent prognostic factor for HCC
[2-7]
recurrence after LT . A strong correlation between
microvascular invasion and the histologic tumor
grade of HCC has, in fact, been reported by many
[2,14,19,158,159]
authors
, and high tumor grade has been
found to be an independent predictor of vascular
[160]
[42]
invasion . In addition, Tamura et al
reported that
histologic differentiation itself represents an independent
predictor of survival following transplantation since a
low tumor grade increases the 3-year survival rate both
in patients with small (≤ 5 cm) and large (> 5 cm)
tumors.
A very low post-transplant tumor recurrence rate
was found by our group when a pre-transplant biopsy
grade-based selection protocol that did not include the
patient’s Milan criteria standing was utilized in 145 HCC
patients. When the G3 HCCs were excluded from LT,
the 5 year survival free recurrence was 92% and none
[19]
of the patients with tumors > 5 cm had recurrence .
When poorly differentiated HCCs were excluded from
our patient database, only 12% of the tumors were
> 5 cm which, of course, confirms the relevance of a
[161]
tumor grading selection system. DuBay et al
who
subsequently validated this approach, studied 294 HCC
patients for 8 years during which time they gradually
tested and developed a transplant selection protocol.
Their findings showed results gradually shifting away
from the Milan criteria and towards a biopsy-based
system (the extended Toronto criteria). A comparison
between the two periods of the study confirmed
that the exclusion of poorly differentiated tumors
irrespective of macromorphological features (Milan
criteria) achieved excellent survival rates.
[162]
Findings from Pawlik et al
single-center study
did not, however, confirm the independent prognostic
power of a pre-operative biopsy for outcome after LT.
While the tumor grade associated with vascular invasion
or disease-specific death was not significant, the tumor
grade on the final pathologic examination was found to
be a reliable predictor of vascular invasion and outcome.
The disparity between the preoperative histology and
the final surgical specimen analysis may be explained
by the fact that well or moderately-differentiated tumor
areas can coexist adjacent to poorly differentiated
ones. Sampling bias should, therefore, always be taken
into consideration. The median tumor size in Pawlik
[162]
et al
study was 7.0 cm, and half of the patients
had very large tumors with a markedly increased risk
[163,164]
of heterogeneity and dedifferentiation
. More
generally, while the biopsy reading is strictly related to
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[187]

and several studies have shown that it plays a role
[181-184]
in worsening prognosis
. In a recent paper, Villa
[181]
et al
demonstrated that a five-gene trascriptomic
hepatic signature including angiopoietin-2, NETO2,
DLL4 ESM1 and NR4A1 was able to rapidly identify
growing HCCs and was independently associated with
an increase in mortality. Several signatures, including
[185]
the miRNA expression pattern
have been proposed
and studied until now, but agreement on the best
predictive molecular signature pattern has yet to be
reached.
It is worth mentioning that epigenetic features have
also been investigated as prognostic biomarkers. In
fact, as with other cancers, HCC has demonstrated a
distinct methylation profile. The hypermethylated form
of p16 (CDKN2A), for example, a tumor-suppressor
gene involved in cell cycle regulation, has already been
associated with advanced stages of HCC, vascular
invasion, poor tumor differentiation and, finally, with
[186]
worse prognosis .
In view of its relatively recent appearance, the
molecular signature still lacks clinical relevance.
Evidence gathered until now suggests that it can be
potentially used in the LT evaluation workup. Even
more importantly, in the same way that a great deal of
information can be gained from a biopsy specimen, the
same can be said for the tumor’s histological features.
In addition, recent technologies have made it possible
to obtain genomic profiling on formalin fixed, paraffin
embedded samples making the molecular signature a
feasible, reproducible tool for tumor evaluation in the
[184]
near future .

In an intention-to-treat analysis, Millonig et al
demonstrated that patients with a complete response
to TACE had 1-, 2-, and 5-year survival rates of
89.1%, 85.1%, and 85.1%, respectively, compared
with 68.6%, 51.4%, and 51.4% in non-responders (P
= 0.02). Similar results were also found by our group
while studying recurrence after LT in patients who
were stratified into responder and non-responders
to pre-transplant HCC therapy. The probability of
post-transplant HCC recurrence was shown to be
[15]
higher in the non- responder (P = 0.04) group . In
[207]
a seminal study by Otto et al
136 HCC patients
who underwent TACE were assessed during the
waiting period for LT in accordance with the Response
Evaluation Criteria in Solid Tumors (RECIST) criteria.
The authors reported a 22% 5-year freedom from
recurrence rate in the TACE-with-progression group
and a 92% rate in the TACE-without-progression one
(P < 0.0001). Response to therapy was also more
predictive of outcome than was the Milan criteria (P =
0.0001).
Different 5-year recurrence rates (19.4% in patients
with partial or no response to bridging therapy vs
5.5% in responders) were also detected by Cucchetti
[199]
et al
who studied the data of 315 LT candidates.
A strict correlation between tumor responsiveness
and outcome was also found when progression or
no-progression was found at the pathological exa
[208,209]
[210]
mination
. Ho et al
assessed loco-regional
treatment (both as downstaging or bridging strategies)
before LT in 86 HCC patients by dividing the population
into 3 subgroups depending on the degree of tumor
necrosis at the pathological examination (group Ⅰ:
10%-50%; group Ⅱ: 50%-90%; and group Ⅲ: > 90).
The patients with a higher necrosis rate after therapy
(group Ⅲ) were found to survive longer (P = 0.003)
and had significantly lower recurrence rates than the
patients in the other two groups (P = 0.001). Finally,
when response to therapy was integrated with higher
AFP levels, its power to predict prognosis in terms
of RFS and OS was found to be enhanced. Absence
of progression as far as tumor burden and the AFP
(slope ≤ 15) were concerned identified a subgroup
of patients with excellent prognosis, irrespective of
[211]
conventional criteria
(Table 2).
With regard to downstaging, some studies have
shown that the outcome of downstaged HCCs patients
was similar to that of patients meeting the Milan criteria.
[17]
Ravaioli et al
reported a 3-year RFS in patients
fulfilling the Milan criteria and in downstaged patients
of 83% and 75%, respectively (P = NS). As outlined
in Table 3, similar results were found by Chapman
[212]
[213]
[214]
et al
and De Luna et al
. Yao et al
recently
reported long term results after LT in HCC patients
downstaged to T2 and compared their data to those
of patients meeting the Milan criteria: the 5-year posttransplant and recurrence-free survival were 77.8%
and 90.8%, respectively, in the downstaged group vs
81% and 88% in the T2 group (P = NS). Since the

RESPONSE TO THERAPY
Loco-regional therapy response in LT candidates with
HCC has been extensively studied over the last 10 to
15 years, but an in-depth analysis of the topic does not
[15,29,175,187-200]
fall within the aims of the current work
.
Despite the fact that there is a paucity of randomized
clinical trials regarding downstaging or bridging
therapies, most centers throughout the world adopt
loco-regional therapies before or after placing a patient
[188,196,201-203]
on a waiting list
.
Resection, ablation (either percutaneous or lapa
roscopic), or TACE alone or together with other
therapies, which are the most widely used therapeutic
strategies, aim to reduce the dropout rate while
patients are on waiting lists and/or tumor recurrence
[204-206]
after LT
. Although downstaging strategies focus
on reducing the tumor burden until the patient meets
transplantation criteria (i.e., Milan), it is widely accepted
that a prolonged response to downstaging therapies
can itself be considered a selection criteria that mirrors
the biologic behavior of the tumor and predicts a
relatively low risk of recurrence after LT. Similarly, as
reported by a number of studies, a good response to
bridging therapies can serve as a surrogate marker of a
favorable tumor biology (Table 3).
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Table 3 Response to therapy: comparison of outcomes following different pre-transplant strategies
Ref.

Millonig et
al[187]

Chapman et
al[212]

Ravaioli et
al[17]

Yao et al[214]

De Luna et
al[213]

Graziadei et
al[190]

Otto et al[195]

Response
assessemnt

Transplant
criteria

TACE

RECIST

UCSF

Resection,
ablation,
TACE

Vitale et al[15]

Cucchetti et
al[199]

Treatment

Resection,
ablation,
TACE

Resection,
ablation,
TACE

Resection,
ablation,
TACE

Resection,
ablation,
TACE

TACI

TACE

TACE

RECIST

RECIST

mRECIST

RECIST

mRECIST

NA

NA

mRECIST
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Milan

Milan

Milan

Milan

Milan

Milan

Milan

Milan

No. of patients

Total
Downstaging
(DS)
Bridging (B)

116
NA

Total
DS

136
76

B

60

Total

147

DS
B

NA
NA

Total
DS

315
53

B

240

Total

177

DS

48

B

NA

Total
DS

606
118

B

NA

Total

122

DS

27

B

NA

Total
DS

63
15

B

48

Total
DS
B

136
49
87

NA

241

Outcome

Comparison
between
responders and
non responders

Total
DS responders

5-yr OS =
25%
B responders 5-yr OS =
85.7%
B non
5-yr OS =
responders
51.4%
Total
DS responders 5-yr RFS =
50%
B responders 5-y RFS =
B non
62.6%
responders
5-yr ITT
survival =
74%
DS responders
B responders
5-yr ITT
survival =
83%
B non
5-yr ITT
responders
survival =
63%
Total
DS responders 5-yr RR =
19.2%
B responders 5-yr RR =
5.5%
B non
5-yr RR =
responders
19.4%
Total
3-yr RFS =
82%
DS responders 3-yr RFS =
75%
B responders 3-yr RFS =
B non
83%
responders
Total
DS responders 5-yr RFS =
90.8%
B responders 5-yr RFS =
B non
88%
responders
Total
3-yr OS =
82.7%
DS responders 3-yr OS =
84.1%
B responders 3-yr OS =
B non
84.7%
responders
Total
NA
DS responders 4-yr OS =
41%
B responders 5-yr OS =
94%
B non
na
responders
Total
DS responders 5-yr RFS =
B responders
92%
B non
5-yr RFS =
responders
22%

Comparison
between downstaged
patient vs
conventional criteria
NS1

0.02

NS
NA

NA
< 0.01

NS1
0.017

NS
NA

NS
NA

NS
NA

NA
NA

< 0.0001

NA
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De Giorgio
et al[198]

Resection,
ablation,
TACE

NA

Milan

Total
DS
B

206
NA
83

Total
DS responders
B responders
B non
responders

NA
NA
NA

1

Computed not stastically significant. NA: Not available; NS: Not statistically significant; OS: Overall Survival; RFS: Recurrence free survival or freedom
from recurrence; RR: Recurrence rate; RECIST: Response Evaluation criteria in solid tumors; mRECIST: Modified response evaluation criteria in solid
tumors; TACE: Trans arterial chemo-embolization; TACI: Trans Arterial chemo-infusion; UCSF: University of California San Francisco.

2-year cumulative probability for dropout was 34.2% in
the downstaged group vs 25.6% in the T2 LT recipient
group, this suggests that downstaging has an important
impact on tumor biology. Interestingly, the prevalence
of microvascular invasion and of poorly differentiated
grade was found to be similar in the two groups when
the final pathological features were compared.
These findings provide further evidence that nonresponsive HCCs could conceal an aggressive biology
while responsive ones could mirror a milder behavior.
At the same time, they emphasize the relevance of
response to therapy as an index of tumor biologic
aggressiveness and the need to develop standardized
guidelines to evaluate it. Several studies suggest using
the modified version of Response Evaluation Criteria
[215-218]
In Solid Tumours (mRECIST)
which constitute
the modified version of the RECIST criteria for the
[219]
assessment of response to therapy in solid tumors .
With respect to conventional criteria, modified ones
include an oncological assessment of tumor viability
and focus on reducing the viable tumor volume,
defined by enhanced areas on imaging. Standardized
criteria could help to improve homogeneity in response
to therapy assessments.
There are, nevertheless, still some limitations
with regard to the reliability and reproducibility of
mRECIST. Since tumor assessment is subjective, its
accuracy depends both on the technician’s ability as
[220]
well as on the quality of imaging
. Furthermore,
its criteria are only applicable to HCC with typical
features because assessment of response in atypical
[220]
HCC remains obscure
. Finally, vascular shunt and
alterations (especially for infiltrative tumors) can alter
enhancement and thus lead to interpretation errors. In
view of these and other considerations, some authors
suggest evaluating AFP variations together with
radiological features for an objective assessment of
[47,211]
response to therapy
.
A potential drawback of bridging and downstaging
therapies is, however, tumor dedifferentiation. Kojiro et
[221]
al
reported that tumors with sarcomatoid changes
were more frequent in patients who were treated
with TACE before transplant than those who were not.
Sarcomatoid modification has also been described in
[222,223]
some case reports after radiofrequency ablation
.
[224]
Zen et al
reported that only pretreated HCCs showed
dedifferentiation towards a biliary phenotype when they
[225]
analyzed explanted specimens. Yamamoto et al
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reported a high recurrence rate after radiofrequency
ablation (RFA) in tumors that had aggressive biological
features.
Selection pressure on resistant cells, phenotypic
adaptative changes, and the protein expression
normally trigged by hypoxia may explain therapy[224,226]
induced histopathological changes
. Regardless
of etiology, caution should be used when applying preLT therapies as investigation tools given the biological
switch phenomenon.

Test of time

A complete or partial response to therapy does not
guarantee that it will be stable over time, and a rapid
recurrence after response could uncover an aggressive
tumor biology which would contraindicate the transplant.
Not only the assessment of the response to therapy
but also the course following that response (or more
generally the overall tumor growth rate) are important
considerations when HCC patients are being evaluated
for LT as far as the so-called “test of time” is concerned.
Reporting good outcomes when tumors were closesly
evaluated for 8 mo from the time of ablation to the
[210]
date of enlisting a patient for transplant
, Roberts
[210]
et al
proposed scheduling a waiting period following
downstaging procedures to assess tumor behavior. Toso
[227]
et al
also stressed the importance of an observation
period between entering a downstaging program and
being placed on a transplantation waiting list and
suggested utilizing at least a 6-mo minimum test of
[122]
time. Cescon et al
instead, proposed using a 3-mo
waiting period with re-staging at the end to verify the
new status. Despite the drawback of having to wait
and the intrinsic increase in drop-out risk, the test of
time appears to be an efficacious surrogate marker of
tumor aggressiveness that could be integrated with
other “static” prognostic tools (histology, response to
therapy, morphologic studies). Further studies using
standardized response assessments and homogeneous
periods are needed to evaluate the parameter’s true
potential.

VOLUME DOUBLING TIME
In 1961 Mordecai Schwartz proposed a biomathematical
approach to clinical tumor growth and the formula he
outlined to calculate the oubling time (DT) was:
DT = t ln2/(lnV2-lnV1)
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Where t is the time interval between measurements
and V2 and V1 are the tumor volumes detected at
imaging, respectively, at the end and at beginning of
[228]
the time interval .
Subsequent studies described a wide variability
in DTs with values ranging from < 30 d up to 600
[229-234]
d
. The assumption that various growth velocities
reflect different tumor behaviors led researchers to
search for correlations between HCC DT and other
tumor or patient characteristics. The close relationship
between DTs and prognosis has recently been
[181]
investigated by Villa et al
in a prospective study
on 78 patients with newly diagnosed HCC. Study data
confirmed that tumor doubling time ranged from 30
to 621 d. When the study population was divided
into quartiles according to HCC growth rate, different
survival profiles depending on the speed of tumor DT
were found: 25% of the patients demonstrated DTs
less than or equal to 53 d and had a significantly worse
prognosis than the patients with DTs in other quartiles,
[181]
regardless of the treatment prescribed .
Static macromorphological parameters such as initial
tumor diameter and ultrasound features have been
[231,234]
demonstrated to be correlated with DT
. More
interestingly, however, DT seems to be correlated with
[229,231,232]
[229,230]
tumor differentiation
, mitotic activity
,
vascular invasion and direct indexes of biological
[229]
aggressiveness. Nakajima et al
studied 34 patients
with small HCCs using some markers of cell division
such as Ki-67, Apo-I and their histologic grade to
classify the tumors as slowly, moderately, or rapidly
growing. They concluded that the more rapid the
tumor growth, the higher the cell production and the
[229]
less differentiated the tumor . Moreover, as reported
[232,234-236]
by several studies
, AFP levels were found
to be correlated with tumor growth velocity, and this
finding has confirmed the indirect link between DT and
biological aggressiveness.
In addition, the direct influence of DT on outcome
[230]
after surgery has also been reported. Okazaki et al
outlined poor outcomes after hepatectomy in those
patients whose DT was short. Similarly, Cucchetti et
[232]
al
calculated that the 3-year recurrence rate after
liver resection was significantly higher in patients with
DT < 100 d than in those with DT > 100 d (P = 0.008).
Even if there are no reports on the effect of DT on the
post-transplant outcome, the studies mentioned above
clearly demonstrate that a tumor’s growth velocity
is a faithful mirror of its intrinsic aggressiveness. It
seems reasonable then, although there are no studies
to prove it, that rapidly growing tumors have poor
outcomes after LT.
While the strict correlation between AFP levels
and tumor growth velocity has been repeatedly
[232,234-236]
demonstrated
, the lack of agreement about
[237]
this link
and the ease of obtaining the DT parameter
point the way to further research on the role of DT in
the evaluation of HCC aggressiveness in LT candidates.
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CONCLUSION
Predicting post-transplant HCC recurrence on the
basis of the tumor size and the number of nodules can
only seem simplistic and imprecise in the light of the
disease’s complexity. A number of recent studies have
confirmed the predictive accuracy of other parameters
used to assess the biological behavior of HCC and in
particular with reference to tumor progression and
response to therapy. Prospective randomized studies
designed to validate the prognostic role of each of
these parameters present relevant feasibility issues.
Repeatable, multiparametric, integrated models
develped on the basis of large multicentric prognostic
studies are no doubt the best strategy to improve our
ability to select the most appropriate HCC patients for
liver transplant.
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Abstract

Hans Van Vlierberghe, UZ Gent, Department of Gastroenterology
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Hepatocellular carcinoma (HCC) is a frequent cancer
with a high mortality. For early stage cancer there
are potentially curative treatments including local
ablation, resection and liver transplantation. However,
for more advanced stage disease, there is no optimal
treatment available. Even in the case of a “curative”
treatment, recurrence or development of a new cancer
in the precancerous liver is common. Thus, there is
an urgent need for novel and effective (adjuvant)
therapies to treat HCC and to prevent recurrence
after local treatment in patients with HCC. The
unique immune response in the liver favors tolerance,
which remains a genuine challenge for conventional
immunotherapy in patients with HCC. However,
even in this “immunotolerant” organ, spontaneous
immune responses against tumor antigens have been
detected, although they are insufficient to achieve
significant tumor death. Local ablation therapy
leads to immunogenic tumor cell death by inducing
the release of massive amounts of antigens, which
enhances spontaneous immune response. New
immune therapies such as dendritic cell vaccination and
immune checkpoint inhibition are under investigation.
Immunotherapy for cancer has made huge progress in
the last few years and clinical trials examining the use
of immunotherapy to treat hepatocellular carcinoma
have shown some success. In this review, we discuss
the current status of and offer some perspectives on
immunotherapy for hepatocellular carcinoma, which
could change disease progression in the near future.
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a survival benefit of approximately 3 mo . Other
molecules, such as sunitinib or linifanib have not been
[7,8]
proven to be superior to sorafenib . Several newer
molecules have been shown to confer a survival
[9]
advantage in a subset of patients . The mean survival
of patients with advanced stage HCC is less than 1
year.
Recurrence rates remain high in very early to
intermediate stages despite the availability of poten
tially curative treatment. There are 2 main reasons
responsible for this phenomenon. First, a small
tumor that is undetectable using current imaging
modalities may exist before treatment and would
thus be left untreated; second, a new tumor may
occur in the diseased liver, which can be considered a
pre-neoplastic organ. The efficacy of combining local
treatment with systemic treatment has been studied
in several clinical trials. In phase Ⅰ and Ⅱ trials, the
preliminary results from using combination therapies
were promising. However, two large multicenter phase
Ⅲ trials studying the effect of sorafenib after TACE
[10]
(SPACE study)
or surgical resection/RFA (STORM
[11]
study)
failed to demonstrate any adjuvant effect
of sorafenib on survival. This underlines the need
for novel and effective adjuvant therapies to treat
patients with HCC and to prevent recurrence after local
treatment.

Core tip: Hepatocellular carcinoma is a frequent cancer
with a high mortality. For early stage cancer there
are potentially curative treatments including local
ablation, resection and liver transplantation. However,
recurrence or development of a new tumor after
treatment are not uncommon. Moreover, for more
advanced stage disease, there is no optimal treatment
available. Thus, there is an urgent need for novel and
effective therapies for advanced stage hepatocellular
carcinoma, and to prevent and to treat recurrence after
local treatment of hepatocellular carcinoma.
Aerts M, Benteyn D, Van Vlierberghe H, Thielemans K,
Reynaert H. Current status and perspectives of immune-based
therapies for hepatocellular carcinoma. World J Gastroenterol
2016; 22(1): 253-261 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i1/253.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i1.253

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common and fatal cancers in the world. Men are more
often affected than women, with 554000 and 228000
new cases per year, respectively. It is the second
most common cause of death from cancer worldwide,
leading to 746000 deaths in 2012. Viral hepatitis B and
C, chronic alcohol consumption and non-alcoholic fatty
[1]
liver disease are major risk factors .
Once diagnosed, HCC frequently has a dismal
prognosis because of the low effectiveness of available
treatments. The choice of treatment is selected
according to the Barcelona Clinic Liver Cancer staging
system, which integrates tumor characteristics and
performance status with liver function and links them
[2]
to evidence-based therapeutic option . Early and
very early stage tumors are potentially curable with
surgery (resection or liver transplantation) or local
therapies including radiofrequency ablation (RFA) or
percutaneous ethanol injection. The 5 year survival
[2]
rate in these patients ranges from 40% to 70% . In
the absence of liver transplantation, tumor recurrence
is observed in 70% of patients after resection or RFA
after a time period of 3 years. Unfortunately, less than
30% of HCC patients are eligible for these procedures
because most have intermediate or advanced stage
disease at diagnosis (large or multifocal tumors, or liver
insufficiency, which limits treatment). For intermediate
stage tumors, transarterial chemoembolization (TACE)
(conventional or drug eluting beads) has become the
[3]
standard of care . However, there is certainly room for
improvement because the 3-year survival rate is only
[4,5]
approximately 60% . In advanced stage disease,
the oral multi-targeted kinase inhibitor sorafenib offers
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IMMUNE RESPONSE IN THE LIVER AND
IMMUNOTHERAPY
The liver is a unique organ in several ways, one
of which is its blood supply. Approximately 25%
and 75% of the blood enters the liver through the
[12]
hepatic artery and portal vein, respectively . After
a meal, the percentage of the portal vein supply
increases further. The portal vein drains into smaller
diameter structures, known as the sinusoids. Vascular
resistance is very low in these structures, and portal
venous blood, which is loaded with food and microbial
antigens from the intestine, flows extremely slowly in
the sinusoids. Moreover, liver sinusoidal cells (LSECs)
are fenestrated thus facilitating the passage of cells
and antigens between the sinusoids and the space of
Disse, which is in contact with hepatocytes. With the
exception of hepatocytes and biliary cells, the liver
hosts a number of non-parenchymal cells including
LSECs, hepatic stellate cells, Kupffer cells, dendritic
cells (DCs), and lymphocytes. All of these cells play
roles in the barrier function of the liver, separating it
from the gastrointestinal tract and the rest of the body.
Indeed, DCs, LSECs, hepatic stellate cells and Kupffer
cells are all able to present antigens to antigen-specific
lymphocytes. These cells are resident cells and induce
tolerance rather than immunity. For a more detailed
discussion of the immunological properties of the liver,
we refer the reader to several recent, excellent reviews
[13-15]
on this topic
.
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Figure 1 Immune-based therapies for hepatocellular carcinoma. Tumor-specific T cells can be stimulated by several ways including adoptive cell therapy, tumor
vaccines, cytokines or by inhibiting immune suppressive mechanisms (immune checkpoint inhibitors, depletion of Tregs or MDSCs). These tumor-specific T cells are
able to kill the tumor cells in an antigen-specific way. Conventional therapies (RFA, TACE, PEI, microwave ablation, TARE) can destroy tumor cells, which result in the
release of tumor antigens and danger-associated molecular patterns that can activate DCs resulting in the activation of tumor-specific T cells. RFA: Radiofrequency
ablation; PEI: Percutaneous ethanol injection; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization; DAMPs: Danger-associated molecular
patterns; PAMPs: Pathogen-associated molecular patterns; DC: Dendritic cell; NK: Natural killer; LAK: Lymphokine-activated killer; NKT cell: Natural killer T cell; CIK:
Cytokine-induced killer; CAR: Chimeric antigen receptor; CTL: Cytotoxic T lymphocyte; Treg: Regulatory T cell; MDSC: Myeloid derived suppressor cells; CTLA-4:
Cytotoxic T lymphocyte antigen 4; PD-1: Programmed-death 1.

Immunotherapy for cancer is based on harnessing
the potential of the immune system to destroy
malignant cells. However, immune responses in the
liver might be problematic, as the liver mainly induces
tolerance. The liver is a distinctive organ with respect
to immune function and possesses a unique form
of immune regulation: immune tolerance is induced
to avoid chronic inflammation caused by antigens
present in portal vein blood. This might prevent an
adequate immune response against malignant cells.
Indeed, it has been shown that an increased quantity
of circulating regulatory T (Treg) cells in patients
with HCC is associated with a high mortality rate
[16]
and reduced survival . Overcoming this immune
tolerance is thus an important challenge in the search
for an effective immunotherapy against HCC. On the
other hand, there have been reports of spontaneous
regression of HCC associated with tumor hypoxia or
[17]
systemic inflammatory response . Additionally, the
regression of HCC has been described following the
[18]
discontinuation of immunosuppressive therapy .
Therefore, immunotherapy remains an attractive
approach for boosting the immune system in patients
with HCC to enhance the efficacy of current therapies
(Figure 1).
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SPONTANEOUS TUMOR-SPECIFIC
IMMUNE RESPONSE IN THE LIVER
Immune evasion is a characteristic of cancer and is even
more prevalent in organs with high immune tolerance
+
+
+
such as the liver. High levels of CD4 CD25 FOXP3 Treg
cells in peripheral blood are an independent predictive
factor of poor survival after TACE treatment in patients
[19]
with HCC . In addition, the presence of high numbers
+
+
of intrahepatic CD8 FoxP3 regulatory T cells was found
[20]
to be associated with more advanced stages of HCC .
Additionally, there is an increased presence of myeloidderived suppressor cells is increased in patients with
[21]
HCC compared to healthy donors .
Even if HCC is not generally considered an “immu
nogenic” tumor type, immune responses do occur in
livers that have been invaded by HCC. In a number
of patients, spontaneous immune responses against
tumor antigens have been detected, but these
were insufficient to achieve a significant therapeutic
[22-24]
effect
. Moreover, naturally occurring tumorassociated antigen-specific T-cell responses exist in
[25]
patients with HCC and correlate with patient survival .
Patients whose tumors express multiple tumorassociated antigens (TAAs) and contain TAA-specific
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+

CD8 T-cell lymphocytic infiltrates show longer survival
[25-27]
+
rates and a lower risk of recurrence
. A strong CD8
T-cell response against TAAs was shown to improve
recurrence-free survival after surgery.
Over the past 15 years, a number of TAAs have
been identified in HCC, some of which elicit tumor[24]
specific immune responses . Most of the identified
TAAs are not specific to HCC, but some HHC-specific
TAAs are targeted by T cells, which makes them good
potential targets for immunotherapy; these include
alpha-fetoprotein (AFP), glypican 3 (GPC3), melanoma
antigen gene A (MAGE-A), and New York-esophageal
[25,28]
squamous cell carcinoma-1 (NY-ESO-1)
.
AFP, which is expressed in the fetus and repressed
after birth, is re-expressed in the majority of HCCs.
Even if it has a low sensitivity and specificity as a
serum marker, it continues to represent a useful clinical
[29]
marker for HCC . In some studies, HCC patients had
+
increased frequencies of circulating AFP-specific CD8
[23,30]
T cells
.
GPC3 is a cell surface heparin sulfate proteoglycan.
GPC3 mRNA expression is low or absent in normal liver
tissue, in benign tumor lesions (such as focal nodular
[31]
hyperplasia) and in a cirrhotic liver . However,
GPC-3 is detected in approximately 80% of HCCs
[27,32]
even in the early stages
. GPC3-specific cytotoxic
T-lymphocytes have a high level of killing activity
against HCC tumor cells. A study from Nobuoka et
[33]
al showed that GPC3 has strong immunogenicity.
MAGE-A was first described in melanoma, but it
has been shown to be widely expressed in various
tumors. In cirrhotic patients with HCC, mRNA encoding
MAGE-1 was found to be present in 80% of resected
[34]
+
HCCs . MAGE-A and SSX-2 specific CD8 T cells were
found to be enriched in HCC, but not in surrounding
[35]
liver tissue . In healthy subjects, NY-ESO-1 is only
expressed in testes, but it is expressed in several
+
tumors, including HCC. NY-ESO-1-specific CD8 T cells
[36,37]
have also been shown to be present in HCC
.
[25]
Flecken et al
studied the frequency and tumor+
infiltration capacity of naturally occurring CD8 T-cell
responses targeting AFP, GPC3, MAGE-A and NY+
ESO-1. They found antigen-specific CD8 T-cell
responses directed against all four TAAs in over 50%
of the patients. Moreover, survival was significantly
+
increased in patients with TAA-specific CD8 T-cell
response, which suggests that immunotherapy may
be beneficial for patients with HCC. Unfortunately, they
+
were unable to expand functional TAA-specific CD8 T
cells from HCC patients in vitro.

are dysfunctional, regulatory T cells reduce immune
response, and tumor cells have acquired mutations,
allowing them to escape the immune response. This
[38]
phenomenon is called cancer immunoediting .
Because the immune response is inadequate, it is
important to stimulate the immune system and avoid
immune escape.
Ablative therapies such as TACE, cryoablation
and RFA result in immunogenic tumor cell death by
inducing the release of massive amounts of antigens
together with “danger signals” from tumor cells, such
as damage-associated molecular pattern molecules
(DAMPs). This release leads to the activation
of DCs and in vivo auto-immunization or in situ
[39-41]
vaccination
. Increased frequencies of GPC3specific cytotoxic T cells were observed in patients
[33]
[42]
after RFA and TACE treatment . Hiroishi et al
+
studied GPC3, NY-ESO-1- and MAGE-1-specific CD8
T-cell responses before and after ablative (RFA or
TACE) treatment for HCC. They observed that the
+
presence of strong TAA-specific CD8 T-cell responses
suppressed the recurrence of HCC and that the
+
magnitude of a TAA-specific CD8 T-cell response was
a prognostic factor for a prolonged tumor-free interval.
[33]
Nobuoka et al
reported that RFA induced a GPC3specific T-cell response. For the first time, they showed
that RFA induced a stronger GPC3-specific immune
response than surgical resection because RFA destroys
tumor tissue and causes local necrosis followed by the
release of tumor-associated antigens, whereas surgery
removes almost all of tumor-associated antigens.
From these results, it appears that immunotherapy
to induce TAA-specific cytotoxic T lymphocytes
after local therapy should be considered for clinical
application in patients with HCC.

THERAPEUTIC VACCINATION FOR HCC:
DENDRITIC CELL VACCINATION
The aim of cancer vaccination is the induction and
perpetuation of a tumor-specific immune response by
eliciting effector T cells that can specifically decrease
tumor load and induce immunological memory to
control tumor relapse. Thus, dendritic cell-based
therapies aim to either induce new or enhance preexisting antigen-specific T cells, but they have no direct
effect on tumor cells. Instead, these vaccines affect
on different cell types of the immune system, which
can induce tumor cell death. Once targetable tumor
antigens have been identified, they can be used to load
professional antigen presenting cells, i.e., DCs. DCs
[43]
play key roles in both innate and adaptive immunity .
DCs can either be loaded in vivo or ex vivo. DCs
capture antigens and convert them to peptides that
are presented on major histocompatibility complex
(MHC) molecules, which are recognized by T cells in
lymphoid organs. In addition, RFA treatment has been
shown to up-regulate tumor antigen expression and

ENHANCING SPONTANEOUS IMMUNE
RESPONSE
Controlling HCC by harnessing naturally occurring,
specific immune responses typically fails because
the immune responses are not strong enough to
+
overcome the disease. Tumor-specific CD8 T cells
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injection into the inguinal lymph nodes and the infusion
of immature DCs into microwave-treated HCC lesions.
No grade 3/4 toxicity was observed. The percentage
+
+
of CD4 CD25 regulatory T lymphocytes decreased
+
significantly and the percentage of CD8 CD28 effector
cells increased significantly by 1 mo after therapy,
but this encouraging result disappeared by 6 mo after
[50]
therapy .
In another phase 1 study, 5 patients were treated
with TACE, followed by repeated DC vaccination. The
vaccine was prepared by pulsing DCs with cytoplasmic
transduction peptide-attached AFP, GPC3 and MAGE-1
recombinant fusion proteins. Mature DCs were injected
subcutaneously near the inguinal lymph nodes in
combination with the application of Toll-like receptor
7 agonist at the site of injection. In all patients, the
vaccine was safe and elicited TAA-specific T cell
responses. In one patient, this resulted in stable
[51]
disease . Thirty-five patients were included in a phase
Ⅱ clinical trial investigating the safety and efficacy of
intravenous vaccination with mature autologous DCs
pulsed ex vivo with tumor cell lysate. Patients received
up to 6 vaccines at 3-wk intervals. The treatment was
safe and well tolerated, generating antigen-specific
immune responses in some cases; unfortunately, there
[52]
were very low clinical responses . In another phase
Ⅱ clinical trial that assessed 31 patients with advanced
HCC, DCs were pulsed with autologous tumor lysates.
The patients were treated with five courses of DC
vaccination intravenously at weekly intervals and
in 17 patients this was followed by monthly boost
vaccinations. The treatment was safe. Among these
31 patients, 4 had a partial response and 17 had
stable disease. Moreover, the patients treated with the
boosted therapy had a 1-year survival rate of 63.3%
vs 10.7% in patients treated with the initial pulsed
[53]
therapy alone . These results are promising, but the
overall results of DC vaccination are unsatisfactory and
should be improved (Table 1).
One possibility for improvement could be com
bining vaccination with anti-angiogenic tyrosine
kinase inhibitors (TKIs), such as sorafenib. This
strategy targets multiple components of the tumor
microenvironment and could mediate an anti-tumor
response by immunogenic modulation and immune
[54]
subset conditioning . Additionally, the vascular
changes caused by TKIs affect tumor-infiltrating
immune cells, so the combining TKIs with immune
[55]
therapy could enhance the clinical benefit .
Another area of concern is the recurrence of HCC
[56]
after liver transplantation . Indeed, it has been
shown that the recurrence rates of HCC after liver
transplantation for HCC are high and have a dismal
[57]
prognosis . Disease progression was significantly
faster in transplanted patients than in patients who
underwent surgical resection of HCC, probably due to
[58]
immunosuppression and reduced host immunity .
Immunosuppression via mammalian targets of
rapamycin seems to decrease recurrence rates and

Table 1 Clinical trials of immune therapy in hepatocellular
carcinoma
Regimen

Patients, Clinical response

n

HCC vaccines
DC's + auto-tumor
lysate
DC's + 4 AFP
peptides
DC's + HepG2 lysate
GV 1001 + GM-CSF
GPC3 peptides

31
16
25
40
33

DC's

30

Immune checkpoint
inhibitors
Tremelimumab

21

Reference

PR: 12.9%, SD:
Lee et al[53], 2005
54.8%
No clinical
Butterfield et al[30],
response
2007
PR + SD: 28% Palmer et al[52], 2009
SD: 45.9%
Greten et al[71], 2010
PR: 3%, SD:
Sawada et al[72], 2012
57.6%
PR: 17%, SD:
El Ansary et al[49],
60%
2013

PR: 17.6%, SD:
58.8%

Sangro et al[62], 2013

PR: Partial response; SD: Stable disease.

MHC presentation in tumor cells in an in vivo mouse
[44]
model . These results suggest the effectiveness of
combing active immunotherapy and conventional
therapies, such as RFA, to augment tumor cell
recognition by T cells and eventually improve clinical
outcome.
However, both infections and tumors can suppress
immunity through the release of cytokines, such
as interleukin (IL)-6, vascular endothelial growth
factor (VEGF) and IL-10, which suppress DC activity.
Moreover, tumors may condition local DCs to form
suppressive T cells, diminishing immune responses
against cancer cells. In humans, immature DCs are
+
capable of inducing antigen-specific regulatory CD8 T
[45]
cells . It is therefore imperative to use mature DCs to
[46]
avoid the immunosuppressive effects of tumor cells
or to counteract the inhibitory mechanisms of tumor
cells when using anti-PD1/PD-L1, or anti-CTLA4,
treatments (discussed in more detail below). Several
strategies have been developed to accomplish this,
including ex vivo DC activation; the addition of strong
activation stimuli; the optimization of administered
tumor-associated antigens; and the optimization of
the dose, frequency and route of administration of
a vaccine. Using these strategies, DC vaccines are
capable of initiating strong cytotoxic T-lymphocyte
responses against TAAs, and DC vaccination remains a
[47,48]
good approach for immunotherapy of HCC
.
Ex vivo-matured DCs pulsed with tumor lysate were
injected intra-dermally into patients with advanced
HCC. This therapy was shown to be safe, and there
+
were significantly more AFP-specific CD8 T cells 1
mo after DC injection. There were fewer patients with
progressive disease in the vaccinated vs in the nonvaccinated group, and the mean patient survival was
[49]
prolonged, although not significantly . In a phase 1
study, 10 patients were treated with radical microwave
ablation of HCC followed by 3 courses of mature DC
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[59]

[65]

to slow progression in case of recurrence . DC
vaccination has not been tested in liver transplant
patients, but it has been shown to be safe and
promising with regards to immunological responses
[60]
after allogeneic-hematopoietic cell transplantation .

models . It is assumed that intradermal delivery of
mRNA results in its uptake by Langerhans’ cells and
dermal DCs at the injection site, which are transported
to draining lymph nodes. It is moreover assumed
that these DCs transfer their antigenic cargo to lymph
+
node-resident CD8 DCs when they arrive in the
draining lymph nodes. Direct injection of mRNA into
lymph nodes results in the uptake of mRNA and has
been shown to be superior to intradermal injection of
mRNA with respect to the induction of antigen-specific
[65]
T cell responses . Currently, intranodal administration
of mRNA is proposed as the optimal route for delivery
because lymph nodes harbor a high number of DCs.
Intranodal administration creates a microenvironment
that favors the induction of potent and sustained
immune responses. Lymph node resident dendritic
cells up-regulate CD86, and this is required for the
efficient activation of naïve T cells and for immunologic
[66,67]
memory
.
Currently, we are performing a phase 1 study inves
tigating the feasibility and safety of the intranodal
injection of a TriMix-based mRNA vaccine. The concept
[67]
was studied in melanoma animal models . The idea
is to use mRNA for the in vivo modification of DCs by
direct administration into lymph nodes, which harbor a
high number of DCs in close contact with T cells. For a
[68]
detailed description, we refer to our recent review .
In melanoma patients, we previously showed that
TriMix mRNA (mRNA encoding CD40 ligand, CD70
and a constitutively active form of TLR4), induced the
activation of DCs, resulting in the induction of a T cell
[69]
attracting and stimulatory environment . Moreover,
the co-administration of tumor antigen mRNA and
TriMix resulted in the recruitment of antigen-specific
+
+
CD4 and CD8 T cells. Simultaneous delivery of TriMix
and antigen mRNA significantly enhanced the induction
of antigen-specific T cells compared to intranodal
[67,68]
delivery of antigen mRNA alone
. In the current
study, TriMix mRNA and mRNA encoding the target
antigens GPC3 and MAGE-C2 mRNA were injected
intranodally the same day as RFA treatment of HCC
thereby increasing tumor antigen load. The mRNA
injection was repeated 3 times at 2-wk intervals. If
this intervention appears to be safe, we plan to add
immune checkpoint blockers, which could increase the
efficacy of the vaccination as we showed in previous
[68]
melanoma studies . To avoid systemic autoimmune
toxicity caused by anti-CTLA-4 or anti-PD-1 treatment,
mRNA encoding factors that have the ability to block
[70]
CTLA-4 or PD-1 can be used .

IMMUNE CHECKPOINT BLOCKADE
The intensity of an immune response results from the
balance between stimulatory and inhibitory signals,
known as immune checkpoints. These checkpoints are
often activated by tumor signals and promote tumor
evasion from immunity. Cytotoxic T lymphocyteassociated antigen (CTLA-4) and programmed death 1
(PD-1) are the two most studied immune checkpoints,
and inhibitory antibodies against these are already
being used in clinical trials. The mechanisms of action
of CTLA-4 and PD-1 and their possible roles in treating
[61]
HCC were recently reviewed . The CTLA-4 inhibitor,
tremelimumab was studied in a phase 1 clinical trial.
It was well tolerated, and 76% of the enrolled patients
had either a partial response or stable disease, of
[62]
which 45% were stable for more than 6 mo .
PD-1 was found in liver-infiltrating lymphocytes and
its ligands PD-L1 and PD-L2 were shown to be up[63]
regulated in HCC tissue . Currently, several anti-PD-1
and anti-PD-L1 antibodies are being developed, and
their use in clinical studies of HCC is planned.

PERSPECTIVES
Antigen-encoding mRNA is emerging as a particularly
promising vaccination tool as it has many advantages
to offer. Its advantage over classical vaccination with
peptides is that RNA encodes genetic information
corresponding to whole antigens. RNA processing
by endogenous cell machinery and presentation on
MHC complexes are independent of the HLA-subtype
of a patient. In addition, RNA does not pose a risk
of genomic integration, giving it a favorable safety
profile compared to DNA. Due to its transient nature,
RNA is only expressed during a controlled period of
time and is eventually degraded into natural products.
Furthermore, RNA acts as its own adjuvant, prompting
co-stimulatory signals, which is advantageous in the
context of RNA-based immunotherapy. Even hardto-modify cells, such as DCs can be modified with
mRNA. Two routes for exogenous mRNA delivery into
DCs have been applied: either ex vivo delivery with
subsequent adoptive transfer of transfected DCs or the
direct administration of mRNA with subsequent uptake
in vivo. For the former, DCs derived from patients are
cultivated and electroporated with mRNA followed by
their restitution into the patient.
In situ modification of DCs by immunization
via the direct application of naked mRNA was first
[64]
described 25 years ago . Since then, several studies
have shown anti-tumor immune responses following
the injection of naked mRNA in a variety of mouse
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CONCLUSION
Hepatocellular carcinoma is a very common cancer
with a high mortality, and the current standard
treatment for it is unsatisfactory. Tumor recurrence
and the development of new cancer after treatment
is frequent and remains a major problem. Because
immunotherapy not only treats an existing tumor, but
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also has the potential to prevent the development of
new cancers in the cirrhotic liver, vaccination for HCC
remains an attractive treatment option. In this context,
the combination of active specific immunotherapy
with ablative therapy might be an appealing and
feasible approach and may provide better results
than individual treatments. Immunotherapy will be
most effective during or shortly after ablative therapy,
when tumor cells are dying and an active immune
response has commenced. This first “priming” by the
ablative therapy should be sustained by “booster”
immunizations to maintain immune control over the
tumor. One difficulty is the immune tolerance of the
liver, and the immunosuppressive environment of
cancer, which makes in situ activation of immune cells
problematic. This problem can be overcome by ex vivo
activation of DCs or by in vivo activation of DCs in skin
or lymph nodes. The addition of immune checkpoint
inhibitors will undoubtedly add significantly to efficacy,
but this will probably increase side effects.
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Controversies regarding and perspectives on clinical utility
of biomarkers in hepatocellular carcinoma
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Abstract

Pei-Pei Song, Ju-Feng Xia, Yoshinori Inagaki, Kiyoshi
Hasegawa, Yoshihiro Sakamoto, Norihiro Kokudo, Wei
Tang, Hepato-Biliary-Pancreatic Surgery Division, Department
of Surgery, Graduate School of Medicine, the University of
Tokyo, Tokyo 113-8655, Japan

The prevalence of hepatocellular carcinoma (HCC)
worldwide parallels that of persistent infection with the
hepatitis B virus (HBV) and/or hepatitis C virus (HCV).
According to recommendations by the World Health
Organization guidelines for HBV/HCV, alpha-fetoprotein
(AFP) testing and abdominal ultrasound should be
performed in routine surveillance of HCC every 6 mo for
high-risk patients. These examinations have also been
recommended worldwide by many other HCC guidelines
over the past few decades. In recent years, however,
the role of AFP in HCC surveillance and diagnosis has
diminished due to advances in imaging modalities. AFP
was excluded from the surveillance and/or diagnostic
criteria in the HCC guidelines published by the
American Association for the Study of Liver Diseases
in 2010, the European Association for the Study of the
Liver in 2012, and the National Comprehensive Cancer
Network in 2014. Other biomarkers, including the Lens
culinaris agglutinin-reactive fraction of AFP (AFP-L3),
des-γ-carboxyprothrombin, Dickkopf-1, midkine,
and microRNA, are being studied in this regard.
Furthermore, increasing attention has focused on the
clinical utility of biomarkers as pre-treatment predictors
for tumor recurrence and as post-treatment monitors.
Serum and tissue-based biomarkers and genomics may
aid in the diagnosis of HCC, determination of patient
prognosis, and selection of appropriate treatment.
However, further studies are needed to better cha
racterize the accuracy and potential role of these
approaches in clinical practice.
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global health problem due to the high prevalence

262

January 7, 2016|Volume 22|Issue 1|

Song PP et al . Clinical utility of biomarkers in HCC
6 mo are recommended for routine surveillance
of HCC in high-risk patients according to many
[17]
HCC guidelines . AFP has also been used as a
diagnostic test for HCC and to evaluate prognosis and
[18]
monitor recurrence following treatment . However,
controversy regarding the clinical utility of AFP
has arisen in recent years. AFP was excluded from
the surveillance and diagnostic criteria in the HCC
guidelines published by the American Association for
[19]
the Study of Liver Diseases (AASLD) in 2010 , and
AFP was not recommended as a sensitive or specific
diagnostic test in the HCC guidelines published by
the European Association for the Study of the Liver
[20]
(EASL) in 2012 and in the HCC guidelines published
by the National Comprehensive Cancer Network
[21]
(NCCN) in 2014 . In Asian countries, AFP was still
recommended for HCC surveillance in combination with
US and was recommended as an adjunctive diagnostic
tool by the HCC guidelines published by the Asian
Pacific Association for the Study of the Liver (APASL) in
[22]
2010 , by the current guidelines published in China
[23]
in 2011 , and by the current guidelines published
[24]
in Japan in 2013 . Other biomarkers, including
the Lens culinaris agglutinin-reactive fraction of AFP
(AFP-L3), des-γ-carboxyprothrombin (DCP), Dickkopf-1
(DKK1), midkine (MDK), and microRNA (miRNA),
are being studied in this regard. Furthermore,
increasing attention has focused on the clinical utility
of biomarkers as pre-treatment predictors for tumor
recurrence and as post-treatment monitors.
This article provides an overview of current
biomarkers in HCC with respect to their clinical
utility in surveillance, early diagnosis, prediction of
prognosis, and monitoring of response to therapy. The
controversy of using biomarkers in these settings is
discussed in light of typical HCC guidelines worldwide,
and the prospects for novel HCC biomarkers are also
discussed.

of the risk factors hepatitis B virus and hepatitis C
virus infection. Thus, a good surveillance program
and diagnostic strategy for the early detection of
HCC should be available. This review summarizes the
controversies regarding and perspectives on clinical
utility of biomarkers in HCC, especially the current role
of alpha-fetoprotein and des-γ-carboxyprothrombin.
In addition, research frontiers and prospects for novel
biomarkers to evaluate the prognosis for HCC and to
facilitate post-treatment monitoring are reviewed.
Song PP, Xia JF, Inagaki Y, Hasegawa K, Sakamoto Y, Kokudo
N, Tang W. Controversies regarding and perspectives on clinical
utility of biomarkers in hepatocellular carcinoma. World J
Gastroenterol 2016; 22(1): 262-274 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i1/262.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i1.262

INTRODUCTION
In 2012, liver cancer was the fifth most common
cancer (782000 new cases) and the second leading
cause of cancer-related death (746000 cases)
[1]
worldwide . Hepatocellular carcinoma (HCC) accounts
for more than 90% of primary liver cancers and is
a major global health problem because of the high
prevalence of the risk factors hepatitis B virus (HBV)
[2]
and hepatitis C virus (HCV) infection . Worldwide,
approximately 54% of HCC cases can be attributed
to HBV infection, while 31% can be attributed to HCV
infection, with the remaining 15% associated with other
[3-5]
causes . In accordance with the recommendations
of the World Health Organization (WHO), vaccination
against hepatitis B has been implemented in many
[6]
countries since 1991 . In addition, an enhanced
understanding of the pathophysiology of HBV and
HCV infection has led to developments in diagno
stic procedures and improvements in therapy and
prevention, so the clinical care for patients with HBVor HCV-related liver disease has advanced considerably
[7-10]
over the past two decades
. However, the incidence
of HCC worldwide continues to rise, likely due to the
often prolonged period between viral infection and
[2,11,12]
manifestation of HCC
. Some studies estimate
that up to 20%-30% of patients infected with HBV
and/or HCV will develop a progressive liver disease
[13,14]
leading to cirrhosis and HCC
. Cirrhosis rates begin
to become significant after 20 years of infection, and
HCC rates begin to become significant after 30 years
[15,16]
of infection
. Thus, a good surveillance program
and diagnostic strategy for the early detection of HCC
should be available.
Serum biomarkers are striking potential tools for
surveillance and early diagnosis of HCC thanks to the
non-invasive, objective, and reproducible assessments
they potentially enable. Worldwide, alpha-fetoprotein
(AFP) testing and abdominal ultrasound (US) every
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HBV/HCV GUIDELINES PROMOTING THE
MANAGEMENT OF HCC IN HIGH-RISK
PATIENTS
The prevalence of HCC worldwide parallels that of viral
hepatitis. Chronic HBV infection is a leading cause of
HCC in most African and Asian countries, except Japan,
and chronic HCV infection predominantly contributes
[25,26]
to HCC in Europe, Japan, and North America
. An
estimated 2 billion people worldwide have signs of past
or present infection with HBV, and 240 million people
[7]
have a chronic infection . More than 185 million people
have been infected with HCV, and one third of those
[27]
will develop a chronic infection . Longitudinal studies
of untreated individuals with chronic HBV infection
indicate that they have an 8%-20% cumulative risk of
[28,29]
developing cirrhosis over 5 years
. In people with
cirrhosis, there is an approximately 20% annual risk
of hepatic decompensation and an annual incidence of
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[2,30]

[38]

HCC of < 1% to 5%
. In persons with chronic HCV
infection, the risk of liver cirrhosis is 15%-30% within
[31,32]
20 years
, and the risk of HCC in persons with
[33]
cirrhosis is approximately 2%-4% per year .
Universal hepatitis B immunization programs
that target infants, with the first dose at birth, have
been highly effective in reducing the incidence and
prevalence of hepatitis B in many countries where
[34-37]
infection is endemic
. However, these programs
will not affect HBV-related deaths until several decades
[38]
after their introduction . Many guidelines focusing
on the management of HBV/HCV infection have been
published worldwide, such as guidelines published
[39,40]
[41,42]
[43,44]
by the AASLD
, the APASL
, the EASL
,
the European Society of Pediatric Gastroenterology,
[45]
Hepatology, and Nutrition (ESPGHAN) , the Canadian
[46]
Association for the Study of the Liver (CASL) , and the
North American Society for Pediatric Gastroenterology,
[47]
Hepatology, and Nutrition (NASPGHAN) . The WHO
also published its first guidelines for the prevention,
care, and treatment of people living with chronic HCV
[48]
infection in April 2014 , and the WHO published
similar guidelines for chronic HBV infection in March
[38]
2015
to help low- and middle-income countries, in
particular, to plan for the development and expanded
scale of hepatitis B/C prevention, care, and treatment.
According to recommendations in HBV/HCV guide
[38,48]
lines from the WHO
, AFP testing and US were
suggested to be performed for routine surveillance of
HCC every 6 mo in individuals with cirrhosis. In Japan,
where HCV is the most significant etiological factor for
developing HCC, there is a more detailed definition
for high risk patients of HCC - the “very-high-risk
group” that includes patients with HBV- or HCV-related
liver cirrhosis, and the “high-risk group” that includes
patients with HBV- or HCV-related chronic liver disease
[49]
or liver cirrhosis due to other causes .

0.57, 95% confidence interval (CI): 0.37-0.89] .
In addition, surveillance every 6 mo using both AFP
and US has been found to be the most cost-effective
[60-62]
strategy
.
AFP has been widely used in clinical practice as a
traditional biomarker for HCC surveillance over the
[63-65]
past two decades
. However, there is increasing
debate regarding the utility of AFP as a surveillance
[66-68]
test
. Analysis of recent studies has indicated that
AFP testing lacks adequate sensitivity and specificity
[69-71]
for effective surveillance
. AFP levels are normal
in up to 40% of patients with HCC, particularly during
[72-74]
the early stage of the disease (low sensitivity)
.
Elevated AFP levels may be seen in patients with
cirrhosis or exacerbation of chronic hepatitis or
[75,76]
cholangiocarcinoma (low specificity)
. In addition,
some studies have indicated that AFP has substantially
[77]
limited diagnostic accuracy in detecting small HCC .
Given these findings, US is regarded as a more
appropriate test for surveillance with an acceptable
diagnostic accuracy (sensitivity ranging from 58% to
[69,78]
89%, specificity greater than 90%)
. Currently, US
is recommended as the only tool for HCC surveillance
in some Western countries. AFP was excluded from the
surveillance criteria in the HCC guidelines published
[19]
by the AASLD in 2010 , and AFP is regarded as
a suboptimal tool for surveillance according to the
[20]
HCC guidelines published by the EASL in 2012 .
Nevertheless, the performance of US in early detection
of HCC is highly dependent on the expertise of
the examiner and the quality of the equipment. A
randomized controlled trial found that surveillance with
AFP in conjunction with US reduced the mortality of
[79]
HCC , and the position that AFP should be included in
the HCC surveillance guidelines of the AASLD is gaining
[80]
support . Currently, the combination of AFP and US
at approximately 6 mo intervals is still recommended
by many HCC guidelines in Asia, such as guidelines
[24]
[23]
in Japan , China , and guidelines published by
[22]
the APASL
(Figure 1). Thus, whether AFP should
be excluded from surveillance criteria needs to be
investigated in more large, randomized controlled trials.

BIOMARKERS IN HCC SURVEILLANCE:
CONTROVERSIES AND PROSPECTS
Surveillance of patients at increased risk for HCC has
been shown to result in the detection of early-stage
tumors and an increased likelihood of undergoing
[50-54]
potentially curative therapies
. The overall 5-year
survival rate for patients with HCC is about 40%,
but liver resection of early HCC could result in a
[55-57]
5-year survival rate of 60%-70%
. Surveillance is
therefore required to detect HCC at an early stage and
increase the chances of effective treatment.

The combined testing of AFP, AFP-L3, and DCP for HCC
surveillance

The effectiveness of surveillance depends on various
factors. Inclusion of new diagnostic tests in surveillance
programs may allow the detection of additional small
HCC. Two other serum biomarkers besides AFP the Lens culinaris agglutinin-reactive fraction of AFP
(AFP-L3) and des-γ-carboxyprothrombin (DCP, also
known as prothrombin-induced by vitamin K absenceⅡ, PIVKA-Ⅱ) - have been studied around the world to
explore their clinical usefulness in determining the risk
of HCC in high-risk populations.
The clinical utility of highly sensitive AFP-L3 in early
prediction of HCC developing in patients with chronic

AFP as a traditional biomarker for HCC surveillance: Its
current role and controversy

AFP testing and US are the most widely used methods
[58,59]
of HCC surveillance
. Data have indicated that
AFP testing and US every 6 mo affect disease-specific
mortality compared to no intervention [odds ratio:
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Surveillance

Diagnosis

Followup after
treatment

AASLD (2010)

EASL (2012)

US at 6 mo intervals
Liver nodule detected

US at 6 mo intervals
Liver nodule detected

< 1 cm

> 1 cm

< 1 cm

Repeat US
every 3 mo

4-phase CT/
dynamic contrast
enhanced MRI

NCCN (2014)

1-2 cm

AFP and US at 6-12 mo intervals
Liver nodule detected

> 2 cm

4-phase CT/
Repeat US
dynamic contrast
every 4 mo
enhanced MRI

4-phase CT/
dynamic contrast
enhanced MRI

No specific recommendations

No specific recommendations

APASL (2010)

China (2011)
1

AFP and US at 6 mo intervals

Liver nodule detected

Liver nodule detected

Diagnosis

Followup after
treatment

No specific recommendations

1-2 cm

Repeat AFP
and US every
3-6 mo

AFP + CT and
MRI

2

At least a 3-phase
CT or MRI or CECU
every 3-6 mo

At least a 3-phase
CT or MRI

Japan (2013)

AFP and US every 6 mo

< 1 cm

> 1 cm

No specific recommendations

Very high risk group: US, AFP/DCP/AFP-L3
at 3-4 mo, CT/MRI at 6-12 mo;
High risk group: US, AFP/DCP/AFP-L3 at 6
mo intervals; Liver nodule detected

Surveillance

Hypervascularity in the arterial
phase on dynamic CT/MRI
or CECU regardless of tumor
size; AFP > 200 ng/mL as an
adjunctive diagnostic tool

< 1 cm

> 2 cm

2

AFP + CT
or MRI

AFP and imaging examination every 3-4 mo for 3
yr, every 4-6 mo for 3-5 yr, then every 6-12 mo
thereafter if no abnormal findings detected

Dynamic CT/MRI

Early staining
during arterial
phase

No early staining
during arterial phase
+ tumor > 1.5 cm +
3
optional examinations

AFP/AFP-L3/ DCP and imaging
examination every 3-4 mo

Figure 1 The clinical utility of biomarkers according to typical hepatocellular carcinoma guidelines worldwide. A: Typical hepatocellular carcinoma (HCC)
guidelines in Western countries; B: Typical HCC guidelines in Asian countries. 1Alpha-fetoprotein (AFP) alone is not recommended for diagnosis of HCC; the
measurement of both AFP and des-γ-carboxyprothrombin (DCP) provides a higher level of sensitivity without decreasing specificity; 2AFP ≥ 400 ng/mL over 1 mo or
AFP ≥ 200 ng/mL over 2 mo; 3Optional examinations include computed tomography (CT)-angiography, liver-specific contrast-enhanced magnetic resonance imaging
(MRI), contrast ultrasound (US), or liver tumor biopsy.

HBV or HCV infection was recently evaluated in a large
Japanese study, and results indicated that elevated
AFP-L3 was an early predictor of HCC development
even if AFP levels were low and suspicious US findings
were absent. Elevated AFP-L3 was noted in 34.3% of
[81]
patients 1 year prior to diagnosis of HCC . Numerous
studies have found that the combined testing of DCP
and AFP has a sensitivity of 47.5%-94.0% and a
specificity of 53.3%-98.5% in early detection of HCC,
and these figures are higher than those for either
[82-84]
marker alone
. In some countries such as Japan,
combined measurement of DCP and AFP-L3 reportedly
[85,86]
increased the detectability of small HCC
.
There are also several biomarkers in addition
to AFP, AFP-L3, and DCP, such as Golgi protein 73
[87,88]
[89,90]
(GP73)
, interleukin-6 (IL-6)
, and squamous
[91]
cell carcinoma antigen (SCCA) , that are currently
being studied. However, these biomarkers have
usually been evaluated, alone or in combination, in a
diagnostic rather than surveillance setting. Moreover,
their diagnostic performance has often been assessed
with a markedly higher prevalence of HCC than would
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be expected in the context of surveillance.
Current expert opinion from Western countries has
[92]
been rather critical of the clinical value of biomarkers .
Imaging-based surveillance criteria were recommended
in guidelines from Western countries, such as the
updated HCC guidelines published by the AASLD in
[19]
2000
and similar guidelines published by the EASL
[20]
in 2012 . In Asian countries, as typified by HCC
guidelines in Japan, US and measurement of AFP,
AFP-L3, or DCP are recommended to be performed at
intervals of 3-4 mo for the very-high-risk group (patients
with HBV- or HCV-related liver cirrhosis) and at 6 mo
intervals for the high-risk group (patients with HBV- or
HCV-related chronic liver disease or liver cirrhosis due
[24,93]
to other causes)
.

BIOMARKERS FOR DIAGNOSIS OF HCC:
THEIR EVOLUTION AND PROSPECTS
Accurate diagnosis of small liver nodules is of
paramount importance. In general, the tests used to
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diagnose HCC around the world include diagnostic
imaging, serological diagnosis, and histological
diagnosis. Prior to 2000, a definite diagnosis was
based on a biopsy, but this approach had several
limitations related to feasibility due to location and
risk of complications, such as bleeding or needle[94]
track seeding . With the development of imaging
techniques, a unique dynamic radiological behavior
- contrast uptake in the arterial phase of computed
tomography (CT), magnetic resonance imaging (MRI),
angiography, or US - represented the backbone of
radiological diagnosis of early HCC.

should be investigated further with either a four-phase
multidetector CT scan or dynamic contrast enhanced
MRI. If the appearance of the nodule is typical of HCC,
the lesion should be treated as HCC; if the findings
are not characteristic or the vascular profile is not
typical, a second contrast enhanced study involving
another imaging modality should be performed, or
[19]
the lesion should be biopsied . In agreement with
updated guidelines from the AASLD, the panel that
drafted the HCC guidelines of the NCCN in 2014 also
considered an imaging finding of classic enhancement
to be more definitive in this instance, since the level
of serum AFP may be elevated in persons with certain
nonmalignant conditions, or it may be within normal
limits in a substantial percentage of patients with
[21]
HCC . According to the HCC guidelines published by
[22]
the APASL in 2010 , typical HCC can be diagnosed
based on imaging regardless of tumor size if a typical
vascular pattern (i.e., arterial enhancement with
portal venous washout) is obtained on dynamic CT/
MRI or contrast-enhanced US. According to the same
guidelines, AFP was recommended as an adjunctive
diagnostic tool, and AFP alone was not recommended
for diagnosis of HCC. Similar recommendations were
[23]
made by HCC guidelines published in China
and
[24]
Japan .

The role of AFP in diagnosis of HCC: No longer in use or
used as an adjunctive diagnostic tool?

AFP has served as a diagnostic test for HCC since the
1970s, when most patients with HCC were diagnosed
at an advanced stage and with clinical symptoms. At
that time, a level of 500 ng/mL AFP was considered
[95]
diagnostic . However, the usefulness of AFP as a
diagnostic test in small HCC is limited. According to
a systematic review, AFP with a cut-off value of 20
ng/mL had a sensitivity, specificity, and a positive
+
likelihood ratio (LR ) of diagnosing HCC smaller
than 5 cm in diameter of 49%-71%, 49%-86%,
and 1.28-4.03, respectively; AFP with a cut-off
value of 200 ng/mL had a sensitivity, specificity, and
+
an LR of 4%-31%, 76%-100%, and 1.13-54.25,
[77]
respectively .
Although the sensitivity and specificity of serum
AFP as a biomarker is being challenged, a high level
or a steadily increasing level of serum AFP strongly
[96,97]
suggest development of HCC
. Elevated serum
AFP and a typical enhancement pattern in dynamic
imaging have provided critical clues for the diagnosis
of HCC over the past few decades. Nevertheless, the
importance in AFP has diminished in recent guidelines
for diagnosis of HCC, and the importance of imaging
has increased based on the high accuracy of up-to[98]
date radiologic modalities .
According to the diagnostic criteria in the HCC
[99]
guidelines published by the EASL in 2000 and similar
[25]
guidelines published by the AASLD in 2005 the NCCN
[26]
in 2009 , HCC diagnosis is based on the tumor size,
AFP, and imaging examination. Guidelines from the
Korean Liver Cancer Study Group (KLCSG) published
[100]
in 2003
also featured algorithms similar to those
in the aforementioned guidelines, with the exception
that HCC was diagnosed based on imaging and AFP,
regardless of tumor size. However, the updated
HCC guidelines published by the KLCSG in 2009
suggested that a tumor of 2 cm or larger in patients
with liver cirrhosis that has characteristics typical of
HCC in dynamic contrast enhancement CT or MRI
could be diagnosed as HCC regardless of the serum
[101]
AFP level
. According to updated HCC guidelines
published by the AASLD in 2010, nodules larger than
1 cm found during US surveillance of a cirrhotic liver
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Perspectives on the combined testing of AFP and other
biomarkers for diagnosis of HCC

Advances in technology and an increased under
standing of HCC biology have led to the discovery of
novel biomarkers. To date, many biomarkers have
been proposed as a complement or substitute for
AFP in the diagnosis of HCC. AFP-L3 can differentiate
an increase in AFP due to HCC from that in patients
[102,103]
with benign liver disease
. AFP-L3 with a cut+
off value of 10% had a sensitivity, specificity, and LR
in diagnosing HCC smaller than 5 cm in diameter of
22%-33%, 93%-94%, and 4.6-0.8, respectively;
AFP-L3 with a cut-off value of 15% had a sensitivity,
+
specificity, and LR of 21%-49%, 94%-100%, and
[77]
8.1-45.1 respectively . DCP has also been recognized
[104]
as a highly specific marker for HCC . DCP with a cutoff value of 40 mAU/mL had a sensitivity, specificity,
+
and LR in diagnosing HCC smaller than 5 cm in
diameter of 14%-54%, 95%-99%, and 6.9-29.7,
respectively; DCP with a cut-off value of 100 mAU/
+
mL had a sensitivity, specificity, and LR of 7%-56%,
[77]
72%-100%, and 3.6-13.0, respectively .
Data have indicated that the combined testing
of DCP and AFP or AFP-L3 could help to increase
[105-107]
the sensitivity of HCC diagnosis
, but this
[17]
approach is used in only a few countries , such as
[108,109]
Japan
. In 2014, a large-scale, multi-center study
investigated the measurement of both AFP and DCP in
differentiating Chinese patients with HCC (71.18% with
HBV infection) from patients without HCC and normal
subjects. Results showed that the combined testing of
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DCP with a cut-off value of 86 mAU/mL and AFP with
a cut-off value of 21 ng/mL resulted in a sensitivity of
approximately 90% in diagnosis of HCC, which was
significantly higher than that for DCP or AFP alone.
This finding held even for a tumor smaller than 2.0
[110]
cm
. These results suggest that the measurement
of both AFP and DCP may facilitate the diagnosis of
patients with a broad range of HCC. However, the
clinical utility of DCP in China has not been noted by
[111,112]
HCC guidelines in China
, and more large-scale
prospective studies should be performed to provide
sufficient evidence.
In recent years, numerous studies have investi
gated the clinical usefulness of other biomarkers
[87,88]
in the early diagnosis of HCC, including GP73
,
[113,114]
[115,116]
glypican-3 (GPC3)
, osteopontin
, and vascu
[117]
lar endothelial growth factor (VEGF) . Most recently,
research on DKK1 and MDK as diagnostic serum
biomarkers has garnered interest. In 2012, Shen et
[118]
al
published a retrospective, cross-sectional study
involving 424 patients with HCC and 407 controls
without HCC, and they found that DKK1 was highly
accurate at diagnosing AFP-negative patients with HCC,
including patients with early-stage HCC. They also
found that the measurement of DKK1 and AFP together
improved the accuracy with which HCC was diagnosed
[119]
in comparison to any test alone. In 2013, Zhu et al
published a study involving 388 patients with HCC and
545 different controls, and they found that serum MDK
had a markedly higher level of sensitivity than AFP
(86.9% vs 51.9%) even when diagnosing very early[119]
stage HCC (80% vs 40%). Zhu et al
also found that
MDK could have a sensitivity as high as 89.2% when
diagnosing cases of AFP-negative HCC.
Noncoding RNA and miRNA in particular have
received considerable attention as novel potential
[120]
[121]
biomarkers over the past few years . Li et al
found
that three miRNAs (miR-25, miR-375, and let-7f) had a
sensitivity and specificity as high as 97.9% and 99.1%,
[122]
respectively, in diagnosing HCC. Zhou et al
found
that a panel of seven microRNAs (miR-122, miR-192,
miR-21, miR-223, miR-26a, miR-27a, and miR-801)
could provide a high level of diagnostic accuracy for
[123]
identification of HBV-related HCC. Tomimaru et al
found that the combination of miRNA-21 with AFP
improved the power of differentiation between HCC
and chronic hepatitis, with a sensitivity of 81.0% and
a specificity of 80%. However, the potential for miRNA
to serve as a biomarker has not been equally analyzed
in all conditions potentially leading to HCC. Systemic
analyses of alcoholism, non-alcoholic steatohepatitis
(NASH), and HCV-related conditions are pending.

often result in poor clinical outcomes for patients with
[124,125]
HCC
. Currently, the measurement of biomarker
levels both before and after HCC treatment is clinically
valuable as a simple way to monitor treatment outcomes
(usually in combination with radiological analysis) and to
predict prognosis, recurrence, and survival.

AFP, AFP-L3, and DCP: Diagnostic biomarkers could
also be used to determine the prognosis for HCC and to
facilitate post-treatment monitoring

Several biomarkers that have been evaluated for
their power in diagnosing HCC have also been
studied for their prognostic significance. A high
level of AFP expression in serum correlates with a
profound cell proliferation, profound angiogenesis,
and limited apoptosis and is associated with a poor
[126,127]
. AFP was one of the most robust
prognosis
predictors of death in patients with cirrhosis and
[128]
HCC
, and it also has significance at predicting
[129]
survival after liver transplantation . Changes in AFP
while on the waitlist also predicted post-transplant
survival, and identifying these changes could facilitate
better patient selection to optimize organ allocation
[18]
and post-transplant outcomes . A change in AFP
levels has been found to correlate with radiologic
response and overall survival after locoregional
therapy. For example, a 50% decrease in AFP levels
resulted in a better time-to-progression [hazard ratio
(HR): 2.8, 95%CI: 1.5-5.1)] and overall survival
(HR: 2.7, 95%CI: 1.6-4.6) in comparison to patients
whose AFP levels failed to respond to treatment
with transarterial chemoembolization (TACE) or
[130]
transarterial radioembolization (TARE)
. Whether
AFP is useful at predicting the response to sorafenib is
[127,131]
controversial
, and several studies have indicated
that AFP response was correlated with time-toprogression (7.9 mo vs 2.4 mo, P = 0.004) and overall
[132]
survival (13.3 mo vs 8.2 mo, P = 0.022) .
[133,134]
[135,136]
AFP-L3
and DCP
were also identified as
prognostic biomarkers for survival after resection of
HCC. Patients that have undergone resection of HCC
and who had elevated levels of AFP, AFP-L3, and DCP
at the baseline had a worse prognosis than patients
who tested positive for just one or two of the markers
[137-140]
before surgery
.
Among the current guidelines for HCC management
[21]
worldwide, the guidelines of the NCCN
published
in 2014 recommend high-sectional imaging every
3-6 mo for 2 years and then every 6-12 mo for
post-treatment monitoring. If AFP levels are initially
elevated, the guidelines recommend that monitoring
be performed every 3 mo for 2 years and then every
6-12 mo. The Indian National Association for Study
of the Liver (INASL) published the first guidelines in
[141]
India in 2014
, and these guidelines make similar
recommendations. The guidelines recommend that
post-treatment monitoring be performed with dynamic
CT or MRI studies every 3 mo for the first 2 years and
then routine surveillance every 6 mo thereafter. The

BIOMARKERS: PREDICTION OF
PROGNOSIS AND MONITORING OF THE
RESPONSE TO THERAPY
Tumor invasiveness, metastasis, and recurrence
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guidelines also note that the serum tumor markers
AFP and DCP may help to evaluate the response to
treatment or evaluate follow-up when AFP or DCP is
elevated at diagnosis and when AFP or DCP decreases
after treatment but rises again. The guidelines do note,
however, that tumor markers cannot replace imaging
modalities. According to the HCC guidelines published
[24]
in Japan in 2013 , follow-up using the serum
biomarkers AFP, AFP-L3, and DCP and imaging should
be performed every 3-4 mo after treatment. According
[23]
to HCC guidelines published in China in 2011 , posttreatment monitoring with AFP and imaging should be
performed every 3-4 mo for 3 years, every 4-6 mo
for 3-5 years, and then every 6-12 mo thereafter if no
abnormal findings are detected.

These findings constitute mounting evidence that
miRNA signature profiling can be of use in prognostic
stratification. Despite their promising potential, miRNAbased biomarkers pose several problems in terms of
[156]
their use in clinical practice .

CONCLUSION
Current HCC guidelines in Western countries have
been rather critical of the clinical value of biomarkers.
Over the past few decades, a simple approach in the
form of measuring AFP levels has been widely used for
routine surveillance and noninvasive diagnosis of HCC
and to evaluate prognosis and monitor recurrence after
treatment. AFP was excluded from the surveillance
and/or diagnostic criteria in HCC guidelines published
by the AASLD in 2010, the HCC guidelines published
by the EASL in 2012, and the HCC guidelines
published by the NCCN in 2014. Nonetheless, AFP
is still regarded as a useful surveillance tool and an
adjunctive tool by many HCC guidelines in Asia, such
as guidelines from Japan, guidelines from China, and
guidelines published by the APASL.
Advances in technology and an increased under
standing of HCC biology have led to the discovery
of novel biomarkers. Data have indicated that the
combined testing of AFP, AFP-L3, and DCP could help
to increase the sensitivity of diagnosis of HCC, but this
approach is currently used in only a few countries,
such as Japan. In recent years, numerous studies
have investigated the clinical usefulness of some
novel biomarkers in early diagnosis of HCC, including
GP73, GPC3, osteopontin, VEGF, DKK1, MDK, and
miRNA. Moreover, the prognostic significance of these
biomarkers has also been evaluated. Serum and
tissue-based biomarkers and genomics may aid in
diagnosis of HCC, determination of patient prognosis,
and selection of appropriate treatment. However,
further studies are needed to better characterize
the accuracy and potential role of these approaches
in clinical practice. The prevailing hope is that novel
biomarkers can support clinicians in their daily practice
and improve care for patients with HCC.

Research frontiers and prospects for novel biomarkers
to evaluate the prognosis for HCC and to facilitate posttreatment monitoring
[142]

[143]

Biomarkers, including DKK1
, GPC3
, and indo
[144]
cyanine green 15 min after administration (ICG-R15) ,
reflect current knowledge of the pathways involved in
hepatocarcinogenesis and appear to have prognostic
value. However, prospective validation studies still
need to be performed. In patients with advanced
HCC who are treated with sorafenib, serum VEGF
and angiopoietin 2 (Ang2) levels were identified as
[127]
independent prognostic factors for overall survival .
Moreover, gamma-glutamyl transpeptidase (GGT)
was identified as a prognostic maker by studies of
different subgroups of patients published over the past
[145]
[146]
5 years
. Sheen et al
found that patients who
had HCC with type B GGT mRNA had worse outcomes,
earlier recurrence, and more post-recurrence deaths.
Several studies of patients with HCC undergoing
hepatic resection have revealed a correlation between
elevated levels of GGT and worse survival for patients
with HBV-related HCC, Child-Pugh A liver function,
[147-149]
or multi-nodular tumors
. In addition, several
studies have also revealed the predictive value of GGT
in patients with unresectable HCC who were treated
[150-153]
with TACE or chemotherapy
.
In addition to their diagnostic potential, miRNAs
may help to predict prognosis for HCC. Tomimaru et
[123]
al
found that the level of miR-21 expression was
high in Asian patients with HCC and that the level
declined after surgery. They also found that a high
level of miR-21 expression in plasma correlated with
a shorter cumulative survival following treatment.
[154]
Köberle et al
found in European patients with HCC
that higher levels of miR-1 and miR-122 expression
were associated with longer overall survival compared
to lower levels of expression of those miRNAs. They
concluded that miR-1 may be a predictive biomarker
of HCC independent of liver function. A 31-miRNA
signature correlates with the stage of disease, and
a distinct 20-miRNA signature that is associated
[155]
with metastasis of HCC has also been identified
.
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Glypican-3 is a prognostic factor and an immunotherapeutic
target in hepatocellular carcinoma
Yukihiro Haruyama, Hiroaki Kataoka

Abstract

Yukihiro Haruyama, Hiroaki Kataoka, Section of Oncopathology
and Regenerative Biology, Department of Pathology, Faculty of
Medicine, University of Miyazaki, Miyazaki 889-1692, Japan

Glypican-3 (GPC3) is a cell surface oncofetal proteogly
can that is anchored by glycosylphosphatidylinositol.
Whereas GPC3 is abundant in fetal liver, its expression
is hardly detectable in adult liver. Importantly, GPC3
is overexpressed in hepatocellular carcinoma (HCC),
and several immunohistochemical studies reported
that overexpression predicts a poorer prognosis for
HCC patients. Therefore, GPC3 would serve as a useful
molecular marker for HCC diagnosis and also as a target
for therapeutic intervention in HCC. Indeed, some
immunotherapy protocols targeting GPC3 are under
investigations; those include humanized anti-GPC3
cytotoxic antibody, peptide vaccine and immunotoxin
therapies. When considering the clinical requirements
for GPC3-targeting therapy, companion diagnostics to
select the appropriate HCC patients are critical, and both
immunohistochemical analysis of tissue sections and
measurement of serum GPC3 level have been suggested
for this purpose. This review summarizes current
knowledge regarding the clinical implication of GPC3
detection and targeting in the management of patients
with HCC.
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Core tip: Glypican-3 is frequently overexpressed in
hepatocellular carcinoma (HCC). Accumulating evidence
indicates that high glypican-3 expression is a significant
prognostic factor that predicts poor outcome of patients
with HCC. Thus, it serves as a promising molecular
target for the development of novel therapies for HCC,
and preclinical and clinical trials targeting glypican-3 are
currently underway. Evaluation of the glypican-3 levels
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in HCC tissues or in sera of patients with HCC would
be of value for predicting the patients’ prognosis and
companion diagnostics for future glypican-3-targeting
therapies.
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INTRODUCTION

GC33

Hepatocellular carcinoma (HCC) is the most common
form of liver cancer and is the fifth most common
[1]
malignant neoplasm worldwide . Despite progress in
surgical and non-surgical therapies, the prognosis of
HCC remains poor. Although the multi-kinase inhibitor
sorafenib prolonged median survival and the time to
[2]
progression by nearly 3 mo , new biomarkers and
molecular targets are urgently needed to develop
novel treatment strategies.
Glypican-3 (GPC3) is a member of the heparan
sulfate (HS) proteoglycan family. It attaches to cell
membranes by a glycosylphosphatidylinositol (GPI)
[3,4]
anchor
. GPC3 is widely expressed in human
embryos, and it regulates morphogenesis or growth,
possibly through insulin-like growth factor, bone
morphogenic protein, fibroblast growth factor (FGF) or
[5-7]
hedgehog signaling . GPC3 gene mutation results in
Simpson-Golabi-Behmel syndrome (SGBS), in which
patients display fetal macrosomia and continue to
grow and gain weight at an unusual rate with a varying
[8,9]
range of dysmorphisms . In fact, GPC3-deficient
mice exhibit several of the clinical features observed in
SGBS, including developmental overgrowth, perinatal
death, cystic and dysplastic kidney and abnormal
[10]
lung development . In the liver, normal expression
of GPC3 was identified from gestational weeks 18
to 30, and no GPC3 expression was observed in any
[5,11,12]
normal adult liver tissue
. On the other hand,
significantly high levels of GPC3 are expressed in HCC
cells compared to normal liver and non-neoplastic
[11,12]
liver lesions
. Therefore, GPC3 is a promising
tumor marker and may be a potential molecular
target for the development of innovative therapies for
[3]
HCC . This review focuses on the expression of GPC3
and discusses the possible usefulness of GPC3 as a
prognostic marker and an immune-therapeutic target
for patients with HCC.

GPI anchor
Cell membrane

Figure 1 A schematic drawing of the structure of the glypican-3 molecule.
The core protein consists of 580 amino acids, and two heparan sulfate (HS)
side chains are attached close to the C-terminal portion. Cleavage by furin
between Arg358 and Cys359 results in a 40-kDa N-terminal subunit and a 30-kDa
C-terminal subunit linked by a disulfide bond. Monoclonal antibody GC33
recognizes an epitope at the C-terminal portion.

highly homologous to the glypican family, the human
[14]
gene was renamed GPC3 , and it was found to be
[15]
located on the human X chromosome (Xp26) .
The glypican family consists of six members (GPC1 GPC6), all of which have a cysteine-rich repeat domain
[4]
at similar positions . GPC3 is abundantly expressed
in the placenta and fetal tissues such as liver, lung and
kidney; however, its expression is significantly reduced
[4]
in adult organs . The GPC3 gene encodes 580 amino
acids that produce a core protein with a mass of 70
358
359
kDa. After cleavage between Arg
and Cys
by
furin, two subunits linked by disulfide bonds (a 40-kDa
N-terminal subunit and a 30-kDa C-terminal subunit)
[16]
are generated . The mature GPC3 heterodimer is
expressed on the cellular surface as a GPI-anchored
protein with two HS chains attached to the C-terminal
[3,4]
region close to the cell membrane (Figure 1)
.
GPC3 can be released from the cell surface into the
extracellular environment. Several forms of secreted
GPC3, such as glycated forms with a molecular weight
larger than 100 kDa or a 50 kDa fragment lacking
[11,17,18]
HS side chain have been reported
. Therefore,
several mechanisms may be involved in the shedding
of GPC3. One such mechanism is mediated by notum,
a kind of lipase that cleaves GPI-anchored proteins,
and it results in the release of the full-length glycated
[19]
form of GPC3 . As shorter forms of soluble GPC3
can be detected in culture supernatant of human HCC
cells, an alternative shedding or cleaving enzyme may
also be present, area requiring further analysis.

GPC3
[13]

In 1988, Filmus et al
isolated a developmentally
regulated cDNA clone, called OCI-5, from a rat small
intestine cell line. As the OCI-5 gene encoded a protein
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in HCC cells: peri-canalicular membranous, luminal
membranous, circumferential membranous and
[21,36]
intracytoplasmic
. Considering the targeting of
GPC3 by humanized GC33, it is reasonable to postulate
that the circumferential membranous expression of
GPC3 in HCC cells is particularly important. Therefore,
an IHC scoring system that placed particular emphasis
on circumferential membranous immunoreactivity
was proposed in the GPC3 IHC study using anti-GC33
[36]
antibody .

ENHANCED GPC3 EXPRESSION IN HCC
TISSUES
[20]

In 1997, Hsu et al
identified an mRNA (MXR7)
that was highly expressed in HCC tissue, and it was
identical to GPC3 mRNA. The mRNA was hardly
detectable in adult non-neoplastic liver (3.2%) but
was overexpressed in most HCC tissues (74.8%).
They also showed a close correlation between
the GPC3 mRNA level and elevated serum alpha[20]
fetoprotein (AFP) level . Since then, a number of
studies have analyzed GPC3 immunohistochemistry
(IHC), and the results indicated specific and enhanced
[3,11,12,21]
expression of GPC3 in HCC tissues
. Many
IHC studies used the anti-GPC3 mouse monoclonal
antibody 1G12 that recognizes a C-terminal portion
[11]
of GPC3 near its membrane-bound site . One
study used two monoclonal antibodies (A1836A and
GPC3-C02) that recognized N-terminal and C-terminal
portions of GPC-3, respectively, and showed similar
[4]
immunostaining patterns . Evidence obtained by
those IHC studies revealed acceptable specificity
and sensitivity of GPC3 IHC for diagnostic purposes
in HCC management. While GPC3 was undetectable
in normal adult liver, 70%-100% of HCC cases were
positive with enhanced immunoreactivity in less[3,11,12,21]
differentiated tumors
. Dysplastic regenerative
nodules in cirrhotic liver also showed weak and
focal immunoreactivity; however, GPC3 was hardly
detectable in hepatocellular adenoma and intrahepatic
[11,12,21]
cholangiocarcinoma
. It should be noted that
some extrahepatic cancers with known AFP expression,
such as yolk-sac tumor, hepatoid adenocarcinoma
and other AFP-producing digestive tract cancer
[22-29]
variants, also showed high GPC3 expression
,
indicating that GPC3 may be an oncofetal protein like
AFP. Indeed, evidence suggested that both the GPC3
and the AFP genes may be regulated by a similar
[30]
transcription factor . In addition, recent IHC studies
have suggested that GPC3 can be expressed in other
tumors, including thyroid cancers and ovarian clear cell
[29,31,32]
carcinoma
.
Recently, another mouse monoclonal antibody
(GC33 and its humanized version) was developed,
[33]
and it recognized an epitope similar to that of 1G12 .
Notably, GC33 showed a significant cytotoxic activity
mediated by antigen-dependent cell cytotoxicity
(ADCC) and complement-dependent cell cytotoxicity
[33,34]
(CDC) on GPC3-expressing cells
. Therefore, the
humanized GC33 would have significant implications in
the development of GPC3-targeting immunotherapy.
To develop GPC3-targeting therapies for HCC, it would
be necessary to evaluate the GPC3 expression level
in individual patients (i.e., companion diagnostics). In
formalin-fixed paraffin-embedded tissue sections, antiGC33 antibody detected HCC cells with a sensitivity
[35,36]
and specificity similar to 1G12
. Four distinct
patterns of GPC3 immuno-localization were observed

WJG|www.wjgnet.com

PROGNOSTIC SIGNIFICANCE OF GPC3
IHC
After the diagnostic utility of GPC3 IHC was es
tablished in HCC histopathology, extensive studies
searching for the prognostic significance of GPC3
expression were conducted in patients with HCC. The
clinicopathological studies with GPC3 IHC revealed that
higher expression of GPC3 in HCC cells was corelated
to a poorer prognosis for patients after curative partial
[36,37]
hepatectomy
, and subsequent studies supported
[38-41]
this trend
. The circumferential membranous
immunoreactivity scoring system may be superior
in predicting the patients’ prognosis than a scoring
[36]
system simply reflecting the positive area ratio .
Subsequently, meta-analytic studies of the prognostic
significance of GPC3 expression were published.
They confirmed that a strong GPC3 IHC score was
of prognostic value as it was correlated with shorter
overall survival (OS) and disease-free survival (DFS)
[42,43]
of HCC patients
. Therefore, these patients may
potentially benefit from adjuvant therapy, particularly
that targeting GPC3.
In addition, these IHC studies revealed significant
intra-tumoral heterogeneity of GPC3 expression levels
in HCC tissue, casting doubt on the usefulness of
needle biopsy specimens for the evaluation of GPC3
[21,36,44]
expression in HCC
. The immunoreactivity
observed in a small needle biopsy specimen may not
represent the overall level of GPC3 expression of the
tumor. This may be a critical issue for needle biopsy
specimens if one attempts to use GPC3 IHC as a
biomarker of HCC.

SERUM GPC3 LEVEL AS A PROGNOSTIC
MARKER OF HCC
As mentioned earlier, GPC3 can be released from the
cell surface, and soluble GPC3 is detectable as serum
GPC3 (sGPC3). Therefore, measuring sGPC3 levels
may be a promising alternative for the estimation
of GPC3 expression level in HCC tissue. Indeed,
there have been several reports that attempted to
measure sGPC3 by enzyme-linked immunosorbent
assay (ELISA) in patients with HCC or other chronic
[11,17,45-54]
liver diseases
. The details of each study are
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Table 1 Reported enzyme-linked immunosorbent assay studies of serum glypican-3
Ref.

Epitope
1
(AA)

sGPC3 (ng/mL), median (range)

n
(mean ± SD)
Healthy

Capurro et al[11] 2003
Hippo et al[17] 2004
Beale et al[46] 2008
Tangkijvanich et al[47] 2009
Liu et al[48] 2010

C-terminal subunit
(511-580)
N-terminal subunit
(25-358)
ELISA kit (BioMosaics, Burlington,
VT)
C-terminal subunit
(511-580)
ELISA kit (BioMosaics)

ND (53)
- (96)
(0.65 ± 0.32)
ND (40)
-

Yasuda et al[49] 2010

ELISA kit (BioMosaics)

-

Ozkan et al[50] 2011

ELISA kit (Wuhan EIAab Science,
Wuhan, China)
ELISA kit (USCN Life Science,
Wuhan, China)
N-terminal subunit

0.004 (0.004 - 0.008) (28)
(-)
- (30)
(5.93 ± 5.46)
0 (0 - 563.2) (136)

(350-364)
ELISA kit (Cusabio Biotech, Wuhan,
China)
ELISA kit (USCN Life Science)

(4.14 ± 31.65)
-

Qiao et al[51] 2003
Chen et al[52] 2013

Lee et al[53] 2014
Abd El Gawad et al[54] 2014
Haruyama et al[56] 2015

N-terminal subunit
(321-350)

0.99 (0.86-1.67) (10)
(-)
0.12 (0.04 - 0.17) (25)
(0.11 ± 0.04)

CH/LC

HCC

ND/0 (0-117) (18/20)
167.5 (0-2924) (34)
(ND/5.85 ± 26.16)
(441 ± 669.8)
- (38)
- (69)
(1.09 ± 0.74)
(4.84 ± 8.91)
- (41)
- (50)
(125.41 ± 281.05)
(161.41 ± 422.33)
0 (0-43.6) (100)
46.3 (0-7826.6) (100)
(-)
(-)
- (32)
- (37)
(3 cases are > 300 ng/mL) (16 cases are > 300 ng/mL)
1.16 (200)
0.92 (200)
(-)
(-)
0.006 (0.004 - 0.24) (55)
0.005 (0.004-0.09) (75)
(-)
(-)
- (18/40)
- (101)
(9.98 ± 9.60/12.09 ± 9.69)
(29.29 ± 17.34)
0 (0-563.2)/6 (0-365.7)
15.11 (0-2400) (155)
(180/124)
(10.45 ± 46.02/19.44 ± 50.88)
(99.94 ± 267.2)
66.4 (40)
75.8 (21.7-482.5) (120)
(-)
(-)
2.74 (1.99 - 5.93) (10)
7.7 (4.9-11) (40)
(-)
(-)
0.11 (9)
0.24 (0.05-2.96) (115)
(0.12 ± 0.60)
(0.41 ± 0.51)

1

Amino acid number recognized. ND: Not detectable; CH: Chronic hepatitis; LC: Liver cirrhosis; sGPC3: Serum glypican-3.

displayed in Table 1. However, the reported values
of sGPC3 differed considerably between the studies
even in healthy controls. This is presumably because
of the different antibody epitopes used in each ELISA
setting and/or possible heterogeneity in the molecular
forms of sGPC3. Meta-analysis of the literatures has
suggested that sGPC3 is indeed higher in HCC patients
than normal subjects. However, its diagnostic utility
[55]
is questionable, and further studies are required .
Moreover, prognostic analyses were not performed in
those studies.
Very recently, we reported a novel sandwich ELISA
system that recognized the N-terminal subunit of
[56]
sGPC3 (sGPC3N) . This ELISA system was highly
sensitive compared to others that have been reported
(Table 1). Using this ELISA system, sGPC3N antigen
levels of 25 healthy volunteers and 115 HCC patients
who had undergone curative partial hepatectomy
were measured, and the relationship between sGPC3N
[56]
and clinicopathological parameters was analyzed .
The mean ± standard deviation (SD) of sGPC3
levels in healthy controls was 110.12 ± 37.70 pg/
mL, with a median value of 115.95 pg/mL. In HCC
patients, sGPC3N levels were significantly increased
compared to healthy controls and showed mean
and median values of 405.16 pg/mL and 236.19 pg/
mL, respectively. About 60% of HCC cases showed
abnormally high sGPC3N levels (i.e., > mean GPC3
+ 2 SD of healthy controls) in preoperative sera
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and the levels declined significantly after curative
[56]
partial hepatectomy . Notably, we observed that
high preoperative sGPC3N levels were significantly
associated with shorter OS and DFS after hepatectomy
and also with larger GPC3 IHC-positive areas in the
resected HCC tissues. More importantly, multivariate
analysis revealed that elevated sGPC3N was an
[56]
independent prognostic marker for poor OS or DFS .

FUNCTIONS OF GPC3 IN HCC
PROGRESSION
An important remaining question is whether GPC3
has a direct role in the aggressive behavior of
HCC cells, or whether the expression is simply an
epiphenomenon of malignant progression. Some
experimental evidence has suggested that it is a
direct relationship, but interpretation is complicated
by the roles of cellular GPC3 in HCC cell biology. Cell
surface GPC3 forms a complex with Wnt via its HS
side chains and stimulates Wnt/β-catenin signaling
[57]
in HCC cells (Figure 2) . Sulfatase 2 (SULF2), an
enzyme that removes 6-O-sulfate groups from HS,
is also overexpressed in HCC cells and releases Wnt
from the GPC3/Wnt complex, which also upregulates
[58]
Wnt signaling . Cell surface GPC3 may also act as a
storage site for heparin-binding growth factors, such
as FGF, hepatocyte growth factor (HGF) and heparin-
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Figure 2 Possible roles of glypican-3 in progression of hepatocellular carcinoma. Cell surface glypican-3 (GPC3) forms a complex with Wnt and heparinbinding growth factors such as fibroblast growth factor (FGF) and hepatocyte growth factor (HGF) via its heparan sulfate (HS) side chains and stimulates receptormediated signaling in hepatocellular carcinoma (HCC) cells. SULF2 expressed in HCC cells cleaves the HS to release these ligands from the GPC3/ligand complex,
which may also upregulate signaling in neighboring HCC cells.

binding epidermal growth factor, all of which are likely
involved in the invasive growth of HCC cells via ERK
[59,60]
and/or AKT signaling (Figure 2)
. A recent study
suggested that high expression levels of GPC3 may
promote the epithelial-mesenchymal transition (EMT)
[61]
of HCC cells through ERK activation , and EMT is
known to be involved in the metastatic phenotype and
[62]
drug resistance of cancer cells . On the other hand,
enhanced shedding of GPC3 with HS side chains may
eliminate GPC3-attached Wnt and growth factors from
HCC’s cell surface or may show dominant-negative
effects by neutralizing these GPC3-binding factors in
[59]
the pericellular microenvironment . Therefore, GPC3
may have both positive and negative effects on Wnt
signaling and pericellular growth factor activities.
The oncoprotein c-Myc may also contribute to the
presumed GPC3-induced malignant phenotypes. In
[63]
the GPC3 gene promoter region, Li et al
identified
a binding site for c-Myc, and the binding of c-Myc
directly activated the transcription of the GPC3 gene.
Interestingly, GPC3 also upregulated c-Myc expression,
which eventually forms a positive feedback signaling
[63]
loop between GPC3 and c-Myc in HCC cells .
Studies with GPC3-deficient mice indicated that
loss of GPC3 function impaired the differentiation of
macrophage lineage cells, resulting in the reduction of
monocyte/macrophage precursor-derived osteoclasts
[64]
in the diaphysis of the bone . This evidence may
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suggest a relationship between macrophage function
and GPC3. In many solid tumors, intratumoral
infiltration of macrophages and the shift of their
polarity to M2 phenotype have important roles in
[65]
malignant progression . Thus, we used IHC to assess
the association of GPC3 expression with the number
of tumor-associated macrophages (TAM) and their
polarity in HCC tissues. Our results indicated that
enhanced circumferential membranous staining of
GPC3 (i.e., a high A-Cm score) was associated with
[66,67]
increased TAM with an M2-polarized phenotype
.
We also observed a correlation between a high
A-Cm score and the expression of monocarboxylate
transporter 4 (MCT4) in HCC cells, and patients with
[67]
MCT4-positive HCC also had poor prognoses . MCT4
is an important proton symporter that regulates
intracellular pH, and its expression is regulated
by HIF1 signaling. Enhanced expression of MCT4
[68]
has been reported in many solid cancers . It is
currently unknown whether GPC3 expression and
MCT4 expression are functionally related in HCC.
Nonetheless, the pericellular microenvironment of HCC
cells may have important roles in GPC3 expression.

GPC3-TARGETING IMMUNOTHERAPY
HCC is an extremely malignant tumor. Many
researchers and clinicians are searching for novel
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treatment strategies for this deadly disease, including
molecular targeting therapy, immune therapy, oncolytic
[69-73]
virotherapy and microRNA-based therapy
. The
humanized anti-GPC3 monoclonal antibody GC33
shows significant cytotoxic activity against GPC3expressing human HCC cell lines in vivo through
[33,34]
ADCC and/or CDC
. The first clinical phase I study
of humanized GC33 was performed in the United
[74]
States, and the results were reported in 2013 .
Twenty patients with advanced HCC were treated with
humanized GC33 antibody (2.5-20 mg/kg, iv, weekly),
[74]
and there were no dose-limiting toxicities . Another
phase Ⅰ trial in Japanese HCC patients also showed
that GC33 given up to 20 mg/kg weekly was well
[75]
tolerated . A randomized phase II trial of humanized
GC33 was performed in 185 advanced HCC patients,
the results of which were presented at the 2014
[76]
ASCO meeting by Yen et al
Prior to randomization
of the patients, they were separated into 3 groups
based on the GPC3 expression levels judged by IHC.
The 121 randomized patients were then treated with
humanized GC33 (1600 mg every two weeks, iv, after
two weekly doses), and 64 patients were treated with
a placebo. Median progression-free survival (PFS) in
the humanized GC33 and placebo groups were 2.6
[76]
and 1.5 mo, respectively (HR: 0.97, P = 0.87) .
Therefore, treatment of humanized GC33 did not
show a benefit in this trial. However, exposure-efficacy
analysis suggested that higher exposure of GC33
with FcgR3A-158V polymorphism or CD16 expression
[76]
intensity may correlate with prolonged PFS . As
GC33 induces cytotoxic effects through ADCC and/or
CDC, antibody concentration and efficacy of immune
responses in HCC tissue might be critical. Further
studies analyzing the immuno-microenvironmental
factors in GPC3-expressing HCC are warranted.
GPC3 is also considered an immunotherapeutic
[77-79]
target for peptide vaccine therapies
. Komori et
[78]
al
developed HLA-A2 and -A24-restricted GPC3144-152
derived peptide vaccines (GPC3
: FVGEFFTDV and
298-306
GPC3
: EYILSLEEL, respectively). The patients
who were induced by the peptides showed increased
GPC3-specific cytotoxic T cells (CTLs). Then, by using
these two peptides, a phase I trial was performed, in
which 39 Japanese patients with advanced HCC were
[80]
enrolled . No severe common adverse events were
observed, and one patient showed partial response
and 19 patients showed stable disease. Notably, GPC3specific CTLs were increased in 30 patients, and the
frequency of the GPC3-specific CTLs correlated with
[80]
OS . On the other hand, development of T cells
expressing GPC3-targeting chimeric antigen receptor
was reported, which potently eliminated GPC3-positive
[81]
HCC cell xenografts .
The chimeric proteins composed of an antibody
fragment fused to a toxin (i.e., immunotoxins) may
also have a therapeutic potential in GPC3-targeting
[82]
therapies. Recently, Gao et al
reported successful
regression of tumor xenografts of two human liver
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cancer cell lines, Hep3B and HepG2, by treatment with
anti-GPC3 immunotoxin. They used two anti-GPC3
monoclonal antibodies (HN3 and YP7) conjugated to
Pseudomonas exotoxin A. HN3 inhibited Wnt signaling
[83]
induced by GPC3
and YP7 recognized an epitope in
the C-terminus portion of GPC3. HN3-immunotoxin
treatment showed superior anti-tumor effects
[81]
compared to YP7-immunotoxin .

CONCLUSION
GPC3 is frequently overexpressed in HCC, and its
expression level serves as a promising prognostic
biomarker. GPC3 may also be a promising molecular
target for the development of innovative therapies to
improve prognosis of HCC patients. Although a clinical
benefit of GPC3-targeting therapy has not yet been
confirmed in HCC patients, researchers are actively
investigating novel strategies to develop GPC3targeted therapies for the treatment of HCC.
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2016 Hepatocellular Carcinoma: Global view

Differentiation of hepatocellular carcinoma from its various
mimickers in liver magnetic resonance imaging: What are
the tips when using hepatocyte-specific agents?
Yang Shin Park, Chang Hee Lee, Jeong Woo Kim, Sora Shin, Cheol Min Park

Abstract

Yang Shin Park, Chang Hee Lee, Jeong Woo Kim, Cheol
Min Park, Department of Radiology, Korea University Guro
Hospital, Korea University College of Medicine, Seoul 152-703,
South Korea

Hepatocellular carcinoma is the most common primary
hepatic malignant tumor. With widespread use of liver
imaging, various cirrhosis-related nodules are frequently
detected in patients with chronic liver disease, while
diverse hypervascular hepatic lesions are incidentally
detected but undiagnosed on dynamic computed
tomography and magnetic resonance imaging (MRI).
However, use of hepatocyte-specific MR contrast agents
with combined perfusion and hepatocyte-selective
properties have improved diagnostic performance in
detection and characterization of focal liver lesions.
Meanwhile, the enhancement patterns observed during
dynamic phases using hepatocyte-specific agents may
be different from those observed during MRI using
conventional extracellular fluid agents, leading to
confusion in diagnosis. Therefore, we discuss useful
tips for the differentiation of hepatocellular carcinoma
from similar lesions in patients with and without chronic
liver disease using liver MRI with hepatocyte-specific
agents.
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Core tip: Hepatocellular carcinoma is the most common
primary hepatic malignant tumor. With widespread
use of liver imaging, various cirrhosis-related nodules
are more frequently detected in patients with chronic
liver disease, while diverse hypervascular hepatic
lesions are incidentally detected but undiagnosed
on dynamic computed tomography and magnetic
resonance imaging (MRI). However, liver MRI using
hepatocyte-specific agents has been suggested to be
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cirrhosis-related nodules are more frequently detected
in patients with chronic liver disease, while diverse
hypervascular hepatic lesions are incidentally detected
but undiagnosed on CT. Consequentially, these hepatic
lesions are mostly referred for MRI, particularly liver
MRI using hepatocyte-specific agents, for lesion
characterization. These diverse hepatic lesions may
occasionally mimic HCC, resulting in a diagnostic
challenge in clinical practice. Therefore, the aim of this
study is to briefly describe the imaging findings of HCC
and lesions mimicking HCC and discuss useful tips for
the differentiation of HCC from similar lesions using
liver MRI with hepatocyte-specific agents.

a much more reliable modality in the detection and
characterization of focal liver lesions. Therefore, we
would like to discuss useful tips for the differentiation
of hepatocellular carcinoma from similar lesions in
patients with and without chronic liver disease using
liver MRI with hepatocyte-specific agents.
Park YS, Lee CH, Kim JW, Shin S, Park CM. Differentiation
of hepatocellular carcinoma from its various mimickers in
liver magnetic resonance imaging: What are the tips when
using hepatocyte-specific agents? World J Gastroenterol 2016;
22(1): 284-299 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i1/284.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i1.284

MRI FINDINGS OF HCC
On gadoxetic acid-enhanced MRI, HCC typically shows
intense arterial enhancement and delayed washout
(Figure 1). On HBP images, it usually shows low signal
intensity (SI) in strongly enhanced normal hepatic
parenchyma because of the absence of functioning
hepatocytes or decreased expression of organic
anionic transporting polypeptide (OATP), which is
responsible for the intracellular uptake of contrast
[12]
material . On the other hand, 10%-20% of HCCs
appear hypovascular during the hepatic arterial phase.
Approximately 10% show high SI on HBP images
[12-14]
because of OATP overexpression
.
In addition, there are several ancillary features
[15]
favoring the diagnosis of HCC . Approximately 70%
[16]
of lesions exhibit a tumor capsule or pseudocapsule
(Figure 2), which appears as a delayed enhancing rim,
and the appearance of the capsule has been shown
[17]
to be an important predictor of HCC . A nodule-innodule appearance, suggesting the emergence of
a progressed HCC within a dysplastic nodule (DN)
or early HCC, is not frequently observed, although
[18]
it is characteristic of HCC . A mosaic appearance
attributed to intratumoral heterogeneity is more
common with larger HCCs, but not with tumors other
[15]
than HCC .
On nonenhanced T1- and T2-weighted images,
HCC shows variable SIs depending on the presence
of iron, fat, or hemorrhage, although typically, low
SI is observed on T1-weighted images and mild
to moderately high SI is observed on T2-weighted
images. HCC also typically demonstrates restricted
diffusion. The findings of high SI on T2-weighted
images and restricted diffusion are not specific to
HCC, although they favor the diagnosis of malignancy
and aid in the differentiation of HCC from cirrhotic
[15]
nodules .

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com
mon malignant neoplasm and the third most common
[1,2]
cause of disease-related mortality worldwide . Its
incidence has been increasing in several countries.
Meanwhile, in recent years, diagnostic imaging moda
lities for HCC have markedly improved, with tech
nical advancements in multidetector row computed
tomography (MDCT) and magnetic resonance imaging
(MRI). Therefore, HCC is commonly diagnosed using
dynamic CT and/or dynamic MRI without histological
confirmation, on the basis of a characteristic arterial
enhancement and portal venous or delayed phase
[3,4]
washout . For the radiological diagnosis of HCC, MRI
is more sensitive (81% vs 68%) than CT, while their
[5]
specificities are comparable (85% vs 95%) . Moreover,
liver MRI using hepatocyte-specific agents has been
suggested to be much more reliable than other
modalities such as MDCT and extracellular contrast[6]
enhanced dynamic MRI .
Hepatocyte-specific MR contrast agents initially
distribute in the extracellular fluid (ECF) compartment,
similar to ECF contrast agents, and are subsequently
taken up by functioning hepatocytes and excreted
in the bile. Consequently, these agents provide dual
benefits of dynamic imaging as well as delayed
[7]
hepatobiliary phase (HBP) imaging . Among the
commercially available hepatocyte-specific agents,
gadoxetic acid (Primovist outside the United States
or Eovist in the United States, Bayer Healthcare,
Berlin, Germany; formerly known as Gd-EOB-DTPA) is
currently used widely because of the rapid acquisition
of HBP images (10-20 min after contrast injection)
[7]
and more intense HBP enhancement . Furthermore,
whereas dynamic MRI using hepatocyte-specific
agents showed a performance comparable with that
of CT with regard to focal lesion characterization, HBP
significantly improved the diagnostic accuracy in terms
[8-11]
of lesion detection and characterization
.
On the other hand, with technical improvements
in and the widespread use of liver MRI, various
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In patients with chronic liver disease

Regenerative and dysplastic nodules: Cirrhosis is
characterized by the progressive fibrosis of the liver
parenchyma and a spectrum of hepatocellular nodules
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Figure 1 Hepatocellular carcinoma in a 74-year-old man with hepatitis C infection. A: Precontrast T1-weighted image shows a hypointense nodule in segment
6; B: Hepatic arterial phase of gadoxetic acid-enhanced MRI shows homogeneous marked enhancement of the tumor; C: Transitional phase shows washout of the
contrast medium in the tumor with capsular enhancement; D: Hepatobiliary phase shows marked hypointensity of the tumor relative to the liver parenchyma; E, F: T2weighted image and diffusion weighted image (b = 800) show high SI of the tumor.

A

B

C

D

E

F

Figure 2 Fat-containing hepatocellular carcinoma in a 57-year-old man with hepatitis B infection. A: Hepatic arterial phase using gadoxetic acid shows
heterogeneously arterial enhancement with intralesional low SI area; B: Transitional phase shows washout of the contrast medium in the tumor with capsular
enhancement; C: Hepatobiliary phase shows marked hypointensity of the tumor relative to the liver parenchyma; D: T2-weighted image shows high signal intensity
of the tumor; E, F: Opposed phase (E) and in-phase (F) T1-weighted gradient echo images reveals area of signal drop on opposed-phase image, indicating fatcontaining lesion.
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Figure 3 Regenerative nodule in a 61-year-old man with alcoholic liver cirrhosis. A-D: Precontrast T1-weighted image, hepatic arterial phase, portal venous
phase, and transitional phase show no visible lesion in the scanned area; E: Hepatobiliary phase shows a hyperintense nodule (arrow) in hepatic S4; F: T2-weighted
image shows isointensity of the tumor.

that mark the progression from regenerative nodules
(RNs) to low- and high-grade dysplastic nodules (DNs)
[19,20]
to, eventually, HCC
. There is a considerable overlap
among these nodules during hepatocarcinogenesis on
histopathology and imaging, although the characteristic
imaging findings of hepatocarcinogenesis have been
[15,20]
relatively well established
.
RNs usually exhibit iso SI or low SI on T2-weighted
images and variable SIs on T1-weighted images, while
DNs characteristically exhibit high SI on T1-weighted
images and iso SI or low SI on T2-weighted images.
This is because DNs may contain more copper or iron
compared with the background liver. Because these
nodules may contain varying amounts of lipids, copper,
or iron, they exhibit variable SIs on T1- and T2weighted images depending on their content. However,
RNs and DNs mostly do not exhibit high SI on T2[21]
weighted images or restricted diffusion . Therefore,
during the differential diagnosis of RNs or DNs from
HCCs, the presence of mild to moderately high SI on
T2-weighted images or restricted diffusion strongly
indicates the presence of HCC.
Following the injection of gadoxetic acid, because
RNs are predominantly supplied by the portal vein, most
of them enhance to the same degree as the adjacent
liver parenchyma, resulting in iso SI in the hepatic
arterial and later phases. Occasionally, they demonstrate
slightly lower enhancement, which is observed as mildly
low SI in the portal and transitional phases. Meanwhile,
because DNs exhibit a decreased number of portal
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tracts with a relatively lesser increase in the number
of unpaired arteries during hepatocarcinogenesis, they
mostly demonstrate iso SI or low SI in the hepatic
arterial and later phases. However, some DNs may have
an increased arterial supply because of neoangiogenesis
and enhance more than the liver in the hepatic arterial
phase; this may lead to a misdiagnosis of hypervascular
[20]
HCC .
On HBP images obtained using gadoxetic acid, RNs
typically show iso SI or high SI because of preserved
[20]
OATP expression
(Figure 3). DNs usually show iso
SI or low SI on HBP images because of decreased
OATP expression (Figure 4). Therefore, because OATP
expression decreases during hepatocarcinogenesis, iso
SI to high SI on HBP images is generally suggestive of
benign lesions (RNs or low-grade DNs), while low SI
on HBP images is a strong predictor of premalignancy
or malignancy (high-grade DNs or HCCs).
Focal nodular hyperplasia-like nodules: Focal
nodular hyperplasia (FNH)-like nodules are histopatho
logically and immunohistochemically identical to classic
FNH observed in noncirrhotic livers, although they occur
[22]
in patients with chronic liver disease or cirrhotic livers .
Therefore, the imaging findings of FNH-like nodules are
also identical to the characteristic radiological findings of
classic FNH on dynamic CT and MRI. Usually, FNH-like
[23]
nodules are small hypervascular lesions
(Figure 5).
However, if hypervascular FNH-like nodules are detected
in cirrhotic livers, it is often difficult to differentiate them
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Figure 4 Dysplastic nodule in the same patient as Figure 1. A: precontrast T1-weighted image shows a hyperintense nodule in segment 8, suggesting high
contents of iron or copper; B: Hepatic arterial phase of gadoxetic acid-enhanced MRI shows isointensity of the tumor; C, D: transitional and hepatobiliary phases show
hypointensity of the tumor relative to the liver parenchyma; E, F: T2-weighted image and diffusion weighted image (b = 800) show isointensity of the tumor.
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Figure 5 Focal nodular hyperplasia-like nodule in a 45-year-old man with hepatitis B infection. A: Precontrast T1-weighted image shows isointensity of the
tumor; B: Hepatic arterial phase using gadoxetic acid shows lobulating-contoured, marked enhanced nodule in segment 4; C, D: Portal venous and transitional phases
show slight hyperenhancement of the tumor relative to the liver parenchyma; E: Hepatobiliary phase shows isointensity or subtle peripheral ring-like enhancement of
the tumor; F: T2-weighted image shows isointensity of the tumor.
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Figure 6 Intrahepatic cholangiocarcinoma in an 80-year-old man. A: Hepatic arterial phase using gadoxetic acid shows peripheral arterial enhancing mass with
capsular retraction at the hepatic segment 8 subcapsular location; B: Portal venous and transitional phases show target appearance with peripheral enhancement
and central nonenhancement; C, D: Hepatobiliary phase also shows low signal intensity of the most outer portion, high signal intensity of mid portion, and marked low
signal intensity of the center of the tumor.
[24]

from HCC, particularly in atypical cases . Because of
identical imaging features, differences between atypical
FNH-like nodules and typical HCCs will be discussed
later in the FNH section. On the other hand, with
regard to differentiation of typical FNH-like nodules
from atypical HCCs with HBP high SI, lack of delayed
washout is a key imaging finding for diagnosis of NRH
[25]
(Kim JW, unpublished data, 2014) .

images using gadoxetic acid, and they described this
appearance as a doughnut-like nodule in HBP images.
Therefore, arterial enhancement degree and SIs on T1and T2-weighted images can provide differentiation of
NRHs from FNHs and FNH-like nodules. Furthermore,
the absence of washout and either iso to high SI or
doughnut-like nodules on HBP images will distinguish
this benign lesion from HCC.

Nodular regenerative hyperplasia: Nodular rege
nerative hyperplasia (NRH) is a rare liver condition
characterized by the widespread benign transformation
of the hepatic parenchyma into small RNs. NRH
may lead to the development of noncirrhotic portal
[26]
hypertension
and is often associated with organ
transplantation, myeloproliferative disease, or auto
immune processes. NRH exhibits iso SI to high SI
on T1-weighted images (93.9%) and iso SI on T2weighted images (82%), which are slightly different
[27]
from the T1 and T2 SIs for FNH . In one study
using hepatocyte-specific MR agents with gadobenate
[27]
dimeglumine , all NRHs showed arterial enhancement
and iso SI to high SI on portal venous, equilibrium,
and HBP images. Although the dynamic enhancement
pattern of NRH resembles that of FNH, FNHs and FNHlike nodules show strong arterial enhancement and
[27,28]
NRHs show mild arterial enhancement
. According
[28]
to unpublished data of Kozaka et al , NRH appears as
peripheral ring-like enhancement of the lesion on HBP

Intrahepatic cholangiocarcinoma: Intrahepatic
mass-forming cholangiocarcinoma (ICC) is the
second most common primary hepatic malignancy
after HCC. The typical enhancement pattern of ICC
(77%) is peripheral rim-like arterial enhancement with
[29-31]
progressive and concentric fill-in enhancement
(Figure 6). However, small ICC lesions (less than 3 cm
in diameter, up to 6% of ICCs) can show an atypical
enhancement pattern characterized by homogeneous
arterial enhancement with washout, thus mimicking
[30]
HCC
(Figure 6). Moreover, hepatitis C virus-induced
liver cirrhosis has been recognized as an important
[32]
risk factor for the development of ICC . It may
cause difficulty in the differential diagnosis of small
hypervascular ICC from HCC in patients with liver
cirrhosis, particularly that secondary to hepatitis C
infection. Meanwhile, on gadoxetic acid-enhanced
HBP images, most ICCs (96%) show low SI. In
previous studies, 32%-85% of ICCs showed a central
hyperintense area with a peripheral hypointense rim,
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Figure 7 Intrahepatic cholangiocarcinoma in an 80-year-old man. A: Hepatic arterial phase using gadoxetic acid shows heterogeneously arterial enhancing
nodule in hepatic segment 4 dome; B, C: Portal venous and transitional phases show delayed washout; D: Hepatobiliary phase shows target appearance with
peripheral low signal intensity and central high signal intensity.

known as target appearance. Furthermore, a central
high SI was described as an EOB cloud, attributed to
[30,31,33]
contrast uptake by the central fibrotic stroma
(Figure 7). In a comparison between ICC and HCC
[33]
using gadoxetic acid-enhanced MRI , the target
appearance on HBP images was more common
with ICC than with HCC (85.7% vs 17.1%) and was
the best predictor for distinguishing ICC from HCC.
Furthermore, HBP images were found to show an
increased lesion conspicuity (lobulated shape of ICC
vs globular shape of HCC) and better delineation of
[30]
daughter nodules and intrahepatic metastasis , which
may aid in ICC diagnosis.

using conventional ECF agents, FNH shows intense and
homogeneous arterial enhancement that subsequently
fades without delayed washout and iso SI or high SI in
the portal venous and transitional phases of gadoxetic
[34,35]
acid-enhanced MRI
. Because of continuous contrast
uptake by functioning hepatocytes within the tumor, the
majority (91%-96%) of FNHs show iso SI or high SI
[34-37]
on HBP images
. Iso SI or high SI on HBP images
is a characteristic imaging finding of FNH, allowing
[35,37-39]
accurate diagnosis
. Although a small number
of FNHs (23%) show mixed or low SI on HBP images,
peripheral ring-like enhancement of the lesion is
frequently observed and is crucial for the identification
[36]
of FNH
(Figure 8). On the other hand, the presence
of a typical central scar is a reliable radiological sign
for FNH diagnosis. However, a macroscopic central
scar occurs in 50%-61% of FNHs and is often absent
[37,40]
in FNHs measuring less than 3 cm
. Compared
with that observed using ECF contrast agents, a
central scar observed using gadoxetic acid does not
typically demonstrate delayed enhancement, resulting
[41]
in markedly low SI on HBP images . Accordingly,
FNH with a large central scar rarely shows low SI on
HBP images. Because approximately 10% of HCC
and less than 10% of FNH lesions show high and low
[13,34,35,37]
SI, respectively, on HBP images
, a definitive
diagnosis of HCC and FNH is sometimes difficult.
However, with regard to hypervascular FNH with low
SI on HBP images, female sex, presence in the normal
liver, characteristic morphologic features such as

In patients without chronic liver disease or with a
normal liver

Focal nodular hyperplasia: FNH is the second
most common benign hepatic tumor, found more
commonly in healthy young and middle-aged women.
Histologically, FNH is characterized by a central
fibrous scar with surrounding nodules of hyperplastic
hepatocytes and small bile ducts. Because of the benign
nature of FNH, which usually necessitates conservative
management, noninvasive diagnosis is important.
Characteristic morphological features and dynamic
enhancement patterns have been well demonstrated
[34]
for FNH . Morphologically, FNH shows a lobulated or
microlobulated border without a true tumor capsule
and has a central fibrous scar. Similar to the typical
imaging findings observed on dynamic CT and MRI
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Figure 8 Focal nodular hyperplasia in a 55-year-old woman. A: Hepatic arterial phase image of gadoxetic acid-enhanced etic resonance imaging shows lobulating
contoured, marked enhanced tumor; B, C: Portal venous and transitional phases show slightly hyperenhancement of the tumor relative to the liver parenchyma,
and central hypointense area is suspected as central scar; D: Hepatobiliary phase shows peripheral ring-like enhancement of the tumor with larger area of markedly
hypointense central scar as compared with the other phase images.
[35,46]

lobulated or microlobulated borders and a central scar,
lack of delayed washout, and ring-like enhancement
with central iso SI to low SI on HBP images are helpful
for the diagnosis of FNH.

high SI on HBP images, mimicking FNH
. Therefore,
the majority of HCAs shows the typical enhancement
pattern shown by HCC. However, the most important
fact is that HCA typically occurs in noncirrhotic livers in
women of child-bearing age, while HCC primarily occurs
in cirrhotic livers. Notwithstanding, differentiation
between HCA and HCC in noncirrhotic livers is an
issue. However, a larger fat component is more typical
[44]
for HNF-1α-mutated HCA . A rim-like band with
high SI in the periphery of the lesion on T2-weighted
[39,43]
images (atoll sign) is observed for 13% of HCA
.
Furthermore, a capsule or a pseudocapsule, which
appears as a delayed enhancing rim, is observed less
commonly in HCA than in HCC (Figure 9) (25%-31%
[16,47,48]
vs 70%)
. Although there is no study on the
advantages of using gadoxetic acid for the differential
diagnosis of HCA and HCC, these ancillary findings will
be helpful in their differentiation in noncirrhotic livers.

Hepatocellular adenoma: Hepatocellular adenoma
(HCA) is the third most common benign hepatic
tumor that particularly affects young and middleaged women. It was recently subclassified into four
groups according to the genotype and phenotype:
inflammatory (50%), hepatocyte nuclear factor
(NHF)-1α-mutated (35%-40%), β-catenin-mutated
[42]
(10%-15%), and unclassified (< 10%) . The MRI
findings vary on the basis of histological findings and
associated complications, and MRI has proven to be an
[43-45]
accurate method for subtyping HCAs
. For several
years, the differentiation of HCA from FNH has been a
major concern, because these hypervascular tumors
are frequently observed in women of a similar age.
HCA requires surgical resection because of the risk of
[35,38,39]
hemorrhage and malignant transformation
. On
the other hand, on gadoxetic acid-enhanced MRI, 90%
of HCAs show mild-to-moderate arterial enhancement,
72% show low SI in the transitional phase, and 93%
[35]
show low SI on HBP images . In particular, HNF-1αmutated and β-catenin-mutated HCAs show arterial
enhancement with washout and low SI on HBP images,
mimicking HCC, while some inflammatory HCAs show
arterial enhancement with persistent enhancement and
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Hemangioma: Hemangioma is the most common
[49]
benign hepatic tumor . On dynamic CT and MRI
using conventional ECF agents, a typical hemangioma
shows early peripheral nodular enhancement with
centripetal and prolonged enhancement (Figure 10).
High-flow hemangiomas, which account for 16% of all
hemangiomas and 42% of hemangiomas measuring less
than 1 cm in diameter, show immediate homogeneous
arterial enhancement with persistent enhancement
[49]
in the portal and equilibrium phase . With regard to
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Figure 9 Hepatocellular adenoma in a 45-year-old woman. A: Hepatic arterial phase using gadoxetic acid shows moderate arterial enhancement; B: Transitional
phase shows delayed washout without capsule or pseudocapsule; C: Hepatobiliary phase shows heterogeneous low signal intensity of the tumor; D: T2-weighted
image shows a peripheral hyperintense band with moderate high signal intensity of residual tumor.
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Figure 10 Hepatic hemangioma in a 45-year-old woman. A: Hepatic arterial phase using gadoxetic acid shows peripheral nodular enhancement of the tumor in
segment 7; B: Transitional phase shows centripetal and prolonged enhancement; C: Hepatobiliary phase shows hypointense defect relative to hepatic parenchyma; D:
T2-weighted image shows bright and high signal intensity.
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Figure 11 Hepatic hemangioma in a 54-year-old man. A: Hepatic arterial phase in gadoxetic acid-enhanced MRI shows homogeneous marked enhancement of
the tumor in segment 3; B: Transitional phase shows slightly low signal intensity of the tumor relative to the liver parenchyma; C: Hepatobiliary phase shows more
markedly low signal intensity of the tumor; D: T2-weighted image shows bright and high signal intensity of the tumor.

gadoxetic acid-enhanced MRI, hemangioma shows
typically low SI on HBP images because of the absence
[50]
of hepatocytes in the lesion . Furthermore, it shows
low SI in the transitional phase (Figure 11). Because
contrast uptake by hepatocytes begins as early as the
portal venous phase and parenchymal enhancement
gradually increases in the transitional phase and
HBP, hemangioma shows a relatively decreased SI
compared with the parenchyma, exhibiting washout
[50]
in the transitional phase . Although this has been
[51]
described as “pseudowashout” , hemangioma shows
SI equivalent to that of the portal vein in all phases, with
a gradual decrease in SI from the portal phase to HBP
[50]
(no rapid washout) . Moreover, hemangioma shows
typically bright and high SI on T2-weighted images and
high SI on diffusion-weighted images with high apparent
[51,52]
diffusion coefficient value
. Therefore, high-flow
hemangioma on gadoxetic acid-enhanced MRI, which
shows arterial hyperenhancement with pseudowashout,
can be confused for HCC. However, bright and high
SI on T2-weighted images, high apparent diffusion
coefficient value, and SI equivalent to that of the portal
vein in all phases may be helpful for the differentiation of
hemangioma from HCC.

radiological feature of AML, although it is not specific
for AML. The fat component of AML varies from less
than 10% to more than 90% of the tumor volume,
resulting in a varied imaging appearance and leading
to an erroneous diagnosis in most cases. In addition,
the epithelioid type of AML, which contains no or a
minimal amount of macroscopic fat, demonstrates
arterial enhancement and delayed washout, mimicking
[53]
HCC . Therefore, AML has been commonly mis
diagnosed as HCC. On dynamic CT and MRI using
conventional ECF agents, the fatty areas of AML
are well vascularized and show early enhancement,
whereas steatotic foci in HCC are relatively avascular
[54]
and show less contrast enhancement . With regard
to the vascular components of AML, tortuous central
tumoral vessels and early draining veins were found
[55]
to be pathognomonic features of AML . On the other
hand, only one study differentiated between AML and
[56]
[56]
HCC using gadoxetic acid-enhanced MRI . Kim et al
reported that 100% of AMLs and 85% of HCCs showed
arterial enhancement and delayed washout on MRI
using gadoxetic acid. Compared with HCC, AML was
found to show homogeneous low SI on HBP images
more frequently (83% vs 41%) (Figure 12), while the
degree of enhancement for this lesion on HBP images
was found to be much lower than that for the spleen
(92% vs 30%). They explained that AML is devoid
of hepatocytes, leading to a more homogeneously
lower SI on HBP images, while HCC may contain
some dysplastic hepatocytes, leading to a more

Angiomyolipoma: Angiomyolipoma (AML) is a benign,
nonencapsulated mesenchymal tumor comprising
varying proportions of three tissue elements: blood
vessels, smooth muscle, and mature adipose tissue.
The presence of fat tissue is the most important
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Figure 12 Angiomyolipoma in a 33-year-old woman. A: Hepatic arterial phase using gadoxetic acid shows heterogeneous arterial enhancement of the tumor.
Early venous drainage to the right hepatic vein is seen (white arrow); B: Transitional phase shows heterogeneously low signal intensity; C: Hepatobiliary phase shows
homogeneously low signal intensity; D, E: Opposed phase (D) and in-phase (E) T1-weighted gradient echo images reveal hypointense mass with area of signal drop
on opposed-phase image (black arrows), indicating fat-containing lesion; F: T2-weighted image shows heterogeneous signal intensity of the tumor.

mixed or intermingled low SI, irregular margins,
and nonspherical shapes on HBP images, which
[62]
would be helpful for characterizing this lesion . Size
discrepancy on HBP images relative to the size on T1or T2-weighted images is another characteristic finding
of FEI, although there are studies on the differentiation
[58,59,62]
of FEI from metastasis using gadoxetic acid
. In
addition, iso SI on T1-weighted images is a useful MRI
[59]
finding for the diagnosis of FEI .

heterogeneously higher SI on HBP images. Therefore,
HBP of gadoxetic acid-enhanced MRI would be the
most beneficial sequence for discriminating AML from
HCC. In addition, because AML is common in women,
younger patients, and patients with a normal liver, the
occurrence of lesions in young women with a normal
liver would be a helpful clue for its differential diagnosis.
Focal eosinophilic infiltration: Focal eosinophilic
infiltration (FEI) is a focal hepatic lesion caused by
eosinophil-induced tissue damage. It is associated
with various eosinophilia-related conditions such as
parasitic infections, allergic reactions, hypereosinophilic
syndrome, and internal malignancies. On imaging,
FEI lesions appear as small, ill-defined, nonspherical
lesions, with low attenuation in the portal phase during
[57]
dynamic CT . Nevertheless, radiological differentiation
of FEI from hepatic metastasis is difficult because
of its multiplicity and higher incidence in patients
[58,59]
with an underlying malignancy
. Furthermore,
arterial hypervascularity is infrequently observed in
[60]
FEI . On gadoxetic acid-enhanced MRI in particular,
we observed that FEI showed arterial enhancement
[70%; rim (37.1%) and homogeneous (22.9%)
enhancement] and low SI in the portal venous phase,
transitional phase, and HBP (80%, 88.6%, and 100%,
respectively), resulting in 45.7% of lesions showing
[61]
the typical enhancement pattern of HCC
(Figure
13). However, FEI was found to show characteristically
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Hypervascular pseudolesions: Hypervascular
pseudolesions, also known as arterioportal shunts,
are typically wedge-shaped lesions with arterial
enhancement in a subcapsular location. Typical
[63]
lesions are easy to recognize and diagnose .
Meanwhile, subcentimeter-sized, small hypervascular
[64]
pseudolesions tend to be nodular in shape
and are
one of the primary lesions mimicking HCCs, resulting in
difficulties in differential diagnosis. In HBP of gadoxetic
acid-enhanced MRI, most hypervascular pseudolesions
(94.3%) show iso SI compared with the surrounding
liver tissue (Figure 14), which can be attributed to the
[65]
intact hepatocyte function of these lesions , whereas
up to 13% of nodular hypervascular pseudolesions
[64]
show low SI on HBP images , also commonly
demonstrated by HCCs. However, SI on HBP images
is significantly lower for HCCs than for pseudolesions.
Therefore, even though hypervascular pseudolesions
rarely show low SI on HBP images, this finding may be
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Figure 13 Focal eosinophilic infiltration in a 52-year-old man. A: Hepatic arterial phase of gadoxetic acid-enhanced MRI shows two irregular homogeneously
enhancing nodular lesions in segments 7 and 8; B: Hepatobiliary phase shows low signal intensities with ill-defined margin and nonspherical shape; C: Heavily T2weighted image shows smaller size of the lesions in S8, compared to (B).
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Figure 14 Hypervascular pseudolesion in a 49-year-old man with normal liver. A: Precontrast T1-weighted image shows no focal hepatic lesion; B: Hepatic
arterial phase using gadoxetic acid shows several arterial enhancing nodular lesions in the liver (arrows); C-F: Transitional, hepatobiliary, T2-weighted, and diffusion
weighted images show no signal change.

enhancement pattern using gadoxetic acid, they
have been commonly identified as defects on HBP
images, owing to no functioning hepatocytes within
[67]
the tumor . However, in colorectal cancer liver
metastasis, homogeneous defects on HBP were not
common (27.8%) and heterogeneous defects on
[68]
HBP were most common (63.3%)
(Figure 15).
In breast cancer liver metastasis, this commonly
manifested as a target sign (62%) with central high
SI and peripheral low SI rim on the HBP, like ICC,
because of contrast pooling at the central fibrotic
[67]
area
(Figure 16). Therefore, hepatic metastases
may appear as homogeneous defects, heterogeneous

helpful for accurate differentiation from HCC.
Metastasis: Metastases are the most common ma
lignant hepatic tumor. Metastases usually manifest as
multiple discrete nodules or masses but occasionally
[66]
manifest as a solitary nodule or mass . Hepatic
metastases from adenocarcinoma, such as colorectal
cancer, are usually hypovascular and have arterial rimlike enhancement. Characteristically, neuroendocrine
tumor, renal cell carcinoma, melanoma, and breast
cancer are well known for hypervascular metastasis,
showing arterial enhancement with delayed washout,
like HCC. Although there have been few studies on
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Figure 15 Hepatic metastasis from colon cancer in a 74-year-old man. A: Hepatic arterial phase using gadoxetic acid shows multiple arterial rim-like enhancing
tumors with lobulating margin; B, C: Portal venous and transitional phases show heterogeneously low signal intensity of the tumors; D: Hepatobiliary phase shows
peripheral hypointense rim with subtle high signal intensity of the center.
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Figure 16 Hepatic metastasis from breast cancer in a 61-year-old woman. A: Hepatic arterial phase using gadoxetic acid shows arterial rim-like enhancement;
B, C: Portal venous and transitional phases show delayed washout of periphery of the tumor with central nonenhancement; D: Hepatobiliary phase shows target
appearance with subtle high signal intensity of the center and peripheral low signal intensity rim.
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defects, or with target appearance on HBP images
and the most common finding on HBP may vary from
tumor to tumor. Meanwhile, the presence of multiple
focal lesions in the non-cirrhotic liver of a patient with
known malignancy, a homogeneous or heterogeneous
defect, or target appearance on HBP image favor the
diagnosis of metastasis.

9

10

CONCLUSION
In conclusion, we have described the key differentiating
features for HCCs and lesions mimicking HCCs on
gadoxetic acid-enhanced MRI for patients with and
without chronic liver disease. HBP images obtained
using gadoxetic acid provide useful information for the
detection and characterization of focal hepatic lesions,
although it should be noted that the appearance on HBP
itself does not replace the information provided by the
static and dynamic phases. However, the enhancement
patterns observed during dynamic phases in gadoxetic
acid-enhanced MRI may be different from those
observed during MRI using conventional ECF agents,
leading to confusion in diagnosis. Therefore, in addition
to the contrast enhancement patterns on dynamic
phase and HBP images, ancillary findings such as
tumor appearance in each static phase and on other
sequences such as T1- and T2-weighted images, along
with clinical information, can aid in precise diagnosis.
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Abstract
The multifactorial and multistage pathogenesis of
hepatocellular carcinoma (HCC) has fascinated a wide
spectrum of scientists for decades. While a number
of major risk factors have been identified, their
mechanistic roles in hepatocarcinogenesis still need to
be elucidated. Many tumor suppressor genes (TSGs)
have been identified as being involved in HCC. These
TSGs can be classified into two groups depending
on the situation with respect to allelic mutation/loss
in the tumors: the recessive TSGs with two required
mutated alleles and the haploinsufficient TSGs with
one required mutated allele. Hepatitis B virus (HBV)
is one of the most important risk factors associated
with HCC. Although mice cannot be infected with HBV
due to the narrow host range of HBV and the lack of
a proper receptor, one advantage of mouse models
for HBV/HCC research is the numerous and powerful
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[5-8]

factors such as obesity and diabetes . Furthermore,
in HBV-associated HCC, HBV replication and the
genotype of the HBV per se are also risk factors. A
higher serum level of HBV DNA is correlated with the
[9]
future incidence of HCC in patients . In a manner
similar to the HBV infection rate, the distribution of
HBV genotypes also shows significant geographical
differences. For example, genotypes B and C are
predominant in Asia, while genotypes A and D are
predominant in Africa, Europe and India. In addition, in
Asia, genotype C has been shown to be correlated with
advanced liver disease, cirrhosis and HCC more than
[1]
genotype B . Moreover, there is a highly significant
association between patient gender, HBV infection
and HCC. Males have a higher HBV infection rate and
a higher HCC incidence. The greater susceptibility of
males in terms of HCC incidence may be attributed to
the tumor-promoting effects of androgens and/or the
[10]
gender-specific metabolism of carcinogens . AFB1,
which is produced by fungi and often contaminates
maize and peanuts, is a well-recognized carcinogen
of the liver. A metabolic intermediate of AFB1 is able
to bind to and damage DNA, leading in HCC to a loss
of function of various tumor suppressor genes such
[10]
as p53 . Notably, areas with a high prevalence of
chronic HBV infection are usually places having a high
risk of AFB1 exposure. This suggests that AFB1 is a
promoting factor for HBV-associated HCC and that
these two risk factors may have a synergistic effect
on hepatocarcinogenesis. Another risk factor related
to diet is chronic alcoholism, which leads to fatty liver,
fibrosis, advanced liver disease and eventually to
HCC. Additionally, smoking has been recognized as
a risk factor for HBV-associated HCC development.
Furthermore, genetic polymorphisms present in the
host are also HCC risk factors. For example, studies
have revealed that a loss-of-function deletion of
glutathione S-transferase seems to increase the risk of
[1,11]
HCC
. Finally, there are synergistic effects between
the different risk factors for HCC. For example, cotransfection with HCV and HBV has an additive effect
on the HCC incidence, as does hepatitis virus infection
plus AFB1 exposure or hepatitis virus infection plus
chronic alcoholism.
Genetically modified mice, including transgenic,
knock-out and knock-in mice, are able to provide animal
models that help to elucidate the molecular mechanisms
related to pathogenesis and carcinogenesis in the liver;
furthermore, they also help us to evaluate potential
chemopreventive agents and new therapeutic targets
under physiological conditions. Although mice cannot
be infected with HBV due to the narrow host range of
HBV and the lack of a proper receptor or other factors
for HBV, one of the advantages of using mouse models
is the numerous and powerful resources that genetically
modified mice make available. In this review, we
mainly focus on the application of genetically modified
mouse models to obtain a better understanding of HBVassociated carcinogenesis, the potential involvement

genetic tools that help investigate the phenotypic
effects of viral proteins and allow the dissection of
the dose-dependent action of TSGs. Here, we mainly
focus on the application of mouse models in relation to
HBV-associated HCC and on TSGs that act either in a
recessive or in a haploinsufficient manner. Discoveries
obtained using mouse models will have a great impact
on HCC translational medicine.
Key words: Hepatocellular carcinoma; Mouse models;
Hepatitis B virus; Haploinsufficiency; Tumor suppressor
genes
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis B virus (HBV) viral products, in
particular the oncogenic HBV X protein, and mutations
of tumor suppressor genes (TSGs) are the driving force
of hepatocellular carcinoma (HCC). Inactivation of a
recessive TSG requires mutations in both alleles and
fits the “two-hit” model. However, haploinsufficiency
occurs when one allele is insufficient to confer the
full functionality of a TSG; the gene’s effect can be
partial or complete depending on tissue type, genetic
modifiers/background, and environmental factors.
Mouse models play a pivotal role in demonstrating the
oncogenic effects of viral products and in establishing
the dose-dependency and quantitative differences
when analyzing a TSG involved in HCC.
Teng YC, Shen ZQ, Kao CH, Tsai TF. Hepatocellular carcinoma
mouse models: Hepatitis B virus-associated hepatocarcinogenesis
and haploinsufficient tumor suppressor genes. World J
Gastroenterol 2016; 22(1): 300-325 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i1/300.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i1.300

INTRODUCTION
Liver cancer is a member of the top ten most common
[1]
cancers in both men and women . The most common
type of primary liver cancer in adults is hepatocellular
carcinoma (HCC), which is derived from hepatocytes
[2,3]
and accounts for 70% to 80% of cases . Liver cancer
has a high mortality and poor prognosis because
patients usually are diagnosed with the disease at
a well-advanced stage, making liver resection or
transplantation unavailable as a therapeutic option. In
addition, the recurrence rate of HCC is high in patients
who have received liver resection surgery, resulting
[1,4]
in a poor cure rate and low long-term survival . At
present, liver cancer is still a worldwide health issue
and remains an unsolved medical problem.
The major risk factors for HCC include: (1) hepatitis
virus infection, for example hepatitis B virus (HBV)
and hepatitis C virus (HCV); (2) aflatoxin B1 (AFB1)
exposure; (3) alcoholic cirrhosis; and (4) metabolic
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of tumor suppressor genes in HCC development, and
the potential implications of these findings in mice to
translational medicine.

HBV is a hepatocyte-specific enveloped DNA virus
that is composed of large, middle and small surface
proteins. Inside the envelope of the virus, the genome
of HBV is packaged within the core proteins, which
is formed into nucleocapsids. The genome of HBV is
a 3.2-kb partially double-stranded circular DNA that
is reversely transcribed from a 3.2-kb pre-genomic
RNA (pgRNA). A receptor (sodium taurocholate cotransporting peptide, NTCP), which is responsible for
[20,21]
HBV entry into host cells, was recently identified
.
After entering the host cell, the nucleocapsids
transport the HBV genome DNA into the nucleus of the
infected hepatocytes. The circular HBV DNA is then
converted into covalently closed circular DNA (cccDNA),
forming a minichromosome inside the nucleus, and
these minichromosomes serve as the template for
RNA transcription. In some cases, the HBV genome
has been found to integrate into the host genome of
a patient with chronic HBV infection; however, this is
not necessary for viral replication unlike the situation
[14,22]
with retroviruses
. The HBV polymerase, which is
covalently linked to the 5’ end of the negative strand
of the genome, uses the 5’ end of oligoribonucleotides
on the plus strand for reverse transcription. There are
four promoters and a shared polyadenylation signal
in the genome that are involved in regulating the
transcription of HBV proteins. The core promoter is
responsible for transcripts of the pgRNA (3.5 kb) and
of the pre-core protein, whose transcript is slightly
longer than that of the pgRNA. The pre-core protein is
able to be secreted as HBeAg after removal of residues
at the N-terminus and C-terminus. In addition, in
order to serve as a template for reverse transcription,
the pgRNA also encodes the core and polymerase
proteins. The core protein, which is also known as
hepatitis B core antigen, assembles the nucleocapsids
of the virus and is responsible for delivering the viral
nucleocapsids into the host nucleus. There are two
promoters for the surface proteins, which generate
2.4-kb and 2.1-kb transcripts. The 2.4-kb transcript
encodes the large surface protein, while the 2.1kb
encodes the middle and small surface proteins. These
three surface proteins (HBsAg) are synthesized in
the rough endoplasmic reticulum (ER) and then
transported to the Golgi apparatus for glycosylation;
these proteins are then able to be secreted as noninfectious subviral particles. The smallest transcript
(0.9 kb) is the template for the X protein. During
viral replication, the core protein packages the 3.5-kb
pgRNA and polymerase into nucleocapsids. Then, the
reverse transcription of pgRNA is carried out inside
of the nucleocapsid; this is carried out by the viral
polymerase and generates the minus-strand of the
HBV DNA first. The minus strand is then used as a
template for the synthesis of the plus-strand of HBV
DNA. Finally, the nucleocapsids are enveloped by
surface proteins during processing on the ER and Golgi
apparatus, which is followed by secretion of the virus
[14,23,24]
from the cell
.

HBV AND HCC DEVELOPMENT
HBV is one of the most important risk factors for
[1,3,4]
HCC
. Clinically, chronic infection with HBV is
highly associated with the incidence of HCC and with
mortality. Additionally, the geographical distribution
of liver cancer seems to be highly correlated with the
[1]
prevalence of HBV in a population . Epidemiological
studies have identified areas with a low prevalence
of HBV infection, such as in North America, Western
Europe and Northern Europe; areas with an inter
mediate prevalence of HBV infection, such as Eastern
and Southern Europe; and areas with the highest
prevalence of HBV infection such as East and Southeast
[1,3]
Asia and sub-Saharan Africa
. Additionally, the
epidemiological results show that in the high HBV
prevalence areas there are notable differences in
the mean age of diagnosis of HCC between men
and women, with men showing a lower mean age of
diagnosis, and in the incidence of HCC among men than
[1]
women, with men showing a higher incidence . The
age at which infection occurs, as well as environmental
and dietary factors, all seem to be related to HCC
[1,3]
incidence . Infection with HBV is divided into two
types, acute and chronic. Most adults with an acute
infection of HBV (90% of cases) spontaneously
[12-14]
recover and develop protective immunity
. HBV
chronic infection in the remaining 10% of adults can
be subdivided into four phases; these are the immune
tolerance phase, the immune clearance [hepatitis Be
antigen (HBeAg)-positive chronic hepatitis] phase, the
inactive (carrier) phase and the reactivation (HBeAgnegative chronic hepatitis) phase; all of these phases
[15]
may not all be seen in a given individual patient .
Up to 30% of HBV carriers develop chronic hepatitis,
[16,17]
fibrosis, cirrhosis and eventually HCC
. In an area
with high HBV prevalence, chronic HBV infection
often occurs during birth (mother-child transmission).
Therefore, an early onset of HBV infection and longterm chronic infection-induced advance liver diseases
are likely to be the main factors contributing to the high
[1]
mortality and high incidence of HCC in these regions .
Taiwan, which is located in an HBV high-prevalence
region, was a pioneer of national HBV vaccination in
the 1980s. A recent study has revealed that chronic
disease mortality, HCC incidence and HCC mortality
have significantly declined in both males and females
[18]
who have received HBV immunization . Nonetheless,
the life-long effects of HBV vaccination will need to be
observed for decades to come. Although immunization
against HBV is highly efficacious in terms of preventing
HBV-related liver disease, it also results in mutations
[19]
affecting the genomes of HBV in circulation . In
addition, there is still no effective treatment that is able
[12]
to eliminate HBV from infected patients .
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with those from infection experiments of HBV in
[14,27]
chimpanzee
. Thus, it seems that transgenic mice
carrying the HBV genome are capable of recapitulating
several aspects of the post-infected hepatocytes in
natural hosts such as the human and chimpanzee.
There have been three possible mechanisms
proposed for HBV-mediated HCC. These are: (1) that
a viral protein per se is oncogenic; (2) that there is an
infection-promoted immune response and this triggers
a long-term process of carcinogenesis in liver; and (3)
that the integration of HBV DNA affects the integrity
[10]
of the host genome . Researchers have tried to
use small animals such as the mouse, rather than
primates with a longer lifespan, in order to establish
platforms for the study in vivo of mechanisms related
to liver carcinogenesis. In 1985, two transgenic
mouse lines expressing the HBV surface proteins were
independently established by two different groups
[28,29]
using genetically modified transgenic technology
.
Later, transgenic mice carrying the core gene, the X
gene and even the whole genome of the HBV were
created. These transgenic mouse models have helped
enhance our knowledge of HBV-related biology and
liver pathogenesis (Table 1).

GENETICALLY MODIFIED MOUSE
MODELS USED TO STUDY HBV
The host range of HBV is highly limited and is
[23]
restricted to humans and higher primates . Early
studies of hepatitis virus were carried out using
woodchuck hepatitis virus (WHV), duck HBV (DHBV)
[23]
and ground squirrel hepatitis virus (GSHV) .
However, the outbred properties of the hosts of
WHV and DHBV limited our understanding of the
specific molecular mechanisms involved in hostvirus interaction and carcinogenesis. Previous studies
revealed that the transgenic mouse carrying the HBV
genome is not an ideal animal model to investigate
the mechanisms of HBV infection. First, the viruses
produced by the transgenic liver cannot infect and
re-enter their own hepatocytes in mice. Second, the
cccDNA, which is the template for viral transcription
in humans, was undetectable in the livers of HBV
transgenic mice. Third, the transgenic mice have
immune tolerance to HBV therefore cannot develop
hepatitis. Currently the chimpanzee and tupaia are
the only animal models that can be infected by HBV.
However, their use is limited by ethics, large size, and
low feasibility as genetic manipulation model systems
as well as by a very high cost; this compromises their
[25]
utility in research and development . The problem
of establishing a mouse model which can be infected
by HBV may be overcome by introducing the receptor
of HBV and its critical domain for host-specificity of
infection into the hepatocytes of mice by transgenic
[20,21]
technology
.
Although the mouse cannot be naturally infected by
HBV, transgenic mice carrying the HBV genome have
helped scientists to gain insights into the molecular
mechanism of viral replication and assembly, and
to serve as animal models for evaluation of antiHBV therapy. First, the viral particles generated in
transgenic mouse liver are highly similar to those in
human patients. In addition, viruses purified from
the blood of HBV transgenic mice can infect human
[26]
fetal hepatocytes in vitro . This indicated that the
molecular mechanism regulating the synthesis of HBV
transcripts and proteins, as well as the viral package
and viral secretion, probably is shared in human and
mouse hepatocytes. Accordingly, these transgenic
mouse models may serve as an in vivo platform
of animal models to evaluate therapeutic agents
against viral replication by nucleoside analog or small
[25]
interfering RNA . Second, the HBV particles can
be generated in transgenic liver but cannot re-enter
mouse hepatocytes; this suggests mechanistically that
mouse hepatocytes lack a proper HBV receptor for viral
internalization. Third, the replication and expression
of the HBV genome is not cytopathic or toxic to the
host cells; there was no sign of hepatocarcinogenesis
[26]
at a late stage of mouse life . Notably, the results
obtained from HBV transgenic mice were consistent
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Mouse models for the HBV surface protein

In patients with HBV chronic infection, the surface
protein is the dominant viral product and can be
[28]
considered to be an onco-protein . Aiming to
mimic the human HBV carrier status, transgenic
mice expressing the surface protein were the earliest
[28,29]
HBV-related transgenic mice to be created
.
One early and important observation was that the
accumulation of filamentous surface protein in
endoplasmic reticulum leads to hepatotoxicity and
[22,30-32]
carcinogenesis
. The pathogenic effect of HBV
surface proteins on the mouse liver are relevant to
human HCC development in HBV carriers because
phenomena such as ground glass cell formation
[22,31,33,34]
are found
. The sexual dimorphism found to
affect HCC incidence in humans can also be observed
[22,35-37]
in transgenic mice
. Another research group
generated HBsAg and HBV X protein (HBx) transgenic
mice by the knock-in technique in order to reduce the
effects of the random integration events that occur
with conventional microinjection, and this model
system also concluded that the HBV surface protein
[37]
is oncogenic . HBV vaccine is effective at decreasing
HCC prevalence; however, mutated forms of the HBVs
in circulation have emerged rapidly, particularly in the
[38]
PreS/S region . Clinically, patients harboring the PreS
mutation are more susceptible to liver cirrhosis and
[39]
HCC . Efforts were later made to create a transgenic
mouse that would help our understanding of the role
of the mutated surface protein in pathology. These
studies showed that the unfolded protein response
(ER stress) is a major factor in HBV surface protein[33,40]
induced carcinogenesis
.
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Table 1 Hepatitis B virus-related transgenic mice
Transgene

Promoter

Expression

Pathology

Ref.

PreS/S/X
PreS/S/X
(two TGs)
PreS/S/X

Endogenous
Endogenous
and mouse metallothionein I
Mouse metallothionein I and
Albumin

Surface proteins
Surface proteins

Until 6 mo: no obvious pathology
Not determined

[28]
[29]

Endogenous
Mouse p21

Surface proteins
Surface proteins

Endogenous
Human a-1-antitrypsin

Surface proteins
HBx protein

X

Endogenous

HBx protein

X

Endogenous

HBx protein

Mouse p21

HBx protein

Mouse albumin

HBx protein

Precore/core
Precore/core
Precore/core
(two TGs)
Genome (2X)
Genome (1.2X)

Mouse metallothionein I
Endogenous
Endogenous

Precore protein
Core protein
Precore and core proteins

Endogenous
Endogenous

Replicative intermediates
Replicative virus

Genome (1.3X)

Endogenous

Replicative intermediates

Genome (2X)
PreS/S (Knock-in)
PreS/S
X

X (Knock-in)
X

Surface proteins

Ground glass
[22,30-32,34]
7-9 mo: adenoma
12 mo: HCC
18 mo: HCC (100%)
Not determined
[241]
15-24 mo: HCC [53% (♂KI/+), 72% (♂KI/KI),
[37]
0% (♀KI/+ and KI/KI)]
HCC
[33,40]
Focal necrosis, hyperplasia nodule (Authors
[42]
claimed that X is not tumorigenic)
4 mo: altered hepatocyte in multifocal area
[43,44]
10 mo: tumor nodule
16 mo: tumor (80%)
24 mo: HCC (84%)
6 mo: neoplastic nodules (66.6%)
[41]
15-18 mo: small neoplastic nodule (100%) and
HCC (75%)
15-24 mo: HCC [60%-64% (♂KI/+ and KI/KI),
[37]
43%-46% (♀KI/+ and KI/KI)]
12 mo: dysplasia nodule (100%)
[45-47]
16 mo: HCC (80%)
20 mo: HCC (90%-100%)
Not determined
[56]
12 mo: no hepatitis or HCC
[13,57]
Not determined
[58]
10 mo: no obvious pathology
12 mo: no hepatitis or HCC
24 mo: no obvious pathology
Until 12 mo: no obvious pathology

[60]
[59,61]
[62]

PreS/S: Coding region of hepatitis B virus (HBV) large, middle and small surface proteins; X: Coding region of HBV X protein; Precore/core: Coding region
of HBV pre-core/core proteins; KI: Knock-in allele; TG: Transgenic mice; Genome (2X): Indicates 2 copies of the complete 3.2-kilobase HBV genome.

Mouse models for the HBx

these models allow the physiological interacting
partners of HBx to be evaluated. Other than mouse,
various other model organisms have been used for
[48]
this type of in vivo studies, for example C. elegans .
These studies have shown that the HBx protein binds
to CED-9, which is a homolog of members of the antiapoptotic Bcl-2 protein family; this binding triggers
cell death in C. elegans and in a human hepG2 cell
[48,49]
line
. Interestingly, these studies also discovered
that when HBx is mutated, it is unable to induce CED9-regulated cell death. Further investigation of its role
in carcinogenesis using mouse models will help our
understanding of the molecular mechanism of HBxmediated HCC.
Previously, we have generated four lines of HBx
transgenic mice, namely A105, A106, A110 and
[46]
A112, using the C57BL/6 background . All of the
HBx transgenic lines generated in our laboratory
spontaneously develop HCC at 13 to 16 mo of age.
At the patho-histological level, the HCC developed in
the HBx transgenic mice exhibits a well-differentiated
morphology involving the trabecular pattern. Fibrosis,
bizarre nuclei, cytoplasmic lipid droplets and hyaline
globules can be observed in the HBx-induced HCC

It has long been suggested that HBx plays a role in
hepatocarcinogenesis because infection with DHBV, which
lacks the X gene, does not result in the development
of HCC, while infection with WHV and GSHV, which do
[41]
have the X gene, does result in host HCC . In addition,
the X gene is highly conserved between different HBV
[42]
subtypes . Interestingly, the X transcript is the most
abundant mRNA compared to other HBV transcripts in
[41]
some clinical specimens of human HCC . Importantly,
several independently generated HBx transgenic mouse
models have demonstrated that HBx alone is able to
[37,41-47]
induce malignant transformation of hepatocytes
(Table 1).
The functions of the HBx protein have been ex
tensively studied, particularly in cell culture systems,
and are known to involve multiple cellular events,
including transactivation of transcription factors, cell
cycle progression, several signaling transduction
pathways, mitochondrial homeostasis, cell death, DNA
[4,10]
instability, glucose metabolism and lipid metabolism
.
It is possible, using transgenic mice, to test in vivo
whether the above HBx-mediated cellular events indeed
[4]
are involved in hepatocarcinogenesis . In addition,
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samples, which is similar to the situation observed
[46]
in human HCC samples . Furthermore, a gender
disparity for HCC in the HBx transgenic mice has also
[37,43,46]
been observed
. The HBx transgenic mice thus
[45,50-53]
provide an animal model for mechanistic studies
and for the evaluation under physiological conditions
of new chemopreventive agents and new therapeutic
[47,54,55]
agents for HCC
.
At the ultrastructural level, we have carried out
transmission electron microscope (TEM) examinations
and these have revealed that there are alterations in the
organelles of the hepatocytes of the HBx transgenic mice
(Figure 1). In wild-type mice, each normal hepatocyte
typically contains a spherical nucleus with homogeneous
euchromatin and heterochromatin. Long and stacked
cisternae of rough endoplasmic reticulum are located
parallel to the nuclear envelope and the lateral edges
of the cell. Numerous mitochondria of varying lengths
are present, and these range in shape from spherical
mitochondria to dumbbell and rod-like shaped
mitochondria. Hepatocellular glycogen is apparent in the
electron micrographs as irregular non-membrane bound
and rosette structures (Figure 1A and A’). In the HBx
transgenic mice, TEM reveals that a dramatic decrease
has occurred in the density of cytoplasmic organelles
(Figure 1B-D). Many ultrastructural abnormalities of
the mitochondria can be detected and these include
breakdown and swelling of mitochondrial membranes,
as well as an increase in the electron density of the
matrix (Figure 1B and B’). In addition, the phagophore
isolation membrane (PIm), which is the result of
the endoplasmic reticulum engulfing degenerated
mitochondria, is now present, which leads to the
formation of autophagosomes (Figure 1B and B’). The
endoplasmic reticulum is dilated or forms a structure
with irregular fragmentation and degeneration (Figure
1C and C’). Part of the degenerated membrane debris
of mitochondria and endoplasmic reticulum can be
detected as irregular concentric myelin figures (Figure
1D and D’). Furthermore, some hepatocytes of HBx
mice have abundant peroxisomes; this is likely to be
due to the oxidative stress induced by the HBx protein
(Figure 1D and D’). Moreover, the nuclear envelopes
of some hepatocytes of HBx transgenic mice have
undergone breakdown (Figure 1D and D’; Figure 1C and
C’). All of these ultrastructural alterations and organelle
degeneration events, particularly the abnormalities in
the mitochondria and endoplasmic reticulum, appear
at a very early stage (4-8 wk old) and contribute to
the progression of carcinogenesis in the livers of HBx
transgenic mice.

phenotype (no sign of hepatitis and HCC formation)
[13,56-58]
up to 12 mo-old
. Transgenic mice carrying
the whole HBV genome have also been generated in
order to study the HBV life cycle and its interaction
[26,59-62]
with host factors
(Table 1). Virus particles
that contain HBsAg, HBc/eAg and HBV DNA can be
detected in the bloodstream of these transgenic mice.
Interestingly, a gender difference in the synthesis of
HBeAg and intermediates of the replicative virus can
[63]
be observed in these mice . However, similar to the
precore/core transgenic mice, there are no obvious
pathological changes detectable in the transgenic
liver. Nevertheless, mice carrying the whole HBV
genome do provide animal models that are amenable
to the study of the HBV life cycle, and they can also
help the screening of therapeutic agents against HBV
replication.

CONCLUSION AND PERSPECTIVES
IN RELATION TO THE HBV-RELATED
MOUSE MODELS
No single transgenic mouse model is able to cover
all aspects of HCC pathogenesis. Currently there are
still some barriers when using genetically modified
mice, such as their inbred genetic backgrounds
versus the complications of human genetic variation,
the inability to be infected by HBV, the lack of an
immunopathogenesis process, the scarcity of cirrhosis,
and the very rare nature of spontaneous metastasis.
Accordingly, alternative strategies have been created
and applied to mice in order to study HBV biology.
For example, hydrodynamic injection of HBV DNA
[25,64]
[65]
into mice
and humanized mice . These models
have further extended the feasibility and have helped
to create an understanding of virus-host interactions
as well as the pathological effects of HBV mutant
proteins.
Transgenic mice carrying the HBV genome or
expressing various HBV proteins provide valuable models
that help to elucidate clinic observations, allowing
mechanistic investigations to be performed and helping
to test relevant hypotheses. These approaches also help
our understanding of HBV replication and the regulation
of HBV gene expression, as well as of the inflammation
and innate immune response that is induced by HBV
[13,63,66-68]
proteins under physiological conditions
. In
addition, these previously published transgenic mouse
models have been employed as a platform for discovery
of therapeutic targets and/or for the identification of
[4,27,47,54,55,69]
preventive chemicals
. For example, novel
HBV-related microRNAs present in the hepatic and
general circulation have been discovered over the past
decades and are considered to be potential targets for
[10,70]
therapy
. The possible roles of these microRNAs in
carcinogenesis and their therapeutic applications can
certainly be tested using the available established HBV-

Mouse models for the HBV precore/core protein and the
whole genome

Previously, several groups have established transgenic
mice in order to investigate HBV assembly within the
hepatocyte in vivo (Table 1). Transgenic mice carrying
the precore or core proteins of HBV have no overt
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Figure 1 Ultrastructural alterations in the hepatocytes of the hepatitis B virus X protein transgenic mice revealed by transmission electron microscope.
A: Ultrastructure of the hepatocyte of a wild-type mouse (2-mo old). A’: the inset in A was enlarged to provide a better perspective of intact mitochondria (M), rough
endoplasmic reticulum (RER), rosette glycogen (Gly) and nucleus (N). B-D: In the HBx transgenic mice (2-mo old), severe ultrastructural alterations can be observed
in the hepatocytes. These include nuclear envelope breakdown (NB), a significant decrease in the density of cytoplasmic organelles, abundant peroxisomes (P),
the disorganization of rough endoplasmic reticulum [e.g., endoplasmic reticulum fragmentation (ERF), endoplasmic reticulum dilation (ERDil), and/or endoplasmic
reticulum degeneration ERD)], mitochondria membrane breakdown (MB), swollen mitochondria (SM), the presence of lipid droplets (L), and appearance of
myelin figures (MF), which are the membranous debris of mitochondria or ER degeneration. B’-D’: Schematic presentation of the ultrastructural alterations in the
HBx hepatocytes shown in panel B-D. The inset in B and B’ provides a better perspective of a phagophore isolation membrane (PIm) engulfing a degenerated
mitochondrion leading to the formation of autophagosomes (AVi).
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A

Recessive TSG

Normal

B
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Figure 2 Tumor suppressor genes in hepatocellular carcinoma. A: Recessive tumor suppressor genes (TSGs) need there to be loss-of-function via two hits
(mutation or genetic modification) in order to trigger tumor formation. Only when there is homozygous deficiency of a recessive TSG does this lead to hepatocellular
carcinoma (HCC) development; B: Haploinsufficient TSGs are functionally insufficient to suppress tumor development when there is loss of only a single allele.
Heterozygous deficiency of a haploinsufficient TSG can cause HCC development in the liver even when the second allele remains intact.

related mouse models. The ultimate goal, of course, is
still to use transgenic mice to find a cure for patients
with HBV infection and HCC. Nevertheless, there is still
a great need for a good animal model for HCC and such
a model would be expected to meet as many of the
following requirements as possible. These are: (1) the
faithful reproduction of HCC’s progression stages and
incidence; (2) a reliable reproduction of the molecular
and cellular events during HCC carcinogenesis; (3) the
ability to mimic the tumor-host and tumor-metastases
interactions; (4) a reproduction of the tumor micro
environment in human patients; and (5) the ability to
[4]
manipulate in a feasible manner the genome of HBV .
Additionally, the HBV virus at present is also
evolving in response to environmental changes such
as vaccination or drug administration. For example,
the emergence of mutated hepatitis B surface pro
tein, which may potentially have vaccine-resistant
[38]
properties, is a serious issue . The generation of
new transgenic mouse model systems is one way
to dissect the effects of such mutant HBV proteins
on liver carcinogenesis. Lately, a newly developed
genome-editing tool, the Crips/Cas9 system, has been
successfully applied and used to target the HBV DNA
[71-73]
and reduce the production of HBV proteins
. Using
a hydrodynamics-HBV persistence mouse model, Lin et
[72]
al have demonstrated that the Crips/Cas9 system is
able to cleave the intrahepatic HBV genome containing
the plasmid and facilitate its clearance in animals.
These findings suggest that the genome-editing tool
may have potential in the eradication of persistent HBV
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infection.

TUMOR SUPPRESSOR GENES DURING
HCC DEVELOPMENT
The identification of tumor suppressor genes (TSGs) is
very important to the development of novel therapeutic
strategies targeting HCC. Many TSGs have been
identified in human HCC tissue samples, using cell
[74-77]
culture systems and with mouse models
. These
TSGs can be classified into two major groups, the
recessive TSGs and the haploinsufficient TSGs (Figure
2). The recessive TSG group follows the Knudson’s
two-hit hypothesis, in which a deficiency affecting both
alleles of a TSG triggers HCC development. For the
haploinsufficient TSG group, the loss of a single allele
of a TSG is sufficient to promote tumorigenesis, with
the second allele remaining intact in the tumors. These
latter TSGs are functionally haploinsufficient in the
heterozygous condition and it would seem that cellular
level of 50% for their gene product is insufficient to
[78-80]
suppress tumor formation
. Using mouse models,
scientists have been able to delineate the molecular
mechanisms underlying the roles of both recessive
and haploinsufficient TSGs during the suppression
of carcinogenesis in liver. These findings should
contribute significantly to the development of novel
chemopreventive or therapeutic strategies for HCC.
Here, we will review the TSGs in HCC mainly based on
the pathways in which they are involved (Table 2).
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Table 2 Mouse models of tumor suppressor genes in hepatocellular carcinoma
Official gene name
(common name)

Mouse
genotype

Mouse
genetic
background

Pathology

TGS type

Functions

Autophagy regulator
Becn1 (Beclin1)

Beclin1+/-

Mixed
(129Sv/J;
C57BL/6J)

Haploinsufficiency

Regulation of
autophagy

17q21

Down

[85-87]

Atg5

Alb-Cre;
Atg5flx/flx

C57BL/6

Recessive

Control
autophagosome
formation

6q21

Down

[90,91]

Atg7

Alb-Cre;
Atg7flx/flx;

C57BL/6

16-18 mo: HCC (8%)
18-22 mo: HCC (26%)
Promote HBVmediated HCC
2 mo: hepatic cell
death, proliferation,
inflammation, fibrosis
and hepatomegaly
12 mo: hepatic
adenoma (100%)
4 mo: fatty liver
12 mo: hepatic
adenoma (90.9%)

Recessive

Control
autophagosome
formation

3p25.3

Up

[92-94]

KLF6+/-

C57BL/6

Haploinsufficiency
Haploinsufficiency

Cell cycle regulation

10p15

Down

[99,101]

Control of cell cycle
progression

4q28

Down

[104,105]

Haploinsufficiency

Inhibits the activity
of CDK2 or CDK4

6p21.2

Up

[107,242]

Cell cycle regulator
Klf6
Plk4

Plk4+/-

Cdkn1a (p21)

p21+/-

p21-/Trp53 (p53)

p53+/-

Aflp-Cre;
p53flx/flx
Protein ubiquination
Amfr (Gp78)

Gp78-/-

Park2 (Parkin)

Parkin-/-

Trim24

Trim24-/-

Genome stability maintenance
Anxa7 (Annexin 7)
Anx7+/Nbn (Nibrin)

Nbn+/-

PinX1+/-

Pinx1

Sgol1 (Shugoshin 1)

Metabolic function
Acox1 (Acyl-CoA
oxidase 1)

Sgo1+/-

Aox-/-

Promote DEN-induced
HCC
Mixed
3 mo: mitotic failure
(129Sv;CD1)
in hepatocyte
regeneration
18-24 mo: HCC (30%)
Mixed
Promote g-irradiation(129Sv;
induced HCC
C57BL/6)
C57BL/6 Promote HCC in Nemo
liver-specific KO
C57BL/6
Promote HBVmediated and AFB1induced HCC
C57BL/6
14-20 mo: HCC (90%)

Recessive
Haploinsufficiency

12 mo: fatty liver,
inflammation and HCC
(24%)
Mixed (129/ 11-12 mo: hepatocyte
C57BL6SJL)
proliferation and
hepatomegaly
16-17 mo: HCC (33%)
22-23 mo: HCC (45%)
C57BL/6 2 mo: hepatic cell death
and inflammation
4-6 mo: fatty liver,
fibrosis and liver
nodule
9-21 mo: HCC (55%)

Mixed
(129Sv;
C57BL/6)
Mixed
(129Sv;
C57BL/6)
C57BL/6

Mixed (129/
Ola;
C57BL/6)
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Ref.

[108]
DNA damage
response
transcription factor

17p13.1

Up

Recessive

C57BL/6

C57BL/6

Human
Expression
Chromosome in human
location
HCC tumor

[111,243]

[112]

Recessive

E3 ubiquitin ligase

16q21

Down

[117]

Recessive

E3 ubiquitin ligase

6q25.2-q27

Down

[118,122]

Recessive

E3 ubiquitin ligase

7q32

Up

[119,125]

10 mo: Hepatomegaly Haploinsufficiency
Ca2+-dependent
12 mo: HCC (3.6%)
endocrine secretion
23 mo: HCC (8.6%) Haploinsufficiency
DNA repair

10q22.2

Up

[131,132]

8q21

Up

[134,244]

9-18 mo: HCC (17.7%) Haploinsufficiency Telomerase inhibitor

8p23

Down

[136,137]

4 mo: hepatocyte DNA Haploinsufficiency
Protector of
damage
chromosome
12 mo: HCC
cohesion and
Promote AOM-induced
centrosome integrity
HCC

3p24.3

Up

[139,140]

2-4 mo: fatty liver,
inflammation
and hepatocyte
proliferation
10-15 mo: HCC (100%)

17q25.1

Not
determined

[144]

Recessive
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Bhmt-/-

Bhmt
Nr1h4 (Farnesoid X
receptor)

Fxr-/-

Gnmt (Glycine
N-methyltransferase)

Gnmt-/-

Abcb4 (Mdr2)

Mdr2-/-

Hippo signaling pathway
Stk4 (Mst1)
Alb-Cre;
Mst1/2flx/flx

Stk3 (Mst2)

Nf2
(Neurofibromin 2)

Alb-Cre;
Mst1/2flx/flx

Alb-Cre;
Nf2flx/flx

Jak/Stat signaling pathway
Socs1
Socs1+/Socs3

Socs3+/-

Ptpn11 (Shp2)

Alb-Cre;
Shp2flx/flx

C57BL/6

1 mo: fatty liver
12 mo: HCC (50%)
C57BL/6N 3 mo: hepatic cell death
and proliferation
6-9 mo: fatty liver and
inflammation
12 mo: fibrosis and
HCC (16.1%)
Mixed
3 mo: fatty liver and
(129Sv;
fibrosis
8 mo: HCC (100%) at
C57BL/6)
8-mo
129/OlaHsd 3 mo: inflammation
and fibrosis
6-mo: HCC
Mixed
(129Sv;
C57BL/
6;CD1)
Mixed
(129Sv;
C57BL/
6;CD1)
Mixed
(FVB/N;
C57BL/6)

C57BL/6
Mixed
(129Sv;
C57BL/6)
C57BL/6

Recessive
Recessive

Methionine
metabolism
Transcriptional
regulation of
synthesis and
transport of bile
acids

5q14.1

Down

[149,150]

12q23.1

Down

[155,157]

Recessive

Methionine
metabolism

6p12

Down

[148,151]

Recessive

Phosphatidylcholine
translocase

7q21.1

Down

[156,158]

Recessive

Kinase (negative
regulator)

20q11.2

Not
[165,166]
determined

Recessive

Kinase (negative
regulator)

8q22.2

Not
[165,166]
determined

Recessive

Negative regulator

22q12.2

Not
determined

[168]

Promote DEN-induced Haploinsufficiency Negative regulator
HCC
Promote DEN-induced Haploinsufficiency Negative regulator
HCC

16p13.13

Down

[174]

17q25.3

Down

[176]

1 mo: hepatocyte
proliferation and
hepatomegaly
6 mo: HCC (100%)
1 mo: hepatocyte
proliferation and
hepatomegaly
6 mo: HCC (100%)
2 mo: oval cell overproliferation and
hepatomegaly
7 mo: HCC (100%)

2-3 mo: inflammation
and hepatic cell death
8-mo: hyperplasia
nodule
12-18 mo: hepatic
adenoma (68%)
Promote DEN-induced
HCC
Promote DEN-induced
HCC

Recessive

Protein tyrosine
phosphatase
(negative regulator)

12q24

Down

[179]

Recessive

Receptor-like
protein tyrosine
phosphatase
(negative regulator)

12p13.3

Down

[181,182]

1-2 mo: hepatic cell
death, inflammation
and fibrosis
12 mo: HCC
Lgals3 (Galectin-3)
Gal3-/CD1
6 mo: fatty liver and
inflammation
15 mo: fibrosis and
liver nodule
25 mo: HCC (100%)
Ikbkg (Nemo)
Alfp-Cre;
C57BL/6
2 mo: fatty liver,
Nemoflx/flx
inflammation,
hepatic cell death and
proliferation
6 mo: dysplastic nodule
12 mo: HCC (100%)
Map3k7 (Tak1)
Alfp-Cre; Mixed (129/ 1-2 mo: hepatic cell
Tak1flx/flx
Ola;
death, proliferation and
C57BL/6)
fibrosis
4-8 mo: HCC (88%)
PI3K/Akt/mTOR signaling pathway
Stk11 (Lkb1)
Lkb1+/Mixed
10-12 mo: Hepatic
(129Sv;
hyperplasia, HCC
C57BL/6)
(29%)
14 mo: HCC (75%)

Recessive

Deubiquitinase
(negative regulator)

16q12.1

Down

[188,189]

Recessive

Regulation of
inflammatory
responses

14q22.3

Up

[192-194]

Recessive

Activation of NF-kB

Xq28

Down

[195,196]

Recessive

Serine/threonine
protein kinase
(Activation of the
NF-kB)

6q15

Not
determined

[197]

Recessive

Serine/threonine
kinase (activator of
AMPK)

19p13.3

Down

[201,202]

Ptpro

Ptpro-/-

NF-kB signaling pathway
Cyld
Alfp-Cre;
(Cylindromatosis)
Cyldflx/flx

C57BL/6

C57BL/6
congenic

WJG|www.wjgnet.com

309

January 7, 2016|Volume 22|Issue 1|

Teng YC et al . HCC mouse models
Pten

Raptor (Regulatory
associated protein
of mTOR,
complex 1)

Alb-Cre;
Ptenflx/flx

C57BL/6

Alb-Cre;
Raptorflx/flx

C57BL/6

TGF-b signaling pathway
Sptbn1 (b-spectrin)
Elf+/-

Tgfb1 (TGF-b1)

Tgf-b1+/-

Tgfbr2 (TGF-b
type II receptor)

TbR-II+/-

Wnt signaling pathway
Apc
AdenovirusCre;
Apcflx/flx
MicroRNA
Mir122
Mir122a-/-

Mir140

Miscellaneous
Ncoa5 (Nuclear
receptor
coactivator 5)
Prkar1a

Ncoa2 (Nuclear
receptor
coactivator 2)
Nfe2l1 (Nuclear
factor, erythroid
2-like 1)

Recessive

Phospholipid
phosphatase
(negative regulator)

10q23.3

Down

[204,208]

Recessive

Activation of mTOR
activity

17q25.3

Up

[209,210]

Propagation of
TGF-b signal

2p21

Down

[214]

Growth factor

19q13.1

Up

[216,245]

TGF-b receptor

3p22

Down

[217,218]

Mixed
15 mo: Fatty liver, HCC Haploinsufficiency
(129SvEv;
(40%)
Black Swiss)
C57BL/
Promote DEN-induced Haploinsufficiency
6NCr
HCC
Mixed
Promote DEN-induced
Recessive
(129Sv;
HCC
C57BL/6)
C57BL/6N

9 mo: HCC (67%)

Recessive

Antagonist

5q21

Down

[222,223]

C57BL/6

3 mo: fatty liver,
inflammation and
fibrosis
11 mo: HCC (75%)
Promote DEN-induced
HCC

Recessive

Post-transcriptional
regulation of gene
expression

18q21.31

Down

[227,228]

Recessive

Post-transcriptional
regulation of gene
expression

16q22.1

Not
determined

[229]

Estrogen receptor
coactivator

20q13.12

Down

[231]

Regulation of the
serine/
threonine
kinase activity
Transcriptional
coactivator

17q24.2

Up

[233,246]

8q13.3

Down

[235]

Transcription factor

17q21.3

Not
determined

[238]

Mir140-/-

C57BL/6

Ncoa5+/-

Mixed
(129Sv;
C57BL/6)

Prkar1a+/-

Mixed
(129Sv/J;
C57BL/6)

Ncoa2-/-

Mixed
(129Sv/J;
C57BL/6)
Mixed
(129Sv;
C57BL/6)

Alb-Cre;
Nrf1flx/flx

2-3 mo: fatty liver and
hepatomegaly
9-10 mo: inflammation
and fibrosis
17-18 mo: HCC (66%)
2 mo: hepatic cell
death, inflammation
and fibrosis
Promote DEN-induced
HCC

6 mo: fatty liver
Haploinsufficiency
10 mo: inflammation
and fibrosis
10-18 mo: HCC (94%)
9-19 mo: HCC (29.4%) Haploinsufficiency

Promote DEN-induced
HCC

Recessive

1-2 mo: fatty
liver, necrosis and
inflammation
6 mo: fibrosis
12 mo: HCC (100%)

Recessive

HCC: Hepatocellular carcinoma.

the other hand, autophagy also plays a role in supporting
tumor progression by helping cancer cells survive stress[81,82]
induced cell death
. The tumor suppressor function of
autophagy has been demonstrated using mouse models.

TSGS AND HCC MOUSE MODELS
Autophagy regulatory genes

Autophagy is a highly regulated process that degrades
damaged cellular organelles and macromolecules
allowing recycling of bioenergetic molecules. Many
proteins are involved in the autophagy pathway, including
the Beclin1 and autophagy-related gene (Atg) proteins.
Autophagy plays dual roles in hepatocarcinogenesis;
firstly, it acts as a tumor suppressor during the initiation
stages of HCC, while exerting a tumor supportive
function during the promotion and progression stages.
In normal cells, autophagy has a tumor suppressor
function that aims to maintain normal metabolism,
preserve genetic stability and inhibit inflammation. On
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Beclin1: Beclin1 is one of the major mediators
of autophagy; this gene is located on human
chromosome 17q21. Mono-allelic deletion has been
detected in various human cancers including ovarian,
[83]
breast and prostate cancers . A decrease in the
levels of autophagy has been observed in a highly
malignant HCC cell line compared with immortalized
normal hepatic cells. Furthermore, the expression level
of Beclin1 has been found to be decreased in human
HCC tissues compared with the adjacent non-tumor
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[84,85]

[101]

tissues
. Homozygous knockout of Beclin1 leads
to embryonic lethality; this finding demonstrates that
Beclin1 is essential for early embryonic development
in mice. Importantly, heterozygous deficiency of
Beclin1 leads to the development of spontaneous HCC
and accelerates HBV-induced hepatocarcinogenesis
in mice. Moreover, the wild-type allele of Beclin1 has
been found not to be mutated/lost in the HCC tissue of
+/[86,87]
the Beclin1 mice
. These studies demonstrated
that Beclin1 is a haploinsufficient TSG in relation to
HCC.

has also been observed in HBV-related human HCC .
These studies in humans and mice suggest that KLF6
may function as a haploinsufficient TSG in HCC.
Polo-like kinase 4: Polo-like kinase 4 (PLK4) is a
member of the polo-like kinase protein family that plays
[102]
a critical role in cell cycle progression . Homozygous
knockout of Plk4 resulted in embryonic lethality due to
[103]
a mitotic defect in mice . Importantly, heterozygous
deficiency of Plk4 leads to mitotic failure of regenerated
hepatocytes and spontaneous HCC development in
the heterozygous knockout mice. Furthermore, the
wild-type allele of Plk4 has been shown to remain
[104]
intact in these HCC tissue samples
. In humans,
the expression level of PLK4 is down-regulated in HCC
[105]
tissue samples
. These studies indicate that PLK4
functions as a haploinsufficient TSG in HCC.

ATG5 and ATG7: Atg5 and Atg7 are autophagyrelated genes (Atg) that promote the elongation
of the autophagosome membrane. Homozygous
knockout of either Atg5 or Atg7 leads to impairment
of autophagosome formation and postnatal lethality
[88,89]
in mice
. Regarding ATG5, mutation and/or loss of
ATG5 expression has been observed in human HCC
[90]
tissues . In mice, hepatocyte-specific knockout of
Atg5 was found to result in hepatomegaly, hepatic
cell death, compensatory proliferation of hepatocytes,
inflammation and fibrosis, as well as the development
[91]
of hepatocellular adenomas in mice . Regarding
ATG7, the expression of the ATG7 protein is increased
in human HCC tissue samples compared with their
adjacent non-tumor tissue samples, but the mechanism
[92]
is currently unknown . However, mice with a
hepatocyte-specific knockout of Atg7 develop fatty liver
and hepatocellular adenoma, indicating that autophagy
is involved in lipid metabolism and plays a role in
[93,94]
suppressing tumor formation in the liver
.

p21: The p21 protein is an inhibitor of CDK and is
involved in cell cycle control, cell senescence and cell
[106]
death . Heterozygous and homozygous knockout of
p21 promotes γ-irradiation-induced tumor formation
in many types of cancers including HCC. The p21
protein has been found to be expressed in malignant
+/tumors from irradiated p21 mice, suggesting that p21
[107]
functions as a haploinsufficient TSG in this situation .
Moreover, homozygous knockout of p21 in hepato
cytes has been shown to enhance NEMO-mediated
[108]
hepatocarcinogenesis in mice
. These results
suggested that p21 is able to function as a recessive or
haploinsufficient TSG across various different tissues
under a range of different physiological/environmental
[107]
settings in mice .

Cell cycle regulatory genes

p53: The p53 protein is a transcription factor that
regulates DNA damage and stress responses. This
protein functions as a tumor suppressor in many types
[109,110]
of cancers
. Heterozygous knockout of p53 has
been shown to promote HBV-mediated and AFB1induced HCC development in mice; furthermore, the
wild-type allele of p53 has been found to remain intact
+/in the HCC tissues of these p53 mice, suggesting
that p53 functions as a haploinsufficient TSG in these
[111]
circumstances
. Liver-specific knockout of the two
alleles of p53 leads to spontaneous HCC development
in mice. These findings suggest that p53, like p21,
is able to function as either a recessive TSG or a
haploinsufficient TSG in different tissues under a range
of different physiological/environmental settings in
[112]
mice .

Cell cycle progression is regulated by cyclin-dependent
kinases (CDKs) together with several activators
(cyclins) and CDKs inhibitors (p21 and p27). In
normal tissue, the cell cycle is carefully controlled
and regulated in order to maintain cell number
[95]
homeostasis . Abnormal cell cycle progression and
sustained cell proliferation is one of the hallmarks
[96]
of cancer cells . Many genes involved in cell cycle
control have potential tumor suppressive roles in HCC.
Kruppel-like factor 6: Kruppel-like factor 6 (KLF6) is
a ubiquitously expressed zinc finger transcription factor
that regulates the cell cycle and signal transduction.
KLF6 is frequently inactivated by loss of heterozygosity,
somatic mutation or promoter methylation in various
[97,98]
cancers including prostate, colon and liver cancer
.
In mice, heterozygous deficiency of Klf6 promotes
diethylnitrosamine (DEN)-induced hepatocarcinogenesis
+/in Klf6 mice; however, whether the wild-type allele
of Klf6 remained intact in the HCC was not determined
[99]
during this study . Liver-specific knockout of the two
[100]
alleles of Klf6 enhanced DEN-induced HCC in mice .
In humans, expression of KLF6 is decreased in HCV[99]
related HCC tissue samples . Down-regulation of KLF6
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Protein ubiquitination

Intracellular protein degradation occurs via two major
pathways; these are the ubiquitin-proteasome system
and the lysosomal-mediated proteolysis pathway. The
ubiquitin-proteasome system is a multi-step process
involving protein labeling by polyubiquitination, which
is followed by protein degradation via the proteasome.

311

January 7, 2016|Volume 22|Issue 1|

Teng YC et al . HCC mouse models
Protein ubiquitination is a tightly regulated process
that involves three major enzymes, namely E1
ubiquitin-activating enzyme, E2 ubiquitin-conjugating
[113,114]
enzyme and E3 ubiquitin ligase
. The E3 ubiquitin
ligases act by targeting specific proteins, including
gene products from oncogenes and tumor suppressor
genes. Abnormal regulation of the E3 ubiquitin
ligase is involved in the development of many types
[115,116]
of cancer, including HCC
. Many E3 ubiquitin
ligases have been demonstrated to function as tumor
suppressors of HCC in mice, including Gp78, Parkin
[117-119]
and Trim24
. These mouse models have been
able to uncover the role of E3 ubiquitin ligases in
hepatocarcinogenesis.

which suggests that Trim24 functions as a recessive
[119]
TSG in HCC
. In addition, these studies have also
revealed that the expression level of Trim24 is an
important factor in the progression of HCC.

Genes related to genomic stability maintenance

Genomic stability is very important because it
allows cells to avoid neoplastic transformation
and tumorigenesis. The major mechanisms for
maintaining genomic stability are high-fidelity DNA
replication, accurate chromosome segregation, faithful
[126]
DNA repair and cell cycle checkpoint control
.
Genomic instability is a hallmark of most cancers
and significantly contributes to cancer initiation and
[127,128]
progression
. Many haploinsufficient TSGs in
HCC are functionally involved in the maintenance of
genomic stability.

Glycoprotein 78: Glycoprotein 78 (GP78) is an
endoplasmic reticulum (ER) membrane-anchored E3
ubiquitin ligase, which is involved in the ER-associated
degradation (ERAD) pathway. The ERAD pathway
is a protective mechanism that helps to maintain
ER protein homeostasis through degradation of
[120]
misfolded proteins . In mice, homozygous knockout
of Gp78 results in the development of non-alcoholic
steatohepatitis (NASH), liver fibrosis and HCC. In
humans, GP78 has been shown to be down-regulated
in HCC tissue samples compared to adjacent non[117]
tumor liver tissue samples
. These studies suggest
that Gp78 is a regulator of ER homeostasis in the
normal liver, and functions as a recessive TSG in HCC.

Annexin 7: Annexin 7 (ANX7) is a member of the
2+
annexin family and is a Ca -dependent phospholipid[129]
binding protein
. Homozygous knockout of Anx7 in
mice leads to postnatal lethality at embryonic day 10
due to cerebral hemorrhage. Interestingly, heterozygous
2+
knockout of Anx7 results in a Ca -dependent endocrine
secretory defect in mice, indicating that Anx7 plays
an important role in the regulation of endocrine
[130,131]
secretion
. In addition, heterozygous deficiency
of Anx7 exhibits a phenotype of hepatomegaly and
HCC develops spontaneously in these mice; the wildtype allele of Anx7 has been found to remain intact in
+/[132]
the HCC tissue from these Anx7 mice
. Genomic
instability and downregulation of tumor suppressor
+/genes have been observed in the HCC of Anx7 mice.
These findings suggest that Anx7 helps to maintain
genomic stability and functions as a haploinsufficient
TSG in HCC.

Parkin: Parkin is an E3 ubiquitin ligase involved in
protein turnover, the stress response, mitochondrial
homeostasis, metabolism and cell growth. Inactivation
of Parkin has been frequently detected in many types
[121]
of human cancers including HCC
. In humans,
the protein levels of Parkin have been shown to be
[122]
decreased in HCC tissue samples and HCC cell lines .
In mice, Parkin deficiency leads to hepatomegaly and
HCC via an increase in the hepatocyte proliferation
and a reduction in hepatic cell death. Additionally,
disruption of Parkin results in impaired lipid uptake
by hepatocytes when the mice are fed a high fat diet
[118,123]
(HFD)
. These studies reveal that Parkin plays an
important role in maintaining cell numbers and lipid
homeostasis in the liver and functions as a recessive
TSG in HCC.

Nibrin: Nibrin (NBN) is involved in the repair of DNA
double stranded breaks and has the potential to
[133]
function as a tumor suppressor gene . Homozygous
knockout of Nbn causes embryonic lethality between
embryonic day E3.5 and E7.5 in mice. Importantly,
heterozygous deficiency of Nbn results in many types
of spontaneous tumors including prostate cancer,
mammary gland tumors, lymphoma and HCC in
mice. Various chromosome aberrations, including
fragmentation and end-to-end fusion, have been
observed in the mouse embryonic fibroblasts (MEFs)
+/of Nbn mice. Loss of heterozygosity was found not
+/[134]
to occur in the HCC tissues from the Nbn mice
.
These findings indicate that Nbn plays an important
role in the maintenance of chromosome stability and
would seem to function as a haploinsufficient TSG in
HCC.

Tripartite motif 24: Tripartite motif 24 (TRIM24)
is located in the HCC critical region on human
chromosome 7q32, suggesting that TRIM24 may
function as a tumor suppressor in HCC. TRIM24 is an
E3 ubiquitin ligase, which negatively regulates the
[124]
level of p53
. Upregulation of the TRIM24 protein
has been observed in human HCC tissue samples
compared with their adjacent non-tumor tissue
[125]
samples
. Trim24 deficiency has been found to
result in the development of fatty liver, hepatic injury
and spontaneous HCC in homozygous knockout mice,
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PIN2/TRF1-interacting telomerase inhibitor 1:
PIN2/TRF1-interacting telomerase inhibitor 1 (PinX1)
is a potent telomerase inhibitor involved in maintaining
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telomeres at optimal length and its expression level
is frequently down-regulated in the HBV-related
[135,136]
HCC
. Heterozygous deficiency of PinX1 has been
found to result in telomere elongation and chromosome
instability in MEF. Spontaneous HCC development
+/has been observed in the PinX1
mice. The ex
pression levels of PinX1 are similar when HCC and its
+/surrounding non-tumor tissues in the PinX1 mice are
[137]
compared . These findings indicate that PinX1 may
function as a haploinsufficient TSG and is an essential
factor for chromosome stability.

of peroxisome proliferator-activated receptor alpha
(PPARα), indicating that abnormal lipid metabolism may
[144]
contribute to HCC development .
BHMT and GNMT: Methionine metabolism is very
important in maintaining the metabolic homeostasis of
liver. One of the key metabolites is S-adenosylmethionine
(AdoMet), which is the major methyl donor for
methylation of several substrates, including DNA, RNA,
histones, and various other small molecules. Abnormal
methionine metabolism can cause fatty liver and
[145-147]
HCC
. Reduced expression of the main enzymes
involved in methionine metabolism, including methionine
adenosyltransferase (MAT), glycine methyltransferase
(GNMT) and betaine homocysteine (BHMT), have been
[148,149]
observed in human HCC
. These findings suggest
that impairment of methionine homeostasis may
contribute to hepatocarcinogenesis.
BHMT is an enzyme that catalyzes the conversion
of homocysteine (Hcy) to methionine. High levels
of activity of BHMT have been detected in the livers
of humans and mice. Disruption of Bhmt perturbs
methionine metabolism and results in fatty liver and
HCC development in mice. The fatty liver in Bhmtdeficient mice has been found to be due to a decrease
[150]
in hepatic VLDL secretion
. These studies indicate
that BHMT is important for methionine metabolism, the
maintenance of liver homeostasis and the suppression
of liver cancer.
GNMT is a methyltransferase that contributes to the
maintenance of AdoMet homeostasis, which helps to
avoid aberrant methylation. Loss of Gnmt causes fatty
liver and HCC in mice. Aberrant methylation of DNA,
which contributed to activation of the Janus kinase
(JAK)/signal transducer of activators of transcription
(STAT) pathway, has been observed in the livers of
[151]
Gnmt-deficient mice
. These findings indicate that
GNMT suppresses HCC development by maintaining
AdoMet levels and allowing normal DNA methylation to
occur.

Shugoshin 1: Shugoshin 1 (Sgo1) is a guardian
of chromosome cohesion that is associated with the
[138]
fidelity of chromosome segregation during mitosis .
In mice, heterozygous deficiency of Sgo1 has been
found to lead to persistent hepatocyte DNA damage,
to promote azoxymethane (AOM)-induced HCC and
to result in the development of spontaneous HCC
+/in Sgo mice. Interestingly, the Sgo1 protein level
has been shown to be higher in HCC tissue samples
compared with the adjacent non-tumor tissues from
+/the Sgo1 mice, suggesting that the wild-type allele
of Sgo1 is still present and is likely to be upregulated
[139]
in HCC tissue
. In humans, upregulation of SGO1
expression has been observed in the HCC tissue
samples compared with their adjacent non-tumor
[140]
liver tissue samples
. These findings reveal that
Sgo1 helps maintain the accuracy of chromosome
segregation and may function as a haploinsufficient
TSG in HCC.

Genes related to various metabolic functions of the liver

The liver is an important metabolic organ and plays
key roles in glucose, lipid, protein, bile acid and
methionine metabolism. Dysregulation of metabolism
[141]
may cause liver disease, including HCC . Abnormal
lipid metabolism, including decreased fatty acid oxi
dation, very low-density lipoprotein (VLDL) secretion
or enhanced lipid uptake and lipogenesis, leads to
hepatic steatosis, which is one of the risk factors for
HCC. Lipid accumulation in hepatocytes results in
lipotoxicity, oxidative stress, chronic liver damage
and liver regeneration, which all contribute to
[142,143]
hepatocarcinogenesis
. The effect of abnormal
metabolic functioning, including lipid metabolism,
methionine metabolism and bile acid metabolism, on
hepatocarcinogenesis had been clearly demonstrated
using mouse models.

farnesoid X receptor and multidrug resistance
2: Bile acids are cholesterol metabolites and largely
synthesized by hepatocytes. Hepatocellular bile
acid synthesis and transport are highly regulated by
canalicular transporter multidrug resistance 2 (MDR2)
and nuclear transcriptional regulator farnesoid X
receptor (FXR). Bile acids play key roles in the liver,
including lipid metabolism, glucose metabolism and
liver regeneration. Abnormal bile acid homeostasis
may contribute to the development of fatty liver and
[152-154]
HCC
. In mice, deficiency in the Fxr or Mdr2
results in impairment of bile acids metabolism, an
increase in inflammation, and the development of spon
[155,156]
taneous HCC
. In humans, reduced expression
levels of FXR and MDR2 have been observed in HCC
[157,158]
tissue samples
. These findings suggest that
deregulation of bile acid homeostasis may be involved

The fatty acyl-CoA oxidase: The fatty acyl-CoA
oxidase (AOX) protein, which is involved in lipid
metabolism, is the first step enzyme of peroxisomal
β-oxidation. AOX deficiency leads to steatohepatitis,
oxidative stress, chronic liver damage and liver
regeneration, as well as the development of spontaneous
HCC in mice. Homozygous knockout of AOX results in
the development of HCC due to sustained activation
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in hepatocarcinogenesis.

negative regulators [protein tyrosine phosphatase
(PTP) and suppressor of cytokine signaling (SOCS)
proteins]. Constitutive activation of the JAK/STAT
pathway is associated with tumorigenesis. The SOCS
protein is one of the negative regulators of JAK/STAT
pathway and its expression is decreased in many
[170-172]
types of cancers including HCC
. The role of
the negative regulators of the JAK/STAT pathway in
hepatocarcinogenesis has been studied and evaluated
using mouse models.

The Hippo signaling pathway

Aberrant cellular signaling pathways are critical events
in the process of hepatocarcinogenesis. Previous
studies have identified many critical signaling pathways
[159-161]
involved in HCC development
. Previous
studies in mice have revealed that dysregulation of
many important signaling pathways contribute to
the development of HCC; these included the Hippo
pathway, the JAK/STAT pathway, the NF-κB pathway,
the PI3K/AKT/mTOR pathway, the TGFβ pathway and
the WNT/β-catenin pathway.
The Hippo signaling pathway is a highly conserved
kinase cascade that regulates cell proliferation, cell
survival and organ size control. The Hippo pathway
can be divided into three major parts, namely
the upstream regulators, the Hippo core kinase
components, and the downstream target genes.
The Hippo pathway is critical for the maintenance
of hepatocyte quiescence and the regulation of liver
size. Dysregulation of the Hippo pathway has been
observed in many types of human cancers, including
[162-164]
HCC
. In mouse models, the tumor suppressive
role of various Hippo signaling components has been
identified, including the core kinases MST1/MST2 and
the upstream regulator NF1.

suppressor of the cytokine signaling-1: suppressor
of the cytokine signaling-1 (SOCS1) is a negative
regulator of JAK-mediated cytokine signaling via
[173]
the protein’s direct binding to JAK
. In humans, a
lower level of SOCS1 expression has been observed
in HCV-associated HCC samples compared with
[174]
adjacent non-tumor liver tissue samples
. In mice,
heterozygous deficiency of Socs1 has been found to
increase dimethylnitrosamine (DMN)-induced and
diet-induced liver fibrosis; furthermore, heterozygous
deficiency has also been found to promote DEN-induced
+/hepatocarcinogenesis in the Socs1
mice. These
results suggested that SOCS1 is a haploinsufficient TSG
in HCC.
suppressor of the cytokine signaling-3: suppressor
of the cytokine signaling-3 (SOCS3) is a negative
regulator for the JAK and interleukin (IL)-6-related
[175]
signaling pathways
. In humans, expression of
SOCS3 has been shown to be reduced in HCVmediated HCC samples and this has been found to
be accompanied by enhanced activation of STAT3. In
mice, heterozygous deficiency of Socs3 has been found
+/[176]
to promote DEN-induced HCC in Socs3 mice
.
These findings indicate that SOCS3 may function as a
haploinsufficient TSG in HCC.

Mammalian sterile 20-like kinase 1 and 2: Mam
malian sterile 20-like kinase 1 (Mst1) and Mst2 are the
components of the Hippo core kinase cascade. The
single knockout of Mst1 or Mst2 results in no obvious
phenotypes in mice, which suggests the functional
redundancy of Mst1 and Mst2 during embryonic
development and hepatocarcinogenesis. However,
hepatocyte-specific knockout of both the Mst1 and Mst2
genes causes an increase in hepatocyte proliferation,
hepatomegaly and spontaneous HCC development in
[165,166]
mice
. These studies demonstrate that Mst1 and
Mst2 are required for organ size control and tumor
suppression.

Protein tyrosine phosphatase non-receptor
type 11: Protein tyrosine phosphatase non-receptor
type 11 (PTPN11) is a tyrosine phosphatase that
dephosphorylates activated STAT3 and attenuates
[177,178]
proinflammatory IL-6 signaling
. In humans,
a decrease in PTPN11 protein expression has been
observed in HCC tissue samples compared with the
[179]
adjacent non-tumor tissue samples
. In mice,
Ptpn11 deficiency in hepatocytes has been shown
to result in hepatic inflammation, cell death and
hepatocellular adenoma formation. In addition,
Ptpn11 deficiency also promotes DEN-induced HCC
development in mice. Furthermore, Stat3 is required
for the tumor promoting effect of Ptpn11 deficiency
to occur. Together, these studies indicate that Ptpn11
functions as a tumor suppressor in HCC by controlling
the oncogenic activity of Stat3.

Neurofibromatosis type 2: Neurofibromatosis
type 2 (NF2) is the positive regulator of the Hippo
[167]
signaling pathway
. Nf2 deficiency leads to hepatic
progenitor cell proliferation, hepatomegaly and
hepatocarcinogenesis in mice. The tumor promoting
phenotypes in the Nf2-deficient liver have been shown
to be disrupted by loss of the Yes-associated protein
[168,169]
(YAP), which is inhibited by the Hippo pathway
.
These studies indicate that the tumor suppressor
function of Nf2 in HCC occurs via inhibiting YAP
activation.
JAK/STAT signaling pathway: JAK/STAT pathway
is a plasma membrane to nucleus signaling pathway
that regulates cell proliferation, differentiation and cell
death. Activation of the JAK/STAT pathway is regulated
by various positive (cytokine and tyrosine kinase) and
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Protein tyrosine phosphatase receptor type O:
Protein tyrosine phosphatase receptor type O (PTPRO)
is a receptor type of protein tyrosine phosphatase that
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is frequently down-regulated in human HCC tissues
[180,181]
through promoter hypermethylation
. Studies
have revealed that Ptpro deficiency promotes DEN[181,182]
induced HCC and enhances Stat3 activity in mice
.
These findings indicate that PTPRO suppresses HCC
development via control of the activity of Stat3.

hepatocytes leads to nonalcoholic steatohepatitis
[196]
(NASH) and the spontaneous development of HCC .
These findings show that NEMO acts as a tumor
suppressor in the liver.
TGF-β-activated kinase 1: TGF-β-activated kinase 1
(TAK1) is a kinase that activates the IKK complex upon
TNF stimulation. Ablation of TAK1 in the hepatocytes
of mice results in liver damage and the early onset
of spontaneous HCC development, which suggests a
[197]
tumor suppressor function for TAK1 in liver cancer .

The nuclear factor-κ B signaling pathway

Nuclear factor-κB (NF-κB) is an important transcriptional
regulator of inflammation and is required for survival
of hepatocytes in the liver. Upon tumor necrosis factor
(TNF) stimulation, the IκB kinase (IKK) complex is
recruited and activated by the kinase TAK1, and this
then stimulates NF-κB activity by phosphorylating the
[183]
negative inhibitor IκB protein . Various studies have
revealed that NF-κB is constitutively activated in many
cancers including HCC. This suggests a tumor promoting
[184]
role for NF-κB signaling
. However, evidence from
different groups has indicated that NF-κB signaling may
also have a tumor suppressor role in HCC. It is likely
that NF-κB signaling has a dual role and that this role
[185,186]
changes at different stages of carcinogenesis
.

PI3K/AKT/mTOR signaling pathway

The PI3K/AKT/mTOR pathway has a critical role in the
regulation of cell growth, proliferation and metabolism.
The PI3K/AKT/mTOR pathway is frequently activated
in diverse cancers including HCC. The pathway is
negatively regulated by phosphatase and tensin
homolog deleted from chromosome 10 (PTEN) and
AMP-activated protein kinase (AMPK). Alterations in
PTEN or the AMPK activator LKB1 have been observed
[198,199]
in many types of human cancers
. Knock-out mice
having loss of PTEN and LKB1 have been generated
and used to evaluate the roles of the PI3K/AKT/mTOR
signaling pathway in HCC development.

Cylindromatosis: Cylindromatosis (CYLD) is a
deubiquitinase that inhibits the NF-κB pathway via
[187]
deubiquitination of upstream regulatory factors
.
In humans, reduced expression levels of CYLD have
been observed in HCC tissue samples compared with
[188]
the adjacent non-tumor tissue samples
. In mice,
liver-specific disruption of CYLD triggers hepatic cell
death, inflammation, fibrosis and spontaneous HCC
development. Constitutive hyperactivation of TAK1,
a NF-κB upstream regulatory factor, is required for
liver pathogenesis in liver-specific CYLD knockout
[189]
mice
. These findings show that CYLD suppresses
hepatocarcinogenesis via control of the NF-κB signaling
pathway.

Liver kinase B1: Liver kinase B1 (LKB1) is a serine/
threonine kinase. LKB1 positively regulates downstream
kinases including AMPK, which inhibits mTOR pathway.
LKB1 has identified as the disease gene of Peutz-Jegher
[200]
polyposis and cancer syndrome . In addition, downregulation of LBK1 has been observed in human HCC
tissue samples compared with the adjacent non-tumor
[201]
tissue samples
. In mice, heterozygous knockout
of Lkb1 leads to increased proliferation of hepatocytes
and the development of spontaneous HCC. Loss of
heterozygosity of the wild-type allele of Lkb1 has been
detected in the HCC tissues from the heterozygous
knockout of Lkb1 mice, indicating that Lkb1 acts as a
[202]
recessive TSG in HCC .

Galectin-3: The galectin-3 is a down-stream tar
get gene of NF-κB and plays an important role in
inflammation response. Under normal conditions,
galectin-3 is expressed in the bile duct epithelial and
[190,191]
Kupffer cells, but not in the hepatocytes of livers
.
However, expression of galectin-3 has been detected
in human HCC cells, indicating that galectin-3
[192]
may be involved in HCC development
. In mice,
homozygous knockout of galectin-3 results in fatty
liver, inflammation, fibrosis and spontaneous HCC
[193,194]
formation
. These studies indicate that galectin-3
plays an important role in hepatocarcinogenesis.

PTEN: PTEN is a phospholipid phosphatase that
negatively regulates the highly oncogenic pro[203]
survival PI3K/AKT signaling pathway
. In humans,
expression levels of PTEN are decreased in HCC tissue
samples compared with the adjacent non-tumor
[204]
tissue samples . In mice, homozygous knockout of
Pten results in embryonic lethality. Furthermore, Pten
heterozygous mice develop tumors in multiple organs
including the liver. Loss of the wild-type Pten allele has
+/[205-207]
been observed in liver tumors from Pten mice
.
Moreover, Pten deficiency in hepatocytes leads to
[208]
steatohepatitis and HCC formation in mice
. These
studies indicate that Pten functions as a recessive TSG
in HCC.

NF-kB-essential-modulator: NF-kB-essentialmodulator (NEMO) is a regulatory subunit of the IKK
complex and is essential for NF-κB activation. Ablation
of NEMO blocks NF-κB activation in hepatocytes.
In humans, loss of NEMO protein expression has
been found in a substantial proportion of HCC tissue
samples compared with their adjacent non-tumor
[195]
tissue samples
. In mice, disruption of NEMO in
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mTOR activity. RAPTOR expression has been found
to be up-regulated in advanced human HCC tissue
samples compared with the adjacent non-tumor tissue
samples, suggesting that the RAPTOR may contribute
[209]
to hepatocarcinogenesis
. Hepatocyte-specific
disruption of RAPTOR has been shown to result in hepatic
damage, inflammation, fibrosis and the acceleration of
DEN-induced hepatocarcinogenesis in mice. The HCC
promoting effect of RAPTOR deficiency may be attributed
[210]
partly to the hyper-activation of AKT in such livers .
These loss-of-function studies indicated that a persistent
inhibition of mTOR may not be a suitable way to treat
HCC.

non-tumor liver in Tβ R-II mice suggesting loss of the
[218]
wild-type allele of Tβ R-II in HCC . These studies show
that Tβ R-II functions as a recessive TSG in HCC.

TGF-β signaling pathway

Adenomatous polyposis coli: Adenomatous polyposis
coli (APC) is the antagonist of WNT signaling and acts
by enhancing β-catenin degradation. In humans, the
expression level of the APC protein has been found to
be decreased in HCC tissue samples compared to the
[222]
adjacent non-tumor tissue samples . In mice, liverspecific disruption of Apc causes activation of β-catenin
[223]
signaling and spontaneous HCC formation
. These
findings demonstrate that APC functions as a tumor
suppressor in HCC via regulation of the β-catenin
signaling.

The WNT signaling pathway

The WNT/β-catenin signaling pathway plays critical
roles in liver development, growth and metabolism.
Moreover, WNT/β-catenin signaling is important
for cancer development, including tumor initiation,
growth and metastasis. Aberrant activation of WNT/
β-catenin signaling has been observed in human
HCC, suggesting that this pathway is involved in
[219-221]
hepatocarcinogenesis
.

TGF-β signaling is involved in many important pathways
related to cell growth, including proliferation, motility
and cell death. TGF-β inhibits hepatocyte proliferation
in the liver, suggesting that it has potential tumor
[211]
suppressive effects in HCC
. Although TGF-β has
tumor suppressive functions in benign and earlystage tumors, it can also act as a tumor promoter in
advanced-stage cancers. TGF-β has dual functions of
tumor prevention and tumor promotion at difference
[212,213]
cancer stages
. Scientists have applied genetically
modified mouse models to evaluate the complex roles
of the TGF-β signaling pathway in HCC development.

MicroRNAs

MicroRNAs (miRNAs) are short noncoding RNAs
and act as post-transcriptional regulators of gene
expression. miRNAs may function as oncogenes or
tumor suppressor genes through their targeting of
various different genes involved in tumorigenesis.
Deregulation of miRNA expression has been observed
in human HCC indicating that miRNAs are involved
in hepatocarcinogenesis. Importantly, the direct
role of miRNA in hepatocarcinogenesis has been
demonstrated using mouse models; examples of such
[224-226]
miRNAs include miRNA-122 and miRNA-140
.

Embryonic liver fodrin: Embryonic liver fodrin (ELF)
is an adaptor protein that mediates access to the
receptor and SMAD3 activation in the TGF-β signaling
pathway. In humans, ELF has been found to be
significantly decreased in HCC tissue samples compared
[214]
with the adjacent non-tumor tissue samples
. In
mice, heterozygous deficiency of ELF leads to the
development of fatty liver and spontaneous HCC,
which is accompanied by enhanced activation of cyclin
D1. These findings indicate that ELF functions as a
haploinsufficient TSG in HCC.

miR-122 and miR-140: miR-122 is a major form of
miRNA found in the liver. Downregulation of miR-122
[227]
has been observed in human HCC
. Disruption of
miR-122 leads to hepatic steatosis, inflammation,
fibrosis and spontaneous HCC in mice. The fatty liver
in miR-122-deficient mice is caused by impaired VLDL
[228]
secretion in the liver
. These studies demonstrate
the metabolic and tumor suppressor function of
miR-122 in livers. Another miRNA, miR-140, has
also been suggested to act as a tumor suppressor in
HCC. miR-140 deficiency results in enhanced NF-κB
activity and promotes DEN-induced HCC development,
indicating that the miR-140 functions as a tumor
suppressor via regulation of the NF-κB activity in
[229]
mice .

Transforming growth factor β1: Transforming growth
factor β1 (TGF-β1) is a negative factor that inhibits
[215]
hepatocyte proliferation
. In mice, heterozygous
deficiency of TGF-β 1 increases hepatocyte proliferation
+/and promotes DEN-induced HCC in TGF-β 1 mice.
+/Tumors from TGF-β 1 mice do not show loss of the
[216]
wild-type allele of TGF-β 1
. These findings indicate
that the TGF-β 1 functions as a haploinsufficient TSG in
HCC.
TGF-β type Ⅱ receptor: TGF-β type Ⅱ receptor (TβRⅡ) is a receptor of TGF-β growth factor. In humans,
down-regulation of TβR-Ⅱ has been frequently observed
[217]
in HCC tissue . In mice, heterozygous deficiency of
TβR-II results in increased hepatocyte proliferation and
promotes DEN-induced HCC carcinogenesis; in addition,
a decrease of TβR-Ⅱ expression has been observed in
the DEN-induced HCC tissue samples compared to the
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coactivator that is able to enhance estrogen receptor
[230]
α activity in the presence of estradiol . In humans,
expression of NCOA5 mRNA has been found to be de
creased in about 40% of HCC tissue samples compared
[231]
with their adjacent non-tumor tissue samples
. In
mice, heterozygous deficiency of Ncoa5 leads to fatty
liver, inflammation, fibrosis and spontaneous HCC
development. In addition, expression of the NCOA5
protein has been detected in HCC samples from
+/Ncoa5 mice. These findings indicate that Ncoa5
functions as a haploinsufficient TSG in HCC.

Inactivation of TSGs might involve a range of
different modulations in addition to mutation, deletion
and loss-of-heterozygosity; for example promoter
silencing by DNA methylation. One of the therapeutic
strategies is to take a TSG as a molecular target,
for example p53. Not only the TSG itself can be a
target; its interacting proteins and/or the downstream
targets of the TSG are also candidates for suppressing
tumor formation. In this regard, HCC mouse models,
which recapitulate the pathology and progression
of hepatocarcinogenesis in human HCC, provide a
useful in vivo animal model for therapeutic testing and
mechanistic studies under physiological conditions.
Several TSGs are currently under evaluation in order
to test whether they can serve as a target for treating
[240]
lung or ovarian cancer
. Taking into consideration
tissue specificity and the possibility of potential offtarget problems, it may be useful to identify liverspecific TSGs for the development of precision
medicine when tackling HCC.

Regulatory subunit 1a of protein kinase A: Regu
latory subunit 1a of protein kinase A (PRKAR1A) is
the major component of type Ⅰ protein kinase A and
[232]
regulates protein kinase activity
. Heterozygous
deficiency of Prkar1a leads to multiple tumor formation
events including HCC. Loss of heterozygosity of the
Prkar1a allele was not observed in the tumors of
+/Prkar1a mice, suggesting that Prkar1a functions as a
[233]
haploinsufficient tumor suppressor .
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Human hepatocellular carcinoma (HCC) heavily en
dangers human heath worldwide. HCC is one of most
frequent cancers in China because patients with liver
disease, such as chronic hepatitis, have the highest
cancer susceptibility. Traditional therapeutic approaches
have limited efficacy in advanced liver cancer, and novel
strategies are urgently needed to improve the limited
treatment options for HCC. This review summarizes
the basic knowledge, current advances, and future
challenges and prospects of adeno-associated virus (AAV)
and adenoviruses as vectors for gene therapy of HCC.
This paper also reviews the clinical trials of gene therapy
using adenovirus vectors, immunotherapy, toxicity and
immunological barriers for AAV and adenoviruses, and
proposes several alternative strategies to overcome the
therapeutic barriers to using AAV and adenoviruses as
vectors.
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Rep68, Rep52, and Rep40), which play a part in viral
replication, transcriptional control, and accumulation
of single-stranded progeny genomes, and the cap
contains three capsid proteins (VP1, VP2, and VP3)
[15]
functioning in the generation of infectious particles .

INTRODUCTION

Essential properties of AAV vector
[16]

Since Hermonat et al
first used AAV as a vector
for transgene delivery into cultured mammalian cells,
AAV-based vectors have undergone rapid development
in recent decades. Unlike the wild-type AAV that is
able to integrate into the host genome, exogenous
genes delivered by recombinant AAV vector can be
[17,18]
persistently expressed in an episomal state
. AAV
vectors have some others advantages, including a
broad host spectrum that allows them to infect both
non-dividing and dividing cells and low pathogenicity
[19]
or no cytotoxicity .
Presently, there are more than 11 different sero
types of AAVs and over 100 new AAV variants to
be identified and engineered into vectors. AAV2
serotype was the first to be used for the transfer
of transgenes into host cells and has emerged as a
promising carrier for clinical gene transfer in several
[20]
single genetic disorders . As the first clinical gene
therapy medicine (AAV2-LPL) authorized by European
[21]
Medicines Agency (EMA) , it largely promotes the
development of AAV vectors for clinical transgene
therapy. Besides AAV2, AAV1 and 3-9 serotypes were
engineered as gene transfer vectors. AAV1 vector has
[22]
a higher transfer rate in muscle than AAV2 . AAV1,
4, and 5 can transfer genes efficiently into muscles,
[8,23]
lung, and central nervous system
. The serology
of AAV6 is almost identical to that of AAV1, and the
AAV6 vector was designed to transfer primary human
[24]
hematopoietic stem cells into a mouse model . AAV7
and AAV8 are two new members of the AAV family
[25]
isolated from rhesus monkeys . Furthermore, the
efficiency of gene transfer to liver with AAV7 and 8
vectors was higher than that achieved using AAV2,
although a variety of host factors may influence this
important parameter, such as pre-existing antibodies,
[25-27]
gender, and transgene immunity
. So far, the
serological profiles of AAV10 and AAV11 are not well
[28,29]
characterized
. AAV12 is a novel AAV serotype with
transduction activity independent of sialic acid and
[30]
heparan sulfate proteoglycan . The AAV variants are
not further identified and exploited as vectors due to
the lack of serological profiling.

Human hepatocellular carcinoma (HCC) is the fifth
leading cause of cancer death with an estimated
> 33000 new cases per year in the United States,
[1]
according to the American Cancer Society . In China,
HCC is also one of the five most common cancers,
whose incidence rate ranks fourth and mortality ranks
second, with 18.43 per 10000 among all types of
[2,3]
cancers . Surgery, chemotherapy, and radiotherapy
are still the most common therapeutic options for
HCC. Surgery is the first choice for early stage disease
and offers a cure rate of 10%-20% in HCC patients.
However, liver cancer recurrence rate remains high
after tumor resection because of the aggressive
traits of HCC, such as metastasis and chemo- or
[4,5]
radiotherapy resistance
. Although tremendous
efforts have been made to improve the anti-cancer
effect for HCC, there are still no ideal therapeutic
strategies. Gene therapy has attracted much interest
as a novel promising therapeutic method since the
first approved successful clinical trial for children with
[6]
severe combined immunodeficiency (SCID) in 1990 .
Henceforth, gene therapy has rapidly developed as a
strategy for single gene hereditary diseases, infections,
[7,8]
and cancer, using various viral or nonviral vectors .
Currently, most effective vectors are derived from
recombinant viruses including adenovirus, adenoassociated virus (AAV), vaccinia virus, retrovirus,
lentivirus, herpes simplex virus, Epstein-Barr virus,
[8,9]
and chimeric viruses
. Since we proposed the
Cancer Targeting Gene Virotherapy (CTGVT) strategy
by combining cancer gene therapy and virotherapy
using oncolytic adenoviral vector in 2001, numerous
studies have been performed in HCC and other
[10-12]
cancers using gene therapy
. Additionally, due
to its distinct merits, AAV is considered as the prime
candidate vector for clinical gene therapy for various
[13,14]
liver diseases
. This review describes the advances,
therapeutic mechanisms, and current challenges
in using AAV and adenoviruses as vectors for gene
therapy of HCC.

BIOLOGY OF AAV AND ITS APPLICATION
AS A VECTOR FOR HCC

AAV vector development for HCC

In recent years, many important breakthroughs have
been achieved in gene therapy in several disease types,
including genetic diseases and cancer. Up to January
2015, there were 127 trials of gene therapy mediated
by AAV vectors registered at the Journal of Gene
[31]
Medicine Clinical Trial website . These trials have
been performed for the treatment of various diseases,
including cancer and monogenic, neurological, ocular,

AAV, a member of the parvovirus family, has a singlestranded DNA genome of approximately 4.7 kb. The
genome consists of two open reading frames (ORFs)
rep and cap driven by three promoters (P5, P19
and P40), which are flanked by the 145 nucleotide
long inverted terminal repeat sequences. The rep
encodes four overlapping functional proteins (Rep78,
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Figure 1 Schematic of adeno-associated virus vectors packaged into adeno-associated virus serotypes 2, 8, and 9 with different promoters used for gene
delivery. AFPp: Human α-fetoprotein promoter; hTERTp: A truncated human telomerase; CBA: Chicken β-actin; TBG: The liver-specific thyroxine-binding globulin;
hAAT: Human α1-antitrypsin.
[36]

cardiovascular, and infectious diseases. The landmark
of AAV-mediated clinical studies is the development
of inherited retinal diseases and anerythrochloropsia
gene therapy. AAV-mediated PRE65 gene expression
efficiently recovered visual function in patients with
Leber’s congenital amaurosis with controlled safety
[32-34]
and efficacy of gene transfer
. These encouraging
results widened the clinical applications of AAV vectors,
including gene therapy of cancer.
AAV vectors are engineered for delivery to pati
ents suffering from liver diseases, including familial
hypercholesterolemia, viral hepatitis, and hepatic
malignancies. The first gene therapy experiment for
[35]
HCC using AAV vectors was carried out by Su et al .
The constructed recombinant AAV virus, which carried
the herpes simplex virus thymidine kinase (TK) gene
driven by the human α-fetoprotein (AFP) enhancer
and the albumin promoter, resulted in a selective
killing effect on AFP-positive HCC cells but not nonhepatocyte tumor cells or AFP and albumin-negative
[35]
hepatic tumor cells . Moreover, the dose required to
kill the cancer cells was inversely proportional to the
level of AFP expression in the cells.
Actually, besides suicide-gene-directed enzyme/
pro-drug therapy, gene therapy using AAV covers
numerous therapeutic methods, such as inhibition of
oncogenes and re-expression of tumor suppressor
genes, immunotherapy, anti-angiogenesis therapy, and
[19]
combination therapy . There are a variety of targeting
strategies for AAV application, including transcriptiontargeted, receptor-targeted, and conjugate-targeted
[8]
strategies and various alternative AAV serotypes .
The application of human telomerase reverse trans
criptase (hTERT) promoter was a good candidate
[13]
for transcription-targeted cancer gene therapy . In
general, cancer cells have high telomerase activity,
and hTERT, a catalytic subunit of the telomerase, is
transcriptionally upregulated exclusively in about 90%

WJG|www.wjgnet.com

of cancer cells . Thus, telomerase is an excellent
tumor marker. We first constructed a novel AAV
vector targeting telomerase activity and investigated
its targeting capability and anti-tumor potential
[13]
though carrying a human interferon-β gene . The
recombinant virus AAV-hTERT-human interferon
(hIFN)-β displayed cancer-specific hIFNβ expression
and cytotoxicity in various human cancer cells in
vitro and suppressed tumor growth in nude mice
of lung cancer A549 and colorectal cancer SW620
[7]
xenografts . In addition, we and others generated a
recombinant AAV vector containing the tumor necrosis
factor alpha related apoptosis inducing ligand (TRAIL)
gene under the control of the hTERT promoter. The
AAV-hTERT-TRAIL virus exhibited cancer-speciﬁc
cytotoxicity and apoptosis that which signiﬁcantly
[37,38]
suppressed the growth of HCC xenograft tumors
.
These results indicated that AAVs in combination with
hTERT-mediated therapeutic gene expression provide
a promising targeting approach for developing effective
therapy for HCC (Figure 1).
AAV-mediated gene therapy of HCC has made
great progress in other research areas. Intraportal
injection of recombinant AAV carrying kallistatin
gene suppressed hepatic and subcutaneous HCC
tumors through antiangiogenic and antiproliferative
[39]
[40,41]
activities . Ling et al
validated that AAV serotype
3 is an excellent vector in efficiently transducing human
liver cancer because AAV3 uses human hepatocyte
growth factor receptor as a cellular co-receptor for
binding and entry into these cells, which implies that
AAV3 vectors can be applied to gene therapy of liver
cancer. In addition, AAV8 may be the best liver-specific
transfer vector and has good prospects for liver
[42]
cancer gene therapy . In particular, RNA interference
(RNAi)-based approaches, such as antisense hypoxiainducible factor-1α and microRNA (miRNA)-targeted
therapy mediated by AAV have been recently ex
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[43-45]

ploited as new anti-cancer treatments for HCC
.
Systemic administration of AAV-mediated miR-26a
delivery efficiently inhibited HCC cell proliferation,
induced tumor-specific apoptosis, and suppressed
[45]
tumorigenesis in a murine liver cancer model . Other
than the general strategy for miRNA replacement
therapies, inhibiting the oncogenic miR-221 by miRNA
sponge was developed for therapy of HCC, in which
AAVs were genetically modified to drive the expression
[44]
of multiple binding sites for miR-221 .
Combination therapy is an important tactic for
clinical cancer therapy. AAV-mediated gene therapy
is widely considered as a potential adjuvant of other
therapies. We attempted combination therapy with
AAV-hTERT-TRAIL and cisplatin, which could have a
synergistic therapeutic effect on HCC. As expected,
treatment with both AAV-hTERT-TRAIL and cisplatin
exhibited a stronger inhibitory effect and induced
more signiﬁcant apoptosis compared with either agent
[46]
alone in HCC cells and animal tumors . Other studies
showed that radiotherapy can enhance transduction of
[47]
HCC cells by recombinant AAV in vitro and in vivo .
Even the cocktail viral gene therapy, combining the
effect of AAV transducing hepatocyte growth factor
dringle 1 and adenovirus transducing p53, significantly
induced tumor cell death, inhibited tumor angiogenesis
and tumor growth, and prevented tumor metastasis in
[48]
HCC models . Multigene-based combination therapy
is an effective practice in cancer gene therapy. AAVmediated coexpression of apoptin and interleukin
(IL)-24 in HCC significantly suppressed the growth
and induced apoptosis of HepG2 cells in vitro and in
[49]
xenograft nude mice . An AAV6 serotype designed
for dendritic-cell-based cancer immunotherapy can
be a useful targeting approach for efficient HCC
[50]
therapy , which could lay the foundation for further
development for AAV-mediated HCC immunotherapy.

mising anti-cancer agents with the ability to lyse
infected cancer cells but not normal cells. The oncolytic
viruses include genetically modiﬁed adenovirus, vaccinia
[10]
virus, herpes simplex virus, and reovirus . ONYX-015,
an oncolytic adenovirus designed with the E1B 55-kDa
gene deletion, was engineered to replicate in and
[53]
lyse cancer cells selectively . Clinical trials using
ONYX-015 alone or in combination with chemotherapy
have been widely performed in patients with head and
neck cancer, which achieved an obvious anti-cancer
[54,55]
effect
. In addition, many targeted strategies
based on oncolytic adenoviruses were conceived, and
they exhibited potent anti-tumor activity in various
[11,56,57]
preclinical studies
. Previously, our CTGVT,
which combined the superiority of gene therapy and
[10,58]
virotherapy, brought new hope for cancer therapy
.
Similar to ONYX-015, the novel oncolytic adenovirus
ZD55 was first engineered with E1B55-kD protein
deletion based on CTGVT, and was combined with anti[58]
cancer gene therapy to form the ZD55-gene system .
Our many experiments confirmed that the ZD55 gene
exerted a potent anti-tumor effect in multiple tumor
cell lines and mouse models through the synergetic
mechanisms of the oncolytic action of the virus itself
[11,52,59-63]
and overexpression of anti-tumor genes
.
In particular, the novel oncolytic adenovirus ZD55Smac increases anti-tumor activity of ZD55-TRAIL
[64]
against HCC via a synergetic apoptotic effect . In
general, HCC frequently displays a high resistance
to TRAIL-mediated cell death due to high expression
of inhibitor of apoptosis proteins (IAPs), while Smac
strongly inhibits IAPs and increases sensitivity of HCC
[65]
cells to TRAIL . Thus, combination treatment with
ZD55-Smac and ZD55-TRAIL led to rapid and potent
activation of apoptosis in HCC cells and eliminated
completely tumor xenograft in all treated animals,
which could provide a useful strategy for therapy of
[64]
HCC .
Furthermore, numerous other combination stra
tegies were adopted in HCC therapy based on the
[62]
oncolytic adenovirus ZD55 system. Chu et al
found
that adenoviral vector expressing cylindromatosis
(CYLD) augments anti-tumor activity of ZD55-TRAIL
by suppression of nuclear factor-κB survival signaling
[66]
in HCC. Pan et al
constructed ZD55-mediated
X-linked inhibitor of apoptosis protein (XIAP)-shRNA by
RNAi to inhibit high XIAP of HCC cells and concluded
that combination of ZD55-shXIAP and ZD55-TRAIL
led to synergistic anti-tumor activity in experimental
HCC. Moreover, the combination of XAF1, IL-24, or
Smac-armed ZD55 and chemotherapy exhibited
significantly enhanced suppression of HCC growth by
a synergistic mechanism, especially in the induction of
[67-69]
apoptosis
.
However, traditional oncolytic adenovirus lacks the
ability to target liver cancer. To improve the anti-cancer
effect of oncolytic adenovirus in liver cancer, three
main strategies have been developed in recent years.
First, the transcription-targeted strategy is designed

THERAPEUTIC APPLICATION OF
ADENOVIRUS IN HCC
Adenovirus has been the most common gene transfer
vector for cancer gene therapy in past decades
because of its unique advantages, such as broad
tropism for infecting many human tissues including
hepatocytes, capability of transducing nonreplicating
cells and replicating cells, and easy acquisition of high
titers, benefiting clinical use and efficient transgene
[51,52]
expression
. Numerous studies have reported the
potential application of adenovirus-mediated gene
therapy for a wide variety of diseases and indicated
their beneficial effects, tolerability, and safety. The
following three aspects describe oncolytic adenovirus
vector, adenovirus-mediated immune treatment, and
clinical trials for HCC therapy, respectively.

Oncolytic adenovirus vector

Currently, oncolytic viruses represent a group of pro
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Table 1 Liver- or hepatocellular carcinoma - specific promoters in adeno-associated virus vectors
Promoter
CBA
TBG
hEF1α
hAAT
Mouse albumin
Albumin + α fetoprotein
hTERT
survivin

Target

Delivery gene

Ref.

Liver
Liver
Liver
Liver
Liver
Hepatocellular carcinoma
Hepatocellular carcinoma
Hepatocellular carcinoma

Reporter, Flk-1, Mut, MUT, GFP
Canine factor IX, IDS. Mut
IFN-α
hFIX, synMUT
HGAA, tTA, EGFP
HSV-TK
TRAIL
TSLC1

[15,87-89]
[15,90,91]
[92]
[15,93]
[94]
[35,95]
[8]
[70]

CBA: Chicken β-actin; TBG: The liver-specific thyroxine-binding globulin; hAAT: Human α1-antitrypsin.

using cancer- or tissue-specific promoter to control the
[70,71]
expression of viral genes essential for replication
,
which results in selective expression of viral genes,
propagation of virus progeny, and tumoricidal ac
[9,10]
tivity
. We designed AFP-regulated oncolytic
adenovirus AD and obtained a better anti-cancer effect
[72-76]
in HCC than other types of cancer
. Golgi protein
[77,78]
(GOLPH2) is an excellent HCC marker
, therefore,
we constructed a novel GOLPH2-regulated oncolytic
[79]
adenovirus GD55 that targets HCC . We showed
that the novel GD55 had higher adenovirus replication
ability and infectivity in liver cancer cells than the
common oncolytic adenovirus ZD55. In addition,
GD55 exerted a significant growth-suppressing effect
on HCC cells or xenograft but caused little damage
to normal liver cells, which may provide a promising
[79]
oncolytic virus for future liver cancer treatment . The
second strategy targets the tumor signaling pathway
through deletion or mutation of key adenovirus genes
or some bases that are necessary for adenovirus
replication in normal cells but not in tumor cells. The
classical design of oncolytic adenovirus is ONYX-015
and ZD55, whose E1B 55 kDa gene is deleted by
[53,58]
genetic engineering
. They are supposed to target
and lyse p53-dysfunctinal tumor cells preferentially
[80]
but not adjacent normal cells , but further study
demonstrated that the adenovirus mutant enhanced
[81]
the viral mRNA late nuclear transport and oncolysis .
We also noted inhibition of liposarcoma by histone
deacetylase inhibitor occurs irrespective of p53
mutational status but via targeting of the MDM2-p53
[82]
signaling axis and phosphatase and tensin homolog .
Another modification was a 24 base pair deletion in the
E1A region, such as oncolytic virus Ad5-E1A(Δ24); which
is responsible for binding retinoblastoma (Rb) protein,
and its replication is restricted in Rb-inactive arrested
[56,71,83]
cells and exhibits tumor-selective capability
.
The third approach is the receptor-targeted or capsidmodified strategy. Adenovirus can efficiently infect
host cells by binding to specific receptors on the
target cell surface with fibers on the capsid. Thus,
modification of the adenovirus capsid may improve
the binding ability of adenovirus to target cells. The
adenovirus vector with genetically modified fibers
(RGD-4C or chimera fibers of different serum types)
demonstrated expanded tropism via utilization of a
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coxsackievirus and adenovirus receptor-independent
[84,85]
cell entry mechanism
. Otherwise, efficient and
selective gene transfer into primary human tumors
using single-chain antibody-targeted adenoviral vectors
with native tropism abolished the specific targeting
[86]
ability . In Table 1, we sum up Liver- or hepatocellular
carcinoma- specific promoters and delivery gene in
adeno-associated virus vectors for the past few years.

Adenovirus-mediated immunotherapy

The three traditional anti-cancer therapies (surgery,
radiation, and chemotherapy) often carry risks and/or
cause adverse side effects and show limited efficacy,
particularly for late-stage cancer. The fourth option
is cancer biotherapy, including oncolytic viruses and
immunotherapy, which has emerged as a promising
therapy in preclinical trials and cancer patients.
Immunotherapy was considered the Breakthrough of
the Year for 2013 and 2014 because of the efficacy of
antibodies against cytotoxic T-lymphocyte-associated
protein (CTLA)-4, programmed death (PD)-1, ligand
[96,97]
1, and chimeric antigen receptor
. Encouragingly,
CD19-targeted T cells achieved complete remission
in children and adults with chemotherapy-refractory
[98]
acute lymphoblastic leukemia . These also brought
inspiration and confidence to acquire the expected
therapy effect either via oncolysis or antitumor
immunity by recombinant oncolytic adenovirus.
Fortunately, people began to realize that oncolytic
adenoviruses cause the immune system to stimulate
[99]
an anti-tumor immune response . A novel oncolytic
adenovirus, Ad5D24-CpG, was engineered by inserting
18 immunostimulatory islands into Ad5D24. This
virus showed increased anti-tumor activity via the
stimulation of Toll-like receptor 9 and inactivation of
myeloid-derived suppressor cells in modified virus[100]
treated mice
. Moreover, to achieve superior anticancer immunity, oncolytic adenoviruses are often
designed to express immunostimulatory molecules
including CD40L, IL-2, IL-12, IL-24, and granulocyte[101]
macrophage colony-stimulating factor (GM-CSF)
.
Among these constructs, oncolytic adenovirus coding
for GM-CSF (Ad5-D24-GMCSF) was a typical agent,
and it induced anti-tumor immunity in cancer patients
with advanced solid tumors refractory to standard
therapies, indicating that the treatment was safe. The
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Table 2 Overview of clinical trials that use adenovirus vector for hepatocellular carcinoma therapy
Adenovirus
ADV-TK
TK99UN
AdVhAFP
AdVhAFP
ADV-TK
Ad5CMV-p53
Adenovirus Type 5
rAd-p53

Phase

Trial

Status

Route

Notes

Ⅱ
Ⅰ
Ⅰ/Ⅱ
Ⅱ/ⅢA/ⅢB/ⅣA
Ⅱ
Ⅰ
Ⅲ
Ⅱ

NCT00300521
NCT00844623
NCT00669136
NCT00093548
NCT02202564
NCT00003147
NCT01869088
NCT02418988

Completed
Completed
Terminated
Withdrawn
Completed
Terminated
Recruiting
Recruiting

it
it
im
im and id
Intrahepatic
Percutaneous injection
Arterial infusion
Arterial injection

As a single agent
As a single agent
Combined with AFP and GM-CSF
Combined with AFP and GM-CSF
Double-dose
As a single agent
Combined with TACE
Combined with TACE

TACE: Transcatheter arterial chemoembolization; ADV-TK: Adenovirus thymidine kinase; AdVhAFP: α-fetoprotein adenoviral vector; GM-CSF:
Granulocyte-macrophage colony-stimulating factor; TK99UN: Adenoviral vector containing thymidine kinase of herpes simplex virus; im: Intramuscularly;
it: Intratumoral; id: Intradermally.

[102]

tumor completely disappeared in 2/20 patients .
Further modifications were made in the following
approaches to improve clinical anti-tumor immunological
benefit. The adenovirus serotype 5 capsid was replaced
with serotype 3 fiber knob to form chimeric adenovirus
vector Ad5/3-D24-GMCSF, avoiding the problem of
coxsackie-adenovirus receptor downregulation in
[99]
advanced tumors . Another immunostimulatory
molecule of interest is CD40L, a multifunctional
protein. Oncolytic adenovirus encoding CD40L led to a
[103]
strong anti-tumor effect
. Efficient targeted cancer
immunotherapy was achieved with oncolytic adenovirus
coding for a fully human monoclonal antibody
specific for CTLA-4 (Ad5/3-Δ24aCTLA4), avoiding the
severe immune-related adverse events by systemic
administration of monoclonal antibodies ipilimumab or
[104]
tremelimumab blocking CTLA-4 . It also suggests the
feasibility of immunotherapy with oncolytic adenovirus[105]
mediated CTLA4 antibody .
An alternative means of anti-tumor immunotherapy
is oncolytic adenovirus-vector vaccines. Orally
delivered oncolytic adenovirus vaccines have been
utilized to prevent adenovirus-induced respiratory
illness in military recruits, demonstrating safety and
[106]
high efficacy
. The experience suggested that oral
administration of live oncolytic adenoviruses holds
promise for immunization against liver cancer and
other infectious diseases because live adenoviruses
can express intact tumor-associated antigens as
[107]
transgenes in infected cells . Another novel approach
is incorporation of antigenic epitopes into adenovirus
capsids, eliciting the strongest humoral and cellmediated immune responses, both prior to and during
[106,108,109]
virus replication, against cancer and infection
.

ClinicalTrials.gov. Adenoviruses are the most frequently
used gene transfer vectors in clinical trials according
[31]
to the Journal of Gene Medicine Clinical Trial site .
However, at the time of the preparation of this review
(May 2015), official sources listed only eight clinical
trials that described the status (Table 2), efficacy, and
safety of adenovirus-associated therapy in HCC.
In particular, there are two studies that are currently
recruiting participants. Recombinant human adenovirus
type 5, with an E1B gene deletion, combining
transcatheter arterial chemoembolization (TACE), is
being tested as a stand-alone therapeutic intervention
in a phase Ⅲ trial in patients with advanced HCC
not amenable to surgery or local ablative therapy
(NCT01869088). A phase Ⅱ trial of rAd-p53 artery
injection combined with TACE in adults with HCC
is being sponsored by Shenzhen Sibiono Genetech
(NCT02418988). rAd-p53 was the first approved
adenovirus agent worldwide for the treatment of head
and neck cancer, and great success was achieved
in these patients, especially when combined with
chemotherapy or radiotherapy. In addition, three
clinical trials have recently been completed using
adenovirus vectors. The preliminary safety and efficacy
of double-dose adenovirus-mediated adjuvant therapy
(Adv-TK, adenovirus expressing TK) was evaluated
in phase Ⅱ trials, resulting in improved outcome of
liver transplantation in patients with advanced HCC
(NCT02202564). In addition, liver transplantation with
Adv-TK gene therapy improved survival in patients
with advanced HCC (NCT00300521). Intratumoral
injection of TK99UN (an adenoviral vector containing
TK) was assessed in a phase Ⅰ clinical trial in adult
HCC patients (NCT00844623). Two trials using
adenovirus vectors were terminated for undisclosed
reasons. A phase Ⅰ trial of the effectiveness of gene
therapy with Ad5CMV-p53 was also terminated in
patients with liver cancer that could not be surgically
removed (NCT00003147). A suspended phase Ⅰ/Ⅱ
trial is testing immunization, safety, and toxicity of AFP
plus GM-CSF plasmid prime and AFP-armed adenoviral
vector (Adv-hAFP) in patients with locoregionally
pretreated HCC (NCT00669136). A vaccine therapy
study using Adv-hAFP was halted prior to enrollment

Clinical trials for adenovirus-associated HCC therapy

The first gene transfer with recombinant replicationdefective adenovirus was successfully implemented in
HCC cells in 1995, which led to induction of sensitivity
to ganciclovir in human HCC cells by adenovirus[110]
mediated herpes simplex virus TK gene
. Since
then, 293 papers have been published in the field of
adenoviruses and HCC, and 317 gene therapy studies
using adenovirus vectors have been registered at
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for treating patients with stage Ⅱ, ⅢA, ⅢB, or ⅣA
liver cancer (NCT00093548).

cancers refractory to standard therapeutics with limited
[9]
or no toxicity to normal tissue . However, there
currently are some inevitable obstacles for clinical
application of systemic adenovirus-mediated gene
therapy. These are high prevalence of neutralizing
antibodies, induction of immune and inflammatory
responses, high promiscuity due to widespread
expression of the coxsackie-adenovirus receptor,
[116]
and adenovirus sequestration by the liver
. The
approximately 36 kb genome of adenovirus comprises
a variety of structural, replication, and regulatory
genes, resulting in the complexity and uncertainty
of the toxic effect induced by oncolytic adenovirus
during systemic administration. The representative
oncolytic adenovirus mutant is ONYX-015 (designed
by Onyx Pharmaceuticals). Although phase Ⅰ and Ⅱ
clinical trials of ONYX-015 were completed in patients
with various solid tumors, a phase Ⅲ trial for the
treatment of recurrent head and neck cancer patients
was suddenly repealed because of possible safety
problems a decade ago. Therefore, improving anticancer efficacy and reducing toxic effects and immune
response to adenovirus vectors remain potential
challenges to successful HCC therapy.

EXISTING PROBLEMS AND CHALLENGE
Toxicity and immunological barriers for AAV

The nonpathogenic feature of AAV endows it as a
promising gene therapy vector with little or no acute
toxicity to the host. Results from gene therapy trials
with AAV vectors, especially some exciting results from
clinical studies of hemophilia B, congenital blindness,
and familial lipoprotein lipase deficiency, have
[110,111]
confirmed their therapeutic potential
.
However, some of the limitations of in vivo AAV
gene transfer have emerged. First, the host immune
response to AAV capsid is an important obstacle to
safety and efficacy of AAV-vector-mediated gene
[112,113]
transfer in vivo
. AAV2-capsid-specific cytotoxic
T cells were detectable following AAV2-mediated
hepatic delivery of factor IX in hemophilia B patients,
which resulted in killing and clearance of transduced
hepatocytes and affected the therapeutic efficacy. It
was hypothesized that this was caused by rejection
of transduced hepatocytes by AAV-capsid-specific
+
memory CD8 T cells reactivated by AAV vectors,
because these patients harbor a population of capsidspecific memory cytotoxic T cells formed during
[114]
childhood infection with wild-type AAV2
. Second,
the humoral immune response is a universal obstacle
in virus-mediated gene transfer in vivo, largely
affecting the therapeutic efficacy. Conceivably, both the
transgene protein and AAV capsid can produce relevant
antibodies. Anti-AAV capsid neutralizing antibodies
are highly prevalent and detectable in two-thirds
of the population. Even high titer AAV neutralizing
antibodies can completely inhibit vector transduction
[113]
to the target tissue, leading to lack of efficacy
.
Although the integration potential of AAV into the
host genome offers long-term transgene expression
in animal experiments or clinical trials, there is a
risk of insertional mutagenesis that may induce
[115]
carcinogenesis
. In particular, a high incidence of
HCC was observed in mice or other mouse models
[115]
after systemic delivery of AAV gene therapy vector .
The hepatic genotoxicity may be caused by AAV
integration into the RNA imprinted and accumulated in
the nucleus (Rian) locus, resulting in overexpression
of proximal miRNAs and retrotransposon-like 1
[15]
associated with HCC .

FUTURE PROSPECTS
With the rapid development of HCC incidence and
mortality in China, there is an urgent need for
innovative, alternative therapies for HCC patients.
Despite anti-tumor efficacy being achieved by AAVor adenovirus-mediated gene therapy in experimental
liver cancer models, researchers soon realized its
limitations and ongoing efforts are being made
to resolve these limitations. Efficient transfer of
genes/small RNAs to the majority of cancer cells is
[117]
still unrealistic for solid tumors
. To date, there
are 17 trials using AAV vectors and 154 trials using
adenoviruses for gene therapy of cancer registered at
[31]
the Wiley Clinical Trial site , although none of these
trials for AAV and only eight for adenoviruses are
investigating liver cancer. Therefore, more efficient
AAV or adenovirus vectors targeting HCC should be
designed to achieve successful treatment of liver
cancer. Current strategies are mainly aimed at chemical
modification of the virus capsid, serotype substitution
of different virus types, and hybrid vectors combining
viral and synthetic vectors to improve therapeutic
efficacy for HCC. These new strategies have gradually
demonstrated that the modified vectors have the
ability to escape neutralizing antivirus antibodies, to
overcome liver tropism, and to reduce humoral and
cellular immune responses and liver toxicity even after
systemic virus administration, while maintaining their
[118]
natural biological activity
. In addition, the various
combination strategies between different virus vectors
or gene therapy and conventional/cell therapy can
optimize the efficacy of AAV or adenovirus-mediated
therapy. Thus, we believe that optimal scheduled

Problematic limitations for oncolytic adenovirus

Adenovirus has a broad range of vertebrate hosts,
including humans, and commonly causes illnesses such
as mild respiratory infections and cold-like syndrome
in young children. Although wild-type adenovirus can
kill some cancer cells, it also has many side effects.
Numerous modified oncolytic viral constructs, such as
H101, Ad-p53, and Ad5-D24-GMCSF, have indicated
potent anti-tumor efficacy in patients with solid

WJG|www.wjgnet.com

332

January 7, 2016|Volume 22|Issue 1|

Wang YG et al . AAV and adenoviral gene therapy for HCC
combinatorial regimens will likely have promising
antineoplastic effects in the field of gene therapy with
modified virus vectors.
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REVIEW

Xenobiotics and loss of tolerance in primary biliary
cholangitis
Jinjun Wang, Guoxiang Yang, Alana Mari Dubrovsky, Jinjung Choi, Patrick SC Leung

Abstract

Jinjun Wang, Guoxiang Yang, Alana Mari Dubrovsky,
Jinjung Choi, Patrick SC Leung, Division of Rheumatology,
Allergy and Clinical Immunology, University of California at
Davis, School of Medicine, Davis, CA 95616, United States

Data from genome wide association studies and
geoepidemiological studies established that a com
bination of genetic predisposition and environmental
stimulation is required for the loss of tolerance in
primary biliary cholangitis (PBC). The serologic hallmark
of PBC are the presence of high titer anti-mitochondrial
autoantibodies (AMA) that recognize the lipoyl domain
of the mitochondrial pyruvate dehydrogenase E2
(PDC-E2) subunit. Extensive efforts have been directed
to investigate the molecular basis of AMA. Recently,
experimental data has pointed to the thesis that the
breaking of tolerance to PDC-E2 is a pivotal event in
the initial etiology of PBC, including environmental
xenobiotics including those commonly found in cos
metics and food additives, suggesting that chemical
modification of the PDC-E2 epitope may render its
vulnerable to become a neo-antigen and trigger an
immune response in genetically susceptible hosts.
Here, we will discuss the natural history, genetics and
immunobiology of PBC and structural constraints of
PDC-E2 in AMA recognition which makes it vulnerable to
chemical modification.
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Core tip: Environment influences immune functions.
In this paper, we examine how environmental
chemicals can trigger autoimmunity in an organ
specific autoimmune disease, primary biliary cholangitis
(PBC). PBC is liver specific autoimmune disease
characterized by high titer of anti-mitochondrial
autoantibodies directed against the E2 subunit of
pyruvate dehydrogenase (PDC-E2) lipoyl domain. Here,
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the presence of high titer AMA and immune-mediated
progressive destruction of biliary epithelial cells (BECs)
within small bile ducts, eventually leading to cholestasis,
[12]
fibrosis, and, potentially, liver cirrhosis . Approximately
50%-60% of patients are asymptomatic at diagnosis.
[39,40]
The disease has a long latency period
, followed by
the development of symptoms that may include fatigue,
pruritus, cutaneous pigmentation and, later, bleeding
[41]
varices, edema, or ascites . The prognosis of patients
diagnosed with PBC has improved significantly over the
past two decades, perhaps because patients are being
diagnosed earlier. PBC is a “model” autoimmune disease
with significant literature on genetics, environment and
[17,25,33,42-51]
animal models
.
The female predominance among individuals
with PBC suggests that there are significant genetic
components in this disease, supported by the high
frequency of X chromosome monosomy in patients
[52,53]
with PBC
and Y chromosome loss in male
[54]
patients with PBC . Reports from recent genetic
studies demonstrate that in addition to the MHC,
several loci are associated with susceptibility to PBC,
including interleukin (IL) 12-related pathways, SPIB,
IRF5-TNPO3, and 17q12-2. The candidate genes
identified by genome wide association studies include
STAT4, DENND1B, CD80, IL7R, CXCR5, TNFRSF1A,
[55-58]
CLEC16A, and NFKB1
. Data on familial clustering
of PBC demonstrates that first-degree relatives of
PBC patients have an increased risk of developing
disease and most often these clusters involve motherdaughter pairs, consistent with the female preponderance
[59-61]
of the disease
. Furthermore, twin studies have
demonstrated a high concordance for PBC in monozy
[62]
gotic twins . These studies provide evidence for a
genetic basis underlying PBC. Genome analysis of
DNA methylation, copy number variation and gene
expression of monozygotic twins and sisters discordant
for PBC have also indicated a contribution of epigenetic
[63]
events . However, environmental factors also play a
[64]
role in the development of the disease , and multiple
[30,65-67]
environmental components including chemicals
[68-71]
and bacteria
have been implicated.

we present experimental evidence from quantitative
structure-activity relationship and animal models that
xenobiotic modification of the PDC-E2 lipoyl domain
could lead to loss of self-tolerance and is a pivotal
event in the initial etiology of PBC in genetically
susceptible hosts.
Wang J, Yang G, Dubrovsky AM, Choi J, Leung PSC.
Xenobiotics and loss of tolerance in primary biliary cholangitis.
World J Gastroenterol 2016; 22(1): 338-348 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i1/338.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i1.338

INTRODUCTION
The loss of tolerance is a central theme in autoimmunity
and genetics and geoepidemiological studies have
reflected that environmental factors contribute to this
[1-10]
breach of tolerance
. This thesis is exemplified in
primary biliary cholangitis (PBC), a prototype organ
[11]
specific autoimmune disease . The mechanism of
how immunological tolerance is broken in PBC is still
[12]
enigmatic . Importantly, the autoantigen recognized
by AMA was first cloned in 1987 and subsequently
identified as the E2 subunit of pyruvate dehydrogenase
[13,14]
(PDC-E2)
. The epitopes of AMA have been mapped
to the highly conserved lipoic acid binding domain of the
2-oxo acid dehydrogenases including PDC-E2, branched
chain 2-oxo-acid dehydrogenases (BCOADC-E2),
oxoglutarate dehydrogenase (OGDC-E2) and the E3
[13-16]
binding protein (E3BP)
. Extensive efforts in defining
the target mitochondrial autoantigens, T and B cell
epitopes, the innate and adaptive immune responses,
the immunobiology of the biliary epithelium, and the
pathology of biliary duct epithelial cell destruction have
greatly advanced our knowledge of the molecular
[13,17-29]
mechanisms in tissue damage
. This focus of
this review is to provide a comprehensive view of
our current understanding on the natural history,
genetics and immunobiology of PBC with emphasis on
experimental data that illustrate the loss of tolerance to
[25,30-32]
PDC-E2 is a pivotal event in the etiology of PBC
.

IMMUNOLOGICAL FEATURES OF
PRIMARY BILIARY CHOLANGITIS

NATURAL HISTORY AND GENETICS OF
PRIMARY BILIARY CHOLANGITIS

AMA are present in over 95% of patients with PBC and
[23]
are diagnostic of PBC . The autoantigens of AMA have
been identified as the E2 subunits of the 2-oxo-acid
dehydrogenase complexes (2OADC-E2), including the
E2 subunits of the pyruvate dehydrogenase complex
(PDC-E2), branched chain 2-oxo acid dehydroge
nase complex (BCOADC-E2) and 2-oxo-glutarate
dehydrogenase complex (OGDC-E2) within the inner
[13,15,16,72]
mitochondrial matrix
. The E2 enzymes have a
common structure consisting of an N-terminal domain
containing a single or multiple lipoyl groups. Previous
studies have demonstrated that the dominant epitopes

Primary biliary cholangitis (PBC), previously known as
[33]
primary biliary cirrhosis is a female predominant liverspecific autoimmune disease with middle-age onset. It
[34]
has an average incidence of 2.7 cases per 100000 ,
but epidemiological studies suggest that the incidence of
[35]
PBC is increasing . There is variation in the prevalence
[35,36]
of disease between geographic locations
; PBC is
more prevalent in Northern Europe, North America and
Latin America and less common in Eastern Asia, Africa,
[37,38]
and Australia
. Clinically, PBC is characterized by
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contribution of environment , likely through molecular
mimicry. Although microorganisms are possible
candidates for the induction of autoimmune disease
[78-84]
by molecular mimicry
, there are other potential
environmental factors, including chemical compounds
foreign to a living organism. Examples include drugs,
pesticides or other organic molecules that have the
potential to modify host proteins and render them more
[77]
immunogenic .
Halothane hepatitis is a xenobiotic-induced liver
disease that occurs when susceptible individuals
develop an immune response against trifluoroacetylated
(TFA)-adduct protein. Exposure to TFA-conjugated
self proteins results in antibody responses against
such TFA-self proteins. Interestingly, anti-TFA also
[14,85]
recognizes the lipoylated domain of PDC-E2
. The
immunological cross-reactivity of anti-TFA antibodies
with the immunodominant epitope in PBC prompted us
to examine in depth molecular mimicry.
Site-directed mutagenesis of the PDC-E2 lipoyl
domain demonstrated that AMA recognition is con
strained by respective amino acid sequence in epitope
[86,87]
(Figure 1, Table 1)
. The uniqueness of epitope
specificity of AMA within the lipoyl domains of the
[87-89]
2OADC-E2 enzymes in patients with PBC
suggests
that the lipoic acid domain is likely a lynchpin to the
etiology of PBC. High resolution structural analysis and
modeling studies of the PDC-E2 lipoyl domains from
both prokaryotes and eukaryotes demonstrates that
lipoic acid is covalently attached to the ε group of lysine
(K) via an amide bond and is prominently displayed
on the outer surface of PDC-E2. More importantly,
the ability of lipoic acid to rotate by means of its
“swinging arms” with respect to the bulk of the entire
PDC-E2 molecule allows accessibility of its dithiolane
[90,91]
ring for reduction acylation
. Although the
change in conformation and the existence of multiple
conformations of the lipoyl domain during reductive
[90]
acetylation are important in catalyzing acyl transfer ,
it also renders PDC-E2 susceptible to aberrant chemical
modifications.
Accumulating evidence implicates that the loss of
tolerance to PDC-E2 is pivotal in the initiation event of
PBC and that AMA specificities reflect aspects of the
[11,25,31,39]
induction phase of the disease
. Indeed the role
of environment is well-known in many autoimmune
[30,92-98]
diseases
.
We hypothesized that xenobiotic modification of
the native lipoyl moiety of the major mitochondrial
autoantigen PDC-E2, may lead to loss of self-to
[99]
lerance and eventually biliary lesions (Figure 2) .
This thesis is based on the findings of (1) readily
detectable levels of immunoreactivity of PBC sera
against comprehensive panels of protein microarrays,
which mimic the inner lipoyl domain of PDC-E2;
and (2) subsequent quantitative structure-activity
relationships. Data from quantitative structure-activity
relationship (QSAR) analysis demonstrated that AMA-

CO2H
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L
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Figure 1 Schematic representation of the pyruvate dehydrogenase E2
lipoyl domain. Including the 19 residues (LLAEI-ETDKA-TIGFE-VQEE), lipoic
acid is covalently attached to the ε group of lysine (K) via an amide bond.

recognized by AMA are all within the lipoyl domains of
[73]
these target antigens .
+
+
In patients with PBC, Both CD4 and CD8 T cells
are present in portal tracts, around damaged bile
ducts, strongly suggesting the participation of cellular
[12]
immune mechanisms in biliary damage . PDC-E2
autoreactive CD4 T cells are present in peripheral
blood and liver; there is a specific 100-150 fold in
crease in the number of PDC-E2-specific CD4 T cells
in the hilar lymph nodes and liver versus peripheral
[27]
blood in patients with PBC . The PDC-E2 autoepitope
for both CD4 and HLA class Ⅰ restricted CD8 T cells,
overlaps with the B cell epitope, which spans the
[74]
lipoyl domain . Similar to CD4 autoreactive T cells,
there is a 10-fold higher frequency of PDC-E2 specific
CD8 T cells within the liver versus peripheral blood.
Moreover, the precursor frequency of PDC-E2-specific
autoreactive CD8 T cells is significantly higher in early
[74]
rather than late stage of the disease . Recent reports
also substantiate the significance of innate immunity,
including monocytes, toll like receptors and natural
[75,76]
killer cells in the development of PBC
. The multilineage response to the PDC-E2, the immunodominant
mitochondrial autoantigen in PBC, points to the thesis
that loss of tolerance to PDC-E2 is the initiating event
that leads to the subsequent development of clinical
[12]
biliary pathology .

MOLECULAR MIMICRY OF LIPOIC ACID
AND XENOBIOTICS IN PBC
Epidemiological and mechanistic studies on auto
immunity have strongly demonstrated the etiologic
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Table 1 Serological reactivity of primary biliary cholangitis sera to the recombinant proteins of wild type pyruvate dehydrogenase
1
E2 lipoyl domain, single amino acid mutants double, triple and quadruple mutants
Mutant No.

Amino acid sequence

PDC-E2 wild type
Mutant 3
Mutant 9
Mutant 12
Double amino acid
substitution

PBC sera

LLAEIETDKATIGFEVQEE
LLAEAETDKATIGFEVQEE
LLAEIETDKATAGFEVQEE
LLAEIETDKATIGFAVQEE
ALAEIETDKATAGFEVQEE
ALAEIETDKATIGFAVQEE
LLAEAETDKATAGFEVQEE
LLAEAETDKATIGFAVQEE
ALAEAETDKATAGFEVQEE
LLAEAETDKATAGFAVQEE
ALAEAETDKATAGFAVQEE

Mutant 1
Mutant 2
Mutant 3
Mutant 4
Triple amino acid
Mutant 1
Mutant 2
substitution
Quadruple amino acid substitution

2

Purified PBC IgG

IgG

IgM

1
0.476 ± 0.029
0.706 ± 0.029
0.659 ± 0.034
0.334 ± 0.029
0.461 ± 0.031
0.066 ± 0.009
0.111 ± 0.017
0.017 ± 0.004
0.019 ± 0.003
0.024 ± 0.005

1
0.504 ± 0.043
0.781 ± 0.054
0.768 ± 0.096
0.253 ± 0.034
0.435 ± 0.045
0.093 ± 0.016
0.095 ± 0.016
0.044 ± 0.009
0.054 ± 0.012
0.066 ± 0.012

3

1
0.408 ± 0.052
0.552 ± 0.065
0.482 ± 0.074
0.075 ± 0.023
0.663 ± 0.069
0.024 ± 0.007
0.043 ± 0.016
0.038 ± 0.017
0.050 ± 0.007
0.075 ± 0.031

1

16 single alanine substitution mutants along a peptide that constitutes the beta sheet of the PDC-E2 inner lipoyl domain, 4 double aa substitution mutants,
3 triple and one quadruple mutants were also constructed. Purified proteins from all these constructs were analyzed for Ig reactivity with PBC sera. 3/16 of
the single amino acid mutants have much reduced antibody binding are shown. Other alanine substitutions have Ig reactivity similar to wild type PDC-E2.
Control sera samples include (lupus, n = 30, Crohn’s disease, n = 20, PSC, n = 28, scleroderma n = 20) did not react; 2Relative ratio of serological IgG and
IgM reactivity compared to wild type determined by ELISA at 1:4000 sera dilution (n = 60); 3Relative ratio of purified IgG reactivity to wild type determined
by ELISA (n = 10). PBC: Primary biliary cholangitis.

positive PBC sera, but not controls, reacted to a
[66,100]
number of xenobiotic-modified PDC-E2 structures
with a particularly striking level of reactivity against
[101]
6,8-bis(acetylthio) octanoic acid (SAc)-PDC-E2
.
Recent data further suggest that chemical modification
of PDC-E2 lipoic acid, via an electrophilic attack on the
lipoic acid disulfide bond, triggers loss of tolerance to
[30,101,102]
PDC-E2
. Such modifications could substantially
affect the conformation of the PDC-E2 lipoyl domain
and its immunogenicity in genetically susceptible
hosts. Importantly, one of these chemical compounds
is 2-octynoic acid (2-OA), a chemical commonly found
[66]
in cosmetics and food additives .

Xenobiotic
modification of
PDC-E2 lipoyl
domain

Breaking of
tolerance

Expansion of PDC-E2
specific autoreaction

XENOBIOTICS INDUCED MODELS OF
PBC AND THE CONTRIBUTIONS OF
EFFECTOR PATHWAYS IN AUTOIMMUNE
CHOLANGITIS

CD

4
CD

8

ll

B ce

AMA and cytokine burst

Interestingly, immunization of C57BL/6 mice and
NOD.1101 (NOD.B6 Idd10 Idd18r2) mice with 2-OA
coupled to BSA, but not BSA alone, induced high titer
AMAs, portal inflammation, and autoimmune cholangitis
[103,104]
similar to human PBC
. These models provide a
persuasive argument in favor of an environmental origin
[81,103,105,106]
for human PBC
. We further investigated
the role of IL-12-Th1/IL-23-Th17 pathways in the
development of autoimmune cholangitis in this PBC
model by using specific cytokine knockout mice (Table
[18]
2) . In particular, we constructed several unique
gene-deleted mice, including C57BL/6 mice deleted
in both Th1 and Th17 (IL-12p40), Th1 cytokine (IL12p35, IFN-γ) or Th17 cytokine (IL-23p19, IL-17A, IL-

Biliary lesion and
liver damage

Figure 2 Xenobiotic modification of the native lipoyl moiety of the major
mitochondrial autoantigen pyruvate dehydrogenase E2, lead to the loss of
self-tolerance and eventually biliary lesions in primary biliary cholangitis.
PDC-E2: Pyruvate dehydrogenase E2; AMA: Anti-mitochondrial autoantibody.
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and biliary cell damage, although AMA levels were not
[110]
altered .
We also investigated the role of innate immunity
and natural killer T (NKT) cells on modulating disease
activity in this xenobiotic-induced mouse model. Briefly,
we immunized mice with and without the addition
of α-galactosylceramide (α-GalCer), an invariant
natural killer T cell activator. 2-OA-BSA-immunized
mice exposed to α-GalCer developed a profound
exacerbation of their autoimmune cholangitis, including
+
significant increases in CD8 T cell infiltrates, portal
inflammation, granuloma formation, and bile duct
damage. Moreover, these mice produced increased
[111]
levels of AMAs and evidence of fibrosis
. CD4 and
CD8 knock-out mice immunized with either 2-OABSA/PBS or 2-OA-BSA/α-GalCer develop AMAs and
portal infiltrates. However, 2-OA-BSA/α-GalCer treated
mice also develop fibrosis. Indeed, our data suggest
that innate immunity is critical for immunopathology
and that the pathology is exacerbated in the presence
[50]
of α-GalCer . More recently, we also reported that
2-OA-BSA-immunized mice administered with a Th2biasing agonist (2s,3s,4r)-1-O-(a-D-galactopyranosyl)N-tetracosanoyl-2-amino-1,3,4-nonanetriol (OCH),
developed portal inflammation and hepatic fibrosis
[75]
similar to mice treated with α-GalCer . However,
inflammatory portal cell infiltrates and AMA responses
are reduced in iNKT cell deficient CD1d knockout
mice treated with OCH. These results suggest that
activation iNKT cells can occur via overlapping and/or
promiscuous pathways and further highlight the role of
innate immunity in the natural history of PBC.
Our data also provides clues to the mechanisms
by which autoimmune diseases could be perpetuated
in humans and also helps explain recurrence of
PBC following liver transplantation in the absence of
major histocompatibility complex (MHC) compatibility
matching. Thus, in the absence of MHC restriction,
disease reoccurrence would depend on a non MHC
restricted cellular mechanisms, suggesting that biliary
epithelial cells are simply an innocent victim of an
immune attack. Thus, they attract immune attack
by virtue of their unique biochemical mechanisms by
[20]
which they process PDC-E2 during apoptosis . Bile
duct cells may have a direct effector role in immunemediated cholangiopathies and fibrosis through their
[112]
own cellular senescence pathway . This also explains
the suggested success of ursodiol in PBC, a drug that
appears to have anti-apoptotic properties and also
may modulate innate responses. Our data would also
explain the relative failure of immunosuppressive
drugs to alter PBC, because such agents are relatively
ineffective against innate mechanisms. Finally, the
induction of fibrosis in 2-OA-BSA-immunized mice
exposed to α-GalCer permits not only dissection of its
induction, but also has the potential to be useful in
studies of intervention.

Table 2 Influence of Th1 and Th17 cytokine in liver
pathology of 2OA-BSA induced primary biliary cholangitis
mouse model
Pathway

Cytokine k/o

Liver pathology

Th1

IL-12p35-/-

Th1

IFN-g-/-

Reduced liver infiltrates, reduced bile
duct damage
Marked reduction in liver infiltrates,
bile duct normal
Abolish autoimmune cholangitis
Reduced liver infiltrates, reduced bile
duct damage
Reduced liver infiltrates, reduced bile
duct damage
Similar to positive control
Reduced liver infiltrates, reduced bile
duct damage

Th1/Th17
Th17

IL-12/IL-23p40-/IL-23p19-/-

Th17

IL-17A-/-

Th17
Th17

IL-17F-/IL-22-/-

IFN-g: Interferon-g; IL: Interleukin; Th17: T helper 17.

17F or IL-22). We immunized each of these cytokinedeficient mice with 2-OA-BSA and followed the natural
history of their immunopathology. Our data indicate
that while both IL-12/Th1 and IL-23/Th17 are involved
in cholangitis, it is the IL-12/Th1 signaling pathway that
elicits liver pathology in this xenobiotic induction disease
model of PBC. In fact, deletion of IFN-γ prevents disease
and suppresses autoantibodies. Importantly, deletion
of the Th17 cytokines IL-17A and IL-22, but not IL-17F,
reduces biliary damage; IL-17A-knockout mice have
also reduced levels of AMAs. We further demonstrated
that the production of IFN-γ is significantly decreased
-/-/-/in livers of IL-23p19 , IL-17A and IL-22 mice
compared with controls. However, the ability of T cells
to produce IFN-γ was not affected in Th17 cytokinedeficient mice. Thus, in the 2-OA-BSA immunized mice
model: (1) Both IL-12/Th1 and IL-23/Th17 are involved
in cholangitis; (2) IL-12/Th1 signaling pathway is critical
in eliciting liver pathology; and (3) IL-23/Th17 pathway
is involved in perpetuating the IL-12/IFN-γ mediated
pathology. We also investigated the role of B cells in
the pathogenesis of PBC by depleting B cells using two
different monoclonal antibodies, CD20 and CD79. B cell
depletion led to exacerbated cholangitis, with higher T
cell infiltrates and inflammatory cytokines, indicating a
[107]
protective role of B cells in PBC .
2OA-BSA immunized C57BL/6 mice were also
studied for the potential of CTLA4-based therapy on
cholangitis by using CTLA4-Ig. CTLA4-Ig is a soluble
recombinant human fusion protein comprised of
the extracellular domain of human CTLA4 linked
to a modified portion of the Fc domain of human
[108,109]
IgG
. In mice treated begun one day before 2-OABSA immunization, CTLA4-Ig completely inhibits the
manifestations of cholangitis, including AMA production,
intra-hepatic T cell infiltrates and bile duct damage.
However, treatment with CTLA-4 Ig initiated after the
development of autoimmune cholangitis in 2OA-BSA
immunized mice, reduced intra-hepatic T cell infiltrates
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Figure 3 APAP metabolism and proposed mechanism of APAP-mediated breaking of immune tolerance. APAP is metabolized in the liver to nontoxic
compounds via conjugation of the aromatic ring to sulfate or glucuronic acid. APAP is converted into a highly electrophilic metabolite, NAPQI by microsomal
cytochrome P450 oxidation. Reactive NAPQI accumulates and can form adducts with cellular proteins, leading to disruption of cellular functions, generation of neoantigens, and loss of tolerance.

the reduced form of glutathione (GSH), NAPQI can
either be covalently linked to GSH via Michael’s addition
[121]
to the aromatic ring or reduced back to APAP . The
predominant method of NAPQI detoxification occurs
through the former mechanism, resulting in depletion
[122]
of the intracellular glutathione pool . However, in the
presence of excess APAP or when microsomal P450 is
increased, hepatic GSH is depleted more extensively
and cannot compete efficiently with the increased
NAPQI. The resulting decrease in cellular glutathione
further allows the accumulation of reactive NAPQI,
which then reacts with nucleophilic sites such as
cysteine and lysine residues on cellular proteins and
[123]
related cofactors .
[124]
Previous data
have suggested that glutathio
lation decreases the antigenicity of PDC-E2. Due to
cellular depletion of glutathione, very little glutathione
would be available for such covalent protection of
PDC-E2. The depletion of glutathione could lead to
neo-antigens through modification of native PDC-E2
by high levels of reactive NAPQI or other electrophilic
agents. We reason that in PBC such electrophilic
modification on lipoic-acid-conjugated PDC-E2 will
inhibit the physiological function of PDC-E2 and
subsequently lead to disruption of ATP synthesis, cell
death and the release of either unmasked PDC-E2
or neoantigens formed by xenobiotics-modified
PDC-E2. Microarray studies on APAP toxicity also
revealed consistent altered transcriptome expression
in oxidative phosphorylation, protein post-translational
[125,126]
modification in liver and blood samples
. The
exposure of this chemical modified self-protein to the
immune system of genetically susceptible individuals
could lead to the breakdown of self-tolerance to
native PDC-E2 itself by molecular mimicry and epitope
spreading mechanism. Thus, in genetically susceptible
individuals, the prolonged exposure to electrophilic
agents, such as acetaminophen may initiate and/or
enhance the breakdown of self-tolerance to PDC-E2
and eventually lead to PBC (Figure 3).

LINK BETWEEN XENOBIOTICS AND AMA
IN ACETAMINOPHEN INDUCED LIVER
INJURIES
Although it is not clear how xenobiotics or the modified
cellular proteins initiate autoimmunity in PBC, analysis
of serum samples from subjects with acute liver failure
indicate that a severe liver oxidant injury could lead to
[113]
AMA production
. Specifically, 217 serum samples
from 69 patients with acute liver failure (ALF) collected
up to 24 mo post-ALF were compared with controls, for
titer and reactivity with 2OADC-E2. AMA were detected
in 28/69 (40.6%) ALF patients with reactivity found
against all of the major mitochondrial autoantigens.
The strikingly high frequency of AMAs in patients
with ALF supports the thesis that oxidative stressinduced liver damage may lead to AMA induction. In
particular, we note that AMA with the same antigen
and epitope specificity as in patients with PBC was
found in almost 35% of the acetaminophen (or APAP,
chemically named N-acetyl-p-aminophenol) poisoning
subjects, suggesting that the PDC-E2 lipoyl domain
is likely a target of APAP induced reactive oxygen
species. This finding is of significance as toxic doses of
APAP produces reactive oxygen and nitrogen species
[114-117]
and reactive metabolites
that could result in
mitochondrial damage and liver injury as evidenced by
the elevation of serum alanine amino transferase and
[118,119]
P450 dependent centrilobular damage
.
APAP is the most widely used non-prescription
drug in the United States. Using the recommended
therapeutic dosage (1000 mg per single dose and
up to 4000 mg per day for adults), 85% of acetami
nophen is metabolized in liver to non-toxic compounds
via the conjugation of the aromatic ring to sulfate
or glucoronic acid. The remaining 15% is converted
into a highly-electrophilic metabolite, N-acetyl-pbenzoquinoneimine (NAPQI) through isozymes of
[120]
microsomal cytochrome P450
. In the presence of
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CONCLUSION

8

The etiological mechanism of the immunological
specificity of the 2-OADC-E2 enzymes lipoyl domain
in PBC remains an enigma. Recent quantitative
structure-activity relationship (QSAR) studies suggest
that disruption of the lipoyl ring S-S linkage renders
the lipoic acid “activated” and receptive for xenobiotic
[101]
modification and subsequent AMA recognition
.
Data from immunological characterization of antigen
and Ig isotype specificities against one such lipoyl acid
mimic SAc and rPDC-E2 strongly support a xenobiotic
etiology in PBC. This observation is of significance in
light of the high frequency of AMAs in patients with
ALF. In particular, AMA was found in almost 35% of
[113]
APAP poisoning subjects in a cohort of ALF patients .
Highly reactive electrophilic metabolites of APAP such
as NAPQI can deplete the intracellular glutathione
pool and render PDC-E2 vulnerable to further modifica
tion by electrophiles. Such mechanisms of in vivo
generation of xenobiotic modified self proteins could
lead to the breaking of tolerance to native proteins
through molecular mimicry and antigen spreading
[102]
in genetically susceptible individuals
. Finally, the
recapitulation of AMA and PBC-like biliary lesions in
2OA-BSA immunized mice further support our working
[103]
hypothesis on xenobiotic etiology of PBC
. Future
work is directed at examining the biochemical and
immunological mechanisms underlying the breach of
tolerance in autoimmunity in PBC by environmental
chemicals. Knowledge gained from this model may
have significant preventive and therapeutic implications
in the clinical management of PBC.
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REVIEW

Combination antiretroviral studies for patients with primary
biliary cirrhosis
Ellina Lytvyak, Aldo J Montano-Loza, Andrew L Mason

Abstract

Ellina Lytvyak, Aldo J Montano-Loza, Andrew L Mason,
Division of Gastroenterology and Hepatology, University of
Alberta, Edmonton T6G 2E1, Alberta, Canada

Following the characterization of a human betaretrovirus
in patients with primary biliary cirrhosis (PBC),
pilot studies using antiretroviral therapy have been
conducted as proof of principal to establish a link of
virus with disease and with the eventual aim to find
better adjunct therapies for patients unresponsive to
ursodeoxycholic acid. In the first open label pilot study,
the reverse transcriptase inhibitor lamivudine had
little demonstrable biochemical or histological effect
after 1 year. Whereas, lamivudine in combination with
zidovudine was associated with a significant reduction
in alkaline phosphatase as well as improvement in
necroinflammatory score, cholangitis and ductopenia
over a 12 mo period. A double blind, multi-center
randomized controlled trial using lamivudine with
zidovudine for 6 mo confirmed a significant reduction
in alkaline phosphatase, ALT and AST in patients
on antiviral therapy. However, none of the patients
achieved the stringent endpoint criteria for normalization
of alkaline phosphatase. Furthermore, some patients
developed biochemical rebound consistent with drug
resistance. A major fault of these studies has been the
inability to measure the viral load in peripheral blood
and therefore, provide a direct correlation between
improvement of hepatic biochemistry and reduction in
viral load. Nevertheless, viral mutants to lamivudine
with zidovudine were later characterized in the NOD.
c3c4 mouse model of PBC that has been used to test
other antiretroviral regimens to betaretrovirus. The
combination of tenofovir and emtricitabine reverse
transcriptase inhibitors and the HIV protease inhibitor,
lopinavir were found to abrogate cholangitis in the
NOD.c3c4 mouse model and the same regimen
normalized the liver tests in a PBC patient with HIV
and human betaretrovirus infection. This combination
antiretroviral therapy has now been used in a double
blind randomized controlled crossover study for patients
with PBC followed by an open label extension study.
Only a third of the PBC patients were able to tolerate
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At the time we initiated pilot clinical studies prior
to 2003, lamivudine was commonly used to treat
[9]
patients with hepatitis B virus infection . As this
reverse transcriptase inhibitor had broad coverage
and a proven safety record in patients with liver
disease, we embarked on the first antiviral study
in patients with PBC. We subsequently progressed
[9,10]
to using dual reverse transcriptase inhibitors
[11]
and then HIV protease inhibitors , once we had
demonstrated utility of these regimens in vitro and in
[8]
mouse models of PBC . Herein, we give an overview
of the investigation of antiretroviral activity against
betaretroviruses and our experience to date in treating
patients with PBC with antiviral therapy.

the lopinavir but those maintained on tenofovir, em
tricitabine and lopinavir experienced sustained and
clinically meaningful reduction in hepatic biochemistry.
While we await the histological and virological
evaluation, it is clear that better tolerated regimens of
antiretroviral treatment will be required in future clinical
trials.
Key words: Primary biliary cirrhosis; Antiretroviral
therapy; Human betaretrovirus; Randomized controlled
trial; Endpoints for trials
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Early experience with antiretroviral therapy
in primary biliary cirrhosis (PBC) patients strongly
suggests that reverse transcriptase inhibitors alone lack
efficacy to provide sustained and clinically meaningful
biochemical responses. In contrast, combination
antiretroviral therapy with human immunodeficiency
virus protease inhibitors have been linked with robust
and long-lived biochemical responses in PBC patients
capable of tolerating the therapy. The use of digital
droplet polymerase chain reaction has markedly
improved the sensitivity of viral detection in peripheral
blood and should enable studies to link reduction in
viral load with improvements in hepatic biochemistry
and histology.

DISCOVERY OF THE HUMAN
BETARETROVIRUS IN PRIMARY BILIARY
CIRRHOSIS
In the years running up to 2003, several exploratory
studies were conducted looking for potential envi
ronmental triggers for PBC. We found no evidence
of bacterial infection in PBC patients livers using 16s
RNA PCR and turned to the subtractive hybridization
methodology, representational difference analysis to
[12]
uncover viral sequences in a PBC patient’s liver .
Follow up studies were performed to demonstrate
serum reactivity to viral proteins in PBC patients
[13]
serum using Western blots
and virus-like particles
in biliary epithelium isolated from PBC patients by
[14]
electron microscopy . Then an unbiased approach
was employed using consensus PCR primers capable of
amplifying retroviral pol gene sequences to identify a
betaretrovirus pol sequence. The full-length virus was
cloned from PBC patient samples that shared marked
nucleotide similarity with the mouse mammary tumor
virus (MMTV), a betaretrovirus associated with breast
[14,15]
cancer in mice
. The HBRV was also found to have
97% identity with human mammary tumor virus
[16,17]
sequences found in human breast cancer samples
.
The agent was referred to as HBRV because of the
[14-16]
similarity with the mouse betaretrovirus, MMTV
.
HBRV is an exogenous virus that is not encoded within
the human genome as an endogenous retrovirus.
Whereas MMTV is encoded in the genome of most
mice and infection can be acquired from an exogenous
source, such as breast milk or from an endogenously
[18]
expressed provirus . At present, it is not known
whether HBRV infection in humans is passaged as a
zoonosis from mice or acquired as a result of spread
from other infected individuals.
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World J Gastroenterol 2016; 22(1): 349-360 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i1/349.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i1.349

INTRODUCTION
In 2003, our group characterized a human beta
retrovirus (HBRV) in patients with primary biliary
cirrhosis (PBC) as part of an international collabora
tion. The discovery of a virus in PBC was unexpected
because most researchers at the time were studying
the role of molecular mimicry of bacterial proteins
[1]
with mitochondrial antigens . Although studies have
linked infection with a disease specific mitochondrial
phenotype in cell culture and in mouse models of PBC,
we currently lack definitive ways to prove a causal
[2]
association between HBRV infection and PBC . Indeed,
it is challenging to provide proof of any infectious
process in a complex and chronic disease with genetic
[3]
predisposition . Accordingly, there is a justification for
performing interventional studies aimed at investigating
[4,5]
a causal association between microbe and disease .
One of our clinical objectives, therefore, has been to
conduct a proof of principal interventional study to link
[6]
HBRV infection with PBC and to identify safe and
[7,8]
efficacious antiviral regimens for patients with PBC .
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predominantly detected in lymph nodes rather than
in the liver, similar to observations of MMTV infection
[20]
in mice . Approximately 75% of peri-hepatic lymph
node samples derived from PBC patients at the time
of liver transplantation were positive for HBRV protein
and RNA, whereas only 1 in 3 PBC patients had
[14]
detectable HBRV RNA in the liver . Other groups
experienced difficulty with detection virus in the liver.
For example, one lab was unable to detect viral DNA in
PBC liver using a single round of PCR and a separate
group found HBRV in 5% of patients with PBC during
[21]
a survey of liver disease patients for infection . In
agreement, our lab rarely found hepatic HBRV DNA
(about 5%) using nested-PCR. Taken together, these
studies are concordant and suggest that more sensitive
techniques have a higher detection rate in different
[4,14]
tissue compartments
. Nevertheless, the perceived
lack of detection of HBRV at the site of disease has
[21,22]
caused considerable controversy and confusion
.
[22]
Indeed, Selmi et al
suggested, “In our opinion,
the only possible final evidence for a role of a beta
retrovirus in PBC could be provided by the direct
demonstration, possibly through chromatograms, of
the insertion of viral sequences in the genome of a
large number of patients with PBC”.
It is generally agreed that the detection of proviral
integrations is considered the gold standard to confirm
retroviral infection. To address this issue, ligation
mediated-polymerase chain reaction (PCR) was used
to identify the junction regions where the betaretroviral
long terminal repeat joins up with the human
genome. Next generation sequencing was employed
to characterize the proviral integrations and increase
the sensitivity of the reactions. In these studies, HBRV
proviral integrations and HBRV RNA were detected
in two thirds of PBC patients’ biliary epithelium
[23]
samples . Viral integrations studies also established
the presence of HBRV in PBC patients’ lymph nodes,
whereas integrations were rarely observed in the
liver, in keeping with clinical observations from most
laboratories. In vitro studies confirmed that PBC
patients’ lymph nodes harbored infectious virus
[24]
following the isolation of the HBRV in cell culture .
Taken together, these data suggest that HBRV can be
found at the site of disease and isolated from patients
with PBC.
The prevalence studies also revealed the presence
of HBRV in patients without PBC, bringing up the
concern with lack of specificity. In our viral integration
studies, infection was commonly found in patients
with cryptogenic liver disease and autoimmune
hepatitis (AIH) as well as a small a proportion of
[23]
control samples . We had previously observed HBRV
[25]
in patients with AIH , which is consistent with the
knowledge that up to 20% of patients with PBC have
[26,27]
overlap features with AIH
. These data suggest
a hypothesis that HBRV may be associated with
different phenotypic manifestations of liver disease
modulated by genetic and other factors. However,
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another lab using nested PCR found HBRV in patients
with various hepatic diagnoses - but not healthy
[21]
controls . If HBRV infection is associated with the
development of liver disease per se, these data could
be compared with early observations following the
discovery of hepatitis C virus. Viral infection was not
just confined to those with blood transfusions and high
risk behavior but also found in patients with various
diagnostic categories, such as alcoholic liver disease,
hepatitis B virus co-infection, autoimmune hepatitis
and cryptogenic cirrhosis to name a few. Another
consideration is that better diagnostic methods will be
required to determine the true prevalence of HBRV
infection in patients and healthy subjects as PCR
studies can be prone to artifact.
It is important to emphasize that the association
of HBRV with PBC does not imply causation as
many further layers of proof are required to support
an etiological role for virus and in the disease
[2]
process . In this regard, it is interesting that HBRV
has been linked with a disease specific phenotype
of PBC. It is thought that patients with PBC make
anti-mitochondrial antibodies (AMA) because the
mitochondrial antigen that reacts with AMA is found
exposed on the cell surface of biliary epithelium and
[28]
peri-hepatic lymph nodes . This in turn leads to the
loss of tolerance to self-proteins. HBRV is implicated
in the process because viral proteins have been found
in the same cells that have the aberrant mitochondrial
[14]
protein expression in PBC patients’ lymph nodes .
As lymph nodes are a major reservoir for HBRV in
humans, we used lymph nodes homogenates to
construct an in vitro transmission model of PBC. In
these studies, the homogenates were co-cultured
with normal biliary epithelial cells that developed cell
surface expression of the AMA reactive mitochondrial
[29]
proteins . Subsequently, pure isolates of MMTV and
HBRV were shown to promote the PBC phenotype,
whereas control viruses did not. Taken together,
these studies provide a theoretical model for the viral
induction of autoimmunity where the virus triggers
an immune response to viral proteins but at the same
time the lymphocytes respond to self antigens that are
[1]
usually hidden within the cells .

ROLE OF MOUSE MAMMARY TUMOR
VIRUS IN AUTOIMMUNE BILIARY
DISEASE
MMTV has also been linked with a disease specific
phenotype of PBC in mice models of autoimmune
[8,30]
biliary disease
. These PBC mouse models
are mainly derived from immunodeficient mice
that develop spontaneous liver disease with AMA
[3,31]
[32,33]
production
; they include the NOD.c3c4 mouse
,
-/-[34]
IL-2 receptor α
, T cell TGF-β receptor Ⅱ dominant[35]
negative (dnTGFβRⅡ) , and Scurfy mouse lacking T
[36]
regulatory cells . The NOD.c3c4 mouse has several
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Figure 1 Hepatic immunohistochemistry study of NOD.c3c4 mice treated with placebo (A and B) or tenofovir/emtricitabine and lopinavir/ritonavir (C and
D) for 12 wk. A: Mice receiving placebo showed anti-MMTV p27 Capsid reactivity in biliary epithelial cells and hepatocyte nuclei to a lesser extent; B: The distribution
of anti-mitochondrial antibody staining was observed in a similar biliary distribution pattern on the bile duct epithelium; C and D: The reactivity to both viral and
mitochondrial proteins was attenuated in mice treated with tenofovir/emtricitabine and lopinavir/ritonavir. Haematoxylin eosin staining, magnification × 2009 with ×
4009 in insets showing staining in biliary epithelial cells. With permission from Sharon et al[8].

features of PBC with progressive granulomatous
cholangitis and liver failure, whereas the other models
[36-39]
die from multi-organ disease
. However, the NOD.
c3c4 mouse also has features inconsistent with PBC,
such as cystic dilatation of bile ducts (Figure 1).
MMTV is common in laboratory mice and the
frequent appearance of AMA in immunodeficient mice
suggested a hypothesis that disease was being triggered
[31]
by MMTV . The viral infection may be acquired from
an endogenous MMTV provirus source or from an
[18]
exogenous infection passaged in milk . Indeed, it is
known that endogenous retroviruses can recombine and
emerge as pathogens in mice with defective innate and
[40,41]
adaptive immune responses
. Evidence for a similar
process was found in autoimmune biliary disease mouse
models, where MMTV infection was located in lymphoid
[30]
tissues that also expressed AMA reactive protein . The
NOD.c3c4 had evidence of MMTV proteins in the bile
ducts associated with mitochondrial protein expression
(Figure 1A and B). Moreover, the NOD.c3c4 mice were
found to develop contemporaneous humoral immune
[30]
responses to MMTV with AMA production . These
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data are consistent with the model that betaretrovirus
infection triggers autoantigen expression that in turn,
[1]
breaks tolerance to self-antigens .

Using mouse models to test combination antiretroviral
therapy against betaretrovirus

The NOD.c3c4 model has been treated with antiretroviral therapy to investigate whether MMTV
is implicated in the development of autoimmune
biliary disease. It has been established that MMTV is
sensitive to the HIV reverse transcriptase inhibitors
[42]
[43]
zidovudine
and tenofovir
and the HIV protease
[7]
inhibitor lopinavir in vitro. Accordingly, the in vivo
mouse model studies have served the dual purpose for
examining whether specific antiviral regimens may be
useful for testing in translational studies for patients
with PBC as well.
For the NOD.c3c4 studies, mice were treated from
age 8 weeks to 20 wk and evaluated for reduction
in alkaline phosphatase (ALP), hepatic MMTV levels
as well as liver histology using the Ishak score. Up
to 20 mice per group were treated with the reverse
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Figure 2 Variations in MMTV pol gene were observed after 12 wk lamivudine/zidovudine therapy in the NOD.c3c4 mouse. Alignment of amino acid sequence
136-198 of MMTV Pol P03365.2 using ClustalW alignment (MacVector 11.1 software) showing the amino acid variations W150R, R176G, Y183H, M188V and L192P
in five clones derived from two mice treated with lamivudine/zidovudine that were not observed in control mice on placebo. Variants G160S and D181N were observed
in mice receiving placebo and antiretroviral therapy. With permission from Sharon et al[8].

pilot studies of lamivudine and zidovudine therapy in
patients with PBC, where one individual developed a
picture of biochemical and virological rebound (Figure
3). In summary, the NOD.c3c4 studies suggest a role
of MMTV in the development of autoimmune biliary
disease and have provided a valuable resource for
evaluating potential regimens in randomized controlled
trials for patients with PBC.

UDCA Rx
Combivir

Lamivudine

300 275 250 225 -

-

250

-

200

-

150

-

100

-

50

-

0

200 175 150 125 - Alk Phos
100 -















1995 1996    1997   1998   1999

Human betaretrovirus genome (mL)

Alkaline phosphatase (U/L)

850 -

EXPERIENCE IN TREATING PBC
PATIENTS WITH ANTIRETROVIRAL
THERAPY

2000    2001 2002

Figure 3 Viral and biochemical rebound in a patient with primary biliary
cirrhosis treated with antiviral therapy. Partial biochemical response was
observed after starting lamivudine treatment by 3 mo that relapsed. With
the commencement of CombivirTM therapy, the patient normalized alkaline
phosphatase from months 6 and 9 with a concomitant loss of viremia, which
then rebounded with increased alkaline phosphatase levels and recurrent
viremia. With permission from Mason et al[9].

Two major issues arise with evaluating new therapies
for PBC. The first is who to treat and the second is
what endpoints to use. It has been well documented
that patients unresponsive to the standard of care
with ursodeoxycholic acid (UDCA) have a diminished
[5,44]
survival and are in need of additional therapy
. As
multiple criteria have been used to predict response to
treatment, a global PBC consortium has used collective
data to demonstrate that both ALP and bilirubin act as
good surrogate markers for survival and have arrived
at a Global scoring system to predict patients at risk
[45-47]
for transplantation
. These studies help to provide
guidance for an accurate assessment of the patients in
need of treatment with adjunctive therapy to UDCA as
well as inclusion criteria for clinical trials.
The Global PBC studies also provide insight
into appropriate endpoints for clinical trials. Large
prospective studies have been performed to study
outcomes with PBC without providing positive data
leading us to rethink the appropriate endpoints for
[48,49]
studying intervention in PBC
. For example, the
methotrexate multi-center RCT of 265 PBC patients
was stopped after 11 years due to lack histological
[49]
effect of the treatment in 2005 . Subsequently, the
American Association for the Study of Liver Disease
(AASLD) have recommended the following for PBC
studies: patients should be on UDCA (unless the
medication was not tolerated), biochemical markers

transcriptase inhibitors lamivudine and zidovudine
TM
(Combivir ) alone or in combination with lopinavir
boosted with ritonavir or tenofovir and emtricitabine
TM
TM
(Truvada ) alone or in combination with Kaletra .
The important finding was that groups treated with
combination antiretroviral with lopinavir - with either
lamivudine/zidovudine or tenofovir/emtricitabine developed a significant reduction in ALP, hepatic MMTV
RNA levels and viral proteins within the liver (Figure
1) associated with marked amelioration in cholangitis
[8]
and necroinflammatory score in the liver . Whereas
NOD.c3c4 mice treated with lamivudine/zidovudine
or tenofovir/emtricitabine alone fared less well with
hepatic biochemistry and histology. Indeed, some mice
treated with lamivudine and zidovudine developed high
levels of MMTV indicative of viral resistance to therapy.
This occurrence was associated with variants in the
MMTV pol gene (Figure 2), which are consistent with
escape variants similarly reported with HBV and HIV
[8]
infection as a result of lamivudine treatment . Indeed,
we observed evidence for virological resistance in our
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with drop in ALP levels and normalization of bilirubin
are satisfactory primary endpoints after 6 mo therapy
[50]
and histology can be used as a primary endpoint .
The major discussion now is what constitutes a
meaningful reduction. The criteria most recently used
in a phase 3 study of obeticholic acid for patients with
PBC was a reduction of ALP to less than 1.67 × the
upper limit of normal and ≥ 15% reduction and a
total bilirubin less than or equal to the upper limit of
[51]
normal .
However, these measures were not in practice for
the first studies of antiretroviral therapy in patients
with autoimmune liver disease. These were designed
to determine whether antiviral therapy might have
any biochemical or histological impact on the disease
process and find out whether antiviral treatment is
[6,9-11]
safe and well tolerated in patients with PBC
.

there was a significant improvement in ductopenia
with a 30% increase in the proportion of portal tracts
with demonstrable bile ducts. Considering individual
patients’ trends, ductopenia - defined as a finding of
[52]
fewer than 80% of portal tracts with bile ducts - was
observed in 4 of the 7 cases at baseline. Subsequently,
6 patients demonstrated return of bile ducts with
lamivudine and zidovudine treatment, whereas one
patient experienced a minor reduction (Figure 4).
The reversal of ductopenia was one of the most
important findings in this study. Previous investigations
using UDCA therapy have reported positive impact on
the lobular inflammation, piecemeal necrosis and even
possible delay in the development of fibrosis/cirrhosis;
however, ductopenia usually remained at the same
degree in patients with a good biochemical response to
UDCA and progressed in patients with an incomplete
[53-55]
biochemical response
. A combination of UDCA
plus colchicine as well as UDCA plus prednisone and
azathioprine were also reported to improve an overall
histological grade/score and lobular inflammation
without any particular impact on the percentage of
[56,57]
portal tracts with bile ducts
. Similarly, many
immunosuppressive agents have been associated with
a reduction in hepatic necroinflammatory scores but
have not been shown to be effective in the reversal of
[58-62]
ductopenia
.

Pilot study of lamivudine therapy

In our first study, 11 patients with PBC were treated
with the reverse transcriptase inhibitor, lamivudine
150 mg daily for 1 year. The main endpoints were
assessment of hepatic biochemistry and histology as
determined using a modified Ishak scoring system:
necroinflammatory score, bile duct injury, fibrosis
stage, and ductopenia with the percentage of portal
[9]
triads without bile ducts . None of the patients
experienced reduction of ALP below upper limit of
normal and there was little change in median levels.
Overall, histologic characteristics did not differ
significantly between baseline and follow-up time
points; if anything, there was a tendency towards
worsening of scores with no reversal in ductopenia
(Figure 4). Despite overall trends, some patients
experienced considerable improvement in biochemical
and histological parameters indicating that the
treatment may have positively impacted the course of
PBC. Apart from the fact that the medication was well
tolerated, it was essentially a negative study.

Randomized controlled trial using lamivudine and
zidovudine

As our pilot study had delivered promising results by
demonstrating substantial biochemical and histologi
cal improvements on lamivudine and zidovudine
therapy, we progressed to a multicenter, double[10]
blind, randomized placebo controlled trial . Fiftynine patients with an ALP level greater than 1.5 the
upper limit of normal and stabilized on UDCA therapy
were randomized to either lamivudine and zidovudine
or placebo regimen for 6 mo. Liver biopsies were not
reviewed due to short duration of the study and the
end points were hepatic biochemistry. Patients on
lamivudine and zidovudine experienced significant
improvement in biochemical parameters compared
to the placebo arm. They experienced a 66 IU/L
reduction in ALP (21% reduction, P < 0.04 vs placebo,
Figure 5). Significant differences were also achieved
in the lamivudine and zidovudine arm versus placebo
with serial reduction in ALT (P < 0.03) and AST (P
< 0.04) levels from their baseline values, mirroring
observations from the pilot study. However, the
established biochemical endpoints were not reached
over the 6 mo treatment period, with normalization of
ALP.
This endpoint was too stringent to provide significant
responses and none of the patients normalized their
ALP levels over the study period. On re-examination
of the study data, only a small proportion achieved
responses using the newer endpoint criteria adopted

Pilot study of lamivudine and zidovudine therapy

In our second study, 11 patients with PBC were treated
with lamivudine 150 mg and zidovudine 300 mg BID
for 1 year, including 7 patients who had previously
[9]
participated in the lamivudine study . Analyses of the
biochemical data available from 10 patients revealed
significant improvement in ALP after 1 year’s therapy
with a reduction from baseline of 218 IU/L to 150
IU/L at the end of study. The biochemical studies also
showed significant reduction in ALT and AST levels
at 6 mo after the initiation of antiretroviral therapy;
however, this improvement was short lived and no
significant changes were observed in these liver
studies at 1 year compared to baseline. Paired liver
biopsies were available from 7 subjects that showed
an improvement in all histological parameters including
the necroinflammatory score, bile duct injury, and
fibrosis after 1 year of treatment (Figure 4). Overall,
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Figure 4 Serial liver biopsies assessed before and after 1 years’ open label therapy with (A) lamivudine and (B) lamivudine and zidovudine showing a
significant reduction in necroinflammatory activity, bile duct injury, and improvement in ductopenia for subjects receiving lamivudine and zidovudine
therapy. With permission from Mason et al[9].
[10]

[63]

for the obeticholic acid phase Ⅲ studies . However,
we could only evaluate a subset of patients, as the
entry criteria for the lamivudine and zidovudine study
included patients with lower ALP levels of 1.5 the upper
limit of normal. Moreover, several patients treated
with lamivudine and zidovudine developed a clinically
meaningful reduction in alkaline phosphatase at 3 mo
but then developed biochemical rebound by the end
of treatment suggesting viral resistance to therapy.
Furthermore, patients experienced side effects with
anemia and alopecia secondary to the anti-metabolic
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effects of zidovudine . Despite the positive effects on
histology in the pilot study (Figure 4), the accumulative
observations from the pilot and randomized controlled
trials strongly suggested that lamivudine and zidovudine
alone lacked long-term efficacy for patients with PBC
because of the development of viral resistance and
adverse side effect profile.
Another important consideration is that lamivudine
and zidovudine had little impact on limiting progressive
HIV infection until the introduction of combination
[64]
antiretroviral therapy with protease inhibitors .
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Figure 5 Incremental improvement of hepatic biochemistry observed in primary biliary cirrhosis patients maintained on UDCA receiving combination
antiretroviral therapy with a protease inhibitor. Patients treated with daily lamivudine 150 mg (3TC) and zidovudine 300 mg (AZT) developed a 66 IU/mL
mean reduction in ALP, whereas those receiving daily tenofovir/emtricitabine 300/200 mg (TDF, FTC) and lopinavir/ritonavir 800/200 mg (LPRr) for 6 mo (n = 13)
experienced a mean ALP reduction of 114 IU/mL (two-way ANOVA, bP < 0.001, aP < 0.05 vs control). With permission, adapted from Mason et al[11].

Similar to observations in PBC patients, viral re
sistance developed within weeks of lamivudine and
zidovudine therapy in patients with HIV infection.
These observations prompted the consideration that
combination antiretroviral therapy may be required
to treat PBC patients unresponsive to UDCA. Indeed,
combination antiretroviral therapy has already been
reported to be efficacious in one individual with PBC.
In a case report, a patient with biopsy proven PBC and
evidence of co-infection with HBRV infection and HIV,
was started on tenofovir, emtricitabine and lopinavir.
He normalized his hepatic biochemistry studies within
a year of starting combination antiretroviral therapy
and importantly, he experienced a 400 IU/L reduction
[65]
in ALP prior to starting UDCA . Accordingly, after
demonstrating the efficacy of this combination in
[8]
our mouse model of PBC , we studied the effects of
tenofovir, emtricitabine and lopinavir in a randomized
controlled trial.
One last piece of the puzzle that needs to be
resolved is the use of virological endpoints. The
HBRV antiviral studies described so far are somewhat
reminiscent of early use of interferon-α subcutaneous
injection three times a week for patients with hepatitis
C virus infection. Twenty five years ago, the study
endpoints were normalization of hepatic biochemistry
(ALT) with response rates below 20%. Whereas
histological improvement was generally observed in
a larger proportion of patients, the relapse rates of
recurrent hepatitis C virus infection were high. Once
virological endpoints were instituted with more potent
regimens, we observed more robust and predictably
[66]
durable antiviral responses . In a similar fashion,
the HBRV studies have been conducted somewhat in
the dark because we have lacked sensitive virological
assessment in blood. In prior studies, HBRV was
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generally found in plasma of 25% patients with levels
[67]
at the limits of detection using real-time RT-PCR .
With the use of digital droplet PCR, we can now detect
low level virus infection with a wide dynamic range
[68-71]
without need for generating standard curves
. The
latter employs emulsion PCR to perform individual
reactions within a droplet, reducing the amount of
template DNA that competes for the PCR primers. We
have started to employ this method for monitoring
virological response to therapy with improved detection
rates.

Six month randomized controlled trial of tenofovir,
emtricitabine and lopinavir

A total of 13 patients unresponsive to UDCA with
serologically and histologically proven PBC were
included in this randomized, placebo controlled 6 mo
crossover study using tenofovir, emtricitabine and
lopinavir boosted with ritonavir. We adopted similar
criteria as the obeticholic acid trial for endpoints with
a reduction in ALP levels to less than 1.67 × the upper
[72,73]
limit of normal
. Following initial screening, the
patients were maintained on UDCA 13-15 mg/kg and
randomized into the treatment arm with tenofovir/
emtricitabine 300/200 mg and lopinavir/ritonavir
800/200 mg versus placebo and then followed for a 6
mo period. Then, four patients from the placebo arm
were crossed over to the treatment arm and followed
for the same period.
The interim analyses in this cohort demonstrated
an incremental larger reduction in ALP after 6 mo
compared to prior studies using reverse transcriptase
inhibitors alone (Figure 5). However by the end of the
study, the reduction in ALP levels was not preserved.
Only one patient (13%) cleared virus in PBMC DNA
and none of the patients in the treatment arm reached
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the primary biochemical endpoint at 6 mo despite the
significant decline in ALP levels. The major problem
was that lopinavir boosted with ritonavir was not well
tolerated. First of all, it caused an increase in liver
biochemistry tests in the first 3 mo. Subsequently, only
a third of the patients could stay on lopinavir due to
gastrointestinal intolerance throughout the whole study
and this limited the enrollment into the randomized
controlled trial. Indeed, the prevalence of side effects
experienced by patients with PBC was over double that
[64]
reported for patients with HIV .

contributes up to 10% of patients requiring liver
transplantation worldwide. There are now credible
data based on our long-term extension study that
combination antiretroviral therapy should be studied
further in the setting of randomized controlled trials as
adjunctive therapy with UDCA. Some of the previous
barriers to investigating antiretroviral therapy in PBC
have been circumnavigated. It has been established
that the majority of PBC patients have evidence of
HBRV in their bile ducts and digital droplet PCR has
considerably improved the frequency of detecting
HBRV in peripheral blood.
While the lack of tolerability of lopinavir is dis
appointing, the in vitro studies and combination
antiretroviral studies stand as a proof of principal that
protease inhibitors for HIV may also serve to inhibit
HBRV as well. However, HBRV was still present in all
but one patient after six months therapy suggesting
that despite the additional benefit of a protease
inhibitor, the antiviral potency of tenofovir/emtricitabine
and lopinavir/ritonavir is limited for HBRV. Ongoing
laboratory studies in vitro and in vivo suggest that
other HIV protease inhibitors and integrase inhibitors
may provide superior antiviral effect and most of
these medications are better tolerated than lopinavir/
ritonavir. Once better regimens have been identified, it
will be worth conducting pilot studies to assess efficacy
and safety in patients with PBC, in order to provide
better outcomes for those with progressive liver
disease unresponsive to UDCA.

Open label tenofovir, emtricitabine and lopinavir for a
total of 24 mo

Once patients had completed the 6 mo trial, they were
given the opportunity to continue in an open label
extension study; 6 patients remained on tenofovir/
emtricitabine alone, whereas the other 3 patients
stayed on tenofovir/emtricitabine and lopinavir/
ritonavir for the 2-year open label period. Patients
on tenofovir/emtricitabine alone showed some early
response but eventually did not fair any better than
a historical control group of clinic patients maintained
on UDCA who met entry criteria for the study. Overall,
a significant reduction in ALP levels was maintained
in the patients treated with combination tenofovir/
emtricitabine and lopinavir/ritonavir with a continued
improvement from 1 to 2 years treatment. Two of the
patients (66%) cleared virus from PBMC DNA.
These studies are the first to apply antiviral therapy
in patients with PBC and follow-up using a complete
set of clinical, biochemical, histological and virological
endpoints. The demonstrable superiority of combination
therapy is encouraging despite the lack of tolerance to
lopinavir. The histological and virological responses to
the different treatment regimens are currently being
analyzed. Liver biopsies were performed on all patients
at the completion of two years therapy to determine
whether long-term evolution of biochemical, clinical,
and virological parameters correlate with improvement
or progression in histological disease. This is deemed
important because liver biochemistry can improve
whereas patients develop worse histological and
clinical outcomes as reported in patients with primary
sclerosing cholangitis maintained on high dose UDCA
[74,75]
therapy
. In addition, it is important to obtain
histological and biochemical data over a protracted
period for two years to provide important safety and
tolerability data.
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Abstract
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Antonio Gasbarrini, Catholic University, School of Medicine,
00168 Rome, Italy

The hypothesis of an important role of gut microbiota
in the maintenance of physiological state into the
gastrointestinal (GI) system is supported by several
studies that have shown a qualitative and quantitative
alteration of the intestinal flora in a number of gas
trointestinal and extra-gastrointestinal diseases. In
the last few years, the importance of gut microbiota
impairment in the etiopathogenesis of pathology such as
autism, dementia and mood disorder, has been raised.
The evidence of the inflammatory state alteration,
highlighted in disorders such as schizophrenia, major
depressive disorder and bipolar disorder, strongly
recalls the microbiota alteration, highly suggesting
an important role of the alteration of GI system also
in neuropsychiatric disorders. Up to now, available
evidences display that the impairment of gut microbiota
plays a key role in the development of autism and mood
disorders. The application of therapeutic modulators of
gut microbiota to autism and mood disorders has been
experienced only in experimental settings to date, with
few but promising results. A deeper assessment of the
role of gut microbiota in the development of autism
spectrum disorder (ASD), as well as the advancement
of the therapeutic armamentarium for the modulation of
gut microbiota is warranted for a better management of
ASD and mood disorders.
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Core tip: Up to now, available evidences display that
the impairment of gut microbiota plays a key role
in the development of autism and mood disorders.
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In physiological conditions, the continuous stimu
lation of the immune system by the gut microbiota leads
to a state of “low-grade physiological inflammation”,
which is a rapid and effective mechanism of defence
[9]
against pathogens . In addition, the flora exerts
its protective role competitively, metabolizing those
nutrients needed for pathogens survival, and producing
[10]
molecules that inhibit the growth of such microbes .
[11]
Sonnenburg et al has shown that the introduction
of a compound of Bacteroides thetaiotamicron and
Eubacterium rectale is able to induce the production of
particular mucosal glycans, which may be metabolized
exclusively by these bacterial species and not by
pathogens, thus preventing their proliferation.
The hypothesis of an important role of gut micro
biota in the maintenance of physiological state into the
GI system is supported by several studies that have
shown a qualitative and quantitative alteration of the
intestinal flora in a number of gastrointestinal and
extra-gastrointestinal diseases.

The application of therapeutic modulators of gut
microbiota to autism and mood disorders has been
experienced only in experimental settings to date, with
few but promising results, that suggest the microbiota
modulation as a therapeutic approach for autism and
mood disorders.
Mangiola F, Ianiro G, Franceschi F, Fagiuoli S, Gasbarrini G,
Gasbarrini A. Gut microbiota in autism and mood disorders.
World J Gastroenterol 2016; 22(1): 361-368 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i1/361.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i1.361

INTRODUCTION
The gut microbiota, composed of thousands of
different microbial species and more than 15000 kinds
of bacteria for a weight equal to 1 kg, represents the
first protection system of the gastrointestinal (GI)
apparatus. The presence of the microbiota varies
within the gastrointestinal tract, from few microorganisms in the stomach and small intestine, up
to a concentration of approximately 1.012 bacteria
in the colon, mostly represented by the Firmicutes
[1,2]
and Bacteriodetes phyla . Within the species that
compose the microbiota, it’s also possible to recognize
the kingdom of Archaea and eukaryotes, and many
[3,4]
viruses and bacteriophages . Finally, there were
several families of fungi, whose physiological role in
the gastrointestinal system is still unclear.
The functions performed by the flora are manifold;
in addition to the contribution to the establishment
of the intestinal barrier, it promotes its maintenance,
stimulating epithelial regeneration through the
production of short chain fatty acids (SCFAs), leading
to mucus production and exerting a trophic action on
[5]
the mucous membrane .
The gut microbiota is involved in the maturation
of the immune system: it stimulates innate immunity
in the early years of life, leading to the maturation of
the GALT, and acquired immunity, through stimulation
[6]
of local and systemic immune responses . Known,
finally, is the role in the synthesis and metabolism
of certain nutrients, hormones and vitamins, and
clearance of drugs and toxic.
The human body, completely sterile at birth,
is immediately in contact with a large amount of
microbial communities, including the fecal, vaginal
and skin microbiota of the mother. Subsequently, the
composition of the flora undergoes changes, influenced
by age, sex, state of immune maturation and by
environmental factors.
The flora acquires its stability between 6 and
36 mo of life; in that period it’s already possible to
distinguish between a constant endogenous flora (core
microbiota) and a still provisional one, highly sensitive
[7,8]
to external stimuli .
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GUT MICROBIOTA AND PSYCHIATRIC
DISORDERS: A FOCUS ON AUTISM
SPECTRUM DISORDER AND MOOD
DISORDERS
Recent data show the strong correlation between
dysbiosis and conditions such as obesity, allergies,
autoimmune disorders, irritable bowel syndrome (IBS),
inflammatory bowel disease (IBD), and psychiatric
[12-16]
disorders
.
Due to these new evidences about the fundamental
role of gut microbiota in the alteration of immune,
neural, and endocrine pathways, the so-called “gutbrain axis” is acquiring new significance, even if the
[16-18]
communication routes are not still defined
.
At the beginning of the past century, first hypo
theses aroused about the correlation between these
two systems; probably the most practice evidence can
be found in a work of an army surgeon, who noted the
correlation between a patient’s gut function and his
mood, monitoring gastric secretions through a fistula
[13]
in his stomach .
In the last few years, much research has been
done in this direction, underlying the importance of
dysbiosis in the etiopathogenesis of pathology such as
autism, dementia and mood disorder. The evidence
of the inflammatory state alteration, highlighted in
disorders such as schizophrenia, major depressive
[19-23]
disorder and bipolar disorder
, strongly recalls
the microbiota alteration and highly suggests an
important role of the alteration of GI system also in
neuropsychiatric disorders.
In particular, the dysbiosis and the consequent
alteration of intestinal permeability lead respectively
to the production and spread into the bloodstream
of a potent pro-inflammatory endotoxine, namely
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lipopolysaccharide (LPS). This small molecule has an
important influence in the modulation of the central
nervous system (CNS), increasing the activity of
areas deputed to the emotionalism control such as
[24]
amygdala . It also lead to production of inflammatory
cytokines that alter the physiological brain activity,
[25]
modulating the neuropeptides synthesis .
[26]
Rhee et al
highlighted the importance of
bidirectional connections between gut and brain that
occurs in both healthy and diseased states focusing
attention on enterochromaffin cells. The signals
generated by the stimulation of these pathways due to
intraluminal gut stimuli, running on nervous system,
strongly modulate the brain activity, including pain
perception, immune-response modulation, emotional
control and many other homeostatic functions.
However, this influence is not unidirectional, but
is a continuous communication: the CNS is able to
change the composition of microbiota and to alter
the equilibrium in the gut permeability, modulating
motility and secretion through the activation of the
hypothalamus pituitary-adrenal (HPA) axis, autonomic
and neuroendocrine system with an immediate impact
[26,27]
on gut microbiota
. In this regard O’Mahony et
[28]
al , showed that early maternal separation in rats
increased corticosterone systemic level, resulting in the
alteration of immune response and fecal microbiota.
Among several actors of this axis, important molecules
have been studied such as vasoactive intestinal
peptide (VIP) serotonin, melatonin, gamma-aminobutyric acid (GABA), catecholamines, histamine and
[29-32]
acetylcholine
, even if interaction way and acting
routes of these molecules is not fully established.
Autism spectrum disorder (ASD) is a range of
developmental neuro-behavioral disorders characterized
by restricted and repetitive behaviour, impaired social
interaction and communication; among these, autism
[12,16]
represents the primary type of ASD
.
The possible role of gut microorganism in the
pathogenesis of such disorders has been widely
deepened by several studies in animal models using
different approaches: comparison of gut microbiota
composition between affected samples an controls;
observation of behaviour changes after administration
of gut microbiota modulators in affected subjects
rather than virulence factors in controls.
It has been demonstrated that a large amount of
species under the Clostridium genus (10 times more)
characterised the qualitative composition of fecal
[33-35]
samples of autistic children
. Then, the composition
of microbiota has been characterized, showing an
imbalance of Bacteroidetes and Firmicutes phyla, with
an increased presence of Bacteroidetes and other gut
commensal such as Bifidobacterium, Lactobacillus,
Sutterella, Prevotella, Ruminococcus genera and
[36-40]
Alcaligenaceae family
.
[41]
In the 1998, Bolte
observed that a significant
percentage of individuals with autism had a history
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of extensive antibiotic use that significantly disrupt
protective intestinal microbiota. On this basis, he outlined
the possibility of a subacute, chronic tetanus infection
of the intestinal tract that underlies the pathogenesis of
symptoms in autism observed in some individuals.
[42]
Sandler et al
speculated that the alteration
of autochthonous gut flora microbiota leads to the
colonization by bacteria able to produce neurotoxins,
contributing, at least in part, to their autistic
symptomatology. On this basis, they treated a small
group of children affected by regressive-onset autism
with poor oral absorption-antibiotic. At the end of
treatment, short-term improvement was noted using
multiple pre- and post-therapy evaluations.
It has been also studied the consequences of gut
barrier alteration contribute to ASD. A study carried
[43]
on by Emanuele et al showed that LPS serum levels
were significantly higher in autistic patients compared
to heath individuals and correlated with socialization
scores in an inverse and independent manner. These
evidences support a role of microbiota and, generally,
of an alteration of the gut barrier in its integrity, in the
genesis of ASD.
Nevertheless, the existence of a gastrointestinal
dysbiosis as an actor in the ASD etiopathogenesis
remains a controversial topic. In this regard, the
[44]
study carried on by Gondalia et al
didn’t showed
clinically meaningful differences in the gut microbiota
characterization between children affected by autism
and their neurotypical siblings.
Depression is a major form of mood disorder
characterized by depressed mood and/or recurrent
thoughts of death and/or loss of interest or pleasure
in life activities present over a period of at least 2 wk,
accompanied by at least five additional symptoms that
cause clinically significant impairment in social, work,
[13]
or other important areas of functioning . It results
from neuro-psychiatric disturbance, immunological
deregulation, genetic factors and environmental
influences; nevertheless, a correlation with gut
[45-47]
microbiota is emerging
; Through humoral route,
microbiota can also influence CNS neurotransmission:
it has been demonstrated that in GF mice anxiety-like
behavior is reduced and modulated after restoration
[48-50]
of the intestinal microbiota
. In particular, admi
nistration of Lactobacillus sp, Bifidobacteria sp, L.
helvetucys, B. longum, L. rhamnosus and Lactobacillus
farciminis in murine sample lay to an improvement of
[51]
depression and anxiety symptoms .
In particular, an alteration of intestinal permeability,
causing high level of LPS into the bloodstream, lead to
the activation of inflammatory and immune response;
these processes have been hypothesized as causative
[52,53]
factors in psychiatric disorders such as depression
.
Moreover, as support to this hypothesis, it has been
demonstrated that the administration of LPS in healthy
subject is associated to increase of pro-inflammatory
cytokines and plasma norepinephrine, whit higher
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markers of gut-brain axis dysfunction in mice. They
demonstrated that the reduction and diversity of the
gut microbiota influences adult behaviours and key
neuromodulators of the gut-brain axis: it reduced
anxiety, induced cognitive deficits, altered the brain
hormone expression and altered dynamics of the
tryptophan metabolic pathway.
In support of these findings, some studies have
successfully tested minocycline, second-generation
tetracycline, as a treatment for depression, on the
basis of its neuroprotective activities and regulation of
[62,63]
pro-inflammatory agents
.
In an other study, 11 children affected by ASD
have been treated with vancomycin: after the planned
8 wk of treatment, communication and behaviour tests
[42]
improvement has been observed .
Thus, it’s possible to speculate that antibiotic
treatment, through modulation of gut micriobiota,
should be able to influences symptoms and expression
of psychiatric disorders.

Table 1 Alterations of gut microbiota found in autism and
mood disorders
Disease

Microbiota alterations

Imbalance of Bacteroidetes/Firmicutes ratio
Increase of Bacteroidetes phylum, Bifidobacterium,
Lactobacillus, Sutterella, Prevotella, Ruminococcus genera,
Alcaligenaceae family
Depression Increase of Alistipes
Negative correlation between Faecalibacterium abundance
and severity of disease
Autism

[54]

depression rates .
Among clinical studies conducted, gut microbiota
has been characterized, showing an overexpression of
[47]
Alistipes in patients affected by depression disorder .
The overexpression of this bacterium, a genus in the
phylum of Bacteroidetes, has been demonstrated in
other disorders, such as chronic fatigue syndrome
[55,56]
and in IBS
. This evidence lead to speculate about
a gut microbiota alteration as common mechanism
of action in the genesis of these disorders. Moreover,
Alistipes has been linked to depression mood by
generation of inflammatory molecules able to spread
into the bloodstream in condition of altered intestinal
[47,51,57]
permeability
. Another study, carried on by Jiang
[58]
et al , confirmed the overexpression of Alistipes
in psychiatric disorder and observed a negative
correlation between expression of Faecalibacterium
and the severity of depressive manifestations. An
overview of main alterations of gut microbiota in
autism and depression is available in Table 1.

Probiotics

Probiotics are defined as live micro- organisms,
preferentially of human origin, that upon ingestion in
specific and sufficient numbers confer non-specific
[64]
health benefits to the host .
Currently widely used in gastrointestinal system
disorders, they exert their therapeutic effect by
interacting on various levels in the reconstitution of
the gastrointestinal barrier. In addition to a direct
effect in the composition of Gut Microbiota, they are
able to modulate the GI barrier through the increase
of mucin production by globet cells, strengthening
the tight junctions and thus the apical intercellular
[65-68]
adhesion
.
Probiotics are also involved in the modulation of
the immune and inflammatory response by promoting
the production of regulatory T cells. They may also
regulate the Th1 response, by inhibition the production
by the dendritic cells of pro-inflammatory cytokines
such as IL-12, TNF-α and INF-α, or increase the
expression of anti-inflammatory mediators such as
[67]
IL-10 and β-TFGF .
Some studies tested probiotics as symptoms’
modulator in disorders such as anxiety and depression.
[69]
For example, Bravo et al
demonstrated that chronic
administration of L. rhamnosus modulates GABA
expression in CNS in rat, leading to a reduction in
the hippocampus, amygdala, and locus coeruleus
and to an increase in cortical regions. Furthermore,
it reduces levels of corticosterone induced by stress
and depression- and anxiety-related symptoms. In
particular, these events didn’t appear in vagotomised
mice, indicating a fundamental role of vagal sings, and
generally of neuronal transmission, in the gut-brain
axis.
Similarly, combination of L. helveticus and B.
longum appears to have an anxiolytic-like activity in

POTENTIAL FOR THERAPEUTICS
Antibiotics

Antibiotics are the oldest drugs used in the mana
gement of diseases of the gastrointestinal tract. Their
use, especially for infectious diseases, can achieve
an alteration of the composition of the gut microbiota
that can lead to significant side effects, not the least
of antibiotic-associated diarrhoea due to Clostridium
[59]
difficile . Despite this, the antibiotic therapy is
currently encouraged in the management of disorders
such as IBS, IBD and SIBO in which the modulation of
the intestinal flora leading to a net clinical improvement.
Currently, researches are being made in order
to clarify the modulation of gut microbiota in the
management of psychiatric disorder. It has been demon
strated that reduction of luminal LPS concentration due
to antibiotic therapy lead to attenuation of HPA axis
stress response and to increase of hypothalamic pro[60]
inflammatory cytokines expression .
[61]
Desbonnet et al
have reproduced the effect
of microbiota depletion on murine specimens: they
administered them a combination of antibiotics and
then assessed the effects from weaning onwards on
adult cognitive, social and emotional behaviours and
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rats and, in addition to a diet formulation containing
high levels of polyunsaturated fatty acids (PUFAs) n-3,
[70,71]
to reduce post-MI depression
.
Despite these impressive results, few clinical trials
have been conducted with poor results. A doubleblind, randomized clinical trial demonstrated that the
daily administration of mixture of probiotics containing
L. helveticus and B. longum for a month reduce
[70]
psychological distress in healthy controls .
[72]
Rao et al showed that the daily administration of
Lactobacillus casei for two months improves anxiety
related symptoms in subject affected by chronic
[58]
fatigue syndrome .
However, the daily assumption of L. casei enriched
milk didn’t show significant effects in term of mood in
healthy individuals while seemed to have potentially
[73]
negative effects on recall memory .
[74]
Finally, Hsiao et al
showed that the oral admini
stration of Bacteroides fragilis, improved some mood
symptoms- such as anxiety, stereotypical behaviour
and sensorimotor gating-in a maternal immune ac
tivation (MIA) animal model that is known to display
features of ASD.

of gut microbiota modulators, such as probiotics,
antibiotics, up to FMT, has been widely experimented
as therapeutic instrument for GI diseases with exciting
results.
Up to now, available evidences display that the
impairment of gut microbiota plays a key role also
in the development of autism and mood disorders,
but the mechanism through which it does is not fully
clear. The application of therapeutic modulators of gut
microbiota to autism and mood disorders has been
experienced only in experimental settings to date, with
few but promising results.
A deeper assessment of the role of intestinal flora
in the genesis and development of mood disorders and
ASD is currently required; the knowledge advancement
of the modulation of the intestinal flora not only about
possible modalities but also about the timing in which
this should be done, would lead to a new and safe
therapeutic weapon in the management of ASD and
mood disorders.
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REVIEW

Capsule endoscopy: the road ahead
Ana-Maria Singeap, Carol Stanciu, Anca Trifan

Abstract

Ana-Maria Singeap, Anca Trifan, Gastroenterology and
Hepatology Institute, “Gr. T. Popa” University of Medicine
and Pharmacy, “St. Spiridon” Emergency Hospital, 700111 Iasi,
Romania

Since its introduction into clinical practice 15 years
ago, capsule endoscopy (CE) has become the first-line
investigation procedure in some small bowel pathologies,
and more recently, dedicated esophageal and colon
CE have expanded the fields of application to include
the upper and lower gastrointestinal disorders. During
this time, CE has become increasingly popular among
gastroenterologists, with more than 2 million capsule
examinations performed worldwide, and nearly 3000
PubMed-listed studies on its different aspects published.
This huge interest in CE may be explained by its noninvasive nature, patient comfort, safety, and access
to anatomical regions unattainable via conventional
endoscopy. However, CE has several limitations which
impede its wider clinical applications, including the lack
of therapeutic capabilities, inability to obtain biopsies
and control its locomotion. Several research groups are
currently working to overcome these limitations, while
novel devices able to control capsule movement, obtain
high quality images, insufflate the gut lumen, perform
chromoendoscopy, biopsy of suspect lesions, or even
deliver targeted drugs directly to specific sites are under
development. Overlooking current limitations, especially
as some of them have already been successfully
surmounted, and based on the tremendous progress in
technology, it is expected that, by the end of next 15
years, CE able to perform both diagnostic and therapeutic
procedures will remain the major form of digestive
endoscopy. This review summarizes the literature that
prognosticates about the future developments of CE.
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Core tip: Since its introduction into clinical practice 15
years ago, small bowel capsule endoscopy (CE) has
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endoscopy, covering the entire GI tract from mouth
to anus, as its inventors have dreamed. This review
summarizes available literature that prognosticates
about the future developments in CE.

revolutionized direct endoscopic imaging of the gut.
During this time, CE has gained tremendous popularity
among gastroenterologists, and a vast research
pertaining to its different aspects has been published.
Dedicated esophageal and colon CE have expanded the
field of application to upper and lower gastrointestinal
disorders. However, besides its recognized advantages,
CE also has several limitations such as the lack of
therapeutic capabilities, the inability to obtain biopsies
and control its locomotion. Active research is in
progress to overcome the current limitations, while
the latest advances in CE technology enable us to look
forward to a next generation CE capable of performing
both diagnostic and therapeutic procedures. This
review summarizes the literature that prognosticates
about the future of CE.

BRIEF LOOK BACK AND THE CURRENT
STATUS
The first model of CE called M2A (meaning “mouth
to anus”) was launched in 2000 by Given Diagnostic
[4]
Imaging, Yoqneam, Israel , and the merits for its
design belonged, in a similar degree, to the Israeli
engineer Gavriel Iddan and the British gastroenterologist
[1,4]
Paul Swain . A year later, M2A was approved for
clinical use in Europe and the United States, and after
the advent of esophageal CE, M2A changed its name
into PillCam SB (meaning “small bowel”). Several
other companies have also developed small bowel
endoscopic capsules: EndoCapsule (Olympus Corp.,
[5]
Tokyo, Japan) , OMOM capsule (Jinshan Science and
[6]
Technology Company, Chongqing, China) , Mirocam
[7]
(IntroMedic Co., Seoul, South Korea) , and CapsoCam
[8]
SV1 (CapsoVision, Saratoga, CA, United States) ,
all having many similar characteristics and diagnostic
performances to PillCam SB, but differing with regard
to image acquisition rate, field of view, battery life,
dimensions, and technology for transmission of images.
Given Imaging has also developed PillCam ESO and
PillCam COLON for the evaluation of esophageal and
[9,10]
colonic diseases, respectively
. Improvements in
nd
technology have led to the development of 2 and
rd
3 generation CEs which overcome some limitations
st
of the 1 generation CE by increasing the view angle,
extending the effective battery life, and including several
others systems which offer superior image quality,
[11-13]
tissue coverage, and interpretation efficiency
.
In only 15 years since the introduction of CE into
clinical practice, its achievements have exceeded what
was previously thought as possible. Thus, CE has
revolutionized the evaluation of obscure gastrointes
tinal bleeding (OGIB) and unexplained iron deficiency
[13-15]
anemia (IDA)
, becoming the first-line modality
in the diagnosis of both. The role of CE in OGIB/IDA
is supported mainly by its diagnostic performance,
which is superior to other diagnostic modalities (push
enteroscopy, intraoperative enteroscopy, small bowel
barium radiography, CT-enterography, CT-angiography,
MR-enterography), as well as by its positive impact
[14,16-21]
on patient management and outcome
. When
CE was compared to double-balloon enteroscopy, a
[22]
similar diagnostic accuracy for OGIB was reported .
CE examination leads to therapeutic endoscopic or
surgical interventions and, consequently, to bleeding
[23,24]
being stopped and outcomes improved
.
Thanks to its capacity to directly visualize mucosa of
the entire small bowel, CE has undoubtedly contributed
substantially to progress in diagnosis, therapeutic

Singeap AM, Stanciu C, Trifan A. Capsule endoscopy: the road
ahead. World J Gastroenterol 2016; 22(1): 369-378 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/369.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.369

INTRODUCTION
Fifteen years have passed since small bowel capsule
[1]
endoscopy (CE) was launched , revolutionizing
noninvasive direct visualization of the small bowel,
considered until then the “black box” of the gastro
intestinal (GI) tract. During this time, CE has been
used extensively, with more than 2 million capsules
[2]
swallowed worldwide and nearly 3000 PubMedlisted studies pertaining to its different aspects
[3]
published . Technical progress led to the introduction
nd
rd
of some updated versions (2 and 3 generations)
of CE for the small bowel and the manufacturing of
the CE designed for esophagus and colon. In just a
few years, CE has evolved very rapidly, becoming an
invaluable tool for examination of almost the entire
GI tract, and its diagnostic achievements have by
far exceeded early expectations. Still, CE is not an
ideal tool, as it has several limitations, including the
lack of therapeutic capabilities, inability to control
its locomotion and thus, to revisualize critical areas
and obtain biopsies. The objective of many research
groups worldwide is to overcome these limitations
and develop a new generation of CE with higher
diagnostic yield and therapeutic capabilities. Of
course, it is very difficult to predict the future in
medicine, and would be for CE. However, based on
the extraordinary developments seen in just 15 years
since its emergence, and the tremendous progresses
of modern technology, it can be anticipated that,
by the end of next 15 years, the new generation of
CE able to perform both diagnostic and therapeutic
procedures in a noninvasive, painless, and elegant
manner will remain the major form of digestive
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decision, and outcome in Crohn’s disease (CD). Reviews
of existent literature on CE diagnostic yield, for both
suspected and known small bowel CD, show it to be
superior to other diagnostic techniques such as small
bowel follow-through, enteroclysis, push-enteroscopy,
[25-27]
ileo-colonoscopy, and CT-enterography
. CE is
superior to MR-enterography in identifying small bowel
mucosal lesions, while MR-enterography is superior to
[28]
CE in diagnosing mural and extra-enteric lesions . In
patients with known CD, an important treatment goal
is mucosal healing which can be reliably assessed by
[29-31]
CE
.
CE has an 8-fold magnification capacity and a
minimum size of lesion detection of 0.1-0.2 mm, so
that villi can be easily observed during a procedure;
therefore, it may be a useful noninvasive diagnostic
tool in patients with suspected or established celiac
[32,33]
disease
. However, CE is actually an alternative
to endoscopy with biopsy only in patients clinically
suspected of celiac disease unable or unwilling to
undergo conventional endoscopy.
CE has become the procedure of choice for
detecting small bowel polyps in hereditary polyposis
syndromes like Peutz-Jegher syndrome and familial
[34,35]
adenomatous polyposis
. In addition, widespread
use of CE has more than doubled the diagnosis rate in
[36-41]
small bowel tumors
.
rd
Esophageal capsule endoscopy, although at 3
generation, has limited role in clinical practice and it
[42]
is still under evaluation . Colon capsule is also under
evaluation, and is currently recommended in case of
incomplete colonoscopy and in patients unwilling or
[43,44]
unable to perform colonoscopy
.

FUTURE EXPECTATIONS IN CAPSULE
ENDOSCOPY
The future of CE is difficult to predict (“Prediction
is very difficult, especially about the future” - Niels
Bohr, Nobel Prize winner, 1885-1962), although novel
technologies may lead to developments which today
seem almost unimaginable. Improvements achieved
in just 15 years since the introduction of CE in clinical
practice go beyond what was previously thought as
possible. GI endoscopy has had a similar history:
initially limited only to viewing the esophagus/gastric
lumen, it has improved progressively over a few
decades, developing into an accurate diagnostic and
therapeutic technique. CE also started as a tool for
visualizing only the “black box” (small bowel) which
has long been the final frontier of the GI endoscopy,
and it evolved very rapidly to become a non-invasive
endoscopic tool in the examination of almost the entire
GI tract.
Most likely, over the next 15 years, CE will slowly
replace diagnostic standard endoscopy and take over
most therapeutic procedures with no pain and no
need for sedation. We know that several research
groups throughout the world are working to develop
new multifunctional capsules with diagnostic and
therapeutic capabilities extending far beyond our
imagination. What we do not yet know is whether the
future CE will be “universal”, containing both diagnostic
[45]
and therapeutic modules (an “ideal” CE) or “specific”,
[11]
for diagnosis or therapy .

Maneuverable capsules

In contrast to standard endoscopy, the movement of
the current capsule endoscopes through the GI tract
is passive, ensured by peristaltic motion, the operator
being unable to control the endoscopic navigation (right
and left, back and forth) in a given area. It is of the
upmost importance to solving the CE’s maneuvering
limitation so as to increase its diagnostic yield and
allow targeted biopsy and even drug delivery. Besides
enhancing diagnostic yield, a capsule whose locomotion
can be controlled will reduce the amount of energy
consumed, examination time, as well as the rate of
capsule retention. Even more, an active control of the
endoscopic capsule would allow us to examine the
[46]
stomach, and finally, the entire GI tract .
Systems that can be used to propel or steer
the capsule are under development. There are two
locomotion systems: an internal one, integrated onboard the capsule, and an external one (outside the
capsule), most frequently based on magnetic fields.
Some proposed internal systems consist of legged-like
mechanisms (propellers/paddles) that can be deployed
by the capsule to resist peristaltic movements, while
the external locomotion systems usually use a capsule

Limitations of current capsule endoscopy

Although CE has seen tremendous advances in a
short period of time since its introduction in clinical
practice, it has several limitations. Thus, CE remains a
purely visual technique with no ability to obtain biopsy
specimens or perform therapeutic maneuvers. The
most obvious drawback is the operator’s inability to
control its locomotion through GI tract. The capsules
presently on the market are unable to localize or mark
the location of detected lesions. Visualization may be
impaired by the presence of food materials or bubbles
and, in contrast with conventional endoscopy, CE
cannot perform flushing, suctioning, or air insufflation
to obtain better images. All capsules for clinical use
are powered by limited-life batteries which may be
depleted before the examination is complete. The rate
of missed lesions is still high for those located in the
duodenum and proximal jejunum, where the transit
is more rapid than in the distal segment of the small
bowel. Reading time for interpretation is another
shortcoming of CE, as it takes more than 1 h to read a
full 8-h examination. Finally, the costs are still high.
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covered with a magnetic shield which can interact with
external magnetic fields created by an electromagnet
or permanent magnet. Electromagnets require bulkier
[47-50]
equipment by comparison to permanent magnets
.
The legged-like device approach consists of
providing the capsule with propellers/paddles which will
start functioning on demand during capsule navigation
through various segments of the GI tract. A four-legged
capsule, two in the front and two in the rear, has been
proposed, an eight-legged capsule was also suggested
to be feasible, and even a twelve-legged locomotion
capsule was designed to improve propulsion and
[47,51-53]
reduce tissue injury
. However, several technical
drawbacks such as insufficient space available within
the capsule and high power consumption should be
overcome. In addition, a failure in the synchronization
of the legs may cause damage to the GI tissue.
Magnetic control appears to be the most attractive
and promising approach. It is based on the principle
that a large external magnetic field created by a
permanent magnet or electromagnet near the patient
interacts with a small internal magnet component
integrated into the capsule to provide an active
[48]
control of the endoscopic capsule . Given Imaging
has incorporated a magnet inside one of the domes
of a standard PillCam colon capsule, which can be
manipulated with an external handheld magnet
[54,55]
moved on the patient’s abdomen
. Using such
magnetically maneuverable capsule, one study
reported > 75% of gastric mucosa visualized and
[55]
no adverse events . Siemens (Siemens Medical,
Erlangen, Germany) and Olympus (Olympus America,
Center Valley, PA, United States) have recently tested
the prototype of a magnetically guided capsule
endoscope that uses a three-dimensional, external
magnetic field which interacts with the magnet inside
the capsule, allowing the capsule to be moved forward
[56,57]
[58,59]
or backward
. Rey et al
made the first blinded
comparative clinical trial on gastric examination in
humans, comparing a magnetically guided capsule
endoscope with a conventional high-definition
gastroscope, and found a similar diagnostic yield for
[60]
both methods. Rahman et al , using the Intromedic
MiroCam-Navi system, reported a high degree of
visualization, control, and maneuverability with this
system. A robotic magnetic navigation system used
in cardiology (Niobe, Stereotaxis Inc., St. Louis, MO,
United States) has been suggested for CE but has
[61]
been tested only in plastic phantoms . Several other
versions of endoscopic capsules magnetically propelled
[62]
by a robotic arm have been proposed .
Two research projects funded by the European
Union aim to develop a self-propelling minirobot pill.
One is VECTOR (Versatile Endoscopic Capsule for
gastrointestinal Tumor Recognition and Therapy) for
[63]
early diagnosis and treatment of GI cancer , and
the other is NEMO (Nano-based capsule Endoscopy
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with Molecular imaging and Optical biopsy) which
designed to combine optical, nano, and maneuvering
technologies in a new capsule with different diagnostic
[64]
and therapeutic capabilities .
A videocapsule endoscope called Compact Photonic
Explorer (CPE), measuring 5 mm in size, has been
developed at the City University and City College of
New York. It can be manipulated externally by remote
controlled radio signal and may be used in the future
[65]
for diagnostic and therapeutic means . Recently, a
mathematical model of an electrically propelled capsule
endoscopy has been proposed, using double pairs
of electrodes, and which is able to move the capsule
forward and backward at a speed of 2.91 mm/s and
[66]
2.23 mm/s, respectively .
To summarize, the development of propelled/
steerable capsules will represent a major advance
of capsule technology, which will open a myriad of
possibilities, including a more detailed evaluation of
affected areas and prelevation of biopsy specimens,
endoscopic targeted therapy, examination of the
stomach, thus the entire GI tract becoming virtually as
[67]
accessible as the skin !

Biopsy

Once a maneuverable capsule is developed, the next
step is to obtain a tissue sample. Several biopsy
devices have been developed and used on animal
models. A spring-loaded device similar to the Crosby
capsule, guided by real-time imaging and RF-controlled
remote manipulation, and a capsule using MicroElectro-Mechanical-Systems (MEMS) technology have
[68]
been successfully tested . Both NEMO and VECTOR
projects develop capsules designed for virtual biopsies
[63,64]
and drug delivery
. The rotational Micro Biopsy
Capsule Device (Seoul, South Korea) which contains
a triggering part with paraffin block and a rotational
[69]
tissue-cutting razor (biopsy part) has been tested .
A tethered capsule endomicroscopy of the esoph
agus, which uses optical frequency domain imaging
technology and enables 3D imaging of esophagus in
[70]
microscopic detail, has also been developed . This
capsule endomicroscope is able to differentiate Barrett’s
esophagus from normal esophageal mucosa. Other
magnetic capsules using untethered microgrippers
to grab tissue samples or magnetic torsion spring
[71,72]
mechanism have been designed
.
Optical enhancing techniques could lead to optical
“biopsy”, which refers to a method of obtaining a
morphological diagnosis without biopsy specimens,
and prototype endoscopic capsules with such tech
nology have been developed, including the wireless
spectroscopic compact photonic explorer for diagnostic
[65]
optical imaging to detect microscopic malignancy .
One research group integrated near-infrared fluorescent
probe in CE to enhance optical diagnosis of neoplasia,
which proved able to distinguish adenomatous tissue in
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[73]

experimental colitis in mice

.

active bleeding lesion or localized application of steroid/
immunomodulation for CD. One capsule prototype
is able to deliver an injection of 1 mL of targeted
[83]
medication while using a holding mechanism . To
achieve this, an accurate control mechanism of capsule
positioning and a drug release mechanism should
be incorporated into a capsule endoscope. As future
capsules will most likely be smaller, space limitation
within the capsule is an important impediment when
[84]
incorporating such mechanisms .
Philips company (Philips Research, Eindhoven,
The Netherlands) has launched an “intelligent” pill
(iPill) measuring 11 mm × 26 mm and incorporating
a microprocessor, battery, pH sensor, temperature
sensor, radiofrequency transceiver, fluid pump, and a
[85]
drug reservoir . Tracking of the iPill in the GI tract
is based on information regarding pH change and gut
transit time. Once tracked in the aimed area, the iPill
will open and deliver the drug under the control of
the microprocessor. The iPill is under trial in CD and
[68,85,86]
colorectal cancer
.
Several other wireless capsules, such as the Gastro
target telemetric capsule (Gastrotarget, Tonawanda, NY,
United States), High-frequency capsule (Battelle-Institute
V, Frankfurt, Germany), Telemetric capsule (INSERM
UG1, Strasbourg, Cedex, France), Enterion capsule
(Pheaton Research, Nottingham, United Kingdom), and
the IntelliSite capsule (Innovative Devices, Raleigh, NC,
United States), have been developed for targeted drug
[68]
delivery in specific areas of the GI tract . However,
capsule tracking is inaccurate due to lack of an anchoring
mechanism and thus, drug release cannot be fully
controlled. Two therapeutic capsule endoscopes have
recently been proposed for bioadhesive patch release
and targeted drug delivery, respectively, both capsules
being controlled by an external permanent magnetic
[83,87]
source
. A soft magnetically actuated capsule,
capable of multimodal gradual or sudden drug release,
[88]
has also been developed .
Even with a new CE designed for targeted drug
delivery, several other problems should be taken into
consideration. Thus, in some diseases of GI tract such
as CD, drug delivery is required on a daily basis, for
several days or even weeks. To overcome this problem,
a pre-programmed non-viewing capsule for targeted
[89]
drug delivery has been proposed .

Power source

At present, available endoscopic capsules use two
coin-shaped, silver-oxide batteries that can generate
20 mW of energy, far too little to accomplish the
multiple diagnostic and therapeutic tasks of the future
capsule, most of them requiring power consumption.
In addition, batteries occupy most of the space in an
endoscopic capsule. Therefore, increased power supply
and reduced size of batteries, to leave enough space to
incorporate diagnostic/therapeutic components into the
capsule, are essential for further developments in CE
technology. A solution may be lithium ion microbattery
technology which could provide a power density up
[74]
to 2000-times higher than other microbatteries .
[75]
Recently, Rathore et al
using Ultrascale FinFET 16
nm technology for manufacturing endoscopic capsules
(instead of 18 µm used for conventional endoscopic
capsules) have reported an increased battery life,
reduced power consumption with up to 50%, and
a reduced size of the capsule by 12% compared to
traditional capsules. An alternative method to reduce
battery consumption is to use low complexity video
compression technology that saves radiofrequency (RF)
[76]
transmitting power .
External rechargeable batteries (from an extra
corporeal power supply) using RF, microwave or electric
induction, and even “battery free” CE using wireless
power transmission (WPT) technology are created. An
excellent overview of the development of emergency
WPT technique for application in CE has been recently
[77]
published by Basar et al . WPT system employs a
transmitting coil positioned outside the human body
and a receiving coil installed within the CE, thereby
[78]
eliminating the need for an internal battery . Thus,
the RF System Lab (Nagano, Japan) was the first
to use WPT technology in their Sayaka and Norika
[79]
capsules , and several publications centered on WPT
[77,80]
[80]
technology for the endoscopic capsule
. Jia et al ,
using WPT technology, have reported on its ability to
transmit 500 mW of electricity, which is significantly
higher than the amount generated by current batteries
used for the endoscopic capsules available on the
market.
An alternative solution will be the development
of three-dimensional microbattery technology for
[81,82]
geometrical energy and power density of battery
,
and many research groups are working in the field, still
progressing in several laboratories.

Luminal insufflation

CE visualization, especially of the colonic mucosa, is
limited as the capsule is unable to provide insufflation
in order to distend the intestine and expose all mucosal
surfaces for examination. This shortcoming is a
potential cause for CE’s high false-negative diagnostic
rate in the colon. Experiments and insufflation capsule
prototypes show the feasibility of generating large
volumes of gas from a small volume of liquid hydrogen
peroxide, weak acids and bases in a capsule to provide
[90,91]
wireless insufflation for enhancing visualization
.

Targeted drug delivery

Unfortunately, none of the current capsules is able
to perform therapy. New capsule devices are under
development in order to enable drug delivery in
specific diseased areas of the GI tract. A number
of clinical situations can benefit from targeted drug
delivery such as the use of hemostatic spray to an
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Recently, a method of controlled colonic insufflation
(CO2) via an untethered capsule in vivo has been
[67]
reported .

concluded that GI tract evaluation with PillCam COLON
2 is feasible, especially for small bowel, although
other segments (esophagus, stomach) need technical
[46]
improvements to obtain a good visualization . In
the near future, a pan-endoscopy with CE may be a
[29,104,105]
reality
.

Shorter reading time

Future CE should allow shorter reading time for
interpretation of images acquired by capsule, and this
may be achieved by development of more efficient
[92]
software . A computer-aided lesion detection will
significantly reduce reading time.

CONCLUSION
Undoubtedly, CE has opened a new era in endoscopic
diagnosis for gastroenterologists and has set a
milestone in the evolution of endoscopic examination
of the GI tract without discomfort or need for sedation,
or the risks implied by conventional endoscopy. During
a relatively short period of time (15 years), CE has
proven its high diagnostic yield in multiple pathologies
of the GI tract such as obscure GI bleeding, CD,
celiac disease, as well as in small and large bowel
tumors. Nevertheless, the endoscopic capsules
currently available are diagnostic tools only, and still
have several limitations (passive locomotion, inability
to perform biopsy or deliver therapy, etc). Modern
technology continues to make tremendous progress
in CE, helping it overcome the above mentioned
limitations. Although it is difficult to make predictions
about the future, we believe that in the next 15 years,
our dreams of an efficient diagnostic and therapeutic
CE for the diverse pathologies of the entire GI tract will
become a reality.

home procedure

In the near future, CE (small bowel capsule endoscopy
and especially colon capsule endoscopy) will become
a home procedure that could be done on weekends,
[93,94]
thus avoiding work absence
.

Accurate location of detected lesion

A tagging module consisting of a micro tag, com
pressed spring and thermal ignitor can be integrated
within future CEs; when activated by an external signal,
the micro tag is impaled into the mucosa to mark the
precise location of a lesion for the following endoscopic
[95]
therapy . Location of lesion and estimation of its
size is possible by using Rapid 6 system of software
[96]
developed by Given Imaging .

Automated capsule localization

Automated capsule localization with a software
using color image analysis to discriminate between
different segments of GI tract (esophagus, stomach,
small bowel, colon) identified CE passage across the
[97-99]
pylorus in 93% of cases
. The next step will be
development of the software program to increase
the frame rate while CE is traversing the duodenum,
in order to improve identification of the ampulla of
Vater and detect more lesions in the periampullary
[100,101]
region
which is poorly visualized by CE, CT- and
[102,103]
MR-enterography
.
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REVIEW

Proteoglycans in liver cancer
Kornélia Baghy, Péter Tátrai, Eszter Regős, Ilona Kovalszky
categorized based on their structure, localization,
and function, and can be found in the extracellular
matrix, on the cell surface, and in the cytoplasm.
Cell-surface heparan sulfate proteoglycans, such as
syndecans, are the primary type present in healthy
liver tissue. However, deterioration of the liver results
in overproduction of other proteoglycan types. The
purpose of this article is to provide a current summary
of the most relevant data implicating proteoglycans
in the development and progression of human and
experimental liver cancer. A review of our work and
other studies in the literature indicate that deterioration
of liver function is accompanied by an increase in
the amount of chondroitin sulfate proteoglycans.
The alteration of proteoglycan composition interferes
with the physiologic function of the liver on several
levels. This article details and discusses the roles of
syndecan-1, glypicans, agrin, perlecan, collagen XVIII/
endostatin, endocan, serglycin, decorin, biglycan,
asporin, fibromodulin, lumican, and versican in liver
function. Specifically, glypicans, agrin, and versican
play significant roles in the development of liver cancer.
Conversely, the presence of decorin could potentially
provide protective effects.
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Core tip: Proteoglycans are molecules that contain at
least one glycosaminoglycan chain and are primarily
found on the cell surface and in the extracellular
matrix, where they serve as structural components.
In addition, their glycosaminoglycan chains interact
with numerous regulatory molecules, thus potentially
influencing a myriad of cellular processes, including
those linked with cancer development. For example,
they can support or inhibit signaling of growth factors,
cytokines, and hormones. This article reviews current
data demonstrating the versatile role of proteoglycans
in the development, maintenance, and progression of

Abstract
Proteoglycans are a group of molecules that contain at
least one glycosaminoglycan chain, such as a heparan,
dermatan, chondroitin, or keratan sulfate, covalently
attached to the protein core. These molecules are

WJG|www.wjgnet.com

379

January 7, 2016|Volume 22|Issue 1|

Baghy K et al . Proteoglycans in liver cancer
review describes what is currently known about the
proteoglycans, with particular focus on the role of
these molecules in the healthy and cancerous liver.

liver cancer.
Baghy K, Tátrai P, Regős E, Kovalszky I. Proteoglycans in liver
cancer. World J Gastroenterol 2016; 22(1): 379-393 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i1/379.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.379

GAGS IN THE LIVER
As a parenchymal organ, the liver contains a limited
amount of stromal components. As a result, HS would
likely be the major GAG present on the surface of
hepatocytes in normal conditions. Indeed, immuno
histochemical analyses demonstrate positivity with antiHS antibodies along the sinusoids and on the surface
[3]
of hepatocytes . Moreover, electrophoresis of GAGs
isolated from normal human liver confirms that the
majority of GAG chains are HS, with additional minor
amounts of DS; CS is barely detectable (Figure 1).
The development of liver cancer is accompanied
by dramatic changes in both the quantity and the
composition of liver GAGs. The most conspicuous
change is a 20-fold increase in CS, though enhancement
[4]
of other GAGs has also been observed (Figure 1) .
This progressive increase in CS is accompanied by a
[5]
relative decrease in HS . Surprisingly, there is also a
substantial increase in the amount of GAG components
that appear in the seemingly normal peritumoral tissue.
The alteration of GAG composition is a consequence
of remodeled proteoglycan profiles, though it is not
known which types are responsible. Glypican-3 and
agrin are the two major HS proteoglycan components
in hepatocellular carcinoma (HCC), while the source of
CS in liver cancer is presumably versican.

INTRODUCTION
Proteoglycans are molecules with glycosaminoglycan
(GAG) chains covalently attached to the protein core
and are typically found on the cell surface or in the
extracellular matrix (ECM). They were believed to
be responsible for the maintenance of tissue turgor
in the interstitial matrix, and were thought to act as
molecular sieves in basement membranes. Although
their sugar chains hindered the determination of their
[1,2]
exact structure , gene technologies introduced in
the second part of the last century provided a clearer
picture. DNA sequencing of the regions encoding the
protein cores led to the identification of glycanation
sites. It then became possible to classify proteoglycans,
initially based on sugar chains, and then subsequently
by protein structure and function. It became clear
that both the sugar chains and the protein cores of
proteoglycans possess distinct and well-determined
functions that are independent of each other.
The GAG chains of proteoglycans are comprised
of repeating disaccharide units, each containing a
uronic acid and an acetylated or sulfated hexosamine
(D-glucosamine, N-acetyl-D-glucosamine, or N-acetylD-galactosamine). The length of these chains is
variable, though the number of chains that attach
to the protein core is determined by the number of
sugar attachment sites, marked by Ser-Gly dipeptide
motifs. Whereas the backbone of heparan sulfate
(HS) is comprised of glucuronic acid and N-acetylD-glucosamine, chondroitin sulfate (CS) contains
glucuronic acid and N-acetyl-galactosamine, and
dermatan sulfate (DS) contains iduronic acid and
N-acetyl-galactosamine. Instead of uronic acid, keratan
sulfate (KS) contains sulfated galactose with N-acetylglucosamine residues. Partial sulfation of D-glucosamine
residues in HS chains create a domain structure of
alternating N-acetylated and N-sulfated regions. The
latter can potentially interact with growth factors,
cytokines, growth factor receptors, lipoproteins, and
viruses, among others.
With the classification of proteoglycans (Table
1), it became evident that CS and DS proteoglycans
primarily reside within the connective tissue ECM (bone,
joints, tendons), whereas a considerable number of
HS proteoglycans reside on the cell surface. Currently,
more than 40 proteoglycans have been discovered,
though only a few have been studied in the liver. This
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STRUCTURAL AND FUNCTIONAL HS
ALERATIONS IN LIVER CANCER
It has been reported that, unlike in normal liver, HS
[6]
obtained from cancerous liver is undersulfated .
However, in our own experiments, although we
observed a modest but significant decrease in 6-O
sulfation and an increase in 3-O sulfation, total HS
sulfation levels did not differ between normal liver
[7]
and HCC . This implies that any observed functional
differences are likely based on more subtle structural
alterations, such as those affecting the relationship
between sulfated and acetylated domains. In add
ition, HSs isolated from HCC are increased in size
compared to those isolated from the apparently
[8]
normal peritumoral tissue . It is likely that there
are additional, as of yet undetermined, alterations
[9]
responsible for the functional changes .
The diversity of ligand-binding properties on cellsurface HS proteoglycans derives from the intricate
[10]
and diverse structures of their sugar chains .
Tyrosine kinase receptor ligands can bind with cellsurface HS to form a ternary receptor complex. At
the same time, free HS proteoglycans in the ECM can
compete for these binding partners, thereby creating
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[8]

Localization

Eponym

Gene symbol

GAG

Intracellular
Membrane
SLIPs

Serglycin

SRGN

Hep

Syndecan-1
Syndecan 2-4

SDC1
SDC2-4

HS/CS
HS

Glypican 1-6

GPC 1-6

HS/CS

from HCC do not . This is important, as labeled HS
proteoglycans have been shown to enter the nucleus
[8]
of hepatoma cells . Although the mechanism for this
nuclear translocation is not known, complex formation
with growth factors such as bFGF may facilitate this.
Furthermore, recent data show that free or protein
core-bound HSs are capable of inhibiting histone
deacetylase activity, such as with syndecans shed from
[18,19]
tumors that are taken up by stromal cells
.

Betaglycan
CD44

TGFBR3
CD44

HS/CS
CS

TRANSMEMBRANE PROTEOGLYCANS

Table 1 Classification of proteoglycans

GRIPs
Other

Extracellular
SLRPs
Class Ⅰ

Syndecan-1
Decorin
Biglycan
Asporin

DCN
BGN
ASPN

DS/CS
CS
-

Fibromodulin
Lumican
Keratocan
PRELP
Osteoadherin

FMOD
LUM
KERA
PRELP
OMD

KS
KS
KS
KS

Epiphycan
Osteoglycin

EPYC
OGN

CS/DS
-

Agrin
Collagen XVIII
Aggrecan

AGRN
COL18A1
ACAN

HS
HS
CS/KS

Versican
Neurocan
Brevican

VCAN
NCAN
BCAN

CS
CS
CS

Syndecans are a family of molecules comprised
of three domains, including highly conserved intra
cellular and transmembrane domains and an
extracellular domain that is unique to each member.
The extracellular domain carries three HS chains,
but a single CS chain can also be present on the
[20]
core protein . Syndecan-1, the most widely studied
of the syndecans, is found in low amounts on the
basolateral surface of hepatocytes. It is likely to be
the major cell-surface HS proteoglycan in healthy
liver tissue. HS chains of syndecan-1 confer all the
aforementioned functions that characterize HSPGs in
general. In addition it has been shown to play a critical
role in lipoprotein clearance, acting as a low-density
[21]
lipoprotein receptor on hepatocytes .
Although syndecan-1 expression is upregulated
in human liver cirrhosis, our immunohistochemical
analyses failed to reveal tumor-specific changes in liver
cancer (unpublished data) (Figure 2). Thus, elevated
syndecan-1 expression appears to be more closely
associated with liver cirrhosis, rather than malignant
transformation. Consistent with this idea, mRNA
expression of syndecan-1 was decreased in 12 HCC
[22]
samples , and the protein expression was low in 57
[23]
patients with invasive HCC .
It is important to note that the modest changes
observed in syndecan-1 on the surface of hepatoma
cells are likely underestimating the true effect, as a
considerable proportion of syndecan-1 is shed from
the cell surface. This shedding can be detected as an
increased serum concentration, which also correlates
with advanced Barcelona Clinic Liver Cancer stage,
and therefore associated with the progression of
[24]
[25]
HCC
and a greater risk of death . As a result,
expression of syndecan-1 on the surface of hepatoma
cells does not reflect the role this molecule plays in
the progression of liver cancer. The importance of
[26]
shedding is highlighted by the work of Ramani et al ,
who demonstrated the importance of heparanase
in the modification of HS chains and shedding of
syndecan-1, which triggered the production of matrix
metalloproteases. Furthermore, our unpublished
data indicate that inhibition of syndecan-1 shedding
in HepG2 cells induces cell differentiation via
downregulation of the transcription factor Ets-1 and the
major sheddase MMP7. Additional in vitro experiments

Class Ⅱ

Class Ⅲ

Pericellular
BM zone

Hyalectans

SLIPs: Syndecan-like integral membrane proteoglycans; GRIPs: Glypicanrelated integral membrane heparan sulfate proteoglycans; SLRPs: Small
leucine-rich proteoglycans; BM: Basement membrane.

a soluble factor concentration gradient within the
pericellular space. Moreover, many growth factors
can bind HS, including basic fibroblast growth factor
(bFGF), hepatocyte, platelet-derived, and vascular
endothelial growth factors, and transforming growth
[11-13]
factor (TGF)-β
. Interactions between HS and
cytokines, such as regulated on activation normal T
cell expressed and secreted (RANTES; also known as
CCL5) and stromal cell-derived factor 1 (also known as
CXCL12), have been implicated in hepatoma cell line
[14,15]
invasion
.
One of the best-known etiologic factors of HCC is
hepatitis C virus (HCV) infection. Importantly, it has
been shown that of HSs prepared from various bovine
tissues, only those from the liver have a high affinity
[16]
for E1 and E2, the envelope glycoproteins of HCV .
These data suggest that surface HS proteoglycans on
liver cells are responsible for the liver-specific tissue
tropism of HCV infection.
HSs extracted from healthy liver tissue can inhibit
[9,17]
topoisomerase Ⅰ and Ⅱ activity
and compete
with DNA for binding to several transcription factors
(AP1, Ets1, TFIID, and Sp1), whereas HSs obtained
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Figure 1 Expression of proteoglycans in normal and diseased liver. Detection of heparan sulfate (HS4C3 antibody) in normal liver (A) and in liver cancer (B). In
normal liver the reaction is localized mainly in the sinusoids, and delicate staining is visible on the surface of hepatocytes. In contrast, in hepatocellular carcinoma (HCC)
amplified amounts of heparan sulfate (HS) are visible around the individual tumor cells, most likely representing the sugar component of cell surface HSPGs. Connective
tissue surrounding the tumorous nests is also loaded with HS; C: Typical picture of glycosaminoglycan (GAG) on cellulose acetate electrophoresis. GAG isolated from
normal liver (1), from peritumoral liver (2), from liver cancer (3), from normal liver after chondroitinase ABC digestion (4, 5). Bands from the bottom to the top: heparan
sulfate, dermatan sulfate, chondroitin sulfate. Note that the majority of GAGs are HS in the normal and peritumoral liver, whereas CS dominates in HCC; D: Separation of
proteoglycans of liver origin on PAGE. Liver surrounding colon cancer metastasis (1), healthy liver (2), liver from α1-antitrypsin deficiency (3), fibrolamellar carcinoma (4),
peritumoral liver of FLC (5), HCC (6), and peritumoral liver of HCC (7). Artificial colorization emphasizes the difference between normal and diseased specimens.
[32]

indicate that specific domains of syndecan-1 exert
particular effects on hepatoma cells, as HepG2 and
Hep3B cells expressing a truncated form of syndecan-1
(in which the extracellular domain contains only the
four membrane-proximal amino acids) are induced to
differentiate (unpublished data).

by pre- and postnatal overgrowth . As these were
loss-of-function mutations, it was hypothesized that
the function of GPC-3 is to suppress tissue growth.
In the following years, GPC-3 became increasingly
implicated in cancer, and is now regarded as a typical
oncofetal protein that is widely expressed during
development, but silenced in adult tissues.
GPC-3 expression is elevated in several cancer
[33,34]
types, such as embryonic tumors
, malignant
[35]
[36,37]
melanoma , and, most notably, HCC
. On
the other hand, it is downregulated in malignant
[38,39]
mesothelioma and ovarian cancer
, and silenced
via promoter hypermethylation in the majority of
[40,41]
breast cancers
. The effects of GPC-3, such as
the growth-inhibitory potential, have been associated
[42]
with the negative regulation of Hedgehog signaling .
Conversely, GPC-3 may also stimulate cell proliferation
by enhancing activity of the Wnt pathway. Stabilization
of Wnt binding to its receptor, Frizzled, appears to
[43]
be pivotal in promoting hepatocarcinogenesis . It
was also recently shown that GPC-3 promotes the

Glypicans

Glypicans (GPCs) are a family of six medium-sized
HS proteoglycans that are tethered to the cell surface
with a GPI anchor. These proteins share conserved
structural features, including insertion of two to four
HS chains close to the membrane, and are considered
regulators of Wnt, Hedgehog, FGF, and bone mor
[27]
phogenetic protein signaling . Although the roles
of GPC-1 and GPC-5 have also been investigated in
[28-31]
development and cancer
, GPC-3 is by far the most
thoroughly studied member of this family, and appears
to be a key driver of hepatocarcinogenesis. Mutations
of GPC-3 were first described in Simpson-GolabiBehmel syndrome, an X-linked disorder characterized
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Figure 2 Syndecan expression in the liver. A: Expression of syndecan-1 in normal liver; B: Expression of syndecan-1 in liver cancer without cirrhosis; C: Expression
of syndecan-1 in liver cirrhosis; D: Expression of syndecan-1 in liver cancer with cirrhosis. Note that only modest elevation of syndecan expression can be observed in
cancer without cirrhosis, in contrast with the cancer specimen with cirrhosis. Immunopositivity in the cytoplasm of the latter indicates the impairment of transport to the
cell surface. Immunohistochemistry on formalin fixed paraffin embedded specimens. (Primary antibody Dako MI 15).
[57]

epithelial-to-mesenchymal transition and invasive
behavior of HCC cells through the stimulation of
[44]
extracellular signal-regulated kinase (ERK) .
[45]
GPC-3 is not expressed in the normal liver ,
and overexpression in this organ is restricted to ma
[36,46,47]
lignant hepatocellular lesions
. Because of this,
[48,49]
positivity for GPC-3
, along with arginase-1, CD34,
glutamine synthetase, HepPar1, and heat shock
[50-53]
protein-70
, are utilized in immunohistochemical
analyses for the diagnosis of HCC. Indeed, the use of
various combinations of these markers when analyzing
problematic samples, such as core biopsies and fineneedle aspiration specimens, can aid in resolving
diagnostic dilemmas, such as distinguishing small well[51,52,54]
differentiated HCC from dysplastic nodules
.
Furthermore, GPC-3 can be used as a serum marker,
as it is cleaved from the cell surface by the lipase
[55]
notum . However, GPC-3 should not be relied upon
as a single serum marker, as it has only moderate
[37,56]
accuracy in this application
. Nevertheless, GPC-3 is
an attractive therapeutic target for liver cancer because
of its high expression in the majority of HCCs and
its known oncogenic role via Wnt and ERK signaling.
As such, several preclinical and clinical studies have
been initiated to test the efficacy of GPC-3-specific
antibodies in advanced HCC patients. Although a
promising candidate, the humanized mouse antibody
GC33 recently failed in a phase Ⅱ trial (Yen et al, J
Clin Oncol 2014; 32 Suppl 5; abstr 4102), others are
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still in development . Additionally, immunotherapy
with T cells bearing chimeric-antigen receptors specific
for GPC-3 is currently being tested in a phase Ⅰ clinical
trial (ClinicalTrials.gov ID: NCT02395250).

PERICELLULAR PROTEOGLYCANS
Agrin

Agrin is a large, multidomain proteoglycan with a about
220 kDa protein core that is both N-glycosylated and
heavily O-glycanated with HS (and, to a lesser extent,
CS) chains, thus rendering its apparent molecular
mass > 400 kDa. Alternative splicing of the C-terminal
exons imparts acetylcholine receptor clustering
[58]
functionality, which was the first known role of agrin .
In addition, the use of alternative promoter sequences
lead to tissue-specific expression of secreted and
membrane-bound isoforms. Agrin cross-links the
cytoskeleton of cells with the ECM, where it interacts
with laminins and cell-surface receptors, including
integrins, α-dystroglycan, and the lipoprotein-related
[58,59]
receptor 4/muscle-specific kinase complex
. Like
other HS proteoglycans, agrin binds to and regulates
growth factors such as bone morphogenetic proteins
[60]
and TGF-β1 .
Since its discovery as a key motoneuron-derived
[61]
synaptic organizer at the neuromuscular junction ,
agrin has been described in numerous other anatomic
locations and physiologic roles. For example, in addition
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Figure 3 Colocalization of perlecan and basic fibroblast growth factor in the capillaries of hepatocellular carcinoma. A: Perlecan; B: Basic fibroblast growth
factor (bFGF). Serial sections were prepared from paraffin embedded hepatocellular carcinoma specimens. Note the identical localization of perlecan and bFGF in
the basement membrane of blood vessels marked by asterisks. (Primary antibodies are: mouse anti-perlecan AB: clone 7B5, Zymed Laboratories; goat anti-bFGF
antibody, R&D systems).
[62]

to also organizing central nervous system synapses ,
agrin was found to orchestrate the formation of the
so-called “immunologic synapse” between T cells and
[63]
their antigen-presenting partners . Furthermore,
agrin has recently emerged as a key component of
the hematopoietic stem cell niche and the matrix of
[64,65]
peripheral lymphoid organs
, and was identified as
[66]
a cell-autonomous survival factor for monocytes .
The secreted isoform is present in specialized basal
laminae, such as capillary and alveolar walls of the
lung, the renal glomerular basement membrane, and
[67-70]
the blood-brain barrier
, and may be a major HS
[71]
proteoglycan constituent of larger blood vessels .
As it is expressed only in the walls of portal arteries
and the biliary compartment (comprising both mature
bile ducts and the hepatic progenitor cell niche), agrin
[72-74]
was not initially detected in healthy liver tissue
.
In contrast, levels of agrin are dramatically elevated
in chronic liver disease, such as cirrhosis, where it is
observed in reactive bile ductules and arterial walls,
[73]
and in the tumor microvasculature of HCC . Indeed,
its presence in tumor microvessels reliably differentiates
HCC from non-malignant lesions (where it is absent),
such as adenomas and dysplastic nodules, and
cholangiocellular and metastatic adenocarcinomas. In
non-hepatocellular adenocarcinomas, agrin is detected
in pseudoglandular basement membranes rather than
[75,76]
microvascular walls
.
The origin of agrin in liver cancer and its roles in
HCC progression remain unknown. However, a recent
report found that multiple HCC cell lines highly express
[77]
and secrete agrin . In these cell lines, agrin promoted
proliferation, migration, invasion, and epithelial-tomesenchymal transition via the lipoprotein-related
receptor 4/muscle-specific kinase complex and focal
adhesion signaling. Similar protumorigenic effects
of agrin (and perlecan) were also observed in oral
[78]
squamous cell carcinoma . Of note, the microvascular
basement membrane where most agrin resides
in HCC contacts other cell types in addition to the
tumor cells, including endothelial cells and pericytes,
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which also contribute to the ECM. Furthermore, these
cell types (i.e., cultured rat hepatic myofibroblasts
corresponding to pericytes and endothelial cells from
the human umbilical vein) have also been shown to
[73,79]
produce agrin
. It is important to acknowledge the
potential for additional functions of agrin. For example,
agrin may modulate vascular barrier properties of
the endothelial basement membrane by reorganizing
[80]
junctional complexes .

Perlecan

Perlecan is another large, multidomain HS pro
teoglycan that is synthesized by hepatic stellate cells
and endothelial cells and is present in basement
membranes of blood vessels and bile ducts in the
[81]
portal area, as well as along the sinusoids . It is
structurally similar to agrin, and a transmembrane
[82,83]
variant has also been described
. The primary
functions assigned to perlecan have been attributed
to the growth factor-binding HS chains, though the
modular protein core also participates in numerous
[84]
cell-matrix and matrix-matrix interactions .
Perlecan deposition is enhanced by sinusoidal
[81]
capillarization during fibrogenesis . In liver cancer, it
becomes a component of the tumorous stroma, where
it colocalizes with bFGF, indicating a possible role in
tumor neoangiogenesis (Figure 3). Indeed, perlecan is
known to play a central role in pathologic angiogenesis
based on the high capacity of its HS chains to bind the
two major proangiogenic factors, vascular endothelial
[85]
growth factor and bFGF . Intriguingly, perlecan can
also inhibit angiogenesis via its C-terminal proteolytic
[86]
fragment, termed endorepellin . Endorepellin
binds to the master matrix receptor a2β1-integrin
on endothelial cells, triggering disruption of the cyto
[87]
skeleton and blockade of migration and survival .
Nevertheless, there are experimental and clinical data
demonstrating the proangiogenic role of perlecan
in human malignancies, where it promotes tumor
progression in carcinomas of the breast, prostate, and
[88]
colon, as well as in metastatic melanoma . Thus,
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Endocan

perlecan is also likely to favor neovessel formation
in HCC progression, though this has not yet been
specifically examined.

Endocan, a proteoglycan whose core protein is
glycanated by a single DS chain, is typically produced
[99]
by endothelial cells . Endocan is not normally
expressed in highly vascularized organs such as the
liver, but is rather synthesized upon inflammation and
malignant transformation, indicating that it may be a
[100]
characteristic feature of activated endothelial cells .
In liver cancer, endocan expression is confined to the
microvessels of the tumor tissue, but is not present
[101]
in capillaries in the peritumoral liver . The DS chain
of endocan has a high affinity for hepatocyte growth
factor, an interaction that is critical for the activation
of the Met receptor, which stimulates proliferation of
[100]
hepatoma cells .
When analyzing the factors associated with clini
copathologic characteristics of HCC tumors, it was
found that endocan-positive, but not CD34-positive,
microvessel density was strongly correlated with
microscopic venous invasion, a reliable indicator of
[101]
postoperative recurrence
. Increased production of
endocan can be detected in serum, which also can be
used as a prognostic indicator, as it is associated with
poor hepatic function, a greater number of tumors,
[102]
and vascular invasion .

Collagen XVIII/Endostatin

Collagen XVIII is a large basement membrane
molecule that shares features with both collagens
and proteoglycans. As a proteoglycan, collagen
XVIII harbors several HS GAG attachment sites. At
the same time, it is structurally similar to collagen
[89,90]
XV
, and has three variant forms that arise
due to alternative transcription and splicing. Short
variants of collagen XVIII are synthesized by
the bile duct epithelial, endothelial, and vascular
smooth muscle cells, and are primarily expressed
in vascular, epithelial, muscle fiber, and peripheral
nerve basement membranes. Long variants are
mainly produced by hepatocytes and deposited in
the perisinusoidal space. However, activated hepatic
stellate cells also produce the short collagen XVIII
variant during fibrogenesis, which then becomes a
major component of the altered basement membrane
[91]
in capillarized sinusoids
and of the ECM in primary
[92]
and metastatic liver cancers . At the same time, the
mRNA levels of collagen XVIII are decreased in liver
cancer, and have been associated with larger tumor
size, higher microvessel density, and recurrence
[93]
after tumor resection . It has been proposed that a
decrease in the long variant, which contains a domain
homologous to the Wnt-binding Frizzled receptor,
[92,94]
favors tumor progression in HCC
by promoting
[95]
activation of the Wnt/β-catenin pathway .
The C-terminal domain of collagen XVIII can be
cleaved by several proteases, including MMP-3, -7,
-9, -13, -20, elastase, and cathepsin L, producing a
proteolytic fragment called endostatin, which has a
[90]
strong antiangiogenic effect . Endostatin influences
several signaling pathways, including vascular
endothelial growth factor, Wnt/β-catenin, and a5β1integrin, which are known to play crucial roles in
hepatocarcinogenesis. Exogenous administration
of endostatin has also been shown to inhibit tumor
[96]
growth in various tissues, as well as HCC . These
features led to the use of endostatin as a therapeutic
agent for cancer in phase Ⅰ and Ⅱ clinical trials,
though the results were less promising than were
found in preclinical experiments. Nevertheless, as
stable disease and regression were observed in several
cases, the use of a modified form of endostatin has
continued in certain countries for the treatment of
[97]
lung and gastric cancers . Additionally, endostatin
can be detected in serum, and therefore could be
[93,98]
used for predicting prognosis
. For example,
preoperative serum endostatin is inversely correlated
with microvessel density in HCC patients and is related
[93]
to a better prognosis after resection .
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INTRACELLULAR PROTEOGLYCANS
Serglycin

One of the first to be sequenced, serglycin is the only
proteoglycan with intracellular localization. Another
unique feature of serglycin is that it has heparin as
a sugar side chain, which allows it to interact with a
variety of inflammatory mediators, such as proteases,
[103,104]
cytokines, and growth factors
. Serglycin is
mainly produced by hematopoietic cells, and it was
only recently discovered that it is also expressed
by tumor cells, where it promotes their aggressive
[104]
behavior
. Consistent with this, overexpression of
serglycin in HCC is predictive of a poor prognosis, with
increasing levels corresponding to advanced Barcelona
Clinic Liver Cancer staging, vascular invasion, and
[105]
early recurrence
. In addition, the increased level
of serglycin correlates with elevated vimentin and
reduced E-cadherin levels, and is therefore thought to
[105]
induce epithelial-to-mesenchymal transition in HCC .

SMALL LEUCINE-RICH PROTEOGLYCANS
Small leucine-rich proteoglycans (SLRPs) represent the
largest family of proteoglycans, with 18 distinct gene
products and several splice variants. Members of this
proteoglycan family are characterized by a relatively
small core protein comprised of a central region
[103,106]
of leucine-rich repeats
. Although most SLRP
members carry CS/DS or KS chains, there are a few
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that lack GAG chains, and are thus only classified as
proteoglycans based on their structural and functional
[91,103,107]
homology with other SLRP members
.

decorin could be utilized as an anti-TGF-β1 agent in
[130]
the treatment of chronic liver diseases
. However,
it is important to note that decorin can be present in
both soluble and collagen-bound pools, which could
potentially modulate its antifibrogenic activity.
The observation that decorin can affect multiple
[112]
signaling pathways dysregulated in HCC
, along
with its ability to downregulate β-catenin and Myc
[131]
WAF1/
expression
with concurrent induction of p21
CIP1[132]
, indicates that decorin may serve as a tumor
suppressor in liver cancer. In support of this role,
levels of decorin mRNA are reportedly downregulated
[133,134]
in HCC
, and decorin was found to inhibit
[135]
proliferation of HuH7
and HepG2 hepatoma cells
WAF1/CIP1
KIP2[136,137]
via induction of p21
and p57
, while
[135-137]
enhancing apoptosis
. Furthermore, virusmediated transfection of decorin causes death of
[138]
xenografted HCC cells .
Interestingly, well-defined deposits of decorin
surround tumor foci in experimental models of
[139]
hepatocarcinogenesis
. At the same time, decorin
production is decreased in the majority of human
hepatoma stroma cells within the tumor tissue,
while the expression is increased in the surrounding
connective tissue (unpublished data). Furthermore, an
inverse correlation exists between decorin expression
and aggressive HCC behavior, as ablation of the
decorin gene results in enhanced tumor formation
in primary hepatocarcinogenesis models, likely due
to enhanced receptor tyrosine kinase signaling and
WAF1/CIP1
[119,139]
failed p21
induction
. Indeed, increased
phosphorylation of epithelial and platelet-derived
growth factor receptors, macrophage stimulating
protein receptor, and insulin-like growth factor receptor
[139]
was observed with decorin deletion .

Decorin

Decorin is the prototypical member of the SLRP
family, and is glycanated with either a single CS or DS
[106,108]
chain
. Primarily expressed by fibroblasts and
myofibroblasts among various tissue types, decorin
is most abundant in the skin, connective tissues,
[109]
muscles, and the kidney
. Indeed, it was named
based on its “decoration” of collagen fibers through
binding to collagen Ⅰ where it regulates fibril formation
[110,111]
and stabilization
. However, it is also known to be
involved in many biologic and physiologic processes,
including cell proliferation and differentiation, via
interaction with various growth factors, matrix
constituents, and signal transduction pathway-coupled
receptors, such as those known to be dysregulated in
[112]
HCC
. Therefore, soluble forms of decorin may act
as pan-receptor tyrosine kinase inhibitors, targeting
receptors for epidermal growth factor, HGF, insulin-like
growth factor, vascular endothelial growth factor, and
[108,113-121]
platelet-derived growth factor
. Interactions
with such receptors can also lead to decorin-induced
caveosomal internalization and receptor degra
[122]
dation .
In the healthy liver, decorin levels are generally
low, with the exception of the central veins and
the portal tracts where expression is higher. Some
expression has also been detected in the sinusoidal
walls. However, decorin accumulates with increased
connective tissue production in chronic liver injury and
is deposited along the sinusoidal walls as capillarization
occurs, though its appearance often precedes the
accumulation of fibrillar collagens. Furthermore,
decorin colocalizes with high amounts of TGF-β1, a
key stimulator of fibrillogenesis, in fibrotic areas in
[123]
cases of chronic hepatitis, fibrosis, and cirrhosis
.
Indeed, decorin has been shown to directly bind
[124,125]
to and regulate TGF-β1
, as well as indirectly
via association with the low-density lipoprotein
[126]
receptor-related protein receptor
. Through similar
interactions, decorin can inhibit TGF-β1-dependent
proliferation of fibroblasts, production of matrix in
[127]
experimental renal fibrogenesis
, and collagen
[128]
synthesis in hepatic stellate cells
. Moreover, de
corin-deficient mice exhibit increased susceptibility
to thioacetamide-induced fibrogenesis, as well as
enhanced connective tissue deposition and significantly
higher TGF-β1 bioactivity compared to their wild-type
[129]
counterparts . The lack of decorin also impeded the
resolution of severe fibrosis, which may have been due
to impaired matrix metalloprotease action. In addition,
in vitro experiments demonstrated that knockdown of
decorin in the LX2 hepatic stellate cell line increased
the expression of smooth muscle actin and collagen
type I. These observations support the notion that
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Biglycan

Biglycan is a member of the SLRP family that is
produced by activated hepatic stellate cells during
[140,141]
fibrogenesis
. Biglycan is deposited along with
[142]
decorin in fibrotic areas
, and similarly interacts
with members of the TGF-β/bone morphogenetic
[107]
protein family
. However, mechanistic details of
its contribution to liver diseases have not yet been
[91]
elucidated .

Asporin

Asporin is a proteoglycan that is very similar in
structure to decorin and biglycan, though it does not
[143,144]
contain any GAG chains
. Its name is derived
from its aspartic acid-rich N-terminal region and its
overall homology and similar tissue distribution to
decorin. Although it is not expressed in normal liver
[143,144]
tissue
, levels of asporin are upregulated in
[145]
cancer-associated fibroblasts in gastric carcinoma
.
Moreover, asporin can interfere with TGF-β/Smad
[146]
signaling , and therefore may potentially play a role
in liver malignancies.
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Fibromodulin and lumican

expression in hepatocarcinogenesis. However, versican
was not detected in tumor cells in immunohistochemical
analyses from a large cohort of human HCC
[179]
specimens . Thus, further study is needed to confirm
the role of versican in liver cancer.

Fibromodulin and lumican are SLRPs that contain KS
GAG chains. Although not detectable in normal liver,
expression of these proteoglycans is induced during
[147]
liver fibrogenesis
. Fibromodulin was shown to
promote the profibrogenic potential of hepatic stellate
[148]
cells
, and lumican was found to be a prerequisite
[149]
for hepatic fibrosis
. However, the role of these
specific SLRPs in hepatocarcinogenesis has not yet
been determined.

CONCLUSION
Proteoglycans can be found on the cell surface and
in the extracellular matrix. Their GAG chains interact
with numerous regulatory molecules and signaling
pathways, including growth factors, cytokines, and
hormones, thus affording the potential to influence
a myriad of cellular processes, including those linked
with cancer development. There is clear evidence
that proteoglycan composition changes with liver
cancer development, and thus proteoglycans provide
targets for potential therapeutic agents and diagnostic
biomarkers.

HYALECTANS
Versican

Versican is a member of the hyaluronic acid-binding
proteoglycan group that contains CS and DS GAG
side chains, and is a ubiquitous component of the
interstitial stroma ECM. Its four splice variants (V0,
V1, V2, and V3) all have N-terminal and C-terminal
globular domains responsible for various molecular
interactions, and may or may not contain two GAG
binding domains (GAGα and GAGβ). In adult tissues,
the V2 variant is the most frequent, which contains
the CS GAGβ binding domain. The number of CS/
DS chains varies among the variants, whereas the
number, length, and molecular structure of the GAG
chains are influenced by the N-terminal and C-terminal
[150]
globular domains . Synthesis of versican is primarily
[151-153]
stimulated by TGF-β1
, but also by plateletderived growth factor and interleukin 1α, whereas its
[154,155]
production is inhibited by interleukin 1b
.
In the ECM, versican interacts with various partners,
[156-158]
[157]
such as tenascin-R, fibulin-1
, fibrillin-1
,
[159]
[160,161]
fibronectin
, P- and L-selectin
, and various
[150]
chemokines
via the globular domains or GAG chains.
In addition, versican has been shown to bind to the
[150]
epidermal growth factor receptor
, and to the cell[160]
[162]
surface proteins CD44
and integrin β1 . Recently,
versican has been shown to act on macrophages
through toll-like receptors (TLR2 and TLR6), and
promote inflammatory cytokine production and tumor
[163]
cell metastasis
. The ability of versican to interact
with a variety of regulatory components and cell-surface
molecules indicates that versican could potentially
influence cell adhesion, proliferation, apoptosis,
[164-167]
migration, and invasion
.
Elevated expression of versican (V0 and V1 variants)
has been found in numerous types of malignancies,
including breast and prostate cancers, gliomas,
osteosarcomas, fibrosarcomas, and melanomas, where
it is associated with cancer relapse and poor patient
[168-174]
outcome
. Recent studies show that expression of
[175,176]
versican is regulated by a number of microRNAs
.
Interestingly, the 3’UTR of versican can bind to
and antagonize some of these microRNAs, thereby
[177]
enhancing its own expression
. Indeed, transgenic
mice expressing the 3’UTR region of versican develop
[178]
HCC
, demonstrating a possible role for versican
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REVIEW

Chemoprevention of obesity-related liver carcinogenesis by
using pharmaceutical and nutraceutical agents
Hiroyasu Sakai, Yohei Shirakami, Masahito Shimizu
the most common malignancies affected by obesity.
Therefore, obesity and its related disorders might be
a key target for the prevention of HCC. Recently, new
research indicates that the molecular abnormalities
associated with obesity, including insulin resistance/
hyperinsulinemia, chronic inflammation, adipokine
imbalance, and oxidative stress, are possible molecular
mechanisms underlying the pathogenesis of obesityrelated hepatocarcinogenesis. Green tea catechins
and branched-chain amino acids, both of which are
classified as nutraceutical agents, have been reported
to prevent obesity-related HCC development by
improving metabolic abnormalities. The administration
of acyclic retinoid, a pharmaceutical agent, reduced the
incidence of HCC in obese and diabetic mice, and was
also associated with improvements in insulin resistance
and chronic inflammation. In this article, we review
the detailed molecular mechanisms that link obesity
to the development of HCC in obese individuals. We
also summarize recent evidence from experimental
and clinical studies using either nutraceutical or
pharmaceutical agents, and suggest that nutraceutical
and pharmaceutical approaches targeting metabolic
abnormalities might be a promising strategy to prevent
the development of obesity-related HCC.
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Core tip: Obesity and its related metabolic disorders
increase the risk of hepatocellular carcinoma (HCC).
In particular, the molecular abnormalities represented
by insulin resistance/hyperinsulinemia, chronic
inflammation, adipokine imbalance, and oxidative
stress play a central role in the development of obesityrelated HCC. Administration of green tea catechins,
branched-chain amino acids, and acyclic retinoid has
improved these metabolic abnormalities, and resulted

Abstract
Obesity and its related metabolic disorders are
health problems worldwide, and lead to various
related complications, including cancer. Among
cancers, hepatocellular carcinoma (HCC) is
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improvement of chronic inflammation through the
inhibition of pro-inflammatory cytokines such as tumor
necrosis factor (TNF)-α and interleukin (IL)-6, plays
an important role in the suppression of obesity-related
[22-25]
colorectal cancer and HCC
. These facts suggest
that pathophysiological disorders due to obesity and its
related metabolic alterations could be critical targets
for the chemoprevention of obesity-related liver
carcinogenesis.
In this review, we summarize the multiple path
ogenic mechanisms by which obesity and its related
metabolic disorders induce the development of HCC,
with a special focus on the emergence of insulin
resistance and subsequent inflammatory cascades.
We also discuss the possibility of nutraceutical or
pharmaceutical approaches for targeting obesityinduced pathophysiological disorders for the prevention
of obesity-related liver carcinogenesis.

in the inhibition of HCC development in obese and
diabetic mice models. In this review, we highlight
the possibility that nutraceutical and pharmaceutical
approaches targeting metabolic abnormalities are a
promising strategy to prevent the development of
obesity-related HCC.
Sakai H, Shirakami Y, Shimizu M. Chemoprevention of
obesity-related liver carcinogenesis by using pharmaceutical
and nutraceutical agents. World J Gastroenterol 2016;
22(1): 394-406 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i1/394.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i1.394

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common neoplasm and the third leading cause of
cancer-related deaths in the world. It accounts for
more than 90% of primary liver cancers, and its
[1,2]
incidence is increasing . It is well known that HCC
primarily develops from chronic liver inflammation and
subsequent cirrhosis induced by persistent infection
[3]
with the hepatitis B or hepatitis C viruses . However,
more recently, the incidence of HCC attributed to
nonalcoholic fatty liver disease (NAFLD), which is
[4]
related to obesity and systemic insulin resistance ,
has been rapidly increasing, especially in developed
[5]
countries .
Obesity is now recognized as one of the most
serious health problems worldwide, and its prevalence
[6]
has dramatically increased in the last few decades .
It often causes a number of medical disorders,
including type-2 diabetes mellitus, hypertension,
and hyperlipidemia, which are collectively known as
“metabolic syndrome”. In addition, recent publications
indicate that obesity and its related metabolic
abnormalities, especially diabetes mellitus, are im
portant risk factors for the development of many types
[7-16]
of human malignancies, including HCC
. Moreover,
obesity-associated neoplasms are likely to be more
aggressive, and have an increased risk of recurrence,
[17,18]
thereby resulting in higher mortality
. Indeed, in
a prospective study conducted in a large cohort of
[19]
American adults, Calle et al
reported that men with
2
a body mass index (BMI) greater than 35 kg/m had
significantly higher mortality rates due to HCC when
compared to men with a normal BMI.
Accumulating evidence from epidemiological
and experimental studies indicates that several
pathophysiological mechanisms link obesity to liver
carcinogenesis, including insulin resistance and
adipocytokine imbalance, alterations in the insulinlike growth factor-1 (IGF-1)/IGF-1 receptor (IGF1R) axis, a state of chronic inflammation, and the
[9,10,15,20,21]
induction of oxidative stress
. Meanwhile,
several experimental studies have revealed that the
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LIVER STEATOSIS AND HCC
NAFLD has been referred to as the hepatic mani
festation of obesity and metabolic syndrome and has
become one of the most common liver diseases in
[26]
developed countries . NAFLD is mostly limited to liver
steatosis, but approximately 20% of all cases present
as nonalcoholic steatohepatitis (NASH) featuring
hepatocyte injury, chronic liver inflammation, and
various degrees of fibrosis with an elevated risk of
[27-30]
developing liver cirrhosis and HCC
. Obesity is the
main risk factor for NAFLD and up to 90% of obese
[31]
people have some degree of liver steatosis ; however,
NAFLD can be observed even in non-obese individuals
[4,32]
with insulin resistance and hyperinsulinemia
. In
contrast, obesity with only abdominal adiposity and
without insulin resistance does not appear to play a role
[33]
in liver steatosis . These results indicate that obesityinduced metabolic abnormalities, especially insulin
resistance, might be a crucial factor in the development
of NAFLD.
Most NAFLD-related HCCs are believed to develop
in the background of cirrhotic liver, similar to other
[3]
etiologies such as chronic hepatitis virus infection .
Accumulating evidence indicates that NAFLD-induced
cirrhosis increases the risk of HCC development in
[34-37]
the absence of other risk factors
. Primary liver
carcinomas, including HCC, often occur in patients with
NASH, especially in those with advanced fibrosis and
[38,39]
cirrhosis
. However, evidence is also accumulating
indicating that NAFLD is strongly associated with the
[40-43]
development of non-cirrhotic HCC
.
[44]
A recent study from Yasui et al
revealed that
approximately half of the 87 patients with HCC and
biopsy-proven NASH had no established cirrhosis. In
addition, a population-based study reported that 2863
cases of HCC (16% of the total number of HCC cases)
were due to histologically confirmed NAFLD without
[45]
other etiologies . Notably, 1031 cases (36%) of
NAFLD-related HCC were found in non-cirrhotic livers,
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and 18% of these cases developed in simple fatty liver
[45]
without steatohepatitis . Thus, liver cirrhosis is not
necessarily linked to the occurrence of obesity-related
HCC.
As described above, NAFLD-related HCCs are
likely to occur even in individuals with either NASH
or simple fatty liver, in the absence of advanced
[34,40-44,46]
liver fibrosis
. In these cases, the presence
of metabolic syndrome, especially type 2 diabetes
mellitus and obesity, plays a positive role in the
[47]
development of HCC . Notably, the features of HCC
arising in these individuals are different from those
arising in patients with chronic viral hepatitis, in terms
of tumor size, the degree of tumor differentiation,
[43]
and the extent of liver fibrosis . Thus, given these
differences between NAFLD-related and hepatitis
virus-induced HCC, it is anticipated that specific
pathophysiological mechanisms may present in the
background of NAFLD-related hepatocarcinogenesis.

development of obesity-associated HCC.
Excess fat accumulation in obesity results from
a chronic increase in nutrient intake and a decrease
in physical exercise, which leads to expansion of
adipose tissue and recruitment of various immune
[60-62]
cells, such as macrophages
. Hypertrophic
adipocytes and infiltrated macrophages secrete free
fatty acids and various pro-inflammatory cytokines,
[9,10,15,20]
including TNF-α and IL-6
, and contribute to
the development of insulin resistance and low-grade,
[63,64]
chronic inflammation
. Moreover, excess production
of storage lipids causes an imbalance of serum
adipokine levels, which is related to obesity-associated
[65,66]
carcinogenesis
.
The serum levels of adiponectin, an anti-inflam
matory and tumor growth-limiting cytokine, are
[67]
reduced in obese individuals
and are negatively
[68,69]
correlated with obesity
. On the other hand, highcirculating levels of leptin, a major adipokine with proinflammatory and pro-fibrogenic effects, are observed
[70]
in patients with obesity and NAFLD . Notably, leptin
has a growth-promoting effect through the activation
of Janus kinase (JAK), a signal transducer and activator
of transcription-3 (Stat3), PI3K/Akt, and extracellular
[71]
signal-regulated kinase (Erk) signaling pathways . In
addition, leptin can induce the expression of TNF-α and
[72,73]
IL-6
, and result in tumor growth and progression
as described above. Leptin also induces oxidative
[74]
stress and inflammation in endothelial cells . Indeed,
in HCC patients, higher levels of serum leptin increase
[75]
the risk of HCC recurrence after curative treatment .
Moreover, the positive association between leptin levels
and the development of HCC has been elucidated by
[71,76-79]
recent in vitro studies
. Taken together, these facts
suggest that obesity-related metabolic abnormalities
work simultaneously with, and complementary to,
one another, and that they increase the risk of cancer,
including HCC, in obese individuals (Figure 1).

POTENTIAL PATHOPHYSIOLOGICAL
MECHANISMS OF
HEPATOCARCINOGENESIS ASSOCIATED
WITH OBESITY
Although the pathways linking obesity to hepatocar
cinogenesis remain poorly defined, accumulating
evidence has led to the identification of potential
pathophysiological mechanisms, including insulin
resistance and the subsequent inflammatory cascades.
Liver-specific and systemic insulin resistance are
[20,48]
major consequences of obesity
and lead to fat
accumulation in the hepatocyte by lipolysis and
hyperinsulinemia, resulting in the development of liver
[32,47]
steatosis, including NAFLD
. In addition, insulin
resistance and hyperinsulinemia increase the biological
activity of IGF-1, an important endocrine and paracrine
[49-51]
regulator of tissue growth and metabolism
.
The binding of insulin and IGF-1 to their respective
cell surface receptors on tumors activates the pho
sphatidylinositol 3-kinase (PI3K)/Akt pathway, which
is responsible for cellular processes like growth,
[52,53]
proliferation, and survival
Indeed, alterations in
the IGF-1/IGF-1R axis have been shown to contribute
[52-55]
to the pathogenesis of HCC
. Moreover, insulin
resistance also leads to an increased expression of
pro-inflammatory cytokines, including TNF-α and
IL-6, through the creation of an oxidative stress
[56]
environment in the tissues . The dysregulation of
these cytokines is associated with the development of
steatosis, chronic liver inflammation, and liver tumor
[9,10,15,20,25,57]
formation
. Furthermore, DNA damage due
to increased oxidative stress activates the PI3K/Akt
[58,59]
pathway
, suggesting that both of these may
promote liver tumorigenesis in obese individuals.
Thus, insulin resistance and its related inflammatory
cascades are thought to be key factors involved in the
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OTHER POSSIBLE MECHANISMS LINKING
OBESITY TO HEPATOCARCINOGENESIS:
GENETIC RISK FACTORS
Recently published research has highlighted the
relevance of genetic risk factors in the predisposi
tion toward hepatocarcinogenesis in patients with
[80]
NAFLD . In particular, the I148M variant of patatinlike phospholipase domain-containing protein 3
(PNPLA3) is a risk factor for HCC development in obese
[81,82]
and NAFLD patients
. Indeed, one recent cohort
study involving 3473 obese individuals observed a high
incidence of HCC development in the subjects with
[83]
the I148M risk allele . Interestingly, this risk allele
is associated with HCC development independently
of its effect on the progression of liver fibrosis and
[82,84,85]
cirrhosis
. Given that NAFLD-related HCC is likely
to occur in individuals without advanced liver fibrosis, it
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Figure 1 Proposed mechanisms linking obesity and its related metabolic abnormalities to the development of hepatocellular carcinoma. HCC:
Hepatocellular carcinoma; HSCs: Hepatic stellate cells; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBP-3: IGF-binding
protein-3; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; Jak: Janus kinase; Stat: Signal transducer and activator of transcription;
SASP: Senescence-associated secretory phenotype; PI3K: Phosphatidylinositol 3-kinase.

is believed that genetic risk factors, such as the I148M
variant, also play an important role in the development
of NAFLD-related HCC (Figure 1).

a key role in the development of obesity-related HCC
(Figure 1).

BENEFICIAL EFFECTS OF WEIGHT
REDUCTION IN PATIENTS WITH NAFLD

OTHER POSSIBLE MECHANISMS LINKING
OBESITY TO HEPATOCARCINOGENESIS:
MICROBIOME COMPOSITION

Although several agents have been evaluated in
clinical trials, there are currently no well-established
[94]
therapies for NAFLD . However, several recent
clinical studies have elucidated the beneficial effects of
[95-100]
weight reduction in the improvement of NAFLD
.
Notably, weight reduction based on dietary and lifestyle
modifications improved the histological features of
[101]
NAFLD in overweight subjects
. Interestingly, this
beneficial effect was associated with an improvement
in biological parameters (aspartate aminotransferase/
alanine aminotransferase/γ-glutamyltransferase),
metabolic ones (body mass index/fasting glucose/insulin
[101]
resistance) or in the imbalance of adipocytokines
.
Besides, recent studies examined the association
between the magnitude of weight reduction and
changes in histological features of liver steatosis, and
reported that a weight loss of over 7% is essential to
[96,97,100,102]
yield histological outcomes
. Moreover, Vilar[103]
Gomez et al
reported that weight reduction of
over 10% through lifestyle modification significantly
reduced NASH-related histological features, including
fibrosis and portal inflammation. Thus, weight reduction
based on lifestyle modification can be effective in the

The relationship between the intestinal microbiome and
metabolic regulation is attracting an increasing amount
of attention. Indeed, several experimental studies
have demonstrated that intestinal dysbiosis is asso
ciated with the development of metabolic disorders,
[86-92]
including obesity, insulin resistance, and NAFLD
.
Interestingly, obesity-induced alteration of gut
microbiota promotes liver carcinogenesis through the
activation of hepatic stellate cells (HSCs). Dietary and
genetic obesity induced an alteration of gut microbiota,
resulting in increased levels of deoxycholic acid
[93]
(DCA) . The enterohepatic circulation of DCA induced
senescence-associated secretory phenotype (SASP) in
the activated HSCs, leading to hepatocarcinogenesis
via the secretion of various tumor-promoting factors in
[93]
the liver . Notably, the inhibition of DCA production
or the reduction of gut bacteria prevented the
[93]
development of HCC in obese mice . Thus, these
results indicate that the SASP in the activated HSCs
due to obesity-induced gut microbial metabolites plays
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[114]

management of patients with NASH, and is currently
recommended as a first line therapeutic intervention for
[94,103,104]
this disease
.

rats
. Thus, GTCs possess the ability to improve
obesity and its related metabolic abnormalities.
In addition to the improvement of obesity, other
studies have reported on the anti-cancer and cancer[115-118]
preventative effects of GTCs
. A number of
studies have demonstrated that GTCs inhibit the
proliferation of, and induce apoptosis in, cancer cells by
modulating the activation of several receptor tyrosine
kinases (RTKs) and their downstream signaling
[115-117,119,120]
pathways, such as Ras/Erk and PI3K/Akt
.
Moreover, the down-regulation of IGF/IGF-1R and
the activation of IGF-binding protein-3 (IGFBP-3),
which negatively controls IGF/IGF-1R signaling, are
responsible for the growth inhibition of colorectal
[121,122]
and HCC cells
. Given that IGF/IGF-1R signaling
plays an important role in the development of obesityrelated HCC as stated above, GTCs are a promising
candidate for the chemoprevention of this malignancy.
Indeed, our recent publication reported that (-)-epi
gallocatechin gallate (EGCG), a major biologically
active component of green tea catechins, significantly
inhibited the development of liver foci and adenoma in
[55]
DEN-treated db/db mice . Moreover, EGCG decreased
the serum levels of insulin, IGF-1, IGF-2, and inhibited
the phosphorylation of IGF-1R, Erk, Akt, and GSK[55]
3β in the liver . Furthermore, mRNA expression of
TNF-α, IL-6, IL-1β, and IL-18 in the liver was reduced
[55]
by EGCG treatment . Thus, EGCG prevents obesityrelated HCC development by modulating IGF/IGF-1R
signaling, and by improving both insulin resistance and
chronic liver inflammation. These data also indicate
that GTCs, especially EGCG, may be useful for the
chemoprevention of obesity-related HCC development
(Figure 2).
To date there are no clinical studies that evaluate
the chemopreventive effects of GTCs on obesityrelated hepatocarcinogenesis in humans. However,
our pilot study showed that oral supplementation of
GTCs (1.5 g/d) for 1 year significantly reduced the
incidence of metachronous colorectal adenomas after
[123]
polypectomy
. In addition, a randomized, doubleblinded, placebo-controlled study reported that oral
administration of GTCs for 1 year prevented the
progression of high-grade prostate intraepithelial
[124]
neoplasia to prostate cancer . Considering its chemo
preventive effects in several human malignancies,
an interventional approach using GTCs might also
be effective in the prevention of obesity-related
hepatocarcinogenesis. However, further clinical studies
are needed in this field to verify our hypothesis.

PREVENTION OF OBESITY-RELATED
HCC USING THE NUTRACEUTICAL
APPROACH: GREEN TEA CATECHINS
As stated earlier, obesity and its related metabolic
abnormalities, including insulin resistance and chronic
inflammation in the liver, play an important role in the
development of HCC. This indicates that metabolic
abnormalities induced by obesity may be a valuable
target in the prevention of liver carcinogenesis in obese
individuals. Indeed, genetic ablation of TNF-α and
IL-6 signaling could reduce the incidence of obesitypromoted hepatocarcinogenesis through the reduction
[25]
of liver steatosis and steatohepatitis . In support
of this idea, administration of adiponectin resulted in
the reduction of leptin-induced liver tumorigenesis
[105]
in nude mice
. Thus, targeting obesity-related
metabolic abnormalities is a promising strategy for the
prevention of HCC.
An improvement of metabolic abnormalities
through nutraceutical or pharmaceutical intervention
might be an effective strategy to inhibit obesity-related
liver carcinogenesis, as has already been reported
[106]
experimentally for colon carcinogenesis . In order to
verify this hypothesis, we experimentally investigated
the chemopreventive effects of nutritional agents,
including green tea catechins (GTCs) and branchedchain amino acids (BCAA) in obese and diabetic
C57BL/KsJ-db/db (db/db) mice, and supplemented our
findings by summarizing the relevant results of recent
publications.
The db/db mice have a functional defect in the
long-form leptin receptor, leading to hyperleptinemia
and obesity due to overeating. Because of the obesity,
hyperinsulinemia, and hyperleptinemia, these mice
are regarded as a suitable animal model that mimics
[107]
metabolic syndrome in humans . In addition, the mice
are susceptible to chemical carcinogens and develop
N-diethylnitrosamine (DEN)-induced liver tumorigenesis
through the activation of IGF/IGF-1R and the induction
[54,55,108]
of chronic inflammation in the liver
. Thus, the
db/db mice are thought to be a suitable mouse model
[54]
of obesity-related hepatocarcinogenesis .
Recently, the beneficial effects of GTCs on the
[109]
improvement of obesity have been reported
. A
mechanistic review reported that the anti-obesity
effects of GTCs results from underlying mechanisms
that promote energy expenditure, fatty acid oxidation,
[110]
and a reduction in nutrient absorption . In addition,
GTCs improved hyperglycemia, insulin resistance,
and hyperleptinemia, and result in an improvement in
liver steatosis and liver dysfunction in rodent diabetic
[111-113]
models
. Treatment with GTCs decreases serum
levels of insulin, TNF-α and IL-6 in insulin-resistant
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PREVENTION OF OBESITY-RELATED
HCC USING THE NUTRACEUTICAL
APPROACH: BRANCHED-CHAIN AMINO
ACIDS
As the liver plays an important role in the regulation of
metabolism, patients with chronic liver disease are often
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Figure 2 Mechanisms of action of green tea catechins, branched-chain amino acids, and acyclic retinoid in the inhibition of obesity-related liver
carcinogenesis. HCC: Hepatocellular carcinoma; GTCs: Green tea catechins; BCAA: Branched-chain amino acid; ACR: Acyclic retinoid; TNF-α: Tumor necrosis
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malnourished and have metabolic abnormalities, such
[125-128]
as hypoalbuminemia and insulin resistance
. The
decreased serum levels of BCAA (valine, leucine, and
isoleucine) and hypoalbuminemia worsen the outcomes
of cirrhotic patients; however, supplementation with
BCAA improves protein-energy malnutrition and
hypoalbuminemia, resulting in an improvement in
the quality of life and in the prognosis of cirrhotic
[125,127,129,130]
patients
. In addition, the beneficial effects
of BCAA on the regulation of glucose metabolism have
been demonstrated in recent clinical and experimental
[131-134]
studies
. Thus, BCAA possesses the ability to
improve not only malnutrition induced by chronic liver
diseases, but also glucose intolerance, such as insulin
resistance.
Notably, a long-term survival study reported that
the continuous administration of BCAA was associated
with a reduced incidence of HCC in obese cirrhotic
[12]
patients . This result also suggests the hypothesis
that BCAA might have an anti-cancer effect on the
development of HCC in obese cirrhotic patients.
Therefore, in order to verify our hypothesis and clarify
the detailed mechanisms of BCAA in the prevention
of obesity-related HCC development, we conducted
an experimental study by using a DEN-induced HCC
[54]
model in obese and diabetic db/db mice . In this
study, BCAA supplementation significantly inhibited
the incidence of liver neoplasms, including hepatic
adenoma and HCC, through the inhibition of IGF-1,
[54]
IGF-2, and IGF-1R protein expression in the liver .
The reduced incidence of liver neoplasms in this
model was associated with improvements in insulin
[54]
resistance, hyperleptinemia, and liver steatosis .
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Moreover, our recent publication demonstrated that
the administration of BCAA significantly suppressed
the spontaneous development of liver neoplasms in
db/db mice by inhibiting the expression of TNF-α, IL-6,
[135]
and IL-1β mRNA in the liver
. Furthermore, BCAA
inhibited the infiltration of macrophages into white
adipose tissues, resulting in a reduction of TNF-α and
[135]
IL-6 mRNA production from the tissue . Thus, BCAA
inhibited the development of liver tumorigenesis in
obese rodents by regulating various obesity-induced
metabolic abnormalities, especially insulin resistance
and chronic inflammation, suggesting that BCAA is
a promising agent for the chemoprevention of liver
carcinogenesis in obese patients (Figure 2).

PREVENTION OF OBESITY-RELATED
HCC USING THE PHARMACEUTICAL
APPROACH: ACYCLIC RETINOID
Retinoids, derivatives of vitamin A, exert their biological
functions by regulating the transcription of target
genes through two distinct nuclear receptors - retinoic
acid (RA) receptors (RARs) and retinoid X receptors
(RXRs), both of which consist of three subtypes
(α, β, and γ) characterized by a modular domain
[136,137]
structure
. Among these receptors, RXRα is the
[138]
most abundant RXR subtype in the adult liver . Once
RXRα is activated by its specific ligands, including RA
or 9-cis-RA (9cRA), RXRα forms homodimers with itself
or heterodimers with other RARs and then interacts
with their respective DNA response elements, resulting
in the regulation of proliferation, differentiation, and
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apoptosis of liver cells. Thus, RXRα plays a crucial role
in maintaining the homeostasis of liver cells.
Reduced expression of RXRα has been associated
[139]
with carcinogen-induced rat hepatocarcinogenesis
.
The impact of impaired receptor function of RXRα in
the development of HCC is demonstrated through
experimental studies. In HCC, RXRα is highly
phosphorylated by an activated Ras-Erk 1/2 pathway,
and accumulates in HCC by preventing its normal
degradation through the ubiquitin-proteasome
[140]
pathway
. The accumulated RXRα abrogates the
function of the remaining intact RXRα in a dominantnegative manner, thereby inhibiting the formation of
heterodimers with the partner molecules, including
[141-144]
a tumor suppressor gene, RARβ
. In addition,
phosphorylated RXRα is refractory to its potent
[145]
ligand, 9cRA, and evades 9cRA-induced apoptosis .
Thus, the impaired receptor function of RXRα due to
phospho-modification also plays a critical role in the
development of HCC, suggesting that phosphorylatedRXRα may in the future be a key target for HCC
chemoprevention and treatment.
Acyclic retinoid (ACR), which is equivalent to
NIK-333 or peretinoin (Kowa Pharmaceutical Co.,
Tokyo, Japan), is a synthetic retinoid developed for
[139]
HCC chemoprevention . Recently, the chemopreven
tive effects of ACR were reported in our clinical studies.
A randomized, controlled clinical trial examined the
chemopreventive effects of ACR on secondary HCC
in patients who underwent curative treatment for
[146-148]
initial HCC
. In this study, oral administration of
ACR (n = 44 patients; dose = 600 mg/d) for 12 mo
significantly reduced the incidence of post-therapeutic
recurrence or new HCC development compared to
the placebo group (n = 45 patients) (median follow[146,147]
up time = 38 mo; p = 0.04)
. Moreover, the
preventative effects of ACR lasted for up to 3 years
[148]
following the completion of ACR administration
.
In addition, a subgroup analysis of a large-scale,
randomized, placebo-controlled study (n = 401
patients) also showed that ACR (n = 100 patients;
dose = 600 mg/d) reduced the risk of HCC recurrence
or death by approximately 40% compared to placebo (n
= 106 patients), especially in patients with Child-Pugh
[149]
A and small tumors (size < 20 mm) (p = 0.0347) .
The possible molecular mechanisms by which
ACR prevents the recurrence and the development of
secondary HCC have been elucidated in experimental
studies using HCC cell lines. We found that ACR
restores the impaired receptor functions of RXRα by
inhibiting RXRα phosphorylation. Namely, ACR inhibits
the activated Ras-Erk 1/2 pathway independent
of RXRα, and consequently prevents phosphomodification of RXRα, thereby restoring the function of
[150]
RXRα in HCC cells . Furthermore, we found that ACR
inhibits not only the Ras-Erk 1/2 pathways but also
several types of growth factors and their corresponding
[151-156]
RTKs in several malignancies, including HCC
.
Moreover, ACR itself functions as a ligand for RXRα and
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regulates the expression of its downstream genes such
as p21, RARβ, and Cyclin D1, thereby preventing HCC
development through inhibition of cell proliferation or
[145,153,157,158]
induction of differentiation and apoptosis
.
Thus, ACR may prevent the development of HCC via
the pleiotropic responses of ACR target molecules,
including phosphorylated RXRα.
Interestingly, our experimental study also elu
cidated the chemopreventive effects of ACR on the
development of obesity-related HCC using the DENinduced HCC model of obesity and diabetic db/db
[108]
mice
. In this study, ACR significantly reduced the
incidence of obesity-related HCC by inhibiting Ras
activation and the phosphorylation of Erk-1/2 and
[108]
RXRα, thereby restoring RXRα function in the liver .
Notably, the administration of ACR improved obesityrelated metabolic abnormalities, such as insulin
[108]
resistance and liver steatosis
. Moreover, ACR
treatment decreased the levels of serum TNFα, as
well as the expression of TNFα, IL-6, and IL-1β mRNA
in the liver, resulting in an improvement of chronic
[108]
inflammation
. As stated above, insulin resistance
and chronic inflammation are significant risk factors for
the development of obesity-related HCC. Therefore,
the use of ACR in obese and cirrhotic patients with
diabetes might be an effective strategy in preventing
obesity-related HCC (Figure 2).

CONCLUSION
In this review, we highlighted nutraceutical and
pharmaceutical approaches to targeting metabolic
abnormalities as promising strategies to prevent
the development of HCC in obese individuals. The
molecular abnormalities represented by (1) insulin
resistance/hyperinsulinemia; (2) chronic inflammation;
(3) adipokine imbalance; and (4) oxidative stress,
are regarded as the likely molecular mechanisms
linking obesity to cancer development, including HCC.
As stated above, the nutraceutical agents GTCs and
BCAA prevented the development of obesity-related
HCC by inhibiting those abnormalities in obese and
diabetic mice. The safety of both GTCs and BCAA has
[123-125,127,129,130]
been shown in recent clinical studies
,
suggesting that an intervention using GTCs and BCAA
might be a practical approach for the chemoprevention
of obesity-related HCC.
In addition, the pharmaceutical agent ACR has
chemopreventive effects for recurrence or secondary
[146-149]
HCC after curative treatment
, and the safety
of the agent was demonstrated in our recent clinical
[146-149,159]
studies
. Moreover, ACR significantly reduced
the incidence of obesity-related HCC in obese and
diabetic mice, and this effect was associated with an
improvement in metabolic abnormalities, including
[108]
insulin resistance and chronic inflammation . While
the detailed mechanism by which ACR improves
metabolic homeostasis remains unclear, the positive
[108]
effects of ACR observed in the experimental study
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may encourage the use of the agent for the prevention
of HCC in obese individuals.
In conclusion, recent evidence highlights that
nutraceutical and pharmaceutical approaches that
target metabolic abnormalities are a promising
strategy for preventing the development of obesityrelated HCC. GTCs, BCAA, and ACR might be
candidates for this strategy. Further clinical studies are
needed to investigate if active intervention using one
or more of these agents can prevent the development
of obesity-related HCC.
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REVIEW

Treatment of hepatocellular carcinoma with portal venous
tumor thrombosis: A comprehensive review
Kichang Han, Jin Hyoung Kim, Gi-Young Ko, Dong Il Gwon, Kyu-Bo Sung
(approximately 2-4 mo), and PVTT is reportedly
found in 10%-40% of HCC patients at diagnosis.
According to the Barcelona Clinic Liver Cancer
(BCLC) Staging System (which is the most widely
adopted HCC management guideline), sorafenib is
the standard of care for advanced HCC (i.e. , BCLC
stage C) and the presence of PVTT is included in
this category. However, sorafenib treatment only
marginally prolongs patient survival and, notably, its
therapeutic efficacy is reduced in patients with PVTT.
In this context, there have been diverse efforts to
develop alternatives to current standard systemic
chemotherapies or combination treatment options. To
date, many studies on transarterial chemoembolization,
3-dimensional conformal radiotherapy, hepatic arterial
chemotherapy, and transarterial radioembolization
report better overall survival than sorafenib therapy
alone, but their outcomes need to be verified in future
prospective, randomized controlled studies in order
to be incorporated into current treatment guidelines.
Additionally, combination strategies have been applied
to treat HCC patients with PVTT, with the hope that the
possible synergistic actions among different treatment
modalities would provide promising results. This
narrative review describes the current status of the
management options for HCC with PVTT, with a focus
on overall survival.
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Core tip: Hepatocellular carcinoma (HCC) with portal
vein tumor thrombosis (PVTT) is associated with a
grave prognosis if left untreated. Sorafenib is the only
treatment modality recommended for treating HCC
patients with PVTT according to most international HCC

Abstract
The natural history of hepatocellular carcinoma (HCC)
with portal vein tumor thrombosis (PVTT) is dismal
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treatment guidelines. However, the survival benefits
observed following systemic sorafenib treatment are
only marginal. Under these circumstances, the need
for better treatment options remains unfulfilled. In this
comprehensive review, various treatment options are
presented-including transarterial chemoembolization,
transarterial radioembolization, hepatic arterial infusion,
chemotherapy, and radiotherapy-and their outcomes,
along with combination strategies.

SYSTEMIC THERAPY
Sorafenib-an oral multi-kinase tyrosine inhibitor that
demonstrates antiproliferative and antiangiogenic
effects-is the only drug proven to improve overall
survival in patients with advanced HCC, including
[10]
those with PVTT . The SHARP trial reported better
median overall survival without significant drug
toxicity in sorafenib-treated patients (10.7 mo in the
sorafenib group vs 7.9 mo in placebo group; HR =
[9]
0.69; 95%CI: 0.55-0.87, p < 0.001) . Subsequent
subgroup analyses revealed that sorafenib consistently
improved the median overall survival (OS) and median
time to tumor progression (TTP) in comparison with
the control group, irrespective of disease etiology,
baseline tumor extent (e.g., presence of macroscopic
vascular invasion), tumor stage (BCLC B-C), prior
therapy, or performance status. In particular, patients
with macrovascular invasion who were treated with
sorafenib demonstrated a longer median OS (8.1 mo
[10]
vs 4.9 mo) and TTP (4.1 mo vs 2.7 mo) . Similar
findings were also identified in an Asian-Pacific
population (6.5 mo in the sorafenib group vs 4.2 mo
in the placebo group; HR = 0.68; 95%CI: 0.50-0.93;
[9,11]
p = 0.014)
. Regarding the safety profile, the most
common adverse events included diarrhea, hand-foot
skin reaction, fatigue, and skin rash. However, the
incidence of serious or life-threatening complications
was rare and not affected by the baseline patient
characteristics. Therefore, it was suggested that
sorafenib could be administered to a wide range of
[10]
patients with HCC . Since these 2 key studies were
released, sorafenib has been considered the standard
of care for HCC patients with PVTT by many treatment
guidelines such as BCLC Staging System, European
Association for the Study of Liver Disease (EASL), and
American Association for the Study of Liver Diseases
[8,12]
(AASLD)
. A retrospective study of 30 HCC patients
with PVTT demonstrated that the median OS was
3.1 mo and the disease control rate was 33.3%,
[13]
respectively . Dose reduction was required in 13
patients due to fatigue, hand-foot syndrome, diarrhea,
nausea, and skin rash, but no grade 4 adverse events
occurred. Interestingly, 3 patients with a partial
response achieved marked PVTT revascularization,
and responsive patients demonstrated a significantly
prolonged OS in comparison with nonresponders.
It is assumed that sorafenib exerts antithrombotic
effects on PVTT by inhibiting the vascular endothelial
growth factor (VEGF) receptor pathway. Therefore,
a sensitivity analysis is warranted in order to predict
good responders to Sorafenib treatment.
Unfortunately, the observed survival benefits of
sorafenib in HCC patients with PVTT are modest, and
in recent years there have been efforts to combine
systemic chemotherapy with other locoregional
therapies in order to improve treatment outcomes.

Han K, Kim JH, Ko GY, Gwon DI, Sung KB. Treatment of
hepatocellular carcinoma with portal venous tumor thrombosis:
A comprehensive review. World J Gastroenterol 2016;
22(1): 407-416 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i1/407.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i1.407

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy and the world’s fifth most
common cancer, and predominantly occurs in patients
[1]
with liver cirrhosis . Portal vein tumor thrombosis
(PVTT) is reportedly found in 10%-40% of HCC
[2-4]
patients at diagnosis . PVTT is associated with a
dismal prognosis, as it is closely related to intrahepatic
metastasis and tumor recurrence, and patients only
demonstrate 2-4 mo of overall survival with the best
[3-5]
supportive care .
In HCC patients with PVTT, the management
options are limited and the optimal treatments remain
largely controversial. Curative-intent surgery is often
technically challenging, and liver transplant is mostly
[6,7]
contraindicated due to high tumor recurrence rates .
Transarterial chemoembolization (TACE) is generally
contraindicated as it can subsequently induce hepatic
necrosis and worsen liver function. Radiofrequency
ablation is not effective or safe due to the proximity of
the hepatic vasculature. External beam radiation plays
a limited role in PVTT due to the sensitivity of the liver
to radiation and potential for liver failure.
The Barcelona Clinic Liver Cancer (BCLC) Staging
System is the most widely adopted HCC manage
ment guideline, which classifies HCC with PVTT as
[8]
advanced HCC (BCLC stage C) . According to the
BCLC guidelines, sorafenib is the standard of care
for patients with advanced HCC (Figure 1). However,
the survival benefits observed following sorafenib
treatment are limited, and this underscores the need
[9]
for better treatment strategies . In recent years,
there have been attempts to develop alternative
or combination treatments in order to improve the
overall survival of patients with HCC and PVTT. In this
narrative article, these diverse treatment modalities
are thoroughly reviewed (Table 1).
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HCC

Stage 0
PS 0, Child Pugh A

Stage D
PS > 2, Child-Pugh C

Stage A-C
PS 0-2, Child-Pugh
A-B
Early stage (A)
Single or 3 nodules <
3 cm, PS 0

Very early stage (0)
Single < 2 cm

Single

Intermediate stage (B)
Multinodular PS 0

Advanced stage (C)
Portal invasion, N1,M1, PS
1-2

Terminal stage (D)

3 nodules ≤ 3cm

Portal pressure/bilirubin
Increased

Normal

Resection

Associated diseases

No
Liver transplantation

Yes
PEI/RF

Chemoembolization

Sorafenib

Curative treatments

Palliative treatments

Symptomatic treatment

30%-40% of patients

50% of patients

10% of patients

MOS > 60 mo: 5-yr survival: 50%-70%

MOS: 20 mo (45-14)

MOS: 11 mo (6-14)

MOS < 3 mo

Figure 1 Updated barcelona clinic liver cancer staging system and treatment strategy. HCC: hepatocellular carcinoma; RT: radiation therapy.

In addition, there are several other systemic agents
under development, but none have demonstrated
improved OS.

comparative study investigated the efficacy and safety
of administering TACE to HCC patients with PVTT in
[22]
comparison with conservative management . In
that study, the TACE group demonstrated significantly
better OS than the conservative treatment group
(7.1 mo vs 4.1 mo), and TACE-related complications
were adequately managed using conservative
treatment. According to the subgroup analysis of
segmental and major PVTT, the TACE group also
demonstrated significantly better survival. Treatment
type, PVTT extent, tumor size, and serum bilirubin
were independent prognostic factors of survival
on multivariate analysis. A recent meta-analysis,
which included the aforementioned study, showed
that patients who underwent a TACE procedure
demonstrated a significantly better 1-year survival rate
in comparison with patients who received conservative
[23]
treatment (OR = 3.079; 95%CI: 1.094-8.662) .
As an alternative to conventional lipiodol-based
TACE, nonresorbable microspheres can be loaded
with an anticancer agent and intraarterially infused
to increase the local drug concentration and reduce
[24]
systemic toxicity . These particles are known as
drug-eluting beads (DEB). There are few studies on
[25]
using DEB-TACE to treat HCC and PVTT. Kalva et al
evaluated the safety and efficacy of administering
DEB-TACE to advanced HCC patients, including those
with lobar PVTT. The median OS was 13.3 mo, and the
presence of portal vein thrombosis demonstrated no
statistically significant association with OS.
As demonstrated by various studies, TACE is

TRANSARTERIAL CHEMOEMBOLIZATION
Transarterial chemoembolization (TACE) refers to the
percutaneous intraarterial introduction of an embolic
agent that occludes tumor feeders in combination
with an anticancer agent, with the aim of delivering
sustained drug levels to the HCC. The anticancer agent
is mixed with Lipiodol or loaded onto microspheres.
Until now, TACE has been widely used to treat HCC in
different stages and plays an established role in the
[14-18]
treatment of unresectable HCC
. In the presence
of PVTT, however, TACE is theoretically contraindicated
because of the potential risk of hepatic insufficiency
that results from ischemia following TACE. However,
recent studies demonstrate that TACE can be safely
performed in the presence of adequate collateral
[19,20]
circulation around the occluded portal vein
.
[21]
Chung et al
have investigated the efficacy and
safety of TACE in patients with HCC and main PVTT
and reported a median OS period of 3.7 mo. The
median survival of the TACE group was significantly
longer than the supportive care group (5.6 mo
vs 2.2 mo). TACE and Child-Pugh A classification
were independent predictive factors associated with
better overall survival. Regarding complications, no
procedure-related deaths were reported within 4 wk
after TACE, and morbidity was 28.9%. A prospective
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Table 1 Summary of combination treatments for hepatocellular carcinoma patients with portal vein tumor thrombosis
Overall survival
(mo)
BSC
Sorafenib
TACE
HAIC
RT
TARE
TACE plus sorafenib
Sorafenib plus RT
TACE plus RT
HAIC plus RT

2-4
6.5-8.1
7-10
6.5-14
9.6-10.9
6-16.9
11-13
8.6-10.6
10.6-12
12.1

Extent of PVTT (mo)
Main PVTT

Ref.

Branch PVTT

5.3

10

7.7
3

16.9
13-15

12

Llovet et al[3], Schöniger-Hekele et al[5]
Llovet et al[9], Cheng et al[11]
Chung et al[21], Luo et al[22]
Park et al[26], Ando et al[27], Eun et al[28]
Toya et al[39], Nakazawa et al[40]
[47]
Salem et al , Kulik et al[49], Sangro et al[48], Memon et al[50]
Pan et al[58], Zhu et al[59]
Chen et al[53], Chow et al[61]
Yoon et al[64], Chung et al[72], Kim et al[73]
Fujino et al[76]

BSC: Best supportive care; TACE: Transarterial chemoembolization; HAIC: Hepatic arterial infusion chemotherapy; RT: Radiation therapy; TARE:
Transarterial radioembolization; PVTT: Portal vein thrombosis.

considered safe and feasible for select patients with
unresectable HCC, PVTT, and preserved liver function
and collateral portal venous circulation. However, to
date, the reported OS period for HCC patients with
PVTT who receive TACE is slightly better than that of
patients who receive sorafenib therapy, though this
claim needs to be validated in a prospective study.

randomized controlled trials. To become an alternative
to current Sorafenib treatment, the better outcomes
observed in previous retrospective studies using HAIC
need to be verified by future prospective studies and
validated in a Western population.

EXTERNAL BEAM RADIATION
The role of external beam radiation therapy (RT) for
HCC is limited due to the risks of radiation-induced
liver disease and the low tolerance of the whole liver
[33]
to RT . However, rapid advances in radiotherapy
techniques, including 3-dimensional conformal
radiotherapy and image-guided radiotherapy, as well
as knowledge on partial volume liver tolerance, have
enabled the delivery of higher radiation doses to HCC
than in the past, thereby allowing RT to be used as a
[34-36]
potential standalone or adjunct treatment for HCC
.
Notably, one of the primary indications for RT is the
presence of PVTT, and previous studies report good
treatment responses and promising outcomes using
[37,38]
RT
. A retrospective study evaluated the treatment
[39]
outcomes of RT in 38 patients with HCC with PVTT .
In that study, the treatment rate was 44.7% and OS
[40]
was 9.6 mo. Nakazawa et al
recently compared
standard sorafenib therapy to RT in patients with
unresectable HCC with main or first-branch PVTT, and
they reported a longer median OS in the RT group
(10.9 mo vs 4.8 mo, p = 0.025) after performing
propensity score analysis (28 pairs). In their study,
whereas almost half the patients discontinued
sorafenib due to adverse events, there was no grade
3 or higher gastrointestinal or hepatic toxicity and
grade 3 leukocytopenia was only observed in 1 patient
in the RT group. Because HAIC is not regarded as a
standard therapeutic modality, future large-scale and
prospective studies are warranted in order to test the
clinical efficacy and safety of using RT to treat HCC
with PVTT.

HEPATIC ARTERIAL INFUSION
CHEMOTHERAPY
Hepatic arterial infusion chemotherapy (HAIC) using
an implantable port system has been applied to treat
advanced HCC with PVTT. HAIC is theoretically more
effective against HCC than systemic chemotherapy
because it provides the direct delivery of a high
concentration of the anticancer agent to the tumor
through the hepatic artery. HAIC also minimizes
[26]
systemic toxicities due to first-pass effects . HAIC
is usually administered using 1 of the following 3
well-reported regimens: cisplatin alone, 5-FU plus
cisplatin, or 5-FU plus interferon. Many studies have
been conducted on advanced HCC with PVTT and
[26-29]
demonstrate a median OS of 6.5-14 mo
. Quite
[30]
recently, Song et al
conducted a multicenter study
to compare the efficacy of sorafenib with HAIC in HCC
patients with PVTT. In their study, the median OS (7.1
mo vs 5.5 mo, p = 0.011) and TTP were significantly
longer in the HAIC group than in the sorafenib group
(3.3 mo vs 2.2 mo, p = 0.034).
Regarding the safety profile of HAIC, hemato
logic complications (e.g., anemia, neutropenia,
thrombocytopenia) and gastrointestinal toxicity (e.g.,
nausea, vomiting, abdominal pain) can occur. Most
HAIC-related toxicities are transient, tolerable, and
successfully controlled with conservative treatment,
although some patients end up withdrawing from HAIC
therapy. In addition, catheter-related complications
(e.g., hematoma, catheter occlusion, infection) can
[31,32]
also occur
. However, HAIC is not recommended as
a standard treatment for HCC patients with PVTT, as
these data are mostly from Japan and there is a lack of
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internal radiation therapy (SIRT) using beta-emitting
yittrium-90 in resin microspheres or glass particles
have been introduced as alternatives to TACE for
[41]
HCC . TARE differs from TACE in that it offers
antitumor effects in the form of local beta radiation,
not arterial obstruction. The embolic materials
are loaded with yittrium-90 and administered via
intraarterial injection, which allows lobar, segmental,
and subsegmental therapy. The average penetration
depth by this local radiation into the liver tissue is
approximately 2.5 mm, thus sparing the normal
adjacent liver from damage and obviating the need
of postprocedure isolation. The half-life is 64 h, and
almost the entire radiation dose is delivered within
[42-44]
14 d of the procedure
. There is some evidence
that TARE results in encouraging outcomes, especially
in patients with PVTT which is a contraindication
[8,45,46]
to TACE
. Administering TARE to patients with
advanced HCC has demonstrated a median OS of 6-10
mo, which is comparable to the 6.5-10.7 mo reported
[9,11]
in landmark studies on sorafenib
. Because it
produces much fewer embolic effects than TACE, PVTT
is not a contraindication for TARE, but the presence
and extent of PVTT does affect prognosis. Salem et
[47]
al
studied the long-term outcomes of using TARE
to treat HCC and reported a median OS of 16.6 mo in
Child-Pugh A patients with branch PVTT vs 6.5 mo in
Child-Pugh B patients. Among patients with main PVTT,
the median OS decreased to 7.7 mo in Child-Pugh A
patients and 4.5 mo in Child-Pugh B patients. Smaller
studies using TARE report concordant results. When
the distinction between main and branch PVTT was
made, the median survival periods reported by Sangro
[48]
et al
were 9.7 and 10.7 mo, and those reported
[49]
by Kulik et al
were 4.4 and 9.9 mo. Memon et
[50]
al
reported even higher median survival periods of
15.7 and 9 mo in Child-Pugh A patients, respectively.
[51]
Mazzaferro et al
performed a single-center, pros
pective, phase Ⅱ trial to study the efficacy of TACE on
HCC patients with PVTT. They reported a median OS
of 13 mo in 35 HCC patients with branch or main PVTT
and better patient survival in Child-Pugh A patients
(16 mo vs 6 mo). In a recent retrospective study,
[52]
Gramenzi et al compared the outcomes of sorafenib
and TARE in patients with advanced HCC. The median
OS values of the 2 groups were comparable: 13.2 mo
in the TARE group (63 patients) and 14.4 mo in the
sorafenib group (74 patients). Following propensity
score analysis (38 pairs), the median OS did not differ
between groups. Ongoing randomized controlled trials
that compare standard sorafenib therapy to TARE
as a first- or second-line treatment for HCC patients
with PVTT are expected to define the populations that
benefit from this therapeutic modality.
TARE is generally well tolerated, and the most
common complication is postembolization syndrome
which occurs in 20%-55% of patients. Postembolization
syndrome consists of various symptoms (e.g., fatigue,
fever, nausea, vomiting, abdominal pain), which are
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usually well-tolerated with conservative management.
Other reported complications, such as radiationinduced liver disease, radiation pneumonitis, radiation
cholecystitis, biloma, hepatic abscess, and biliary
[47,49]
stricture, are uncommon
. TARE can lead to severe
adverse events, such as gastrointestinal ulcerations,
[53,54]
in < 5% of patients
. However, gastrointestinal
toxicities may be prevented by carefully administering
preemptive coil embolization.

EMERGENCE OF COMBINATION
STRATEGIES FOR TREATING HCC WITH
PVTT
As mentioned earlier, the current standard sorafenib
treatment only provides modest survival benefits, and,
thus, investigators have made concerted efforts to
combine different modalities, which will be discussed in
the following sections.

TACE in combination with
sorafenib
The efficacy of sorafenib in combination with TACE
has been investigated, as these two therapeutic
options are expected to work synergistically. TACEinduced hypoxia in surviving tumor cells results
in the release of angiogenic growth factors, which
contribute to tumor recurrence, metastasis, and
[55,56]
worse outcomes
. Sorafenib suppresses tumor
cell proliferation by exerting antiangiogenic effects
through the blocking of VEGF receptor-2 and -3
and platelet-derived growth factor receptor tyrosine
[57]
kinase . A retrospective study on combining TACE
and sorafenib to treat HCC patients with PVTT (branch
and main PVTT) demonstrated a median OS of 13 mo
[58]
and median TTP of 7 mo, respectively . Procedurerelated mortality and grade 4 adverse events did not
occur. Child-Pugh class, extrahepatic metastasis, and
gross morphologic type were prognostic factors. Zhu
[59]
et al
compared the outcomes of sorafenib plus
TACE to the outcomes of TACE alone in patients with
HCC and PVTT. TACE plus sorafenib demonstrated
significant survival benefits in comparison with TACE
alone (11 mo vs 6 mo, p < 0.001). When considering
first-, second-, and lower-order branch PVTT, subgroup
analyses of OS in patients with different types of PVTT
revealed that the median OS of patients treated with
TACE plus sorafenib is significantly longer than that
of patients treated with TACE alone (13 mo vs 6 mo
for patients with first-order PVTT; 15 mo vs 10 mo for
patients with second- or lower-order PVTT). In patients
with main PVTT, no survival benefit was observed
between groups (3 mo in both groups). The worsening
of liver function after TACE-sorafenib treatment was
only noted in patients with main PVTT, and sorafenibrelated complications classified as grade 3 or higher
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occurred in 16 patients (35%).
A phase Ⅱ prospective trial (START trial) is under
way in which the efficacy of TACE plus sorafenib when
administered to HCC patients (including those with
branch PVTT) will be investigated. Interim analysis has
indicated promising outcomes and acceptable adverse
event rates, and, thus, it is expected that the role of
combination therapy in HCC patients with PVTT will be
determined within the foreseeable future.

and were more frequently seen in Child-Pugh B
patients. The 30-d mortality rate was 0.7%, and
most adverse events were managed by conservative
treatment. In addition, adjuvant RT for main PVTT
after chemoembolization in 147 patients was
uneventful without RT-associated adverse events.
The median OS period was 12 mo (14 mo in ChildPugh class A patients vs 8 mo in Child-Pugh class
[64]
B patients). Yoon et al
also studied the efficacy
of TACE in combination with RT for HCC with PVTT
(main or bilateral/unilateral) and reported a 28.1%
[73]
tumor response rate and OS of 10.6 mo. Kim et al
compared the efficacy of TACE with or without RT vs
sorafenib for advanced HCC with PVTT. In that study,
patients were divided into 3 different treatment pairs
(TACE vs TACE + RT; TACE vs sorafenib; and TACE +
RT vs sorafenib). According to the propensity score
matched analysis, the group that received TACE in
combination with radiotherapy demonstrated longer
TTP and OS values than the groups that received TACE
alone (102 pairs; 8.7 mo vs 3.6 mo, p < 0.01; 11.4
mo vs 7.4 mo, p = 0.023, respectively) or sorafenibalone groups (30 pairs; 3.4 mo vs 1.8 mo, p < 0.01; 5.9
mo vs 4.4 mo, p = 0.03, respectively). Although these
outcomes need to be verified by future randomized
studies, TACE in combination with radiotherapy could
serve as an alternative to current standard sorafenib
therapy.

SORAFENIB PLUS RADIOTHERAPY
The combination of sorafenib and radiotherapy is
based on the finding that sorafenib enhances the
radiosensitivity of human HCC cell lines by selectively
inhibiting the radiation-induced activation of the
VEGFR2 and extracellular signal-regulated kinase
(ERK) pathways, thereby promoting radiation[60]
induced apoptosis . In this context, the concurrent
administration of sorafenib and radiotherapy-in the
form of either TARE or external beam radiation-is
expected to work synergistically on advanced HCC. In
a phase Ⅱ study on combining sorafenib and external
beam radiation therapy, the mean OS was 10.6 mo
in Child-Pugh A patients with PVTT. Of the 40 patients
analyzed, 4 (10%) and 6 patients (15%) experienced
grade 3 or higher hepatic toxicities during or before
RT, respectively. Therefore, special care needs to be
[53]
taken when combination therapy is considered .
Combination of sorafenib and TARE therapy is
reportedly well‑tolerated, and the mean OS was
[61]
reported to be 8.6 mo in advanced HCC patients .
However, that study only included patients with branch
PVTT, not major PVTT. In a recent prospective study
on the safety profile of combination TARE-sorafenib
treatment, the incidences of total and > grade 3
adverse events did not statistically differ between the
[62]
combination treatment and sorafenib-alone groups .

HEPATIC ARTERIAL INFUSION AND
RADIOTHERAPY
Some investigators have combined HAIC with conformal
radiotherapy to treat HCC patients with PVTT and
reported the efficacy of arterial infusion chemotherapy
[74,75]
plus radiotherapy
. In a recent retrospective study,
[76]
Fujino et al
investigated the efficacy of combination
therapy for major or first-order branch PVTT and
reported that the combination group demonstrated a
significantly longer median OS (12.1 mo vs 7.2 mo)
and higher objective response rate than the HAICalone group when used to treat intrahepatic HCC
patients who were nonresponsive to HAIC (objective
response rate = 56.1% vs 33.3%; median OS =
8.6 mo vs 5 mo), but no significant differences were
noted in intrahepatic responders. It is noteworthy that
reducing PVTT volume with radiotherapy may help
patients respond better to HAIC.

TACE plus radiotherapy
TACE in combination with radiotherapy is a newly
introduced combination strategy that results in
[38,39,63-70]
improved outcomes in HCC patients with PVTT
.
The rationale behind this combined treatment is
that reducing PVTT with radiotherapy may inhibit
intravascular tumor growth and preserve adequate
portal venous flow, thereby preventing the deterioration
of liver function, limiting intrahepatic tumor spread,
and facilitating subsequent treatments for the primary
[66,68]
tumor
. In addition, radiotherapy may potentially
increase the effects of subsequent chemoembolization
by inducing the regression of the arterioportal shunt
[71]
around the PVTT .
[72]
In a recent retrospective study, Chung et al
evaluated the safety and survival outcomes of TACE
plus radiotherapy in patients with HCC invading the
main portal vein. After chemoembolization, major
complications occurred in 30 of 151 patients (19.9%)
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Other combination strategies
Various novel treatment modalities have been developed
in an effort to reduce PVTT burden. According to
the BCLC Staging System, radiofrequency ablation
(RFA) is the standard care for early, stage A HCC.
Recently, however, it was reported that RFA may
improve patient survival and has come into use as a
[77,78]
treatment modality for HCC patients with PVTT
.
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TACE in combination with RFA also confers survival
[79]
benefits to PVTT patients . Iodine-125 seeds have
been used to treat solid tumors, and their use in HCC
[80]
patients with PVTT is reportedly safe and feasible .
A recent prospective study compared the efficacy and
safety of TACE in combination with the endovascular
implantation of an iodine‑125 seed strand for PVTT vs
TACE alone. In that study, TACE in combination with
iodine-125 seeds demonstrated better median OS than
[81]
TACE alone .

findings of previous, retrospective, observational
studies and thus to reach a consensus regarding the
best options for advanced HCC with PVTT. Therefore,
future prospective, randomized, controlled studies
are warranted to compare the outcomes of diverse
treatment modalities, and the observed findings may
need to be incorporated into international guidelines.
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Abstract
Metabolomics is defined as the quantitative mea
surement of the dynamic multiparametric metabolic
response of living systems to pathophysiological stimuli
or genetic modification. It is an “omics” technique that
is situated downstream of genomics, transcriptomics
and proteomics. Metabolomics is recognized as a
promising technique in the field of systems biology for
the evaluation of global metabolic changes. During the
last decade, metabolomics approaches have become
widely used in the study of liver diseases for the
detection of early biomarkers and altered metabolic
pathways. It is a powerful technique to improve our
pathophysiological knowledge of various liver diseases.
It can be a useful tool to help clinicians in the dia
gnostic process especially to distinguish malignant
and non-malignant liver disease as well as to deter
mine the etiology or severity of the liver disease. It
can also assess therapeutic response or predict drug
induced liver injury. Nevertheless, the usefulness of
metabolomics is often not understood by clinicians,
especially the concept of metabolomics profiling or
fingerprinting. In the present work, after a concise
description of the different techniques and processes
used in metabolomics, we will review the main
research on this subject by focusing specifically on in
vitro proton nuclear magnetic resonance spectroscopy
based metabolomics approaches in human studies. We
will first consider the clinical point of view enlighten
physicians on this new approach and emphasis its
future use in clinical “routine”.
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than 1 kDa) that participate in general metabolic
reactions or pathways in biofluid or tissue. The term
metabolome, derived from the word genome, refers
to the complete set of metabolites in a biofluid,
[3]
cell, tissue or organism . For example, the human
serum metabolome is composed of around 4200
metabolites, half of which are phospholipids and over
a thousand glycerolipids (triglycerides, diglycerides,
and monoacylglycerols). Amino acids, peptides,
carbohydrates, amines, and carboxylic acids are other
[4]
metabolites being part of serum metabolome .
Data analysis in metabolomics and the process
between, patients biofluid or tissue collection and the
[5]
final interpretation have been well standardized . The
principal steps to achieve this approach are: collection
of fluid or tissues, sample conservation, sample
preparation before signal acquisition, signal acquisition
in NMR (or MS) platform, data processing and analysis
(Figure 2).
Technically, each approach is grounded in different
theoretical principles. MS spectroscopy is based on
the separation of the metabolites using chemical and
physical properties and NMR is based on the magnetic
properties of some atoms. In MS spectroscopy,
after specific preparation in function of the kind of
metabolite analyzed (lipids or amino-acid or other
type of metabolite), the sample is ionized and different
metabolites are separated by their charges and mass.
NMR spectroscopy is often easier to understand
for the physician because using exactly the same
principle than magnetic resonance imaging (MRI) that
is largely used daily in medicine. The principle behind
NMR is that many nuclei have a nuclear spin value (for
31
13
example: hydrogen, phosphorus or carbon) and all
nuclei are electrically charged. If an external magnetic
field is applied, transitions are possible between the
ground and excited spin states (i.e., energy transfert
between the baseline to a higher energy level). The
energy transfer takes place at a wavelength that
corresponds to radio frequencies and when the spin
returns to its base level, energy is emitted at the
same frequency. The signal that matches this transfer
is measured in many ways and processed in order
to yield an NMR spectrum. Then instead to obtain an
1
image like in MRI, in H NMR spectroscopy the signal
is transformed in one or two dimensions spectra
(Figure 3).
1
In H NMR spectroscopy, metabolites are iden
tified by peaks shape, peaks multiplicity and
peaks correlations. Large databases as the Human
Metabolome Database (HMDB) are available to find
[6,7]
out all the metabolite characteristics .
Those techniques have advantages and dis
advantages but are often complementary (Table 1).
1
Basically, H NMR metabolomics approach has
the advantage of efficiently obtaining information
on large numbers of metabolites in biofluids in vitro
as well as in various tissues ex vivo (using HR-MAS:

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Metabolomics is a powerful technique to
improve our pathophysiological knowledge of various
liver diseases, to help clinicians in the diagnostic
process as well as in the prognosis or therapeutic
response assessment. Nevertheless, the usefulness of
metabolomics is often not understood by clinicians.
In the present work, after a concise description
of the different techniques and processes used in
metabolomics, we will review the main research on
this subject by focusing specifically on proton nuclear
magnetic resonance based metabolomics in human
studies. Three major themes will be enlightened:
acute liver disease, chronic liver disease and liver
transplantation.
Amathieu R, Triba MN, Goossens C, Bouchemal N, Nahon
P, Savarin P, Le Moyec L. Nuclear magnetic resonance based
metabolomics and liver diseases: Recent advances and future
clinical applications. World J Gastroenterol 2016; 22(1): 417-426
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i1/417.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.417

INTRODUCTION
Metabolomics is an “omics” technique that is situated
downstream of genomics, transcriptomics and pro
[1]
teomics (Figure 1) . Metabolomics is the study (and
by the way the monitoring) of metabolic changes in
an integrated biological system related to (patho-)
physiological stimuli or genetic modification, using
multiparametric analyses.
The fundamental of metabolomics is that disease
(or therapeutic response) can be reflected by changes
in metabolite concentrations in biological fluids or
tissues. This concept is not really new. More than
500 years ago, the “urine wheel” was published by
Ullrich Pinder in his book (the Epiphanie Medicorum,
1506). The wheel described color, taste and smell of
urine to help physicians in making-diagnoses. In other
words, the phenotype of the urine was used to help
the clinician. Now analytical tools to measure smallmolecule metabolites called biomarkers have become
tools in hospital laboratories to assist physicians when
diagnosing disease.
1
Proton nuclear magnetic resonance ( H NMR)
spectroscopy and mass spectroscopy (MS) based
metabolomics approaches are the two most applied
[2]
experimental methods in this area . They allow
identifing and quantifing metabolites within a biological
fluid (serum, plasma, urine, ascites, bile…) in a single
experiment. Metabolites are small molecules (less
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This review focuses on the recent human meta
bolomics data in the field of liver disease and their
1
complications using in vitro H NMR metabolomics
approaches. MS based metabolomics approaches and
in vivo MR studies are excluded from this review.

Genotype
DNA

Genomic

RNA

Transcriptomic

Proteins
Phenotype

Metabolites

Proteomic

APPLICATIONS OF 1H NMR
METABOLOMICS APPROACHES IN LIVER
DISEASES

Metabolomic

Figure 1 “Omic” techniques. Schematic representation in biological system:
Each functional level from the DNA, RNAs, Proteins and metabolites who
constitute respectively the genome, transcriptome, proteome and metabolome,
have bidirectional flow of information and complex interactions together and
with the environment (diseases, drug, lifestyle, genre, habit, diet, etc.). Those
interactions produce the phenotype that represents the final output of the
system measured in metabolomics.

The liver is a major organ with several intensive
metabolic activities. The metabolic activities are
distributed in different zones of the liver parenchyma.
Hepatocytes metabolism varies according to its position
in the liver: for example, oxidative phosphorylation,
glucose output, urea synthesis, and bile acid synthesis
is higher in the periportal area, whereas glucose uptake,
glutamine formation, and xenobiotic metabolism are
[11]
greater in the perivenous area . Acute, chronic, and
acute-on-chronic conditions perturb regulation of liver
metabolism. From this point of view, the blood or urine
metabolome should represent the final outcome of
liver cellular regulation at many different levels, and
for this reason represent the phenotype of a disease or
a therapeutic response.
We divided the following parts into three domains:
acute liver disease, chronic liver disease and liver
transplantation. Major studies and biomarkers
examples for each part are shown in Table 2.

high-resolution magic angle spinning) and in vivo
1
(using Medical Magnetic Resonance Imaging). H NMR
is a highly reproducible, rapid and non-destructive
technique. Analysis can be performed with a minimal
of sample preparation. Its sensitivity is far lower
(microgram vs picogram) than mass spectrometry
but sufficient to detect most of changes in biological
fluid. MS needs more sample preparation and is a
destructive technique. Well-conducted reviews provide
larges understanding details on the different platforms
especially concerning the technical aspect, physical
based-mechanism and analytical method use in
[1,3,8]
metabolomics
.
Thus these approaches offer high-throughput
analyses at relatively low cost per sample. Multi
parameter datasets contain huge quantity of
information concerning metabolites in the form of
complex spectrum data. Many computer-based
processing and statistical tools have been developed
to facilitate analysis and interpretation of the data.
Statistical models applied to metabolomics data can
[9]
determine biomarkers or metabolomics profiles . They
may help identify biomarkers or the metabolic profile
that characterize a disease, and/or evaluate metabolic
[3]
modifications after treatment has been initiated .
The metabolite analysis provides information on the
“metabolic phenotype” of the patient in response
to various endogenous or exogenous stimuli. Then
that may contribute to a better understanding of
pathophysiology, to aid diagnosis, in decision-making
process in choosing therapy or predicting outcome of
therapeutic intervention. In the other hand, in the near
future, these tools permit us to give our patients a
[10]
more personalized approach in medicine .
Metabolomics approach showed sometime better
diagnosis performance than usual biomarkers. Never
theless, at the beginning, metabolomics approach
should be considered more than complementary tool,
helping clinician to diagnose disease, evaluate disease
stage or follow treatment that substitution technic.

WJG|www.wjgnet.com

Acute liver disease

Drug induced liver injury: Metabolomics have
been used since decennia in toxicological studies
[12]
principally in animal models . Some recent studies
have shown that metabolomics can be a powerful tool
[13]
in human toxicology. Clayton et al
have used NMR
metabolomics to study the secondary metabolism of
acetaminophen in urine. The goal was to identify urine
biomarkers that might be predictive of the manner in
which that individual metabolizes the acetaminophen.
In this study, results suggested a mechanism whereby
p-cresol and acetaminophen would compete for
sulfation. Then higher p-cresol levels would lead to
lower levels of sulfated acetaminophen and increase
toxicity. More interestingly metabolome analysis have
been in evidence the interplay between gut bacteria
and secondary drug metabolism because p-cresol is
a product of bacterial metabolism of tyrosine in the
[14]
gut. Winnike et al
used a pharmaco-metabolomics
approach to predict acetaminophen induced liver
injury with a therapeutic dose (4 g per day for 7 d).
In human healthy volunteers and earlier after the
beginning of the treatment, they were able to identify
patterns of urinary metabolites that distinguished
subjects susceptible to acetaminophen-hepatotoxicity
from those who were not susceptible.
Those examples represent a major advance in
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Patients

1

Biofluid
samples

H NMR spectrometer and
spectrum acquisition

Processing and
statistic analysis

Figure 2 Schematic view of workflow for metabolomic studies: From bedside to bench. Proposed standards for metabolomic approach are presented in this
schematic view. Clinical question, selection of the population, standardized biofluid collection and conservation, biofluid preparation and spectra acquisition, preprocessing to clean the data for data processing, pre-treatment (i.e., scaling, centering, etc.) to transform the clean data to make them ready for data processing, data
analysis (multivariate analysis, unsupervised and supervised analysis), metabolite identification and interpretation.
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Figure 3 Typical proton nuclear magnetic resonance (500 MHz) spectra of the region between 0 and 6 ppm from cirrhotic patient. Region between 4.5 and
5.0 ppm corresponding to the water and urea was suppressed. Peak assignment: 1: Fatty acids (-CH2-CH2-CH2-CH3); 2: Isoleucine; 3: Valine; 4: Fatty acids (-CH2CH2-CH2-); 5: Lactate; 6: Alanine; 7: Fatty acids (-CH2-CH2-CO-); 8: Fatty acids (-CH2-CH2-CH=); 9: Fatty acids (=CH-CH2-CH2-); 10: Acetyl signals from α1-acid
glycoprotein; 11: Fatty acids (-CH2-CO-); 12: Glutamine; 13: Fatty acids (=CH-CH2-CH=); 14: Albumin lysyl; 15: Choline; 16: Glucose; 17: Lactate; 18: Fatty acids
(-CH=CH-). Adapted from Nahon et al[29].

personalized medicine. A NMR based metabolomics
approach could be a practical method for identifying
susceptible patients shortly after starting drug
treatment and with high risk of developing DILI.

potential to predict an unfavorable outcome from
a metabolomic profile-evaluation in patients with
fulminant hepatic failure. In this study, metabolomics
profiles of patients with Fulminant Hepatic failure and
favorable (n = 20) or unfavorable (n = 10) outcomes
were compared. The results of this pilot study showed
that one single biomarker (Glutamine) could permit to
predict unfavorable outcome with a high sensitivity.
[16]
In another area of acute liver injury, Ranjan et al
examined serum in patients of liver injury to explore

Liver injury and liver failure: Acute hepatic liver
failure is a very severe condition with a high risk
of mortality. Predictability of survival without liver
1
transplantation is often difficult. Using H NMR on
[15]
serum and urine, Saxena et al
has shown the
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Table 1 Advantages and disadvantages of nuclear magnetic resonance and mass spectroscopy

Sensitivity (detection limit)
Reproducibility
Detected
Metabolite
Metabolite identification
Number of know
identifiable metabolites
Sample

Type of sample
Cost of machine
Cost of sample analysis
Signal acquisition time

NMR

MS

Usually micromolar (nanomolar with cryosonde)
High
Non targeted approach
Detect metabolite Only if contain proton on the molecule

Picomolar
Low
Targeted approach
Need specific preparation to well detected some
metabolites (Lipids…)
More difficult, need sometime complementary analysis
More than 4000

Easy, using 1D and/or 2D spectra and databases
More than 200
Simple preparation (minimal add of D2O, Buffer and sometime
reference)
Non destructive method
Need 400 μL (less than 10 μL with microprobe)
Liquid (urine, whole blood, serum, plasma, etc.) and intact tissue
Very high
Lower
5 to 15 min for 1D spectra
More longer for 2D spectra (few hours)

Preparation more complex (protein extraction, etc.)
Destructive method
Need few microliters
Liquid
High
Higher
Around 10 min

NMR: Nuclear magnetic resonance; MS: Mass spectroscopy.

the possible clinical application of new metabolites as
a biomarker to detect traumatic liver damage in blunt
1
abdominal trauma. In this study, H NMR spectroscopy
revealed only two amino acids, phenylalanine and
tyrosine, in the sera of the subjects with liver injury,
irrespective of the extent and type of injury gauged
by radiology or laparotomy. The author concluded that
these biomarkers detected by NMR spectroscopy could
get a relevant clinical importance in establishing liver
injury in patients with blunt abdominal trauma.

with high sensitivity (94%), specificity (97%) and
accuracy (95%). These findings reveal the potential of
metabolomics as a low cost, noninvasive diagnosis of
HCV related hepatitis using urine samples.
Assessment of cirrhosis and its complications:
Studies have shown a close relationship between
metabolic abnormalities and the severity of the
[20-23]
disease in sera and tissues
. In those studies,
a metabolomics approach was a powerful tool in
assessing the severity of chronic liver failure in
alcohol-induced cirrhosis within a cohort of patients
without acute decompensation. For instance, in our
previous study, the severity of chronic liver failure
was evaluated using the MELD score, and correlated
well with impairment of lipid, glucose, and amino acid
[20]
metabolism . Other studies show that metabolomics
can fingerprint the differences between compensated
and decompensated cirrhosis, and between cirrhosis
[24,25]
caused by alcohol or viruses
.
Assessments of complication in patients with
chronic liver disease, especially with cirrhosis, were
performed using metabolomics approaches.
Hepatic encephalopathy (HE) is a well-known
complication of liver cirrhosis. Its diagnosis is currently
performed at the bedside using clinical examination.
Unfortunately low grade or “sub-clinical” HE (also
called minimal hepatic encephalopathy) is more
difficult to diagnose and request using more complex
psychometric tests that are time consuming and not
realized in routine. In this case, biomarkers could be
[26]
easier to use and helpful. Jiménez et al have shown
1
that using H-NMR to assess the metabolomics of sera
from patients with cirrhosis could discriminate between
patients with minimal hepatic encephalopathy and
those with no encephalopathy.
Recently, we described a serum metabolite fin
gerprint for acute-on-chronic liver failure, obtained

AutoImmune hepatitis: Diagnosis of autoimmune
hepatitis (AIH) is often difficult because of lack of
specificity of biological and clinical signs. Moreover,
diagnosis of AIH might be confounded with other acute
liver conditions like DILI or primary biliary cirrhosis or
[17]
overload from other diseases. Wang et al
assessed
the utility of metabolomics in the diagnosis of the
disease. Plasma metabolomics profiles of patients
with AIH, PBC, DILI, PBC and healthy subjects were
compared. Nine biomarkers showed great sensitivity in
discriminating AIH from other disease were identified.
The utility for the diagnosis of the biomarker panel
was assessed and they achieved good sensitivity and
specificity in distinguishing AIH from other diseases.

Chronic liver disease

Chronic viral hepatitis: Different viruses cause
hepatitis infection. Hepatitis C virus is one of the
most important and has infected about 150 million
[18]
people worldwide . Expensive biological methods to
diagnosis HVC infection are problematic, especially in
developing countries.
Several studies using metabolomics approaches
in the field of viral hepatitis have been done. One of
[19]
the most relevant is the study ran by Godoy et al .
1
In a metabolomics model based on H NMR spectra of
urine they discriminated patients with HCV infection
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Table 2 Examples of metabolite changes involved in liver diseases in nuclear magnetic resonance based metabolomics approaches
Metabolites
2OH butyrate
3OH butyrate
3OH butyrate
Acetate
Acetate
Acetate
Acetoacetate
Acetoacetate
Acetoacetate
Acetoacetate
Acetoacetate
Acetone
Acetone
Acetone
acetone
Acetone
bile acids
Bile acids
Carnitine
Citrate
Choline
Choline
Choline, P-choline
Creatine
Creatine
Dimethylamine
Fatty acids
Fatty acids
fatty acids
fatty acids (HDL)
fatty acids (HDL)
Glutamine
Glycerol
Glycerol
GPC
GPC
GPC/P-choline
Histidine
Isobutyrate
Isobutyrate
LDL
LDL
lipids
lipids
OH-butyrate
P-choline
P-choline
P-choline
P-choline
P-choline/GPC
Pdt-choline
Pdt-choline
P-ethanolamine
P-ethanolamine
P-ethanolamine
PUFA
Pyruvate
Saturation index
Total lipids
Total choline/lipids
Unsaturated FA
Unsaturated FA

Variation

Model/pathology

Sample

Ref.

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+, +
+

HBV vs HEV
ximelagatran toxicity
Cirrhosis (HBV/alcohol) vs controls
acetaminophen toxicity
HCC vs cirrhosis
Cirrhosis severity
Cirrhosis and encephalopathy
Cirrhosis (HBV/alcohol) vs controls
HBV vs alcohol cirrhosis
HBV vs control
AIH vs healthy, PBC, OS and DILI
HEV vs control
Cirrhosis (HBV/alcohol) vs controls
Decompensated vs compensated cirrhosis
HCC vs Cirrhosis vs controls
AIH vs healthy, PBC, OS and DILI
Cholangicarcinoma vs other causes
HCC vs adjacent tissue
HBV vs control
AIH vs healthy, PBC, OS and DILI
fibrosis vs cirrhosis
HCC vs adjacent tissue
Cirrhosis severity
AIH vs healthy, PBC, OS and DILI
high grade HCC vs low grade HCC
AIH vs healthy, PBC, OS and DILI
Biliary tract cancer
Non fonctionnal vs fonctionnal graft after liver transplantation
Cirrhosis and encephalopathy
Cirrhosis severity
HCC vs cirrhosis
AIH vs healthy, PBC, OS and DILI
HEV vs control
Cirrhosis and encephalopathy
mild vs moderate fibrosis vs cirrhosis
HCC vs adjacent tissue
Cirrhosis (HBV/alcohol) vs controls
AIH vs healthy, PBC, OS and DILI
Cirrhosis (HBV/alcohol) vs controls
HBV vs alcohol cirrhosis
Cirrhosis (HBV/alcohol) vs controls
decompensated vs compensated cirrhosis
HCC vs adjacent tissue
high grade HCC vs low grade HCC
Cirrhosis severity
Fibrosis vs cirrhosis
Mild vs moderate fibrosis vs cirrhosis
HCC vs adjacent tissue
Cirrhosis and encephalopathy
High grade HCC vs low grade HCC
Cholangicarcinoma vs non cancer
Mild vs moderate fibrosis vs cirrhosis
HCC vs adjacent tissue
High grade HCC vs low grade HCC
Fibrosis vs cirrhosis
Mild vs moderate fibrosis vs cirrhosis
AIH vs healthy, PBC, OS and DILI
Mild vs moderate fibrosis vs cirrhosis
Mild vs moderate fibrosis vs cirrhosis
Mild vs moderate fibrosis vs cirrhosis
Fibrose vs cirrhose
Cirrhosis (HBV/Alcohol) vs controls

Plasma
Plasma
Serum
Urine
Serum
Serum
Serum
Serum
Serum
Urine
Plasma
Plasma
Serum
Serum
Urine
Plasma
Bile
Liver tissue
Plasma
Plasma
liver tissue
liver tissue
serum
Plasma
Liver tissue
Plasma
Bile
Blood (extraction)
Serum
Serum
Serum
Plasma
Plasma
Serum
Liver tissue
Liver tissue
Serum
Plasma
Serum
Serum
Serum
Serum
Liver tissue
Liver tissue
Serum
Liver tissue
Liver tissue
Liver tissue
Serum
Liver tissue
Bile
Liver tissue
Liver tissue
Liver tissue
Liver tissue
Liver tissue
Plasma
Liver tissue
Liver tissue
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-
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[24]
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HBV: Hepatitis B virus; HBE: Hepatitis E virus; HBC: Hepatitis C virus; HCC: Hepatocellular carcinoma; AIH: Autoimmune hepatitis; OS: Overleap
syndrome; PBC: Primary biliary cirrhosis; DILI: Drug induced liver injury; FA: Fatty acid; HDL: High density lipoproteins; LDL: Low density lipoproteins;
VLDL: Very low density lipoproteins; P-choline: Phospho-choline; GPC: Glycerol-phospho-choline; P-ethanolamine: Phosphor-ethanolamine; PUFA:
Polyunsaturated fatty acids; Pdt-choline: Phosphatidylcholine.
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Figure 4 Example of metabolomic study using a training and test set to validate the model. A: Creation of the model. On this Figure called score plot, each
point represented the projection of an NMR spectrum (and thus one patient is sample) on both axes of the model. On this score plot, each dot corresponds to a
spectrum colored according to the absence (blue) or the presence (red) of hepatocellular carcinoma (HCC). The constructed model provides a good distinction
between the spectrum of cirrhotic patients without HCC and those with HCC; B: Validation of the model. Each new spectrum was projected in the score plot using
the previously constructed model to enable prediction of the presence or absence of hepatocellular carcinoma (HCC). Each dot corresponds to a spectrum coloured
depending on the absence (blue) or presence (red) of HCC; C: Discriminant metabolites. On this Figure called loading plot, variations of bucket intensities are
represented using a line plot between 0 to 6 ppm. Positive signals correspond to the metabolites present at increased concentrations in patients with large HCC.
Conversely, negative signals correspond to the metabolites present at increased concentrations in patients without HCC. 1: HDL; 2: Fatty acids; 3: Acetate; 4: Fatty
acids; 5: N-acetyl-glycoprotein; 6: Glutamate; 7: Glutamine; 8: Fatty acids. Adapted from Nahon et al[29].
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1

[27]

with H-NMR . The hypothesis in this study was
that cirrhotic patients with acute event (acute-onchronic liver failure or ACLF group) have had a specific
metabolic response as compared to cirrhotic patients
with stable cirrhosis (chronic liver failure or CLF group).
Both groups were distinguished using multivariable
statistical methods and specific metabolomics
fingerprint of ACLF patients in intensive care unit
was identified. Several metabolites were identified
and reflected major change in liver function such as
energy metabolism, urea metabolism or amino-acid
metabolism but also major extra-liver function change
such as renal impairment or related to inflammation
and/or necrosis.

based metabolomics identified metabolic fingerprints
that could be specific to large HCC in cirrhotic livers.
From a metabolomic standpoint, some patients with
small HCC, who are eligible for curative treatments,
seem to behave as patients with advanced cancerous
disease. This finding indicates the usefulness of the
monitoring by this approach during the follow-up of
those patients before and after treatment.
Biliary tract cancer is an uncommon type of liver
cancer with high mortality and which is difficult to
[33]
diagnosis. Wen et al
used metabolomics profile
of bile to distinguish patients with biliary cancer
from patients with benign biliary duct diseases. This
approach provides a good performance to discriminate
cancer from benign diseases. Moreover, metabolomics
approach has shown higher diagnostic performance
(sensitivity of 88% and specificity of 81%) than
conventional tests (CA19-9; CEA and bile cytology).

Liver cancer: Recent studies have attempted to
describe the metabolic phenotype of liver cancer in
heterogeneous populations of patients with hepato
1
cellular carcinoma (HCC) using H NMR. This has led
to the identification of various metabolically impaired
[28-31]
[28]
pathways in serum and urine
. Goa et al
have
1
shown that metabolite profiles obtained from H NMRbased metabolomics analysis of blood serum may be
different in healthy volunteers compared to patients
with liver cirrhosis or hepatocellular carcinoma. Major
changes to metabolites within the sera include lipids,
ketone bodies, and amino-acid metabolism. Soper et
[32]
1
al
have performed an in vitro H NMR spectroscopy
study to characterize liver biopsy samples into normal,
cirrhotic or hepatocellular carcinoma on the basis of
a computer-based statistical classification strategy
with changes in lipids, choline and creatine identified.
Ninety-eight percent of hepatocellular carcinomas in
this series were distinguished from non-malignant
tissue on the basis of reduced lipid and increased
choline content. We used this approach to assesse the
metabolomic profiles of serum from alcoholic cirrhotic
[29]
patients with and without hepatocellular carcinoma .
This study included 154 consecutive patients with
compensated biopsy-proven cirrhosis. Among these,
93 had cirrhosis without HCC, 28 had biopsy-proven
HCC eligible for curative treatment (“small” HCC) and
33 had HCC outside the curative treatment criteria
(“large” HCC). The first step in this study was to
create a diagnostic model with “large” HCC population
and validate it (Figure 4A and B). In this model,
discriminant metabolites that increased with large HCC
were, glutamate, acetate and N-acetyl glycoproteins,
whereas metabolites that correlated with cirrhosis
were lipids and glutamine (Figure 4C). The second
step was to assess the diagnostic performance of the
model using the “small HCC” population. Unfortunately
projection of small HCC samples into the first model
showed a heterogeneous distribution between large
HCC and cirrhotic samples. Nevertheless, small HCC
patients with metabolomic profiles similar to those of
large HCC group had higher incidences of recurrence
or death during follow-up (63% vs 47%). Serum NMR-
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Liver transplantation

Clinical course after liver transplantation is sometimes
chaotic and life threatening Unfortunately, bad out
comes are unpredictable, especially immediately after
the transplant. One of the major concerns for the
transplant team immediately after the surgery is to
know whether the graft works. Failure of graft function
remains an important cause of mortality. Some serial
reports using metabolomics approaches have shown
interesting results concerning the follow-up of patients.
[34]
Serkova et al
described the blood metabolomics
profile, which permits early detection of graft failure.
In this case report, they were able to identify several
metabolites in case of graft failure using sequential
approach with multiple samples in the same patient:
lactate, uric acid, glutamine, methionine increase and
total fatty acids, citrate decrease. Thus, they have
shown that metabolomics profiling can be a additional
tool in clinical decision making. Unfortunately, vali
dation on this interesting work is not available.
To assess the quality of the liver before tran
[35]
splantation, Melendez et al
analyzed metabolomic
1
profiles of hepatic bile in vitro H NMR spectroscopy.
They included bile samples from donors and recipients.
The main result showed a greater phosphatidylcholine
signal in bile from steatotic graft compared with normal
grafts.

CURRENT LIMITATION OF
METABOLOMICS AND FUTURE CLINICAL
APPLICATION
In this review we have highlighted studies that have
advanced our understanding of various liver diseases.
The examples above demonstrate that the integration
of metabolomics approaches into basic and biomedical
research is already improving our understanding of
biological mechanism, with important applications
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in the study of disease and/or therapeutic response.
Technological advances have brought metabolomics
to the point where these techniques can find general
application in medicine.
However, there are several challenges to be overcome
before metabolomics approaches can become a valuable
clinical tool. It will be necessary to translate the technic
in hospital lab, improve, simplify and automatized
bioinformatics strategies, automatic recon of biomarker
or metabolomics profile, validated the results in large
prospective observational and interventional studies
with meaningful clinical-end point.
Only after that and probably in a near future,
results from metabolomics approach (with analysis
and interpretation) will be available to the clinician in
less than 1 d.
Metabolomics profiling could be useful in per
sonalized medicine for diagnosis, prognosis and to
follow patients-response before and after treatment.
Metabolomics has the potential of providing new
criteria to risk-stratify patients and develop novel
approaches for individualized treatment.

5

6
7

8
9
10
11

CONCLUSION
12

Metabolomics is a powerful method that can be used
to quantitatively assess the differences in metabolite
abundance or to determine metabolic fingerprint
discriminating different disease states, the severity of
disease extension, drug treatment metabolic impairment
or pathophysiological mechanism investigation. The
ability to perform such studies in a large range of
biological samples, especially urine samples, which are
easy to collect and non-invasive, makes it an attractive
platform for translation to clinical use.
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MINIREVIEWS

Solid, non-skin, post-liver transplant tumors: Key role of
lifestyle and immunosuppression management
Christophe Carenco, Stéphanie Faure, José Ursic-Bedoya, Astrid Herrero, Georges Philippe Pageaux
liver transplant recipients. Many retrospective studies
that have explored standardized incidence ratio have
reported increased rates of solid organ cancers postliver transplantation; some have also studied risk
factors. Liver transplantation results in a two to five-fold
mean increase in the rate of solid organ cancers. Risk of
head and neck, lung, esophageal, cervical cancers and
Kaposi’s sarcoma is high, but risk of colorectal cancer
is not clearly demonstrated. There appears to be no
excess risk of developing breast or prostate cancer.
Environmental risk factors such as viral infection and
tobacco consumption, and personal risk factors such as
obesity play a key role, but recent data also implicate
the role of calcineurin inhibitors, whose cumulative and
dose-dependent effects on cell metabolism might play a
direct role in oncogenesis. In this paper, we review the
results of studies assessing the incidence of non-skin
solid tumors in order to understand the mechanisms
underlying solid cancers in post-liver transplant patients
and, ultimately, discuss how to prevent these cancers.
Immunosuppressive protocol changes, including a
calcineurin inhibitor-free regimen, combined with dietary
guidelines and smoking cessation, are theoretically the
best preventive measures.
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Core tip: Liver transplantation results in two to five-fold
mean increase in the rate of solid organ cancers. In
this paper, we review the results of studies assessing
the incidence of non-skin solid tumors in post-liver
transplant patients to understand the mechanisms
underlying solid cancers in these patients, and discuss
how to prevent these cancers. Risk of smoking and
viral-related malignancies is high, but recent data

Abstract
Liver transplantation has been the treatment of choice
for end-stage liver disease since 1983. Cancer has
emerged as a major long-term cause of death for
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[9]

transplant database , which contains 6771 liver
transplant recipients, the standardized incidence ratio
(SIR) was 2.2 for non-skin solid tumors following an
[6,8,11-17]
LT. Similar results were found in smaller cohorts
in Italy (SIR = 2.6), the Netherlands (SIR = 4.4),
Spain (SIR = 2.3), France (SIR = 3.7), and Canada
(SIR = 2.5). These results are summarized in Table 1.
[18]
In another Italian study , the incidence rate of nonskin solid tumors did not increase after LT; however,
this study had the shortest median follow-up time.
Overall, the risk of developing a post-LT non-skin
solid tumor is high, as confirmed by several studies
comparing liver transplant recipients with the sex and
age-matched general population, both in large-scale
registry studies and single-center studies. Median time
to develop post-LT non-skin solid tumor was 4.2 years
[8]
[4]
in Baccarani cohort and 5 years in Haagsma and
[6]
[13]
Aberg cohorts. In our cohort of 465 patients , the
median time to diagnosis of solid cancers after LT was
6.3 ± 4.3 years (6 years median). Indeed, sufficient
follow-up time is necessary in order to highlight the
elevated risk of solid tumors.

also implicate the role of calcineurin inhibitors, whose
cumulative and dose-dependent effects on cell
metabolism might play a direct role in oncogenesis.
Carenco C, Faure S, Ursic-Bedoya J, Herrero A, Pageaux GP.
Solid, non-skin, post-liver transplant tumors: key role of lifestyle
and immunosuppression management. World J Gastroenterol
2016; 22(1): 427-434 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i1/427.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i1.427

INTRODUCTION
Liver transplantation (LT) has been the treatment of
[1]
choice for end-stage liver disease since 1983 , and
more than 5500 of these procedures are performed
[2]
in Europe each year . Infections and surgical
complications are the primary causes of mortality
during the early post-transplantation period. However,
cancer has emerged as a major long-term cause of
[2-5]
death in liver transplant recipients .
The rate of post-transplant lymphoproliferative
disorders (PTLD) and skin cancers is 10 to 30-fold higher
[6-9]
than for the general population . The calcineurin
inhibitors (CNIs), tacrolimus (TL) and cyclosporine,
which are the cornerstones of all immunosuppressive
treatments used following LT, are well-established risk
[10]
[11]
factors for PTLD and cutaneous cancers .
Recently, many studies have compared the incidence
of de novo solid tumors in the general population to
liver transplant recipients, and the risk factors involved.
These studies have demonstrated that patients who
receive a liver transplant often have well-established
or suspected risk factors for solid cancers: (1) Tobacco
and/or alcohol consumption before transplantation is
extremely common in patients, especially those who
undergo LT for alcoholic cirrhosis, which account for
[2]
36% of the LTs performed in Europe . Continued
smoking after LT is common, and resumption of alcohol
consumption is not unusual; (2) CNI exposure occurs
with all liver transplant patients. It promotes infection
by viruses that have oncogenic potential such as human
papilloma virus (HPV) and herpes human virus 8 (HHV8).
CNIs may also have direct oncogenic effects; and (3)
Metabolic syndromes, particularly obesity and diabetes,
are common before the LT, and they are further
exacerbated by exposure to CNIs after the LT.
In this review we specifically study the literature
on the incidence and risk factors for non-skin solid
cancers after LT.

INCIDENCE AND RISK OF SITE-SPECIFIC
CANCERS
Risk of smoking-related malignancies is high

Head and neck cancers have the highest increased risk
in all of the European cohorts (SIR of 2.7-15.8, Table
1). A non-significant increased risk was also found in
[14]
[15]
[16]
Canadian , Taiwanese , and Japanese studies.
An elevated risk of lung cancer has been established,
although it is not encountered in all studies. Indeed,
[7]
in the United States the NKKD cohort demonstrated
a SIR of 1.9 for lung cancer in 37958 liver transplant
recipients, and a SIR of 1.6 was found in the United
[9]
Kingdom transplant registry of 6771 patients .
[8,13,16]
Three studies
found an increased risk of
esophageal cancer (SIR of 10.5-23.4).
Finally, the risk of cancer of the urological tract was
[12,15,17]
significantly higher in three studies
after LT (SIR
of 2.9-6.2).

Risk of virus-related malignancies is well established

The relative risk of developing Kaposi’s sarcoma was
high in two Italian studies, with a SIR of 144 and 128
[8]
[17]
for the Baccarani et al and Maggi et al
studies,
respectively; however, this cancer is an exception
and it mainly occurs in Mediterranean populations. It
is related to HHV8 infection. The highest incidence is
found in Saudi Arabia, and the lowest incidence is in
[19]
Western nations, such as the United States .
[8]
In a study by Baccarani et al an excessive risk of
cervical malignancies was found, with a SIR of 30.7;
this was probably related to HPV infection.

LT RESULTS IN A TWO TO FIVE-FOLD
MEAN INCREASE IN THE RATE OF SOLID
ORGAN CANCERS

Risk of colorectal cancer is probably increased

The excess risk of colorectal cancer (CRC) remains

In an observational study using the United Kingdom
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37958

6771

1675
540
297
417
2034
174

444
360
494
465

Engels et al[7]

Collett et al[9]

Ettorre et al[18]
Aberg et al[6]
Herrero et al[12]
Baccarani et al[8]
Jiang et al[14]
Haagsma et al[4]

Hsiao et al[15]
Kaneko et al[16]
Maggi et al[17]
Carenco et al[13]

United
States
United
Kingdom
Italy
Finland
Spain
Italy
Canada
The
Netherlands
Taiwan
Japan
Italy
France

Country

4.2
7.5
7.2
7.8

5.1

5.2
6.3
6.5
6.8

10 (5.9-16)

Head and
neck

0 (0-5.7)
3.7 (0.5-26)
2 (1.4-2.9) 3.4 (0.9-8.8)
3.7 (2.8-4.9) 15.8 (9.4-27)

4.5 (2.7-7.1)
14.8 (0.4-82)
2.34 (1.7-3.2) 4.1 (1.7-8.5)
2.6 (1.9-3.6)
7 (3-13.7)
2.5 (2.1-3)
2.5 (0.5-7.3)
4.4 (2.4-7.3) 2.7 (1.2-5.2)

0.9 (0.7-1.2)

2.2 (2-2.4)

Median All non-skin
follow-up solid tumors
time (yr)

2.3 (1.7-3)

Colorectal

0 (0-2.84)
3.5 (1.8-7)
1.6 (0.3-4.6)
2.7 (1.3-5.6)

1.2 (0.6-2.2)
1.6 (0.2-5.7)
2.5 (1.3-3.5)
1.4 (0.2-5.1)
2.6 (1.4-4.4)
12.5 (2.5-36)

[4,9,12,13]

2.1 (0.8-4.6)
5.1 (2.9-9)

1.9 (0.2-6.7)

1.1 (0.9-1.9)
0
2.4 (0.6-4)
1.6 (0.4-4.1)
1.4 (0.7-2.6)

1.6 (1.2-2.2)

1.9 (1.7-2.2)

Lung

3.3 (0.4-12)

Anal

[17]

10.5 (3.9-28)

1.8 (0.8-3.6)

1.8 (1.4-2.3)

Kidney

Prostate

3.3 (0.7-9.6) 3.1 (0.8-7.9)
30 (6.1-87)

[14]

2.2 (0.6-8.9)
1.6 (0.4-4.1)

1 (0.3-2.4)

1.1 (0.3-3.9)
2.3 (0.1-13) 4.2 (0.5-15) 1.2 (0.2-4.5)

Pancreatic

6.2 (0.1-34)
16.9 (2.4-18) 6.4 (1.6-25)

23.4 (4.6-55)

Esophageal

2.9 (1-6.9)

10.2 (1.1-36)

2.9 (1.7-4.8)

0.8 (0.3-1.6)

Urological
tract

128 (51-263)
0

0

144 (53-313)

0

Kaposi’s
sarcoma

Cervical

2.3 (0.3-8.4)
0.9 (0.1-6.4)
1 (0.2-2.9)

5.7 (0.1-32)

0.6 (0-3.4) 30.7 (6.3-90)
0.6 (0.2-1.4)

0.7 (0.1-1.9)
0.3 (0.1-1.4)

0.8 (0.5-1.1)

Breast

429
[7]

[4]

No study to date has shown an increased risk of prostate or breast cancer after LT, although these are among the most common malignancies in the general adult
[21]
population. Indeed, in a meta-analysis of 31977 solid organ transplant recipients (97% were renal transplants)
there was no evidence for a significantly increased
SIR for breast or prostate cancer.
Prospective cohort studies with large numbers of liver transplant recipients, a rigorous collection of de novo solid cancers after LT, risk factor data, and sufficient
follow-up times are necessary to obtain accurate information about the risk of each site-specific cancer. Indeed, current data do not allow elucidation of the risk of
kidney, brain, stomach, pancreatic, and anal cancer after LT.

There is no excess risk of developing breast or prostate cancer

The risk of developing kidney cancer after LT remains unclear. In the NKKD cohort and a cohort in a study by Haagsma et al , the incidences of kidney cancer
[9]
were significantly higher than expected compared with the general population. However, this was not the case for a cohort in the United Kingdom , and in two other
[6,13]
studies
.
[16]
Only one Japanese study has found a significantly increased risk of pancreatic cancer after LT, but this result has not been confirmed by other studies.
[7]
To the best of our knowledge, there are no solid data regarding the development of brain cancer in liver transplant recipients. Engels did not show excess risk in
175732 organ transplant recipients.

Excess risk of developing kidney, pancreatic, or brain cancer is not proven

unclear. An increased risk was found in four European studies
, one Japanese study , and one Canadian study . This risk was not observed in three Italian
[8,17,18]
[15]
[20]
studies
and one Taiwanese study . However, in a meta-analysis, Sint Nicolaas found that the risk of developing CRC was 2.5 times higher (95%CI: 1.65-4.05)
in liver transplant recipients.

SIR: Standardized incidence ratio.

LT
patients
(n )

Ref.

Table 1 Standardized incidence ratio (95%CI) of non-skin solid cancer after liver transplantation, n (range)
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Table 2 Risk factors for non-skin solid tumors after liver transplantation from multivariate analyses

Viral infection

Demographic data

Indication for LT
Lifestyle

Immunosuppression

Ref.

Risk factor

Associated cancer

SIR, HR, RR, or OR (95%CI)

Baccarani et al[8]
Collett et al[9]
Baccarani et al[8]
Maggi et al[17]
Herrero et al[22]
Watt et al[23]
Herrero et al[34]
Watt et al[23]

HPV exposure

Cervical
Anal
Kaposi’s sarcoma

SIR = 30.7 (6.3-90)
SIR = 3.3 (0.4-12)
SIR = 144 (53-313)
SIR = 128 (51-263)
HR = 1.90 (1.32-2.73)
HR = 1.33 (1.05-1.66)
HR = 1.09 (1.03-1.15)
HR = 2.14 (1.22-3.73)
HR = 2.62 (1.50-4.56)
RR = 3 (1.5-5.8)
HR = 2.87 (1.15-7.19)
HR = 3.07 (1.32-7.16)
HR = 1.72 (1.06-2.79)
OR = 5.5 (2.5-12)
HR = 19.17 (4.17-88.10)
OR = 14.7 (1.8-119)
OR = 2.2 (1.1-4.3)
OR = 2.01 (1.57-2.59)

Benlloch et al[53]
Herrero et al[22]
Herrero et al[22]
Watt et al[23]
Carenco et al[13]
Herrero et al[34]
Carenco et al[13]
Carenco et al[13]
Carenco et al[49]

HHV8 exposure
Recipient’s age

Alcohol cirrhosis
Primary sclerosis cholangitis
Alcohol consumption
Tobacco consumption

All non-skin tumors
All non-skin solid tumors
Smoking-related tumors
All non-skin solid tumors
All non-skin solid tumors
All non-skin tumors
All non-skin tumors
All non-skin solid tumors
Smoking-related tumors

Obesity
Mean tacrolimus TC during
first year post-LT

All non-skin solid tumors
All non-skin solid tumors

SIR: Standardized incidence ratio; HPV: Human papilloma virus; HHV8: Herpes human virus 8; HR: Hazard ratio; RR: Relative risk; OR: Odds ratio; CI:
Confidence interval; TC: Through concentration.

[27]

serotype . Moreover, it is now established that HPV
infection is a risk factor for epidermoid head and neck
[28]
carcinomas , which could partly explain the high rate
of these cancers after LT.
Long-term immunodeficiency places liver transplant
recipients at risk of oncoviral infection, which is
conducive to malignancy and necessitates efficient
management of the immunosuppressive therapy.

RISK FACTORS FOR NON-SKIN SOLID
MALIGNANCIES
Environmental risk factors

Viral infection: In a meta-analysis involving 31977
solid organ transplant recipients (97% of whom were
[21]
renal transplants) Grulich
demonstrated a high risk
of HHV8-related cancer (Kaposi’s sarcoma) and HPVrelated cancer (cervical, anal, vulval, vaginal, and
penile cancer, as well as head and neck cancer) in
these immunocompromised patients. In this study,
similar results were found for people with HIV/AIDS.
This further supports the notion that the risk of
infection with an oncovirus and, consequently, the
risk of cancer, is increased in immunocompromised
patients (Table 2).

Alcohol and tobacco consumption: For the general
population, tobacco and alcohol consumption are
known risk factors for oral, pharyngeal, laryngeal,
[29-32]
esophageal, and upper airway tumors
. There
is a synergistic effect when patients are exposed to
both tobacco and alcohol; the risk of these tumors is
more than seven times higher in heavy drinkers and
[30-33]
smokers
.
Using a multivariate analysis in a retrospective study
of 722 liver transplant patients, previous alcohol abuse
was associated with a three-fold risk of developing a de
[33]
novo tumor following LT (P = 0.002, 95%CI: 1.5-5.8) .
In a smaller cohort, using a multivariate model, Herrero
[22]
et al found a hazard ratio of 2.87 (95%CI: 1.15-7.19)
of developing a non-skin tumor after LT among patients
who consumed large amounts of alcohol. In two other
[17,23]
studies
, patients who received a transplant for
alcoholic cirrhosis had a higher risk of non-skin solid
cancers after LT, but alcohol consumption was not an
independent cancer risk factor, unlike tobacco use. We
[13]
found similar results in a study with 465 patients :
using a univariate analysis, alcohol consumption
was a risk factor for developing a solid cancer, but in
multivariate analysis it was not an independent risk
factor, unlike tobacco consumption and obesity before LT.

Is this also the case for liver transplant recipients
who require a lower level of immunosuppres
sion than that received by kidney transplant
recipients? Kaposi’s sarcoma is rare in the general
population; several studies have described an incidence
[22-24]
of 0.5%-2.8% for this disease after LT
. As shown
[8,17]
by the Italian studies
, Kaposi’s sarcoma occurs
much more frequently in patients living in areas
[25,26]
where HHV8 is endemic
, compared to the general
population, while none of the 6846 liver transplant
recipients developed this cancer in the United Kingdom
[9]
cohort .
[8]
Out of 417 post-LT patients, Baccarani encoun
tered three patients with cervical cancer (0.7%), which
was 30 times more than expected. It has been shown
that before solid organ transplant, 29% of patients
were infected with a high-oncogenic potential HPV
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A history of smoking is common in patients who
undergo LT for alcoholic liver disease, and tobacco
consumption is now an independent risk factor for the
[13,22,23]
development of a non-skin solid cancer after LT
.
[34]
Herrero et al
specifically described the incidence
and risk factors for “smoking-related malignancies”
(SRM), defined as head and neck, esophageal, kidney,
and urinary tract carcinomas, in 339 liver transplant
recipients. Compared to a sex and age-matched general
population, they observed a relative risk of 8.5 for the
development of SRM in active smokers, and 4.4 in
former smokers vs 0.36 in patients who never smoked.
In a multivariate analysis, significant smoking was an
independent risk factor, with a hazard ratio of 19.
Interestingly, in our cohort of 465 liver transplant
[13]
recipients , 38 patients developed an SRM, and
tobacco consumption before and after the LT were
the only independent risk factors found when using a
multivariate analysis. Therefore, it is paramount that
all patients cease tobacco and alcohol consumption
prior to and after LT.

body weight are independent risk factors for breast,
endometrial, esophageal, and colorectal cancers in the
[36]
general population .
In addition to cardiovascular complications that
can cause obesity, it seems that obesity could be
responsible for non-skin solid cancers after LT. Regular
physical activity and a balanced diet are essential for
these patients.

Specific LT risk factors

Indications for LT: The incidence of CRC after LT
differs depending on the series; it has been found
[4-9,16,23,37]
to range from 0.03% to 3.1%
. This spread
can be explained by the proportion of patients who
received a transplant for primary sclerosing cholangitis
(PSC) in association with chronic inflammatory bowel
[23]
disease (IBD). Indeed, Watt et al
found 25 cases
of CRC in 798 liver transplant recipients (3.1%); 127
(15.9%) of these patients received LT for PSC. This
variable was the strongest risk factor for developing a
solid cancer after LT, and reflects the high risk of CRC
in patients with IBD.
[2]
In Europe, PSC represents 4% of LT indications ,
yet in a study of a large series the incidence of CRC
was two to three times higher than that observed in
[9]
the general population . This was also observed in
[16]
a single-center study in Japan , with one patient
[13]
transplanted for PSC. In our series of 465 patients ,
only six patients received a transplant for PSC, and
none of the patients developed CRC; however, in the
entire study, we found an incidence of CRC that was
2.7 times higher than expected. Moreover, in a metaanalysis excluding patients transplanted for PSC, Sint
[20]
Nicolaas found a 1.8-fold higher risk of CRC after LT.

Personal risk factors

Age and gender: Age is a well-established risk factor
for solid cancer in the general population. Using a
[22]
[23]
multivariate analysis, Herrero et al and Watt et al
concluded that this is also the case for liver transplant
[13]
recipients. In our series of 465 patients , we did not
find this to be a risk factor, probably due to the low
standard deviation of age within our patient cohort.
Numerous single-center studies have failed to
find a statistically significant difference between
male and female liver transplant recipients in terms
of the development of de novo solid tumors using a
[13,15,22,23]
multivariate analysis after LT
. This is probably
because of the much greater weight of other risk
factors.

Why do non-PSC liver transplant recipients
appear to have an increased risk of CRC? John
Cunningham virus (JCV) reactivation in adenomas
could be a possible mechanism for this increased
[38]
risk . Another possibility could be the presence of
precursor lesions for CRC before the LT. A case-control
study found that 7.3% of the 82 liver transplant
recipients developed advanced neoplasia, compared
to 1.2% in the 82 control patients from the general
[39]
population . Another study retrospectively identified
92 liver transplant recipients who underwent a
screening colonoscopy; the relative risk for advanced
neoplasia was 8.9 compared to a large asymptomatic
[40]
cohort .

Obesity: Liver transplant recipients often present
with a metabolic syndrome before transplantation, or
develop it after the procedure; these syndromes can
be triggered and aggravated by anti-calcineurins and
[35]
corticosteroids .
[13]
In our series of 465 patients , 27.4% of the 65
patients who developed a non-skin solid tumor after
LT were obese, vs 15.8% of the rest of the cohort.
Using a multivariate analysis, we found that obesity
and tobacco consumption before LT were independent
risk factors for non-skin solid tumors. Interestingly, in
a subgroup analysis of 427 patients with 27 different
cancers (eight colorectal, eight prostate, four breast,
and seven other types of cancer), obesity was the
only independent risk factor after excluding smokinginduced cancer (head and neck, lung, esophageal, and
urinary tract cancer). To the best of our knowledge,
there are no other studies that have investigated
this risk factor after LT, although obesity and excess
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CNI exposure: As well as their ability to promote
infection by viruses with oncogenic potential, there
is evidence from animal studies that suggests CNIs
also have carcinogenic potential. This may be caused
[41]
by activation of the Ras pathway , induction of
tumor growth and metastatic potential from TGF-β1
[42,43]
activation
, and disruption of angiogenesis and
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[44-46]

apoptosis
.
In a study of kidney transplant recipients by
[47]
Dantal et al
the incidence of cancer (mainly skin
malignancies) was higher in patients with elevated
cyclosporine target levels (e.g., 150-250 ng/mL vs
75-125 ng/mL). More recently, in liver transplant
[48]
recipients, Vivarelli et al found a higher risk of hepa
tocellular carcinoma recurrence in patients exposed to
higher doses of anti-calcineurin, either cyclosporine or
TC, during the first three months after LT.
We monitored the blood concentrations of TC in
247 patients treated with TC for at least one year
[49]
after LT . The mean TC concentration during the first
year after LT was significantly higher in patients who
developed non-skin solid tumors (10.3 and 7.9 ng/
mL, respectively, P < 0.0001). The independent risk
factors for developing solid cancer using a multivariate
analysis were tobacco consumption before the LT, and
the mean annual TC concentration during the first
year after LT. Indeed, a model that takes into account
smoking and mean TC concentration during the first
year after LT strongly predicted the occurrence of a
solid cancer in our sample population.

CONCLUSION

How can we change our immunosuppression
strategies to prevent cancer? In liver transplant
recipients, short-term complications are dominated
by infections and post-operative complications;
rejection is less problematic than in other organ
transplantations. Acute cellular rejection is a rare event
that may be easily controlled either with an increase in
TC or a bolus of steroids.
Therefore, it might be interesting to rapidly
decrease CNI concentrations to minimize the risk of
solid cancer after LT. To avoid organ rejection, one
could use drugs that block proliferative signaling,
such as mTOR inhibitors. mTOR inhibitors have major
immunosuppressive activity through their intracellular
binding to FKBP12 and inhibition of mTORC1, which
blocks cell cycle progression and IL-2 signaling in
T cells. Indeed, these are already used in patients
with CNI-related nephrotoxicity. As well as their
immunosuppressive properties, these drugs have antioncogenic effects in preclinical models, and they are
currently being investigated as anti-cancer agents
[50]
in clinical trials . For kidney transplantations, the
[51]
CONVERT trial
has demonstrated lower cancer
rates (mainly skin cancer) in renal allograft recipients
who were switched to a sirolimus-based, CNI-free
immunosuppressive treatment.
However, mTOR inhibitors have significant side
effects, including rejection, delayed wound healing,
mouth ulcers, and leg edema, and there is a 46%
[52]
discontinuation rate among renal transplant recipients .
Therefore, data for liver transplant recipients from large
cohorts are needed to accurately determine the risk/
benefit balance of using mTOR inhibitors before they can
become routine treatment for all patients.
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In conclusion, de novo malignancy is currently the
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and dose-dependent effects on cell metabolism might
play a direct role in oncogenesis. Therefore, it is
paramount that LT patients cease alcohol and tobacco
consumption before and after transplantation, and that
the minimum dose of CNI is administered to reduce
the risk of malignancy, while still preventing graft
rejection.
In the future, we will evaluate the safety and
efficacy of CNI-free regimens through prospective
studies.
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MINIREVIEWS

Endoscopic submucosal tunnel dissection for large
superficial esophageal squamous cell neoplasms
Ya-Qi Zhai, Hui-Kai Li, En-Qiang Linghu

Abstract

Ya-Qi Zhai, Hui-Kai Li, En-Qiang Linghu, Department of
Gastroenterology and Hepatology, Chinese People’s Liberation
Army General Hospital, Beijing 100853, China

Endoscopic submucosal dissection (ESD) is a wellestablished treatment for superficial esophageal
squamous cell neoplasms (SESCNs) with no risk of
lymphatic metastasis. However, for large SESCNs,
especially when exceeding two-thirds of the esophageal
circumference, conventional ESD is time-consuming and
has an increased risk of adverse events. Based on the
submucosal tunnel conception, endoscopic submucosal
tunnel dissection (ESTD) was first introduced by us to
remove large SESCNs, with excellent results. Studies
from different centers also reported favorable results.
Compared with conventional ESD, ESTD has a more
rapid dissection speed and R0 resection rate. Currently
in China, ESTD for large SESCNs is an important
part of the digestive endoscopic tunnel technique,
as is peroral endoscopic myotomy for achalasia
and submucosal tunnel endoscopic resection for
submucosal tumors of the muscularis propria. However,
not all patients with SESCNs are candidates for ESTD,
and postoperative esophageal strictures should also
be taken into consideration, especially for lesions
with a circumference greater than three-quarters. In
this article, we describe our experience, review the
literature of ESTD, and provide detailed information
on indications, standard procedures, outcomes, and
complications of ESTD.
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The submucosal tunnel formed a bridge between
medical treatment and surgery, which was a long-held
ambition of endoscopists. Peroral endoscopic myotomy
(POEM) for achalasia launched a new field in endoscopy
[12]
of digestive endoscopic tunnel technique (DETT) .
Inspired by POEM, submucosal tunnel endoscopic
resection (STER) was developed for the treatment of
[13,14]
submucosal tumors of the muscularis propria (MP)
.
[5]
Since we first reported our experience in ESTD , an
increasing number of endoscopists have focused on
[15-20]
the new treatment strategy for SESCNs
. Some
believe that standardized ESTD has made esophageal
ESD straightforward and less difficult, especially for
[15]
Western endoscopists . Currently in China, ESTD
has become an important part of DETT, together with
[10]
POEM and STER .
In this review, we describe the indications, proce
dures, outcomes, complications, advantages, and
future perspectives of ESTD for SESCNs.

(DETT) innovatively broke the traditional boundaries
between medicine and surgery and has been a recent
research hotspot. Based on the submucosal tunnel
concept, endoscopic submucosal tunnel dissection
(ESTD) was introduced by us to treat large superficial
esophageal squamous cell neoplasms, with excellent
results. Studies from different centers also achieved
favorable results, and ESTD has become an important
part of DETT in China. Therefore, we conducted a
literature review and provided detailed information
on indications, standard procedures, outcomes, and
complications of ESTD.
Zhai YQ, Li HK, Linghu EQ. Endoscopic submucosal tunnel
dissection for large superficial esophageal squamous cell
neoplasms. World J Gastroenterol 2016; 22(1): 435-445
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i1/435.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i1.435

INDICATIONS

INTRODUCTION

Generally, whether endoscopic resection is preferred
for patients with SESCNs is determined by risk of
[21]
lymph node metastasis and technical resectability .
Postoperative quality of life also should be taken into
consideration. According to 2012 Japan Esophageal
Society (JES) guidelines for treatment of esophageal
[22]
carcinoma , lesions limited to the mucosal epithelium
(m1) or the lamina propria mucosa (m2) have a
low risk of lymph node and distant metastasis, and
radical resection can be achieved endoscopically, with
similar long-term survival to surgery. Therefore, these
lesions are considered to be an absolute indication
for endoscopic resection. As the risk of lymphatic
metastasis increases to 10%-15%, endoscopic
resection is relatively indicated for lesions invading
the muscularis mucosae (m3) or submucosal layer <
200 μm (sm1), although Western endoscopists remain
[1]
cautious and conservative (Figure 1) .
Technical resectability is often determined by
circumferential extension of lesions, which is an
[23,24]
important risk factor for postoperative stenosis
.
As a result of advances in endoscopic techniques, the
2012 JES guidelines removed the restriction of lesion
circumference in the 2007 edition, by which endoscopic
resection was only indicated for m1 or m2 lesions not
exceeding two-thirds of the esophageal circumference
[22,25]
(absolute indication)
. We believe that it was the
standardized ESTD that enabled lesion size no longer
to be a barrier to endoscopic resection and significantly
improved efficacy. Double-tunnel ESTD could further
minimize operation duration for whole circumferential
[20]
lesions . Despite that, patients with lesions larger
than three-quarters of the circumference should
be informed of the risk of esophageal stenosis and
[23,24,26]
prophylactic measures should be taken
. Lesions
< 15 mm in diameter are not recommended for ESTD,
[15]
although the technique is reported to be feasible .

Endoscopic submucosal dissection (ESD) is acknow
ledged as the standard treatment for superficial
[1-3]
esophageal squamous cell neoplasms (SESCNs) .
Compared with conventional endoscopic mucosal
resection (EMR), ESD enables en bloc resection and
precise pathological assessment, leading to a lower
[4]
local recurrence rate . However, with respect to large
SESCNs, some frustrating problems arise, especially
for tumors with a circumference that exceeds twothirds of the esophageal lumen. During submucosal
injection, rapid diffusion of submucosal liquid cushion
after circumferential incision made the lifting-effect
unsatisfactory. The submucosal endoscopic view was
also not clear because the resected mucosa shrank
[5,6]
and blocked the confined lumen . Consequently,
the ESD procedure is time consuming, has a high
risk of adverse events, and requires highly skilled
endoscopists. To overcome these problems, some
endoscopic innovations were introduced, such as
[6]
modified fishing-line traction system , peroral
[7]
[8]
traction-assisted technique , clip-band technique ,
[9]
and medical ring system , but these were not suitable
for extensive standardized application.
[10,11]
Early in 2009, Linghu et al
attempted to dissect
a submucosal tunnel and successfully achieved en bloc
removal of an 8 cm long circumferential SESCN. The
results were presented as the “tunnel technique for
circumferential esophageal lesions”, at the 2009 Beijing
Annual Meeting of Digestive Endoscopy. The innovative
technique was termed endoscopic submucosal tunnel
[5]
dissection (ESTD) . Although derived from ESD,
ESTD with the submucosal tunnel concept changed
the traditional procedures for ESD: marking-injectioncircumferential incision-submucosal dissection became
a new treatment strategy for superficial esophageal
neoplasms.
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Absolute indications
m1 or m2 lesions

Relative indications
m3 or sm1 lesions without clinical
evidence of lymph node metastasis

Investigational stage
sm2 or deeper lesions
targeted for local control

Clinical and histopathological evaluation

Determination of radicality

Follow-up observation

Additional treatment
(radical surgery, radiotherapy, chemotherapy)

Figure 1 Indications for endoscopic resection by 2012 Japan Esophageal Society guidelines.

The reasons are as follows: (1) EMR is easy to perform
and achieves a favorable en bloc resection rate; and
(2) excess normal mucosa is resected by the creation
of a submucosal tunnel and is followed by more
trauma and longer recovery. Based on calculation
and our experience, the diameter of the submucosal
tunnel should be ≥ 10 mm, and the resected area
should be ≥ 20 mm in diameter, or one-third of the
[10,27]
circumference
.
Therefore, ESTD is indicated for: (1) lesions
not invading deeper than sm1 and without clinical
evidence of lymph node metastasis; and (2) lesions at
least one-third of the esophageal circumference and ≥
20 mm in diameter.

bleeding or large exposed vessels when a handheld knife is insufficient. CO2 insufflation is strongly
suggested because it decreases the risk of air-related
adverse events, such as subcutaneous or mediastinal
emphysema and even pneumothorax, and for its rapid
[28-30]
absorption rate, around 150 times higher than air
.

ESTD PROCEDURES
Patients are placed in the left lateral position. General
anesthesia with mechanical ventilation is required
in view of lesion location and long operation time.
Endotracheal intubation prevents aspiration, and
positive pressure ventilation reduces the risk of air[5,31]
related adverse events
. ESTD procedures differ
[5]
from ESD in the following ways (Figures 2 and 3) .

EQUIPMENT REQUIRED

Marking lesion margin

A forward-viewing gastroscope (GIF 260J; Olympus,
Tokyo, Japan) with a water-jet function is used, with a
9.8 mm outer diameter and a single 3.2 mm working
channel. A transparent cap (D201-11804; Olympus)
is fitted to the tip of the endoscope to provide a clear
submucosal view. It also facilitates entering the tunnel
and blunt dissection. Similar to ESD, an electrosurgical
energy generator (ICC-200 or VIO 300D; Erbe,
Tübingen, Germany) is connected to provide cutting
or coagulation when needed. Various electrosurgical
knives are available, including the dual knife, insulatedtip (IT) knife, the triangle-tip (TT) knife, and hook
knife. The hybrid or flush knife, with a combined
function of submucosal injection and electrosurgical
knife, avoids frequent changing of tools, making the
procedure simpler and more efficient. Selection of
knives depends on the preference and specialty of
the endoscopist. We prefer the dual knife for marking
and mucosal incision and the IT knife for submucosal
dissection and lateral resection.
A hemostatic forceps is used to handle active

WJG|www.wjgnet.com

Magnifying narrow-band imaging and lugol staining
are carried out to delineate the lesion. Dots are made
around 5 mm outside the margin with argon plasma
coagulation (APC) or electrosurgical knives. For circum
ferential lesions, circular dots reveal the anal and oral
margins.

Submucosal injection and mucosal incision

In the anal-oral sequence, the anal side of the mucosa
is first cut open transversely with a dual knife after
the submucosal fluid cushion reaches an acceptable
level. In China, the frequently used injection fluid is a
mixture of 100 mL normal saline solution or glycerolfructose injection, 1 mg epinephrine, and indigo
carmine or methylene blue, for its ease of application
and low cost. Highly viscous hyaluronic acid can
maintain a thick fluid cushion for a long time and is
widely used by Japanese endoscopists. Subsequently,
the same procedure is performed for incision of the
oral side of the mucosa along the marked dots.
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A

B

D

E

C

Figure 2 Schema of endoscopic submucosal tunnel dissection. A: Evaluating and delineating the neoplasm; B: After marking the lesion margin, mucosal incision
was performed in the anal-oral sequence; C: A submucosal tunnel was created from the oral to anal side; D: Lateral resection with an insulated-tip knife for complete
removal of the lesion; E: Preventive coagulation on artificial ulcer.

The anal side of the incision is a useful indicator
of submucosal tunnel endpoint. More importantly,
communication between the submucosal tunnel and
esophageal lumen prevents gas accumulation and
sharply rising tunnel pressure during dissection, avoids
excessive normal mucosal separation, and reduces risk
[5,32]
of air-related adverse events
.

by excessive dissection.

Lateral resection

After completion of the tunnel, the endoscope is
withdrawn, and the IT knife is used for lateral mucosal
resection close to the markings from the anal to
the oral side, until complete removal of the lesion.
The resection is carried out simultaneously on the
both sides of the tunnel. In this way, traction of the
contralateral mucosa makes the procedure easier.

Creation of submucosal tunnel

Submucosal dissection was used to create a tunnel
from the oral side to the anal side. Repeated
submucosal injection is necessary to separate the
mucosa from the MP to maintain an adequate space.
IT knife (IT 2 or IT nano) with a small ceramic ball
is a safe and efficient tool, offering both lateral and
backward dissection. Submucosal dissection should
be conducted close to the MP, where rich vascular
networks are absent, which differs from the upper
submucosal layer and muscularis mucosae. According
to basic principles of DETT, at least one side of the
submucosal tunnel should be intact as the only barrier
to the mediastinum. Therefore, the blade should be
parallel to the MP as much as possible and catch the
submucosal fibers to the center of tunnel for electric
cut to avoid MP injury. During lateral dissection of the
tunnel, mucosal dots are a reminder of the tunnel
boundary, and constant withdrawal of the endoscope
from the tunnel also ensures that the tunnel is a
consistent size, to avoid postoperative stenosis caused

WJG|www.wjgnet.com

Management of artificial ulcer

After removal of the lesion, hemostatic forceps and
APC are applied to coagulate the visible vessels on
the surface of the artificial ulcer to prevent delayed
bleeding. More attention should be given to vessels
on the edge of the ulcer. Preventive clips should be
placed when the MP layer is injured. Fibrin sealant or
sucralfate can be used to protect the ulcer. For lesions
more than three-quarters of the circumference, a fully
covered esophageal metallic stent is conventionally
placed to prevent postoperative stenosis in our
endoscopy center.
As for double-tunnel ESTD, the difference is that
circular incisions are successively performed at the
anal and oral margin after marking. Then, the two
opposite tunnels are dissected one after another from
the oral to anal side. The procedures of double-tunnel
ESTD are detailed in Figure 4.
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D
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F

G

Figure 3 Endoscopic submucosal tunnel dissection with a single triangle-tip knife. A: Lugol staining to delineate the lesion, occupying almost half of the
esophageal lumen. The margin was marked by argon plasma coagulation; B, C: Anal and oral incision was performed successively with a triangle-tip (TT) knife.
Water jet helped entry into the submucosal tunnel; D: Submucosal tunnel was created from the oral to anal side; E: Lateral resection with a TT knife from the oral to
anal side until reaching the anal incision; F: Complete en bloc resection was achieved in 52 min; G: The specimen, around 55 mm × 35 mm in size, was retrieved.
Histopathological examination revealed a microinvasive squamous carcinoma limited in the lamina propria mucosa, free of lateral and vertical margin.
[15]

et al
treated 25 esophageal neoplasms from 23
patients, ranging from 10 to 60 mm, with ESTD. En
bloc resection was successfully performed in 23 lesions,
and R0 resection was achieved in 22 lesions. Two of 23
patients experienced local recurrence, and one patient
underwent reoperation, with supplementary EMR and
radiofrequency ablation.
We performed a systematic literature review of
ESTD from Chinese databases (CBM, Wanfang Data,
CMJD and CNKI) and English databases (PubMed,
EMBase and Cochrane Library). The review identified
a total of 90 lesions (88 patients) from nine studies,
with a mean size of 37.8 mm (range: 10-80 mm)
(Table 1). The pooled en bloc, R0 resection and local
recurrence rates were 97.8% (92%-100%), 85.6%
(81.8%-100%), and 3.3% (0%-9.1%), respectively,
which were at least comparable to those for ESD. In

OUTCOMES AND COMPARATIVE
RESULTS
In our first report of ESTD, five SESCNs with a mean
diameter of 57 mm (range: 40-80 mm) were en bloc
[5]
and R0 resected without any complications . Mean
operation duration was 78.6 min (34-120 min) and
no recurrence of SESCNs was observed with a mean
follow-up of 7.4 mo (3-13 mo), preliminarily showing
the feasibility and efficiency of ESTD. Several studies
from different centers achieved similar favorable
[19]
results. Xiong et al
reported that en bloc and R0
resection were achieved in all seven SESCNs treated
with ESTD. In another retrospective study of 11 ESTD
[17]
procedures by Pioche et al , en bloc and R0 resection
rate were 100% and 81.8% (2/11), respectively.
One patient (9.1%) experienced recurrence. Arantes
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A

B

C

D

E

F

Figure 4 Double-tunnel endoscopic submucosal tunnel dissection for circumferential superficial esophageal neoplasms. A: An 8 cm circumferential
superficial esophageal cancer was showed by iodine staining, at 28–36 cm from the incisors; B: Circular incisions were successively performed at the anal and oral
margins after marking; C, D: Two submucosal tunnels were created opposite each other. Two tunnels nearly covered the whole esophageal lumen, and the borders
were narrow enough to be resected easily; E: A 14 cm retrievable, fully-covered esophageal stent was placed to prevent postoperative stenosis. F: The lesion was
resected circumferentially, about 60 mm in length. From Zhai et al[20].

Table 1 Systematic literature review of endoscopic submucosal tunnel dissection for superficial esophageal squamous cell neoplasms

n (%)
Ref.

Year

Lesions/cases

Mean size
(mm)

Operation
time (min)

resection

En bloc

R0 resection

Complications

follow-up
(mo)

Local
recurrence

Linghu et al[5]
Linghu et al[11]
Zhai et al[32]
Gao et al[18]
Xiong et al[19]
Arantes et al[15]

2011
2013
2014
2012
2013
2013

11/11

48.2 (30-80)

78.6 (34-120)

100%

81.8%

Stenosis: 6 (54.5)

13.5 (3-30)

0%

17/17
7/7
25/23

24 (20-50)
35.7 (20-40)
25 (10-60)

128 (60-180)
61 (37-110)
85 (60-210)

100%
100%
92%

82.4%
100%
84%

0%
0%
2 (8)

Pioche et al[17]

2013

11/11

45 (27-80)

76 (35-150)

100%

81.8%

Tan et al[65]
Zhou et al[66]

2014
2014

1/1
18/18

50
58 (45-74)

NA
54.5 (32-85)

100%
100%

100%
100%

90/88

37.8 (10-80)

83.3 (32-180)

88 (97.8)

77 (85.6)

Delayed bleeding: 1 (5.9)
NA
Immediate bleeding: 2 (28.6)
12
SE and ME: 2 (8)
21.4 (3-36)
Perforation: 1 (4)
SE: 9.1%
NA
Stenosis: 4 (36.4)
None
6
Immediate bleeding: 1 (5.6)
6
SE: 1 (5.6)
Stenosis: 3 (16.7)
Immediate bleeding: 4 (4.4)
NA
Delay bleeding: 1 (1.1)
Perforation: 1 (1.1)
SE or ME: 3 (3.3)
Stenosis: 9 (10)

Total

1 (9.1)
0%
0%

3 (3.3)

SE: Subcutaneous emphysema; ME: Mediastinal emphesema.

[32]

our retrospective comparative study , among 29
consecutive patients, 11 patients underwent ESTD
and 18 ESD for lesions that were at least one-third the
circumference and ≥ 20 mm in diameter. ESTD had a
more rapid dissection speed, almost twice that of ESD
2
2
(22.4 mm /min vs 12.2 mm /min). Curative resection

WJG|www.wjgnet.com

was more likely to be achieved with ESTD (81.8% vs
66.7%). These advantages of ESTD may be attributed
[5,32]
to the following factors
: (1) counter-traction of
bilateral mucosae provides a clear submucosal vision
for dissection; (2) the transparent cap and gas cushion
created by CO2 insufflation can play a role in blunt
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[15]

dissection, accelerating the operation; (3) submucosal
injection solution is retained longer because ESTD
avoids conventional circumferential incision, and there
is less need for repeated injection; and (4) because
the dissection is deeper in the submucosa, close to the
muscularis mucosae, and the mucosa together with
most of the submucosa can be removed, making for
more precise pathological assessment.

al , two patients experienced subcutaneous and
mediastinal emphysema, while 11 patients reported
by us were uneventful with CO2 insufflation during
[32]
ESTD . Consensus has been reached that CO 2
[5,10,14,31,45]
insufflation is strongly recommended in DETT
.
The pooled incidence is 4.4% (0%-9.1%), which is
lower than that of POEM or STER. All the emphysema
was minor and could be absorbed spontaneously
without additional treatment.
Postoperative esophageal stricture is of most
concern for large mucosal defects after ESTD because
it reduces quality of life. Circumference extent
and histological depth are reliable predictors of
[23,24,46]
postoperative stricture
. In a retrospective study
[34]
of 84 esophageal ESDs by Ono et al , the incidence
of lesions less than half, less than three-quarters, and
more than three-quarters of the circumference was 2%
(1/49), 20% (5/25), and 90% (9/10), respectively.
[24]
Shi et al
also reported similar results in a review of
362 ESDs, in which lesions that were more than threequarters of the circumference had a 93.3% (32/34)
risk of stricture. Therefore, preventive intervention
should be implemented for lesions that exceed threequarters of the circumference or are less than threequarters of the circumference but invade to a greater
[24,32,47]
depth than m2
.
Endoscopic pneumatic dilation (EPD) is taken as
the standard treatment for postoperative esophageal
[48,49]
strictures
. However, refractory strictures caused
by large defects usually demand up to dozens of
EPDs. This increases the risk of perforation as well
as the treatment cost. In a study of 121 patients
[50]
with 1337 EPD procedures for post-ESD stenosis ,
the incidence of perforation was 4.1% (5/121) per
patient and 0.4% (5/1337) per procedure. Patients
with perforations required more sessions of EPD than
those without perforations [37 times (6-57) vs 7 times
[51]
(1-70)]. Takahashi et al
also reported that seven
patients developed perforation during 648 dilation
procedures for post-EMR/ESD stricture, and multiple
dilations and lower esophageal site were independent
risk factors for perforation. Systemic administration
or local endoscopic injection of steroid is effective,
which not only lowers incidence of stricture, but
also decreases extension of stricture and numbers
[52-56]
of required endoscopic dilations
. In a recent
[57]
randomized controlled trial by Takahashi et al ,
32 patients with post-ESD defects more than threequarters of the circumference were randomized to
single triamcinolone acetonide injection (n = 16) and
conventional EPD (n = 16). The steroid group required
fewer dilatation sessions than the control group (6.1
sessions vs 11.5 sessions), without an increased
risk of perforation. With respect to circumferential
[56]
ESD, Sato et al
reported that oral steroid therapy
with EPD was more effective than single EPD for the
prevention of esophageal stricture. Given possible
multiple local injections and mistaken deep injection
into the MP, convenient oral steroid therapy with EBD

COMPLICATIONS
Bleeding and perforation are the common adverse
events of ESTD, with a pooled incidence of 4.4% and
1.1%, respectively. These incidences do not differ
significantly from those of ESD, which were reported
[26,33-37]
as 0%-5.2% and 0%-6.9%, respectively
.
Submucosal dissection is performed in the deeper
submucosa, where transversed vessel trunk prevails.
After exposure of the vessel trunk, prophylactic
coagulation with hemostatic forceps should be
undertaken in soft mode. For minor oozing bleeding,
an electrosurgical knife in coagulation mode is
usually sufficient, while for massive active bleeding,
identification of bleeding spots with a water jet is
more advisable than blind coagulation with hemostatic
forceps. Clips are reserved for the last resort because
they may hinder the next dissection procedure.
Unstopped hemorrhage is rare and is mostly caused by
delayed bleeding in the first 24 h postoperatively. In 17
[18]
patients with ESTD , one patient had delayed bleeding
and was transferred to surgery after failed endoscopic
hemostasis. Proton pump inhibitors are routinely
administered, and emergency endoscopy should be
performed once delayed bleeding is suspected during
close surveillance.
Perforation during operation is usually < 10 mm,
and endoscopic clips are the standard method for
closing such perforations. Generally, multiple clips
are required in a zipper fashion to ensure complete
closure. Recently, a new over-the-scope clip has
become clinically available and can successfully seal
esophageal perforation up to 20 mm in size with high
[38-42]
compression force
. For larger perforations, fullycovered self-expandable metal stents (FCSEMs) are
effective, although they have a potential risk of stent
[43]
migration . For delayed perforation, early recognition
determines treatment option and outcome. As a
result of minor inflammation and content egression,
delayed perforations within 12 h can be treated
conservatively, including endoscopic closure with
clips and percutaneous drainage. However, surgery is
mandatory for patients with unstable hemodynamics,
with perforations that are recognized after > 24 h, or
[44]
who fail conservative treatment .
Although one tries to avoid touching the MP during
dissection, air-related adverse events frequently occur;
partly due to increased air pressure in the submucosal
tunnel and thin MP without compact serosa. In
25 ESTDs with room-air insufflation by Arantes et
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and ESTD operations. With the excellent performance
[15]
in 25 patients, Arantes et al
proposed ESTD as a
standardized approach to facilitate ESD learning for
Western endoscopists. Moreover, the promising results
from both Asian and Western endoscopy centers
and the advantages of ESTD over conventional ESD
enable us to speculate that ESTD will replace ESD as a
standardized method for large SESCNs. A multicenter
prospective study of ESTD by us is ongoing, and
other large-sample research from different centers is
awaited. A prospective randomized study comparing
ESTD with ESD is also eagerly anticipated.
ESTD can be also used for superficial lesions in
other parts of the digestive tract. We have reported
initial experience of ESTD for gastric lesions (three
in the cardia and one in the lesser curvature), which
were successfully removed in en bloc and R0 fashion
[62]
without any complications . The mean diameter was
43 mm (40-50 mm), and the mean operation time
was 65 min (34-97 min). However, it is easy to miss
lesions in the gastric tunnel by submucosal dissection,
because the lesions are not always in a straight line,
and superficial marks are invisible from the tunnel
view. Frequent withdrawal of the endoscope from the
tunnel is necessary. To overcome the limitations of
[63]
submucosal fibrosis, Choi et al
utilized ESTD as a
salvage technique to treat two patients with ulcerative
early gastric cancer with fibrosis. The salvage
technique made some modifications, by which the oral
incision was 2-3 cm distal to lesions, and the anal was
cut open in an arcuate style. To resect a large sessile
duodenal adenoma in the bulb adjacent to a scar, Jin et
[16]
al
created a submucosal tunnel through the pyloric
ring for its removal. En bloc resection was achieved,
and two minor perforations during hemostasis were
completely clipped after submucosal dissection. The
postprocedural course was uneventful, and the patient
[64]
was discharged 8 d after ESTD. Hu et al
reported
successful application of STER to resect eight rectal
submucosal tumors. Despite absence of clinical use of
ESTD in the colorectum, we still believe it is feasible
to remove large, laterally spreading tumors from the
rectum and distal colon. In our experience, given
different anatomical features and potential risk, ESTD
is currently indicated for lesions limited to the gastric
cardia, lesser curvature of the gastric body, antrum,
and rectum.

Endoscopic resection for SESCNs

Circumferential extension

< 3/4

≥ 3/4

Invasion depth
m1

≥ m2

Observation

Preventive measures
(EPD, steroids, or FCSEMS placement etc .)

Figure 5 Proposed flow diagram of postoperative stricture prevention
for superficial esophageal squamous cell neoplasms after endoscopic
resection.

on demand may be a preferred option for prevention
and treatment of post-ESD stricture, in spite of a lack
of studies comparing oral and local steroid injection. In
our endoscopy center, FCSEMs are routinely placed for
lesions more than three-quarters of the circumference
with a period of 4-8 wk, which has been shown to
decrease incidence of stricture and reduce the need
[58]
for dilation . Therefore, we suggest an algorithm for
the prevention of postoperative stricture after endos
copic resection of SESCNs (Figure 5). Recently, other
approaches, such as bioabsorbable poly-L-lactic acid
[59]
stent placement , polyglycolic acid sheet with fibrin
[60]
glue , and transplantation of tissue-engineered cell
[47,61]
sheets
, have shown promising results, but these
approaches require further studies with large samples
prior to extensive clinical use.

PERSPECTIVES AND OTHER
APPLICATIONS
ESTD has established a new strategy for large
SESCNs, which is different from that of traditional ESD,
namely marking-circumferential incision-submucosal
dissection. ESTD is derived from submucosal dissection
techniques and advances in endoscopic equipment.
As an important branch of DETT, ESTD is another
good reflection of the submucosal tunnel concept,
like popular POEM and STER. Compared with the
latter procedures, ESTD does not have any operative
difficulties and may be safer due to maintaining the MP
layer untouched. Hence, we believe that endoscopists
with experience of POEM or STER will find it easy to
adopt ESTD, along with its parallel learning curve
[15]
and training. Arantes et al
described their ESTD
learning process, which involved several sessions of
hands-on practice on animals; experience as firstassistant in human procedures; unsupervised ESD
operations for gastric and rectal tumors (25 cases);
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CONCLUSION
In conclusion, as a new treatment strategy, ESTD is an
effective and safe method for large SESCNs. ESTD can
thoroughly remove the obstacle of endoscopic resection
due to lesion size and is recommended for lesions
that do not invade deeper than sm1 and without
clinical evidence of lymph node metastasis and at
least one-third of the circumference of the esophagus
and ≥ 20 mm in diameter. Postoperative esophageal
stricture has received much attention, and preventive
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intervention should be implemented for lesions that
exceed three quarters of the circumference, or lesions
that are less than three-quarters of the circumference
but invading deeper than m2. Although studies to
date have been limited and larger studies with a high
level of evidence are required, the promising results
so far enable us to speculate that ESTD will replace
traditional ESD as the standard treatment for large
SESCNs in the near future.
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Abstract
AIM: To systematically review the data on distinctive
aspects of peptic ulcer disease (PUD), Dieulafoy’s lesion
(DL), and Mallory-Weiss syndrome (MWS) in patients
with advanced alcoholic liver disease (aALD), including
alcoholic hepatitis or alcoholic cirrhosis.
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was reviewed by a biostatistician (see Methods section).

METHODS: Computerized literature search performed

via PubMed using the following medical subject

Data sharing statement: No additional data available for this
systematic review.

heading terms and keywords: “alcoholic liver disease”,
“alcoholic hepatitis”,“ alcoholic cirrhosis”, “cirrhosis”,
“liver disease”, “upper gastrointestinal bleeding”, “nonvariceal upper gastrointestinal bleeding”, “PUD”, ‘‘DL’’,
‘‘Mallory-Weiss tear”, and “MWS’’.
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RESULTS: While the majority of acute gastrointes
tinal (GI) bleeding with aALD is related to portal
hypertension, about 30%-40% of acute GI bleeding in
patients with aALD is unrelated to portal hypertension.
Such bleeding constitutes an important complication of
aALD because of its frequency, severity, and associated
mortality. Patients with cirrhosis have a markedly
increased risk of PUD, which further increases with the
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progression of cirrhosis. Patients with cirrhosis or aALD
and peptic ulcer bleeding (PUB) have worse clinical
outcomes than other patients with PUB, including
uncontrolled bleeding, rebleeding, and mortality. Alcohol
consumption, nonsteroidal anti-inflammatory drug
use, and portal hypertension may have a pathogenic
role in the development of PUD in patients with aALD.
Limited data suggest that Helicobacter pylori does not
play a significant role in the pathogenesis of PUD in
most cirrhotic patients. The frequency of bleeding from
DL appears to be increased in patients with aALD. DL
may be associated with an especially high mortality in
these patients. MWS is strongly associated with heavy
alcohol consumption from binge drinking or chronic
alcoholism, and is associated with aALD. Patients with
aALD have more severe MWS bleeding and are more
likely to rebleed when compared to non-cirrhotics. Preendoscopic management of acute GI bleeding in patients
with aALD unrelated to portal hypertension is similar
to the management of aALD patients with GI bleeding
from portal hypertension, because clinical distinction
before endoscopy is difficult. Most patients require
intensive care unit admission and attention to avoid
over-transfusion, to correct electrolyte abnormalities
and coagulopathies, and to administer antibiotic
prophylaxis. Alcoholics should receive thiamine and be
closely monitored for symptoms of alcohol withdrawal.
Prompt endoscopy, after initial resuscitation, is essential
to diagnose and appropriately treat these patients.
Generally, the same endoscopic hemostatic techniques
are used in patients bleeding from PUD, DL, or MWS in
patients with aALD as in the general population.

essential to diagnose and appropriately treat these
patients, using endoscopic therapy when necessary.
Nojkov B, Cappell MS. Distinctive aspects of peptic ulcer
disease, Dieulafoy’s lesion, and Mallory-Weiss syndrome in
patients with advanced alcoholic liver disease or cirrhosis. World
J Gastroenterol 2016; 22(1): 446-466 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i1/446.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i1.446

INTRODUCTION
Alcohol consumption remains highly prevalent worldwide
despite its association with more than 60 diseases as
[1]
well as accidental injuries . For example, about two[2]
thirds of adult Americans consume some alcohol , and
[3]
up to one-sixth are alcoholics . Although the burden of
alcohol-related disease is generally highest in developed
countries, the burden is also large and likely increasing
[4]
in developing countries .
Chronic excessive alcohol consumption can cause
liver injury, ranging from alcoholic fatty liver disease
[5]
to alcoholic hepatitis to alcoholic cirrhosis . These
entities can occur simultaneously in one individual (e.g.,
[6]
alcoholic hepatitis with alcoholic cirrhosis) . Alcoholic
cirrhosis, the least common but most severe form of
alcoholic liver disease, occurs in approximately 15%
[7]
of individuals chronically abusing alcohol . Alcoholic
cirrhosis is associated with numerous life-threatening
complications, including variceal bleeding, spontaneous
bacterial peritonitis, hepatic encephalopathy, hepatorenal
[8]
syndrome, and hepatocellular carcinoma .
Alcoholic hepatitis and alcoholic cirrhosis are herein
denoted as advanced alcoholic liver disease (aALD).
Upper gastrointestinal (UGI) bleeding in patients
with aALD is clinically important due to its frequency,
[9,10]
severity, and high mortality
. UGI bleeding accounts
[11]
for up to 25% of the mortality from cirrhosis , and up
[12]
to 10% of the mortality from alcoholic hepatitis . Table
1 describes etiologies of UGI bleeding associated with
aALD or cirrhosis, but excludes etiologies not believed to
be associated with cirrhosis, such as reflux esophagitis,
[13-31]
duodenitis, GI tumors, and angiodysplasia
. UGI
bleeding related to cirrhosis or aALD includes etiologies
directly related vs unrelated to portal hypertension.
Etiologies directly related to portal hypertension include
[32]
[15]
esophageal varices , gastric varices , duodenal
[16]
[33]
varices , gastric portal hypertensive gastropathy ,
[34]
and gastric antral vascular ectasia (GAVE) . Also,
cirrhotic patients rarely develop lower GI bleeding
[35]
related to portal hypertension from rectal varices .
Variceal bleeding has been frequently reviewed because
it represents the etiology of UGI bleeding in about
70% of cases in cirrhotic patients, occurs in 25%-40%
of cirrhotics, and constitutes a major cause of their
[36]
mortality .

CONCLUSION: Nonvariceal upper GI bleeding in
patients with aALD has clinically important differences
from that in the general population without aALD,
including: more frequent and more severe bleeding
from PUD, DL, or MWS.
Key words: Alcoholic liver disease; Alcoholic hepatitis;
Cirrhosis; Portal hypertension; Peptic ulcer disease;
Mallory-Weiss syndrome; Dieulafoy lesion; Endoscopic
therapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alcoholism is highly prevalent worldwide and
can cause advanced-alcoholic-liver-disease (aALD) from
alcoholic hepatitis or cirrhosis. This work systematically
reviews the literature on acute-upper-gastrointestinalbleeding not directly related to portal hypertension
in patients with aALD. Such patients have markedly
increased risks of peptic ulcers, and worse outcomes
from peptic ulcer bleeding than other patients,
including refractory bleeding, rebleeding, and mortality.
Such patients apparently have increased frequency
and mortality of bleeding from Dieulafoy lesions. Such
patients have more frequent, more severe, and more
rebleeding from Mallory-Weiss-syndrome than noncirrhotics. Prompt endoscopy, after resuscitation, is
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Table 1 Differential diagnosis of acute upper gastrointestinal bleeding in an alcoholic with advanced liver disease
Bleeding
lesion

Endoscopic appearance

Pathophysiology

Etiologies related to portal hypertension
Esophageal
Serpiginous, bluish-grey, vessels
Varices provide a conduit for venous blood
varices
protruding from the mucosa into the blocked from traversing through the liver
lumen that typically are largest just
because of cirrhosis to return to the heart
above the gastroesophageal junction
Gastric
varices

Serpiginous, bluish-grey, vessels
protruding from the mucosa into
the lumen that are most commonly
located in the gastric cardia, fundus
or body

Duodenal
varices

Resemble esophageal varices in
endoscopic appearance, but are
located within duodenum

Portal
hypertensive
gastropathy

Mosaic or snake-skin appearance
of gastric mucosa, especially of
the gastric fundus and proximal
gastric body, due to dilated, ectatic,
superficial mucosal vessels
Etiologies possibly related to portal hypertension
Gastric
Intensely erythematous streaks on
antral
longitudinal folds oriented towards
vascular
the pylorus in the antrum
ectasia

Nonsurgical treatment

Ref.

Endoscopy: variceal banding,
variceal sclerotherapy
Angiography: TIPS
Other: balloon tamponade,
octreotide
Angiography: TIPS
Other: balloon tamponade,
octreotide
Endoscopy: cyanoacrylate
injection therapy

Garcia-Tsao et al[13],
Beppu et al[14]

Endoscopic therapy:
APC, thermocoagulation,
electrocoagulation, or
radiofrequency ablation.

McGorisk et al[20],
Payen et al[21]

Endoscopic therapy:
discussed in text

Siringo et al[22],
Vergara et al[23],
Kamalaporn et al[24],
D’Amico et al[25]

Endoscopic therapy:
discussed in text

Paquet et al[26],
Schuman et al[27],
Jensen et al[28]

Endoscopic therapy: injection
therapy, band ligation,
electrocoagulation, APC
Angiography: local
embolization
Surgery: wedge resection

Cappell[29],
Jeon et al[30],
Nojkov et al[31]

Varices provide a conduit for venous blood
Garcia-Pagán et al[15]
blocked from traversing through the liver
because of cirrhosis to return to the heart
Formation of gastric varices may be
promoted by endoscopic obliteration of
esophageal varices
Rare site of varices which may be promoted Endoscopy: variceal banding or
Copelan et al[16],
by prior esophageal variceal banding or
sclerotherapy
Matsui et al[17]
Angiography:
sclerotherapy and prior duodenal surgery
TIPS, angiographic occlusion
therapy by embolization or
balloon occlusion
Network of microcirculation that drains
TIPS
Patwardhan et al[18],
venous blood blocked from passing through
Thuluvath et al[19]
the cirrhotic liver to return to the left atrium

May be related to stretch of antral vessels
from duodenal bulb prolapse. Vascular
engorgement from portal hypertension
or from hormonal abnormalities (e.g.,
hyperestrogenemia with cirrhosis) may also
contribute to lesion pathogenesis
Etiologies possibly related to alcoholism or advanced liver disease
Peptic ulcer
Focal ulcer: (depressed) crater
Major causes in general population include
disease
covered by mucopurulent material H. pylori infection or NSAID use. Idiopathic
PUD is increasingly noted. Gastric infections
or gastric malignancy may mimic PUD.
Pathogenesis of PUD in ALD and cirrhosis
discussed in text
MalloryLongitudinally oriented
Laceration due to mucosal trauma from
Weiss tear
erythematous tear or crack in
retching or vomiting. Frequently associated
the mucosa that straddles the
with binge drinking or chronic alcoholism
gastroesophageal junction
Dieulafoy’s
Elevated, pigmented spot that
Caliber-persistent artery near mucosal
lesion
projects into the lumen from
surface can erupt through thin overlying
the mucosal surface without
mucosal cells and cause bleeding
surrounding ulceration

TIPS: Transjugular intrahepatic portosystemic shunt; APC: Argon plasma coagulation; PUD: Peptic ulcer disease; H. pylori: Helicobacter pylori; ALD:
Alcoholic liver disease; NSAID: Nonsteroidal anti-inflammatory drug.

The relative frequency of acute UGI bleeding, not
directly related to varices or portal hypertension, is
estimated at 30%-40% of UGI bleeding in cirrhotic
[10,37-40]
patients
. Peptic ulcer disease (PUD), Dieulafoy’s
lesion (DL), and Mallory-Weiss syndrome (MWS) are
strongly associated with alcoholic cirrhosis or cirrhosis in
[41,42]
general
. These bleeding etiologies may be related
to alcohol because alcohol can damage the gastric
mucosal barrier, stimulate gastric acid secretion, and
[43]
cause nausea and vomiting that induces MWS . This
review comprehensively and critically analyzes the

WJG|www.wjgnet.com

association between PUD, DL, and MWS and aALD
or cirrhosis; demonstrates underappreciated, major
differences in the pathophysiology and natural history of
these bleeding etiologies in cirrhotic patients compared
to non-cirrhotic patients; and discusses the clinical
consequences in terms of treatment and prognosis.

MATERIALS AND METHODS
Computerized search of the literature was performed
via PubMed using the following medical subject heading
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For example, among the 324 of 368 consecutive cir
rhotic patients who underwent endoscopic screening
for esophageal varices, 11.7% were diagnosed with
[22]
PUD . The annual incidence of developing new PUD
was 4.3% during endoscopic follow-up among 140
of these cirrhotic patients, an annual incidence that is
much higher than that of PUD in the general population
[22]
of < 0.5% . In a prospective study of 130 patients
with cirrhosis undergoing esophagogastroduodenoscopy
(EGD) for variceal screening, 50 patients (39%) had
[24]
PUD . There were no significant differences in age,
sex, or history of smoking tobacco between patients
with vs without PUD. In a prospective South Korean
study, PUD was found in 24.3% of the 288 patients with
[50]
cirrhosis .
Advanced cirrhosis (Child-Pugh class B or C) is
[24]
particularly associated with PUD . For example,
among 324 patients undergoing EGD, patients with
advanced cirrhosis had a significantly higher frequency
[22]
of PUD than patients with early cirrhosis (p = 0.04) .
PUD is the most common cause of nonvariceal UGI
[25,46,51]
bleeding in patients with cirrhosis
. Among 160
patients with non-variceal UGI bleeding and cirrhosis
(mostly from alcohol), 81 patients (50.6%) had PUD,
and 53.1% had high-risk endoscopic stigmata of recent
[52]
hemorrhage (SRH) at the ulcer base . The reported
prevalence of acute UGI bleeding from PUD (PUB) in
patients with chronic liver disease ranges from 1.6%
[22,47,53-55]
to 25%
. This wide variability likely reflects the
diverse patient populations from different countries
and different socioeconomic groups among various
studies, and study of patients at different stages of
liver disease. A recent, nationwide database study
from Taiwan, conducted over 7 years, showed that PUB
was significantly more prevalent among 4013 patients
with nonalcoholic cirrhosis (4.8%), compared to either
8013 patients with chronic hepatitis without cirrhosis
[53]
(1.6%) or 7793 controls without liver disease (1.6%) .
The three patient groups were matched for age, sex,
comorbidities, medications, and annual income. This
difference remained statistically significant even after
adjusting for confounding factors (HR = 4.22; 95%CI:
[53]
3.37-5.29, p < 0.001) . Advanced age, male sex,
diabetes mellitus, chronic renal disease, prior variceal
bleeding, and use of nonsteroidal anti-inflammatory
drugs (NSAIDs) were risk factors for PUB in the cirrhotic
patients.

70%
60%
50%
40%
30%
20%
10%
0%

Varices

PUD

PHG

MWS

Other

Figure 1 Reported distribution of common etiologies of upper gas
trointestinal bleeding in patients with cirrhosis. Frequency distribution of the
etiologies of upper gastrointestinal bleeding in patients with cirrhosis. Varices
include esophageal or gastric varices. Adapted from Ref. [39,44-47]. PUD:
Peptic ulcer disease; PHG: Portal hypertensive gastropathy; MWS: MalloryWeiss syndrome; Other: Other etiologies of upper gastrointestinal bleeding.

(MeSH) terms and keywords: “alcoholic liver disease”,
“alcoholic hepatitis”,“ alcoholic cirrhosis”, “cirrhosis”,
“liver disease”, “upper gastrointestinal bleeding”, “nonvariceal upper gastrointestinal bleeding”, “PUD”, ‘‘DL’’,
‘‘Mallory-Weiss tear”, and “MWS’’. Of about 1200 articles
initially identified by computerized review, about 825
articles were eliminated as not relevant to the subject of
this paper after briefly reviewing the articles, including
thoroughly reviewing the abstracts. The remaining 375
articles were thoroughly reviewed, and 165 articles were
selected for incorporation and citation in this systematic
review. The following criteria were applied for study
inclusion: publication in peer-reviewed journals, studies
published since 1980, reporting outcomes for nonvariceal upper GI bleeding in patients with underlying
liver disease, and reporting the etiology of liver disease.
Criteria for prioritizing publications for review inclusion
included: well-designed, prospective trials; recent
studies; large study populations; and study emphasis on
aALD. However, data from retrospective series, reviews
from internationally recognized authorities, and even
case reports were included when prospective trials were
unavailable. The authors thank Jadranka Stojanovska,
M.D., M.S., Assistant Professor of Radiology, University
of Michigan Health System, Ann Arbor, Michigan, for her
expert biostatistical review of the manuscript.

RESULTS

Clinical outcomes: Patients with PUD associated with
cirrhosis have higher rates of bleeding complications,
of delayed ulcer healing, and of ulcer recurrence as
[22,56]
compared to the general population
. For example,
[22]
Siringo et al showed that gastric ulcers healed more
slowly and recurred more frequently than gastric
ulcers in controls without cirrhosis (p = 0.04). The
bleeding may be exacerbated by thrombocytopenia
or an elevated international normalized ratio (INR)
associated with cirrhosis and portal hypertension.
[22]
Siringo et al
further reported that 79% of peptic

Nonvariceal bleeding in cirrhotics

The estimated distribution of common etiologies
of acute upper GI bleeding, unrelated to portal
hypertension, in patients with cirrhosis are shown in
[39,44-47]
Figure 1
.

PUD

Epidemiology: Patients with cirrhosis have a
significantly increased prevalence of PUD, with a
[22-24,48,49]
reported point prevalence of 10% or higher
.
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Table 2 Clinical characteristics of patients with cirrhosis presenting with upper gastrointestinal bleeding unrelated to portal
hypertension predominantly from peptic ulcers
Ref.

No. of
parents

ALD (%)

GonzálezGonzález et al[52]

160

“Most”

Seo et al[61]

107

43

Morsy et al[62]

93

Siringo et al[22]

Rudler et al[63]

Mean age

Prevalence
of PUB (%)

Mortality
(%)

56.5 ± 14.4

50.6

13.8

55.8 ± 11

60

14.5

NA

55.3 ± 11.2

30

14

85

40

62 ± 12

41

231

29

24 (83)

55.0 ± 9.0

29 (100)2

1 (3)

Predictors of mortality

Rebleeding
rate (%)

Length of
follow-up

High BUN, Low albumin, Active ulcer
bleeding, Need for endoscopic therapy,
Cryptogenic cirrhosis
Failure to control bleeding, High creatinine,
High AST, High Child-Pugh score, PVT
Bacterial infection, Shock, Early rebleeding,
Low albumin, Low hemoglobin,
Endoscopic therapy
Low hemoglobin,
Encephalopathy
Alcoholism, High bilirubin, PVT, High
Child-Pugh score,
High AST/ALT levels, HCC
NA

1.9

NA

9.3

6 wk

4.3

Short-term
(in-hospital)

0

6 wk

2 (7)

30 d

1

Mortality from all etiologies of non-variceal GI bleeding; 2PUD presence - study inclusion criteria. BUN: Blood urea nitrogen; PVT: Portal vein thrombosis;
AST/ALT: Aspartate aminotransferase/alanine aminotransferase; HCC: Hepatocellular carcinoma; NA: Not available.

bleeding (NVUGIB), the rebleeding rate at one year
among 102 alcoholics was significantly higher at
16.7% than the rate among the 416 nonalcoholic
[58]
patients of 9.1% (p = 0.027) . About half of the
patients bled from PUD in both groups. Figure 2
illustrates the endoscopic findings of an acute 14 mm
× 5 mm peptic duodenal ulcer with low risk stigmata of
recent hemorrhage (SRH), consisting of a nonbleeding,
flat, pigmented spot, in a patient with Child-Pugh class
A alcoholic cirrhosis experiencing upper GI bleeding.
Despite the absence of high risk SRH, the patient
required transfusion of 4 units of packed erythrocytes
for the bleeding episode.
Patients with advanced liver disease have increased
mortality from PUB. In the aforementioned study
from Taiwan, the 9711 patients with cirrhosis had
significantly higher mortality-adjusted rebleeding rates
than the 38844 matched controls without cirrhosis at 1
year (14.4% vs 11.3%, p < 0.001), 5 years (26.1% vs
22.5%, p < 0.001), and 10 years (28.4% vs 27.1%,
[57]
p < 0.001) . A population-based study of 21359
patients hospitalized in Denmark from 2004-2011
included 1127 (5.3%) with chronic liver disease, of
whom 3.1% had cirrhosis and 2.2% did not have
[59]
cirrhosis . Cumulative 90-d mortality after discharge
was significantly higher in patients with chronic liver
disease: 25% mortality in patients with cirrhotic and
21% mortality in patients with chronic liver disease
without cirrhosis vs 18% mortality in patients without
chronic liver disease. After adjusting for confounding
variables, including comorbidities, patients with
cirrhosis had more than twice the mortality of patients
without liver disease (OR = 2.38, 95%CI: 2.02-2.80),
and patients with liver disease without cirrhosis had
46% higher mortality than patients without liver
disease. In a cross-sectional, nationwide, study from
the United States of 96887 inpatients admitted for PUB
in 2009, the 3574 patients (3.7%) with cirrhosis had
significantly higher mortality from PUB than patients

Figure 2 Seventy-year-old male with Child-Pugh class A alcoholic cir
rhosis presented with hematemesis, melena, and orthostatic dizziness.
Esophagogastroduodenoscopy (EGD) revealed an acute 14 mm × 5 mm ulcer
in the distal duodenal bulb with stigma of recent hemorrhage (SRH) represented
by a prominent, nonbleeding, flat, pigmented spot; trace esophageal varies
with no SRH, such as wale bites; and no portal hypertensive gastropathy. Note
the deep erosion adjacent to the ulcer. The etiology of the ulcer was idiopathic.
The patient had no history of taking nonsteroidal anti-inflammatory drugs or
aspirin. Pathologic examination of gastric biopsies taken at EGD revealed no
Helicobacter pylori. No endoscopic therapy was performed because the only
SRH was a flat pigmented spot which has a low risk of rebleeding. The patient,
however, required transfusion of 4 units of packed erythrocytes. The patient
was treated medically with pantoprazole with no recurrence of the bleeding.
This patient illustrates that peptic ulcers are in the differential of acute upper
gastrointestinal bleeding in a patient with cirrhosis, even in the absence of risk
factor for peptic ulcers, and that bleeding from peptic ulcers in cirrhotic patients
may be unusually severe.

ulcer recurrences in patients with cirrhosis were
asymptomatic. This emphasizes the clinical importance
of endoscopic follow-up of gastric ulcers in this
population. In a recent, nationwide, database analysis
from Taiwan of patients hospitalized for PUB from
1997-2006, patients with cirrhosis had a much higher
rate of rebleeding from PUD than patients without
[57]
cirrhosis (HR = 3.19; 95%CI: 2.62-3.88) .
In a recent, retrospective, Finnish study of 518
patients with a first episode of nonvariceal UGI
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Table 3 Key clinical findings regarding peptic ulcer disease in patients with alcoholic cirrhosis
Key finding

Ref.

Increased prevalence of PUD in patients with cirrhosis. Most common etiology of nonvariceal hemorrhage in cirrhotics
Advanced cirrhosis (Child-Pugh stage C) more strongly associated with PUD than early
cirrhosis (Child-Pugh stage A)
Most patients with PUD associated with cirrhosis are asymptomatic
Patients with cirrhosis are more likely to bleed from PUD than other patients with PUD
Higher frequency of complications from bleeding PUD in patients with cirrhosis
Higher rate of re-bleeding from PUD in cirrhotics
Alcohol impairs ulcer healing and decreases patient compliance with anti-ulcer therapy
Higher mortality from PUB in cirrhotics compared to non-cirrhotics
Cirrhotic patients with PUD do not have a higher rate of H. pylori infection than noncirrhotics with PUD

Siringo et al[22], Vergara et al[23], Kamalaporn et al[24],
D’Amico et al[25], Lo et al[48], Rabinovitz et al[49]
Kamalaporn et al[24]
Siringo et al[22]
Luo et al[53]
Siringo et al[22], Di Mario et al[56]
Hsu et al[57]
Reynolds et al[64]
Holland-Bill et al[59], Venkatesh et al[60]
Kim et al[50], Auroux et al[65]

PUD: Peptic ulcer disease; PUB: Peptic ulcer bleeding; H. pylori: Helicobacter pylori.

without cirrhosis (5.5% vs 2.0%, p < 0.01), with an
even higher mortality of 6.6% in decompensated
[60]
cirrhotics . The investigators reported no differences
in endoscopic utilization between patients with vs
without cirrhosis, but patients with cirrhosis incurred
higher hospitalization costs, despite less frequently
undergoing surgery for PUB.
Although patients with PUB and cirrhosis have worse
clinical outcomes than patients with only PUB, they still
have better clinical outcomes than patients with acute
variceal bleeding and cirrhosis. A large, multicenter,
prospective cohort study of 465 Italian patients with
cirrhosis and acute UGI hemorrhage reported that
25% had non-variceal bleeding, most commonly from
[25]
PUD . Compared to patients with variceal bleeding,
patients with PUB had significantly lower risks of
uncontrolled initial bleeding (7% vs 15%), rebleeding
(9.6% vs 19%), and mortality (15% vs 21%). Risk
factors for mortality included alcoholism, serum
hyperbilirubinemia, hypoalbuminemia, and presence of
hepatic encephalopathy or hepatocellular carcinoma.
Predictors of short-term (≤ 5 d) unfavorable outcomes
of uncontrolled bleeding, rebleeding, or mortality, for
patients with either variceal or nonvariceal bleeding,
included active bleeding at EGD, low initial hematocrit,
elevated aminotransferase levels, advanced Child-Pugh
class, and portal vein thrombosis.
Table 2 summarizes data on UGI bleeding,
unrelated to portal hypertension, with a focus on PUB
[22,52,61-63]
in patients with cirrhosis
. The data on PUB
in Table 2 are somewhat limited by including other
etiologies of nonvariceal UGI bleeding aside from PUD,
but all listed studies included a majority of cirrhotic
patients bleeding from PUD. Table 3 summarizes the
key reported clinical findings regarding PUD in patients
[22-25,48-50,53,56,57,59,60,64,65]
with aALD or cirrhosis
.

as etiologic factors.
Patients with aALD have a much higher prevalence
of PUD than the general population, and likely have
an even higher prevalence of PUD than patients with
[49,65]
non-alcoholic cirrhosis
. This finding is somewhat
controversial. In a prospective study of 216 male
cirrhotic patients, evaluated for liver transplantation
at the University of Pittsburgh, 12.2% of patients with
alcoholic cirrhosis had duodenal ulcers, a significantly
higher rate of duodenal ulcers than that in patients
with non-alcoholic cirrhosis (e.g., cryptogenic,
[49]
autoimmune, or viral cirrhosis) . Additionally, an
alcoholic etiology for cirrhosis is an important predictor
of poor outcome 6 wk after acute UGI bleeding,
[25]
regardless of the bleeding etiology . Furthermore,
a recent, prospective, French study reported that 27
of 29 cirrhotics with severe PUB were alcoholics, and
that 93% of them had endoscopic evidence of portal
[63]
hypertension . The clinical outcome from PUB in
this study was, surprisingly, not significantly different
between patients with cirrhosis vs those without
cirrhosis, when assessed for rebleeding rate (7% vs
6.9%), need for arterial embolization (10.3% vs 8.6%),
need for salvage surgery (0% vs 1.7%), and mortality
(3% vs 1.1%). However, another study reported
similar rates of PUD in alcoholic vs nonalcoholic
[24]
cirrhotics .
Alcohol impairs ulcer healing and alcoholism
decreases patient compliance with recommended
[64]
therapies . It is toxic to gastric mucosa, and stimulates
[43]
gastric acid secretion . However, these factors do not
completely explain the increased prevalence of PUD
[66,67]
with aALD
.
Data on the role of portal hypertension in PUD
pathogenesis in patients with advanced liver disease are
somewhat limited and relatively contradictory. Defensive
mucosal factors, including gastric mucosal perfusion
and mucosal secretion, are impaired in the presence of
[68]
portal hypertension . Furthermore, reduction of portal
hypertension with propranolol reduces alcohol-induced
gastric mucosal injury in rats with portal hypertension,
and improves the endoscopic appearance of portal

Pathogenesis: The pathophysiology of the association
between PUD and cirrhosis is incompletely understood.
Alcohol toxicity, portal hypertension, Helicobacter
pylori (H. pylori) infection, and nonsteroidal antiinflammatory drugs (NSAIDs) have been investigated
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hypertensive gastropathy in patients with cirrhosis,
suggesting that portal hypertension may promote PUD
[68,69]
by impairing mucosal defenses
.
In a recent, retrospective, single-center study from
South Korea of 455 patients with cirrhosis or chronic
hepatitis, cirrhosis was more strongly associated
with PUD than chronic hepatitis (OR = 4.13, p <
0.03), but an elevated hepatic vein pressure gradient
(HVPG) was not a risk factor for PUD in either group
[70]
of patients . However, another study of 245 cirrhotic
patients vs 245 healthy controls, matched for age and
sex, revealed that an HVPG ≥ 12 was a significant
predictive factor for gastric ulcers in cirrhotic patients
(24.4%), as compared to either cirrhotic patients with
an HVPG < 12 mmHg (4.5%) or controls without
[71]
cirrhosis (4.0%) . This study, however, excluded
patients with duodenal ulcers. Other studies reported
an increased prevalence of endoscopic stigmata of
portal hypertension, such as esophageal varices, in
cirrhotic patients with PUB, as compared to cirrhotic
[63,72]
patients without PUB
. For example, 27 of 29
patients with cirrhosis and severe PUB had endoscopic
features of portal hypertension, vs none of 179
patients without cirrhosis and severe PUB had these
[63]
endoscopic features (p < 0.0001) .
In the general population H. pylori is a major risk
[73]
factor for PUD, especially for duodenal ulcers (DUs) .
The role of H. pylori in the pathogenesis of PUD in
patients with advanced liver disease is somewhat
controversial, and H. pylori likely plays a limited role
in such patients. The prevalence of H. pylori infection
in patients with cirrhosis reportedly ranges widely
from 35%-89%, attributed to differences of H. pylori
prevalence in different countries and in different
populations within individual countries, and to the
[50,74-79]
use of different diagnostic tests
. Populations
in heavily industrialized countries have a much lower
[80]
prevalence of H. pylori infection , while wealthy
patients in heavily industrialized countries have the
[81]
lowest prevalence . Also, studies using serologic
testing generally report a higher prevalence of H. pylori
infection in patients with cirrhosis compared to studies
using pathologic examination of gastric biopsies,
partly due to the lower positive predictive value of
[76]
serologic testing . A recent meta-analysis of 21
studies involving 6135 patients, reported a significant
association between cirrhosis and H. pylori infection
in patients with PUD (OR = 2.05, 95%CI: 1.33-3.18,
[82]
p < 0.0001) . However, subgroup analysis revealed
significantly higher prevalence of H. pylori infection in
patients from Europe (OR = 2.98, 95%CI: 2.02-4.39,
p < 0.0001) or from America (OR = 4.75, 95%CI:
1.42-15.95, p = 0.025), but not in patients from Asia
(OR = 0.90, 95%CI: 0.48-1.66, not significant).
In a prospective South Korean study in which
H. pylori infection was diagnosed by rapid urease
testing and histologic analysis of gastric biopsies,
the prevalence of H. pylori infection was significantly
lower among 288 patients with cirrhosis (35%), than
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among either 322 patients with non-ulcer dyspepsia
(62.4%), or 339 patients with PUD without cirrhosis
[50]
(73.7%) (p = 0.001) . Moreover, the prevalence of
PUD in patients with Child-Pugh class C cirrhosis was
significantly higher than in patients with Child-Pugh
class A or B cirrhosis (31% vs 21%, p < 0.05), despite
patients with Child-Pugh class C cirrhosis having a
lower prevalence of H. pylori infection.
Also, patients with alcoholic cirrhosis had a
significantly lower prevalence of H. pylori infection
than patients with cirrhosis from viral hepatitis (22%
vs 42%, p < 0.001), or cryptogenic cirrhosis (22% vs
[50]
40%, p < 0.001) . Similarly, in a prospective study
of 66 cirrhotic patients, including 44 patients with
alcoholic cirrhosis, PUD was significantly associated
with recent alcohol intake (< 1 wk before EGD)
or portal hypertensive gastropathy, but was not
[65]
significantly associated with H. pylori infection .
Patients with alcoholic cirrhosis had a lower prevalence
of H. pylori infection (OR = 0.77, 95%CI: 0.04-16.59,
p < 0.0001), than patients with other etiologies of liver
disease, including primary biliary cirrhosis (OR = 1.75,
95%CI: 1.15-2.64, p = 0.147), or viral cirrhosis (OR =
[82]
2.66, 95%CI: 1.24-5.71, p < 0.0001) .
Cirrhotic patients with PUD generally show little
or no benefit from H. pylori eradication in preventing
[49,83,84]
PUD recurrence
. In a prospective study of 104
patients with cirrhosis and duodenal ulcer (DU), 54
(52%) had H. pylori infection, and 44 of these patients
received a three drug regimen, consisting of a 1-wk
course of amoxicillin, clarithromycin, and a proton
[48]
pump inhibitor (PPI) . Thirty-six (82%) patients had
eradication of H. pylori infection after completing the
course of therapy. DUs healed in 49 of 54 patients
after 8 wk of PPI therapy, and healed in the remaining
5 patients after 16 wk of therapy. DUs recurred within
1 year in 45% of patients remaining H. pylori positive
despite receiving antimicrobial therapy, vs 48% of
patients without H. pylori infection at enrollment.
Interestingly, DU recurred within 1 year in 21 (58%)
of patients with successful H. pylori eradication. The
risk of bleeding from PUD was similar for all three
groups. In a study of 28 patients with cirrhosis and
PUD, including 18 with H. pylori infection and 10
without H. pylori infection, followed for up to 2 years
after undergoing H. pylori eradication or chronic PPI
therapy, H. pylori eradication did not prevent PUD
[83]
relapse . PUD relapsed in 8 of 18 H. pylori positive
and in 9 of 10 H. pylori negative patients (p = 0.04).
An absence of H. pylori infection and more severe liver
disease were independently associated with shorter
time to PUD relapse. In a retrospective study from
Asia, 103 patients with PUD and H. pylori, who were
eradicated late (> 1 year) after PUD diagnosis had
a higher risk of recurrent PUD as compared to 154
patients with H. pylori eradicated early (< 1 year) (HR
= 1.58, 95%CI: 1.09-2.28, p = 0.015). However, early
or late eradication of H. pylori did not reduce the ulcer
[83,84]
recurrence rate in patients with alcoholic cirrhosis
.
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NSAIDs constitute an important cause of UGI
mucosal injury, including PUD, gastritis, and related
complications of GI hemorrhage or GI perforation
[85,86]
in the general population
. NSAIDs are believed
to play a role in UGI bleeding from PUD in patients
with advanced liver disease, although the data are
relatively limited and somewhat contradictory. A
recent, retrospective, nationwide, American study
evaluated use of NSAIDs in 4876 cirrhotic patients
hospitalized for either variceal (n = 3307) or
[87]
nonvariceal (n = 1569) UGI bleeding . Use of nonselective NSAIDs were associated with a nearly twofold increased risk of both variceal and nonvariceal UGI
bleeding among cirrhotic patients (OR = 1.87, 95%CI:
1.66-2.11). Also, celecoxib use was associated with
a non-significant trend of a moderately increased
risk of UGI bleeding (OR = 1.44, 95%CI: 0.89-2.31).
Concomitant administration of PPIs or histamine-2
receptor antagonists tended to decrease UGI toxicity
of non-selective NSAIDs or celecoxib.
In a prospective study, NSAID administration less
than one week before hospitalization, was reported
by 15 (42.8%) of 35 patients with cirrhosis and PUB,
by 102 (58.2%) of 125 non-cirrhotic patients with
PUB, and by 6 (8.5%) of 70 patients with cirrhosis
[88]
and without PUB (p = 0.0001) . This study suggests
NSAIDs may play a role in the pathogenesis of PUB in
cirrhotic patients.
However, in a recent, prospective study from
France of 203 patients admitted to the ICU, NSAIDs
or aspirin were used significantly less by cirrhotic
patients with PUB [5 (17%) of 29] than by noncirrhotic patients with PUB [94 (54%) of 174, p <
[63]
0.0001] . The majority of PUB in cirrhotic patients
were idiopathic (i.e., unrelated to H. pylori infection or
NSAID use). Patients with advanced liver disease may
avoid NSAIDs because physicians commonly warn
these patients about the potential hepatotoxicity of
[89]
NSAIDs .

between 1991-1996, DL was the etiology of bleeding
[91]
in only 6 (0.13%) patients . However, 5 of these
6 patients had advanced liver disease, defined as
cirrhosis or portal hypertension, including 4 patients
with alcoholic liver disease. The association between
UGI bleeding from DL and advanced liver disease was
highly statistically significant (OR = 19.04; 95%CI:
2.1-900.8; p < 0.002), suggesting that DL may be an
underappreciated cause of UGI bleeding in patients
with advanced liver disease.
Other studies report a moderately strong association
of UGI bleeding from DL in patients with advanced liver
disease, particularly aALD. In a retrospective study
of 480 patients with UGI bleeding, 28 (5.8%) had
[92]
DLs . Among these 28 patients with DL, 4 (14.3%)
had documented alcoholic cirrhosis, and 8 others
(29%) were abusing alcohol. Alcohol consumption
may promote bleeding from DL because alcohol may
weaken the arteriolar wall leading to vessel rupture that
[93]
precipitates the bleeding . Key clinical findings in DL,
with an emphasis on DL associated with cirrhosis, are
[29,31,90-98]
summarized in Table 4
.

MWS

In MWS patients typically present with hematemesis
from longitudinally arrayed mucosal lacerations
straddling the gastroesophageal junction and extending
into the distal esophagus or proximal stomach that
are usually induced by antecedent forceful retching
[99]
or nonbloody vomiting . The mucosal lacerations
cause bleeding from submucosal arteries. This lesion
is reliably diagnosed by EGD. The hematemesis is
typically mild. MWS accounts for approximately 5%
[100]
of UGI bleeding
. In 40% to 80% of cases, MWS
is associated with heavy alcohol consumption, either
from binge drinking or chronic alcoholism, that induces
[100,101]
the vomiting or retching
. A hiatal hernia is
[102]
another important risk factor for MWS .
The prevalence of MWS causing UGI bleeding in
patients with cirrhosis is reportedly 3%-10% which
is similar to its prevalence of 5% in the general
[39,51,100,103]
population
, but MWS is likely more prevalent
in patients with aALD, given its strong association with
alcoholism. For example, among 339 patients with
portal hypertension, confirmed by measurements of
HVPG, undergoing emergency EGD for UGI bleeding,
[26]
55 patients (16.2%) had MWS . Forty (73%) of
these 55 patients had alcoholism as the etiology of
their liver disease, which was a significantly higher
rate than the rate of alcoholism in patients with other
etiologies of UGI bleeding [157 (55.3%) of 284].
Moreover, the frequency of bleeding from MWS was
significantly higher in patients with more advanced
cirrhosis (Child-Pugh class B or C).
In a study of 42 patients with bleeding from MWS,
14 (33%) had underlying liver disease, including
[27]
six (14%) with aALD . Patients with liver disease
had significantly more severe MWS bleeding than

DL

DL is a dilated (caliber-persistent), aberrant, sub
mucosal, end artery that erodes through the thin
overlying layer of GI mucosa in the absence of an ulcer
to cause bleeding. It is responsible for approximately
[31]
1.5% of acute UGI bleeding . About 70% of all DLs
occur in the stomach, and about 75% of all gastric
DLs occur within 6-10 cm of the gastroesophageal
[29,90]
junction
. Although relatively uncommon, DL
constitutes an important cause of acute UGI bleeding,
given its propensity to cause massive, life-threatening,
[29]
and recurrent bleeding . Such features may be
particularly clinically significant in patients with
coexistent liver disease.
Data on UGI bleeding from DL in patients with
underlying liver disease are limited. In a retrospective,
single-center, American study of endoscopic records of
4569 consecutive patients with UGI bleeding admitted
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Table 4 Key clinical findings in Dieulafoy’s Lesion associated with chronic liver disease
Key findings
Typically presents with acute severe bleeding
Bleeding typically painless

Rationale

Ref.

Micropulsatile bleeding produced by rent in an arteriole
which is under high pressure
Primary vascular event (bursting of a persistent-caliber
vessel) without associated inflammation or ulceration
Formed by a caliber-persistent artery that erupts through
superficial overlying cells on mucosal surface

Nojkov et al[31], Luis et al[94]
Cappell[29]

Appears at endoscopy as an elevated pigmented
Nojkov et al[31], Lee et al[93]
protuberance with minimal surrounding erosion and no
ulceration
Lesion most commonly located in stomach, typically within This gastric region is not perfused by a submucosal plexus, Cappell et al[29], Fockens et al[90],
6 cm below the gastroesophageal junction along the lesser
but instead is perfused directly from tributaries of the right
Lee et al[95]
curve
and left gastric arteries
Often (up to 30% of cases) missed at initial
Missed at EGD because lesion is small and inconspicuous
Nojkov et al[31], Chung et al[96]
esophagogastroduodenoscopy (EGD)
Incidence of 1.5% among general population of patients
Fockens et al[90], Chaer et al[97]
with upper GI bleeding
High (25%) mortality if untreated at EGD, which is reduced
High risk of rebleeding if not treated endoscopically.
Romãozinho et al[98]
to about 10% with endoscopic therapy
Rebleeding is frequently massive
Dieulafoy’s lesion may be associated with cirrhosis
Akhras et al[91], Baettig et al[92]
Bleeding from a Dieulafoy’s lesion is associated with
Alcohol may precipitate DL rupture manifesting as GI
Baettig et al[92], Lee et al[95]
alcoholism
bleeding by weakening the dilated (caliber-persistent)
arteriolar wall in Dieulafoy’s lesion
GI: Gastrointestinal; EGD: Esophagogastroduodenoscopy.

patients without liver disease as indicated by units
of packed erythrocytes transfused (p < 0.005), but
MWS bleeding severity was not correlated with the
presence of portal hypertension or Child-Pugh score.
Only three patients (21%) required endoscopic
therapy; in these three patients epinephrine injection
and/or Bicap electrocoagulation successfully stopped
[27]
the bleeding or rebleeding . There were no fatalities
from MWS bleeding in patients with liver disease.
Contrariwise, in a small trial of 30 patients with UGI
bleeding from MWS, the bleeding was significantly
more severe and more difficult to control at EGD in
the 8 patients with portal hypertension than in the 22
[28]
patients without portal hypertension . Additionally,
patients with portal hypertension were more likely to
rebleed from MWS [3 (38%) of 8 patients rebled] as
compared to patients without portal hypertension [0
(0%) of 22 patients rebled, p = 0.02, Fisher’s exact
test, p value calculated by us from original descriptive
statistics]. All 8 patients with portal hypertension and
[28]
MWS bleeding had underlying aALD . A Korean study
of 159 patients with acute UGI bleeding from MWS
also reported a higher frequency of recurrent bleeding
[82]
from MWS in patients with cirrhosis . Cirrhosis was
present in 33 (21%) of these patients. Seven (41%) of
the 17 patients who rebleed from MWS had cirrhosis (p
= 0.02). The vast majority of patients who rebled were
alcoholics [14 (82%) of 17 patients].
Another study of 224 patients, recruited over 10
years, with acute UGI bleeding from MWS revealed
that 68 (31%) of the patients had abused alcohol and
[42]
had aALD . The bleeding stopped spontaneously
in 90% of the 224 patients, with only 20 patients
requiring endoscopic or surgical therapy. However, 8 of
the patients died, including six patients who died from
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the acute UGI bleeding from massive hemorrhage,
pulmonary aspiration, or hemorrhagic shock, and two
patients who died from hepatic complications indirectly
related to the acute UGI bleeding.
The prevalence of acute UGI bleeding from MWS in
patients with liver disease may be lower in Asian than
Western countries. In a recent, prospective, singlecenter, study from China, 16 (3%) of 519 patients
with acute nonvariceal UGI bleeding had MWS. Only
[104]
one of these patients had cirrhosis
. Key clinical
features of acute UGI bleeding from MWS in patients
with underlying liver disease are summarized in Table
[27,28,38,82,100,101,105-107]
5
.

Treatment

Pre-endoscopic therapy: Most patients with severe
liver disease should be admitted to an intensive care
unit (ICU) for acute UGI bleeding, particularly when
manifesting clinical findings suggestive of severe
UGI bleeding, including unstable vital signs, active
hematemesis, or hematochezia, or when patients have
severe comorbidities. Clinical stratification of variceal
vs nonvariceal etiology for UGI bleeding is difficult
before EGD in these patients because some patients
with stigmata of underlying chronic liver disease
bleed from PUD, DL, or MWS, as aforementioned.
However, physical findings of portal hypertension,
such as ascites or caput medusa, favor the diagnosis
[108]
of variceal bleeding
. Endotracheal intubation, to
protect the airway, should be considered in patients
with severe hematemesis, suspected variceal bleeding,
[109,110]
or significant hepatic encephalopathy
. A Foley
catheter is inserted in patients with shock, unstable
vital signs, oliguria, or massive bleeding. Nasogastric
lavage is often helpful to assess whether the bleeding
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Table 5 Summary of clinical features of acute gastrointestinal bleeding from Mallory-Weiss syndrome in patients with underlying
liver disease
Key findings

Ref.

Findings generally associated with Mallory-Weiss syndrome
Characterized by longitudinally oriented mucosal lacerations in the distal esophagus or very proximal stomach
Accounts for about 5% of acute upper GI bleeding
Mortality of bleeding from Mallory-Weiss syndrome is only about 3%-5%. Risk factors for mortality include age > 65
yr and significant comorbidities
Findings associated with Mallory-Weiss syndrome associated with alcoholism
MWS strongly associated with alcoholism
MWS very frequently (40%-80%) associated with alcoholism or recent binge drinking
Overall prevalence of bleeding from MWS in cirrhosis is up to 10%
Alcoholics with portal hypertension have higher prevalence of bleeding from MWS (up to 16%)
MWS may be the first bleeding episode in > 1/3 (37%) of these patients
Patients with cirrhosis have more severe bleeding from MWS and more likely to rebleed from MWS (compared to
non-cirrhotics)
Re-bleeding risk particularly high in alcoholics
Contradictory data on effect of portal hypertension on severity of bleeding from MWS
Bleeding from MWS can precipitate liver failure with its attendant mortality in about 3% of patients with alcoholic
cirrhosis

Knauer[101]
Michel et al[100]
Ljubičić et al[105]

Knauer[101]
Watts et al[106]
del Olmo et al[38], Feng et al[82]
Paquet et al[26], Schuman et al[27]
Schuman et al[27], Jensen et al[28],
Kim et al[107]
Schuman et al[27], Jensen et al[28]
del Olmo et al[38]

GI: Gastrointestinal; MWS: Mallory-Weiss syndrome.

is from the UGI tract, to assess the tempo of the
bleeding, and to clear the gastric field for EGD. This is
most helpful in the presence of severe, active, bleeding
often associated with variceal or other UGI bleeding in
cirrhotic patients.
As for any acute UGI bleeder, volume resuscitation
is critical in patients with cirrhosis to prevent systemic
hypotension and consequent end-organ damage to
heart, brain, or kidneys from hypoperfusion. At least
two, large-caliber, peripheral intravenous lines, or a
reliable central venous line should be inserted. Volume
resuscitation is initially accomplished by crystalline
solution, using normal saline or Ringer’s lactate, but
transfusion of packed erythrocytes is often required,
after typing and crossing of blood. The number of units
transfused is guided by the tempo of the UGI bleeding,
the vital signs, and serial hematocrit determinations.
It is important, however, to avoid over-transfusion in
patients with underlying advanced liver disease, as
this can precipitate variceal bleeding by increasing the
[13,111]
portal hypertension and refilling of the varices
.
Packed erythrocytes should be transfused to maintain
the hemoglobin level only at about 8 g/dl. However,
patients who have cardiovascular disease and severe
comorbidities, or are extremely elderly should be
[112]
transfused to a somewhat higher level .
Coagulopathies are appropriately treated. Throm
bocytopenia is common in patients with advanced
liver disease because of splenic sequestration from
splenomegaly and direct bone marrow toxicity of
[113]
alcohol . Furthermore, platelet counts decline directly
from platelet loss during acute UGI bleeding. Platelets
should be transfused to maintain > 50000 platelets/
3
[114]
mm in actively bleeding patients
. Coagulopathy
from liver disease should by monitored by the INR, and
should be corrected in actively bleeding patients, usually
by administration of fresh frozen plasma (FFP). One
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unit of FFP should also be transfused after transfusion
of every four units of packed erythrocytes to replenish
[115]
depleted clotting factors .
Electrolyte abnormalities are appropriately treated.
Patients transfused large volumes of blood products should
be carefully monitored and treated for hypocalcemia
because citrate present in blood products binds to
[116]
ionized calcium . These patients have an increased
risk of hypophosphatemia and hypokalemia, especially if
dextrose solutions are used during resuscitation, because
insulin release consequent to dextrose administration
accelerates the transfer of phosphate and potassium into
[117]
cells . Prophylactic antibiotics should be administered
at presentation, because antibiotics improve survival
in cirrhotic patients with UGI bleeding, especially with
[118]
bleeding from esophageal varices , by reducing the
risk of spontaneous bacterial peritonitis or other severe
[119]
infections .
Alcoholics should receive thiamine. They should
be monitored for symptoms and signs of alcohol
withdrawal. Alcohol withdrawal may be difficult to
appreciate in alcoholics suffering from variceal bleeding
because tachycardia, confusion, and low-grade pyrexia
may be attributed to the variceal bleeding alone.
Special considerations in the therapy of acute UGI
bleeding in patients with aALD are summarized in
[25,109,110,117-129]
Table 6
.
All patients presenting with acute UGI bleeding
receive PPI therapy intravenously before endoscopy
even though many patients are bleeding from lesions
that are not acid-mediated, because the neutralization
of intraluminal gastric acid with PPI therapy stabilizes
[130,131]
blood clots for all gastric lesions
. For example,
PPIs are standardly administered before EGD even
in cirrhotic patients with suspected variceal bleeding.
Patients with suspected esophageal variceal bleeding
or other bleeding related to portal hypertension, based
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Table 6 Special considerations in therapy for alcoholics with liver disease presenting with acute upper gastrointestinal bleeding
Recommended clinical practice
Consider early intubation for severe upper GI bleeding in
a patient with alcoholism or alcoholic cirrhosis

Avoid sedatives and narcotics in patients with advanced
liver disease
Monitor for hepatic encephalopathy
Monitor for delirium tremens

Rationale

Ref.

These patients are at higher risk of aspiration because variceal
bleeding related to alcoholism or cirrhosis is frequently massive,
arises from the esophagus which is much closer to the trachea than
other types of gastroduodenal bleeding; and the patient may be
obtunded from hepatic encephalopathy from cirrhosis
May precipitate hepatic encephalopathy from cirrhosis

Herrera[109],
Rudolph et al[110]

Patients with advanced cirrhosis at risk for hepatic encephalopathy
Acute alcoholic withdrawal in hospital can induce delirium tremens

Avoid over-transfusion (maintain hemoglobin level at
about 8 gm/dL)
Patients often have thrombocytopenia which may
contribute to the bleeding

Over-transfusion may exacerbate variceal bleeding by increasing
portal hypertension
Thrombocytopenia due to splenic sequestration from splenomegaly
from portal hypertension and from direct alcohol toxicity to bone
marrow
Patients often have a prolonged INR which may contribute
INR prolonged due to inadequate synthesis of liver-dependent
to the bleeding
clotting factors, such as factor V, due to advanced liver disease
Administer thiamine
Prevent Wernicke’s syndrome from thiamine deficiency which is
common in alcoholics
Monitor for electrolyte abnormalities which may be more
prominent in alcoholics
Consider early (urgent) esophagogastroduodenoscopy
Important to distinguish esophageal variceal bleeding from other
etiologies of upper GI bleeding because esophageal variceal
bleeding has different therapies
Consider empiric octreotide therapy before endoscopy
Alcoholics or patients with cirrhosis frequently have GI bleeding
from esophageal varices which can be treated by octreotide therapy
Perform paracentesis, as necessary, to exclude spontaneous
Patients with cirrhosis and ascites are at high risk to develop
bacterial peritonitis
spontaneous bacterial peritonitis due to mild immunosuppression
with cirrhosis
Administer antibiotics in the presence of acute GI bleeding Empiric antibiotic therapy lowers mortality because of decreased
in a cirrhotic patient
sepsis
Monitor BUN and creatinine levels to detect early
At high risk for renal deterioration due to decreased renal perfusion
hepatorenal syndrome. Avoid nephrotoxic medications
associated with cirrhosis and hypovolemia from GI hemorrhage
such as NSAIDs
Exclude acute portal vein thrombosis in patients who
Portal vein thrombosis in a patient with preexistent cirrhosis
suddenly develop severe esophageal varices by abdominal may exacerbate the portal hypertension and cause acute variceal
imaging studies (e.g., Doppler ultrasound or CT
bleeding
angiography)

Bamji et al[120],
Prabhakar et al[121]
Rahimi et al[122]
Ferguson et al[123],
Holloway et al[124]
Herrera[109]
Pradella et al[125]

Lata et al[126]
Hack et al[127]
Knochel[117]
Buccino et al[37],
del Olmo et al[38]
Ludwig et al[128]
Goulis et al[119]

Bernard et al[118]
Ginès et al[129]

D’Amico et al[25]

GI: Gastrointestinal; INR: International normalized ratio; BUN: Blood urea nitrogen; NSAIDs: Nonsteroidal anti-inflammatory drugs.

EGDs, especially if the patient is not actively bleeding
or oozing at EGD, because of its small size and
inconspicuousness and patients sometimes require
[134]
repeat EGD for the diagnosis .

on patient history, stigmata of chronic liver disease,
or abnormal liver function tests, are generally treated
with octreotide before EGD to decrease splanchnic
blood flow and reduce the risk of bleeding from
[132]
potential esophageal varices .

General principles of endoscopic therapy: Focal
GI lesions, including PUD, DL, or MWS, are treated by
focal endoscopic therapies, including injection, ablation,
[31,135]
and mechanical therapy (Table 7)
. Injection
therapy most commonly involves local injection of
epinephrine or sclerosing agents (sclerotherapy).
Epinephrine injection induces vasospasm and
tamponade/mechanical pressure from interstitial
injection which promotes stasis, thrombosis, and
[136]
hemostasis
. It is generally diluted in saline to a
concentration of 1:10000 and injected in four quadrants
circumferentially around a point lesion, such as a
peptic ulcer. Relative contraindications to epinephrine
therapy include severe tachycardia, life-threatening
cardiac arrhythmias such as atrial flutter, unstable

Diagnostic endoscopy: All patients with acute UGI
bleeding generally require EGD, but patients with aALD
or nonalcoholic cirrhosis generally require more urgent
EGD because of the potential for life-threatening
variceal bleeding requiring endoscopic therapy. EGD is
highly sensitive and specific for diagnosing the etiology
of acute UGI bleeding, with a diagnostic sensitivity of
[133]
about 95% . UGI bleeding from esophageal varices,
portal hypertensive gastropathy, and GAVE are reliably
diagnosed at EGD, as are bleeding from PUD or MWS.
Occasionally, PUD or a Mallory-Weiss tear may be
obscured by active bleeding, or a peptic ulcer may be
obscured by an overlying pool of blood or adherent
clot. Contrariwise, DL is missed in up to 30% of initial
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elevated international normalized ratio (INR). Table
7 lists common endoscopic therapies for nonvariceal
upper GI bleeding.

Table 7 Local endoscopic therapies
Injection therapies
Dilute epinephrine
Sclerotherapy
Ablation therapies
Contact methods
Thermocoagulation: heater probe
Electrocoagulation: BICAP (bipolar electrocoagulation probe), Gold Probe
Noncontact methods
APC (argon plasma coagulation)
Mechanical therapy
Banding
Hemoclips
Endoscopic suturing

Endoscopic therapy for PUD: In a patient with
recent bleeding from PUD, therapeutic EGD is generally
performed according to endoscopic SRH (Table 8;
[145]
Forrest classification)
. Patients with major SRH
at EGD, including active bleeding, oozing, or a nonbleeding visible vessel, should undergo endoscopic
[135]
therapy
. A nonbleeding visible vessel is defined
endoscopically as an elevation (projection) from the
ulcer base that is pigmented, whether it be red, purple,
[146]
blue, or gray . The rationale for endoscopic therapy
is to prevent rebleeding or ongoing bleeding from
PUD, because patients with rebleeding have a very
[147]
high mortality of up to 30% . For example, patients
with a nonbleeding visible vessel have a 40%-60%
risk of rebleeding with medical therapy alone that
is reduced to about 15% with dual endoscopic
[148]
therapy . Patients with minor endoscopic SRH (Table
8) should not undergo endoscopic therapy because
of a low risk of rebleeding and mortality even without
endoscopic therapy. For example, patients with an
ulcer that is homogeneous and clean-based or that
has a flat pigmented spot have an about 3%-5% or
7%-10% risk, respectively, of rebleeding, even without
[147]
undergoing endoscopic therapy .
Endoscopic therapy for a nonbleeding, adherent
clot is somewhat controversial. Many endoscopists,
however, advocate aggressive removal of adherent
clots. First, the endoscopic diagnosis is often
ambiguous without clot removal. A presumed benign
ulcer underneath an adherent clot may be exposed
[135]
as a malignant ulcer or DL after clot removal
.
Second, clot removal may reveal unexpected under
lying major SRH, such as a nonbleeding visible
vessel, that mandates endoscopic therapy. Third,
even though mechanical clot removal occasionally
precipitates active bleeding, endoscopists generally
prefer to treat active bleeding immediately at the
initial EGD rather than passively wait for potential
rebleeding that would necessitate repeat EGD. At
EGD, an adherent clot is initially vigorously irrigated
using a water pump. If irrigation fails to remove the
clot, the clot is decapitated using a snare without
electrocoagulation after four-quadrant injection around
[149]
the clot with epinephrine
. Endoscopic therapy is
applied to the exposed underlying ulcer, especially if
active bleeding or oozing occurs after clot removal or
[150]
a visible vessel is exposed . Multiple studies support
forceful removal of adherent clots. For example, in a
randomized, controlled trial of 32 patients with UGI
bleeding and nonbleeding adherent clots identified
at EGD, patients undergoing endoscopic epinephrine
injection and mechanical clot removal followed by
thermocoagulation had a 5% rebleeding rate, whereas
those receiving medical therapy with a PPI had a 34%
[151]
rebleeding rate
. An adherent clot should generally

vital signs from untreated, profound, hypovolemia,
[31]
and recent myocardial infarction or unstable angina .
However, cardiovascular side effects, including angina,
tachycardia, cardiac arrhythmias and systemic
[137]
hypertension, are relatively uncommon . Epinephrine
injection monotherapy arrests about 80% of active
[135]
bleeding
. For example, in a prospective study,
66 (85%) of 78 patients undergoing endoscopic
epinephrine injection for a nonbleeding visible vessel or
[138]
actively bleeding ulcer had no recurrent bleeding
.
Sclerotherapy promotes vascular inflammation and
thrombosis from local tissue irritation. Cyanoacrylate,
thrombin, or fibrin glue are infrequently used as
[139]
injection therapies . Cyanoacrylate hardens as a glue
[140]
to plug a bleeding artery .
Ablation modalities include thermocoagulation,
electrocoagulation, and argon plasma coagulation
(APC) (Table 7). These modalities arrest bleeding by
focally applying intense energy, via heat, electricity
or a plasma cloud, to destroy and devitalize tissue.
In APC the probe is hovered over the lesion without
[141]
lesion contact . Contrariwise, thermocoagulation and
electrocoagulation require direct contact (apposition)
of the probe to the lesion, and application of pressure
during coagulation (coaptive coagulation) to compress
[31,135,142]
and seal any bleeding vessel
. Nd:YAG
(neodymium-doped yttrium aluminum garnet) laser
photocoagulation has become obsolete because it can
cause deep injury and has an unacceptably high risk of
[143]
gastrointestinal perforation of approximately 3% .
Mechanical therapies, including band ligation,
hemoclips, or over the scope endoclips (bear claw),
arrest bleeding by mechanically occluding a bleeding
[144]
vessel
. Mechanical therapy requires greater
endoscopic skill and experience than injection or
ablative therapies because the band or clip must
be placed precisely around the bleeding lesion to
[135]
successfully strangulate it
. Mechanical therapy
appears to be the therapy of choice in the presence
of a moderate-to-severe coagulopathy because it
mechanically occludes a bleeding vessel without
[135]
depending upon thrombosis to stop the bleeding
.
Thus mechanical therapy may be favored in cirrhotic
patients with severe thrombocytopenia or a highly
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Table 8 Classification of endoscopic stigmata of recent hemorrhage for acute upper gastrointestinal bleeding from peptic ulcer
disease
Endoscopic SRH

Endoscopic appearance

Endoscopic therapy

Endoscopic therapy and rationale for therapy

Major SRH
Active bleeding

Active bleeding observed at EGD

Yes

Pigmented elevation (projection) from ulcer
base, whether red, blue or gray in color

Yes

Reduction from 90% to 15% risk of ongoing bleeding with
performance of endoscopic therapy
Reduction from about 50% to 15% risk of rebleeding with
performance of endoscopic therapy

Focal clot that is resistant to removal by mildto-moderate irrigation
Active oozing observed at EGD

Recommended by
most endoscopists
Generally
recommended

Nonbleeding
visible vessel
Intermediate SRH
Adherent clot

Active oozing of
blood
Minor SRH
Flat pigmented
Pigmented spot, whether red, blue or gray,
spot
which lies flat on the ulcer base
No SRH
Homogeneous,
Simple ulcer with no bleeding, no adherent clot,
clean-based ulcer
no visible vessel and no pigmented spot

May reduce risk of rebleeding from 28% to 15% with
endoscopic therapy

No

Low risk of rebleeding of about 13% with medical therapy
alone

No

Extremely low risk of rebleeding of about 4% that does not
warrant the risks of endoscopic therapy

Adapted from Cappell[135]. SRH: Stigmata of recent hemorrhage; EGD: Esophagogastroduodenoscopy.

be considered for forceful removal if the lesion is at
a location amenable to endoscopic therapy and if the
endoscopist is comfortable with the techniques of
forceful endoscopic clot removal and therapy.
Epinephrine injection is the most common initial
endoscopic therapy for PUD with high or intermediate
SRH because this therapy is relatively easy and quick
to apply, even in the face of severely active bleeding,
and can help clear the endoscopic field by reducing
the tempo of active bleeding to enable application
of more efficacious, pinpoint, therapy. Epinephrine
therapy, by itself, is not highly efficacious at achieving
permanent hemostasis, with a rebleeding rate of about
[152]
20%
. Endoscopists, therefore, generally perform
a second endoscopic therapy after epinephrine
injection to further reduce the bleeding rate to
[152,153]
10%-15%
. Second therapies include ablation
with thermocoagulation or electrocoagulation, and
mechanical therapy with hemoclips or banding. The
choice of second technique depends upon equipment
availability and the training and experience of the
endoscopist.
Currently employed endoscopic therapies generally
have a small, acceptable risk of gastrointestinal perfora
[154]
tion, local tissue necrosis, or bleeding exacerbation .
For example, the risk of perforation for all current
[155]
endoscopic therapies is 1% or less .
A comprehensive review of the literature revealed
no large studies focused on endoscopic therapy for PUD
in patients with cirrhosis or aALD. However, endoscopic
therapy in patients with major SRH is apparently more
important in this patient population than in the general
population because of the higher risks of rebleeding
or dying from PUB in this population. Currently the
same endoscopic therapies should be performed in this
population as in the general population. It is important
to treat coagulopathy from thrombocytopenia or
an elevated INR for endoscopic therapy to be most
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effective.
Endoscopic therapy for DL: Endoscopic therapy is
uniformly performed for DLs, even if SRH are absent,
because of the high risk of rebleeding from DLs
without endoscopic therapy and the high mortality of
this rebleeding. Reducing this high risk of rebleeding
[31]
justifies the risks of endoscopic therapy . Endoscopic
therapy reduces the risk of rebleeding from DLs from
[156]
30% to about 10% .
The data on individual endoscopic therapies for DL
are limited because DL is relatively uncommon. Many
endoscopic therapies are generally effective for DLs
in the general population. Current data suggest that
mechanical hemostasis may be the most effective.
A recent, large, literature review encompassing
106 patients undergoing hemoclips and 86 patients
undergoing band ligation as monotherapies for
bleeding DLs showed that both techniques were nearly
always effective at achieving initial hemostasis, and
[31]
had a low (< 10%) rate of rebleeding .
In the same recent literature review, among 68
patients undergoing epinephrine injection therapy and
among 13 patients undergoing sclerotherapy, about
12% failed primary hemostasis, and another 25%
[31]
rebleed after initial hemostasis . Although this efficacy
is somewhat lower than that for mechanical therapy,
injection therapy appears to be an excellent initial
therapy for massive bleeding from DL due to ease and
rapidity of the injection so that the DL can then be well
[31]
visualized to apply mechanical or ablative therapy .
Data on efficacy of endoscopic ablation therapies
for DL are somewhat limited, with only about 40
reported cases among the 3 different therapies of
thermocoagulation, electrocoagulation, and APC,
[31]
reported in 7 small clinical studies . However, despite
these limitations, the data demonstrate that endoscopic
ablation is relatively efficacious, with a combined initial
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Table 9 Efficacy of endoscopic therapy for gastrointestinal bleeding from Dieulafoy's lesion in cirrhotics
Endoscopic
procedure
(Number of
patients)

Hemostatic
technique

Lesion
location

Study type

Follow-up

Patient outcome

Ref.

Epinephrine +
Polidocanol
Not reported

Stomach/
duodenum
Stomach/
duodenum

Retrospective

5 mo

Baettig et al[92]

Retrospective

Stomach

Retrospective

EGD (4)

Histoacryl (3)
Epinephrine + heater
probe (2)
Hemoclip

NA (6 yr
period
reviewed)
18 mo

No rebleeding, 3 of cirrhotic pts died from
hepatic decompensation within 5 mo
No rebleeding in 5 of 6 pts (83%), 1 pt (17%)
underwent surgery for rebleeding

Prospective

54 mo

EGD (2)

Rubber band ligation

Stomach/
duodenum
Stomach

Retrospective

30 d

EGD (1)

Argon plasma
coagulation

Stomach

Retrospective

29 mo

EGD (12)1
EGD (6)

EGD (5)

Akhras et al[91]

No rebleeding

Cheng et al[159]

9% of whole cohort of 34 pts rebled. No data
whether any of the cirrhotics rebled
No rebleeding, 1 of 2 pts died from hepatic
decompensation within 30 d
No rebleeding

Yamaguchi et al[160]
Mumtaz et al[157]
Iacopini et al[158]

1

Includes 4 patients with cirrhosis and 8 patients who actively abused alcohol. EGD: Esophagogastroduodenoscopy; pts: Patients.

success rate of hemostasis of about 95%-97.5% and a
[31]
rebleeding rate of 12.5% .
In summary, the data show that endoscopic therapy
is highly effective at achieving initial hemostasis and
preventing rebleeding from DLs. Mechanical therapy
may be the most effective endoscopic therapy. However,
dual endoscopic therapy, with initial epinephrine
injection followed by mechanical therapy, may be even
more effective than any monotherapy. The high risk
of rebleeding from DL justifies the risk of undertaking
[31]
endoscopic therapy to prevent further bleeding .
Limited data exist on the effectiveness of endoscopic
therapy for DL in cirrhotic patients. Table 9 summarizes
data extrapolated from multiple studies on the efficacy
[91,92,157-160]
of various endoscopic techniques
. Overall,
various endoscopic hemostatic techniques, including
injection, ablation, and mechanical therapy, can be
effectively applied to bleeding DLs in cirrhotic patients.
However, patients with cirrhosis likely have increased
mortality related to hepatic decompensation. For
example, four (18%) of the 22 reported patients in
Table 9 died within 5 mo of the UGI bleeding, from
hepatic decompensation, despite achieving successful
endoscopic hemostasis.
In one study of 28 patients with DL, including 4
with documented cirrhosis and 8 alcoholics, endoscopic
therapy with epinephrine and polidocanol injection
[92]
successfully stopped the bleeding in 96% of cases .
The bleeding was effectively controlled in 4 patients
with alcoholic cirrhosis, without rebleeding or death
during the initial hospitalization, but 3 of the 4 cirrhotic
patients died during a mean follow-up period of 5
mo, including 2 dying from hepatic coma and 1 dying
from variceal bleeding. In a retrospective study of 23
patients with DL-induced acute UGI bleeding, including
2 (8.7%) patients with advanced liver disease,
there was no difference in short-term (30 d) clinical
outcomes between patients treated with endoscopic
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rubber band ligation vs endoscopic thermal/injection
[157]
therapy
. Six patients (26%) died within 30 d
after bleeding from DL, including 1 of the 2 patients
with advanced liver disease, who expired from liver
decompensation. In an Italian study with long-term
mean follow-up of 29 mo, APC was a safe and effective
treatment for 23 patients with GI bleeding from DL
[158]
including 1 patient (4.3%) with liver cirrhosis . None
of the patients died and only 1 patient experienced
rebleeding, which was successfully retreated with APC.
Endoscopic therapy for MWS: Endoscopic therapy
for MWS depends upon the presence of SRH and
other factors. Endoscopic therapy should be applied
for MW tears that are actively bleeding at endoscopy.
Endoscopic therapy may be considered when other
SRH are present, including a protruding visible vessel,
pigmented protuberance, or fresh adherent clot,
especially in the presence of risk factors for rebleeding
of initially severe bleeding or a coagulopathy. However,
most patients with MWS do not require endoscopic
therapy because the tears usually heal spontaneously
[161]
with only medical therapy . In particular, endoscopic
therapy is usually unnecessary when the bleeding
is minor as indicated by absence of hematochezia,
stable vital signs at presentation, and lack of blood
transfusions; when a coagulopathy is not present; and
when SRH are absent.
Data on endoscopic therapies for MWS in the general
population are somewhat limited by the retrospective
nature of most studies and the relatively small number
of patients in individual studies. Currently recommended
endoscopic therapies include injection therapy with
epinephrine, ablation therapy with electrocoagulation,
and mechanical therapy with hemoclips or band ligation.
Epinephrine can be used as a monotherapy or combined
with a second therapy. For example, in a randomized,
controlled trial of bleeding from high-risk MWS, bleeding
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Table 10 Efficacy of endoscopic therapy for gastrointestinal bleeding from Mallory-Weiss syndrome in cirrhotics
Number of
patients
55
141

7

3

1

Hemostasis
Technique
Aetoxysklerol
injection
Epinephrine
injection/electrocoagulation
Band ligation 4
Hemoclips and
epinephrine 3
Heater probe/Bicap
electrocoagulation
Hemoclip and
Endoscopic band
ligation

n (%) with Time of EGD
active alcohol
abuse

Study type

Follow-up

Outcome

Ref.

40 (73)

Within 6 h

Retrospective

2 yr

No rebleeding or death

Paquet et al[26]

6 (43)

Within 24 h

Retrospective

5 yr

No rebleeding or death2

Schuman et al[27]

Not reported

Within 12 h

Retrospective

5d

No rebleeding or death

Lecleire et al[165]

3 (100)

“Urgently”
after
presentation
“Emergently” at
presentation

Retrospective

17 mo

Failed to control bleeding in 1/3 pts
(33%)

Jensen et al[28]

Retrospective

NA

Failed to stop bleeding with both
techniques; patient underwent
surgery and died of liver failure 3 d
after surgery

Yin et al[104]

1 (100)

1

Only 3 of the 14 patients treated endoscopically; 2Three deaths reported out of the overall cohort of 42 patients presenting with bleeding from MWS. None
of the deaths were related to MWS or liver disease. EGD: Esophagogastroduodenoscopy; MWS: Mallory-Weiss syndrome.

and epinephrine in 3, rebleed or suffered endoscopic
complications. On multivariate analyses, liver disease
was not a risk factor for rebleeding.
However, endoscopic therapy is not universally
successful in patients with cirrhosis who bleed from
MWS. For example, a small report of 8 patients with
cirrhosis and MWS bleeding, reported endoscopic failure
to control the initial MW bleeding in 1 (33%) of the 3
patients receiving either heater probe thermocoagulation
or Bicap electrocoagulation. Additionally, a recent caseseries of bleeding MWS from China included one patient
with concomitant alcoholic liver cirrhosis. This patient
was the only one in this study who failed endoscopic
therapy initially with hemoclips placement and sub
sequently hemoclips and band ligation and died 3 d after
[104]
undergoing surgery from liver failure .

recurred in 6.8% of patients receiving endoscopic
injection therapy vs 25.8% of patients receiving
[162]
medical therapy alone (p < 0.05) . Electrocoagulation
significantly reduced the risk of rebleeding compared
to medical therapy in patients with MWS at high risk of
[163]
rebleeding . Likewise, endoscopic band ligation and
hemoclip placement were highly effective at preventing
rebleeding from MWS, as demonstrated in a randomized
[164]
clinical trial of 41 patients .
Table 10 summarizes the data on the efficacy of
endoscopic therapies to treat acute MWS bleeding
[26-28,104,165]
in cirrhotic patients
. Although the data are
limited and retrospective, all the reported therapeutic
endoscopic modalities appeared to be safe and ef
fective to control the bleeding in the vast majority
of cirrhotic patients. In the aforementioned study by
[26]
Paquet et al which included 339 consecutive patients
with cirrhosis and portal hypertension who underwent
EGD for acute UGI bleeding within 6 h of presentation,
55 patients had bled from MWS. All 55 patients were
treated endoscopically with injection of aethoxysklerol
into the bleeding lesion, which universally resulted in
successful hemostasis, with no rebleeding or other
[26]
adverse effects . In another aforementioned study,
14 patients with cirrhosis and acute bleeding from
MWS underwent EGD within 24 h of presentation,
but endoscopic therapy (epinephrine injection or
electrocoagulation) was deemed necessary in only
[27]
3 (21%) of the patients . No patient experienced
rebleeding, other complications, or death related to
the MWS or the underlying liver disease. Mechanical
endoscopic hemostasis (band ligation or hemoclip
placement) was also reported effective in cirrhotic
patients with bleeding MWS. In a recent French
study of 56 patients comparing these 2 mechanical
therapies, none of the 7 patients with cirrhosis, treated
with band ligation in 4 and hemoclips placement
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DISCUSSION
The incidence of PUD, frequency of bleeding from PUD,
and severity of bleeding from PUD are all increased
in patients with cirrhosis, including those with aALD.
However, the pathophysiology of this phenomenon is
incompletely understood. Experiments in laboratory
animals, such as rats, may help elucidate the path
ophysiology, by separately analyzing the effects of
alcohol exposure and portal hypertension (e.g., expose
rats to alcohol consumption vs experimentally ligating
or banding the portal vein to produce experimental
portal hypertension with little acute hepatocellular liver
injury).
The clinical presentation of PUD associated with
cirrhosis or aALD is incompletely understood because
many of the studies on the subject lump PUD in
cirrhotics with the other etiologies of UGI bleeding
not due to portal hypertension (Table 2). Studies
are needed which systematically compare patients
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Terminology

with PUD and cirrhosis or aALD to patients with PUD
without cirrhosis or aALD. The data on endoscopic
therapies for MWS and DL for patients with cirrhosis
are limited. However, conclusions can be extrapolated
from data on endoscopic therapies in noncirrhotic
patients bleeding from these lesions. Analysis of
larger patient populations of patients bleeding from
MWS or DL would be useful to show that the general
principles of endoscopic therapy pertain to cirrhotic
patients.
H. pylori appears to play only a minor role in the
increased observed rate of PUD in cirrhotics. Perhaps
the most convincing evidence of this minor role is
that H. pylori eradication does not protect against DU
recurrence, as it does in the general population.
In conclusion, this review describes more frequent
and more severe GI bleeding from PUD, DL, or MWS
in patients with aALD than in the general population.
These differences have important consequences in the
clinical management and prognosis of these conditions
in patients with aALD. It is hoped that this review will
stimulate further study of this clinically important but
incompletely understood subject.

aALD refers to alcoholic hepatitis and alcoholic cirrhosis. This term is presently
used because both of these forms of alcoholic liver disease affect the
pathophysiology, natural history, treatment, and prognosis of non-variceal upper
GI bleeding from PUD, DL, and MWS.
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The manuscript provides a comprehensive review of the recent literature
data on the association between PUD, DL, and MWS and aALD or cirrhosis.
It is also well supported by the quoted references. This is a well written and
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EDITORIAL

Complete radiotherapy response in rectal cancer: A review
of the evidence
Daniel G Couch, David M Hemingway
Daniel G Couch, David M Hemingway, Department of Surgery,
Leicester Royal Infirmary, LE12 8TZ Leicester, United Kingdom

diagnostic definitions, differing surveillance protocols,
and a lack of randomised studies.
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Core tip: The management of rectal cancer has
changed considerably over the last 15 years. Here we
summarise the need for consensus on the definition
of complete response of rectal cancer to neoadjuvant
chemoradiotherapy prior to surgery, the problems
associated with with heterogenous treatment programs
and the need for randomised evidence.

Correspondence to: David M Hemingway, MB, ChB, FRCS,
Consultant Surgeon, Department of Surgery, Leicester Royal
Infirmary, LE12 8TZ Leicester,
United Kingdom. dhemingway_1@hotmail.com
Telephone: +44-300-3031573

Couch DG, Hemingway DM. Complete radiotherapy response
in rectal cancer: A review of the evidence. World J Gastroenterol
2016; 22(2): 467-470 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i2/467.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.467

Received: April 22, 2015
Peer-review started: April 23, 2015
First decision: July 20, 2015
Revised: August 13, 2015
Accepted: October 23, 2015
Article in press: October 26, 2015
Published online: January 14, 2016

The concept of total mesorectal excision revolutionised
[1]
the standard of care for rectal adenocarcinoma ,
vastly improving local recurrence rates from in excess
of 50% to 4%-22%. Patient care was augmented
further by the addition of adjuvant and neoadjuvant
[2]
chemoradiotherapy (CRT) . The German Rectal
Cancer Trial demonstrated that patients with cT3-4
tumours with a positive nodal status benefited from a
4% local recurrence rate at 5 years when undergoing
preoperative CRT compared to 13% undergoing
[3]
post-operative CRT . Furthermore patients with
tumours in the lower third of the rectum treated with
neoadjuvant CRT were 50% more likely to undergo a
[4]
sphincter saving operation due to tumour involution .
In modern practice chemoradiotherapy followed by

Abstract
Complete response to chemoradiotherapy for rectal
cancer is becoming a common clinical entity. Techniques
to diagnose complete response and how to survey
these patients without operative intervention are still
unclear. We review the most recent evidence. Barriers
to firm conclusions regarding this are heterogeneity of
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surgery for rectal cancer has become the gold standard
of treatment.
The risks of urinary and sexual dysfunction, faecal
urgency and incontinence have, however, undou
btedly led to the development of new therapeutic
[5]
approaches . Local excision for T1-2 tumours has
been in practice for around 15 years in anatomically
accessible cancers; the conservative management
of polyp cancers diagnosed retrospectively following
[6,7]
endoscopic excision remains a key topic for research .
Of great interest is the management of patients
in whom there is a complete local clinical response
(cCR) to preoperative CRT. It has been shown that
in post-operative specimens complete pathological
response (cPR) to preoperative CRT in invasive rectal
adenocarcinoma after TME is between 8% to 27%
[8-10]
and is possible even in patients with T4 cancers
.
Historically almost all cases of cCR would have then
gone through completion TME. However, emerging
evidence suggests that aggressive surveillance rather
than progression to surgery may achieve an equal
oncological and preferable quality of life outcome.
Some of the best “watchful-waiting” outcomes have
been displayed by Habr-Gama. This Brazilian centre
has demonstrated in several studies of up to 360
patients achieving a cCR that surgery may be delayed
and substituted for an intensive clinical follow up
regimen. In these studies patients initially presenting
with cT3 cN0 disease had an overall 97% 5-year
survival and a disease free survival of 84%, comparable
to contemporaneous reviews of cPR patients treated
[10-12]
with invasive surgery
. Within these series, 5% of
patients developed a local recurrence within 2 years
of initial treatment underwent salvage surgery. This
is comparable to a recent Philadelphia series, which
[13]
achieved an 89% disease free survival over 5 years .
It is noteworthy that in this study patients achieving
clinical complete response had up to stage Ⅳ disease
(T3N1M1), the median stage being T3N0. Of the two
out of 18 patients in this group developing recurrent
disease, all were resected with disease free survival
within the 58-mo study period. In addition, similar nonoperative studies by Maas based in the Netherlands
and Smith in New York demonstrated a disease free
survival of 89% and 88% and overall survival of 100%
[9,14]
and 97% respectively
.
Limitation to our confidence in the above studies
arises through a limited length of follow up. Further
more the patient selection employed by these studies
is not transparent, and therefore unlikely to be
population based. Although Habr-Gama has published
study lengths of five years, studies beyond this time
frame have suffered from patient numbers being too
[15,16]
small to make firm conclusions
.
Further considerations when interpreting this
data are the heterogeneity of the studies in terms
of defining and identifying cCR patients and the
algorithms of surveillance.
There is no unified consensus on when and how
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to initially investigate patients for cCR. Of the major
series, initial clinical investigation for residual tumour
has begun as early as 4-6 wk, though from other
authors a time frame of up to 24 wk has been accepted
[9,13,17,18]
prior to commencing active surveillance
.
Studies from Habr-Gama inspected for clinical
response at eight weeks, whilst it is not clear in the
Philadelphia series at which point this assessment
was carried out. In addition there is a wide spectrum
of cCR definition. Habr-Gama considered absence of
residual ulcer on proctoscopy or adenocarcinomanegative biopsy to be a cCR, whilst the Philadelphia
series also incorporated endorectal ultrasound. An
[19]
interesting paper from Wynn et al found in excess of
seventy descriptions of complete response within the
United Kingdom alone calling for an international, if not
only a national classification of response. No one clear
definition within current literature appears dominant
over the other.
Should we give a wide freedom to the definition
of cCR, the method of diagnosing complete clinical
response within the published literature is also
heterogeneous. The problem of differentiating residual
tumour from juvenile scarring or inflammatory change
continues to provide a clinical challenge. The investi
gations we rely upon for accurate initial staging at first
diagnosis have not been found to be reliable following
CRT.
Inaccuracy of digital rectal examination following
CRT within in the office, clinic or at the time of ope
ration has been well demonstrated, with a negative
[20-22]
predictive value of between 21% to 24%
. Coupled
with clinical examination, endoscopic assessment with
biopsy has been shown to possess a false negative
rate of 69%, though its merit perhaps being found to
[23]
be a 0% false positive rate .
Endorectal ultrasound (EUS) has gained popularity
over the last ten years as it has been demonstrated to
[24]
accurately stage rectal tumours prior to any therapy .
However this accuracy has not been reproduced post
[23]
radiotherapy. Maretto et al
demonstrated a 77%
sensitivity in EUS T stage assessment following CRT,
though only a 33% specificity. However EUS possessed
an 81% negative predictive value for assessing
involvement of lymph nodes, compared with only a
65% negative predictive value for MRI in lymph node
[23]
status in the same study . Other studies supported
these findings demonstrating 63% and 54% accuracy
in assessing T stage of rectal tumours (including T0),
with a 77% and 75% negative predictive value for
[25,26]
lymph node involvement respectively
. The poor
reliability of EUS as a diagnostic tool following CRT has
been echoed elsewhere in the literature, and therefore
has not been previously advocated as a surveillance
[27]
tool .
The use of MRI has in recent literature been named
as the gold standard in post CRT tumour assessment.
A large meta-analysis including 1556 patients found
that MRI possessed a 50% sensitivity but a 91%
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specificity for T stage, with a sub group analysis
showing a 19% sensitivity and 94% specificity for T0
[28]
tumours . With the addition of DWI and dynamic
contrast imaging within the last few years the overall
sensitivity and specificity in the context of post CRT
assessment was found to rise to 84% and 85%
respectively. It was also found in this study that there
was only a 77% sensitivity and 60% specificity for
nodal involvement. Another smaller study identified
[23]
a 65% negative predictive value for N0 status , and
more recently a study of 150 patients found that MRI
[29]
tended to over-stage nodal spread
reinforcing a
potential weakness of using MRI alone for assessment
of tumour and nodal involution. Recently the use of
T2 weighted MRI was demonstrated to provide an
accuracy of 92% in identifying complete responders in
terms of local disease.
Lastly PET CT has been investigated as a potential
[30]
imaging modality. Cho et al
identified only a 60%
accuracy in correctly identifying complete tumour
response, with a 71% accuracy for nodal metastases.
These findings were also supported from an early study
showing high false positive and low false negative rates
for residual tumour detection. The strength of PET CT
however was argued by Cho to be in identifying early
distant metastases, with a sensitivity of 97%.
We may therefore glean from these studies that
no imaging modality appears superior to others in
assessing the primary tumour site, the mesorectum
[31]
nor nodal tumour spread. Pucciarelli et al
in 2005
suggested that in the context of patients presenting
with T2 tumours subsequently achieving cCR using
several imaging modalities, the mesorectal involvement
rate might still be as high as 17% at resection. It is
perhaps for this reason that patients in published series
entering into an active surveillance program have
undergone a full complement of proctoscopy, EUS,
endoscopic biopsy, MRI and CT. Certainly the larger
more recent retrospective studies from Habr-Gama
and Smith assessed subjects along all modalities.
Interestingly a review combining 545 patients who
achieved cCR following CRT found that 6% had either
mesorectal tumour deposits or nodal involvement not
identified before surgery, which some clinicians may
[32]
argue is an unacceptably high miss rate .
We may therefore summarise that although the
conservative management of cCR promises a prefe
rable alternative to invasive surgery we currently lack
several consensuses. Firstly the limit of acceptable
CRT prior to achieving complete clinical response has
not yet been established. Secondarily of paramount
importance is the unified definition of cCR. Further
more when the assessment of tumour and nodal invo
lution is to take place, and if a conservative approach
is to be adopted, by what modalities, when and for
how long should surveillance persist? It would be prefe
rable that these consensuses are defined prior to any
randomised studies.
Finally it is of note that patients undergoing cCR
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or cPR have an improved disease free and overall
[33]
survival than those who have a partial response .
Although this may not appear to be surprising at first
glance this may demonstrate a cohort of patients who
may be identifiable prior to CRT based upon tumour
genetics or other factors, and therefore be entered
into a conservative programme with curative intent
without surgery. Currently there are no published data
regarding tumour genetics in these cases, but early
regression analysis has shown that these patients, in
addition to being male and older than their operative
counterparts, tend to have tumours in the lower
third of the rectum. Of course several sources of bias
come into play in this setting such as patient attitudes
towards permanent or temporary stoma formation and
fitness for surgery but nevertheless this may pose an
enticing avenue of future research.
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Targeted therapies in gastric cancer and future perspectives
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Abstract

Ozan Yazici, Nuriye Ozdemir, Department of Medical
Oncology, Ankara Numune Education and Research Hospital,
Ankara 06100, Turkey

Advanced gastric cancer (AGC) is associated with a high
mortality rate and, despite multiple new chemotherapy
options, the survival rates of patients with AGC remains
poor. After the discovery of targeted therapies, research
has focused on the new treatment options for AGC. In
the last two decades, many targeted molecules were
developed against AGC. Currently, two targeted therapy
molecules have been approved for patients with AGC.
In 2010, trastuzumab was the first molecule shown to
improve survival in patients with HER2-positive AGC
as part of a first-line combination regimen. In 2014,
ramucirumab was the second targeted molecule to
improve survival rates and was suggested as treatment
for patients with AGC who had progressed after firstline platinum plus fluoropyrimidine with or without
anthracycline chemotherapy. Ramucirumab was the first
targeted therapy acting as a single agent in patients
with advanced gastroesophageal cancers. Although
these two molecules were introduced into clinical use,
many other promising molecules have been tested in
phase Ⅰ-Ⅱ trials. It is obvious that in the near future
many different targeted therapies will be in use for
treatment of AGC. In this review, the current status
of targeted therapies in the treatment of AGC and
gastroesophageal junction tumors, including HER (2-3)
inhibitors, epidermal growth factor receptor inhibitors,
tyrosine kinase inhibitors, antiangiogenic agents, c-MET
inhibitors, mammalian target of rapamycin inhibitors,
agents against other molecular pathways fibroblast
growth factor, Claudins, insulin-like growth factor, heat
shock proteins, and immunotherapy, will be discussed.
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therapies have been investigated. It is apparent that
in the near future many different targeted therapies
will be in use for the treatment of AGC. Accordingly,
this review will focus on the current status of the
available targeted therapies, and the therapies under
investigation for the treatment of AGC.

Core tip: Trastuzumab was the first molecule shown to
prolong both progression-free survival and overall survival
in patients with advanced gastric cancer (AGC) when
added to first-line chemotherapy in patients with AGC. In
2014, ramucirumab was approved as a single agent
or in combination with paclitaxel for the treatment
of patients with AGC. Many phase Ⅱ-Ⅲ clinical trials
failed to showed activity of different targeted agents in
patients with AGC. On the other hand, some molecules
have shown promising activity in phase Ⅱ trials and are
expected to be in use in the coming years. Pertuzumab
and c-Met pathway inhibitors have shown modest
activity in a phase Ⅱ trial. The results of two important
ongoing phase Ⅲ trials (JACOB and RILOMET-1) may
change the recommendations for first-line treatment
options in patients with AGC.

EPIDERMAL GROWTH FACTOR
RECEPTOR SIGNALING PATHWAY
INHIBITORS
Epidermal growth factor receptor (EGFR) is a cluster
of receptors, including human EGFR (HER)-1, HER2,
HER3 and HER4. EGFR is located on the outside of
cellular membranes and is activated by binding of
specific ligands. Stimulation of EGFR leads to cell
[7]
proliferation and differentiation . The ligand binding to
the extracellular part of the receptor, homodimerization
and heterodimerization occurs, resulting in phospho
rylation of intracellular tyrosine kinase (TK), and
phosphorylated TK activation of intracellular protein
[8]
kinases . All these activated intracellular pathways
result in cell cycle progression, apoptosis, proliferation,
[9]
angiogenesis, and metastasis . EGFR overexpression
was detected in 30%-50% of patients with gastric
cancers, and was associated with poor prognosis and
[10]
shorter OS . Molecules which block different parts of
the EGFR signaling cascade have been tested in clinical
trials. These molecules can be divided into two groups,
namely monoclonal antibodies that block EGFR, and
TK inhibitors.

Yazici O, Sendur MAN, Ozdemir N, Aksoy S. Targeted therapies
in gastric cancer and future perspectives. World J Gastroenterol
2016; 22(2): 471-489 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i2/471.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.471

INTRODUCTION
Gastric cancer is the second leading cause of cancerrelated mortality worldwide, and its incidence is still
[1]
increasing in developing countries . Surgery is the
curative treatment in the early stages of gastric cancer.
However, the majority of patients with gastric cancer
are diagnosed in the advanced stage in which curative
[2]
treatment approaches are not possible . In patients
with advanced disease, chemotherapy improves the
overall survival (OS) and progression-free survival
[3]
(PFS) rates compared with best supportive care .
New chemotherapeutic agents have improved the
response rates compared with previous chemotherapy
[4]
regimens . However, despite these new chemotherapy
regimens, the 5-year survival rates of patients with
advanced gastric cancer (AGC) are still only 20%-30%.
Therefore, in recent years, research has focused
on new treatment approaches for gastric cancer. In
order to develop new molecules for gastric cancer
treatment, it is very important to define the molecular
pathways involved in the carcinogenesis of gastric
cancer. A better understanding of molecular pathways
that lead to cell growth, angiogenesis, and inhibition
of apoptosis, will lead to new ideas for novel targeted
therapies. In the last two decades, different molecules
targeting different pathways were developed for the
treatment of gastric cancer. In 2010, trastuzumab was
the first molecule demonstrated to improve OS and
[5]
PFS in patients with HER2-positive AGC . Recently,
ramucirumab was the second targeted molecule
[6]
suggested for the treatment of AGC . In addition
to these two molecules, new targets and targeted
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Monoclonal antibodies against EGFR subtypes

Anti-HER 2 monoclonal antibodies: HER2 is a
transmembrane TK receptor with the potential to
heterodimerize with HER1, HER3, or HER4. In HER2positive tumors, the dimerization of HER2 with HER3
is an important process initiating oncogenic transfor
[11]
mation . Overexpression of HER2 is a marker of poor
prognosis, and is associated with a high relapse rate
[12]
in patients with breast cancer . However, in gastric
cancer patients, the prognostic value of amplified
HER2 is controversial. A small study reported that in
gastric cancer, HER2 overexpression or amplification
[13]
significantly improved prognosis . On the other hand,
a systematic data analysis of the literature suggested
a potential role for HER2 as a negative prognostic
[14]
factor .
Trastuzumab is a monoclonal antibody against
the HER2 extracellular domain. In the randomized
phase Ⅲ ToGA trial in patients with AGC, the addition
of trastuzumab to first-line chemotherapy improved
[5]
OS and PFS compared with chemotherapy alone .
In the ToGA trial, 3665 patients with AGC were
screened for their HER2 amplification status using
immunohistochemistry (IHC) and fluorescence in
situ hybridization (FISH). Of them, 594 had a +3
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staining score on IHC or were FISH-positive (HER2:
CEP17 ratio ≥ 2). These patients were randomly
assigned to receive chemotherapy plus trastuzumab
or chemotherapy alone. The patients received
capecitabine combined with cisplatin or cisplatin
combined with fluorouracil as a chemotherapy
regimen. The proportion of HER2 positivity was
22.1%. Median OS was 13.8 mo (95%CI: 12-16) in
patients receiving trastuzumab and chemotherapy
compared to 11.1 mo (95%CI: 10-13) in patients
receiving chemotherapy alone, and the difference was
statistically significant (HR = 0.74; 95%CI: 0.60-0.91,
P = 0.0046). In a post hoc analysis of the ToGA trial,
the OS of patients with high HER2 expression (IHC2+
and FISH positive or IHC3+; n = 446) who received
trastuzumab was 16·0 mo (95%CI: 15-19) compared
with 11.8 mo (95%CI: 10-13) in patients receiving
chemotherapy alone (HR = 0.65; 95%CI: 0.51-0.83, P
= 0.036). Median PFS was also significantly improved
in the trastuzumab plus chemotherapy arm compared
with chemotherapy alone (median PFS: 6.7 mo vs
5.5 mo, HR = 0.71; 95%CI: 0.59-0.85, P = 0.0002).
All grades of adverse events and serious adverse
events (grade 3 or 4) were similar between the two
groups. It was previously noted that trastuzumab
might cause significant cardiac toxicity. However, in
this trial, cardiac toxicity was rare and rates of cardiac
events were similar between the trastuzumab plus
chemotherapy and chemotherapy alone groups [17
(6%) vs 18 (6%)]. After the impressive results of the
ToGA trial, trastuzumab in combination with cisplatin
and a fluoropyrimidine (fluorouracil or capecitabine)
was suggested as category 1 first-line therapy in
patients with HER2 overexpressed AGC (National
Comprehensive Cancer Network, European Society
of Medical Oncology Guidelines). In 2010, the Food
and Drug Administration, and European Medicine
Agency approved trastuzumab in combination with
chemotherapy for use in HER2-overexpressed AGC
patients.
In a study presented at the American Society of
Clinical Oncology (ASCO) Meeting 2013, trastzumabnaive patients with AGC were treated with trastzumab
in combination with paxlitaxel. Forty six patients
2
were enrolled and received paclitaxel (80 mg/m on
days 1, 8, and, 15 q4w) plus trastuzumab (8 mg/kg
initial dose, followed by 6 mg/kg, every 3 wk). The
overall response rate (ORR) was 37.2% (95%CI:
23.0%-53.3%). Median PFS was 5.2 mo (95%CI:
3.9-6.6). The combination of trastuzumab with
paxlitaxel as second-line therapy showed efficacy in
[15]
AGC patients .
In the phase Ⅱ NEOHX study, perioperative chemo
therapy treatment with trastuzumab in combination
with capecitabine and oxaliplatin was evaluated in
patients with HER2-positive resectable gastric cancer.
This combination regimen was administered as 3
cycles in the preoperative and postoperative period.
Thirty six patients were enrolled. Three patiens had
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a pathological complete response (8.3%; 95%CI:
2%-22%). The disease-free survival at 18 and 24 mo
was 71% (95%CI: 53%-83%) and 60%, respectively.
Perioperative trastuzumab plus capecitabin/oxaliplatin
[16]
showed promising efficacy (Tables 1 and 2).
In 2011, Begnami and colleagues explored the
gene and protein expression of the HER family in 221
patients with GC and analyzed the correlation between
clinicopathological parameters. This report showed
that HER2 and HER3 overexpression was associated
[17]
with poor prognosis . In a HER2-positive human
gastric cancer xenograft Mouse models, pertuzumab in
combination with trastuzumab was showed significant
[18]
anti-tumor activity compared to each mono therapy .
Pertuzumab is a recombinant humanized monoclonal
antibody that binds to the extracellular dimerization
domain of HER2 and prevents heterodimerization of
[19]
HER2 with the EGFR, HER3, and HER4 . In a phase
Ⅲ trial, it was demonstrated that pertuzumab in
combination with trastuzumab improved OS in patients
[20]
with advanced breast cancer . In a phase Ⅱ trial,
pertuzumab and trastuzumab in combination with
chemotherapy produced a partial response in 85%
[21]
after 6 cycles of therapy in patients with AGC . At
the ASCO Meeting, the schema of ongoing randomized
phase Ⅲ trial of pertuzumab and trastzuzumab in
combination with chemotherapy as first-line therapy
in patients with advanced gastric or gastroesophageal
junction cancer was presented. In this study, HER2
amplified AGC or advanced gastroesophageal cancer
patients were randomized 1:1 to arm A: pertuzumab
+ trastuzumab + cisplatin + fluoropyrimidine or arm B:
placebo + trastuzumab + cisplatin + fluoropyrimidine.
The primary end point of this study is OS, and 780
patients will be enrolled from 33 countries. The results
[22]
of this study are awaited by clinicians .
In gastric cell lines, binding of trastuzumab emtansine
(T-DM1) to the cell surface HER2 was significantly
increased by pertuzumab. Concomitant administration
of peruzumab with T-DM-1 blocks HER3 and down
stream TK pathways. The combination of two anti-HER
enhanced their activity and this may be a promising
anti-tumor combination against HER2-positive gastric
[23]
cancer .
T-DM1 is a HER2 targeted antibody drug conjugate,
composed of trastuzumab conjugated with a potent
cytotoxic agent DM1 (derivative of maytansine).
T-DM1 was designed to increase the efficacy of
trastuzumab. T-DM1 binds to the extracellular domain
of HER2 and is internalized into the tumor cell, then
[24]
the antimicrotubule agent emtasine is relaesed . The
efficacy of T-DM1 was demonstrated in HER2-positive
[25]
metastatic breast cancer patients . In Her2-positive
xenograft mouse models, T-DM1 in combination with
pertuzumab showed significant antitumor activity
[26]
compared with single agent therapies .
In a phase Ⅰ trial, TD-1 in combination with cape
citabine was tested in patients with advanced gastric
or breast cancer. Of the six patients who received
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Table 1 Completed randomized Phase Ⅱ and Phase Ⅲ trials
Target

Agents

Name of trial
and setting

Phase

Number of
patients

PFS (mo)

P value

OS (mo)

HER-2

Fluoropyrimide/cisplain
+ Trastuzumab vs
Fluoropyrimide/cisplain
Lapatinib plus once-per-week
paclitaxel vs paclitaxel
Cap/Ox plus lapatinib or
Cap/Ox plus placebo
Cisplatin and capecitabine
+ cetuximab vs cisplatin and
capecitabine
mEOC plus panitumumab vs
EOC
Bevacizumab plus cisp/
cape/fluorouracil vs plc
plus cisplatin/capecitabine/
fluorouracil
Ramucirumab vs placebo

ToGA, First
line

Ⅲ

594

6.7 vs 5·5

< 0.001

13.8 vs 11.1

0.004

PFS and OS
was improved

TYTAN,
Second line
LOGiC, First
line
EXPAND,
First line

Ⅲ

261

5.4 vs 4.4

0.850

11.0 vs 8.9

0.104

Ⅲ

545

6.0 vs 5.4

0.100

12.2 vs 10.5

0.350

Ⅲ

904

4.4 vs 5.6

0.320

9·4 vs 10.7

0.950

No effect on
PFS and OS
No effect on
PFS and OS
No effect on
PFS and OS

Ⅲ

553

6.0 vs 7.4

0.068

8·8 vs 11.3

0.013

Ⅲ

774

6.7 vs 5.3

0.003

12.1 vs 10.1

0.100

Ⅲ

355

2.1 vs 1.3

< 0.001

5.2 vs 3.8

0.047

Ⅲ

665

4.4 vs 2.9

< 0.001

9.6 vs 7·4

0.017

Ⅱ

144

< 0.001

Ⅱ

121

3.67 vs 3.20 vs
1.40
5.1 vs 6.8 vs 4.2

0.016

4.83 vs 4.27 vs
2.50
9.7 vs 11.1 vs 8.9

Ⅲ

656

1.7 vs 1.4

0.780

5.4 vs 4.3

HER-2
HER-2
EGFR

EGFR
VEGF

VEGF
VEGF
VEGF
MET

m-TOR

REAL, First
line
AVAGAST,
First line

REGARD,
Second line
Ramucirumab plus paclitaxel RAINBOW,
vs placebo plus paclitaxel
Second line
Apatinib 850 mg vs apatinib
NN, Third
425 vs placebo
line
Rilotumumab 15 mg/kg per NN, First line
rilotumumab 7.5 mg/kg, or
placebo plus ECX
Everolimus 10 mg vs placebo GRANITE, ≥
Second line

P value

< 0.001
0.100

Results

No effect on
PFS and OS
PFS was
improved, No
effect on OS
PFS and OS
was improved
PFS and OS
was improved
PFS and OS
was improved
PFS and OS
was improved

0.124

No effect on
PFS and OS

Plc: Placebo; mEOC: Modified epirubicin, oxaliplatin and capecitabine; DCF: Docetaxel, cisplatin, 5-fluorouracil; ECF/ECX: Epirubicin, cisplatin,
fluorouracil/capecitabine; EGFR: Epidermal Growth Factor Receptor; VEGF: Vascular Endothelial Growth Factor; ECX: Epirubicin, cisplatin, capecitabine;
NN: No specific study name was defined; OS: Overal survival; PFS: Progression free survival.

Table 2 Finished Phase Ⅱ studies
Target

Agents

Name of Trial and Setting

Phase

Number of patients

PFS (mo)

OS (mo)

Results

HER-2
HER-2

Lapatinib
Lapatinib plus ECF or ECX vs placebo
plus ECF or ECX
MK-2206 (AKT inhibitor)
Saracatinib (Src inhibitor)
Dacomitinib
Cetuximab plus mFOLFOX6
Cetuximab plus FOLFIRI
Panitumumab with dose dense DCF
Bevacizumab plus irinotecan and
cisplatin
Bevacizumab plus docetaxel/oxaliplatin
Everolimus 10 mg

S0413, First line
EORTC 40071, First line

Ⅱ
Ⅱ

47
28

1.9
7.1 vs 5.9

4.8
13.8 vs 10.1

Positive
Negative1

S1005, Second line
NN, ≥ Second line
NN, ≥ Second line
NN, First line
NN, First line
NN, First line
NN, First line

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

70
21
27
40
49
52
47

1.8
1.8
2.1
5.5
9.0
4.8
8.3

5.1
7.8
7.1
9.9
16.5
9.4
12.3

Negative
Negative
Positive
Positive
Positive
Positive
Positive

NN, First line
NN, ≥ Second line

Ⅱ
Ⅱ

38
53

6.6
2.7

11.1
10.1

Positive
Positive

HER-2
Pan-HER
Pan-HER
EGFR
EGFR
EGFR
VEGF
VEGF
m-TOR
1

Early terminated. VEGF: Vascular endothelial growth factor; m-TOR: Mammalian target of rapamycin; NN: No specific study name was defined.

2

2

docetaxel 75 mg/m q3wk). The primary outcomes of
the study are effective dose of T-DM1, and OS. The
[28]
planned final data collection date is December 2016
(Figure 1).

capecitabine 750 mg/m and T-DM1 3.6 mg/kg every
[27]
3 wk, four had parital and one had stable disease .
An ongoing phase Ⅱ/Ⅲ study (NCT01641939)
will evaluate the efficacy of T-DM1 in patients with
HER2-overexpressed AGC. In this study, T-DM1 will
be compared with taxane chemotherapy alone. The
patients will be randomized into three different groups
as arm a: 3.6 mg/kg T-DM1 every 3 wk; arm b:
2.4 mg/kg T-DM1 every week; and arm c: standard
2
taxane therapy (paclitaxel 80 mg/m per week or
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Anti-HER3 monoclonal antibody: HER 3 is normally
expressed in various tissues including gastrointestinal,
[29]
urinary, respiratory, and reproductive tracts . In
tumor tissues the overexpression of HER3 is frequently
accompanied by overexpression of EGFR and/or
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HER1/EGFR

HER2

Pertuzumab

Trastuzumab
TDM-1

Cetuximab
Panitimumab

HER2

Tyrosine
kinase

Lapatinib

MK2206

Everolimus

GRB
SOS

HER3

Tyrosine
Kinase

Ras

PI3K

Raf1

Akt

MEK

mTOR

MAPK

Survival

Proliferation

Lapatinib

Bevacizumab
Ramucirumab

VEGFR

Tyrosine
Kinase

Sunitinib
Apatinib

Rilotumumab
Onartuzumab

HGF/c-met

Tyrosine
Kinase

Tivatinib
Crizotinib

Figure 1 Schematic view of targeted therapies in gastric cancer and sites of action. EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial
growth factor receptor; HGF: Hepatocyte growth factor; PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B; mTOR: Mammalian target of rapamycin; MAPK/
MEK: Mitogen-activated protein kinases; Raf1: Serine/Threonine-Specific Protein Kinases; SOS: Small guanosine triphosphatases (GTPases); GRB2: Growth factor
receptor-bound protein 2.
[30]

HER2 . HER3 has clinical significance in patients with
gastric cancer. In a preclinical study evaluating the
HER3 status of surgical specimens of 191 patients with
gastric cancer, HER 3 positivity was associated with
[17]
poor OS (P = 0.035) .
In HER2-positive tumors, Her2 hetorodimerizes
[11]
with HER3 and promotes tumor progression . In
gastric cancer, HER3 overexpression was associated
[31]
with poor prognosis and unfavorable survival .
In a phase Ⅰ trial, LJM716 (fully human anti-HER3
monoclonal antibody) in combination with trastuzumab
was evaluated in patients with HER2-positive metastatic
breast or gastric cancer who had progressed on
previous HER2-directed therapy. Of 30 evaluable
patients, a partial response and stable disease was
obtained in 2 and 12 (40%) patients with advanced
breast or gastric cancer. The most frequent treatmentrelated adverse events (all grades) were diarrhea
(91%), nausea (29%), fatigue (23%), and chills (20%).
LJM716 is the first anti-HER3 monoclonal antibody
reported to demonstrate clinical efficacy in combination
[32]
with trastuzumab in trastuzumab-resistant patients .
MM-111 is a bispecific antibody targeting HER3,
and forms a trimeric complex with HER2 and HER3.
In a phase 1 trial, MM-111 in combination with five
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different chemotherapy regimens was tested in 86
patients with advanced cancer (11 bladder, 46 breast,
15 gastroesophageal, 14 other cancers). A partial
response and stable disease were observed in 19 and
[33]
28 patients, respectively . In an ongoing randomized
phase Ⅱ trial in patients with advanced gastric or
esophageal cancer, MM-111 combined with paxlitaxel
and trastuzumab is being evaluated as second-line
[34]
therapy .
Anti-EGFR/HER1 monoclonal antibodies: Cetu
ximab is a chimeric monoclonal recombinant antibody
[35]
binding to the extracellular domain of EGFR/HER1 .
In a phase Ⅱ trial, cetuximab was combined with
the mFOLFOX6 regimen as first-line therapy in
patients with metastatic gastric cancer. Patients
2
received cetuximab 400 mg/m at week 1 and 250
2
mg/m weekly thereafter until disease progression
2
and biweekly mFOLFOX6 (oxaliplatin 100 mg/m ,
2
leucoverin 100 mg/m , bolus fluorouracil followed by
2
46-h infusion of 2400 mg/m ) regimen. In this study,
response rate was 50.0% (95%CI: 34.1%-65.9%)
[36]
and median OS was 9.9 mo . In another phase
Ⅱ trial, cetuximab was combined with irinotecan/
leucoverin and fluorouracil as first-line treatment in
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patients with AGC. The response rate was 46% and
disease control rate was 79%. The authors reported
that the median PFS was 9.0 mo (95%CI: 7.1-15.6)
[37]
and OS was 16.5 mo (95%CI: 11.7-30.1) . In 2010,
another phase Ⅱ trial from Germany evaluated the
efficacy of weekly cetuximab in combination with
2
2
oxaliplatin 50 mg/m , 5-FU 2000 mg/m , and folinic
2
acid 200 mg/m on days 1, 8, 15, and 22, in patients
with metastatic gastric cancer. In this trial, median PFS
was 7.6 mo (95%CI: 5.0-10.1 mo) and median OS
was 9.5 mo (95%CI: 7.9-11.1 mo) with a reported
[38]
response rate of 65% (95%CI: 50%-79%) . One
more phase Ⅱ trial tested the efficacy of cetuximab in
combination with XELOX in patients with AGC. Similar
to other studies, the response rate was 52.3% and
median PFS and OS were 6.5 mo (95%CI: 4.9-8.4)
[39]
and 11.8 mo (95%CI: 6.7-16.8), respectively . In
a randomized phase Ⅲ trial, cetuximab was added
to cisplatin and capecitabine and compared with
chemotherapy alone in patients with AGC. The primary
endpoint of the study was PFS. The median PFS of
455 patients receiving cetuximab plus chemotherapy
was 4.4 mo (95%CI: 4.2-5.5) compared with 5.6
mo (5.1-5.7) in 449 patients who were given chemo
therapy alone (HR = 1.09; 95%CI: 0.92-1.29, P
= 0.32). In the cetuximab plus chemotherapy and
chemotherapy alone groups, OS was 9.4 mo and 10.7
mo, respectively (P = 0.95). In this randomized phase
Ⅲ trial, the addition of cetuximab to chemotherapy
[40]
showed no additional benefit .
Panitumumab is a humanized, immunoglobulin
G2 monoclonal antibody against the EGFR/HER1
[41]
extracellular domain . In phase Ⅱ trials, blocking the
EGFR1 pathway resulted in high efficacy and improved
[42]
PFS and OS . Therefore, following the dose finding
study of panitumumab in patients with AGC, the phase
Ⅲ REAL trial was conducted.
In a phase Ⅲ trial, the efficacy of adding panitu
mumab to combined chemotherapy was tested in
patients with advanced gastroesophageal carcinomas.
In this trial, 553 patients were randomly assigned
2
to receive standard dose EOC (epirubicin 50 mg/m ,
2
2
oxaliplatin 130 mg/m , and capecitabine 1250 mg/m )
or modified-dose EOC plus panitumumab (mEOC +
2
2
P; epirubicin 50 mg/m and oxaliplatin 100 mg/m
2
on day 1, capecitabine 1000 mg/m per day on days
1-21, and panitumumab 9 mg/kg on day 1). The
primary endpoint of the study was OS. The median
OS was 11·3 mo (95%CI: 9.6-13.0) in patients who
received standard dose EOC compared with 8·8 mo
(7.7-9.8) in patients who received panitumumab plus
mEOC (HR = 1.37; 95%CI: 1.07-1.76, P = 0.013).
In the standard dose EOC group, median PFS was
7.4 mo (6.3-8.5) compared with 6.0 mo (95%CI:
5.5-6.5) in the mEOC + P group (HR = 1.22; 95%CI:
0.98-1.52, P = 0.068). In the panitumumab plus EOC
group, grade 3-4 adverse events such as diarrhea,
mucositis, rash, and hypomagnesaemia were more
frequent than in the EOC group. This trial concluded
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that adding panitumumab to chemotherapy in patients
with advanced gasrtoesophageal cancer did not
increase OS and was not recommended for clinical
[43]
use . In a recent phase Ⅱ trial, panitumumab in
combination with dose dense docetaxel/cisplatin/
fluorouracil chemotherapy regimen was given as firstline treatment to 52 HER2-negative patients with
advanced gastric or gastroesophageal junction tumors.
Complete, partial, and stable responses was observed
in 3, 29, and 10 patients, respectively. Progression
occurred in eight patients. The overall response rate
was 62% (95%CI: 48-75). Median PFS and OS were 4.8
mo (95%CI: 4.1-6.9) and 9.4 mo (95%CI: 7.4-11.6),
respectively. Panitumumab in combination with dose
dense docetaxel/cisplatin/fluorouracil (DCF) showed a
high efficacy rate. This combination was suggested to
[44]
be evaluated in a neoadjuvant setting (Figure 1).

EGFR FAMILY TYROSINE KINASE
INHIBITORS
HER-2 TK inhibitors

In an EGFR-positive cell line, inhibition of TK domains
[45]
produced a good antiproliferative effect . Following
studies which showed improved OS after blocking
HER2 in patients with AGC, researchers targeted the
intracellular TK domains of these receptors. The first
molecule evaluated in patients with gastric cancer
was lapatinib. It is a small dual TK inhibitor blocking
both EGFR/HER1 and HER2 TK domains by binding to
the adenosine triphosphate (ATP) binding site of the
[46]
receptor’s intracellular domain . Lapatinib showed
moderate activity in combination with capecitabine
in patients with HER2-positive metastatic breast
[47]
cancer . In a phase Ⅱ trial, lapatinib as a single
agent showed modest activity in patients with AGC,
[48]
with median OS of 4.8 mo (3.2-7.4) . Then, the
phase Ⅲ TYTAN trial was conducted. In this trial, 261
patients identified as HER2-positive by FISH were
randomized to receive lapatinib 1500 mg once daily plus
2
once weekly paclitaxel 80 mg/m or paclitaxel alone
as second-line treatment. The primary endpoint of the
study was OS. Secondary endpoints were PFS, time to
progression (TTP), ORR, time to response, response
duration, and safety. In the lapatinib plus paclitaxel
group, median OS was 11 mo (95%CI: 9.5-14.5)
compared with 8.9 mo (95%CI: 7.4-11.1) in the
paclitaxel alone group (HR = 0.84; 95%CI: 0.64-1.11,
P = 0.10). In the lapatinib plus paclitaxel group,
median PFS was 5.4 mo (95%CI: 3.9-5.7) compared
with 4.4 mo (95%CI: 3.7-5.6) in the paclitaxel alone
group (HR = 0.85; 95%CI: 0.63-1.13, P = 0.2441).
The ORR was higher in patients receiving lapatinib plus
paclitaxel compared with patients receiving paclitaxel
alone (OR = 3.85, P < 0.001). Similar rates of
adverse events were detected in both treatment arms.
Lapatinib plus paclitaxel showed activity in the secondline setting treatment of advanced stage gastric cancer
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[49]

but it did not improve OS .
In a phase Ⅲ trial, the efficacy of lapatinib in
combination with a capecitabine/oxaliplatin (CapeOx)
chemotherapy regimen in patients with HER2-positive
AGC was evaluated. A total of 545 patients were
randomized to CapeOx every 3 wk (oxaliplatin 130
2
2
mg/m day 1; capecitabine 850 mg/m BID days 1-14),
and daily laptinib (1250 mg) (CapeOx + Lapatinib) or
placebo (CapeOx + Placebo). The primary endpoint
was OS. In the lapatinib plus chemotherapy and
chemotherapy alone groups, median OS was 12.2 and
10.5 mo, respectively (HR = 0.91; 95%CI: 0.73-1.12,
P = 0.35). In the lapatinib and chemotherapy alone
group, the objective response rate was 53% and 40%,
respectively. In subgroup analyses, improvement in OS
was detected in Asian patients (HR = 0.68) and those
under 60 years (HR = 0.69). Skin toxicity and diarrhea
were significantly higher in patients receiving lapatinib
compared with chemotherapy alone. The addition of
lapatinib to chemotherapy in patients with AGC did not
improve OS. It has clinical activity in some specified
[50]
subpopulations .
In 2015, lapatinib in combination with epirubicin,
cisplatin, and fluorouracil (ECF)/capecitabine as
first-line therapy in metastatic gastric cancer was
evaluated. Twenty eight patients were enrolled. The
median PFS was 7.1 mo with lapatinib vs 5.9 mo with
chemotherapy alone (HR = 0.94; 95%CI: 0.41-2.14).
In patients with AGC, lapatinib did not show activity in
[51]
combination with ECF (Tables 1 and 2).

role during the transduction of activated HER2 signals,
resulting in tumor cell survival and progression of
[54]
tumors . In patients with HER2-positive malig
nancies, AKT inhibitors may have potential therapeutic
effects. In a phase Ib study, 17 patients (11 breast, 3
gastric, 1 esophageal cancer) with HER2-positive solid
malignancies were enrolled. The AKT inhibitor MK2206
2
in combination with weekly paclitaxel 80 mg/m
and trastuzumab 2 mg/kg was tested. Fourteen
patients were evaluable for tumor response and two
patients had a complete response, seven had a partial
response, and four were stable. The most common
grade 3/4 side effects were neutropenia (6 patients),
febrile neutropenia (1 patient), peripheral neuropathy
[55]
(1 patient), and depression (1 patient) . Afterwards
a phase Ⅱ trial of MK2206 was performed in patients
with metastatic gastric or gastroesophageal junction
tumors as second-line therapy. Seventy patients were
evaluated. The median PFS and OS were 1.8 mo
(95%CI: 1.7-1.8 mo) and 5.1 mo (95%CI: 3.7-9.4
mo), respectively. The response rate was 1%. MK2206
has no beneficial activity in patients with advanced
[56]
gastroesophageal cancers .

EGFR-dependent TK inhibitors

Src is a TK protein belonging to a family of nonreceptor protein TKs (SFK). The activity of Src protein
[57]
kinases are increased in epithelial human cancers .
The mitogenic signaling of activated EGFR works
in a synergistic manner with Src TK, and activated
EGFR ligand requires functional Src family kinases to
[58]
transmit mitogenic responses . Src is involved in
EGFR pathways triggering cell proliferation, adhesion,
[59]
invasion, migration, metastasis, and tumorigenesis .
It has been reported that the expression and/or
activation of the Src family of protein kinases is
[60]
increased in gastric cell lines . In a study by Green
[61]
et al , saracatinib (AZD0530), which is a small
potent orally administered molecule inhibiting Src
kinase activity by binding to ATP binding sites of Src
kinases, inhibited tumor progression in a murine
model of bladder cancer. In a phase Ⅱ trial, 21
patients with locally advanced or metastatic gastric or
gastroesophageal junction tumors received saracatinib
175 mg/d in a 28-d cycle until progression. In this
study, patients received a median of two cycles (range,
1-10) of therapy. No objective response was seen in 17
evaluable patients. Three patients had stable disease
and 13 progressive disease. Median OS was 7.8 mo
(95%CI: 3.9-12.2 mo) and PFS was 1.8 mo (95%CI:
1.5-1.9 mo). Most serious side effects of saracatinib
treatment were fatigue (2 patients), hypoxia (2),
anemia (3), and lymphopenia (2). In this phase Ⅱ
trial, single agent saracatinib had no effect in first-line
therapy of patients with advanced gastroesophageal
[62]
cancer (Figure 1)

Pan-HER family TK inhibitor

Activated HER2 forms heterodimers with HER3 and
HER4, and the signals produced by the heterodimers
activate intracellular TK pathways leading to tumor
progression. Dacomitinib (PF00299804) is an
irreversible pan-HER inhibitor in vitro and in in vivo
models of gastric cancer. In preclinical studies,
[52]
dacomitinib induced apoptosis in gastric cell lines . In
a phase Ⅱ trial including patients with HER2-positive
AGC, after failure of at least one prior chemotherapy
regimen, the efficacy of dacomitinib was investigated.
A total of 27 patients were enrolled. Dacomitinib was
administered orally once daily (45 mg/d) continuously
for 21 d every 4 wk. The median PFS was 2.1 mo
(95%CI: 2.3-3.4). The median OS was 7.1 mo (95%CI:
4.4-9.8). A PR was observed in two patients and stable
disease in nine patients. The objective response rate
was 7.4% (95%CI: 0%-17.5%) and disease control
rate was 40.7% (95%CI: 21.9%-59.6%). This study
concluded that dacomitinib is effective and safe in
[53]
patients with HER2-positive gastric tumors .

AKT inhibitor

In HER2-positive malignancies, AKT (protein kinase
B), which is a serine-threonine kinase, play a pivotal
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of combination therapy of bevacizumab with modified
docetaxel/cisplatin and fluorouracil chemotherapy
was 67% (95%CI: 50%-81%). A total of 44 patients
were enrolled in this study. The median PFS was 12
mo (95%CI: 8.8-18.2). The median OS was 16.8 mo
(95%CI: 12.1-26.1) and 2-year survival was 37%.
In this phase Ⅱ trial, bevacizumab in combination
with mDCF showed marked efficacy in patients with
[70]
advanced gastroesophageal cancer . Bevacizumab
(15 mg/kg) was also evaluated in combination with
2
capecitabine 850 mg/m BID on days 1-14, and
2
oxaliplatin 130 mg/m on day 1 of a 21-d cycle, in
patients with advanced gastroesophageal cancer.
The median PFS and OS were 7.2 mo and 10.8 mo,
respectively. Response rate was 51.4%. The regimen
was well tolerated with favorable activity in advanced
[71]
stage gastroesophageal cancer . Following these
phase Ⅱ trials, a phase Ⅲ trial of bevacizumab in
combination with cisplatin and fluoropyrimidines was
conducted in patients with AGC. Patients received
bevacizumab 7.5 mg/kg or placebo followed by
2
cisplatin 80 mg/m on day 1 plus capecitabine 1000
2
mg/m twice daily for 14 d or fluorouracil infusion,
every 3 wk. The patients received cisplatin for 6
cycles and fluoropyrimidines and bevacizumab
until progression. The primary endpoint was OS. A
total of 774 patients were enrolled in the study and
randomized to bevacizumab plus chemotherapy or
chemotherapy alone. The median OS was 12.1 and
10.1, respectively (HR = 0.87; 95%CI: 0.73-1.03, P =
0.10). In the bevacizumab group, the median PFS was
6.7 mo compared with 5.3 mo in the chemotherapy
alone group (HR = 0.80; 95%CI: 0.68-0.93, P
= 0.0037). The response rate was significantly
improved in the bevacizumab group compared with
the chemotherapy alone group (46.0% vs 37.4%; P
= 0.0315). In the bevacizumab plus chemotherapy
and chemotherapy alone groups, the most common
serious side effects were neutropenia (35% vs 37%),
anemia (10% vs 14%), and decreased appetite
(8% vs 11%). In first-line treatment of advanced
stage gastric cancer, bevacizumab in combination
with chemotherapy improved PFS and response rate
compared with chemotherapy alone. However, this
[72]
trial was insufficient to meet its primary endpoint .
In another phase Ⅲ trial, the authors hypothesized
that geographic differences might have affected the
results of the AVAGAST trial and they performed
the same study in Chinese patients. A total of 202
patients were randomized to receive bevacizumab plus
cisplatin-capecitabine regimen or capecitabine-cisplatin
combination alone. The median OS and PFS were
[73]
similar in the two treatment groups .

VASCULAR ENDOTHELIAL SIGNALING
PATHWAY INHIBITORS
Angiogenesis is one of the important steps of tumor
[63]
growth, metastasis and progression . Vascular
endothelial growth factor (VEGF) is the key regulator
of angiogenesis. The VEGF family has six members
and the most widely defined is VEGF-A. In one study,
specimens of 124 gastric cancers were evaluated,
and an increased rate of hepatic metastasis, lymph
node metastasis, and poor prognosis was associated
with an increased number of microvessels in these
[64]
[65]
specimens . Maehara et al
reported that VEGF
overexpression was associated with metastasis and
poor prognosis. Based on these data, angiogenesis
inhibitor molecules were evaluated in patients with
AGC.

Anti-VEGF monoclonal antibody

Bevacizumab is the humanized monoclonal antibody
targeting VEGF-A. Experimental studies showed that
bevacizumab blocked all isoforms of VEGF-A and
[66]
VEGF-A-dependent angiogenesis . In many different
solid organ cancer cell line studies, bevacizumab
inhibited tumor growth as a single agent, and also in
combination with doxorubicin, topotecan, paclitaxel,
docetaxel, or radiotherapy resulting in additive or
[67]
synergistic effects . In 2006, a phase Ⅱ study of
bevcizumab in combination with chemotherapy in the
treatment of advanced gastroesophageal carcinoma
[68]
was reported . In this study, 47 patients with
advanced gastroesophageal cancer were treated
with bevacizumab 15 mg/kg on day 1, irinotecan
2
2
65 mg/m , and cisplatin 30 mg/m on days 1 and 8,
every 21 d. The primary endpoint was improvement
in PFS compared with historical values. Median PFS
and OS were 8.3 mo (95%CI: 5.5-9.9) and 12.3 mo
(95%CI: 11.3-17.2), respectively. The chemotherapy
toxicity did not increase, but bevacizumab-related
toxicities were detected (grade 3 hypertension: 28%,
gastric perforation: 6%, myocardial infarction: 2%).
The study concluded that the addition of bevacizumab
to chemotherapy improved the response rate, PFS,
[68]
and OS by 75% compared with historical controls .
In a another phase Ⅱ trial, previously untreated
patients with advanced gastroesophageal disease
received bevacizumab 7.5 mg/kg in combination with
2
2
docetaxel (70 mg/m ) and oxaliplatin (75 mg/m )
on day 1 of each cycle. Thirty eight patients were
included in this study. Complete, partial, and stable
responses were detected in 5%, 37%, and 37% of
patients, respectively. Median PFS and OS were 6.6
mo and 11.1 mo. The most common serious side
effect was neutropenia detected in 34% of patients.
The most important bevacizumab-related side effect
was gastrointestinal perforation reported in 8% of
patients. The addition of bevacizumab to docetaxel and
[69]
oxaliplatin had promising activity . The response rate
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Monoclonal antibody against VEGFR

In the literature, it was reported that the VEGF-A,
which is the main moderator of angiogenesis act on
VEGF receptor-2 (VEGFR2), is essential for tumor
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[74]

angiogenesis . Ramucirumab is a humanized Ig
G1 monoclonal antibody directed against to extrace
llular VEGF binding domain of VEGFR2 and blocks
[75]
receptor activation of VEGFR2 . In a phase Ⅰ trial of
ramucirumab, 37 patients with solid organ malignancies
were treated with 2 to 16 mg/kg of ramucirumab.
Fifteen of 37 patients (40%) had either a partial
response or stable disease. Among the evaluable
patients, tumor perfusion and vascularity decreased in
69%. In this phaseⅠtrial, a wide range of ramucirumab
doses showed antitumor activity and antiangiogenic
[76]
effects . This study showed that ramucirumab may be
potential therapy for cancers in which VEGFR2 plays a
crucial role in tumor progression. Afterwards, a phase
Ⅲ randomized double blind trial of ramucirumab was
conducted in patients with advanced gastroesophageal
cancer as second-line therapy at 119 centers in 29
countries. The patients with advanced gastroesophageal
cancer who progressed after first-line platinumcontaining or fluoropyrimidine-containing chemotherapy,
were included in the study. A total of 355 patients were
randomized 2:1 to receive ramucirumab (8 mg/kg, iv)
plus best supportive care (n = 238) or placebo plus best
supportive care (n = 117) every 2 wk until progression
or unacceptable toxicity or death. The primary endpoint
of the REGARD study was OS. In the ramucirumab
group, the median OS was 5.2 mo (IQR: 2.3-9.9)
compared with 3.8 mo (1.7-7.1) in those receiving
placebo (HR = 0.776; 95%CI: 0.603-0.998, P = 0.047).
For ramucirumab and placebo groups, the median PFS
was 2.1 and 1.3 mo (HR = 0.483; 95%CI: 0.376-0.620,
P < 0.001). The objective response rate in ramucirumab
and placebo groups was 3.4% and 2.6%, respectively.
Hypertension occurred more often in the ramucirumab
group compared with the placebo group (16% vs 8%)
and other adverse event rates were similar between the
groups. Ramucirumab was the first targeted therapy
acting as a single agent in patients with advanced
[77]
gastroesophageal cancers . The RAINBOW study
is another phase Ⅲ randomized, placebo-controlled,
double-blind study conducted in 170 centers in 27
countries. In this study 665 patients with advanced
gastroesophageal adenocarcinoma were randomized in
a 1:1 ratio to receive ramucirumab 8 mg/kg (n = 330)
or placebo (n = 335) intravenously biweekly plus weekly
2
paclitaxel 80 mg/m intravenously in a 28-d cycle.
The study enrolled patients who had locally advanced
gastric or gastroesophageal junction adenocarcinoma,
and determined the objective radiological or clinical
disease progression during or within 4 mo of the last
dose of first-line platinum and fluoropyrimidine doublet
with or without anthracycline. In patients receiving
ramucirumab plus paclitaxel, OS was significantly
higher compared to patients receiving paclitaxel
plus placebo (median OS: 9.6 mo, 95%CI: 8.5-10.8
vs 7.4 mo, 95%CI: 6.3-8.4; HR = 0.807; 95%CI:
0.678-0.962, P = 0.017). The median PFS in the groups
receiving ramucirumab plus paclitaxel and paclitaxel
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plus placebo was 4.4 mo (95%CI: 4.2-5.3) and 2.9 mo
(95%CI: 2.8-3.0), respectively (HR = 0.635; 95%CI:
0.536-0.752, P < 0.0001). In the ramucirumab group,
the median duration of treatment was 18 wk (IQR:
10.0-31.1) compared with 12 wk (6.4-20.0) in those
receiving paclitaxel with placebo. The incidence of grade
3 or higher side effects was higher in the ramucirumab
plus paclitaxel group compared with the paclitaxel plus
placebo group. These side effects were neutropenia
(41% vs 19%), leucopenia (17% vs 7%), hypertension
(14% vs 2%), abdominal pain (6% vs 3%), and
fatigue (12% vs 5%). In patients with advanced
stage gastroesophageal cancer who failed first-line
therapy, the median PFS and OS was significantly
increased with addition of ramucirumab to paclitaxel
[6]
compared with paclitaxel alone . In April 2014, the
FDA approved ramucirumab as a single agent for the
treatment of patients with advanced gastroesophageal
adenocarcinoma and disease progression during or
after prior treatment with fluoropyrimidine- or platinumcontaining chemotherapy. Seven months later in
November 2014, based on the results of the RAINBOW
study, the FDA approved ramucirumab in combination
with paclitaxel for advanced gastric or gastroesophageal
cancer patients who progressed after first-line platinum
plus fluoropyrimidine with or without an anthracycline
chemotherapy (Tables 1 and 2).

VEGFR TK inhibitors

Sunitinib is a small orally potent multi-TK inhibitor
which blocks the TK domains of VEGF and, platelet
[78]
derived growth factor receptor (PDGFR) . In
a phase Ⅰ study, sunitinib in combination with
capecitabine/oxaliplatin had an acceptable safety
profile in patients with AGC. In this phase Ⅰ study,
the median PFS of sunitinitib in combination with
capecitabine/oxaliplatin therapy was 7.6 mo (95%CI:
[79]
5.0-8.4) . In 2011, sunitinib was evaluated as a
second-line single agent therapy for patients with
advanced gastric cancer who had received prior
chemotherapy. A total of 78 patients were enrolled
in this phase Ⅱ trial, and patients received sunitinib
50 mg/d (4 wk on treatment, followed by 2 wk off
treatment). A partial and stable response was detected
in 2 (2.6%) and 25 (32.1%) patients, respectively.
Median PFS and OS was 2.3 mo (95%CI: 1.6-2.6)
and 6.8 mo (95%CI: 4.4-9.6), respectively. The
most important grade 3 or more serious side effects
were thrombocytopenia and neutropenia which
were reported in 34.6% and 29.4% of patients,
[80]
respectively . This study showed that sunitinib has
an insufficient effect as a single agent for patients with
AGC. In an another open-label phase Ⅱ trial, sunitinib
in combination with docetaxel (sunitinib 37.5 mg and
2
docetaxel 60 mg/m ) was compared with single agent
2
docetaxel (60 mg/m , every 3 wk) in patients with
AGC as second-line therapy. A total of 107 patients
were enrolled and randomized to a combination of
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sunitinib and docetaxel or single agent docetaxel.
The median PFS was 3.9 mo (95%CI: 2.9-4.9) and
2.6 mo (95%CI: 1.8-3.5), respectively, and the
difference was not significant (P = 0.206). However,
the objective response rate was significantly higher
in the combination arm (1.1% vs 14.3%, P = 0.002).
The addition of sunitinib to docetaxel as second-line
therapy in patients with AGC did not improve PFS, but
[81]
increased the objective response rate .
Apatinib is an oral, highly potent TK inhibitor
targeting VEGFR2. In a phase Ⅱ trial, patients with
metastatic gastric cancer who did not respond to two
lines of chemotherapy regimens were randomized to
receive placebo (group A), apatinib 850 mg once daily
(group B), or apatinib 425 mg BID (group C). A total
of 144 patients were enrolled and randomized to three
groups. The OS was 2.50 mo (95%CI: 1.87-3.70),
4.83 mo (95%CI: 4.03-5.97), and 4.27 mo (95%CI:
3.83-4.77), respectively. PFS was 1.40 mo (95%CI:
1.20-1.83), 3.67 mo (95%CI: 2.17-6.80), and 3.20
mo (95%CI: 2.37-4.53), respectively. The differences
between OS and PFS between the apatinib and placebo
group were statiscally significant (P < 0.001). In the
apatinib groups the most common serious adverse
events were hand-foot syndrome and hypertension. In
this phase Ⅱ trial, apatinib showed activity in patients
with AGC who had progressed after two lines of
[82]
chemotherapy (Figure 1).

protein kinase (RAS-MAPK) and phosphatidylinositol4,5-bisphosphate 3-kinase (PI3K-Akt) pathways to
initiate cellular processes including motility, survival,
[88]
proliferation, morphogenesis, and angiogenesis . A
recent retrospective study showed Met overexpression
[89]
in 4%-63% of gastric tumor tissues . On the other
hand, Met gene amplification was demonstrated in
up to 5% of treatment-naive patients with gastric
[90]
cancer . Two types of c-Met inhibitors are described.
These are monoclonal antibodies and small molecules
inhibiting the enzymatic TK activity of cMet.

Monoclonal antibodies blocking HGF-cMet pathway

Rilotumumab (AMG 102) is a fully human monoclonal
IgG2 antibody that binds HGF, prevents its binding to
the Met TK receptor, and prevents activation of MET
TK and downsignaling. Rilotumumab was evaluated
in a phase 1 trial in patients with refractory solid
tumors. Total 40 patients were enrolled into six dose
escalation groups (0.5, 1, 3, 5, 10, or 20 mg/kg AMG
102 i.v. every 2 wk). Twenty three patients were
evaluable for the treatment response and 16 had a
best response of stable disease with PFS ranging from
7.9-40 wk. AMG 102-related side effects were fatigue
(13%), constipation (8%), nausea (8%), vomiting
(5%), anorexia (5%), myalgia (5%), and hypertension
[91]
(5%) . In a phase 1b and Ⅱ study, rilotumumab in
combination with epirubicin, cisplatin, and capecitabine
(ECX) was tested as first-line therapy in patients with
advanced gastric or esophagogastric junction cancer.
In the phase 1b part of the study, a safe dose of
rilotumumab in combination with ECX was identified.
In the phase Ⅱ part of the study, 121 patients were
randomly assigned to receive rilotumumab 15 mg/kg
plus ECX (n = 40); rilotumumab 7.5 mg/kg plus
ECX (n = 42) or placebo plus ECX (n = 39). PFS
was 5.1 mo (95%CI: 2.9-7.0), 6.8 mo (4.5-7.5)
and 4.2 mo (2.9-4.9), respectively. The HR for the
PFS in the rilotumumab 15 mg/kg and 7.5 mg/kg
groups compared with the placebo group was 0.69
(80%CI: 0.49-0.97; P = 0.164) and 0.53 (80%CI:
0.38-0.73; P = 0.009), respectively. Adverse events
detected more frequently compared with placebo
group were neutropenia (in combined rilotumumab
group: 54% vs placebo: 33%), anemia (40% vs
28%); thrombocytopenia (11% vs none), peripheral
edema (27% vs 8%), and venous thromboembolism
(20% vs 13%). Serious adverse events were more
common in the rilotumumab group compared with
the placebo group (neutropenia 44% vs 28% and
venous thromboembolism 20% vs 10%). This phase
Ⅱ trial showed that addition of rilotumumab to ECX
had greater activity compared with ECX alone and
[92]
had a tolerable safety profile . In a biomarker study
of this phase Ⅱ study, tumor and plasma samples
were evaluated for Met protein levels and gene copy
numbers to identify any subgroup of patients who
might benefit from rilotumumab. Tumor samples were

MET INHIBITORS
c-Met is a protein TK encoded by proto oncogene Met.
c-Met protein TK is activated by its ligand hepatocyte
growth factor receptor (HGFR). c-Met is overexpressed
[83]
and mutated in a variety of malignancies . During
wound healing and embryonic development c-Met
activity is crucial. However, multiple mechanisms such
as HGF stimulation, gene amplification or mutation,
and cross-talk with other receptors could overactivate
c-Met kinase. c-Met is activated via its natural ligand
HGFR. Activation of c-Met results in angiogenesis,
proliferation, migration, invasion, and metastasis
of tumors. c-Met aberrant expression was found in
[84]
gastric carcinoma cell lines . In one study, 43 gastric
carcinoma patients, were evaluated for expression
of c-Met and HGF genes and mutations in the kinase
domain of the Met gene. Met and HGF protein were
expressed in 29 (67%) and 22 (51%) of these patients,
[85]
respectively . Gene amplification was detected in
10.2% of patients with gastric carcinoma and was
associated with depth of tumor invasion and lymph
[86]
node metastasis . In a meta-analysis, the prognostic
significance of c-Met amplification and expression
was evaluated in 2258 patients with gastric cancer.
It was demonstrated that c-Met amplification had
an unfavorable impact on OS of patients with gastric
[87]
cancer (HR = 2.57; 95%CI: 1.97-3.35) . Activated
Met sends signals through RAS-mitogen activated
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available for 62 patients in the rilotumumab 15 mg/kg
and 7.5 mg/kg groups and 28 patients in the placebo
group. In both rilotumumab groups, if more than 50%
of tumors stained positive for Met this subgroup was
defined as Met-high. The median OS for the Met-high
group was 11.1 mo (80%CI: 9.2-13.3) compared with
5.7 mo (80%CI: 4.5-10.4) in the placebo group (HR
= 0.29; 95%CI: 0.11-0.76, P = 0.012). On the other
hand, in the rilotumumab group, the OS of Met-low
patients (tumor cells < 50% positive) compared with
the placebo group was not significantly different (HR
= 1.84; 95%CI: 0.78-4.34). In the chemotherapy
alone group, the Met-high subpopulation had a poor
prognosis and shorter OS compared with the Met-low
subpopulation (HR = 3.22; 95%CI: 1.08-9.63). In
this study, the gene copy number of Met and plasma
levels of soluble Met protein were not associated with
PFS or OS. In patients receiving rilotumumab plus
ECX, high staining rate (> 50%) of Met protein by
immunohistochemistry was the predictor of response
to rilotumumab therapy. In the ECX alone group, the
subpopulation of patients with high (> 50%) Met
[93]
staining had a poor prognosis .
In the RILOMET-1 study, planned 450 patients with
advanced c-met positive gastric or GEJ cancer will be
2
randomized to receive either ECX (epirubicin 50 mg/m
2
and 60 mg/m on day 1, and oral capecitabine 625
2
mg/m twice daily on days 1-21) plus rilotumumab 15
mg/kg or placebo repeated every 3 wk. This study is
ongoing, but not recruiting participants. It is estimated
[94]
to complete the analyzes in March 2017 .
An ongoing randomized phase Ⅲ trial of rilotu
mumab in combination with cisplatin and capecitabine
as first-line therapy for patients with advanced METpositive gastric or gastroesophageal junction tumors
[95]
plans to include 450 patients in the study population .
Onartuzumab is a monoclonal antibody which binds
to the Met receptor and prevents the binding of HGF and
[96]
activation of Met TKs . In a phase 1 study, onartuzumab
alone and in combination with bevacizumab was well
tolerated. In this phase 1 study, one patient with solitary
hepatic metastasis of gastric cancer showed a complete
response following four cycles of treatment with single[97]
agent onartuzumab (20 mg/kg) .
In an ongoing phase Ⅲ trail, onartuzumab in combi
nation with mFOLFOX6 regimen in patients with HER2negative and Met-positive AGC as first-line therapy
was evaluated. Patients were randomized to receive
either mFOLFOX plus onartuzumab or placebo.
mFOLFOX was planned to be administered for up to 12
cycles; onartuzumab and placebo was planned to be
[98]
administered up to progression .

was achieved in 3 patients (3.8%) and 40 patients
(50.6%), respectively. Grade 3 or more toxicity related
to tivantinib was detected in two patients. In a phase
1 study, tivantinib 360 mg BID was well tolerated in
[99]
patients with refractory advanced solid tumors . In a
phase Ⅱ trial, tivantinib monotherapy was evaluated in
Asian patients with AGC who were previously treated (1
or 2 lines of therapy). Tivantinib 360 mg orally BID was
administered to 30 patients. No objective response
was detected and the disease control rate was 36.7%
(11/30 patients). Median PFS was 43 d (95%CI:
29.0-92.0). Serious side effects were observed in 13
patients (43.3%). In 4 (13.3%) patients c-Met gene
amplification (≥ 5 copies/cell) was observed. In this
phase Ⅱ trial, tivantinib monotherapy showed modest
activity in previously treated Asian patients with
[100]
AGC .
Crizitonib is a small molecule orally administered
and targets both c-Met and anaplastic lymphoma
kinase TKs. In an expanded phase 1 cohort study,
489 patients with advanced gastroesophageal cancers
were analyzed for Met, EGFR, and HER2 amplification
status. In this study, four patients with Met-amplified
tumors were treated with crizitonib (5%; n = 4 of
80), and two had tumor shrinkage (-30% and -16%);
the PFS of the two patients was 3.7 and 3.5 mo. This
study concluded that c-Met-amplified gastroesophageal
cancers were highly aggressive and responsive to
[101]
crizitonib therapy
(Figure 1).

MAMMALIAN TARGET OF RAPAMYCIN
INHIBITORS
Mammalian target of rapamycin (mTOR) is closely
related to MAPK, and is a key regulator of cellular
[102]
growth, proliferation, and angiogenesis
. Mutation
of gene locations of proteins related to these pathways
[103]
resulting in aberrant activation of mTOR pathway
.
The mTOR pathway is activated in patients with gastric
[104]
cancer, and could be a possible target for therapy .
The proteins involved downstream in the mTOR pathway,
including eIF4E and 4E binding proteins, were shown
[103]
to be increased in gastric cancer cell lines . Everolimus
(RAD001) is an oral inhibitor of the mTOR pathway,
reducing phosphorylation of 4E-BP1 protein and production
of proangiogenic factors such as hypoxia-induced factor
[105]
alpha and VEGF in gastric tumor cell lines . In gastric
cancer xenograft models, everolimus significantly inhibited
[106]
tumor growth . In a phaseⅠstudy of everolimus in
patients with solid malignancies, nine patients were
included. One patient with gastric cancer receiving 10 mg
[107]
RAD001 daily showed a marked response to therapy .
In another phaseⅠtrial, everolimus was evaluated in
combination with capecitabine in patients with AGC.
After a median follow-up of 5.6 mo (range, 2.3-8.1),
median PFS was 1.8 mo (95%CI: 0.8-2.8). The sum of
the widest tumor diameters was decreased in 28.7%
of the patients. Dose-limiting serious toxicities were

c-Met TK inhibitors

Tivantinib is a small molecule orally administered
and a potent inhibitor of c-Met kinase. Tivantinib was
tested in a phase Ⅰ study in patients with refractory
solid organ malignancies. A partial or stable response
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[112]

infection, mucositis, hyperglycemia, and hyponatremia.
The suggested dose of capecitabine in combination
2
with everolimus was 650 mg/m BID and 5 mg BID,
[108]
respectively
. In a phase Ⅱ trial of everolimus (2
mg/daily × 5 mg/daily, 1-21 d) with capecitabine (2
mg/daily × 650 mg/daily, 1-14 d), 57 patients were
enrolled and 43 patients were evaluable for response.
Five achieved a partial response, 18 showed stable
disease, and the disease control rate was 48.9%
(95%CI: 34.6%-63.2%). The median PFS and OS
were 11.0 wk (95%CI: 5.7-16.3) and 21.0 wk (95%CI:
14.3-27.7), respectively. Serious nausea, diarrhea, and
stomatitis occurred in 2, 3, and 3 patients, respectively.
In pretreated gastric cancer patients the combination
of capecitabine with everolimus was shown to be
[109]
effective .
In a phase Ⅱ trial of everolimus in 53 patients with
AGC who were previously treated with chemotherapy,
the primary endpoint was disease control rate.
Patients received 10 mg everolimus daily orally until
disease progression or study discontinuation. None
of the patients had a complete or partial response.
However, tumor size was decreased in 45% of
patients. The disease control rate was 56.0% (95%CI:
41.3%-70.0%). The median PFS and OS were
2.7 mo (95%CI: 1.6-3.0) and 10.1 mo (95%CI:
6.5-12.1), respectively. Common serious toxic effects
of everolimus were anemia, hyponatremia, increased
gamma-glutamyl transferase, and lymphopenia.
Mild pneumonitis was detected in 15.1% of patients.
In this phase Ⅱ trial, single agent everolimus had
[110]
favorable efficacy in patients with AGC . Following the
encouraging results of everolimus in phase Ⅱ trials, the
double blind, randomized phase Ⅲ Granite-1 study was
conducted in patients with AGC who had progressed
after 1 or 2 lines of therapy. Patients were randomly
assigned to receive everolimus 10 mg/daily or placebo
with best supportive care in a 2:1 ratio. The primary
endpoint of study was OS. The study population
included 656 patients. In the everolimus group, the
median OS was 5.4 mo compared with 4.3 mo in those
receiving placebo (HR = 0.90; 95%CI: 0.75-1.08, P =
0.124). In the everolimus and placebo groups, median
PFS was 1.7 mo and 1.4 mo, respectively (HR = 0.66,
95%CI: 0.56-0.78, P < 0.01). The most frequently
observed adverse events were anemia, decreased
appetite, and fatigue. In patients with AGC who
progressed after first- or second-line chemotherapy,
[111]
single agent everolimus did not improve OS
(Figure 1).

with high tumor grade (P = 0.034) . In a multicenter
international trial, FGFR2 FISH was performed on
tumor samples of 961 patients with gastric cancer.
The FGFR2 positivity and association between
clinicopathological features were analyzed. The FISH
positivity rate of patients from the United Kingdom,
China, and South Korea were 7.4%, 4.6%, and 4.2%,
respectively (P > 0.05). FGFR2 amplification was
associated with lymph node metastases (P < 0.0001)
and poor OS (P = 0.007). This study showed that in
patients with gastric cancer, FGFR2 amplification is
[113]
associated with poor prognosis
. FGFR2 may be a
novel target for treatment of patients with AGC.

Tetrapsanin family

Tetraspanins belong to a family of cell surfaceassociated proteins which play a major role in the
immune system, cell survival, proliferation, adhesion,
[114]
migration, and tumor invasion
. CD9 a novel
[115]
protein which is a member of tetraspanin family
.
In a study, CD9 expression of tissues from 78 AGC
patients was compared with normal tissues. It has
been demonstrated that CD9 expression was more
[116]
prominent than in normal tissues
. In gastric cell
lines, anti-CD-9 monoclonal antibody significantly
suppressed tumor growth, increased apoptosis, and
[117]
inhibited angiogenesis .

Claudins

Claudins are a family of proteins including 27 proteins
playing a major role in selective permeability of cellular
[118]
tight junctions . Claudins may have a role in gastric
carcinogenesis and progression of gastric tumors.
One study demonstrated that the claudin-18 splice
variant 2 is a suitable target for therapeutic antibody
[119]
development against gastric cancer
. After that,
claudiximab, a chimeric monoclonal antibody against
claudin 18.2 was developed. In a phase Ⅱ trial, patients
with advanced gastroesophageal cancer and positive
staining for claudin 18.2 by immunohistochemistry
were enrolled. The patients received claudiximab
until disease progression. A total of 31 patients were
evaluated for tumor response. A partial response
and stable disease were demonstrated in 4 and 8
patients (ORR: 13%, disease control rate: 39%). The
most frequent grade 3 adverse events were vomiting
(8.24%), nausea (4.12%), and hypersensitivity
[120]
(1.3%) . In a phase Ⅱ trial, the benefit of addition of
claudiximab to a chemotherapy regimen is being tested.
Patients with claudin 18.2 positive adenocarcinoma of
gastric cancer were randomized to receive claudiximab
plus EOX (Epirubicin/oxaliplatin/capecitabine) or EOX
alone as first-line therapy (NCT01630083).

OTHER TARGETED AGENTS
Fibroblast growth factor receptor

In preclinical gastric cancer cell studies, it was
demonstrated that fibroblast growth factor receptor
(FGFR)2 amplification was associated with increased
tumour cell proliferation and survival. In gastric cancer
xenograft models, amplified FGFR2 was associated
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Immunotherapy

Immunologic checkpoint blockade with antibodies
against different T cell regulatory mechanisms,
including cyctotoxic T lymphocyte antigen (CTLA4),
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Table 3 Ongoing Phase Ⅱ and Ⅲ studies
Target

Agents

Trial number

Setting

Phase

Primary end
point

Status

HER-2

Arm A: pertuzumab + trastuzumab + cisplatin
+ fluoropyrimidine vs
Arm B: placebo + trastuzumab + cisplatin +
fluoropyrimidine
Arm A: Docetaxel or paclitaxel
Arm B: T-DM1 3.6 mg/kg every 3 wk
Arm C: T-DM1 2.4 mg/kg once a week
Arm A: MM-111 + Paclitaxel + Trastuzumab
Arm B: Paclitaxel + Trastuzumab
Arm A: Rilotumumab 15 mg/kg plus ECX
Arm B: Placebo plus ECX
Arm A: onartuzumab plus mFOLFOX6
Aram B: placebo plus mFOLFOX6
Arm A: Ipilimumab
Arm B: Best Supportive Care
Arm A: Nivolumab (ONO-4538)
Arm B: Placebo

NCT01774786

First line

Ⅲ

OS

Recruiting

NCT01641939

First line

Ⅱ/Ⅲ

Recruiting

NCT01774851

≥ Second line

Ⅱ

Phase Ⅱ: Dose
of TDM-1
Phase Ⅲ: OS
PFS

Active, not recruiting

NCT01697072

First line

Ⅲ

OS

Active, not recruiting

NCT01662869

First line

Ⅲ

OS

Active, not recruiting

NCT01585987

Maintanence

Ⅱ

PFS

Active, not recruiting

NCT02267343

≥ Second line

Ⅲ

OS

Recruiting

HER-2

HER-3
MET
MET
CTLA4
PD-1

CTLA4: Cytotoxic T lymphocyte antigen; PD-1: Programmed cell death.

advanced cancers was reported. This phaseⅠstudy also
included seven patients with AGC. None of the patients
with gastric cancer demonstrated a partial or complete
[121]
response .
Nivolumab, a fully human IgG4 PD-1 blocking
antibody in combination with ipilimumab or as a single
agent is being tested in an ongoing phase Ⅰ/Ⅱ trial
in patients with solid malignancies, including patients
[128]
with gastric cancers . In a phase Ⅲ trial, nivolumab
is also being evaluated in patients with advanced
gastroesophageal cancers as second- or third-line
therapy (NCT02267343).

the programmed cell death protein-1 (PD-1) or its
ligand (PD-L1), is an effective method for reversing
cancer immunosuppression and thereby activating
anti-tumor immunity against several different cancer
[121,122]
types
. CTLA4 was the first negative immune
checkpoint molecule to be targeted by monoclonal
antibodies. Following the activation of T cells, CTLA4 is
upregulated on the activated T cells and blocks further
stimulation by the co-stimulatory molecule CD28.
Therefore, CTLA4 has a negative effect on activated
[123]
T cells and blocks further activation . In a previous
study, in patients with melanoma antibody against
[124]
CTLA4 showed T cell activation . In a phase Ⅱ trial,
the efficacy of tremelimumab, which was a monoclonal
antibody targeting CTLA4, was evaluated as secondline therapy in patients with advanced gastric and
esophageal adenocarcinomas. Eighteen patients were
enrolled to in the. Tremelimumab was given every
3 mo until symptomatic disease progression. Four
patients had stable disease and one patient achieved
a partial response after eight cycles of therapy. The
response rate of tremelimumab was low in patients
[125]
with advanced gastroesophageal carcinoma
. In
a randomized, open-label, two-arm, phase Ⅱ trial,
ipilimumab maintenance will be tested in patients with
advanced gastroesophagel cancer who did not have
progressive disease following first-line fluoropyrimdine
and platin chemotherapy. The study plans to
randomize 114 patients to ipilimumab maintenance
[126]
arm and best supportive care arms .
PD-1 protein, a T cell co-inhibitory receptor, and one
of its ligands, PD-L1, play a pivotal role in the ability
of tumor cells to evade the host's immune system. In
a preclinical study, expression of PD-L1 was found in
human gastric carcinoma specimens but not in normal
[127]
or gastric adenoma tissues . In 2012, a phaseⅠtrial
of intravenous anti-PD-L1 antibody in patients with
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Insulin-like growth factor inhibitors

Insulin-like growth factor Ⅰ (IGF-1) promotes growth
[129]
of gastric cancer cells
. IGF receptor type Ⅰ (IGFIR) expression is associated with poor OS in patients
with AGC. In a study of 87 tumor specimens, 67
(77%) showed IGF-IR expression (defined as >
10% membranous staining). Multivariate survival
analysis showed that IGF-IR-positivity (HR = 2.14;
95%CI: 1.20-3.82, P = 0.01) was a predictor of poor
[130]
outcome .
In a phase Ⅰ trial, ganitumab (AMG 479) was
tested in 19 patients including three patients with
AGC. The most common serious (grade ≥ 3) adverse
events were neutropenia (21%), leukopenia (16%),
and lymphopenia (11%). Stable disease was observed
[131]
in seven patients .

Heat shock protein inhibitors

Heat shock protein 90 (HSP90) is highly expressed
in cancer tissues. In tumor samples of 322 patients
with gastric cancer, 69.6% demonstrated positive
expression of HSP90. HSP90 protein expression was
significantly associated with depth of invasion (P <
0.001), lymph node metastasis (P < 0.001), and stage
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of disease (P < 0.001). This study reported that HSP90
expression is an independent prognostc indicator of
[132]
poor PFS and OS in patients with gastric cancer . A
second generation HSP90 inhibitor increased apoptosis
[133]
in gastric cell lines
. Single agent efficacy of an
[134]
HSP inhibitor was demonstrated in a phase Ⅰ trial .
Ganetespib is a novel triazolone heterocyclic inhibitor
of HSP90 and is a biologically rational treatment
strategy for advanced esophagogastric cancers. In a
single arm phase Ⅱ trial, 26 patients with advanced
gastroesophageal cancer received ganetespib 200
2
mg/m i.v. on days 1, 8, and 15 of a 28-d cycle as
second- or third-line therapy. The most common serious
adverse events were; leucopenia (12%), fatigue (12%),
diarrhea (8%), and elevated alkaline phosphatase (8%).
A complete response was detected in one patient. The
ORR was 4%. The median PFS and OS was 1.6 mo
and 2.8 mo, respectively. The study was terminated
early due to insufficient efficacy of single agent
[135]
ganetespib .

4

5

6

7

CONCLUSION

8

Trastuzumab was the first molecule shown to prolong
both PFS and OS in patients with AGC when added
to first-line chemotherapy. In April 2014, the FDA
approved ramucirumab as a single agent for the
treatment of patients with advanced gastroesophageal
adenocarcinoma with disease progression during
or after prior treatment with fluoropyrimidine- or
platinum-containing chemotherapy. In November
2014, based on results of the RAINBOW study, the
FDA approve ramucirumab in combination with
paclitaxel for advanced gastric or gastroesophageal
cancer patients who progressed after first-line platinum
plus fluoropyrimidine with or without an anthracycline.
The two targeted agents are in clinical use for patients
with AGC (Table 1). Many phase Ⅱ-Ⅲ clinical trials
failed to showed an effect of different targeted agents
for patients with AGC (Tables 1 and 2). On the other
hand, some of the molecules have shown promising
effects in phase Ⅱ trials and are expected to be in
use presently. The pertuzumab and c-Met pathway
inhibitors showed modest effects in phase Ⅱ trials. The
results of two important ongoing phase Ⅲ trials (JACOB
and RILOMET-1) may change the suggested first-line
treatment options in patients with AGC (Table 3).
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Colorectal cancer (CRC) is the second most common
cause of cancer-related death in western countries.
Approximately one-quarter of newly diagnosed patients
for CRC have metastases, and a further 40%-50%
experience disease recurrence or develop metastases
after all standard therapies. Therefore, understanding
the molecular mechanisms involved in the progression
of CRC and subsequently developing novel therapeutic
targets is crucial to improve management of CRC and
patients’ long-term survival. Several tyrosine kinase
receptors have been implicated in CRC development,
progression and metastasis, including epidermal growth
factor receptor (EGFR) and vascular EGFR. Recently,
tropomyosin-related kinase B (TrkB), a tyrosine kinase
receptor, has been reported in CRC and found to
clearly exert several biological and clinical features,
such as tumor cell growth and survival in vitro and in
vivo , metastasis formation and poor prognosis. Here
we review the significance of TrkB and its ligand brain
derived-neurotrophic factor in CRC. We focus on their
expression in CRC tumor samples, and their functional
roles in CRC cell lines and in in vivo models. Finally we
discuss therapeutic approaches that can lead to the
development of novel therapeutic agents for treating
TrkB-expressing CRC tumors.
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with irinotecan) , then from 15 mo (5-FU/leucovorin
with irinotecan) to 19.5 mo (FOLFOX; 5-FU/leucovorin
[13]
[14]
with oxaliplatin) . In 2004, Hurwitz et al
reported
that treatment of CRC patients with bevacizumab
(humanized monoclonal antibody against vascular
endothelial growth factor) led to a significant increase
in OS. Next, in several key trials, monoclonal anti
bodies to the anti-epidermal growth factor receptor
(EGFR), namely cetuximab and panitumumab, were
proposed as a novel agents for mCRC treatment.
These anti-tyrosine kinase receptor antibodies were
the first therapeutic targeted agents in patients with
[5,15,16]
the KRAS wild-type metastatic CRC (mCRC)
.
Recently, Regorafenib, the first small-molecule tyrosine
kinase inhibitor, was approved as a potential new line
of therapy for patients who have progressed after all
[17]
standard therapies .
Expression of the tyrosine kinase receptor TrkB is
increasingly reported in CRC, and there is a growing
body of evidence that the TrkB/BDNF pathway is an
important player in CRC tumor growth and progres
sion. Although mainly recognized for its role in the
nervous system, the TrkB/BDNF pathway has been
implicated in the pathogenesis and prognosis of several
[18-20]
tumors outside of the brain, such as pancreatic
,
[21,22]
[23,24]
[25]
[26]
prostatic
, pulmonary
, ovarian , bladder
[27,28]
and head and neck cancers
, in addition to
[29]
[30]
choriocarcinoma , myeloma
and B-lymphocytic
[31,32]
leukemia
. This review will focus on the role of TrkB
and its ligand BDNF in promoting CRC progression and
survival. In addition, we outline potential therapeutic
approaches targeting the TrkB/BDNF pathway.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recently, the tropomyosin-related kinase
B (TrkB)/brain derived-neurotrophic factor (BDNF)
signaling pathway has emerged as a key player in
the pathogenesis and prognosis of several non-neural
cancers. Indeed, the TrkB tyrosine kinase receptor
has been recently found to play an important role in
the biological and clinical behavior of colorectal cancer
(CRC). Here, we review the implications of TrkB and its
ligand BDNF in CRC. Additionally, we discuss possible
therapeutic strategies targeting this pathway.
Akil H, Perraud A, Jauberteau MO, Mathonnet M. Tropomyosinrelated kinase B/brain derived-neurotrophic factor signaling
pathway as a potential therapeutic target for colorectal cancer.
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INTRODUCTION
Colorectal cancer (CRC) is the second most common
cause of cancer-related death in the western world
and the third most common malignancy diagnosed
[1]
worldwide . With present-day therapies, curative
(R0) surgical resection is used in approximately
70%-80% of newly diagnosed patients with localized
[2]
CRC . However, the overall prognosis remains poor
for CRC patients, with a median survival time of
[3-5]
approximately 20-24 mo . In fact, the remaining
20%-30% of newly diagnosed patients present
advanced unresectable metastatic disease, and an
additional 40%-50% of patients with initially localized
CRC experience disease recurrence despite surgical
resection and adjuvant therapy, or develop hepatic
[5,6]
and/or lung metastases .
In recent decades, the development of early
detection methods for CRC, together with the evolution
of systemic chemotherapy for patients with CRC,
has led to a decrease in CRC incidence and mortality
[1]
worldwide . 5-Fluorouracil (5-FU), discovered in
[7]
1957 by Heidelberger et al , was for many years,
in combination with leucovorin the only treatment
[8-11]
for patients with metastatic CRC (mCRC)
. In the
early 2000s, the use of the topoisomerase Ⅰ inhibitor
irinotecan, and subsequently the platinum-containing
agent oxaliplatin, were key developments in CRC
[5]
treatment . These agents were found to significantly
prolong the median overall survival (OS) of patients
with mCRC from 12.6 mo (5-FU/leucovorin alone as
first-line therapy) to 14.8 mo (bolus 5-FU/leucovorin

WJG|www.wjgnet.com

BRAIN-DERIVED NEUROTROPHIC
FACTOR
BDNF is a member of the neurotrophin (NT) family,
which is a group of closely related growth factors
originally known for their involvement in the diffe
rentiation, proliferation, and survival of neural cells in
[33]
both the central and peripheral nervous systems .
The NT family includes NGF (nerve growth factor),
BDNF (brain-derived neurotrophic factor), NT-3
(neurotrophin 3) and NT-4/5 (neurotrophin 4/5).
[34]
In 1982, Barde et al
first isolated BDNF from pig
brain as a survival factor for cultured embryonic chick
sensory neurons. NTs are synthesized via the same
process of maturation. Indeed, NTs are generated
from single protein precursors of approximately 27
kDa called pre-pro-NTs. The latter is composed of a
pre-pro-domain, a pro-domain and a mature domain
that are sequentially cleaved to obtain mature NTs
of approximately 13 kDa. Immature NTs (pre-proNTs) are cleaved in the endoplasmic reticulum to
[35,36]
generate pro-NTs
. Pro-NTs are then proteolytically
cleaved to mature NTs. Cleavage can occur either
intracellularly, by the action of furin or proconvertase,
or extracellularly, by the action of plasmin and matrix
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metalloproteinases (MMPs) such as MMP-3, MMP-7 or
[36,37]
MMP-9
. Accordingly, pro-NTs can be released as
soluble forms or processed as mature NTs, each with
specific receptor binding properties and physiological
consequences. Generally, immature NTs or pro-NTs
NTR
bind to p75 and sortilin (a member of the VPS10pdomain receptor family) to induce apoptosis via
[38]
the JNK kinase pathway . In their mature forms,
NTs mediate their effects through binding to two
structurally unrelated cell membrane receptors, the Trk
tyrosine kinase receptors and the common NT receptor
NTR[39,40]
p75
. BDNF effectively signals through the low
NTR
affinity receptor (p75 ) that belongs to the tumor
necrosis factor (TNF) receptor superfamily and through
the high-affinity TrkB tyrosine kinase receptor.

cells but also in non-neural cells, yet its biological
role in BDNF-mediated signaling remains poorly
[51]
understood . For many years, both truncated TrkB
receptor isoforms were though to act as dominantnegative inhibitors of TrkB-FL and did not signal
[52-54]
directly
. For example, TrkB-T1 or TrkB-Shc can
bind to and internalize BDNF or dimerize with TrkB-FL
to prevent its autophosphorylation and subsequently
[50,55]
inhibit intracellular signaling pathways
. However,
recent studies have demonstrated that TrkB-T1
[56]
sequesters and translocate BDNF , induces filopodia
[57-59]
and neurite outgrowth
, regulates Rho GTPase
[60]
[30,61,62]
signaling
and intracellular signaling cascades
,
[63,64]
[65]
and mediates cell proliferation
. Rose et al
have demonstrated that astrocytes predominantly
express TrkB-T1 and that BDNF-mediated activation
of the truncated TrkB-T1 controls calcium release from
intracellular stores through an inositol-1,45-phosphate
[63]
(IP3)-dependent pathway. In addition, Li et al
have shown that TrkB-T1 enhanced cell proliferation,
promoted formation of colonies in soft agar, stimulated
tumor cell invasion and induced liver metastasis in
an orthotopic xenograft mouse model of pancreatic
cancer. For a recent and extensive review on truncated
[55]
TrkB, refer to Fenner .

TrkB TYROSINE KINASE RECEPTOR
TrkB belongs to the Trk family of tyrosine kinase
receptors, which consists of an extracellular ligandbinding domain, a transmembrane domain and
[41,42]
a cytoplasmic tyrosine kinase domain
. The
extracellular domain of these receptors consists of a
leucine-rich domain surrounded by two cysteine rich
regions that are thought to be essential for NTs high
affinity binding. Near those regions and close to the
cell membrane there are two immunoglobulin-like (IGlike) domains that are followed by the transmembrane
domain. The IG-like domain directs ligand-binding
specificity. The cytoplasmic domain consists of a Shc
binding site, a tyrosine kinase domain and a tail region
that includes a phospholipase C-gamma binding site
[43]
(PLC-γ) . Trk was first described in 1986 by Martin[44]
Zanca et al
as an oncogene in colonic carcinoma.
The Trk family includes three members, TrkA, TrkB
and TrkC, each of which is activated by one or more
of the four NTs. NGF preferentially binds to TrkA and
BDNF and NT-4/5 preferentially bind to TrkB. NT-3
preferentially binds to TrkC but also to TrkA and
TrkB to a lesser extent and only in certain cellular
[45-48]
contexts
. The TrkB gene (NTRK2 about 590 kb)
is located on chromosome 9q22 and contains 24
[43,49]
exons
. The TrkB gene can create more than 100
RNA transcripts (due to alternative splicing) and at
least 36 of these transcripts are translated, among
[43,50]
which there are three major protein isoforms
. In
addition to the full-length TrkB (TrkB-FL, 145 kDa),
there are two alternatively spliced TrkB isoforms (95
kDa) that lack the tyrosine kinase domain, TrkB-T1
and TrkB-Shc, which are slightly longer and include
[50]
the Shc binding site . BDNF binding to the TrkB-FL
(full-length) receptor results in its dimerization and
subsequent autophosphorylation of tyrosine (Y) Y484
and Y785. Generally, TrkB-FL induces survival and
differentiation through the three principle growth factor
signaling pathways: Ras/MAPK, PI3Kinase (PI3K)/
[42,50]
Akt and PLC-γ/PKC pathways
(Figure 1). For an
[45,46]
expanded review on Trk signaling, see
.
TrkB-T1 is abundantly expressed in adult neural

WJG|www.wjgnet.com

TrkB/BDNF EXPRESSION AND FUNCTION
IN CANCERS
Overexpression of the TrkB receptor was first described
in human neuroblastoma, which is a childhood
malignant tumor derived from primitive cells of the
[66]
developing sympathetic nervous system . TrkB and
BDNF are highly expressed in biologically unfavorable,
[67]
MYCN-amplified, aggressive neuroblastomas .
Indeed, patients with neuroblastoma, whose tumors
express elevated levels of TrkB and BDNF, have a
[67,68]
poor prognosis
. It has also been shown that in
neuroblastoma tumor cells the TrkB/BDNF pathway
is involved in epithelial-mesenchymal-transition-like
[69,70]
[71]
transformation (EMT), metastasis
, anoikis ,
[72,73]
chemotherapeutic resistance
, and hypoxia via
[74]
activation of angiogenesis . Thus, BDNF/TrkB
signaling in neuroblastoma contributes to tumor
growth and an unfavorable outcome in an autocrine/
[75]
paracrine manner .
Activity of the BDNF/TrkB pathway is mainly
recognized in the field of neurobiology. However
there is now increasing recognition that the TrkB/
BDNF pathway regulates important processes and
may contribute to the pathogenesis of numerous
non-neural carcinomas whose cells express the
[18,19]
[21,22]
TrkB receptor, including pancreas
, prostate
,
[76,77]
[27,28]
ovarian
, Wilms’ tumors, head and neck
,
[23,78]
[79,80]
[81,82]
lung
, breast
, gastric
, and hepatocellular
[83,84]
[30,85,86]
carcinomas
, as well as myelomas
and
[31,32,87]
lymphoid cancers
. Indeed, overexpression of
TrkB was found in the highly metastatic pancreatic
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Figure 1 TrkB-mediated signaling pathways and possible therapeutic targets in cancer. Schematic representation of TrkB receptor, its main downstream
signaling pathways, and possible therapeutic targets. Shc: Src homology 2 domain containing transforming protein; Grb2: Growth factor receptor-bound protein 2;
Gab1: Grb2 associated binding protein 1; PI3K: Phosphatidylinositol 3-kinase; PDK1: Phosphoinositide-dependent protein kinase 1; mTOR: Mammalian target of
rapamycin; mTORC1: mTOR complex 1; SOS: Son of sevenless; MEK: Mitogen-activated protein kinase (MAPK)/ERK kinase; ERK: Extracellular signal-regulated
kinase; PLC: Phospholipase C; PKC: Protein kinase C.

and the phosphatidylinositol 3-kinase-Akt (PI3K/Akt)
pathway. In addition, BDNF was able to protect human
multiple myeloma (MM) cell lines from apoptosis
[30]
induced by dexamethasone or bortezomib . Finally,
TrkB and BDNF were also reported to be associated
with a significant increase in the survival and
[91]
proliferation of non-Hodgkin lymphoma cells
and
[31,32]
malignant B cell lines
. For example, Fauchais et
[31]
al
have shown that endogenous BDNF released
under stress culture conditions exerts antiapoptotic
effects in human B cell lines. Such autocrine production
was linked to the presence of sortilin, an endogenous
protein that is able to transport and release BDNF
in culture media. In diffuse large B cell lymphoma,
in vitro studies have shown that the Trk-inhibitor
K252a enhances apoptosis and exhibits additive
apoptotic effects with rituximab, a chimeric anti-CD20
[32]
monoclonal antibody .

cancer cells. Moreover, TrkB expression was correlated
with perineural invasion, positive retroperitoneal
margin, and earlier liver metastasis development
[19]
in patient samples . In prostate cancer, TrkB and
BDNF may be considered as possible diagnostic
[21]
markers . Furthermore, TrkB therapeutic effects
were shown in an in vivo xenograft model using Trkspecific inhibitors, such as CEP-751 or CEP-701. In
these studies, results have shown that targeting of
the TrkB receptor induces cell death in a cell cycleindependent manner and inhibits tumor growth and
[88,89]
metastasis development in prostate cancer
. In
Wilms’ tumors, TrkB overexpression correlated with a
[90]
higher risk of mortality . The role of the TrkB/BDNF
pathway in head and neck squamous cell carcinoma
[27]
(HNSCC) was also investigated by Kupferman et al
who demonstrated that these proteins are expressed
in greater than 50% of human HNSCC tumors, but
not in the normal upper aerodigestive tract. In vitro
and in vivo studies have revealed that TrkB is directly
implicated in EMT, tumor growth and invasive behavior
of HNSCC. Furthermore, BDNF stimulation of HNSCC
cells enhances cell migration and invasion, drug[27,28]
resistance and anti-apoptotic protein expression
.
BDNF was also described as an autocrine factor in
human multiple myeloma cells contributing in tumor
progression and survival by activating signaling in the
mitogen-activated protein kinase (MAPK) pathway
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TrkB/BDNF PATHWAY IN CRC
TrkB and BDNF expression: Correlation with
clinicopathological parameters in CRC

There is now accumulating evidence that the TrkB/
BDNF pathway is involved in CRC tumor growth,
progression and metastasis. The first investigation on
the effect of TrkB in CRC was published in 2010 by Yu
[92]
et al
who demonstrated that TrkB was up-regulated
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in tumor tissues compared with the non-tumorous
counterparts, and this overexpression correlates with
lymphatic vessel density and metastasis. Next, the
expression of TrkB was confirmed in samples from
CRC patients at both the mRNA and protein levels,
with a higher expression in tumor tissues compared to
[93-96]
adjacent non-cancerous tissues
. Thereafter, TrkB
expression has been correlated with clinicopathological
[95-99]
parameters in CRC
. These studies have shown that
TrkB mRNA expression levels are positively correlated
with lymph node metastasis, distant metastasis and
[97]
CRC tumor stage progression . Moreover, high
TrkB mRNA expression was correlated with poor
[97,98]
prognosis
. However, TrkB mRNA expression
[97]
was not correlated with histological grade of CRC .
Interestingly, immunohistochemistry studies have also
shown that TrkB was overexpressed in CRC tissues
[95,96]
compared with adjacent non-cancerous tissues
.
Additionally, TrkB expression was correlated with
local progression, clinical stage, nodal metastasis,
[95,96,99]
distant metastasis, and poor prognosis
.
[99]
Interestingly, Dawson et al
further showed that
TrkB is overexpressed in tumor budding cells, and this
overexpression was positively correlated with KRASmutated tumors. More importantly, they found that
among patients with membranous/cytoplasmic TrkBpositive buds, high tumor membranous/cytoplasmic
TrkB expression is a significant independent adverse
prognostic factor in CRC. These data clearly suggest
that the TrkB receptor may indeed be a useful
diagnostic and prognostic factor for CRC.
BDNF has also been studied in CRC patient tissues.
Like its receptor TrkB, BDNF mRNA expression levels are
significantly higher in CRC patient samples compared
[93-95,100]
with control samples
. Further, this overexpression
is positively correlated with differentiated CRC tumors,
[100]
T-staging and poor prognosis
. In line with this
finding, a recent report showed significant association
between BDNF mRNA expression level and poor overall
survival, liver metastasis and peritoneal metastasis.
Nonetheless, no significant associations were found
between BDNF mRNA and any other clinicopathological
[98]
parameters in CRC tissues . On the other hand,
serum levels of BDNF were significantly decreased in
CRC patients compared with control patients, and there
were no significant associations between serum BDNF
[101]
levels and Dukes’ stages .

effect in CRC. Indeed, it was found that exogenous
BDNF enhanced cell survival, proliferation, migration,
invasion, and inhibited anoikis through the TrkB
[93,94,98,102]
receptor in CRC cell lines
. BDNF was also
found to trigger Akt phosphorylation in CRC cell lines
through the TrkB receptor, as assessed by K252a,
a Trk tyrosine kinase inhibitor that competes with
Trks’ ATP binding site. K252a suppressed both BDNFinduced TrkB and Akt activation, in addition to cell
survival, proliferation, migration, invasion and anoikis
[93,94,98]
resistance
. Furthermore, gene knockdown of
TrkB decreased the expression of PI3K (PIK3CA) and
AKT1, their downstream effector mTOR, and the MAPK
[95]
p38 . Recent studies have shown that cell survival,
anoikis and chemotherapeutic agent resistance in
tumor cells are mediated in part by TrkB receptor
[30,71,83,103]
through activation of the PI3K/Akt pathway
.
Thus, it is possible that BDNF/TrkB-induced CRC cell
survival and anoikis resistance may be mediated
through the PI3K/Akt pathway. TrkB silencing by
siRNA also enhanced apoptosis and anoikis, while
proliferation, migration and invasion were inhibited
[92,95-97]
in TrkB siRNA-transfected cells
. Conversely,
[96]
Fan et al
have shown by using regulated-TrkB
expression models that TrkB overexpression protects
CRC cell lines from anoikis. They also showed that
Akt signaling pathway was functionally linked to TrkBinduced anoikis resistance in CRC cells. Furthermore,
Akt phosphorylation levels were related with the
[96]
expression pattern of TrkB in CRC cell lines .
In vivo, TrkB inhibition has been suggested to
sensitize CRC cells to anoikis, which consequently
protects against metastases formation in xenograft
[96,98]
mouse models
. In these studies, TrkB blockade
[98]
using the Trk pharmacological inhibitor K252a
or
[96]
short hairpin (sh) RNA
significantly reduces the
size and number of peritoneal and lung metastatic
nodules in treated mice. Furthermore, a lower risk
of metastasis-induced death has been found in
mice injected with CRC-shTrkB cells compared with
[96]
control .
Though TrkB-T1 has been found in CRC cells, in
vitro and in vivo data suggest that the effects of the
autocrine TrkB/BDNF loop are likely mediated by TrkBFL, as assessed by K252a-induced inhibition of TrkB
activation. Moreover, it is important to note that PCR
primers used in some of the aforementioned studies
were not able to clearly distinguish between TrkB-FL
and TrkB-T1 in patient samples or in CRC cell lines.
Further assessment will be necessary to clarify the
functional role of TrkB-T1 in CRC.
EMT is now thought to play a fundamental role
in tumor progression and metastasis formation. In
fact, EMT enhances tumor dissemination by inducing
individual cell delamination from its primary tumor site,
which allows tumor cells to migrate through stroma
[104]
and further invade adjacent tissues
. Additionally,
the loss of E-cadherin expression is considered as a

TrkB/BDNF pathway: Fine-tuning the role in CRC

In vitro studies have shown that TrkB and its ligand,
BDNF, are expressed in several CRC cell lines
(corresponding to different CRC tumor stages) at both
[92-98]
mRNA and protein levels
. In addition, under stress
culture conditions these cells were able to produce
[93,94]
and secrete the BDNF
, together with a relocation
[94]
of its receptor TrkB to the cell membrane . Thus,
the expression of both BDNF and TrkB within the
same cell lines has raised the question of an autocrine
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[104]

fundamental step in EMT . In colorectal cancer, EMT
takes place at the invasive front, allowing tumor cells
that lost E-cadherin expression to migrate and gain
[105]
the ability to disseminate to the metastatic sites
.
This phenomenon was also found in other solid tumors
such as papillary thyroid carcinoma, breast carcinoma
and cervical carcinoma, whose cells show increased
[104]
vimentin expression and loss of E-cadherin
. The
relationship between TrkB and EMT has been clearly
described in neuroblastoma tumors, yet there are
now recent reports indicating that TrkB may induce
[106]
EMT in cells derived from endometrial carcinoma
,
[107]
[108]
[27]
lung
and oral cancer cells , and head and neck
[97,99]
[97]
and CRC tumor cells
. Indeed, Fujikawa et al
have shown that TrkB was inversely correlated with
E-cadherin at both the mRNA and protein levels in
CRC patient tissues. In vitro, TrkB silencing enhances
E-cadherin and reduces vimentin expressions in CRC
[99]
cell lines. In line with these findings, Dawson et al
found that membranous/cytoplasmic TrkB expres
sion was inversely correlated with both Ki-67 and
caspase-3 in CRC tumor buds, and cytoplasmic TrkB
overexpression was correlated with tumors presenting
high-grade tumor budding at the invasive front, in
agreement with the EMT-inducing function of TrkB.
Thus, these results strongly suggest that TrkB receptor
may be a promoter of EMT, anoikis resistance, and
consequently metastasis formation in CRC.

the TrkB receptor may become an important adjunct
target to improve clinical outcome in patients with
CRC. It is worth mentioning that both TrkA and TrkC,
two other members of the Trk family, were not found
[94]
in CRC cell lines, as described in our previous work .
In line with this finding, the TrkC receptor is highly
downregulated in CRC tumor samples in comparison
with adjacent normal tissues. Furthermore, reesta
blishment of TrkC expression in CRC cell lines induces
apoptosis and inhibits tumor growth in vitro and in
vivo, supporting the idea that TrkC is a CRC tumor
[118]
suppressor
. However, the TrkC receptor was
recently found in CRC cell lines and tumor samples,
and its expression was positively correlated with liver
[95]
metastasis . Presumably, targeting TrkB receptor
will likely render CRC tumor cells more sensitive
to chemotherapy-induced apoptosis, as shown in
[119]
neuroblastoma and other solid cancers .
It has also been shown that TrkB has an antiapoptotic effect in CRC. Therefore, combining Trktargeted therapy with recombinant TRAIL (TNF
related apoptosis induced ligand) or Fas ligand may
also be useful in treatment of CRC. Indeed, normal
colonic cells are resistant to TRAIL-induced apoptosis,
whereas colonic tumor cells are sensitive to the TRAIL
recombinant. Additionally, both 5-FU and oxaliplatin,
two of the main chemotherapeutic agents used in the
treatment of CRC, act by inducing apoptosis through
[120]
the Fas (CD95) receptor
. Accordingly, inhibition
of the TrkB receptor in CRC may potentiate the antitumor effects of apoptogenic agents used in treatment
of advanced CRC.
Crosstalk between TrkB and the EGFR has been
described in numerous solid tumors, such as ovarian
[25]
cancer . Indeed, BDNF-induced activation of TrkB
was found to activate EGFR in ovarian cancer, and
subsequently induce cell proliferation and migration
through the PI3K/Akt pathway. Additionally, EGFR and
TrkB kinase inhibitors blocked EGF- and BDNF-induced
TrkB and EGFR activation, respectively, and blocked
Akt phosphorylation. In line with this finding, De
[102]
farias et al
showed in an HT-29 CRC cell line that
the TrkB/BDNF pathway protects CRC cells from the
inhibitory effects of cetuximab (anti-EGFR monoclonal
antibody). Furthermore, TrkB blockade was found
to potentiate the inhibitory effects of cetuximab on
[102]
CRC cell proliferation and survival
. Such results
suggest a potential therapeutic benefit from the
crosstalk between the TrkB/BDNF pathway and EGFR
in CRC cells. It is possible that EGFR inhibition could
be more effective in combination with TrkB inhibition
in the treatment of advanced CRC. In addition to the
crosstalk with EGFR, TrkB has also been found to
activate angiogenesis in neuroblastoma and ovarian
cancer. Although functional evidence supporting
this possibility is lacking at present in CRC, Sasahira
[95]
et al , showed that the TrkB receptor positively
regulates VEGF-A and VEGF-C gene expression.

TrkB/BDNF pathway as a potential therapeutic target in
CRC

Because the TrkB/BDNF pathway plays an important
role in the biological and clinical behavior of CRC, the
TrkB tyrosine kinase receptor as a potential therapeutic
target is beginning to draw increasing attention. Thus,
inhibiting the tyrosine kinase activity of TrkB may
be an important addition to CRC therapy. Indeed,
Lestaurtinib (CEP-701) a Trk-selective tyrosine kinase
inhibitor derived from the prototypical K252a that
blocks NT-induced Trk activation, has shown efficacy
in treating solid cancers whose cells overexpress
TrkB receptor in preclinical xenograft models,
[109,110]
[88]
including models of neuroblastoma
, prostate ,
[111,112]
[113]
pancreatic
, and breast cancer
. The use of
Lestaurtinib was also found to be feasible, as this
agent does not show toxicity against normal tissue.
Furthermore, Lestaurtinib (CEP-701) and the prodrug
CEP-2563 and CEP-751 are currently in phase Ⅰ and
phase Ⅱ clinical trials for treatment of neuroblastoma
and other non-neural solid and blood-derived
[114-116]
cancers
. Likewise, other selective TrK kinase
inhibitor compounds have been recently developed
and tested for cancer treatment, such as the panTrk inhibitor ZD6918 and AZ-23 (TrkA/TrkB selective
[117]
kinase inhibitor; orally bioavailable)
. Based on
these preclinical and clinical data, investigating the
therapeutic potential of the TrkB receptor would be of
great importance in CRC treatment. Thus, inhibiting
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Targeting the TrkB/BDNF pathway, points toward a
promising addition to the strategies for CRC therapy.

8

CONCLUSION
9

Currently, among conventional therapies, advanced
CRC remains a major therapeutic challenge with poor
overall survival. Therefore, identifying novel molecular
mechanisms involved in driving CRC development
and progression is crucial for improving clinical
management of CRC and patient outcome. TrkB has
been shown to associate with CRC local progression,
clinical stage, nodal metastasis, distant metastasis,
and poor prognosis. Additionally, emerging data
suggest that the TrkB/BDNF pathway enhances several
biological processes in CRC, including proliferation,
invasion, migration, EMT, apoptosis resistance and
anoikis resistance. Hence, inhibition of the TrkB/
BDNF pathway alone or in combination with other
conventional and targeted agents in CRC may hold
promise as an important approach to improve patients’
long-term survival.
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Abstract
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The gut microbiota acts as a real organ. The symbiotic
interactions between resident micro-organisms and the
digestive tract highly contribute to maintain the gut
homeostasis. However, alterations to the microbiome
caused by environmental changes (e.g. , infection, diet
and/or lifestyle) can disturb this symbiotic relationship
and promote disease, such as inflammatory bowel
diseases and cancer. Colorectal cancer is a complex
association of tumoral cells, non-neoplastic cells and a
large amount of micro-organisms, and the involvement
of the microbiota in colorectal carcinogenesis is
becoming increasingly clear. Indeed, many changes in
the bacterial composition of the gut microbiota have
been reported in colorectal cancer, suggesting a major
role of dysbiosis in colorectal carcinogenesis. Some
bacterial species have been identified and suspected
to play a role in colorectal carcinogenesis, such as
Streptococcus bovis , Helicobacter pylori , Bacteroides
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fragilis , Enterococcus faecalis , Clostridium septicum ,
Fusobacterium spp. and Escherichia coli . The potential

The gut microbiota consistently differs among between
individuals. It is acquired during the first stages of
life via the commensal flora from the mother’s skin,
vagina and feces, and matures primarily during the
first two years. Microbiota development is the result
of interactions between physiological process in the
host and micro-organisms that are introduced from the
[4-6]
environment . After the initial stages, the microbiota
stabilizes and maintains a consistent composition,
despite some fluctuations throughout adulthood
in response to environmental, developmental and
[7,8]
pathological events . In the elderly, the microbiota
composition changes gradually but can maintain similar
[9-12]
physiological functions
. The early acquisition of a
diverse and balanced microbiota is likely critical for
the development and maturation of a healthy immune
system, as suggested by immune abnormalities in
[4,13]
germ-free animals raised in bacteria-free conditions
.
3
The colon is colonized by approximately 10 different
microbial species and this colonic microbiota is mostly
[7,9,14]
represented by bacteria
. Indeed, the colon con
14
tains approximately 10 bacteria (70% of the host’s
[15,16]
microorganisms)
. This review will therefore focus
on the impact of bacteria in CRC.
Most bacteria cannot be cultured, but modern
molecular approaches can be used to identify and
classify bacteria such as 16S ribosomal RNA (16S
rRNA) sequencing from feces or digestive tissues
can be used to identify and classify bacteria. The
microbiota can be divided according to location in the
gut. Specifically, microbes in the lumen are referred
to “luminal flora”, whereas microbes that penetrate
the mucosal layer overlying the intestinal epithelium
[16]
are referred to “mucosa-associated flora” . Indeed,
thick mucus layers protect enterocytes from excessive
exposure to microorganisms and dietary antigens
along the length of the intestine, particularly in the
[17]
colon, thus preventing hypersensitivity responses .
Moreover, the ratio of anaerobes to aerobes is lower at
the mucosal surfaces than in the lumen. In addition,
the collection of “fecal flora” from the feces is a noninvasive technique that facilitates sampling of colonic
microbiota. These bacteria are representative of distal
colonic colonization but differ from proximal “associated”
[18]
flora . It is essential to note that the composition
of murine gut microbiota is quite similar to that in
humans, lending translational relevance to mouse
[19,20]
experimental models of gastrointestinal disease
.
Actually, more than 50 different phyla and 500 bacterial
species may comprise the human normal commensal
gut microbiota. Although the exact num ber of species
and the amount of variability among individuals
[21,22]
remain to be characterized
, these factors are
likely highly dependent on lifestyle, diet and host
[23,24]
genotype
. Some bacterial species are regularly
recovered from different individuals, and the human
gut microbiota is dominated by 3 primary phyla:
Firmicutes (30%-50%), Bacteroidetes (20%-40%)

pro-carcinogenic effects of these bacteria are now
better understood. In this review, we discuss the
possible links between the bacterial microbiota and
colorectal carcinogenesis, focusing on dysbiosis and
the potential pro-carcinogenic properties of bacteria,
such as genotoxicity and other virulence factors,
inflammation, host defenses modulation, bacterialderived metabolism, oxidative stress and antioxidative defenses modulation. We lastly describe
how bacterial microbiota modifications could represent
novel prognosis markers and/or targets for innovative
therapeutic strategies.
Key words: Colorectal cancer; Gut microbiota; Dysbiosis;
Cyclomodulin; Oxidative stress
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The gut microbiota acts as a real organ and
many changes in its composition have been reported
in colorectal cancer. The pro-carcinogenic properties
of bacteria are now better understood. In this review,
we discuss possible links between the bacterial
microbiota and colorectal carcinogenesis, focusing on
the dysbiosis-causing and pro-carcinogenic properties
of bacteria, such as genotoxicity, inflammation, and
oxidative stress. We lastly detail how microbiota
modifications may represent novel prognosis markers
and/or targets for innovative therapeutic strategies.
Gagnière J, Raisch J, Veziant J, Barnich N, Bonnet R, Buc E,
Bringer MA, Pezet D, Bonnet M. Gut microbiota imbalance and
colorectal cancer. World J Gastroenterol 2016; 22(2): 501-518
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i2/501.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i2.501

INTRODUCTION
Colorectal cancer (CRC) is a complex association
of tumoral cells, non-neoplastic cells (i.e., stromal
cells) and a large number of micro-organisms. The
microbiota may be linked to carcinogenesis via various
mechanisms and could lead to the development of
novel prognosis markers and/or targets for innovative
therapeutic strategies.

GUT MICROBIOTA IN HEALTH
What is the gut microbiota?

Approximately 100 trillion micro-organisms (including
bacteria, viruses and fungi) reside in the adult human
[1,2]
gut and constitute the microbiota . The composition
of the microbiota is rather stable along the length of
the gut, but the absolute number of micro-organisms
[3]
varies considerably between the mouth and rectum .
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and Actinobacteria (1%-10%). Strict anaerobes,
including Bacteroides, Eubacterium, Bifidobacterium,
[25]
Fusobacterium, Peptostreptococcus and Atopobium ,
represent a major portion of the gut microbiota,
whereas facultative anaerobes, such as Lactobacilli,
Enterococci, Streptococci and Enterobacteriaceae,
constitute a minority (about 1000-fold lower levels).
The fact that composition significantly vary along the
gut should also be highlighted, especially given that
Bacteroidetes and Actinobacteria represent more than
90% of bacterial phyla in the colon but only 50% in
the small intestine, which contains approximately 40%
[26]
Firmicutes species .

ammonia, N-nitroso compounds and indoles. These
effects can impact on gene expression, intestinal
epithelial cell differentiation and proliferation, and can
also mediate vitamin synthesis, ion absorption and
[27,35,37,38]
mucus production
. This complex metabolic
activity also increases the yield and storage of energy
from dietary sources, regulates fat storage, helps to
provide absorbable substrates for both the host and
the microbiota, and is involved in bacterial growth
[37-40]
and proliferation
. Some of produced metabolites,
especially during proteolytic fermentation, can be toxic
[27,41,42]
to the host
.
In addition to immune, structural, and metabolic
functions, the commensal microbiota inhibits gut
colonization of intruding pathogens and ensures
[43]
“colonization resistance” or “microbial interference” .
The involved mechanisms of these effects remain
unclear but likely involve competition with adhesion
receptors, stabilization of the gut mucosal barrier,
competition for nutrients and the production of
[27]
anti-microbial substances . Indeed, alterations in
colonization resistance due to, e.g., pathogens or
antibiotics treatment, probably increase the risk of
gastrointestinal affections.

Microbiota and gut homeostasis

The gut microbiota constitutes a natural defensive
barrier to infection. Moreover, the microbiota is involved
in numerous protective, structural and metabolic
roles in the intestinal epithelium and plays a large
role in maintaining gut homeostasis. The microbiota
[27]
is involved in several physiological functions . The
impact of enteric bacteria on intestinal physiology has
been studied primarily in germ-free animals raised
in bacteria-free conditions. Such animals are more
susceptible to infections and have reduced vascularity,
digestive enzyme activity, muscle wall thickness,
cytokine production and serum immunoglobulin levels,
smaller Peyer’s patches and fewer intraepithelial
[28]
lymphocytes . The reconstitution of a gut microbiota
in germ-free mice is sufficient to restore the mucosal
[29]
immune system
and affects the expression of
various host genes that can impact nutrient uptake,
metabolism, angiogenesis, mucosal barrier function
[30]
and development of the intestinal nervous system .
Moreover, commensal bacteria influence the normal
development and function of the mucosal immune
[31,32]
[33]
system
, such as the humoral components .
These bacteria also modify T-cell repertories and
[34,35]
T-helper-cell cytokine profiles
. Such data support
a possible influence of gut microbiota composition on
individual variations in immunity.
The structural role of gut microbiota on the
intestinal epithelium is increasingly evident and has
been studied primarily in germ-free mice. These
animals present longer intestinal villi, associated with
crypt atrophy, slower renewal of epithelial cells and
[3]
decrease of angiogenesis phenomenon . Furthermore,
it has been reported that mucosa and muscle wall
[28]
thickness were decreased in these mice
and that
microbiota enhanced crypt cell turnover in a CRC[36]
predisposed mouse model .
Furthermore, the gut microbiota is involved in
[27]
metabolic functions . For example, the microbiota
can participate in (1) anaerobic carbohydrate
fermentation through the production of CO2, H2, CH4
and short-chain fatty acids (e.g., butyrate, propionate
and acetate); and (2) proteolytic fermentation via
metabolites such as phenolic compounds, amines,
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MICROBIOTA AND COLORECTAL
CANCER
Geographic variability of the incidence of CRC highly
suggests the involvement of certain environmental
risk factors, such as high-fat diets, obesity or living
[44,45]
in a Western country
. Moreover, Knudson’s twohit hypothesis suggests that host factors play an
important role in the predisposition to carcinogenesis.
In this scenario, a second environmental hit can lead to
[46]
uncontrolled cellular proliferation . Indeed, growing
attention has been given to the role of microbial
infection in carcinogenesis in recent decades, and
microbes are suspected to be involved in approximately
[47]
[48]
20% of cancers , especially CRC . Concerning
digestive cancers, even if some pathogens, such as
Helicobacter pylori (H. pylori), have been directly and
[49]
strongly linked to gastric cancer , possible infectious
cause in CRC remains controversial. It is becoming
increasingly clear, however, that pathogens play a role
[50]
in colorectal carcinogenesis . Interestingly, bacteria
levels in the colon are one million-fold higher than
in the small intestine, and approximately 12-fold
more cancers develop in the former than in the
latter, suggesting a potential role of gut microbiota
[51]
in colorectal carcinogenesis . The first observation
linking gut microbiota with CRC was reported in 1975 in
germ-free rats that developed less chemically induced
[52]
colorectal tumor than conventional rats . These
results have been reproduced in CRC-predisposed
[36,53]
mice
. Contrary to gastric carcinogenesis, which
seems to result from a single pathogen, the following
differing hypotheses have emerged to explain the
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contribution of bacteria to CRC: (1) a dysbiotic
microbial community with pro-carcinogenic features
are capable of remodeling the microbiome as a whole
to drive pro-inflammatory responses and epithelial cell
transformation, leading to cancer; and (2) the “driverpassenger” theory, wherein intestinal bacteria, termed
“bacteria drivers”, initiate CRC by inducing epithelial
DNA damage and tumorigenesis, in turn promoting the
proliferation of passenger bacteria that have a growth
[50,54]
advantage in the tumoral microenvironment
.
Studies in mouse models of altered immune and inflam
matory responses suggest that dysbiosis could be
[55,56]
sufficient to promote cancer
. It is thus likely that
the immune system is a key factor in the interactions
between the gut microbiota and CRC. In addition to the
impact of specific pathogens on carcinogenesis, the high
redundancy of gut microbiota at a metagenomic level
suggests that dysbiosis could exert pro-carcinogenic
[57]
effects . These properties could be due to interactions
between different emergent bacterial strains activating
similar pathways. However, the mechanisms that
contribute to dysbiosis and to alterations in microbial
richness are not well understood, and it is unknown
whether dysbiosis is a cause or a consequence of CRC.
Indeed, the CRC microenvironment is characterized by
host-derived immune and inflammatory responses that
could impact on microbial regulation, alter microbiota
composition, and favor the outgrowth of specific
[58]
bacteria that potentially have carcinogenic effects .
Dysbiosis in CRC could thus result in selection of
microbiota composition via a tumor-linked microenvi
ronment, with the emergence of “keystone pathogens”
that have strong effects on bacterial composition and
[59]
subsequently amplify dysbiosis .
With the 16S rRNA sequencing of bacteria from
the feces or digestive tissues, numerous studies have
reported colonic dysbiosis in patients presenting with
[18,60-64]
CRC
. At present, there is no consensus with
respect to the modifications observed in CRC, which
are listed in Table 1. However, some bacterial species
have been identified and are suspected to play a
[27,54]
role in colorectal carcinogenesis
. These species
[62,65,66]
primarily include Streptococcus bovis (S. bovis)
,
[67-69]
[61,62,70-72]
H. pylori
, Bacteroides fragilis (B. fragilis)
,
[62,73]
Enterococcus faecalis (E. faecalis)
, Clostridium
[74-76]
[77-79]
septicum (C. septicum)
, Fusobacterium spp.
[80-82]
and Escherichia coli (E. coli)
.

Interestingly, in this study, most of patients had
asymptomatic colorectal tumors that were occasionally
benign adenomas, suggesting the involvement
of S. bovis at an early step of CRC development.
However, there are contrasting results in studies of the
association between S. bovis and CRC; such differences
could be due to variations in the collection of feces,
sample processing, bacterial culturing or the molecular
[66,86,87]
analysis of fecal samples
.
Studies that confirmed the association between
S. bovis infection and CRC reported prevalences from
[88]
33% to 100% of S. bovis with underlying CRC . It
was shown that the mucosal detection of S. bovis
could be a better tool than fecal level to assess its
[27,89]
presence in patients with CRC
. More recently,
[90]
Abdulamir et al
used molecular techniques to
show increased S. bovis in colorectal adenomas and
CRC tissues, strengthening the possible involvement
of this pathogen in colorectal carcinogenesis. The
mechanisms behind this link remain unclear, but these
three hypotheses have been reported: (1) S. bovis
adheres to both normal epithelial and neoplastic cells;
(2) this species attains a competitive growth advantage
in a tumor microenvironment by foraging on tumor
metabolites; and (3) S. bovis induces inflammation
and/or pro-carcinogenic pathways, leading to tumor
[27]
progression, especially from pre-malignant tumors .
Thus, the fact that increase in the numbers of S.
bovis probably occurs at an early step in colorectal
carcinogenesis could lead its use for early detection
[91]
of CRC . Moreover, these results directly impact
clinical practice, leading to recommended colorectal
endoscopic exploration in all patients presenting with S.
bovis infection.

H. pylori

H. pylori has been directly and strongly linked to
[49]
gastric cancer
and has recently been classified
as a carcinogen of the gastrointestinal tract by the
International Agency for Research on Cancer. The
role of H. pylori in colorectal carcinogenesis remains
controversial due to differences between studies
with respect to the H. pylori strains and their specific
virulence factors. A meta-analysis of 11 studies
conducted between 1991 and 2002 was published by
[69]
Zumkeller et al
and reported a 1.4-fold increased
risk of CRC in patients presenting with a H. pylori
[92]
infection. More recently, Guo et al
reported a
statistical association between H. pylori and colorectal
adenomas in a meta-analysis of 7679 Asian patients.
This result suggested a carcinogenic role of H. pylori
at an early stage of carcinogenesis. The presence of
high levels of H. pylori has been reported in CRC tissue
using a specific 16S rDNA polymerase chain reaction
[67]
[68]
(PCR) assay and pyrosequencing . Jones et al
analyzed paraffin-embedded tissue blocks of normal
colonic mucosa, adenomas and adenocarcinomas
from 180 patients. The results indicated a significant

S. bovis/gallolyticus

S. bovis was the first bacteria indirectly associated
[83]
with CRC. Indeed, McCoy et al
reported the first
recognized case of enterococcal endocarditis associated
with CRC in 1951. This association was later confirmed
[84]
by Hoppes et al , who reported that approximately
two-thirds of S. bovis endocarditis cases were
associated with gastrointestinal disease. In addition,
[85]
Klein et al
reported a 5-fold increased incidence
of CRC in patients presenting such endocarditis.

WJG|www.wjgnet.com

504

January 14, 2016|Volume 22|Issue 2|

Gagnière J et al . Microbiota and colorectal cancer
Table 1 Summary of 16S rRNA sequencing and qPCR analyses of colonic microbiota variations in colorectal cancer
Variation in CRC
Fecal flora
↑
↑

Phyla

Proteobacteria

↑
↑

↑
↑
↑
↓
↓

Bacteroidetes
Fusobacteria
Fusobacteria

Bacteroidetes

↓
↓
Firmicutes (clostridia)
↓
Tumor-associated flora
↑
Bacteroidetes

↑
↑
↑

↑
↓
↓

Bacteroidetes
Fusobacteria
Proteobacteria
Firmicutes
Firmicutes

Bacteroidetes
Firmicutes (clostridia)
Mucosa-associated flora
↑

Genus/species

Population

Ref.

Enterococcus Faecalis
Porphyromonas/Escherichia/Shigella Enterococcus/
Streptococcus/Peptostreptococcus
Bacteroides fragilis
Bacteroides/Prevotella
Peptostreptococcus/Mogibacterium
Anaerococcus/Slakia/Paraprevotella
Anaerotruncus/Collinsella/Desulfovibrio
Eubacterium/Porphyromonas
Atopobium/Porphyromonas
Fusobacterium
Fusobacterium/Bacteroides
Bacteroides/Fusobacterium
Alistipes/Escherichia/Parvimonas/Bilophila
Faecalibacterium prauznitsii
Bacteroides vulgatus/Bacteroides uniformis
Roseburia/Butyrate-producing bacteria
Faecalibacterium prauznitsii/Roseburia
Ruminococcus
Ruminococcus/Bifidobacterium/Streptococcus

20 CRC/17 C
46 CRC/56 C

[73]
[62]

60 CRC/119 C
21 CRC/22 C

[61]
[18]

47 CRC/94 C

[63]

19 CRC/20 C
46 CRC/63 C

[64]
[214]

20 CRC/17 C
46 CRC/56 C

[73]
[62]

19 CRC/20 C
47 CRC/94 C
46 CRC/63 C

[64]
[63]
[214]

6 CRC/6 AM

[14]

22 CRC/22 C
95 CRC'95 AM
27 CRC
27 intestinal lumen

[61]
[106]
[18]

55 CRC/55 AM
6 CRC/6 AM
27 CRC
27 intestinal lumen
95 CRC/95 AM

[109]
[14]
[18]

32 CRC
22 C (swab)

[18]

32 CRC
22 C (swab)

[18]

Coriobacteriae/Roseburia
Fusobacterium/Faecalibacterium
Butyrate-producing bacteria
Bacteroides
Fusobacterium
Bacteroides/Prevotella/Streptococcus
Fusobacterium/Peptostreptococcus
Morganella/Porphyromonas
Fusobacterium
Shigella/Citrobacter/Serratia/Salmonella
Lactobacillus/Roseburia/Pseudobutyrivibrio

↓

↓

Fusobacterium/Porphyromonas
Peptostreptococcaceae/Gemella
Mogibacterium/Klebsiella
Faecalibacterium/Blautia/Anaeroslipes
Lachospira/Bifidobacterium

[106]

CRC: Colorectal cancer; C: Control patients; AM: Adjacent tumor, normal mucosa of patients with CRC.

increase in colonic mucosa-associated colonization by
H. pylori in adenomas and adenocarcinomas compared
[68]
to normal mucosa .
Although the role of H. pylori in gastric carci
nogenesis has been better studied and described
than its involvement in colorectal carcinogenesis,
some hypotheses can be extrapolated from the
pathophysiology of bacteria-linked gastric cancer.
Bacterial cytotoxin-associated gene A (CagA) and
vacuolating cytotoxin A (VacA) are encoded by patho
genicity islands in some H. pylori strains and may
induce the activation of inflammation pathways and
[93]
cellular proliferation in gastric cancer . Shmuely et
[94]
al reported that patients presenting with seropositivity
for CagA-positive H. pylori strains had a significantly
increased risk of CRC. Another hypothesis is the direct
and indirect production of pro-oxidative reactive oxygen
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and nitrogen species by some H. pylori strains that
[49]
could participate to colorectal carcinogenesis .

B. fragilis

B. fragilis are common anaerobic bacteria that are
detected in up to 80% of children and adults but
[95,96]
which represent less than 1% of gut microbiota
.
There are two molecular subtypes of B. fragilis,
nontoxigenic or enterotoxigenic, with the latter known
to be responsible in diarrheal illnesses in humans,
[97]
especially children . Enterotoxigenic B. fragilis is
easily detected in fecal samples of up to 40% of
healthy adults, facilitating studies on the role of these
[98]
bacteria in gastrointestinal diseases . Indeed, some
studies have reported increased colonic colonization
[61,62]
by B. fragilis in patients presenting with CRC
. For
[61]
example, Sobhani et al
performed pyrosequencing
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on stools from 179 patients with CRC or controls who
had a normal colposcopy. The results indicated more
colonization by B. fragilis in patients presenting with
[61]
CRC than in control patients . Most of enterotoxigenic
B. fragilis strains detected in mucosal samples from
patients with CRC harbored the bft gene, which
encodes the bacterial toxin B. fragilis toxin (BFT). This
toxin is involved in the pathogenicity of enterotoxigenic
[99,100]
B. fragilis
. Indeed, the involvement of BFT in
colorectal carcinogenesis is becoming increasingly
evident as this toxin directly affects pathways that lead
to increased cell proliferation, the epithelial release of
pro-inflammatory effectors, and DNA damage in in
[70-72]
vitro and CRC-predisposed mouse models
.

in colonic tumor-associated microbiota compared to
[106,107]
adjacent normal mucosa in patients with CRC
.
Moreover, other studies found that luminal F. nucleatum
colonization was higher in patients presenting with
colorectal adenomas compared to healthy patients.
An increase of F. nucleatum colonization in adenomas
compared to adjacent colonic normal mucosa has
[77,78]
also been reported
. These data strongly suggest
that, more than simply being associated with CRC, F.
nucleatum likely acts at the early steps of colorectal
carcinogenesis promotion. This effect may be mediated
via its FadA adhesion and activates the Wnt/β-catenin
[79]
pathway . This hypothesis has been verified in a CRCmin/+
predisposed adenomatous polyposis coli (APC)
mouse model. In this animal model, infection with F.
nucleatum increased tumor multiplicity and selectively
recruited tumor-infiltrating myeloid cells, which
[77]
can promote tumor progression . Interestingly, F.
nucleatum is detected in up to 80% of tumor samples.
The increased colonic colonization of this species has
been correlated with CRC stage, as has been described
[108,109]
[109]
for other pathogens
. Indeed, Viljoen et al
identified significant associations between high-level
colonization by F. nucleatum and advanced stage ⅢⅣ CRC, as well as with microsatellite instability tumor
phenotype. These results could lead to further studies
that explore (1) the role of F. nucleatum in modulating
the DNA repair systems involved in colorectal carci
nogenesis; and (2) the potential pathogenic interactions
between different pathogenic bacterial species.

E. faecalis

E. faecalis is a facultative anaerobic commensal
bacterium of the oral cavity and the gastrointestinal
tract. Recently, this species has emerged as a human
[101]
[73]
pathogen
. Balamurugan et al
performed 16S
rRNA real-time PCR from the feces of patients with
CRC and healthy volunteers. The authors reported
significantly higher E. faecalis fecal populations in
[62,73]
patients with CRC compared to healthy controls
.
These results were confirmed more recently by Wang
[62]
et al . The mechanisms linking E. faecalis to colorectal
carcinogenesis remain unclear, but the production
of pro-oxidative reactive oxygen species (ROS) by
E. faecalis has been described in cellular and animal
[102,103]
models
. Moreover, E. faecalis can trigger colitis,
-/dysplasia and CRC in a susceptible interleukin (IL)-10
[104]
mouse model .

E. coli

Although E. coli is a commensal bacteria of the
human microbiota and represents the most common
cultivable, Gram-negative, aero-anaerobic bacteria in
the gut, various studies have demonstrated a clear link
[80-82]
between mucosa-adherent E. coli and CRC
. E. coli
belonging to phylogroups B2 and D comprise most of
the pathogenic strains that express virulence factors,
and some of these species are involved in chronic
inflammatory bowel diseases, which are known risk
[110,111]
factors for CRC
.
Some studies have reported higher levels of colonic
colonization by mucosa-associated E. coli in patients
[80,81]
with CRC compared to healthy patients
. For
[81]
example, Swidsinski et al
performed 16S PCR using
colonic mucosa tissue samples and detected E. coli in
only 3% of healthy patient biopsies. However, E. coli
was detected and predominant in 62% and 77% of
patients presenting with adenomas and carcinomas,
[81]
[80]
respectively . A few years later, Martin et al
reported that more than 70% of mucosa samples from
patients with CRC were colonized by bacteria, generally
E. coli. Increased mucosa- and tumor-associated E.
coli colonization in CRC patients has been confirmed by
several studies, strongly implicating E. coli in colorectal
[82,108,112,113]
carcinogenesis
.
CRC samples commonly exhibit colonic mucosal

C. septicum

C. septicum is a rare cause of bacteremia (less
than 1%). As for S. bovis endocarditis, C. septicum
[76]
infections have been clinically linked to CRC . Indeed,
it has been reported that gastrointestinal disease and/
or colorectal malignancies can be found in up to 40%
[74,75]
of patients presenting with C. septicum infections
.
[75]
Hermsen et al
reported an analysis of 320 cases
of C. septicum infections, of which more than 40%
had a gastrointestinal origin, primarily malignant. The
underlying mechanisms of this association remain
unknown, but one hypothesis is that the hypoxic and
acidic tumor microenvironment favors the germination
of C. septicum spores via ingestion of contaminated
[27,105]
food
. However, no direct involvement of C.
septicum in colorectal carcinogenesis has been well
defined.

Fusobacterium nucleatum

Fusobacterium nucleatum (F. nucleatum) is an
anaerobic Gram-negative pathogenic bacterium
that recently emerged as a potential candidate for
CRC susceptibility. Indeed, recent metagenomic
analyses using whole-genome and bacterial 16S rRNA
sequencing revealed an enrichment of F. nucleatum
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[125,126]

E. coli that could express genes (afa, lpfA, eae and/
or cyclomodulin toxins) that confer characteristics
that are relevant to pathogenesis, including M-cell
[112,114-117]
translocation, angiogenesis and genotoxicity
.
Cyclomodulins such as colibactin, are toxins that
interfere with the eukaryotic cell cycle and induce DNA
damage and genomic instability, which are involved
[118,119]
in colorectal carcinogenesis
. A pro-carcinogenic
effect of B2 phylogroup colibactin-producing E. coli has
been confirmed in mouse models. Specifically, these
bacteria are involved in inflammation pathways and
[82,108,120]
cell proliferation fueling
. Moreover, possible
interactions between E. coli and DNA repair system
involved in colorectal carcinogenesis, such as the
DNA mismatch repair (MMR) system, have been
[112,121]
described
. Interestingly, these B2 colibactinproducing E. coli are preferentially detected in patients
[82,108,115,120]
with CRC
and were more prevalent in the
mucosa of patients presenting with advanced stage
[108]
. These
Ⅲ/Ⅳ CRC than in those with stage Ⅰ CRC
results suggest that E. coli could serve as a prognostic
factor in CRC.

inflammation and cancer rates
. B. fragilis has
[71,127]
been associated with CRC
, and BFT is another
well-described example of a bacteria-derived toxin
involved in colorectal carcinogenesis. BFT is a 20
kDa zinc-dependent metalloprotease toxin that is
grouped into three isotypes, namely, BFT-1, BFT-2
[100]
and BFT-3 . These toxins are encoded by a unique
B. fragilis-specific gene, which was described by
[128]
Moncrief et al
in 1995. A recent study reported
that mucosa-associated BFT-producing B. fragilis were
more prevalent in late-stage CRC, suggesting possible
[99]
role of BFT in CRC promotion and progression . At
the molecular level, BFT binds to a specific colonic
epithelial receptor, activating the Wnt and nuclear
factor-kappa B (NF-κB) pathways. These effects lead
to increased cell proliferation, the epithelial release of
pro-inflammatory mediators, and the induction of DNA
[97,129-132]
damage
. Furthermore, in the CRC-predisposed
min+/multiple intestinal neoplasia APC
mouse model,
[127]
BFT promotes IL-17-dependent carcinogenesis .
Other toxins, named cyclomodulins [cytolethal
distending toxin (CDT), colibactin, cytotoxic necrotizing
factor and cycle inhibiting factor], can induce DNA
damage, interfere with the cell cycle and/or apop
[82,118,127,133-136]
tosis
. Only CDT and colibactin can directly
damage DNA and are linked genomic instability; these
[118,133]
proteins are therefore considered true genotoxins
.
Both CDT and colibactin induce double-strand DNA
breaks, activate the ataxia telangiectasia mutated
(ATM)-checkpoint kinase 2 signaling pathway, and lead
to H2AX histone phosphorylation. These effects result in
transient G2/M cell cycle arrest and cell swelling.
Most of the Gram-negative bacteria that are
involved in CRC produce CDT, which is by far the most
[137]
well-characterized bacterial-derived genotoxin . The
CdtA and CdtC subunits permit the interaction between
pathogens and host cells; subsequently, the cytoplasmic
CdtB subunit can translocate to the nucleus, act as a
[133]
DNase and damage DNA . CDT also favors persistent
gut colonization and induces the production of proinflammatory molecules, such as NF-κB, tumor necrosis
factor (TNF)-α, IL-6 and cyclooxygenase (COX) 2. These
factors are involved in many carcinogenic processes.
CDT has also been reported to induce dysplasia in
a Helicobacter hepaticus-linked hepatocarcinoma
[138,139]
mouse model
. When combined, DNA damage,
interference with the cell cycle and the modulation of
pro-inflammatory pathways can lead to mutations that
are involved in genomic instability in CRC.
Colibactin is another bacterial-derived genotoxin
that has recently attracted attention. It was first
[119]
described in 2006 by Nougayrède et al
but has not
yet been isolated and purified. Colibactin synthesis and
activation requires complex machinery that involves
three non-ribosomal peptide megasynthases (NRPS),
three polyketide megasynthases (PKS), two NRPS/PKS
hybrids and at least eight of nine accessory enzymes
[119]
encoded in the pks island . The pks island is found

SUSPECTED INVOLVED MECHANISMS
As described above, some bacterial species may be
involved in colorectal carcinogenesis. Many suspected
involved mechanisms, occasionally shared by different
species, have been described. These mechanisms
include bacterial-derived genotoxins, microbial-derived
metabolism, the modulation of host defenses and
inflammation pathways, oxidative stress induction, and
anti-oxidative defense regulation (Figure 1).

Bacterial-derived genotoxins and other bacterial
virulence factors

During their phylogenetic evolution, bacteria pro
gressively acquired virulence factors that conferred
pathogenicity. For example, bacteria developed the
ability to penetrate the gut mucosal barrier, as well
as to adhere to and invade intestinal epithelial cells,
specifically through the use of flagellum, pili, and
[110,122,123]
adhesins
. Most of the disease-promoting
and pro-carcinogenic effects of pathogens depend
[58]
on these virulence factors . Pathogens can interact
with adhesion molecules. For example, F. nucleatum
uses the FadA virulence factor to adhere to and
[124]
invade cells , thereby activating β-catenin signaling
[79]
pathway and promoting CRC . In the same way,
certain CRC-associated E. coli strains have acquired
virulence factors, such as the afa and eae adhesins,
which confer the ability to adhere to and invade the
[112,116]
intestinal epithelium
.
Toxins may be involved in colorectal carcinogenesis
by modulating certain host-derived signaling
pathways, resulting in the activation of carcinogenesispromoting pathways. For example, CagA or VacA
are produced by some H. pylori strains and increase
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Inflammation
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ROS

Carcinogen activation
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Driver
and/or
Passenger
bacteria

Oxidative stress

Figure 1 Suspected mechanisms by which the gut bacterial microbiota participates in colorectal carcinogenesis. The bacterial microbiota induces colorectal
carcinogenesis through several mechanisms. The primary suspected mechanisms are bacteria-derived genotoxin production, microbial-derived metabolism, the
modulation of host defenses and inflammation pathways, oxidative stress induction, and anti-oxidative defense regulation. These mechanisms result in various cellular
effects and alterations of host defenses that lead to genomic instability and epithelial cell proliferation, which are involved in colorectal carcinogenesis. ROS: Reactive
oxygen species; NOS: Nitrogen species.

primarily in the Enterobacteriaceae family, especially
[115,119]
in the E. coli B2 phylogroup
. Interestingly,
other micro-organisms, such as Proteus mirabilis and
Klebsiella pneumoniae, which are associated with
bacterial-induced colitis and an immunodeficient[140-142]
CRC-mouse model, also carry the pks island
.
Colibactin induces ROS formation, double-strand DNA
breaks, and the associated ATM-mediated DNA damage
[82,118]
response, cell cycle arrest and genomic instability
.
Furthermore, colibactin-producing E. coli can enhance
tumor growth by inducing the emergence of senescent
epithelial cells secreting growth factors and/or by
the secretion of pro-tumoral molecules by infiltrating
[58,114,120]
cells
. Interestingly, even though toxinproducing bacteria constitute a minority of the colonic
microbiota, metatranscriptomic analyses performed on
human CRC tissues samples reveal a high expression
[143]
of these toxins in the colon .

factors, such as genotoxin production, it has become
increasingly clear that microbial-derived metabolism
[144]
strongly impacts CRC development
. These meta
bolic activities may affect colorectal carcinogenesis
via the following several processes: regulating the
generation of CRC-promoting secondary bile acids; the
metabolic activation or inactivation of pro-carcinogenic
compounds, dietary phytochemicals and xenobiotics;
hormone metabolism; and the modification of
[58]
inflammation pathways .
The interplay between diet, bile acids and gut
microbiota is complex. Indeed, high-fat diets are
correlated with increased bile secretion and an
[145-147]
increased risk of CRC
. Primary bile acids excreted
into the gut are converted through microbial derivedmetabolism, including hydrolase activities, into se
condary bile acids. These acids are used by microor
[148]
ganisms as an energy source
but are also known to
be involved in many colorectal carcinogenesis-linked
process, such as apoptosis, cell proliferation, DNA
[27]
damage induction and tumor promotion . Bernstein

Microbial-derived metabolism affecting carcinogenesis

In addition to the involvement of bacterial virulence
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[146]

et al
reported a higher incidence of tumors in bile
acid-exposed gut in a mouse model. Indeed, bacteriatransformed bile acids can result in DNA damage by
the production of pro-oxidative molecules, such as
[149,150]
ROS and nitrogen species (NOS)
. Therefore,
chronic exposure to increased levels of secondary
bile acids may favor the induction of DNA damage,
leading to genomic instability, which is involved in CRC.
Furthermore, strong antimicrobial bile acid activities
lead to significant changes in the gut microbiota
composition, with a relative increase in some Gam
maproteobacteria and Bacteroidetes species that are
[151]
associated with CRC .
Some carcinogens are inactivated in the liver
by glucuronic acid-mediated conjugation and are
excreted via bile in the digestive tract. In the gut,
and particularly in the colon, this process may be
reversed by bacterial β-glucuronidase activity, which
[152]
can lead to CRC. Indeed, Takada et al
reported
a decrease in tumor number with the inhibition of
bacterial β-glucuronidase activity in a CRC rat model.
Moreover, fecal β-glucuronidase activity is increased
[153]
in patients with CRC compared to healthy controls .
These results strongly support the involvement of
bacterial β-glucuronidase activity in the initiation
and progression of CRC via the reactivation of toxic
components. Moreover, bacterial β-glucuronidase
activity plays a major role in the metabolism of
xenobiotics and affects the activity and side effects of
[58,154]
certain antitumor drugs
. For example, irinotecan,
a commonly used chemotherapy for CRC that is
inactivated in the liver, is locally modified in the gut,
generating intermediate molecules without systemic
anti-tumor effect and inducing major treatmentlimiting side effects (e.g., severe diarrhea). These
undesired effects can be prevented with the use of
[155]
antibiotics or bacterial β-glucuronidase inhibitors .
Contrary to microbial carbohydrate fermentation,
which can benefit the host through the generation of
short chain fatty acids (e.g., butyrate, acetate, pro
[156]
pionate) , microbial protein fermentation generates
potentially toxic and pro-carcinogenic metabolites
involved in CRC, such as phenols, sulfides, ammonia
[58]
and nitrosamines . It has been reported that proteinrich and low-carbohydrate diets can lead to the
increased microbial production of toxic metabolites
[157]
to the detriment of cancer-protective metabolites
,
[158]
increasing the risk for CRC . However, concentrationdependent effects on CRC have been described for
butyrate. At lower concentrations, butyrate appears
[159]
to stimulate epithelial cell proliferation , while other
studies have demonstrated anti-proliferative and anti[160]
cancer properties of this compound
. A subset
of bacteria, including Bacteroidetes and Firmicutes
species, produce potentially bioactive substances via
the degradation of amino acids, especially nitrogenous
[161-163]
compounds, in the gut
. These compounds can
exert carcinogenic effects through DNA alkylation,
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leading to mutations that have been reported in
[161-163]
Western diet-linked CRC
. Moreover, sulfides
produced in the gut by the bacterial reduction of
dietary sulphate, as well as the metabolism of other
[164]
[165]
compounds , are enterotoxic . These sulfides have
genotoxic effects on human cell lines at physiological
[166]
concentrations
. These effects occur primarily via
[167]
the induction of ROS formation and DNA damage .
Chronic and/or excessive consumption of alcohol
has been found to be an important risk factor for many
[168]
cancers, including CRC . Microbial metabolism may
contribute to the toxicity of alcohol, especially in the
gastrointestinal tract, where aerobic and facultative
[169]
anaerobic bacteria convert ethanol to acetaldehyde .
Indeed, acetaldehyde is known to be a highly toxic
and pro-carcinogenic compound with various negative
effects, ranging from DNA damage and impaired
DNA excision repair to the degradation of folate. All
of these effects have been implicated in colorectal
[169-171]
carcinogenesis
. The role of microbiota in this
process has also been reinforced by Homann et
[172]
al , who reported that the conversion of ethanol to
acetaldehyde was inhibited by the use of antibiotics,
such as ciprofloxacin. This drug kills primarily aerobic
[172]
and facultative anaerobic bacterial populations .

Host defense modulation and inflammation

As previously mentioned, the intestinal mucosa
constitute the first line of defense against gut
commensal or pathogen bacteria and related microbial
molecules. Intestinal epithelial cells need to rapidly
detect the presence of pathogens in order to mount
a suitable immune response. However, these cells
also must maintain a moderate immune response
[173]
against or tolerance for non-pathogenic bacteria
.
The maintenance of gut homeostasis and these
interactions between the host and microbiota involve
innate immunity receptors, such as Toll Like Receptors
(TLRs) and Nod Like Receptors (NLRs), which
recognize particular molecular motifs associated with
pathogens. The activation of these receptors leads to a
cellular response, including the activation of MAPK, NF[174]
κB or PI3K/AKT signaling pathways . The activation
of these pathways can induce the expression of proinflammatory cytokines (e.g., TNF-α, IL-6, IL-8) and/or
antimicrobial peptides, all of which are involved in the
development of an inflammatory response. Indeed, a
decrease in intestinal tumor number has been reported
Min/+
-/in azoxymethane (AOM)-treated APC
or IL-10
mice invalidated for MyD88 gene, which encodes a
[175,176]
TLR signaling adaptor
. However, these results
remain controversial given that another recent study
-/reported that MyD88 mice treated with AOM/dextran
sulfate sodium (DSS) exhibit increased susceptibility to
colorectal tumors. These results suggest that the role
of TLR signaling and the host response in CRC differ
between colitis-associated and chemically induced
[177]
Min/+
CRC
. Moreover, Nod1- or Nod2-deficient APC
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and AOM/DSS-treated mice exhibit an increase in
the number of colorectal tumors compared to control
animals, suggesting the involvement of NLRs in
[55,178]
colorectal carcinogenesis
. These results highlight
the major role of the host immune response to gut
microbiota in CRC development.
It is now well established that inflammatory
bowel disease patients, who are known to have an
increased risk for developing CRC, present many
[179-181]
changes in their microbiota composition
. For
these reasons, the involvement of inflammation in the
establishment of dysbiosis-related CRC is increasingly
evident. Some in vivo studies have shown that the gut
microbiota composition differs between AOM-treated
-/and untreated IL-10 mice. Moreover the emergence
of dysbiosis after each cycle of DSS treatment in mice
[82,182]
treated with AOM has been observed
. Taken
together, these data constitute strong evidence that
inflammation plays an important role in the modulation
of the microbiota and dysbiosis emergence during
colorectal carcinogenesis.
However, inflammation could also be linked to
the host response induce by bacteria during CRC
development. It has been previously reported in
Min/+
a CRC-predisposed APC
mouse model that
BFT induces a Th17 pro-inflammatory response,
which is involved in the development of early-stage
[127]
tumors
. Furthermore, the contribution of S. bovis
to colorectal carcinogenesis is associated with the
increased expression of pro-inflammatory genes,
[90]
Min/+
such as IL-1, IL-8 and COX-2 . Moreover, APC
-/and IL-10 mice infected with F. nucleatum and
E. faecalis, respectively, exhibit increased immune
cell infiltration in tumors and colonic mucosa and
heightened expression of pro-inflammatory cytokines,
[77,104,183]
such as TNF-α, IL-1β, IL-6 and IL-8
. E. coli is
one of the best-characterized bacteria associated with
inflammatory bowel disease. An abnormal colonization
of the gut mucosa by adherent and invasive E. coli
in inflammatory bowel disease patients has been
[110,111]
[184]
reported
. Moreover, Raisch et al
showed that
CRC-associated E. coli can induce the expression of
the pro-inflammatory gene COX-2 in macrophages,
supporting the bacterial modulation of inflammation in
colorectal carcinogenesis.

mutations and protein-DNA crosslinking, all contributing
[185-187]
to genomic instability in CRC
. Furthermore, this
bacterium can induce aneuploidy in colonic epithelial
cells, and the use of inhibitors of ROS and NOS can
prevent this effect, supporting the role of bacterial[82]
induced oxidative stress in colorectal carcinogenesis .
Moreover, the role of H. pylori in gastric carcinogenesis
via the induction of oxidative stress has been clearly
[49]
demonstrated , and this species is able to both
produce and induce the production of ROS by immune
cells. In this manner, H. pylori affects many signal
transduction pathways in gastric cells and thereby
promotes gastric cancer. It could thus extrapolate the
fact that existence of colorectal chemical-, bacterialand/or immune-induced inflammation also induces the
recruitment of neutrophils and macrophages, which
are major sources of ROS, leading to the genetic and
[188-190]
epigenetic alterations involved in CRC
. The gut
microbiota also promote host-derived production of
nitric oxide and its secondary NOS, especially through
the activation of macrophages in the inflammation
response, which can induce DNA damage. Some
[191]
bacterial species can directly generate NOS . Sobko
[192,193]
et al
reported that Lactobacilli and Bifidobacteria
generate significant levels of NOS in germ-free and
monoassociated mice and that a nitrate-enriched
diet increased NOS production. However, it is not
clear whether in ROS and NOS produced in vivo are
sufficiently long lived to diffuse from immune cells to
the extracellular matrix and subsequently enter the
[194]
nucleus of epithelial cells to induce damage DNA .
Oxidative stress is defined by an imbalance
between the levels of pro-oxidative molecules (e.g.,
ROS and NOS) and the effectiveness of anti-oxidative
[195]
defenses
. Oxidative stress results in primarily
irreversible direct or organic substrate-mediated
cell damage, including DNA breaks and damage,
protein aggregation or fragmentation, and cellular
[185,195]
membranes dysfunction
. The toxic effects of
ROS and NOS are thus balanced by various enzymatic
and non-enzymatic anti-oxidative defenses, which
help to regulating ROS/NOS production and repair
[196,197]
mechanisms
. DNA repair mechanisms are altered
[198,199]
in CRC
. Moreover, under specific conditions,
the balance between pro- and anti-oxidative
compounds is lost, especially in cases of bacterial
infection. The bacterial modulation of anti-oxidative
defenses, especially DNA repair systems, is becoming
[200]
increasingly clear. Mangerich et al
reported
decreased expression of DNA repair and oxidative
response genes in the colons of colitis-induced CRC
mice model that were infected with H. hepaticus.
[112,121]
Moreover, Maddocks et al
reported in vitro results
demonstrating the ability of some enteropathogenic
E. coli strains to downregulate the DNA MMR system
in infected HT-29 intestinal epithelial cells via posttranscriptional effect of a secreted effector protein.
This downregulation of the MMR system led to the

Oxidative stress and anti-oxidative defenses modulation

ROS induction appears to have a major and central role
in microbiota-linked CRC via the previously described
mechanisms. ROS can be generated by cells during
infection and inflammation, as previously discussed, or
[177]
directly by gut microbiota . The induction of ROS is
known to be a major defense mechanism of infected
[48,119]
cells, contributing to the elimination of bacteria
. It
has been reported in both in vitro and in vivo studies
that some Enterococci species, especially E. faecalis,
[102,103]
generate hydroxyl radicals
. These radicals are
powerful mutagens that can cause DNA breaks, point
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accumulation of mutations involved in colorectal
[112,121]
Min/+
carcinogenesis
. Furthermore, a study on APC
MMR-deficient mice strongly supports a possible role
of an interaction between gut microbiota and MMR
[159]
deficiency in CRC induction
. Indeed, Belcheva
[159]
et al
reported that (1) altering the microbiota
composition reduces tumorigenesis; (2) gut microbes
can fuel the hyperproliferation of MMR-altered intestinal
epithelial cells; and (3) the MMR pathway has a role
in regulating APC/β-catenin activity and modulating
the differentiation of transit-amplifying cells in the
[159]
[109]
colon . Moreover, Viljoen et al
reported increased
colonic colonization by F. nucleatum in CRC patients
with an MMR deficiency-linked microsatellite instability
phenotype. All of these data strengthen the hypothesis
of an interaction between the gut microbiota and the
DNA repair system in colorectal carcinogenesis.

innate and adaptive pathogenic immune responses and
decreases the number of tumors in a CRC-predisposed
murine model. It was also reported that LTA-deficient
Lactobacillus acidophilus (1) decreased inflammation
[207]
and protected against CRC
; (2) prevented or
induced the regression of established colitis and
[207,208]
polyposis
; and (3) downregulated downstream
[209]
signaling
, and stimulated tumor suppressor gene
[210]
expression in CRC cell lines
. Furthermore, some
commensal bacteria, such as Bifidobacterium breve
and Lactobacillus rhamnosus, inhibit the production
of pro-inflammatory cytokines and decrease host
DNA methylation and histone acetylation events
[211-213]
that are involved in colorectal carcinogenesis
.
All of these results underline a feasible microbiotatargeting therapy approach in CRC through the use
of probiotics or genetically modified bacteria. Even if
fecal transplantation has not been well studied in CRC,
future transplantation studies using germ-free CRC
animal models likely represent an important next step
in this line of inquiry.
To provide adequate treatments as part of modern
personalized medicine, accurate prognosis factor
have yet to be establish. Prognostic factors in CRC
primarily depend on morphologic and histologic
results. Recently, there has been a significant body
of work involving the gut microbiota as a prognosis
[108]
factor in CRC. Bonnet et al
reported increased
colonic colonization by cyclomodulin-producing E. coli
in advanced stage CRC, that have been ever described
[109]
by Viljoen et al
for enterotoxigenic B. fragilis and
F. nucleatum. These results support a possible use of
microbiota CRC prognosis markers that may be used
to improve patient selection for aggressive, suitable
treatments.

MICROBIOTA IMBALANCE AND CLINICAL
IMPLICATIONS
As previously mentioned, the gut microbiota likely
plays a major role in the promotion and progression of
CRC via several mechanisms, including inflammation,
metabolism and genotoxicity. There are therefore
many possible ways by which to target the microbiota
in terms of CRC prevention strategies. Indeed, the
use of probiotics or fecal transplantation protocols
could combat CRC-associated dysbiosis and thus
restore eubiosis in chronic diseases, helping to reduce
microbiota-induced genotoxicity and activation of
inflammatory, proliferative and pro-carcinogenic
[58]
pathways . However, this microbiota-targeting
therapy approach has not been well studied in CRC.
Genotoxins are a target of interest in the context
of CRC treatment. For example, supportive evidence
has recently been provided that colibactin-producing
E. coli could be major actors in CRC-related genomic
[58,114,115,119,120]
instability
. Colibactin synthesis requires
the serine enzyme ClbP, which acts as a peptidase
[201-203]
to produce colibactin NRPS compounds
. On
this basis, it has been reported that boronic acid
compounds, which are potent inhibitors of active serine
enzymes, suppress the genotoxic activity of colibactin[204]
producing E. coli in vitro and in vivo . In CRC mice
model, treatment with such compounds was shown
to prevent cell proliferation and genotoxin-induced
[204]
tumorigenesis compared to water-treated mice .
Changes in gut microbiota composition could
also lead to an altered host immune response. On
this basis, some authors have studied the impact of
the oral administration of probiotics on immunologic
signaling. These studies have provided supportive
evidence that the gut microbiota plays an essential
role in intestinal epigenomic mechanisms of the
[205,206]
host
. Moreover, it was reported that the deletion
of lipoteichoic acid (LTA), a TLR2 ligand, normalizes
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CONCLUSION
The advent of modern molecular microbiota sequencing
techniques has strongly improved the characterization
of microbiota variations in CRC. However, a better
understanding of the interactions between the host and
pathogens in colorectal carcinogenesis requires further
microbiota functional studies, especially with respect
to metabolomics and RNA sequencing approaches.
All of the studies published in this regard have been
performed without classifying tumors according to
their molecular phenotype. Investigations should
also consider the heterogeneity of CRC tumors by
studying microbiota imbalances in relation to molecular
pathways involved in colorectal carcinogenesis, such
as chromosomal and microsatellite instabilities or
CpG island methylator phenotypes. In summary, the
role of the microbiota in CRC is increasingly evident
and perhaps represents a new approach towards the
improved therapeutic management of patients with
CRC.
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Abstract
Surgical resection is the only option of cure for patients
with metastatic colorectal cancer (CRC). However, the
risk of recurrence within 18 mo after metastasectomy
is around 75% and the liver is the most frequent
site of relapse. The current international guidelines
recommend an adjuvant therapy after surgical resec
tion of CRC metastases despite the lower level of
evidence (based on the quality of studies in this
setting). However, there is still no standard treatment
and the effective role of an adjuvant therapy remains
controversial. The aim of this review is to report the
state-of-art of systemic chemotherapy and regional
chemotherapy with hepatic arterial infusion in the
management of patients after resection of metastases
from CRC, with a literature review and meta-analysis
of the relevant randomized controlled trials.
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Core tip: Surgical resection is the only option of cure
for patients with metastatic colorectal cancer (CRC).
The risk of recurrence within 18 mo after meta
stasectomy is about 75% and the liver is the main
organ involved. However, there is still no standard
treatment and the effective role of adjuvant therapy
remains controversial. The aim of this review is to
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summarize current knowledge on the role of systemic
chemotherapy and regional chemotherapy with hepatic
arterial infusion in the management of patients after
resection of metastases from CRC.

established and the effective role of adjuvant therapy
remains controversial. In addition, tumor clonal
heterogeneity, a hallmark of most human cancers,
may complicate the choice of the best adjuvant
[8]
treatment for CRC . Indeed, the optimal adjuvant
therapy for the primary tumor may not be the best
treatment for metastases, given that the biological
tumor background may significantly differ between
[9,10]
primary and metastastic sites
.
The aim of this review is to report the state-of-art
on the role of systemic chemotherapy and regional
chemotherapy with hepatic arterial infusion (HAI)
in the management of patients after resection of
metastases from CRC.

Brandi G, De Lorenzo S, Nannini M, Curti S, Ottone M, Dall’
Olio FG, Barbera MA, Pantaleo MA, Biasco G. Adjuvant
chemotherapy for resected colorectal cancer metastases:
Literature review and meta-analysis. World J Gastroenterol
2016; 22(2): 519-533 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i2/519.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.519

INTRODUCTION

systemic chemotHERAPY IN CRC

Colorectal cancer (CRC) is the third most common
cancer worldwide and is responsible for 8% of cancer[1]
related deaths in men and 9% in women .
About 80% of patients with CRC have localized
and resectable disease at diagnosis and, depending
on the pathological stage, the 5-year survival rate is
90% in stage Ⅰ, 70%-80% in stage Ⅱ and 40%-65%
in stage Ⅲ. The risk of recurrence also depends on
the pathological stage of the primary tumor (30%
in stage Ⅱ and 50% in stage Ⅲ) and is higher
[2]
within the first two years after surgery . The most
frequent sites of CRC recurrence are liver, abdominal
lymph nodes, peritoneum and lung. In 30%-40%
of patients with advanced CRC, the liver represents
the only site of metastases: 25% of these patients
present synchronous liver metastases at diagnosis,
while 45%-50% of patients with stage Ⅱ-Ⅲ develop
liver metastases within two years after the primary
[3-5]
resection . The current management of unresectable
metastatic CRC consists of systemic chemotherapy
involving various agents, alone or in combination. The
choice of therapy is based on several factors, namely
the performance status (PS) of patients and the goals
of treatment.
When feasible, surgical resection is the treatment
of choice for patients with liver or lung metastases
[6]
with a survival rate ranging from 25% to 50% . The
management of patients with resectable metastatic
CRC is a typical example of a multidisciplinary
task involving both oncologists and surgeons. In
recent years, the availability of even more effective
therapeutic regimens together with the improvement
of surgical techniques have significantly improved the
chance of survival for patients with resectable stage
Ⅳ CRC. However, around 75% of patients undergoing
metastasectomy develop recurrence within 18 mo
after the surgery and the liver is the most frequent site
[7]
of relapse . Therefore, effective therapeutic strategies
to reduce the risk of relapse in this subgroup of
patients are urgently needed.
To date, no standard treatments have been

Strategy of systemic treatment in metastatic disease as
the backbone of adjuvant therapy
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To date, the systemic treatment of advanced CRC
has been based on four main cytotoxic agents:
fluoropyrimidine [intravenous 5-fluorouracil/leucovorin
(5-FU/LV) and oral fluoropyrimidine capecitabine],
oxaliplatin and irinotecan. More recently, new
biological targeted agents (bevacizumab, cetuximab,
panitumumab, regorafenib and aflibercept) have been
[3,5]
added to the chemotherapy armamentarium .
In patients with good PS and without contra
indications, a combination therapy is recommended,
whereas a monotherapy should be preferred for
elderly patients or those with significant comorbidities
or in poor clinical condition. The efficacy of all these
agents, alone or in combination, has been supported
by studies showing an improvement in overall survival
(OS) and response rate (RR) in patients who received
systemic treatment. Based on these results, the
current international guidelines (European Society
for Medical Oncology-ESMO guidelines and National
Comprehensive Cancer Network-NCCN guidelines)
have recognized at least three lines of therapy, using
[3,5]
these agents in various combinations and schedules .
Several clinical trials have directly compared these
treatments, but the large number of potential
combinations makes it impossible to define the best
therapeutic strategy. However, some key points can
help the oncologist select the best chemotherapy for
patients with metastatic CRC.
Treatments with 5-FU/LV, oxaliplatin and irinotecan
(used sequentially or together upfront) have demon
strated a better outcome in terms of objective response
and survival. Some authors showed an increased
median OS and a longer progression-free survival
(PFS) in patients treated with combinations of 5-FU/
LV plus oxaliplatin (FOLFOX) or irinotecan (FOLFIRI),
[11-13]
compared with those who received FU/LV alone
.
[14]
Subsequently, Grothey et al
analyzed data from 11
published phase Ⅲ trials to assess the effectiveness
of these three chemotherapeutic agents in advanced
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Adjuvant chemotherapy in resectable primary CRC

CRC. They found that the median OS reported in these
trials was significantly correlated with the percentage
of patients receiving all three drugs in the course of
their treatment. A similar analysis also comprising
the targeted therapy is currently lacking. Finally, a
randomized trial has shown that the combination
of infusional 5-FU/LV, oxaliplatin and irinotecan
(FOLFOXIRI) improves the RR, PFS, and OS compared
with FOLFIRI. Due to the greater but manageable
toxicity, the use of this chemotherapy regime can be
limited to a small group of patients based on their PS
[15]
and the absence of contraindications .
The second key point is that oral capecitabine can
be used as an alternative to intravenous 5-FU/LV,
[16]
as demonstrated in some randomized trials . The
combination of capecitabine and oxaliplatin (XELOX)
may be used as an alternative to 5-FU/LV/oxaliplatin,
[17,18]
with similar efficacy and safety
. The association
of capecitabine and irinotecan (XELIRI) has also
demonstrated similar results, but it is burdened with
greater toxicity than 5-FU/LV/irinotecan and therefore
[19]
is less used .
For biological targeted agents, the presence of
activating mutations of KRAS/NRAS/BRAF genes is
now considered the main predictor of response to antiepidermal growth factor receptor (EGFR) monoclonal
antibodies cetuximab and panitumumab, because
these mutations confer resistance to these drugs
and in some cases may also be associated with a
[20-22]
detrimental effect
. Therefore, mutational analysis
of the KRAS/NRAS/BRAF line is important in patients
with advanced CRC and the use of cetuximab and
panitumumab should be limited to patients in whom a
RAS gene mutation is excluded. A recent meta-analysis
and the TRIBE trial showed that the association of
bevacizumab with different chemotherapy regimens in
patients with advanced CRC (compared with patients
receiving systemic chemotherapy alone) leads to an
[23,24]
improved PFS and OS that could exceed 30 mo
.
Therefore, in the absence of contraindications,
bevacizumab plus chemotherapy can be used in both
first line and second line regimens in patients not
previously treated with anti-angiogenic drugs.
Another key point is that the anti-EGFR drugs
should not be combined with bevacizumab, as shown
by two randomized trials in which the concomitant
use of bevacizumab and cetuximab resulted in a
[25,26]
detrimental effect in the combination arm
.
Finally, the treatment strategy for patients with
advanced CRC should consider if the disease is
potentially curable with a combination of chemotherapy
and surgery or merely defensive when the goal of the
treatment is only increased survival. In the first case,
a combination of multiple drugs (chemotherapy +/target therapy), referred to as “conversion therapy”, is
needed to shrink the metastatic tumor mass until it is
resectable.
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About 80% of patients with CRC have resectable
disease at diagnosis and surgery is the main treatment
[2]
option with curative intent in these patients . As the
risk of recurrence depends on the pathological stage of
the primary tumor (30% in stage Ⅱ and 50% in stage
Ⅲ), the rationale of adjuvant therapy is generally to
[2]
reduce this risk, improving the survival rate .
Adjuvant systemic chemotherapy is currently
recommended for stage Ⅲ CRC patients and for
high risk stage Ⅱ, who present at least one of the
following negative prognostic factors: contiguity
infiltration of neighboring organs (T4b), grading G3,
inadequate number of lymph nodes analyzed (12),
vascular, lymphatic and/or perineural invasion, clinical
[5,27]
presentation with perforation or occlusion
. In
these patients, adjuvant treatment reduces the risk
of recurrence by 5% (78.2% vs 72.9% of 3-year
DFS), with a total gain of 1% survival (87.7% vs
[2,28]
86.6% of 3-year OS)
. The adjuvant chemotherapy
regimens are based on therapies that have proven
their effectiveness in the advanced setting (Table 1).
Conversely, not all treatments commonly used in
metastatic disease have maintained their effectiveness
when used in the adjuvant setting.
The combination of fluoropyrimidine (5-FU/LV
or capecitabine) and oxaliplatin is the adjuvant
treatment recommended by the current international
[5,27]
guidelines
. The MOSAIC study randomly assigned
1123 patients to receive 5-FU/LV or FOLFOX4 in the
[28]
post-operative adjuvant setting . After a 6-year
follow-up, the advantage in DFS for patients treated
with FOLFOX4 was 73.3% (vs 67.4%) with an
improvement of OS for patients in stage Ⅲ (72.9% vs
[29]
68.7%, compared with 5-FU/LV alone treatment) .
Similar results were observed in a phase Ⅲ trial
(NSABP C-07) evaluating FLOX (bolus of 5-FU/LV plus
[30]
oxaliplatin) vs 5-FU/LV alone . The XELOXA phase Ⅲ
study compared XELOX (capecitabine plus oxaliplatin)
with bolus 5-FU/LV in stage Ⅲ patients: the 3-year
DFS rates were 70.9% and 66.5%, respectively, but
after 5 years of follow-up the OS had not yet reached
[31]
statistical significance (p = 0.14) . In patients with
non-optimal PS, monotherapy with fluoropyrimidine
can be considered a viable alternative to the doublet
chemotherapy and capecitabine has shown a similar
efficacy and a better tolerability than intravenous
[32]
5-FU/LV . Recently, two Japanese phase Ⅲ trials
(JCOG0205, ACTS-CC) showed the safety and
efficacy of other oral fluoropyrimidines as adjuvant
[33,34]
treatments for patients with resectable CRC
. The
authors demonstrated the non-inferiority of tegafururacil/leucovorin (UFT/LV) and S-1 (tegafur-gimeraciloteracil) to 5-FU/LV in terms of DFS.
According to the efficacy demonstrated in patients
with metastatic CRC, the irinotecan-based regimes
were also assessed in the adjuvant setting, but
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Table 1 Adjuvant systemic chemotherapy after primary resectable colorectal cancer
Trials
Oxaliplatin-based regimes
X-ACT
(Twelves et al[32], 2005)
NSABP C-07
(Kuebler et al[30], 2007)
MOSAIC
(André et al[29], 2009)
XELOXA
(Haller et al[31], 2011)
Irinotecan-based regimes
CALGB-89803
(Saltz et al[35], 2007)
PETACC-3
(Van Cutsem et al[36], 2009)
Bevacizumab + chemotherapy
NSABP C-08
(Allegra et al[37], 2011)
AVANT
(de Gramont et al[38], 2012)
Cetuximab + chemotherapy
NCCTG NO147
(Alberts et al[41], 2012)
PETACC-8
(Taieb et al[42], 2012)
Oral flupropyrimidine in monotherapy
JCOG02051
(Shimada et al[33], 2014)
ACT-CC1
(Yoshida et al[34], 2014)

No. of patients

Schedules

DFS

P value

OS

P value

1987

CAPECITABINE (1004)
5FU/LV (983)
5FU/LV (1207)
FLOX (1200)
5FU/LV (1123)
FOLFOX4 (1123)
XELOX (944)
5FU/LV (942)

64.2%
60.6%
67.0%
73.2%
67.4%
73.3%
70.9%
66.5%

0.12

81.3%
77.6%
-

0.07

68.7%
78.5%
77.6%
74.2%

0.46

Irinotecan + 5FU/LV (635)
5FU/LV (629)
Irinotecan + 5FU/LV (1485)
5FU/LV (1497)

59.0%
61.0%
56.7%
54.3%

0.85

64.0%
67.0%
73.6%
71.3%

0.74

FOLFOX6 + Bevacizumab (1354)
FOLFOX6 (1356)
FOLFOX4 + Bevacizumab (960)
FOLFOX4 (955)
XELOX + Bevacizumab (952)

77.4%
75.5%
73.0%
76.0%
75.0%

0.15

-

-

0.07

81.0%
85.0%
82.0%

0.02

FOLFOX6 + Cetuximab (1349)
FOLFOX6 (1337)
FOLFOX4 + Cetuximab (169)
FOLFOX4 (168)

71.5%
74.6%
60.45
60.7%

0.08

72.5%
86.2%
46.0%
36.0%

0.03

5-FU/LV (550)
UFT/LV (551)
S-1 (758)
UFT/LV (760)

74.3%
73.6%
75.5%
72.5%

0.0236

-

-

-

-

2407
2246
1886

1264
2982

2710
2867

2686
337

1092
1518

0.0034
0.003
0.045

0.106

0.44

0.60

< 0.01

-

0.15

0.094

0.21

0.064

1

These trials were randomized, controlled non-inferiority studies. 5-FU/LV: 5-fluorouracil/leucovorin; FOLFOX: 5-FU/LV plus oxaliplatin; DFS: Diseasefree survival; OS: Overall survival; UFT: Tegafur-uracil.

the results failed to demonstrate any advantage.
Two randomized trials (CALGB-89803, PETACC-3)
comparing bolus 5-FU/LV plus irinotecan to only
5-FU/LV did not find differences in terms of DFS and
[35,36]
OS
.
Bevacizumab has also reached negative results
in the adjuvant setting as in the NSABP C-08 trial
in which 2710 patients were randomized to receive
[37]
FOLFOX6 plus Bevacizumab or FOLFOX6 alone .
The AVANT study also showed the negative effect of
bevacizumab in the adjuvant setting, comparing the
outcome of patients treated with FOLFOX4, FOLFOX4
plus bevacizumab and bevacizumab plus XELOX after
[38]
surgery .
Similarly, while cetuximab plus FOLFOX are
associated with an increased objective response
rate and an improvement of PFS in metastatic CRC
[39,40]
compared with the cytotoxic doublets alone
, both
[41]
[42]
NCCTG NO147 and PETACC-8 trials demonstrated
a detrimental effect of cetuximab in the adjuvant
setting. Therefore, both irinotecan-based regime
combinations and biological targeted agents should be
ruled out in the adjuvant setting of primary CRC.

of cure for patients with isolated liver or lung
[7]
metastases . The median OS of patients after radical
surgical resection of liver metastases, upfront or
previously treated with a preoperative chemotherapy,
ranges from 22 mo to 5 years, with a survival rate
of 70% at one year, 36% in 3 years and 25% at 5
[4,43-48]
years
. However, around 75% of patients develop
recurrence within 18 mo after the first resection of CRC
metastases and the liver is the most frequent site of
[7]
relapse . Recent studies have shown that the survival
of patients undergoing repeated hepatic resections is
[49,50]
comparable to that of the first metastasectomy
,
and, in a small case series, the survival benefit of
a third hepatectomy seems to be similar to that
[51,52]
achieved by the first and second surgery
. Finally,
it has been shown that highly selected metastatic CRC
patients can achieve longer survival even after third
metastasectomy, compared with patients treated with
[53]
medical therapy alone .
Therefore, over the years, the gain in OS of
metastatic CRC patients has been mainly thanks to the
improvement of surgical techniques that have revised
the definition of respectability, no longer limited by
number or size of metastases, improvements to
imaging techniques and the integration of pre- and
post-operative chemotherapy with more active agents.
In recent years, several prognostic scores have been

SURGICAL RESECTION OF METASTASES
Radical surgical resection (R0) is the only option
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proposed for a better selection of those patients who
may benefit most from the integration of surgery with
[54-59]
systemic treatments
.
Some prognostic factors are shared by all scoring
scales. In particular, extrahepatic disease, nodepositive primary disease, the size and number of
hepatic metastases, an interval less than 2 years from
primary tumor to metastases and high pre-operative
CEA levels have proved unfavorable prognostic factors.
However, the predictive value of all these scores has
not been assessed in the specific group of patients
receiving neoadjuvant chemotherapy before resection
of metastases, and recent studies have shown that
[60-62]
none of these factors are reliable prognostic tools
.
Even in the era of modern chemotherapy, negative
surgical margins remain an important determinant of
survival for patients undergoing hepatectomy for CRC
liver metastases, but most reports claim the width of
[63]
a negative surgical margin does not affect outcome .
Although there is still no consensus on the definition of
R1, the width of surgical margins has been gradually
reduced to 0.1 mm. A recent French study showed that
in multivariate analysis positive surgical margins (R1
defined as resection below 1 mm) did not constitute a
negative prognostic factor of survival per se, but may
[64]
be related to more aggressive disease . Conversely,
other studies confirmed the role of resection margin
status as an important determinant of OS. Angelsen
[65]
et al
reported that resection margins below 5 mm
may increase the risk for local recurrence and shorten
the time to recurrence. A United States study showed
a better 5-year OS in patients who underwent R0 liver
resection (tumor-free margin ≥ 1 mm) compared with
[66]
R1 resection (< 1 mm) . A more recent analysis by
[67]
Sadot et al compared 2368 patients who underwent
R1 (0 mm) or R0 hepatic resection (divided into three
groups: 0.1-0.9 mm, 1-9 mm, ≥ 10 mm) for CRC
liver metastases and demonstrated that all margin
widths, including sub-mm, correlated with improved
OS compared with R1 resection (p = 0.05), whereas
there was no significant difference in OS between 1-9
mm and ≥ 10 mm groups.
Interestingly, wedge resection and anatomic
resection yield similar positive surgical margin and
recurrence rates, recurrence patterns, and 5-year
OS rates, therefore both approaches are considered
[68,69]
equivalent for patients with CRC liver metastases
.
In recent years, accumulating evidence on the role
of surgery also for lung CRC metastases has shown
that, in well-selected patients, resection of solitary
liver and lung metastases may provide long-term
[70,71]
survival
. A recent Japanese retrospective study
evaluated the clinical outcome of patients undergoing
surgical resection of lung metastases, showing a
[72]
5-year OS of 65.7% and a 5-year DFS of 35.3% .
The main prognostic factors affecting the long-term
outcome were negative surgical margins, the absence
of mediastinal and hilar lymph node involvement, and
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a solitary metastasis. Moreover, the 5-year OS may
be influenced by the histologic characteristics of the
[73-75]
primary tumor or metastases
. Taken together all
these results show that resection of lung metastases
may improve the survival rate in well-selected patients
with metastatic CRC.
On the basis of all the results outlined above, it
is well established that the selection of patients with
metastastic CRC eligible for surgery is mandatory to
identify those patients with limited and resectable or
potentially resectable disease representing the subset
of patients who could really benefit from surgery. In
the case of patients with upfront resectable disease,
the indication for neo-adjuvant chemotherapy is still
debated as no OS difference has been found with the
addition of peri-operative chemotherapy compared
with surgery alone for patients with resectable CRC
[76]
liver metastases . Patients with potentially resectable
disease should be referred to intensive systemic
treatments, defined as “conversion therapies”,
associated with a higher disease RR. However, the
impact of pre-operative chemotherapy on the longterm outcome of radically resected metastatic CRC
patients is still undefined and neither the type of
conventional regimen nor the combined use of
targeted agents seems to independently influence
[77]
outcome following resection . It is noteworthy that
pre-operative chemotherapy can induce regimenspecific liver damage, increasing the risk of mortality
after liver resection. A retrospective study by Vauthey
[78]
et al
evaluated the postoperative outcome of 406
patients after metastasectomy with or without preoperative chemotherapy (5-FU/LV alone, oxaliplatin
+ 5-FU/LV, or irinotecan + 5-FU/LV). In pre-operative
chemotherapy group, oxaliplatin was associated with
sinusoidal injury and irinotecan with steatohepatitis,
but only irinotecan-based regimes also increased
the 90-d mortality rate compared with surgery
[79]
alone. These data were confirmed by Pawlik et al ,
who found regimen-specific hepatic injury in about
20%-30% of their patients treated with pre-operative
chemotherapy.
New surgical techniques have recently been
considered to treat patients with a small future liver
remnant. Portal vein embolization and two-stage
hepatectomy is based on hypertrophy of the future
liver remnant caused by contra-lateral portal vein
occlusion. The functional reserve of the liver grows
within 2-4 wk and the patients may be subjected to
[80,81]
subsequent metastasectomy
. Instead, associating
liver partition and portal vein occlusion for staged
hepatectomy (ALPPS) combined portal vein ligation
with in situ parenchymal transaction, reducing the
risk of tumor progression during the period of liver
[82]
regeneration and increasing the resectability rate .
A multicenter Italian study showed no significant
difference in feasibility between these two surgical
techniques, but the overall complication rate was
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[83]

higher in the ALPPS group . Consequently, ALPPS
should be proposed with caution in patients with CRC
liver metastases and small functional liver reserve.
In addition to surgical techniques, ablative therapies
[such as radiofrequency ablation (RFA), cryosurgery
or microwave] can be used as potentially curative
treatments for CRC liver metastases. In several
studies, the 5-year OS ranged between 20%-30% in
[84,85]
patients with advanced CRC who underwent RFA
.
[86]
Pawlik et al ’s study was the first to evaluate the
outcome of a large series of patients treated with
combined hepatic resection and RFA. More recently,
[87]
Eltawil et al
estimated the recurrence rate of 174
patients with CRC liver metastases (24 undergoing
liver resection with RFA and 150 undergoing surgery
alone). The median OS were 38 mo vs 52 mo
and the median RFS were 7.4 and 13 mo, without
statistically significant differences (p = 0.95 and p =
0.08, respectively). These studies suggested that RFA
combined with liver resection may enhance long-term
survival in a select group of patients.
To date, no randomized trials have compared
RFA and surgery. A recent Cochrane review included
18 studies comparing RFA and any other treatment
(10 observational, 7 clinical controlled trials and 1
[88]
randomized clinical trial) . These data did not allow
any definitive conclusion to be reached and are
insufficient to recommend RFA as a radical treatment
for CRC liver metastases.
Cryotherapy (in which liquid nitrogen or argon
gas is delivered to the liver tumor) is another local
ablative technique used to treat patients unsuitable
for liver resection, alone or in combination with
surgery. A retrospective United States study analyzed
158 patients with CRC liver metastases treated with
surgery and/or ablation treatment. The ablation
techniques were performed by radiofrequency ablation,
cryotherapy and microwave ablation (total: 315 treated
tumors). The local recurrence rate in the cryotherapy
group was statistically significantly higher than in the
RFA group both in univariate and multivariate analysis
[89]
(p = 0.03 and p = 0.018, respectively) .

metastasectomy is based on several studies (Table
2). The first studies comparing treatment with only
controls had several dropouts and low accrual ratios.
[90]
Langer et al
studied a group of CRC patients who
underwent surgical resection of liver metastases and
for the first time they compared metastasectomy
alone vs metastasectomy followed by systemic 5-FU/
LV treatment. DFS and OS were better in the adju
vant chemotherapy arm vs the surgery alone arm
(4-year DFS was 45%, vs 35%, and 4-year OS was
57%, vs 47%) but the trial was prematurely closed
due to slow accrual and statistical significance was
not reached either for OS or PFS (p = 0.35 and p
= 0.39, respectively). In another multicenter trial,
[91]
Portier et al
randomized 171 patients after hepatic
resection of metastases from CRC to control alone or
to adjuvant systemic chemotherapy with 5-FU/LV. The
authors observed an improvement in DFS for patients
treated with 5-FU/LV compared with the control group
(24.4 mo vs 17.6 mo, respectively, p = 0.028) but no
statistically significant difference in OS was observed
(p = 0.13). This trial was also stopped because of the
slow accrual. A pooled analyses of these two trials
showed a marginal statistical significance in favor
of adjuvant chemotherapy 5-FU/LV-based regime,
[92]
independently associated with both PFS and OS .
Cytotoxic doublets have also been studied in
[76]
the adjuvant setting. Nordlinger et al
randomized
364 patients with resectable liver metastases from
CRC. Comparing the combination of surgery and
perioperative FOLFOX-4 treatment (6 cycles before
and 6 cycles after surgery) with liver resection
alone, they showed that the 3-year PFS was better
in the chemotherapy group compared with controls.
However, the gain in PFS did not affect the long-term
OS: at a follow-up of 8.5 years, the median 5-year
OS was 51.2% in the peri-operative chemotherapy
group vs 47.8% in the surgery only group, without
[93]
a significant difference between the two . Several
Japanese studies have examined the efficacy and
safety of oxaliplatin-based adjuvant treatments. In a
randomized, controlled phase Ⅱ/Ⅲ trial, Kanemitsu et
[94]
al
compared hepatectomy followed by m-FOLFOX-6
adjuvant chemotherapy with surgery alone, but
the final results are not yet available. Another two
studies (a retrospective cohort study and a phase Ⅱ
non-controlled clinical trial) suggested that adjuvant
chemotherapy after metastasectomy provides a benefit
[95,96]
in DFS
. The same comparison was evaluated
[97]
by Kim et al
in an uncontrolled study analyzing
60 patients who underwent oxaliplatin-regimen
postoperative chemotherapy. In another study, the
same authors compared the clinical outcomes of
156 patients treated with different chemotherapeutic
regimes after metastasectomy from CRC: oxaliplatin/
fluoropyrimidine (group I), irinotecan/fluoropyrimidine
(group Ⅱ) and fluoropyrimidine alone (group Ⅲ).
The median DFS was 23.4 mo in group I, 14.1 mo
in group Ⅱ and 16.3 mo in group Ⅲ (p = 0.03).

POST-METASTASECTOMY ADJUVANT
SYSTEMIC CHEMOTHERAPY AND
META-ANALYSIS
Adjuvant systemic chemotherapy after metastasectomy

The management of CRC patients after surgical
resection of metastases is still debated. In these
patients, the current international guidelines recommend
an adjuvant strategy for 6 mo: postoperative adjuvant
chemotherapy or peri-operative chemotherapy (3 mo
[3,5]
before surgery and 3 mo after surgery) . However,
there is no standard treatment and the effective
role of systemic adjuvant chemotherapy remains
controversial.
The rationale for adjuvant chemotherapy post-
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Table 2 Systemic adjuvant chemotherapy studies after metastasectomy
Ref.

No. of
patients

Setting

arm2 = 55 vs
arm1 = 52

Portier et al[91], 2006

Mitry et al[92], 2008

Controlled studies
Langer et al[90], 2002

Kanemitsu et al[94], 2009
Ychou et al[99], 2009

Randomized
study

Regimes of
chemotherapy

Phase Ⅲ

YES

5-FU/LV vs surgery
+ 5-FU/LV (arm2 vs
arm1)

171
(86 vs 85)

Phase Ⅲ

YES

278
(138 vs 140)

Pooled
analysis of
two phase Ⅲ
studies

YES

300

Phase Ⅱ/Ⅲ

YES

306
(153 vs 153)

Phase Ⅲ

YES

Kim et al[98], 2009

156
Retrospective
[58 + 48 + 50]

NO

Liu et al[100], 2010

50
Retrospective
[31 (17 + 14)
vs 19]

NO

Snoeren et al[106], 2010

Kemeny et al[104], 2011

73
(35 vs 38)

Phase Ⅱ

YES

Brandi et al[101], 2013

151
(78 vs 73)

Cohort study

NO

Turan et al[105], 2013

204
(87 vs 117)

Cohort study

NO

Nordlinger et al[93], 20131

364
(171 vs 152)

Phase Ⅲ
study

YES

Primrose et al[107], 20141

236
(119 vs 117)

Phase Ⅲ

YES

WJG|www.wjgnet.com

Outcomes
DFS

PFS

4-yr DFS:
35% vs 45%
(P = 0.35) HR = 1.28
(95%CI: 0.76-2.14)

-

OS

4-yr OS:
47% vs 57% (P =
0.39)
HR = 1.30 (95%CI:
0.71-2.36)
5-FU/LV vs surgery
5-yr DFS: 33.5% vs
5-yr OS:
alone
26.7% (P = 0.028)
51.1% vs 41.9% (P
HR = 0.66 (95%CI:
= 0.13) HR = 0.73
0.46-0.96)
(95%CI: 0.48-1.10)
5-FU/LV vs surgery
Median DFS: 27.9
Median OS: 62.2 vs
alone
mo vs 18.8 mo (P =
47.3 mo (P = 0.095)
0.058) 5-yr DFS: 36.7%
5-yr OS: 52.8%
vs 27.7% HR = 0.76
39.6%
(95%CI: 0.57-1.01)
HR = 0.76 (95%CI:
0.55-1.05)
FOLFOX6 vs surgery
In progress (results not yet available)
alone
FOLFIRI vs 5-FU/LV
2-yr DFS: 50.7% vs
3-yr OS: 72.7% vs
46.2% (P = 0.44) HR =
71.6% (P = 0.69)
0.89 (95%CI: 0.66-1.19)
HR = 1.09 (95%CI:
0.72-1.64)
Oxaliplatin
Median DFS:
Median OS:
regimes (group Ⅰ); 23.4, 14.1 and 16.3 mo
51.2, 47.9 and 60
Irinotecanregimes
(respectively, P =
mo
(group Ⅱ) or
0.088)
(respectively, P =
Fluoropyrimidine
HR group1 vs 3: 0.63
0.219)
alone
(95%CI: 0.39-1.03)
(group Ⅲ)
HR group2 vs 3: 0.98
(95%CI: 0.61-1.56)
FOLFOX/FOLFIRI vs
3-yr DFS: 50.8% vs
3-yr OS: 85.7% vs
5-FU/LV
21.1% (P = 0.022)
51.8% (P = 0.027)
HR = 0.37 (95%CI:
5-yr OS: 54.0% vs
0.15-0.94)
34.6% (P = 0.027)
HR = 0.27 (95%CI:
0.083-0.86)
CAPOX +
In progress (results not yet available)
Bevacizumab vs
CAPOX alone
HAI/systemic therapy 4-yr DFS: 71% vs 83%
4-yr OS: 81% vs
+ BEVA vs HAI/
(P = 0.4)
85%
systemic therapy alone
(P = 0.5)
Oxaliplatinregimes or
Median DFS:
Median OS: 42 vs
Irinotecan regimes vs
16 vs 9.7 mo
39 mo (P = 0.8)
surgery alone
(P = 0.014)
5-yr DFS: 17.4% vs
10.5% (P = 0.82) HR =
0.64 (95%CI: 0.46-0.90)
Irinotecan regimes or
Median DFS:
Median OS:
oxaliplatin regimes
14 vs 18 mo
43 vs 54 mo
+ bevacizumab vs
(P = 0.37)
(P = 0.25)
chemotherapy alone
Peri-operative
3-yr PFS: 38.2%
5-yr OS:
FOLFOX4 vs surgery
vs 30.3% (P = 51.2% vs 47.8% (P
alone
0.0068) HR =
= 0.3) HR = 0.88
0.81 (95%CI: (95%CI: 0.68-1.14)
0.64-1.02)
FOLFOX/CAPOX
Median PFS:
Median OS:
+ cetuximab vs
14.1 vs 20.5 mo
39.1 vs 32 mo
FOLFOX/CAPOX
(P = 0.03) HR
(P = 0.16) HR
alone
= 1.48 (95%CI:
= 1.49 (95%CI:
1.04-2.12)
0.86-2.60)
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Kobayashi et al[102], 2014

177 (88 vs 89)

Phase Ⅲ

YES

UFT/LV vs surgery
alone

-

3-yr PFS:
38.6% vs 32.3%
(P = 0.003) HR
= 0.56 (95%CI:
0.38-0.83)

3-yr OS:
82.8% vs 81.6%
(P = 0.41) HR
= 0.80 (95%CI:
0.48-1.35)

Non controlled studies
Kim et al[97], 2011

60

Single armed

NO

FOLFOX6

Median DFS: 32.8 mo
(95%CI: 5.8-59.6)
5-yr DFS: 39.20%

-

Kato et al[103], 2015

60

Single armed

NO

S-1

1-yr DFS: 68.30%
3-yr DFS: 47.40%

-

Nakayama et al[95], 2015
Katayose et al[96], 2015

88
49

Single armed
Phase Ⅱ
single armed

NO
NO

Oxaliplatin regimes
mFOLFOX6

3-yr DFS: 54%
2-yr DFS: 59.20%

-

Median OS:
62.8 mo (95%CI:
44.1-81.3)
5-yr OS: 55.5%
1-yr OS:
96.70%
3-yr OS:
80%
-

1

The primary end-point was PFS because these studies evaluated the role of peri-operative chemotherapy, but some patients became ineligible for surgical
treatment during the study. 5-FU/LV: 5-fluorouracil/leucovorin; FOLFOX: 5-FU/LV plus oxaliplatin; DFS: Disease-free survival; PFS: Progression-free
survival; OS: Overall survival; UFT: Tegafur-uracil.

Therefore, oxaliplatin-based adjuvant chemotherapy
seems to show a better DFS than the other two
chemotherapeutic regimes, confirming the inefficacy
or detrimental effect of irinotecan in the adjuvant
setting post-metastasectomy, as already observed in
[98]
the adjuvant setting after primary resection .
Other studies have evaluated the use of adjuvant
irinotecan-based chemotherapy after hepatic resection
of liver metastases from CRC. In a phase Ⅲ study,
[99]
Ychou et al
studied 306 patients treated with two
different adjuvant chemotherapy regimens: FOLFIRI vs
5-FU/LV. Although the median DFS was 24.7 mo in the
FOLFIRI group (vs 21.6 mo), this difference was not
statistically significant (p = 0.44). Their study showed
that the use of FOLFIRI after R0 resection added no
benefit compared with only 5-FU/LV. Conversely,
[100]
a retrospective study by Liu et al
showed that
FOLFOX/FOLFIRI chemotherapy was associated with
an improvement in DFS and OS compared with 5-FU/
LV treatment alone. The median DFS was 34.3 mo and
the median OS was 57.7 mo for patients treated with
FOLFOX/FOLFIRI, vs 14.2 mo and 49 mo in the control
group.
A recent study by our group analyzed 151 patients
from two Italian centers, who underwent R0 resection
of CRC liver or lung metastases (131 and 20 patients
respectively): 78 patients received adjuvant chemo
therapy for 6 mo after surgery and 73 underwent
observation alone. The median DFS was 16 mo for
patients treated with adjuvant chemotherapy, vs 9.7
mo for patients who underwent observation alone (p
= 0.014). However, there were no differences in OS
between the two groups of patients, probably due to
[101]
the small sample size of the study .
Some recent studies have suggested the potential
efficacy of other oral fluoropyrimidines also in the
adjuvant setting post-metastasectomy. A phase
Ⅲ trial (UFT/LV trial) randomized 180 patients
after metastasectomy to receive adjuvant UFT/LV
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chemotherapy or surgery alone. The 3-year DFS was
38.6% in UFT/LV group and 32.3% in surgery group (p
= 0.003), while a not yet significant difference in the
3-year OS was observed (82.8% vs 81.6% respectively,
[102]
p = 0.41)
. N-SOG 01 was an uncontrolled singlearm study reporting the outcome of 60 patients treated
with adjuvant S-1 chemotherapy after resection of
CRC liver metastases: the 1-year and 3-year DFS were
68.3% and 47.4%, respectively, and 1-year and 3-year
[103]
OS were 96.7% and 80% .
A combination of biological targeted agents and
chemotherapy improved the outcomes of metastatic
CRC, whereas there is no evidence supporting their use
in the adjuvant setting after metastasectomy. Kemeny
[104]
et al
randomized 73 patients who underwent liver
resection to adjuvant HAI plus systemic therapy with
bevacizumab (BEV) or without bevacizumab (NoBEV).
With a median follow-up of 30 mo, 4-year survival
was 81% in patients treated with BEV vs 85% in the
NoBEV group (p = 0.5). Therefore, the addition of
BEV to HAI plus systemic chemotherapy does not
improve survival, while the combination seems to
be associated with an increased biliary toxicity. In a
[105]
retrospective analysis by Turan et al , 204 patients
who underwent resection of liver metastases were
treated with fluoropyrimidine-based, irinotecan-based
or oxaliplatin-based regimes, combined with or without
BEV. The median OS and the median recurrencefree survival rates were similar in the BEV and NoBEV
groups (p = 0.25 and p = 0.37, respectively). This
study showed that there was no survival benefit
of adding BEV to chemotherapy, and no difference
between the various chemotherapy regimens. More
recently, a randomized (still in progress) phase Ⅲ trial
compared the combination of BEV plus capecitabine
+ oxaliplatin (CAPOX) vs CAPOX alone as adjuvant
[106]
treatment post-radical resection of liver metastases .
Finally, a phase Ⅲ clinical trial randomized 236
WT-KRAS patients to receive chemotherapy with or
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Study name

HR (95%CI)

% weight

Mtry 2008

0.76 (0.55, 1.05)

38.97

Nordinger 2013

0.88 (0.68, 1.14)

61.03

0.83 (0.68, 1.02)

100.00

2

Overall (I = 0.0%, P = 0.487)

0.55

1

Favours systemic adjuvant c.

1.82
Favours surgery alone

Fixed effect model 5-yr OS

Figure 1 Meta-analysis of the effects of systemic adjuvant chemotherapy studies after metastasectomy vs surgery alone (outcome, 5-year OS). The
tegafur-uracil/leucovorin trial is not included in the meta-analysis because the follow-up period is not yet completed. Fixed effect model.

without cetuximab before and after liver resection.
PFS was 14.1 mo in the chemotherapy plus cetuximab
group and 20.5 mo in the chemotherapy alone group,
similarly to what happens in the adjuvant setting
of primary CRC surgery. These results confirm the
detrimental effect of cetuximab in the adjuvant postmetastasectomy setting, being associated with a
[107]
shorter PFS .

POST-METASTASECTOMY ADJUVANT
HAI
Several studies have evaluated the role of HAI in the
adjuvant treatment of liver metastases from CRC
after curative resections. The rationale for HAI is that
the normal liver parenchyma receives blood from the
hepatic vein, while the blood flow to tumors derives
from the branches of the hepatic artery. Moreover,
the direct infusion of chemotherapy into the liver
minimizes the side-effects of the chemotherapy and
[109]
allows high doses to be administered
. Floxuridine
(FUDR), a derivate of 5-FU, plus dexamethasone are
the chemotherapeutic agents most frequently used in
HAI and different systemic chemotherapies have been
administered with HAI in the adjuvant setting (Table
[110]
3) .
[111]
In a randomized phase Ⅱ trial, Kemeny et al
studied 156 patients who underwent resection of
hepatic metastases: 72 received HAI-FUDR plus
systemic chemotherapy (5-FU with or without LV)
and 82 received systemic chemotherapy alone. The
median OS was 72.2 mo in the HAI group vs 59.3 mo
in monotherapy group, with survival rates at 2 years of
86% and 72% respectively. The 2-year actuarial rates
of overall PFS were 57% in the combined therapy
group and 42% in the chemotherapy alone group.
Recently, the same authors re-analyzed these results
after a median follow-up of 10 years and showed that
the PFS of patients treated with combined-therapy
was 31.3 mo compared with 17.2 mo in the group
treated with systemic chemotherapy alone. However,
no statistically significant difference was observed
for median OS (68.4 mo vs 58.8 mo respectively,
[112]
p = 0.10)
. A retrospective study compared the
outcome in patients receiving oxaliplatin-based or
irinotecan-based chemotherapy (5-FU/LV + oxaliplatin

meta-analysis of randomized controlled studies

To better understand the role of adjuvant systemic
therapy, we used Stata 12 SE (Stata Corporation,
Texas, TX, United States) to perform a meta-analysis
based on the only three randomized controlled
trials. We pooled data judged to be homogeneous
based on type of treatment, type of study, regime of
chemotherapy and control group. The results were
presented separately for types of outcome. In addition,
we tested for statistical heterogeneity by means
2
of the χ test. We considered a P-value less than
0.10 to indicate whether there was a problem with
heterogeneity. Moreover, we quantified the degree of
2
2
heterogeneity using the I statistic, where an I value of
25% to 50% indicated a low degree of heterogeneity,
50%-75% a moderate degree of heterogeneity, and
[108]
≥ 75% a high degree of heterogeneity
. Individual
studies were pooled if sufficient data were available.
When studies were statistically heterogeneous,
they were combined using a random-effects model;
otherwise, a fixed-effect model was used. The effect
size was expressed as HR along with the 95%CI for
all estimates (Figure 1). Although the analysis did
not reach statistical significance (HR = 0.83: 95%CI:
0.68-1.02, p = 0.07), these data demonstrated a
benefit of adjuvant therapy post-metastasectomy
compared to surgery alone. Further studies are needed
to confirm these findings.
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Table 3 Hepatic arterial infusion plus systemic chemotherapy in the adjuvant setting
Ref.

Randomized
study

Regimes of therapy

Cohort study

NO

156
(74 vs 82)

Phase Ⅲ

YES

House et al[113], 2011

250
(125 vs 125)

Cohort study

NO

Goéré et al[116], 2013

98
(44 vs 54)

Cohort study

NO

55

Phase Ⅱ
single armed

NO

Controlled studies
Ota et al[115], 1999

Kemeny et al[112], 2005

Non controlled studies
Alberts et al[114], 2010

Numbers of
patients

Setting

84
(37 vs 47)

Outcomes
DFS

PFS

HAI/5-FU vs control group

5-yr DFS:
72.6% vs 29.8% (P =
0.0005)
-

-

HAI/FUDR plus systemic
capecitabine + oxaliplatin

2-yr DFS:
59.7% Median DFS:
32.7 mo

-

OS/DSS

5-yr OS:
61.4% vs 28%
(P = 0.0069)
HAI/FUDR plus systemic
Median PFS: Median OS:
5-FU ± LV vs systemic 5-FU ±
31.3 vs 17.2 68.4 vs 58.8 mo
LV alone
mo (P = 0.02)
(P = 0.10)
HAI/FUDR plus systemic
5-yr DFS:
5-yr DSS:
chemotherapy (5FU/LV +
48% vs 25% (P < 0.01)
75% vs 55% (P
irinotecan or oxaliplatin) vs
HR = 0.71 (95%CI:
< 0.01) HR =
systemic chemotherapy alone
0.48-0.96)
0.39 (95%CI:
0.23-0.68)
HAI/oxaliplatin plus
3-yr DFS:
3-yr OS:
systemic 5-FU/LV vs
33% vs 5%
75% vs 62% (P
systemic irinotecan regimes (P < 0.0001) HR = 0.37
= 0.17) 5-yr OS:
or oxaliplatin regimes alone
(95%CI: 0.23-0.60)
54% vs 52% (P
= 0.34)
2-yr OS:
89.10%

DFS: Disease-free survival; PFS: Progression-free survival; OS: Overall survival; DSS: Disease-specific survival.

or 5-FU/LV + irinotecan) with or without HAI-FUDR
after metastasectomy. The findings showed that HAI
plus systemic chemotherapy was associated with
an improvement in both DFS and disease-specific
survival (DSS) rates: 5-year DFS was 48% (vs 25%
in chemotherapy alone group) and DSS was 76% (vs
[113]
55%)
. Moreover, a recent phase Ⅱ trial assessed
the potential benefit of HAI-FUDR combined with
systemic oxaliplatin and capecitabine, showing a
[114]
median DFS of 32.7 mo , but these findings need to
be confirmed by phase Ⅲ studies.
Besides FUDR, other chemotherapeutic agents
[115]
have been used in the context of HAI. Ota et al
studied 84 patients who underwent surgical resection
of liver metastasis and were then treated with arterial
infusion of 5-FU. The 5-year liver DFS was 72.6%
in the HAI group (vs 29.8% in the control group; p
= 0.0005) and the 5-year survival ratio was 61.4%
(vs 28.0%; p = 0.0069). More recently, Goéré et
[116]
al
demonstrated a better 3-year DFS in patients
who received postoperative HAI with oxaliplatin plus
systemic 5-FU therapy in comparison with patients
who received systemic chemotherapy alone (33%
vs 5%, respectively). After a median follow-up of 60
mo, 3-year OS was also higher in the HAI group, but
no statistically significant difference was observed
(75% vs 62%, p = 0.17). A Cochrane review of 7
randomized controlled trials showed no significant
advantage for adjuvant HAI compared with systemic
therapy alone in a pool of 592 patients who underwent
[2]
metastasectomy .
To date, the use of HAI in the adjuvant setting
has not demonstrated a significant difference in term
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of OS, also due to the increasing efficacy of the new
systemic chemotherapy regimens. HAI, however, could
be employed only to achieve a better DFS.

CONCLUSION
The decision to implement an adjuvant treatment
after resection of metastases from CRC is becoming a
major challenge in oncology because the positive role
of metastasectomy has been definitely ascertained
in patients with advanced CRC in the last decade and
the number of these patients is increasing. An ideal
study would compare the putative most effective
adjuvant therapy post-metastasectomy vs surgery
alone, stratifying resected patients also on the basis of
the risk of recurrence. However, this study is currently
unlikely due to the high dropout rate it would incur.
Nonetheless, the data obtained from controlled
studies (cohort or randomized studies) on systemic
treatment allow us to draw some important conclusions:
(1) a systemic chemotherapy with 5-FU +/- oxaliplatin
seems to confer an advantage in terms of survival,
also supported by the meta-analysis presented in
this paper; and (2) not all active drugs in advanced
disease appear to be effective in the adjuvant setting.
In particular, studies that have used irinotecan-based
regimes were negative. However, this aspect should
be confirmed in larger series, taking into account the
biological heterogeneity between primary tumors and
their metastases.
Ultimately, on the basis of all the available data,
adjuvant chemotherapy post-metastasectomy should
be recommended.
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Abstract
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Colorectal cancers (CRCs) display a wide variety of
genomic aberrations that may be either causally linked
to their development and progression, or might serve
as biomarkers for their presence. Recent advances in
rapid high-throughput genetic and genomic analysis
have helped to identify a plethora of alterations that
can potentially serve as new cancer biomarkers, and
thus help to improve CRC diagnosis, prognosis, and
treatment. Each distinct data type (copy number
variations, gene and microRNAs expression, CpG island
methylation) provides an investigator with a different,
partially independent, and complementary view of the
entire genome. However, elucidation of gene function
will require more information than can be provided
by analyzing a single type of data. The integration of
knowledge obtained from different sources is becoming
increasingly essential for obtaining an interdisciplinary
view of large amounts of information, and also for
cross-validating experimental results. The integration
of numerous types of genetic and genomic data
derived from public sources, and via the use of ad-hoc
bioinformatics tools and statistical methods facilitates
the discovery and validation of novel, informative
biomarkers. This combinatory approach will also enable
researchers to more accurately and comprehensively
understand the associations between different biologic
pathways, mechanisms, and phenomena, and gain
new insights into the etiology of CRC.
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by hypermethylation of DNA located in CpG islands
(specific regulatory sites enriched in CpG motifs)
found in the promoter regions of tumor suppressor
genes. Such hypermethylation suppresses gene
[5]
transcription . CRCs with a CIMP display unique
epigenetic phenotypes, and well-defined clinical, path
[6]
ologic, and molecular profiles .
Recent studies of these distinct pathways have
highlighted the heterogeneity of CRC, and their results
have suggested that all CRCs cannot be fully explained
[2]
by the initial model proposed by Fearon et al . The
results of recent large-scale sequencing studies
have shown that CRC development requires the
participation of numerous critical “driver” genes and
“passenger” genetic alterations, many of which remain
[7-9]
to be identified . Identification of these additional
genetic alterations should allow physicians to better
characterize and identify the various clinical stages of
CRC, utilize such aberrations as biomarkers for the
early diagnosis and prognosis of CRC, or to develop
treatments for CRC patients.
In recent years, thousands of non-coding RNAs
[e.g., microRNAs (miRNAs), long non-coding RNAs, and
competitive endogenous RNAs] have been identified as
key regulators of various cellular processes that control
[10,11]
tumor initiation and progression
. As the most
studied type of non-coding RNA, miRNAs are thought
to regulate the post-transcriptional expression of tumor
suppressor genes and oncogenes involved in CRC
development. Moreover, due to their high chemical
stability, miRNAs represent potential biomarkers for
[12]
use in diagnosing and monitoring human cancers .
Additionally, certain miRNAs may be associated with a
[13]
patient’s response to treatment .
The various genomic alterations described above
can all contribute to helping investigators understand
the vast landscape of CRC. Furthermore, the ability to
simultaneously measure and integrate the effects of
such alterations should assist in identifying previously
unknown molecular changes in key genomic factors,
and contribute to a better understanding of how
such changes interact with each other to induce the
development of CRC. A combination of these data
might also be used to help predict disease risk or
patient outcomes. The continuous improvement of highthroughput screening and sequencing technologies has
made it possible to use the same biologic samples to
gather data for several different projects. For instance,
[14]
The Cancer Genome Atlas (TCGA)
was compiled
with the goal of first profiling and then integrating
the genomic changes that occur in cancers, including
[15]
CRC . Although several limitations can hamper such
an analysis (e.g., patterns of missing data and noise
across different data types), numerous bioinformatics
tools and statistical frameworks are now available for
integrating multiple genomic features found in the
same sample, and then assist in investigating their
[16]
related biologic pathways or gene sets .

Core tip: The development of colorectal cancer (CRC)
is driven by the accumulation of various genetic and
epigenetic alterations, which have been only partially
identified. The increasing financial affordability of highthroughput genome-wide assays has enabled the
comprehensive analysis of genomic, transcriptomic, and
epigenetic data obtained by analyzing the same biologic
samples, and thereby facilitated the identification of
new molecular players in CRC. An integrative approach
that considers all of these multiple factors provides
for better results when seeking to identify genes or
microRNAs related to new interactions or biomarkers
that might improve CRC diagnosis, prognosis, and
treatment.
Sokolova V, Crippa E, Gariboldi M. Integration of genome scale
data for identifying new players in colorectal cancer. World J
Gastroenterol 2016; 22(2): 534-545 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i2/534.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i2.534

INTRODUCTION
Due to its incidence of one million new cases and
mortality rate of > 500000 deaths per year, colorectal
cancer (CRC) is now the third most common type of
cancer, and the third leading cause of cancer-related
[1]
death worldwide . CRC can be classified on the basis
of its clinical, pathologic, and genetic characteristics,
and is commonly described as a progressive malignant
transformation of the normal colonic epithelium to
invasive adenocarcinoma due to an accumulation of
[2]
acquired genetic and epigenetic aberrations .
At least three different pathogenetic mechanisms
have been proposed to explain the development of
CRC. Chromosomal instability (CIN) is thought to
account for 85% of all cases, while microsatellite
instability (MSI) and the presence of a CpG island
methylator phenotype (CIMP) may account for a
majority of the remaining cases. The CIN pathway invol
ves the sequential deregulation of tumor suppressors
and oncogenes, and includes mutation of the APC gene
and/or the loss of chromosome 5q where it maps.
CIN can also refer to mutation of the KRAS oncogene,
the loss of chromosomal arm 18q, and deletion of
chromosome 17p, which harbors the tumor suppressor
[3]
gene TP53 .
MSI results from loss of the DNA mismatch repair
system. This loss destabilizes repetitive units of DNA
(DNA microsatellites), resulting in the generation
of inactivating frameshift mutations in the coding
sequences of tumor suppressor genes. Tumors that
display MSI are divided into two subtypes: MSI-H
(instability in > 30% of microsatellites examined) and
MSS/MSI-L (instability in < 30% of microsatellites
[4]
examined) . The CIMP pathway is characterized
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Here, we reviewed the most relevant publications
that have integrated various types of molecular
data related to CRC, with the goal of identifying new
biomarkers for CRC detection and progression, or
targets that may assist in dissecting the mechanisms
involved in CRC development.

MTUS1 and PPP2CB are located. Moreover, several
of the identified genes have known involvement in
the Wnt signaling pathway, which plays a role in CRC
progression.
[26]
Yoshida et al
integrated the results of CNV and
gene expression studies with the clinical characteristics
of CRC cases they had analyzed. Their comparison
of tumor and normal tissue samples revealed copy
number gains on chromosomes 7, 8q, 13, and
20q, and losses on chromosomes 8p, 17p, and 18.
A further analysis based on tumor stage revealed
that UGT2B28 was downregulated and lost on
chromosome 4q13.2 during the early stages of CRC
(T1-2), while LOC440995 (3q29), CXCL6, and CXCL3
(both on chromosome 4q21), and SULT1B1 (4q13.3)
distinguished T1-2-3 cases from T4 cases. Furthermore,
copy numbers of RALBP1, TYMS, RAB12, and RNMT,
(all mapping to chromosome 18p11) were higher in
lymph node-negative cases, ARHGDIB (12p12) was
absent in metastatic cases, while S1000A2 (1q21),
ABHD2 (15q26), OIT3 (10q22), and ABHD12 (20p11)
showed different copy numbers in cases of recurrent
vs non-recurrent disease. Many of the genes identified
were known to be associated with CRC, suggesting
the validity of using data integration as a strategy for
identifying new biomarkers for CRC or targets for its
treatment.
[27]
Kikuchi et al used a combination of copy number
and mRNA expression data to demonstrate the clinical
relevance of cancer-related gene protein expression.
Those investigators searched for potential therapeutic
targets or clinical biomarkers for advanced CRC,
and then integrated their results with CNV and gene
expression data obtained from a subgroup of patients
with distant metastases. They found that 51 genes
had both an elevated copy number and expression
level. Among the three most highly expressed genes
(NUCKS1, SYNPR, and TMEM63A), NUCKS1 (1q.32) is
[28]
known to be overexpressed in several cancer types .
The investigators found that NUCKS1 protein levels
were upregulated in patients with distant metastasis,
and associated with an invasive and metastatic
tumor phenotype. Such findings suggest NUCKS1 as
a potential biomarker for predicting CRC recurrence
following colorectal surgery, and a novel target for CRC
treatment.
[18]
Reid et al identified 412 genes whose expression
was correlated with CNVs, among which 80%
and 20% mapped in gained and lost regions of
chromosomes, respectively. Chromosomal arms 20q
and 13q contained the highest numbers of genes
whose expression correlated with copy number (182
and 118, respectively). Newly identified and possible
CRC-related genes found in that study were PLCG1 on
20q, DBC1 on 8q21, and NDGR1 on 8p24.
Those investigators also analyzed combined data
regarding the correlation between CNVs and gene
expression, mutations of APC, KRAS, and TP53, 18q

INTEGRATION OF COPY NUMBER
VARIATION AND GENE EXPRESSION
DATA
Several studies have shown that a gain or loss in the
number of copies of DNA segments affects the expres
sion of genes as well as miRNAs positioned within it.
Moreover, such changes are known to affect cancer[17]
related biologic processes . Although not all genes
[18-20]
with increased copy number are overexpressed
,
those that display a strong positive correlation be
tween expression and copy number may play impor
tant roles in cancer progression. However, copy
number variations (CNVs) alone cannot fully explain
the altered expression levels of all genes, because
changes in gene expression are also determined by
complex mechanisms that regulate gene transcription.
Nevertheless, integrating the results of gene expression
analyses with genomic profiling results in an efficient
approach for discovering novel cancer-related genes.
Numerous studies on gene CNVs in samples of CRC
tissue have yielded similar results regarding the focal
genomic regions of gains and losses, and confirmed
the high prevalence of gains on chromosomes 8q, 13,
and 20q, and losses on chromosomes 8p, 17p, and
[15,18,21-23]
18q
.
The most recent published studies that integrated
data concerning gene expression and CNV are shown
[24]
in Table 1. Ali Hassan et al found that increased gene
expression was correlated with significantly increased
copy numbers of genes that were mostly located on
chromosome 20q12, where eight highly expressed
genes were identified. Moreover, three of those genes
(TOP1, PLCG1, and PTPRT) were related to CRC.
The highest number of copy losses was observed on
chromosome 8p23.2 and was correlated with reduced
expression of CSMD1 and DLC1. A mapping on KEGG
pathways for genes showing an association between
changes in their copy number and expression level
highlighted their involvement in processes related to
the cell cycle.
[25]
Loo et al
reported a correlation between gene
expression and CNVs in 23% (356/1573) of the
differentially expressed genes they analyzed. The most
significant correlation between genomic alterations and
changes in gene expression was found on chromosome
20q (20q11-13), where several overexpressed genes
(AURKA, AHCY, POFUT1, RPN2, TH1L, and PRPF6)
were amplified. However, an opposite pattern was
detected on 8p, where the tumor suppressor genes
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Table 1 Relevant studies that integrated copy number variations and gene expression data when studying colorectal cancer
Ref.

Case series
CNV

mRNA

64 couples
(4 A, 33 B, 27 C1)

15/64 couples

Loo et al[25]

40 couples

40 couples

Yoshida et al[26]

70 couples

70 couples

Ali Hassan et al[24]

Kikuchi et al[27]
Reid et al[18]

122 couples (18 Ⅰ, 115/122 couples (16
42 Ⅱ, 37 Ⅲ, 25 Ⅳ3) Ⅰ, 41 II, 35 Ⅲ, 23 Ⅳ3)
48 couples (1 Ⅰ, 10 36/48 couples (1 Ⅰ, 5
3
3
Ⅱ, 10 Ⅲ, 23 Ⅳ , 4
Ⅱ, 8 Ⅲ, 19 Ⅳ , 4 N.I.)
N.I.)

Chr 20q (gain)

Chr 8p (loss)

Additional genes/chromosomes

20q12
PTPRT2
CHD6
EMILIN3
LPIN3
PLCG12
TOP12
ZHX3
MAFB
20q11-13
AHCY
POFUT1 RPN2
TH1L
PRPF6
AURKA

8p23.2
CSMD1
DLC1

Gains: 8q21-22, 8q24, 13q21, 13q34, 20p11-13,
20q11-13

8p
FBXO25
MTUS12
EPHX2
KIF13B
PPP2CB2

Gains: 20pter-p12 (PCNA), 20p13 (CDC25B), 13q34
(CUL4A)

20q11-13
PLCG1
ADRM1
JAG1
AURKA
C20ORF20
C20ORF24 TCFL5
TH1L
AHCY
TGIF2

8p21-24
BIN
DBC1
TNFRSF10A
TNFRSF10B
EXTL3

Gains: 1q21 (S1000A2), 18p11 (RALBP1, TYMS,
RAB12, RNMT), 15q26 (ABHD2), 20p11 (ABHD12)
Losses: 3q29 (LOC440995), 4q13 (UGT2B28,
SULT1B1), 4q21 (CXCL6, CXCL3), 10q22 (OIT3),
12p12 (ARHGDIB)
Gains: 1q32.1 (NUCKS1), 1q42 (TMEM63A), 3p14.2
(SYNPR)
Gains: 7p12 (EGFR), 8q24 (NDRG1), 13q (TFDP1,
CDK8, GAS6, SPATA13)
Losses: 6p21, 8p, 18q (MAPRE2, INO80C, ARKL1),
20p (FKBP12)

1

Duke’s; 2CRC-related; 3Stage. Chr: Chromosome; CNV: Copy number variations; CRC: Colorectal cancer; Couple: Tumor tissue matched with its normal
colorectal mucosa. Genes identified in more than one study are shown in bold font.

loss of heterozygosity, and patient survival. Their results
showed that chromosomal losses were frequent in wildtype TP53 patients, while TP53-mutant patients showed
pronounced gains on chromosome 20q. Chromosomal
alterations were rarely present in TP53-mutant cases
without a 20q gain. These findings suggest that CRC
can develop via two alternative routes: one mainly
involving CIN, and the other involving the combined
effects of having mutant TP53 plus a 20q gain. The
simultaneous presence of TP53 mutations and a 20q
gain might be sufficient to deregulate specific molecular
pathways responsible for CRC progression. Finally, 34
genes located on chromosomes 7p, 8p, 13q, 18q, and
20 were found to be associated with overall survival.
Results from the above-mentioned studies support
the hypothesis that genomic aberrations that result
in CNVs lead to the deregulation of normal gene
expression and directly affect critical cellular functions
related to CRC tumorigenesis. Therefore, integrative
approaches that utilize both gene CNV and expression
data may enable the identification of markers for
early detection of cancer and favor the development
of new molecular agents for chemoprevention and
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chemotherapy.

INTEGRATED ANALYSIS OF miRNA AND
mRNA EXPRESSION DATA
[29-31]

Numerous miRNA microarray profiling studies
[32-34]
and next-generation sequencing
analyses have
identified miRNAs that are differentially expressed in
samples of CRC tissue and adjacent non-cancerous
tissue. Specialized bioinformatic tools that predict the
complementarity between a miRNA seed sequence and
[35-37]
the 3′ untranslated region of its target mRNA
can
be used to combine these data with those obtained
from mRNA expression profiling studies, and thus
identify miRNA/mRNA pairs with opposite expression
patterns. The predicted interaction between a miRNA
binding site and the 3′ untranslated region of the
complementary gene is usually functionally verified by
using appropriate luciferase activity reporter vectors
[38]
in an in vitro model . However, such experiments
can only provide information concerning possible
miRNA/mRNA interactions; furthermore, the results
of functional validation experiments do not apply to
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Table 2 Studies that integrated gene and miRNA expression data when studying colorectal cancer
Ref.

Case series
[39]

Fu et al

Vishnubalaji et al[40]

Pizzini et al[41]

Lanza et al[42]

Gattolliat et al[44]

Reid et al[45]
Ling et al[47]

Modulated
genes

Modulated
miRNA

8 couples (1 Ⅰ, 4 Ⅱ, 3
1
Ⅲ)
13 couples
(5 Ⅱ, 8 Ⅲ1)

2916 N vs T

80 samples
(23 NOR, 30 CRC, 27 liver
metastasis)
39 couples
(23 MSS, 16 MSI-H)

78 samples
(23 NOR, 31 CRC, 24
liver metastasis)
39 couples
(23 MSS, 16 MSI-H)

9 NOR, 37 CRA, 9 CRC

5 NOR, 28 CRA, 15
CRC

mRNA

miRNA

8 couples
(1 Ⅰ, 4 Ⅱ, 3 Ⅲ1)
13 couples
(5 Ⅱ, 8 Ⅲ1)

miRNA/mRNA pairs with opposite expression
Predicted

Confirmed

32 N vs T

72 miRNA/mRNA

3175 N vs T

103 N vs T

mir-29a/KLF4, miR-224/
SFRP2
miR-26a-5p/EZH2 let-7b5p/EZH2

12748 N vs T

N vs T

794 miRNA
(downregulated)/
mRNA
3078 miRNA/ miR182/ENTPD5, miR-145/
mRNA
c-Myc

72 MSI-H vs
MSS colon
cancers

14 MSI-H vs
MSS colon
cancers
1 CRC vs NOR,
2 CRA vs NOR,
5 CRA and
CRC vs NOR
70 N vs T

7 public gene expression
40 couples
7629 N vs T
datasets CRC vs N samples (10 A, 10 B, 10 C, 10 D)
SW480 cells after miR-224
4 CRC with
13 metastasis- 4 up in primary miR-224/SMAD4
overexpression
metastasis, 8 CRC
related
metastatic
miR-224/CDH1
(84 metastasis related
without metastasis, genes down- CRCs vs early
genes analyzed)
SW480, SW620
regulated
CRC stages

Predictor composed of
27 elements (genes and
miRNAs) for distinguishing
MSI-H vs MSS
miR-21/PDCD4, miR-21/
MARCKS, miR-200b/ZEB2,
miR-15b/BCL2, miR-16/
BCL2, miR-21/BCL2
miR-1/MET
miR-224/SMAD4

1

Stage. Couple: Tumor tissue matched with its normal colorectal mucosa; CRA: Colorectal adenoma; CRC: Colorectal cancer; NOR: Normal colorectal
mucosa.

additional pairs: miR-16/BCL2, miR-567/SMAD4, and
miR-142-5p/MSH6.
In an attempt to find putative tumor suppressor
[40]
miRNAs, Vishnubalaji et al
identified 794 pairs
that showed opposite expression patterns between
normal and tumor samples. Those studies focused
on the interactions between EZH2, a gene frequently
overexpressed in cancer, and its negatively correlated
miRNAs (miR-26a-5p and let-7b-5p). Pharmacologic
inhibition of EZH2 in CRC cell lines was found to
markedly reduce both cell proliferation and migration,
while in vitro silencing of EZH2 and overexpression
of both miR-26a-5p and let-7b-5p decreased cell
viability. Those study results suggest that miR-26a-5p
and let-7b-5p play prominent roles in regulating EZH2
expression in CRC.
[41]
Pizzini et al
investigated changes in miRNA
and mRNA expression in samples of normal colonic
mucosa, primary CRC tissue, and liver tumor meta
stases, and found that 95% of miRNAs and 93% of
genes that were deregulated in CRC samples when
compared to samples of matched, normal tissue
remained invariant after metastasis had occurred. Only
five miRNAs (miR-146a, miR-15a, miR-15b, miR-196a,
and miR-708) were deregulated during the “tumorto-metastasis” transition period. The data regarding
miRNAs and genes with opposite expression patterns
were integrated to define putative post-transcriptional
regulatory networks. The tumor vs normal network
comparison included two components of six upre
gulated and 17 downregulated miRNAs, together with

clinical samples. The regulatory miRNA/mRNA pairs
vary in different diseases, and their expression profiles
can vary with the stage of a disease. Currently, there
is no efficient method for stratifying miRNA/mRNA
interactions that reflects the clinical characteristics of a
tissue specimen. However, the integration of molecular
and bioinformatic tools represents a promising ap
proach for fully understanding the miRNA regulatory
mechanisms that underlie CRC development.
[39]
As summarized in Table 2, Fu et al
and Vish
[40]
nubalaji et al
applied genome-wide mRNA and
miRNA microarray expression profiling techniques to
the same samples for purposes of indentifying CRCspecific miRNA/gene pairs with potential diagnostic,
[41]
prognostic, or therapeutic roles. Pizzini et al
performed similar studies with samples of metastatic
tissue to investigate how miRNA/mRNA changes
[42]
affected CRC progression. Finally, Lanza et al
focused on base-pair differences between specific CRC
subgroups (MSI and MSS).
[39]
Fu et al
identified 72 predicted miRNA/mRNA
pairs and found that a large number of genes were
participants in the Wnt signaling pathway, which is crucial
for the initiation of CRC development. The most relevant
pairs were validated in a study conducted using 40
additional, matched CRC tissue samples. The highest
negative correlation was found between miR-224/
SFRP2 and miR-29a/KLF4, which provided new
information useful for elucidating CRC tumorigenesis.
[43]
Moreover, Wang et al
analyzed those data using a
multiple linear regression model and identified three
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their putative target genes. In comparison, a network
constructed using the five miRNAs identified in the
metastasis vs tumor comparison plus their target
genes was smaller, and contained five unrelated
components. The results of that study suggest that
significant changes in the transcriptome mostly occur
during the early stages of CRC progression. Moreover,
opposite expression patterns for miR-145 and its target
gene MYC were confirmed, and a proposed interaction
between miR-182 and ENTPD5, a gene involved in
energy metabolism, was functionally validated. Finally,
an early survival analysis indicated that miR-10b
expression (modulated between tumor and metastatic
tissues) was inversely correlated with survival in stage
IV CRC patients.
[42]
Lanza et al
added miRNA and mRNA profiling
data to molecular signature data that could distinguish
between MSI-H and MSS CRCs. Those investigators
then used prediction algorithms that combined
information regarding the 14 differentially expressed
miRNAs and 72 deregulated genes identified in MSI-H
and MSS-type tumors to construct a combinative
predictor containing 27 elements (miRNAs and genes)
that was more sensitive than the predictor lists that
contained only one type of element. The addition of
miRNAs to the molecular predictor improved their
categorization and represented a novel approach
for elucidating the respective molecular features of
the two CRC subgroups. The combinative predictor
includes various members of the miR-17-92 family,
which is a class of miRNAs with proven oncogenic
characteristics that are probably involved in the
molecular mechanisms that distinguish MSS from MSI
colon cancers.
Several studies have combined global mRNA and
miRNA microarray expression data derived from two
independent cohorts of patients, and in some cases
also integrated publically available datasets (Table
[44]
2). Gattolliat et al
combined miRNA and gene
expression results obtained from two independent sets
of normal mucosa (NOR), colorectal adenoma (CRA),
and CRC tissue samples. They found different levels
of miR-320b expression in CRC tissue when compared
to NOR tissue, as well as differences in miR-15b and
miR-16 expression in CRA tissue vs NOR tissue. Their
data also showed that miR-21, miR-24, miR-145,
miR-150, and miR-378 were deregulated in samples of
both CRA and CRC tissue when compared to samples
of NOR tissue. When the expression of these miRNAs
were compared with expression of the genes predicted
as their putative targets, 30 pairs with opposite
expression patterns were identified, including PDCD4
and MARCKS for miR-21, ZEB2 for miR-200b, and
BCL2 for miR-15b, miR-16, and miR-21.
[45]
Reid et al
identified 23 miRNAs that were
differentially expressed in matched samples of CRC
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and normal tissue, and then searched seven public
gene expression datasets, plus an independent
cohort of patients from the same group, to identify
putative target genes of these miRNAs. The selected
pairs were mapped on the KEGG pathway, and many
were found to be included in CRC-related molecular
pathways. One candidate pair (miR-1 and the MET
oncogene) was functionally validated in studies that
used in vitro models of CRC. miR-1 overexpression
was found to diminish MET levels and result in reduced
cell proliferation, migration, and invasion, suggesting a
prominent role for miR-1 in CRC progression. As miRNA
expression can also be affected by genomic alterations
in regions in which they are positioned, the miRNA
profiles were integrated with data obtained from a
[18]
whole-genome copy-number analysis . The results
showed that chromosomal regions that frequently
gained copy numbers contained upregulated miRNAs,
whereas regions which lost copy numbers contained
both up- and downregulated miRNAs. The role of miR20a, which was overexpressed and localized in an
amplified region, was functionally investigated in CRC
cell lines, where studies showed that it interfered with
[46]
transforming growth factor-β-induced growth arrest .
[47]
Ling et al
conducted whole genome miRNA
expression studies using samples of primary CRCs
with or without metastasis, and also two cell lines:
one derived from a primary CRC lesion (SW480),
and the other derived from a metastasis located in
a lymph node (SW620). The results were validated
in a large international patient cohort, and also by
[14]
using data obtained from TCGA . The investigators
identified four miRNAs (miR-141, miR-181b, miR-221,
and miR-224) that were upregulated in primary CRCs
with metastatic dissemination at the early stages.
The highest levels of expression were observed in
the metastasis-related cell line SW620. Only miR-224
overexpression induced the migration of CRC cells, and
expression of metastasis-related genes was analyzed
following their insertion into SW480 cells. Two target
genes (CDH1 and SMAD4) showed reduced expression,
and a functional analysis demonstrated that SMAD4
mediated the miR-224-induced prometastatic effect.
Furthermore, elevated miR-224 expression was shown
to correlate with survival in CRC patients, indicating
a prominent role for miR-224 as a specific diagnostic
marker for CRC.
While all of the above-mentioned studies identified
several CRC-related miRNAs with potential value as
diagnostic or prognostic markers, and/or therapeutic
targets, only a few of the identified miRNA/gene target
pairs have been functionally analyzed. This limits
our understanding of their role in CRC, as the effects
of miRNA deregulation are complex and impact the
modulation of entire pathways rather than just a single
gene.
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Table 3 Relevant studies that integrated methylation and gene expression profiles
Ref.

Case series

Genes

Methylation

mRNA

Hinoue et al[56]

29 NOR, 125 CRC

19 couples

Szmida et al[57]

12 couples

19 couples (from Hinoue et al[56], 2012)

42 NOR, 231 CRC

26 NOR, 231 CRC

Wang et al[58]

464 genes downregulated CIMP-H vs normal samples, 112 of them
(24%) exhibit promoter hypermethylation
12 genes downregulated and hypermethylated in non-CIMP tumors
4 ErbB-associated genes (PIK3CD, PKCΒ, ERBB4, PAK7) differentially
methylated in CRC
118 methylation-perturbed genes whose expression is affected by the
highly variable DNA methylation sites

Couple: Tumor tissue matched with its normal colorectal mucosa; CRC: Colorectal cancer; NOR: Normal colorectal mucosa.

subgroups of CRC patients with specific genetic
and clinical features. They found that the CIMP was
correlated with a high frequency of cancer-specific DNA
hypermethylation (CIMP-H), a high incidence of the
V600E
BRAF
mutation, and high rates of KRAS mutation
in a CIMP-low subgroup. Next, the non-CIMP tumors
were separated into two subgroups: one with a high
frequency of TP53 mutations in the distal colon, and
the other with low incidences of gene mutation and
cancer-specific DNA hypermethylation, but significantly
enriched for rectal tumors. Those investigators also
identified a panel of five genes that could specifically
distinguish CIMP from non-CIMP tumors, and also
another panel that was highly specific for CIMP-H
tumors. Gene expression profiling studies revealed that
about 7% of the promoter DNA methylations observed
in CIMP-H tumors were linked to the downregulation of
112 genes. Those downregulated genes represented
25% of the genes with lower expression in CIMP-H
tumors compared with their expression in adjacent
normal tissue. Intriguingly, twelve genes were also
downregulated and hypermethylated in non-CIMP
tumors. This result is interesting because SFRP1 and
SFRP2 are negative regulators of Wnt signaling.
[57]
Szmida et al integrated their previously published
[59]
genome-wide methylation data
with results from
the gene expression and methylation profiling studies
[56]
conducted by Hinoue at al , and identified four ErbBassociated genes (PIK3CD, PKCΒ, ERBB4, and PAK7)
that were differentially methylated in CRC. In particular,
PKCΒ hypermethylation was correlated with the
presence of a KRAS mutation, and hypermethylation of
ERBB4 was linked with highly methylated epigenotypes
HME and MSI with the presence of mutated BRAF.
Methylation appeared to only impact the modulation of
PKCΒ expression that was significantly downregulated
in CRCs following methylation of its promoter. PKCΒ is
a component of the vascular endothelial growth factor
signaling pathway and regulates cell proliferation and
survival processes that promote tumor angiogenesis.
Indeed, therapies that target the vascular endothelial
growth factor pathway are currently in clinical studies
[60]
for treatment of late-stage CRC .
[58]
Wang et al
combined the gene methylation and
expression profiles typical of CRC as retrieved from the

INTEGRATION OF METHYLATION AND
GENE EXPRESSION PROFILES
Hypermethylation of DNA segments located in pro
moter CpG islands is the most studied epigenetic
alteration involved in the transcriptional repression
[6,48]
commonly observed in various cancer types
. In
CRC, aberrant DNA methylation in CpG islands occurs
during the early stages of an oncogenic transformation
process, and can be detected in aberrant crypt foci,
which are the earliest detectable oncogenic changes
[49-51]
in colonic mucosa
. The methylation of DNA in
several genes, including APC, p16INK4a, and TIMP3,
and its significance in CRC have previously been
[52,53]
reported
, and represents a potential biomarker for
[54]
use in the early detection of CRC . The development
of array and sequencing-based high-throughput assay
techniques now permits the profiling of genomescale DNA methylation (methylomes), and within the
same tumor type, has enabled the characterization
of different subgroups that display heterogeneous
[55]
DNA methylation . Integration of these data with
analyses of gene expression can assist in identifying
new candidate diagnostic biomarkers that become
methylated during the early stages of oncogenesis.
Three recent studies (Table 3) have provided
new insights into the role of the CpG island hyper
methylation in the regulation of gene expression. The
first study integrated gene expression and methylation
data obtained from studies that used tissue samples
from the same CRC cases, even if only a small number
of matched normal and tumor tissue samples were
[56]
[57]
[58]
available . Szmida et al
and Wang et al
used
these data to implement their methylation analyses,
with the purpose of validating the results they obtained
by integrating methylation and gene expression data
retrieved from the TCGA database. All of their studies
identified genes whose expression was affected by
DNA hypermethylation. Furthermore, two of the
studies identified genes involved in the same pathway
(ErbB-signaling pathway), and thus highlighted
the pivotal role played by DNA methylation in CRC
development.
[56]
Hinoue et al
performed a model-based cluster
analysis to identify four distinct methylation-based
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[14]

TCGA database
and identified highly variable DNA
methylation sites, as well as genes whose expression
was affected by a tumor’s highly variable DNA
methylation status, that were named methylationperturbed genes (MP). Those results showed that the
number of MP genes was significantly lower in samples
of CRC tissue as compared to normal tissue. The genes
were then clustered based on connectivity between
their expression levels and subgrouped according to
their MP status. The number of coexpressed partners
of MP genes was significantly lower in samples of CRC
tissue when compared to samples of normal tissue,
and also when compared to the number of non-MP
genes in both CRC and normal samples. Interestingly,
the lost coexpression partners were often members
of cancer pathways, such as the ErbB and mitogenactivated protein kinase signaling pathway. The loss
of coexpression connectivity mediated by methylation
heterogeneity as described in this study might play an
important role in CRC development.
Similar to the observations regarding proteincoding genes, miRNAs can also be silenced by
[61]
hypermethylation of a CpG island promoter region .
Sometimes this can occur indirectly when miRNAs
are transcribed from intronic regions of coding genes
[62]
that are controlled by hypermethylation . While no
comprehensive analysis and integration of miRNA
and methylation data obtained from studies with CRC
tissue have yet been performed, several methylationsensitive miRNAs including miR-9, miR-129, and
[62]
[63]
[64]
[65]
miR-137 , miR-34b/c , miR-200 , miR-342 ,
[66]
and miR-345 have been identified.

include gene and miRNA expression profiling, CNV
and genome-wide DNA methylation profiling, singlenucleotide polymorphism genotyping, and exon
sequencing performed on thousands of samples
obtained from about 20 different tumor types.
Numerous robust studies have been conducted using
different types of data retrieved from TCGA, and
several projects have also been conducted by the
TCGA research program itself on the different cancer
types analyzed. As for CRC, an analysis of 224 paired
tumor and normal tissue samples performed using
different platforms (exome sequencing, DNA copy
number, promoter methylation, mRNA and microRNA
expression, and whole-genome sequencing for 97
samples) identified several specific characteristics
[47]
of this tumor type . The CRCs were divided
into categories of hypermutated (16%) and nonhypermutated (84%), and 24 genes in each category
were found to be significantly mutated. It was
interesting that, although colon and rectal cancers have
different characteristics, they showed similar patterns
of genomic alterations. An analysis of CNVs revealed
amplifications of ERBB2 and IGF2 and fusion of NAV2
with TCF7L1, which is a member of the Wnt pathway.
An integration of CNV, expression, and methylation
data revealed that all cancers showed changes in genes
known to be involved in MYC transcription, suggesting
an important role for MYC in CRC. Numerous molecular
signatures were linked to tumor aggressiveness, and
in particular, two chromosomal regions (20q13.12 and
22q12.3) that showed amplifications of genes linked
to tumor aggression. To better interpret the effects
of genomic abnormalities in terms of cancer biology,
genomic data have also been integrated with proteomic
data obtained from the same tumors analyzed by
TCGA, but generated by the Clinical Proteomic Tumor
[69]
Analysis Consortium . This combined proteomic
and genomic data can be used to link genotypes with
phenotypes and assist in prioritizing genes that merit
further examination. Results from examinations of
CRC tissue revealed a weak correlation between levels
of mRNA and proteins produced by genes in CNV
regions, and only the 20q amplification was found to
be associated with the largest global changes in both
mRNA and protein levels. The identified candidate
genes were HNF4A, which codes for a transcription
factor that plays a key role in normal gastrointestinal
development, TOMM34, which is involved in the growth
of CRC cells, and SRC, which encodes a non-receptor
tyrosine kinase implicated in several human cancers,
including CRC.
TCGA and Clinical Proteomic Tumor Analysis Consor
tium data are available to the scientific community,
and several research groups are currently using
TCGA data for their studies. Additionally, some
investigators have expanded their own datasets or
combined them with datasets for different categories
[47,58]
of genetic aberrations
. Other investigators have

DATA INTEGRATION BY COMBINING
PUBLIC DATASETS: THE TCGA
NETWORK
The information most valuable for better understanding
CRC development and progression can be derived from
studies in which tissue samples are characterized for
various molecular changes that define the disease.
However, most research groups who have combined
genetic and genomic data conducted a maximum of
two whole genome analyses on the same samples.
Furthermore, the experiments were frequently
implemented based on data retrieved from publically
available datasets containing information regarding
CNVs, gene and miRNA expression, and methylation
[67]
[68]
(e.g., GEO and ArrayExpress ). The TCGA research
[14]
program
has been of great benefit to investigators
seeking to combine multiple data types in hopes of
better understanding disease processes. TCGA was
launched by the National Institutes of Health in 2006
for the purpose of comprehensively characterizing
the genomic and molecular features of cancer by
using high-throughput genome, transcriptome, and
epigenome analysis techniques. These techniques
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utilized specific analytical methods to obtain more indepth analyses that have enabled the identification of
additional genes associated with specific features of
[54]
[70]
CRCs. For example, Ashktorab et al and Zhu et al
used the elastic-net regression method to perform a
supervised analysis that integrated multiple types of
genomic data, and then compared the results with
the clinical stage of CRC to identify genes associated
with advanced CRC. They found that the tumor sup
pressor gene WRN exhibited the highest number of
genomic variations (CNVs, expression changes, and
methylation) that could be used to delineate advanced
CRC.
More simple and immediate uses of these data
include the development of portals that collect all
CRC-related - omics data, and tools that facilitate
data visualization or allow an investigator to perform
[70]
queries and integrate different types of information .
Finally, RNA-Seq and miRNA-Seq profiles obtained
from TCGA project have been used to identify nu
merous non-coding RNAs (miRNAs, long non-coding
RNAs, and competitive endogenous RNAs) in multiple
types of cancer. These RNAs are capable of binding
to each other, to mRNA, or even to proteins, and
regulate their expression. These capabilities make
them promising sources of possible new cancer bio
markers or targets that can be used to study cancer
[71]
development . Similar to what has been done
using genetic and genomic data, several groups have
recently began to integrate non-coding RNA, RNA,
and protein data obtained from TCGA for the purpose
of constructing experimentally supported networks
of RNA-RNA and protein-RNA interactions that may
[72]
become deregulated in different types of cancers .
Although these data are derived from 14 different
cancer types, they represent an additional source of
information that can be accessed to elucidate disease
processes and identify new targets for the treatment
of CRC.

integrating CNV and gene expression data obtained
[18,24]
from three different studies, PLCG1
, AHCY,
[18,24,25]
TH1L, and AURKA
, all mapping to 20q11-13.
Amplification of the 20q11-13 region has been linked
to processes that facilitate the progression of adenoma
[73]
to carcinoma . AURKA, which has previously been
associated with gains in 20q11-13, is known to affect
[74]
cell migration
and may synergistically act with
the other three genes (PLCG1, AHCY, and TH1L) to
promote CRC progression.
As for miRNA and epigenetic profiles, their
integration with gene expression data provides a more
comprehensive picture of the regulatory networks
involved in cancer, and has confirmed that the Wnt and
ErbB pathways play major roles in CRC development.
In summary, the integrative approaches described
in this review will ultimately provide investigators and
physicians with a more accurate and detailed picture
of the complex molecular characteristics of cancers.
Furthermore, they should provide new insights that will
allow us to better predict cancer, develop a prognosis
for cancer patients, and identify new treatments.
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Abstract

Roberto Biffi, Fabrizio Luca, Paolo Pietro Bianchi, Sabina
Cenciarelli, Wanda Petz, Igor Monsellato, Manuela Valvo,
Maria Laura Cossu, Tiago Leal Ghezzi, Kassem Shmaissany,
Department of Gastrointestinal Surgery, European Institute of
Oncology, 20141 Milan, Italy

The laparoscopic approach for treatment of rectal
cancer has been proven feasible and oncologically
safe, and is able to offer better short-term outcomes
than traditional open procedures, mainly in terms of
reduced length of hospital stay and time to return
to working activity. In spite of this, the laparoscopic
technique is usually practised only in high-volume
experienced centres, mainly because it requires a
prolonged and demanding learning curve. It has been
estimated that over 50 operations are required for an
experienced colorectal surgeon to achieve proficiency
with this technique. Robotic surgery enables the
surgeon to perform minimally invasive operations with
better vision and more intuitive and precise control of
the operating instruments, thus promising to overcome
some of the technical difficulties associated with
standard laparoscopy. It has high-definition threedimensional vision, it translates the surgeon’s hand
movements into precise movements of the instruments
inside the patient, the camera is held and moved by
the first surgeon, and a fourth robotic arm is available
as a fixed retractor. The aim of this review is to
summarise the current data on clinical and oncologic
outcomes of robot-assisted surgery in rectal cancer,
focusing on short- and long-term results, and providing
original data from the authors’ centre.
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robot-assisted surgery in rectal cancer, focusing on
short- and long-term results, and providing original
data from the authors’ centre. A detailed review of this
topic is provided, including the most recent findings
of prospective studies. Future perspectives are also
analyzed.
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Figure 1 View of male pelvic cavity after total mesorectal excision and
rectal resection, hypogastric nerves are identified and preserved (arrow
heads).

INTRODUCTION

that might overcome some difficulties of the standard
laparoscopic approach in the pelvis, providing mag
nified three-dimensional optics, surgeon-controlled
camera vision, working arms allowing very stable
retraction and unparalleled ergonomics of instrument
motion, with much less fatigue for the surgeon. These
are all the rational reasons for its increasing use in
rectal cancer, with the addition of a reduced learning
curve, if compared with the traditional laparoscopy
[11-13]
procedure
.
Recently, our group and others demonstrated that
robot-assisted tumor-specific mesorectal excision
for rectal cancer was technically feasible and a safe
surgical option in terms of the long-term oncologic
[14,15]
outcomes
, while results of randomized trials are
awaited to provide concrete evidence for this approach.
This review summarizes the current status of robotic
TME (RTME), in addition to experience and notes from
the authors’ institution and future perspectives of this
topic.

The optimization of surgical technique with the
[1,2]
introduction of total mesorectal excision (TME)
was a main innovation for the treatment of rectal
cancer, together with the introduction of multimodal
preoperative chemo-radiation therapy for locally
advanced stage disease.
In some series, correctly-performed TME surgery
has been demonstrated to decrease the rate of local
recurrence to less than 10%, when compared to
[3]
conventional dissection , and TME surgery, preceded
by neoadjuvant chemo-radiation, emerged as the
standard treatment for locally advanced rectal
[4]
cancer , Figure 1.
Laparoscopic colectomy has proven to be a feasible
and oncologically safe procedure with an increasing
diffusion, but minimally-invasive TME is still less
adopted, because of its technical difficulties. The
percentage of conversions to open surgery remains
quite high, confirming the technical difficulties of
the procedure and also the necessity of an accurate
[5-8]
selection of patients .
The general opinion in the oncologic surgical
community is that LTME (Laparoscopic Total Mesorectal
Excision) is a difficult operation to master, and has
been associated with learning curves as high as
[9]
50-150 cases to achieve consistent results .
In the United States, laparoscopic rectal resection
did not make up 20% of the overall rectal resections
and its conversion rate to open surgery is still high
(46.2%), without any significant improvement in
[10]
recent years . For this reason, still in 2012, the
National Comprehensive Cancer Network guidelines
for treatment in rectal cancer recommended the use
of laparoscopy for rectal cancer treatment only within
[4]
a study protocol and in highly specialized centers . It
is therefore commonly believed that TME as originally
proposed by Heald is per se a technically demanding
[4]
operation , and that the addition of laparoscopic
technique seems to increase these technical difficulties.
Robotic surgery has emerged as a new technique
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Robotic TME - review of current
status: Short and long-term
outcomes
The results so far available on RTME are quite
limited, as they mainly originate from single-center
experiences (usually from academic high-volume
centers) and few from large prospective studies, all
contributing to the assumption that RTME is a safe and
effective procedure. A variety of approaches - both
totally robotic and hybrid procedures performing part
of the operation laparoscopically - have been used,
but in all patients the TME was performed as entirely
[15-22]
robotic procedure
.
Our group first proposed with others a full robotic
technique to perform RTME, with preliminary good
[23]
quality results . In this study we described a method
that standardizes robot and trocar position, and allows
for a complete mobilization of the left colon and the
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views of the operating field during RTME procedures
require a relatively bloodless field, robotic resection
might be expected to lead to less operative blood loss
than open conventional rectal surgery. This has some
interest for clinicians, as it has been reported that
allogenic blood transfusion might be associated with
an increased risk of tumor recurrence after colorectal
[26]
cancer surgery . Studies of blood loss after open
rectal cancer surgery have had variable results, with
rates of perioperative transfusions ranging from 20%
[27]
to 75% . To date, some studies have reported
[28,29]
estimated blood loss (EBL) after RTME
, but no
study has investigated this topic as a case-matched
model, comparing open and robotic approaches.
A study from our group compared blood loss as
measured by EBL, mean drop in hemoglobin levels with
surgery, and blood product use in patients undergoing
open and robotic TME in different periods of time at
the same institution, maintaining the same guidelines
[30]
for transfusion in the postoperative period . Briefly,
forty-nine patients in the RTME and 105 in the OTME
group were matched for age, gender, BMI (body mass
index), ASA (American Society of Anesthesiology)
class, tumor-node-metastasis (TNM) classification and
UICC (Union for International Cancer Control) stage,
distance of the lower edge of the tumor from the anal
verge, presence of co morbidities, and preoperative
hemoglobin (Hb). EBL was significantly higher in the
open group (P < 0.001); twelve units of packed red
blood cells were globally transfused in the open group,
compared to one unit only in the robotic one (P =
0.051). A significantly higher postoperative Hb drop
(3.0 g/dL vs 2.4 g/dL, P = 0.015) was registered in
the OTME patients. The length of hospital stay was
much lower for the RTME group (8.4 d vs 12.4 d, P =
0.001). The number of harvested lymph nodes (17.4
vs 13.5, P = 0.006) and extent of distal margin (2.9
cm vs 1.9 cm, P = 0.001) were significantly higher
in the RTME group. Open surgery was confirmed as
the sole variable significantly associated (P = 0.001)
with blood loss (OR = 4.41, 95%CI: 2.06-9.43). It
was a confirmed prognosticator of blood loss (P =
0.006) when a preoperative clinical predictive model
was built, using multivariate analysis (OR = 3.95,
95%CI: 1.47-10.6). In conclusion, RTME produced
less operative blood loss and less drop in postoperative
hemoglobin when compared to OTME. Other clinically
relevant outcomes were similar or superior to OTME,
Table 1.
The evidence for the equivalence of LTME and the
open approach (OTME) for rectal cancer surgery was
provided by the findings of a couple of multicenter
randomized controlled trial, the MRC CLASICC (Medical
Research Council Conventional vs Laparoscopic[30-32]
Assisted Surgery In Colorectal Cancer ) trial
and
the COREAN trial (Comparison of Open vs laparoscopic
surgery for mid and low REctal cancers After Neo
[33]
adjuvant chemoradiotherapy) , both comparing

Robotic cart

Figure 2 Position of the robotic cart.

rectum, without repositioning of the surgical cart,
Figures 2 and 3.
A total of 55 consecutive patients affected by
rectal and left colon cancer were operated on, with
full robotic technique, using the Da Vinci robot.
The following procedures were performed: 27 left
colectomies, 17 anterior resections, 4 intersphincteric
resections, 7 abdominoperineal resections. There
were 21 female and 34 male patients with a mean
age of 63 ± 9.9 years. Mean operative time was 290
± 69 min, ranging from 164 to 487 min. None were
converted to open surgery. The median number of
lymph nodes harvested was 18.5 ± 8.3 (range 5-45),
and circumferential margin was negative in all cases.
Distal margin was 25.15 ± 12.9 mm (range 6-55) for
patients with rectal cancer, and 31.6 ± 20 mm for all
the patients in this series. Anastomotic leak rate was
12.7% (7/55); in all cases conservative treatment was
successful.
We could conclude that full robotic colorectal
surgery is a safe and effective technique that exploits
the advantages of the Da Vinci robot during the whole
intervention, without the need to make use of hybrid
operations, Figure 4. Outcome and pathology findings
are comparable with those observed in open and
laparoscopy procedures.
Few studies have compared robotic surgery to
standard treatment of open resection, and in these
studies robotic surgery resulted oncologically safe in
terms of length of specimen, resection margins, and
[24,25]
number of lymph nodes harvested
. As robotic
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Figure 3 Placement of the trocars, ROBOTIC LAR (A); IMA, IMV and splenic flexure, ROBOTIC LAR (B) and total mesorectal excision (C). OT: Optical trocar; R:
Robotic arms; A: Assistant.

laparoscopy to open surgery in rectal cancer. Subgroup
ex-post analysis of CLASICC Trial revealed oncologic
outcomes of LTME to be equal to those of open TME,
with a substantial limitation for LTME represented by
a high conversion rate to open surgery of 34%, and
an increased radial margin positivity rate of 12% in
the laparoscopic arm, compared to 4% in the open
arm, though this did not translate into an increase
[34]
in recurrence rate or worse overall survival . In the
COREAN Trial the conversion rates and CRM positivity
were very low, as compared to the CLASICC study.
Although participating surgeons had greater experience
in laparoscopic surgery than did surgeons participating
in the CLASICC trial, the differences in percentage of
CRM positivity were similar in the two groups: 4.1% in
the open group and 2.9% in the laparoscopic group,
[35]
Table 2 .
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It is important to underline that the surgeons in
the COREAN study were highly experienced, with a
median case load of 75 cases before the trial and that
the trial was performed by only three highly trained
surgeons as against a mean case load of only 20
colorectal operations in the MRC study and multiple
participating centers. The most recently published
[36]
COLOR Ⅱ study , also comparing laparoscopic to
open surgery in rectal resections, did not reveal any
significant difference between the two procedures in
terms of morbidity, mortality, and complication rates,
and confirmed the benefits of the minimally invasive
approach as less blood loss, more rapid recovery of
bowel function, and shorter hospital stay. Although the
participating surgeons were all experts in laparoscopic
surgery, the conversion rate to open surgery was still
high (16%), confirming the technical challenges of
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A

B

C

Figure 4 surgical specimen of robot-assisted total mesorectal excision. a: this figure shows a very smooth mesorectal fat pad which tapers distally consistent
with complete excision of the mesorectum. Grade 3 according to Quirke; b: Grade 3 complete excision according to Quirke showing the wisps of fascia that surrounds
the mesorectum indicating that a fascial plane actually exists and points to a complete excision by surgeon, mesorectal vessels contained within the mesorectum can
be seen; arrow head; c: opened specimen showing the tumor; arrow head.

Table 1 Clinically relevant outcomes
Outcome

Open-LAR

Intraoperative transfusions
0
Death
0
Postoperative transfusions
6 (5.7)
patients n (%)
Surgical complications (30th postop day)
Units
12
Infectious
15 (14.3)
Non-infectious
11 (10.5)
Both
5 (4.5)
Overall
31 (29.5)
Reinterventions (30th postop
0
day)
Length of hospital stay (d)
12.4 ± 3.2 (12.0)
mean ± SD (Median)
Post-operative Hb (g/dL)
10.6 ± 1.6 (10.8)
mean ± SD (Median)
Hb drop (g/dL) mean ± SD
3.0 ± 1.4 (2.9)
(Median)

Table 2 Comparison between MRC CLASICC and COREAN trial
Robotic-LAR P value
0
0
1 (2.0)

1

Variable

0.432

1
8 (16.3)
10 (20.4)
0
18 (36.7)
2 (4.1)

0.051
0.189

8.4 ± 9.3 (7.0)

< 0.001

11.0 ± 1.4
(10.8)
2.4 ± 1.6 (2.0)

0.124

COREAN Trial

27
20

3
75

82 (34)
16%

2 (1.2)
2.9%

CRM: Circumferential resection margin.

to open surgery, compared to the laparoscopic
groups. Regarding short-term clinical and oncologic
outcomes, no significant differences were found
[42]
between laparoscopy and robotic surgery, Tables 3-5
showed that RTME in the treatment of mid or low
rectal cancer was associated with decreased analgesia
use, less postoperative pain, and a shorter hospital
[43]
stay. Recently, Park et al
furthermore reported that
the rate of conversion was significantly lower for RTME
than LTME (0.0% vs 7.1%, P = 0.003). Similarly, the
short-term outcomes from two meta-analyses revealed
that RTME was associated with a significantly lower
conversion rate and equivalent oncologic adequacy
[44]
compared with LTME .
The only published randomized data from a
pilot study comparing laparoscopic and robotic TME
with 18 patients in each arm, found no difference
in operative time, conversion rates or pathologic

0.371
0.100

0.015

1

Two-sample two-sided Wilcoxon test, unpaired t-test; 2or two-sided
Fisher’s exact test as appropriate. Modify from Biffi et al[30].

laparoscopic TME.
Recently, some meta-analyses comparing robotic
and laparoscopy TME have been already published,
[37-41]
despite the lack of evidence
. In all of these
studies, the only significant data was that robotic
surgery resulted in a lower percentage of conversion
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MRC CLASICC

Number of participating Centers
Number of procedures per surgeon
before Trial
Conversion rate, n (%)
CRM involvement
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Table 3 Perioperative outcomes of robotic total mesorectal excision for rectal cancer n (%)
Ref.
[16]

Hellan et al
Baik et al[17]
Choi et al[18]
Baek et al[19]
Pigazzi et al[15] (multicentric study)
Baik et al[20]
IEO series[14]

2

n

BMI (kg/m )

OR time (min)

Conversion rate

Anastomotic leak rate

39
56
50
64
143
370
102

26 (16-44)
23.4 (18-33)
23.2 (19.4-29.2)1
26.8 (16.5-44)
26.5 (16.5-44)2
23.3 ± 2.9 (13.8-32.7)2
28.2 (17.6-43)

285 (180-540)
178 (120-315)
304.8 (190-485)3
270 (150-540)
297 (90-660)3
363.3 ± 94.8 (138.0-702.0)2
330 (155-540)

1 (2.6)
0
0
9.4
7 (4.9)
3 (0.8)
2 (1.9)

4 (12.1)
1 (1.8)
4 (8.3)
4 (7.7)
16 (10.5)
28 (7.7)
5 (6.6)

Only sphincter-saving operations included for calculating leak rates, values expressed as median (range) except where specified, 1mean (range); 2mean ± SD
(range); 3mean (range).

Table 4 Clinical results of laparoscopic and robotic surgery for rectal cancer
Ref.

Conversions (%)
ROB

Park et al[58]
Kang et al[33]
Kwak et al[59]
Baek et al[50]
Bianchi et al[60]
Baik et al[17]
Patriti et al[63]

P value

LAP

0
2
0
7.3
0
0
0

0
3
3.4
22
4
10.5
19

1.000
1.000
0.400
0.116
NA
0.013
< 0.05

Hospital stay (d)
ROB

LAP

9.9
11.7
NA
6.5
6.5
5.7
11.9

9.4
14.4
NA
6.6
6
7.6
9.6

P value

Complications (%)
ROB

0.500
0.006

29.3
20
32
22
16
10.7
30.6

0.800
0.400
0.001
> 0.05

P value

LAP
23.2
27
27
27
24
19.3
18.9

0.400
0.400
NS
1.000
0.500
0.025
> 0.05

Positive CRM (%)

P value

ROB: Robotic resection; LAP: Laparoscopic resection; NA: Not available; NS: Not significant.

Table 5 Oncologic results of laparoscopic and robotic surgery for rectal cancer
Harvested lymph nodes (n )

Ref.

ROB
Park et al[58]
Kang et al[33]
Kwak et al[59]
Baek et al[50]
Bianchi et al[60]
Baik et al[17]
Patriti et al[63]

P value

LAP

17.3
14.7
20
13
18
18.4
10.3

14.2
16.6
21
16
17
18.7
11.2

0.06
NS
0.7
0.07
0.7
0.8
> 0.05

Distal resection margin (cm)
ROB

LAP

2.1
2.7
2.2
3.6
2.0
4.0
2.1

2.3
2.6
2.8
3.8
2.0
3.6
435

P value
NS
0.09
0.8
0.6
1
0.4
> 0.05

ROB

LAP

4.9
3
1.7
2.4
0
7
0

3.7
2
0
4.9
4
8
0

0.5
NS
> 0.9
1
0.9
0.7
NS

CRM: Circumferential resection margin; ROB: Robotic resection; LAP: Laparoscopic resection; NS: Not significant.

[44]

whereas overall survivals range between 92% and
97% (Table 6).
Randomized clinical trials such as the COLRAR trial
(NCT01423214) and ROLARR trial (NCT01196000)
are currently ongoing to clarify this issue, and more
objective data may be obtained from these clinical
trials in the future.
Our own data on long-term results are synthetized
in a recent case-control paper, that provided longterm oncologic results; perioperative outcomes were
comparable to open surgery, with a significantly
decreased blood loss, while long term oncologic
outcomes were equivalent especially with reference
to mesorectal grade, CRM positivity, lymph node yield
and disease free and overall survival. We however
found a significant reduction in local recurrence rate
and a higher, though not statistically significant longterm cancer specific survival in the RTME group Figure

quality of the specimen . A statistically significant
shorter hospital stay was however found favouring the
robotic arm (Standard laparoscopic arm, 8.7 ± 1.3 d;
robotic assisted arm 6.9 ± 1.3 d; P < 0.001). There
are at present a number of publications involving
systematic reviews and case matched series, which
show equivalent clinical and oncologic outcomes. The
meta-analysis by Trastulli which focused on shortterm outcomes revealed a markedly lower conversion
rate in the Robotic arm (2% vs 7.5%, P = 0.0007)
with operative time, lymph node harvest, CRM posi
tivity rate and anastomotic leak rates being similar.
[45]
Another large meta-analysis by Xiong et al
showed
statistically significant lower CRM positivity and
conversion rates favouring the robotic approach with
operative times and local recurrence rates remaining
similar. Long-term outcomes (3 year) expressed as
disease-free survivals are between 73.7% and 79.2%,
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Table 6 Short-term and long-term oncologic outcomes of robotic TME for rectal cancer
Ref.

DRM+ n (%)

FU (mo)

LR (%)

13 (7-28)1
17.5 (4-43)1
20.6 (6-48)3
14.5 (3-28)1
14.1 (1-39)3

0
4 (7.1)
1 (2)
0
1 (0.7)

0
0
0
0
1 (0.9)

132
14.32
20.24
17.44

0
0
3.1
1.5

15.6 ± 9.0 (1-49)+
14.5 (2-45)3

21 (5.7)
5 (4.9)

2 (1.9)

26.54
30.02

3.6
4.0

LN yield

Hellan et al[16]
Baik et al[17]
Choi et al[18]
Baek et al[19]
Pigazzi et al[15]
(Multicenter study)
Baik et al[20]
Ieo series, Ghezzi et al[14]

CRM+ n (%)

DR (%) DFS (3 yr), (%) OS (3 yr), (%)
10.3
3.6
9.4
9.0

73.7
77.6

96.2
97

17.6
10.7

79.2
79.2

93.1
92

1

mean ± SD (range); 2median followe-up; 3mean lymphnode yield; 4mean followup. LN: Lymph node; CRM+: Circumferential resection margin positivity;
DRM+: Distal resection margin positivity; FU: Follow up; LR: Local recurrence; DR: Distant recurrence; DFS: Disease free survival; OS: Overall survival.
[47]

5-yr cumulative local recurrence percentages

100

et al
showed decreased sexual desire and voiding
function in both groups one month after surgery with
more rapid and complete recovery of both parameters
in the robotic group; this is possibly due to a more
delicate operation with the robotic apparatus.
Another study on 60 patients (males only) reported
a quicker and complete recovery of erectile function
in the robotic group and partially in the laparoscopy[48]
treated group .
Our group found better preservation of voiding
and sexual function in both genders with robotic TME
in comparison with open and laparoscopic TME as
provided by the literature, with complete recovery
[49]
of both functions one year after surgery . A total
of 74 patients undergoing fully robotic resection for
rectal cancer were prospectively included in this study.
Urinary and sexual dysfunctions affecting quality of
life were assessed with specific self-administered
questionnaires in all patients undergoing robotic RTME.
The analyses of the questionnaires completed by the
74 patients who underwent RTME showed that sexual
function and general sexual satisfaction decreased
significantly one month after intervention for erectile
function and for general satisfaction in men, and
for arousal and general satisfaction, respectively, in
women. Subsequently, both parameters increased
progressively, and one year after surgery, the
values were comparable to those measured before
surgery. Concerning urinary function, the grade of
incontinence measured one year after the intervention
was unchanged for both sexes. We could conclude
that RTME allows for preservation of urinary and
sexual functions. This is probably due to the superior
movements of the wristed instruments that facilitate
fine dissection, coupled with a stable and magnified
view that helps in recognizing the inferior hypogastric
plexus. Clearly, all these findings need confirmation by
larger randomized studies (Table 7).

RTME group
OTME group

90
80
70
60
50
40
30
20

16.1%

10
0

3.2%
0

6

12 18 24 30 36 42 48 54 60

P = 0.024

Survival time (mo)

Figure 5 Comparison of 5-year local recurrence. Modified from Ref[14].
[14]

5

.

GENITOURINARY FUNCTION AFTER
ROBOTIC TME
This is an important aspect of Robotic TME, as better
visualization of the autonomic plexii in the pelvis could
translate into better preservation of genitourinary
function as assessed by erectile dysfunction and
voiding function. Although the introduction of TME
has resulted in improved genitourinary functional
preservation, most colorectal surgeons are still faced
with challenging conditions such as injuries to the
hypogastric nerves and/or the sacral splanchnic
[46]
nerve during pelvic dissection . As a matter of
fact, the MRC CLASICC trial showed a trend towards
increased sexual dysfunction in the laparoscopic arm in
[31]
comparison to the open group . Theoretically, the use
of a robotic system can decrease the risk of collateral
injury to the pelvic autonomic nerves. However, there
are currently only limited studies evaluating the impact
of robotic technology on urogenital complications after
TME. Thus, whether these theoretical advantages of
R-TME translate into significant favorable urogenital
function still remains to be determined. Comparison
of robotic and laparoscopicroups in the study by Kim
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Cost Issues
One of the main concerns about robotic technology
is the high costs of purchase and maintenance of the
equipment. Robotic surgery is more expensive than
laparoscopic or open surgery for a number of reasons,
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Table 7 Urinary and sexual dysfunctions results in robotic rectal resection
Ref.
Kim et al[13], 2012
D'Annibale et al[48], 2013
Luca et al[49], 2013

Study

Results

39 LAP vs 30 ROB (urinary)
20 LAP vs 18 ROB (sexual male only)
30 LAP vs 30 ROB (male only)

Earlier recovery of normal voiding and sexual function

74 ROB (38 males and 36 females)

Erectile function was restored completely in the ROB group and partially in
the LAP group
Sexual function and general sexual satisfaction were restored completely.
Urinary function unchanged after surgery

LAP: Laparoscopic rectal surgery; ROB: Robotic rectal surgery.

including the fixed costs of purchase and maintenance
which have to be amortized, the increased operative
time and the cost of consumable items, as instruments
have limited lifespan and need to be changed. In
addition, the da Vinci surgical system (Intuitive
surgical Inc, Sunnyvale CA, United States) is the only
surgical robot currently available for use. The lack of
competition may be a factor keeping costs static and
high today.
[50]
Baek et al
showed increased costs in robotic
rectal resection compared to those in the standard
laparoscopic procedure, with a significantly lower
hospital profit in the robotic group. Similarly, one
study of our group demonstrated that robotic surgery
was much more expensive in comparison to open
as well as laparoscopic procedures, overall morbidity
rates being similar among groups and perioperative
[51]
mortality nil .
Operative time is a critical issue when studying
outcomes of robotic rectal surgery because it decreases
the number of procedures that can be performed and
drives up the operating room costs. Operative times
are related to some extent to the learning curves
and with increasing surgeon and institution volumes
the gulf between robotic and laparoscopic colorectal
procedure times is steadily decreasing. D’Annibale et
[48]
al , published their experience showing no difference
in total operating times between laparoscopic and
robotic groups, though patient preparation and
operating room times were prolonged in the robotic
[52]
group . They found that the time added in robotic
docking was balanced by faster, more accurate
dissection due to use of the robot. Standardization of
the procedure, consistency of surgical-nursing teams,
and incremental increase in surgeon experience and
volumes all have the potential to decrease operative
time.
Cost needs to be weighed against parameters such
as shorter length of stay and oncologic outcomes.
Without robust randomized data however, cost conti
nues to remain an issue especially in systems where
robotic surgery is paid on par with laparoscopic
surgery. The additional cost is borne either by the
hospital or the patient and does not make for a
good economic model. Another emerging problem
in the costs’ evaluation is the appropriate use of the
technology by low volume centers/surgeons; in fact a
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higher number of complications are reported by Keller
[52]
et al
in the low volume users when compared to
middle- and high-volume centers and surgeons.
One modifiable factor, which can decrease
this cost, is an increase in the annual caseload of
robotic procedures, which reduces the amortized
costs of the robot and the annual maintenance per
[53]
procedure . Having a consistent team of surgeons,
perioperative nurses and scrub personnel also reduces
[54]
setup times markedly, as shown by Hanly et al ,
who demonstrated reduced setup times by 29.2%
and 56.1% on the second and third robotic setups
respectively.

CONCLUSION
In conclusion, robotic total mesorectal excision has
several benefits in the treatment of rectal cancer,
especially in technically demanding cases such
as narrow male pelvis and very low located huge
tumours. Therefore, a robot-assisted technique should
be part of the armamentarium of the experienced
surgeon dealing with this disease. The intraoperative
ergonomics are superbly facilitated by excellent vision
and manoeuvrability, and this translates into a more
reproducible operation, which could be an advantage
for teaching and tutoring. While cost remains an issue,
as with laparoscopy costs are expected to decrease
with time, especially in a multispecialty setup where
[55]
multiple departments are using the robot . Operative
time is still higher than that in the laparoscopic
approach, but it rapidly decreases with experience and
is likely to be less of an issue once advanced platforms
that permit multiquadrant surgery without the need for
re-docking are more widely available.
A couple of very recent studies - comparing robot
assisted and laparoscopy TME - added more data to
the conclusion that robotic surgery for rectal cancer
failed so far to offer any oncologic or clinical benefits
as compared with laparoscopy, despite an increased
cost. The first study analyzed 217 patients enrolled
prospectively, who underwent minimally invasive
surgery for rectal cancer with stage Ⅰ-Ⅲ disease
(robot, n = 133; laparoscopy, n = 84). Perioperative
clinicopathologic outcomes demonstrated no significant
differences, except for the conversion rate and length
of hospital stay. No significant differences were found
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in the 5-year overall, disease-free survival and local
recurrence rates between robotic and laparoscopic
[43]
surgical procedures .
The second is a case-matched study aimed at
comparing the postoperative complications and
short- and long-term outcomes of RTME and LTME
for rectal cancer. Authors identified 278 rectal cancer
patients who underwent RTME; a propensity score
matching was used to match this group with 278
patients who underwent LTME. The conversion rate,
length of hospital stay, and recovery of pain and bowel
motility were similar between both groups. The rates
of circumferential resection margin involvement and
early complications were similar between both groups
(L-TME vs R-TME: 4.7% vs 5.0%, P = 1.000; and
23.7% vs 25.9%, P = 0.624, respectively), as were
the 5-year overall survival, disease-free survival, and
local recurrence rates (93.1% vs 92.2%, P = 0.422;
79.6% vs 81.8%, P = 0.538; 3.9% vs 5.9%, P = 0.313,
[56]
respectively) . This study showed that RTME was
significantly associated with a much lower incidence of
late voiding dysfunction than LTME (0.7% vs 4.3%, P
= 0.012).
Both these studies are not randomized, and most
conclusions should be taken with caution. In addition,
sexual adverse effects were not here investigated.
The ROLARR Trial (Robotic assisted vs laparoscopic
assisted resection for rectal cancer) is an international
multicenter prospective, controlled, unblended, parallel
group superiority trial of robotic-assisted vs standard
laparoscopic surgery for the curative treatment of
rectal cancer, which randomized > 200 patients in each
[57]
arm .
Initial results of ROLARR trial were presented at
st
the ASCRS conference in Boston on 1 June 2015
th
and again at the EAES conference in Bucharest on 6
June. These results included analysis of data up to 30
d post operatively, including the primary endpoint of
conversion to open surgery, CRM positivity and safety
data up to 30 d post operatively. These data did not
show any statistically significant differences between
the arms (laparoscopy and robot-assisted surgery)
with respect to a number of variables. Here the most
relevent conclusions are listed: Observed conversion
rate lower following robotic surgery, but no statistically
significant evidence of superiority compared to
laparoscopic surgery. In a subgroup analysis, a
possible benefit in males, low anterior resection and
obese patients was found, but this requires further
research to be confirmed. Among the secondary endpoints, similar rates in CRM positivity were observed,
as well as rates of 30-d complications and mortality
(Personal communication from Dr D. Jayne).
Although the results available on robotic surgery
are still few, robotic assistance seems to reduce the
percentage of conversions to open surgery among
expert surgeons and is promising as a method to
attenuate the learning curve of a well-conducted
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TME
. At the moment, the robotic system has
higher costs than laparoscopy and its use should be
planned within a clearly defined educational program,
preferably in a hospital conducting high volumes of
minimally invasive colorectal procedures, in order to
avoid an increase in complication rates and related
costs.
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Abstract
The human intestinal microbiome plays a major role in
human health and diseases, including colorectal cancer.
Colorectal carcinogenesis represents a heterogeneous
process with a differing set of somatic molecular
alterations, influenced by diet, environmental and
microbial exposures, and host immunity. Fusobacterium
species are part of the human oral and intestinal
microbiota. Metagenomic analyses have shown an
enrichment of Fusobacterium nucleatum (F. nucleatum )
in colorectal carcinoma tissue. Using 511 colorectal
carcinomas from Japanese patients, we assessed the
presence of F. nucleatum . Our results showed that the
frequency of F. nucleatum positivity in the Japanese
colorectal cancer was 8.6% (44/511), which was lower
than that in United States cohort studies (13%). Similar
to the United States studies, F. nucleatum positivity
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in Japanese colorectal cancers was significantly
associated with microsatellite instability (MSI)-high
status. Regarding the immune response in colorectal
cancer, high levels of infiltrating T-cell subsets (i.e. ,
CD3+, CD8+, CD45RO+, and FOXP3+ cells) have been
associated with better patient prognosis. There is also
evidence to indicate that molecular features of colorectal
cancer, especially MSI, influence T-cell-mediated
adaptive immunity. Concerning the association between
the gut microbiome and immunity, F. nucleatum has
been shown to expand myeloid-derived immune cells,
which inhibit T-cell proliferation and induce T-cell
apoptosis in colorectal cancer. This finding indicates that
F. nucleatum possesses immunosuppressive activities by
inhibiting human T-cell responses. Certain microRNAs
are induced during the macrophage inflammatory
response and have the ability to regulate host-cell
responses to pathogens. MicroRNA-21 increases the
levels of IL-10 and prostaglandin E2, which suppress
antitumor T-cell-mediated adaptive immunity through
the inhibition of the antigen-presenting capacities of
dendritic cells and T-cell proliferation in colorectal cancer
cells. Thus, emerging evidence may provide insights for
strategies to target microbiota, immune cells and tumor
molecular alterations for colorectal cancer prevention
and treatment. Further investigation is needed to clarify
the association of Fusobacterium with T-cells and
microRNA expressions in colorectal cancer.

INTRODUCTION
The human intestinal microbiome encompasses at
14
least 100 trillion (10 ) microorganisms and plays a
major role in human health and diseases, including
[1-3]
colorectal cancer
. Colorectal carcinogenesis
represents a heterogeneous process with a differing
set of somatic molecular alterations, influenced by
diet, environmental and microbial exposures, and host
[4,5]
immunity . Fusobacterium species (a group of nonspore-forming, anaerobic gram-negative bacteria)
are a part of the normal human oral and intestinal
microbiota. The species of the Fusobacterium genera
are highly heterogeneous, and some of them have
been recognized as opportunistic pathogens implicated
[6-8]
not only in periodontitis
but also in inflammatory
[9-11]
[12,13]
bowel disease (IBD)
, pancreatic abscess
, and
[12-15]
hepatic abscess
. Regarding gastrointestinal cancer,
metagenomic analyses have shown an enrichment of
Fusobacterium nucleatum (F. nucleatum) in colorectal
carcinoma tissue, which has been confirmed by
quantitative PCR for the 16S ribosomal RNA gene DNA
[16,17]
sequence of F. nucleatum
. Studies have shown
that a greater amount of F. nucleatum in colorectal
carcinoma tissue is associated with high degrees of
microsatellite instability (MSI-high) and CpG island
[18]
methylator phenotype (CIMP) .
Accumulating evidence indicates that innate and
[19]
adaptive immunity influences tumor evolution .
Attesting to an important role of T-cell-mediated
adaptive immunity in inhibiting tumor progression,
therapeutic antibodies against immune checkpoint
molecules, including CTLA4, PDCD1 (programmed cell
death 1; PD-1), and CD274 (programmed cell death
1 ligand 1; PD-L1), can effectively enhance antitumor
[20,21]
T-cell activity in various malignancies
. Emerging
evidence indicates that tumor genetic alterations and
tumor-host interactions have complex roles in the
[22-25]
effectiveness of T-cell-based immunotherapies
.
Although these immunotherapies appeared to be less
effective for colorectal cancer, high-level infiltrates of
T-cells in colorectal cancer tissue have been associated
[26-28]
with better patient survival
, and a recent study
has suggested a potential role for the immune
checkpoint pathway in suppressing the antitumor
[29]
immune response in a subset of colorectal cancers .
Regarding the association between the gut
microbiome and immunity, a number of studies have
shown that F. nucleatum has immunosuppressive
activities via inhibiting human T-cell responses
[30-35]
to mitogens and antigens
. Additionally, F.
nucleatum inhibitory protein has been shown to arrest
[33]
human T-cells in the G1 phase of the cell cycle .
Furthermore, F. nucleatum can induce apoptotic
cell death in peripheral blood mononuclear cells and
[31]
Jurkat T-cells . This F. nucleatum-induced cell death
is mediated through the aggregation of the immune
cells, which might have important implications for the

Key words: BRAF ; CpG island methylator phenotype;
Colon neoplasia; Fusobacterium species; miR-21
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Core tip: The human intestinal microbiome plays a
major role in human health and diseases, including
colorectal cancer. Metagenomic analyses have shown
an enrichment of Fusobacterium nucleatum (F. nu
cleatum ) in colorectal carcinoma tissue. Our results
showed that the frequency of F. nucleatum positivity
in Japanese colorectal cancer was 8.6%, which was
lower than that in United States cohort studies (13%).
F. nucleatum positivity was significantly associated with
microsatellite instability-high status. Additionally, F.
nucleatum possesses immunosuppressive activities by
inhibiting T-cell responses. Thus, emerging evidence may
provide insights for strategies to target microbiota,
immune cells, and molecular alterations for colorectal
cancer prevention and treatment.
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pathogenesis of this bacterial species . These findings
indicate that F. nucleatum suppressively modulates the
tumor-immune microenvironment.
Thus, the results of these studies suggest a
complex link between the gut microbiome, immunity,
and molecular alterations in colorectal tumorigenesis.
A better understanding of the relationship between
microorganisms and immune cells in the tumor
microenvironment is needed in order to effectively
target the microbiota and immunity for colorectal
cancer prevention and therapy.

associated with cancer-specific survival. The role of
F. nucleatum in colorectal carcinogenesis remains
uncertain. Recent studies showed that F. nucleatum
increases the production of reactive oxygen species
(ROS) and inflammatory cytokines (e.g., IL-6 and
[38]
TNF) in colorectal cancer . Inflammation and ROS
can reduce the enzymatic activity of mismatch repair
(MMR) proteins and cause epigenetic silencing of the
[39]
mismatch repair protein MLH1 leading to MSI .

Association between immune cell
and clinical outcome in colorectal cancer

amount of F. nucleatum in
colorectal carcinoma tissue and
the association with MSI

The abundance of tumor-infiltrating T-cells has been
associated with improved clinical outcomes in colorectal
[28,40]
cancer patients
. Although the exact mechanism
remains uncertain, the adaptive immune system
may play an important role in suppressing tumor
[27,41]
progression
. Tumor-infiltrating T-cells may be an
indicator of a host immune response to tumors and
[42-45]
are attractive targets for immunotherapy
. Tumorinfiltrating lymphocytes may also reflect specific
molecular alterations associated with indolent tumor
behavior. Previous studies have shown that lymphocytic
infiltration is associated with MSI in colorectal
[40,46-48]
cancer
. Truncated peptides produced by frame
shift mutations due to MSI may be immunogenic and
[41,43,49]
contribute to host immune response
. However,
little is known about the relationship between tumorinfiltrating T-cells and other tumor molecular features,
including the CIMP status, and KRAS, BRAF and PIK3CA
mutations.
We previously utilized a database of clinically and
molecularly annotated colorectal carcinoma cases
(n = 768; stages Ⅰ-Ⅳ) in the United States cohort
[28]
studies . Using tissue microarray and automated
Ariol image analysis system, we quantified densities of
CD3+, CD8+, CD45RO+, and FOXP3+ T-cells within
neoplastic epithelial areas. Our data demonstrated
that tumor-infiltrating CD45RO+ T-cell density
is significantly associated with longer survival of
colorectal cancer patients, independent of clinical,
pathological, and molecular features (i.e., MSI, CIMP,
and KRAS, BRAF and PIK3CA mutations). In addition,
MSI-high is an independent predictor of CD45RO+
T-cell density. The strong association between MSI and
CD45RO+ T-cell density supports the hypothesis that
truncated peptides produced by MSI and frameshift
mutations may elicit a host immune response and
[41,49]
recruit CD45RO+ T-cells
.
In most studies, MSI in colon cancer has been
[27,41,50,51]
associated with improved survival
, although
the mechanism underlying this association is largely
unknown. Similar to these reports from United States
[27,41,50,51]
and Western countries
, our current Japanese
population-based study showed a significantly lower

[36]

Using quantitative PCR, Mima et al
have reported
that F. nucleatum was detected in 76 (13%) of 598
colorectal carcinomas (stages Ⅰ-Ⅳ) within the wellknown United States cohort studies (the Nurses’
Health Study and the Health Professionals Followup Study) and in adjacent non-tumor tissue in 19
(3.4%) of 558 cases analyzed. In the 558 pairs of
colorectal carcinoma and adjacent non-tumor tissues,
the amount of F. nucleatum was higher in colorectal
carcinoma tissue than in paired adjacent non-tumor
[36]
tissue .
We also collected 511 colorectal carcinoma tissues
(stages Ⅰ-Ⅳ) from Japanese patients who underwent
endoscopic resection or other surgical treatment
and assessed the presence of F. nucleatum via gene
expression analysis. Genomic DNA was extracted
from formalin-fixed paraffin-embedded (FFPE) tissues.
The amount of F. nucleatum in colorectal carcinoma
tissue was measured by quantitative PCR assay as
[36]
previously described . Considering the influence
of contaminating stromal cells, we performed micro
dissection only in cases with F. nucleatum positivity
and conducted quantitative PCR again using the DNA
extracted from the carcinoma component. Our current
data demonstrated that F. nucleatum positivity was
detected in 44 (8.6%) of the 511 Japanese patients
with colorectal cancer (Table 1). The frequency of F.
nucleatum positivity in the Japanese patients was
significantly lower than that in the United States cohort
[36]
study .
Some cohort studies observed associations of
highly enriched Fusobacterium in colorectal cancer
tissues with CIMP-high, MSI-high, and MLH1 methy
[18,36,37]
lation in patients with colorectal cancer
.
Consistent with these reports, our current data using
Japanese populations showed that high expression of
F. nucleatum in colorectal cancers was significantly
associated with MSI-high status (Table 1). We also
examined the relationship between the amount
of F. nucleatum and patient mortality; however
F. nucleatum status in colorectal cancers was not
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Table 1 Clinical and molecular features in Japanese patients with colorectal cancer according to Fusobacterium nucleatum status n (%)
Clinical and molecular features
All cases
Gender
Male
Female
Age (mean ± SD)
Tumor size (mm) (mean ± SD)
Tumor location
Rectum
Distal colon
(Sigmoid colon to splenic flexure)
Proximal colon
(Transverse colon to cecum)
Disease stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

KRAS mutation (codon 12/13/61/146)
Wild-type
Mutant
BRAF mutation (codon 600)
Wild-type
Mutant
PIK3CA mutation (exon 9/20)
Wild-type
Mutant
MSI status
MSS/MSI-low
MSI-high

Total (n )

F. nucleatum expression
P -value

Negative

Positive

511

467 (91)

44 (8.6)

286 (56)
225 (44)
67.1 ± 11.8
49.8 ± 24.1

267 (57)
200 (43)
67.3 ± 11.7
49.2 ± 24.5

19 (43)
25 (57)
65.0 ± 12.1
56.4 ± 19.6

207 (41)
133 (26)

194 (42)
121 (26)

13 (30)
12 (27)

171 (33)

152 (33)

19 (43)

56 (11)
160 (31)
235 (46)
60 (12)

53 (11)
142 (30)
216 (46)
56 (12)

3 (6.8)
18 (41)
19 (43)
4 (9.0)

0.470

354 (69)
157 (31)

324 (69)
143 (31)

30 (68)
14 (32)

0.870

483 (95)
28 (5.5)

445 (95)
22 (4.7)

38 (86)
6 (14)

0.031

451 (88)
60 (12)

414 (89)
53 (11)

37 (84)
7 (16)

0.390

470 (92)
41 (8.0)

435 (93)
32 (6.9)

35 (80)
9 (20)

0.0059

0.075
0.220
0.063

0.240

Percentage (%) indicates the proportion of cases with a specific clinical or molecular feature within a given category of F. nucleatum detection by quantitative
PCR. The P-values were calculated using t-test for age and tumor size and by means of the χ 2 test or Fisher’s exact test for all other variables. F. nucleatum:
Fusobacterium nucleatum; MSI: Microsatellite instability; MSS: Microsatellite stable.

mortality rate (log-rank test: P = 0.048) in the MSIhigh group than in the MSS/MSI-low group using
the Kaplan-Meier method (data not shown). These
results suggest one explanation that a host immune is
stimulated in response to MSI-high colorectal cancer.

and angiogenic protumor Th2 inflammation with the
[54]
expression of arginase, TGF-b, and IL-10 . These
results indicate that F. nucleatum suppressively
modulates the tumor-immune microenvironment
because T-cell-mediated adaptive immunity plays
an important role in preventing the development of
[55]
tumors and inhibiting tumor progression . Thus,
immunosuppression by F. nucleatum may affect
patient mortality in colorectal cancer. Additionally, the
data in the United States cohort studies along with
these lines of experimental evidence revealed that the
amount of tissue F. nucleatum is inversely associated
with CD3+ T-cell density in colorectal carcinoma
[36]
tissue .

Association between F.
nucleatum and immune response
in colorectal cancer
Myeloid-derived immune cells can inhibit T-cell
[52]
proliferation and induce T-cell apoptosis . Recently,
[38]
Kostic et al
reported that F. nucleatum selectively
expands myeloid-derived immune cells in colorectal
cancer. In particular, myeloid-derived immune cells
were enriched in F. nucleatum-fed mice vs controls.
Myeloid-derived immune cells have been proposed to
be myeloid cells present in the bone marrow, spleen,
or tumor microenvironment that are able to suppress
[53]
T-cell responses . During tumor progression, reactive
myeloid cells might mediate immunosuppression
either by the self-limiting mechanism of T helper
type (Th)1 inflammation resolution, such as ROS and
IL-10 production, or by switching to a wound repair

WJG|www.wjgnet.com

Association between microRNA
expression and immunity in
colorectal cancer
MicroRNAs constitute a class of small non-coding RNA
molecules that function as post-transcriptional gene
regulators and have been increasingly recognized
[56-71]
as biomarkers of various human cancers
.
Regarding colorectal cancer, we recently discovered
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F. nucleatum

Myeloid-derived immune cells↑

?

IL-10↑

ROS↑

MLH1
inactivation

MSI

microRNA-21↑
PGE2↑

T-cells↓
(i.e. , CD3+ cell)

Figure 1 Hypothesis of potential mechanism about the association of Fusobacterium nucleatum in colorectal cancer with immune cells and molecular
alterations. F. nucleatum increases the production of ROS and inflammatory cytokines in colorectal cancer. Inflammation and ROS can cause epigenetic silencing of
the mismatch repair protein MLH1 leading to MSI. F. nucleatum possesses immunosuppressive activities by inhibiting human T-cell responses and modulates tumorimmune microenvironment suppressively. MicroRNA-21 increases the levels of IL-10 and PGE2, which suppress antitumor T-cell-mediated adaptive immunity in the
tumor microenvironment. F. nucleatum: Fusobacterium nucleatum; MSI: Microsatellite instability; PGE2: Prostaglandin E2; ROS: Reactive oxygen species.

that microRNA-31 (miR-31) expression is significantly
up-regulated in BRAF-mutated cancers compared
with that in wild-type cancers using microRNA array
[67]
analysis . Moreover, associations were identified
between miR-31 expression and poor prognosis for
colorectal cancers.
Certain microRNAs are induced during the macro
phage inflammatory response and have the ability
[72]
to regulate host-cell responses to pathogens . In
addition, pathogens themselves may regulate micro
[73]
RNA expression . MicroRNAs influence networks that
control innate and adaptive immunity and apoptosis
[71,72]
by regulating signalling pathways
. Among the
various microRNAs, microRNA-21 (miR-21) has been
shown to play roles in immunity and colorectal carci
[74-76]
nogenesis
. In fact, high-level miR-21 expression
in colorectal cancer tissue has been associated with
worse clinical outcome, suggesting that miR-21 could
[77,78]
act as a prognostic tumor biomarker
. Studies have
shown that miR-21 increases the levels of IL-10 and
[78-82]
prostaglandin E2 (PGE2) in colorectal cancer cells
.
IL-10 and PGE2 have been shown to suppress
antitumor T-cell-mediated adaptive immunity through
the inhibition of the antigen-presenting capacities of
dendritic cells and T-cell proliferation and through the
recruitment of myeloid-derived suppressor cells into
[83-86]
the tumor microenvironment
.

and Japanese population-based study. Previous studies
have reported that the frequency of colorectal cancers
[63,67,87]
with MSI-high status in Japan (less than 10%)
tend to be lower than those in the United States
[28,88-91]
and Western countries (approximately 15%)
.
Therefore, the low rate of MSI-high colorectal cancer
in Japan might be due to the amount of F. nucleatum
in carcinoma tissues because our current data showed
that the rate of F. nucleatum positivity in Japanese
patients was significantly lower than that in the United
States cohorts. MSI-high status in colorectal cancer
has been associated with high levels of infiltrating
T-cells, as mismatch repair defects in MSI-high tumors
cause numerous frameshift mutations and truncated
proteins, which elicit antitumor T-cell-mediated
[40,46,49,92]
adaptive immunity
. However, MSI status is
not the sole determinant of the immune response
to colorectal cancer because the amounts of tumorinfiltrating T-cells considerably overlap between
MSI-high and microsatellite stable (MSS) colorectal
[28,29,40]
tumors
. Hence, there must be other factors that
influence the antitumor immune response to colorectal
cancer.
T-cell-mediated adaptive immunity plays an
important role in regulating tumor evolution and in
[55]
inhibiting tumor progression . The immunity includes
multiple steps involving the clonal selection of antigenspecific cells, their activation and proliferation in
secondary lymphoid tissues, and their recruitment into
[93]
the tumor microenvironment . In a mouse model, F.
nucleatum recruits myeloid-derived suppressor cells
[38]
into the tumor microenvironment . Myeloid-derived
suppressor cells can inhibit T-cell proliferation and

CONCLUSION
The association between highly enriched F. nucleatum
in colorectal carcinoma tissues and MSI-high status
was observed in both the United States cohort studies
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induce T-cell apoptosis . Virulence factors derived
[33,94]
from F. nucleatum also inhibit T-cell proliferation
.
The experimental evidence may be consistent with a
recent finding that a higher abundance of F. nucleatum
in colorectal carcinoma tissue was associated with a
lower density of T-cells, as measured by CD3 in the
[36]
tumor microenvironment . These findings support
a role of F. nucleatum in down-regulating antitumor
T-cell-mediated adaptive immunity.
Both tumor molecular and immunity analyses are
increasingly important in cancer research and clinical
practice. MicroRNAs play roles in carcinogenesis
and immunity and can be potential biomarkers or
therapeutic targets. MicroRNA-targeting therapies
for human disease, including cancer, are currently
[69,95,96]
being investigated
. Accumulating evidence
suggest miR-21 increases the levels of IL-10 and
PGE2 in the tumor microenvironment, which can
lead to the suppression of antitumor T-cell-mediated
[84-86]
adaptive immunity
. In light of these findings,
it would be intriguing for future research to explore
a potential strategy for inhibiting miR-21 and its
immunosuppressive effect in immunotherapy and
immunoprevention for colorectal cancer. In contrast,
no study has reported whether F. nucleatum regulates
microRNA expressions, including miR-21. Therefore,
functional analysis and/or human population-based
study are expected to identify the association between
F. nucleatum and miR-21 expression in colorectal
cancer.
We have summarized the hypothesis of the
potential mechanism underlying the association of
F. nucleatum in colorectal cancer with immune cells
and molecular alterations in Figure 1. F. nucleatum
increases the production of ROS and inflammatory
cytokines in colorectal cancer. Inflammation and
ROS can cause epigenetic silencing of the mismatch
repair protein MLH1 leading to MSI. F. nucleatum
possesses immunosuppressive activities by inhibiting
human T-cell responses and modulates tumor-immune
microenvironment suppressively. miR-21 increases the
levels of IL-10 and PGE2, which suppress antitumor
T-cell-mediated adaptive immunity in the tumor
microenvironment.
Thus, emerging evidence may provide insights
for strategies to target microbiota, immune cells,
and tumor molecular alterations for colorectal cancer
prevention and treatment. Further investigation is
needed to clarify the association of Fusobacterium with
T-cells and microRNA expressions in colorectal cancer.
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Abstract
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Surgical resection of colorectal liver metastases (CRLM)
has a well-documented improvement in survival. To
benefit from this intervention, proper selection of
patients who would be adequate surgical candidates
becomes vital. A combination of imaging techniques
may be utilized in the detection of the lesions. The
criteria for resection are continuously evolving; currently,
the requirements that need be met to undergo
resection of CRLM are: the anticipation of attaining
a negative margin (R0 resection), whilst maintaining
an adequate functioning future liver remnant. The
timing of hepatectomy in regards to resection of
the primary remains controversial; before, after, or
simultaneously. This depends mainly on the tumor
burden and symptoms from the primary tumor. The role
of chemotherapy differs according to the resectability
of the liver lesion(s); no evidence of improved survival
was shown in patients with resectable disease who
received preoperative chemotherapy. Presence of
extrahepatic disease in itself is no longer considered
a reason to preclude patients from resection of their
CRLM, providing limited extra-hepatic disease, although
this currently is an area of active investigations. In
conclusion, we review the indications, the adequate
selection of patients and perioperative factors to be
considered for resection of colorectal liver metastasis.
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Core tip: Resection of colorectal liver metastases has
shown to prolong survival. Proper selection of patients
who would benefit most from such a major procedure
is crucial. Past contraindications are continuously being
challenged. At present the only requirement is the
anticipation of acquiring a negative margin and an
adequate future liver remnant. Extrahepatic metastases
are considered based on site and controllability. The
use of preoperative chemotherapy in resectable disease
remains an area of controversy. This article reviews the
preoperative selection of patients for colorectal liver
metastasectomy.

GENERAL PATIENTS FACTORS
A number of patient related factors must be assessed
before the decision to resect CRLM is taken prior to
any surgical intervention such as age, comorbidities,
and tolerance to anesthesia.
[15]
In Höhn’s classification , liver resection is
considered a major abdominal surgery. The resection
of CRLM is performed via an open or laparoscopic
approach commonly under general anesthesia (GA)
alone or in combination with epidural analgesia. In
the past 2 years, some centers report the procedure
[16]
being performed under epidural anesthesia alone ,
in aim to reduce the requirement of systemic narcotic
and to allow better postoperative bowel function
[17]
and preservation of pulmonary function . This,
however, has not been established amongst the
surgical community and is not until now the general
[18]
consensus . It is therefore vital that the patient’s
tolerability to GA be evaluated prior to the decision to
[19]
operate. Intraoperative blood loss
and transfusion
[20]
requirements
are major determinants of morbidity
and mortality following liver resection. It was found
that blood loss may be controlled by lowering the
central venous pressure to 5 mmHg or less intra
[21]
[22]
operatively ; Johnson et al
observed an almost
bloodless operating field when CVP was less than 6
mmHg. Hypoperfusion injury is the main concern in
regards to this technique, mainly acute kidney injury
(AKI); which has been observed in procedures that
[23]
may compromise splanchnic and renal circulation .
It was however found in a retrospective analysis of
[24]
more than 2000 liver resections , that although renal
dysfunction was fairly common when lowering CVP, it
was more importantly a transient event with limited
clinical significance.
The presence of comorbidities is still being argued
as a reason to preclude a patient from hepatic surgery.
In the “Patient Safety in Surgery Study” by Virani
[25]
et al
it was reported that a history of previous
cardiac operation, hypertension, diabetes, dyspnea,
COPD, ascites, wound or wound infection, alcohol use,
dialysis, or bleeding disorder was associated with or
had a trend towards association with postoperative
morbidity or mortality. However, the status of these
comorbidities should be optimized preoperatively,
and surgery should only be contraindicated in certain
conditions; acute liver failure, acute renal failure, acute
viral hepatitis, alcoholic hepatitis, cardiomyopathy,
hypoxemia, and severe coagulopathy (despite treat
[26]
ment) . Major abdominal surgery, especially when
performed in a cancer setting warrants medical venous
[27]
thromboembolism (VTE) prophylaxis . However, it
has generally been believed that the post hepatectomy
phase carries a high risk of bleeding secondary to post-
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INTRODUCTION
“Biology is King; selection of cases is Queen, and the
technical details of surgical procedures are princes
and princesses of the realm who frequently try to
overthrow the powerful forces of the King and Queen,
usually to no long-term avail, although with some
[1]
temporary apparent victories .”- by Blake Cady, MD.
Colorectal cancer remains one of the three most
[2,3]
common cancers in many countries . Around two
thirds of patients will develop distant metastases
[4]
during the course of their illness . The liver, in addition
[4]
to being the most common site of metastases , is
also the first and only area of spread in 30%-40% of
[5-7]
patients . Survival of patients with colorectal liver
metastases (CRLM) is dismal if left untreated, whether
the metastases are synchronous (developed within 12
mo of diagnosis) or metachronous (developed after 12
mo of diagnosis), with a 5-year survival of merely 3.3%
[8]
and 6.1% respectively . However, unlike many other
types of cancer, the presence of distant metastases
does not preclude curative treatment. With ongoing
advancements in multidisciplinary management,
surgical resection of CRLM has demonstrated improve
ment in long-term survival for a significant number
of patients, reaching an overall 5-year survival of up
[9-11]
to 50%-60%
. Unfortunately, not all patients with
[12]
CRLM are candidates for resection , either due to
the status of their hepatic or extrahepatic disease,
or their overall functional condition. Nevertheless,
the criteria for selection of patients for colorectal
liver metastasectomy are undergoing continuous
[13]
modification and expansion . To further improve
survival, proper selection of patients who would benefit
most from such an invasive procedure becomes
[14]
vital . This article reviews the preoperative selection
of patients for colorectal liver metastasectomy. All
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[28]

operative liver dysfunction , thus decreasing the need
for VTE prophylaxis due to this “auto-anticoagulation”
effect. Yet, the contrary has been proven; the post
hepatectomy phase in fact carries an increased risk
for VTE, which increases in proportion to the extent
[29]
of resection . This would necessitate the use of
VTE prophylaxis in hepatectomies. The exception
to this would be patients with known preoperative
bleeding disorders, in which case achieving adequate
homeostasis is prioritized.
Laparoscopy has increasingly proved to be of use
in liver surgery, as it is associated with less surgical
[30]
stress , decreased blood loss and pain, shorter
[31,32]
hospital stay, and lower complication rates
. Most
importantly laparoscopy has comparable long-term
survival as the open approach when resecting CRLM,
with the added benefit of allowing a simpler procedure
[32]
in the event of recurrence . The role of laparoscopy
has been especially established in minor liver
[31]
[33]
resections , but is not as clear in major resections .
Various multi-institution studies determined
advanced age to be an independent risk factor for
morbidity and mortality following major abdominal
[34,35]
procedures
. Nonetheless, other studies stated
that advanced age in itself is no longer considered an
exclusion criterion while entertaining the possibility
of liver resection; comparable mortality, morbidity,
and survival have been achieved in older age groups
[36]
as appose to younger patient . This controversy
may be explained by the latter’s group bias in patient
selection and the limitations posed by the extent of
[37]
the procedures performed on the older age group .
In an attempt to provide a broader view, an analysis
was performed of the American College of Surgeons
(ACS) National Surgical Quality Improvement Program
(NSQIP) database including over 400 different
hospitals, they compared patients ≥ 75 years old with
[38]
those < 75 undergoing elective hepatectomies . It
was found that elderly patients were more likely to
experience severe complications, and given their lower
physiological reserve were less likely to be rescued
successfully, and in consequence contributing to the
major increase in the rates of 30-d postoperative
mortality. This should not discourage selection of
elderly patients for resection, but warrants optimization
of their preoperative status as aforementioned, while
also balancing the risks and benefits by which guide
the extent of the procedure to be taken. At present,
there does not seem to be any literature evaluating
patients of an older age group (> 80 years), except for
2 case reports demonstrating successful hepatectomies
[39]
in patients over 90 years of age . Although the
authors stated that no postoperative complications
were encountered, neither the post-operative course
nor survival was mentioned.
A standard blood workup should be performed
preoperatively, and abnormalities ought to be
corrected as possible before surgery is commenced.
[25]
Virani et al
reported that preoperative elevated
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alkaline phosphatase, bilirubin, creatinine, aspartate
aminotransferase (AST), and decreased sodium
was associated with increased morbidity. They also
observed that the mean albumin level was lower in
patients that developed complications in contrast to
those that didn’t. A baseline carcinoembryonic antigen
(CEA) should also be obtained preoperatively. Although
the result in itself does not affect preoperative selection
of patients for resection, a trend of rising CEA post
hepatectomy should alert the treating physician of an
[40]
unfavorable prognosis . Serum CEA and C-reactive
protein (CRP) are also used in various prognostic
[36,41]
scoring system
, which will be discussed below, and
thus should be obtained to aid in correct preoperative
stratification of patients.

IMAGING FOR EVALUATION OF THE
METASTASES
Preoperative imaging studies aim to: (1) delineate
the extent of hepatic metastases, whether they are
segmental or lobar; (2) determine their best manage
ment plan; and (3) identify extrahepatic disease, taking
into account lymph node and peritoneal involvement,
local or regional recurrence or residual, and other
[42]
sites of hematogenous spread such as the lungs .
Many imaging modalities are available; the choice
is determined by availability and user experience, in
addition to the purpose of each study and the limitation
[43]
it may present, and finally, available imaging results .
In the 2006 British guidelines for resection of
[44]
colorectal liver metastases, Garden et al
recom
mended that detection of colorectal metastases
be done using contrast-enhanced CT scans of the
abdomen, pelvis, and chest (chest x-ray would also
be acceptable). Multidetector-row CT (MDCT) is the
most commonly used imaging modality for detection
[45]
and characterization of hepatic metastases , with
detection rates of 68% to 91% using contrast-enhanced
[46]
CT (CECT) scans of the abdomen . Nonetheless, a
limitation that cannot be overlooked, in addition to the
need for a high radiation doses, is the in inability of CT
[47]
to sufficiently characterize sub-centimetric lesions ,
as appose to the more expensive and not so readily
available option; magnetic resonance imaging (MRI)
[43]
with hepatobiliary contrast . A recent retrospective
study proposed this be overcome intraoperatively
by using intraoperative ultrasonography (IOUS) for
patients who were scanned with CT preoperatively, thus
preventing unnecessary waiting times prior surgery
and at lower costs, whilst also providing adequately
[48]
sensitive detection . CT, however, remains inferior to
MRI in detecting hepatic lesions on a background of
[49]
fatty infiltration .
Fluorodeoxyglucose-positron emission tomography
18
( FDG-PET) is an imaging technique that provides
unique molecular and metabolic information in regards
[50]
to many oncological diseases . To provide optimal
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results, PET is combined with CT (or CECT), to produce
[43,50]
a whole body metabolic map of glucose uptake
.
PET continues to prove to be of benefit in preoperative
imaging of CRLM. In a recent meta-analysis and
systemic review of the published literature, Maffione et
[51]
18
al
found the following: (1) FDG PET/CT was 93%
accurate in the detection of liver lesions on a patient
basis, but less accurate on a lesion basis (sensitivity =
60%, specificity = 79%); (2) When compared to both
MRI and CT, PET was less sensitive but more specific;
and (3) With its added advantage of delineating
[52]
extrahepatic metastases , extrahepatic disease
identified by PET and not by other imaging techniques
had a mean incidence of 32%, and subsequently the
decision to operate was either aborted or modified in
a substantial number of patients (24%). Nonetheless,
when PET/CT was studied in randomized settings, its
addition to the diagnostic workup showed no influence
[53]
on survival .
Regarding MRI (magnetic resonance imaging), the
International Hepato-Pancreato-Biliary Association
(IHPBA) stated in their most recent expert consensus
statement that in optimal situations “MRI combining
Gd-EOB-DTPA (a hepatocyte-specific contrast agent;
gadolinium ethoxybenzyl diethylenetriamine penta
acetic acid) delayed images and diffusion-weighted
imaging has the best performance characteristics for
detecting and characterizing liver lesions, particularly
[43]
those < 1 cm in size .” This is of increased value in
patients with preexisting steatosis, or chemotherapy
[49]
induced changes .
Finally, despite its limited role in staging or patient
selection prior to surgery, ultrasound has undergone
major advances that has made it an indispensable
[54]
tool . The role of intraoperative ultrasound (IOUS)
remains vital for correct staging and operative planning.
Though the percentage varies amongst reports,
IOUS continues to prove to be of value in identifying
new sub-centimetric liver lesions intraoperatively
that were missed during preoperative imaging, thus
[55]
changing the surgical strategy of resection . The
development of contrast-enhanced ultrasound (CEUS)
has dramatically increased the potential of sonography
in the assessment of focal liver lesions. The use of US
contrast agents permits real time demonstration of the
parenchymal microvasculature and the enhancement
patterns of liver lesions, unlike the predetermined
time points of contrast circulation utilized in CECT and
[56]
MRI . Safety is an additional advantage of US contrast
[57]
agents ; as no hepato-, nephro-, or cardiotoxicities
have been reported. The combination of the above
mentioned techniques produces contrast enhanced
IOUS (CE-IOUS). Recent studies have shown it to be
beneficial in delineating minute metastases that would
otherwise be difficult to identify against chemotherapy[58]
induced background parenchymal injury . Torzilli et
[59]
al
suggested that CE-IOUS be reserved for patients
with multiple and isoechoic liver lesions on IOUS.
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HEPATIC FACTORS
Despite the fact being that resection of hepatic meta
stases remains the only curative option for CRLM, less
[12]
than 25% of patients are candidates for surgery . In
[14]
1986, Hughes et al analyzed their hepatic metastases
registry; this was the first reported attempt to develop
a criteria for indications and contraindications for
resection. They regarded the presence of positive
porta-hepatis node, extra hepatic metastases, or four
or more hepatic metastases to be contraindications to
liver resection. Patients with Duke’s C primary tumor
presenting with multiple metastases or synchronous
metastatic disease were also considered to be inappro
priate for liver resection. During the same year, Ekberg
[60]
et al
required the following to be present to qualify
for resection: a maximum of three liver lesions, the
ability to achieve a 10 mm resection margin, and
absence of extrahepatic metastases. Since then, most,
if not all, of these prerequisites have been challenged;
the criteria are continuously undergoing revision and
[13]
expansion .

Resectability of metastatic lesions

Currently, the only local requirements that need be
met to undergo resection of CRLM are: the anticipation
of attaining a negative margin (R0), whilst maintaining
an adequate future liver remnant (FLR) with adequate
[61]
vascular inflow, outflow and biliary drainage .
Therefore, regardless of other associated clinical
factors, patients are candidates for resection provided
they have an acceptable functional capacity, with
technically resectable metastases confined to the liver,
[36,62]
regional lymph nodes and/or lungs
.
The resection margin has for long been debated;
some authors stress that an optimal margin should be
[63]
at least 10 mm , though a sub-centimetric margin
[42]
should not be a criterion of exclusion . In contrast,
various others and large scale studies report that
neither overall nor disease free survival nor recurrence
[64-68]
is affected by the width of the margin
. Widespread
acceptance of margins as narrow as 1 mm or less
emerges from the realization of the importance of
[40]
preserving liver volume and function . This is also
due to the fact that 58%-78% of patients develop
recurrence after initial resection of CRLM, almost
[69-72]
50% being intrahepatic
; it is therefore crucial to
maintain as much liver volume as possible during the
first hepatectomy to widen treatment options in the
[40]
event of recurrence . Thus the main factor affecting
the decision of resection is the FLR and resection
potential is determined but what will be left of the liver
rather than what is being resected.
Invasion into the biliary ducts though may seem
aggressive, in fact signifies an indolent nature of the
tumor, and surprisingly better prognosis following
[73]
resection . Preoperative imaging should however be
utilized to assure complete surgical clearance.
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Future liver remnant

optimize the liver “medically” may not be applicable in
the surgical setting, as patients presenting with liver
[87]
cancer will most likely require prompt management .
A recent experimental study brought to light the
effect of a 2 wk preoperative course of omega-3 acids
in decreasing severe steatosis, thus improving liver
regeneration and functional recovery following liver
[89]
resection . Administration of insulin and dextrose to
maintain a perioperative state of hyperinsulinaemic
normoglycaemia has shown to significantly decrease
[90]
postoperative liver dysfunction , while also decreasing
[91]
systemic inflammation . This method is more time
efficient in comparison to the prior mentioned medical
strategies.
There is a low incidence of CRLM within cirrhotic/
[92]
unhealthy livers . This in turn reflects the small
number of resections performed in this setting. Ramia
[93]
et al
attempted to evaluate the experience of
multiple centers in resection of CRLM on a background
of cirrhotic livers; of 2364 patients, only 20 had
unhealthy livers (of which 10 were cirrhotic). Although
the number was small, they observed low morbidity,
null postoperative mortality rates, and acceptable total
and disease free survival rates. The main concern post
resection is the impaired ability of the cirrhotic liver
[94]
to recover . Various methods may be implemented
to overcome this preoperatively. As aforementioned,
an anticipated adequate FLR is crucial when planning
for resection; a 40% FLR is acceptable in a cirrhotic
[75-77]
liver, as a pose to 20% in a healthy liver
. Portal
vein embolization may be utilized in cirrhotic livers
[95]
when the FLR is ≤ 40% . If the liver then still
does not hypertrophy, major resection should be
[96]
contraindicated . The degree of portal hypertension
should also be assessed preoperatively, as gradients
greater than 10 mmHg were related to increased
[97]
morbidity and decreased survival .

The ability to calculate the future liver remnant (FLR)
is a crucial factor in patient selection, bearing in mind
that inadequate FLR is major contributor to early post[74]
hepatectomy liver failure . An otherwise healthy liver
will tolerate reducing its volume all the way down to
20%. However one that has developed chemotherapy
induced injury or cirrhosis will require a FLR of 30%
and 40% or more respectively according to the
[75-77]
severity of the disease
.
Both the volume and function of the future remnant
provide invaluable information. Liver volumetry offers
[75]
a quantitative means ; this is commonly calculated
[78]
[79]
via CT, which is both reproducible
and accurate .
Functional assessment of the regenerative capacity
of the FLR can be measured by assessing the liver’s
[75]
response to portal vein embolization (PVE) . Despite
the fact that the liver continues to hypertrophy over
time after PVE, the majority of the hypertrophic
response happens during the first 3 wk, where a
minimum of 5% degree of hypertrophy is considered
[80]
acceptable . Another less commonly used method
of measuring the functional capacity of the FLR is
indocyanine green (ICG) clearance, which is utilized
[81]
widely in Southeastern countries . In spite of the
inverse relationship between the number and size of
[36,82]
hepatic metastases and patient survival
, it has
become the general rule that if an adequate FLR can
be achieved by resection, this relationship should not
[62]
be considered a reason for exclusion .

Concurrent liver pathologies

Asides from the presence of the metastatic lesion,
the health of the liver itself must be taken into
consideration. A small Chinese study reported that
although viral hepatitis in itself did not influence postoperative liver injury, it however did contribute to poor
liver regeneration following hepatectomy by halting the
[83]
post-operative surge of IL-6 .
Nonalcoholic steatohepatitis (NASH), but not
simple steatosis, has also been linked to the postoperative course, as it increases overall and hepatic
[84,85]
related morbidity
. This has been demonstrated
in experimental models, where the association
between fatty infiltration of the liver and the decreased
regenerative capacity following occlusion of the portal
vein, as well as the increased sensitivity to ischemia
reperfusion injury and hepatocellular injury following
[86]
liver resection has been shown . Many preventive
strategies may be implemented to overcome this in
hopes of improving the liver’s tolerance to resection;
characterizing the degree of involvement of the liver
parenchyma using invasive and non-invasive measures,
while also utilizing parenchymal sparing techniques and
liver volume modulation via portal vein embolization
[87]
ligation . Medical therapies, such as vitamin E and
pioglitazone, have also been postulated to downstage
[88]
NASH . However the prolonged time needed to
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TIMING OF LIVER RESECTION
Of patients presenting with colorectal cancer,
14.5%-24% present with synchronous hepatic meta
stases. An additional 8.1%-20% present later with
[8,98,99]
metachronous lesions
. Although the presence of
synchronous metastases suggests a disease of more
aggressive nature which has proven to be a negative
prognostic factor, this in itself should not be considered
a contraindication to resection of liver lesions if curative
[100]
intent is to be achieved
, as survival rates of both
resected synchronous and metachronous lesions
[101]
[102]
are similar
. Bova et al
studied the impact of
the timing of occurrence of liver metastases on early
postoperative outcome and long-term survival of
colorectal cancer patients; they found that there was no
difference between patients who had underwent curative
hepatic resection for synchronous and metachronous
CRLM. The timing of resection of the synchronous liver
lesion remains controversial. Multiple approaches exist:
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the traditional primary first approach, the liver first
approach, and simultaneous resection of the primary
and metastatic liver disease.
The traditional approach to patients with syn
chronous CRLM has traditionally been to address the
primary tumor first, then to resect the liver lesion(s)
[103]
in a later setting
. The rationale behind this arises
from the necessity of achieving source control of the
[104]
primary disease first . This has however become a
controversial area of discussion. The alternative liverfirst approach gains its popularity from its aim to
prevent the time lost between resection of the primary
[105]
tumor and oncological therapy . Patients with rectal
cancer will most often require complex and lengthy
neoadjuvant chemoradiotherapy, which if begun prior
to hepatectomy would result in progression of the liver
[106]
disease . It is in this setting, and with the knowledge
of the influence of metastatic liver disease on survival
more than the primary colorectal disease itself, that
patients would be suitable candidates for the liver[107]
[108]
first approach
. A meta-analysis by Kelly et al
reviewing the conventional, reversed, and combined
approach observed that the liver-first group had the
highest percentage of bilobar disease. This is consistent
with the goal of providing oncological downstaging
leading to curative resections. In regards to survival,
patients undergoing a liver-first procedure showed
[10,107]
[109]
similar
if not superior
overall and disease free
survival as those undergoing the conventional colonfirst procedure. Thus this approached may be utilized
to obtain favorable results in a selected population
of patients that have a high burden of CRLM, in com
parison to a lower risk of the primary tumor to cause
[10]
complications .
Multiple meta-analyses showed that resection of the
colorectal cancer and liver metastases in one setting
was equal or superior to a staged resection in means
of postoperative mortality, morbidity, hospital stay,
[110,111]
overall and disease free survival
. This indicates
that simultaneous resection is a reasonable strategy
in CRLM that could spare the patient the burden of
undergoing two major procedures. The opposing
opinion argues that delaying the liver surgery allows for
occult metastases to become apparent, thus enabling
[112]
better tumor clearance
and improving patient
selection by avoiding futile operations in patients whom
[113]
prove to have an unresectable disease
. However
according to the “cascade” theory, cancer cells would
migrate from the liver to the lung during the waiting
period between resection of the primary tumor and
[114]
the synchronous liver metastases
. This again puts
forward the benefits of simultaneous resection in aims
of preventing dissemination of malignant cells. Yin et
[111]
al
in their meta-analysis, pinpointed factors that
were to be considered selection criteria for patients to
undergo a simultaneous liver resection directed against
delayed resection: resection of a maximum of three
liver segments, right colectomy, and patients younger
than 70 years old with no coexisting severe illnesses.
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CHEMOTHERAPY AND RESECTION
Although resection is curative for CRLM, not all patients
[12]
are candidates for hepatectomy . Cytotoxic and
biological agents may be used peri-operatively to
[115]
decrease both the tumor volume and risk of relapse .
There are two situations in which preoperative chemo
therapy may be administered; first, when the hepatic
lesions are unresectable, where in the chemotherapy
is considered as “induction” therapy to render the
[116]
unresectable disease to a resectable state .
In the context of unresectable liver disease,
chemotherapy presents itself as the only initial
[117]
treatment option . While the goal of chemotherapy
in the vast majority of these patients is confined
to prolonging survival and improving quality of life,
the proportion of those that show good response to
[118]
treatment may later be considered resectable
.
Multiple retrospective series evaluated the outcome
of patients undergoing resection after downstaging
of initially unresectable CRLM; the 5 year survival
[119,120]
[121]
reached 33%
. Beppu et al
found several
factors that were associated with successful conversion
or induction therapy: left colon or rectal cancer, H1/H2
metastases based on the Japanese Society for Cancer
of the Colon and Rectum categories (H1: ≤ 4 lesions
with the largest ≤ 5 cm, H3: ≥ 5 lesions with the
[122]
largest > 5 cm, H2: anything that is not H1 or H3) ,
absence of extrahepatic metastases, and response to
chemotherapy. The former three may be used prior to
induction to stratify patients with initially unresectable
disease who would benefit most from aggressive
chemotherapy, as a pose to palliative care.
The second situation is when the hepatic lesions
are resectable, in which we consider the chemotherapy
[116]
to be “neoadjuvant”
. The proposed benefits are:
(1) treatment of micrometastases; (2) reduction
of the tumor volume, thus allowing a simpler more
radical resection; and (3) shedding light on those who
progress while on chemotherapy, hence identifying
patients with aggressive tumor biology to be precluded
[123,124]
from surgery
. Additionally, the progression
of a resectable disease into an unresectable one
while undergoing neoadjuvant chemotherapy raises
[104]
concern
, although this only happens in a minority
and would indicate poor prognosis, mandating a second[125]
line of chemotherapy before considering resection .
The controversy arises from the concerns in
regards to the effects of preoperative chemotherapy
on the liver parenchyma, which would in turn increase
the risk of post-operative complications. Whilst also
leading to disappearing metastases on imaging,
[111]
which would result in a more difficult resection
.
Two sequel of chemotherapy have been described;
sinusoidal obstructive syndrome (SOS), with the
[126]
use of oxaliplatin
, previously known as veno[127]
occlusive disease
, and chemotherapy-associated
[128]
steatohepatitis (CASH), with the use of irinotecan .
Both sequel have been reported to occur with 5-fluo
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rouracil (5-FU), but to a lesser extent . The develop
ment of SOS appears to be linked to the number of
oxaliplatin cycles, as it develops when ≥ 6 cycles are
[129]
administered
. However, the overall cumulative
[130]
dose does not seem to affect the severity of SOS .
The importance of this seems evident in the fact that
patients with SOS undergoing major hepatectomy
were found to have higher rates of postoperative com
plications, although it did not contribute to increased
[131]
mortality . Molecular studies suggest that activation
of vascular endothelial growth factor (VEGF) and
coagulation pathways lead to the development of
SOS, and thus support the clinical observation of the
[132]
preventive role of bevacizumab (an anti-VEGF)
and
[133]
aspirin
. Despite bevacizumab being reported to
delay healing, it can be used safely if discontinued 6
[132]
to 8 wk prior to surgery . Only a limited number of
studies reported regression of SOS and fibrosis following
concurrent administration of cetuximab, an anti[134]
epidermal growth factor receptor (EGFR) , with the
added benefit of not increasing post resection morbidity
[134]
and mortality
. Its effect on hepatic regeneration,
has not yet been studied. However it has been proven
to contribute to the development of drug induced lung
injury, especially during the initial 90 d of therapy,
which throughout the patient should be monitored
[135]
closely . Steatosis and CASH however, appear to be
associated with both increased morbidity and mortality
[128,136]
following hepatectomy
. Post-operative mortality
in those with CASH was related to the development of
[128]
hepatocellular insufficiency
, especially in patients
2[137]
with a BMI of more than 35 kg/m
.
[138]
In a systemic review by Nigri et al
of published
data, there was no evidence of improved survival in
patients who had received preoperative chemotherapy,
as a pose to those who underwent surgery alone. Only
one study found a superior survival in the neoadjuvant
[139]
group , this study was however exclusive to patients
with extensive disease including five or more bilobar
metastases. Furthermore, pairing pre- and postoperative
chemotherapy fails to significantly improve long term
survival as proven by the European Organization for
Research and Treatment of Cancer Intergroup (EORTC)
[125,140]
40983 randomized controlled trial
, which had
a fairly lengthy follow up duration (median of 8.5
years). This trial, however, was limited to the FOLFOX4
regimen (folinic acid, fluorouracil, and oxaliplatin).
In summary, this deems the data insufficient to
consider neoadjuvant chemotherapy a standard of care
in initially resectable CRLM, although many centers
will favor this approach, in part to evaluate response
[138]
to chemotherapy . The decision should therefore be
individualized to each situation. A final point to consider
if chemotherapy is to be administered preoperatively
in a resectable disease, is that it is not recommended
[131]
for more than 3 mo , nor for more than 6 cycles to
[131]
be used , and should be discontinued at least 4 wk
[133]
prior to surgery .
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EXTRAHEPATIC DISEASE
In the past, the presence of extrahepatic disease
(EHD) was considered a contraindication to resection
[14]
of CRLM . However, reports of increased survival
following resection of liver lesions in the setting of EHD
[141]
have put this theory to challenge . The main purpose
of resecting colorectal cancer liver metastases is
rendering the patient as disease free as possible aiming
to prolong overall survival. A crucial consideration to be
[142]
taken into account is the site of the EHD .
An important factor influencing this decision is the
presence of pulmonary metastasis, which represents
the most common form of extrahepatic metastases
[143]
in CRC
. Synchronous liver and lung metastasis
remains an area of controversy in regards to the
aggressiveness of the treatment that should be
attempted. Multiple studies reported improved overall
survival when aggressive lung and liver resections
were performed in fit patients, with a median of 24.2
[144,145]
[146]
mo
. Large scale analyses by MD Anderson
[147]
and of the LiverMetSurvey registry
showed that
patients who underwent both liver and lung metast
asectomy had a significantly better survival than those
who underwent resection of the liver but not the lung
metastases. The resectability of lung metastases
is outside of the context of our current discussion,
but regardless of this debate, the presence of lung
metastases does not contraindicate resection of CRLM,
as the burden of the liver tumor itself, not the lung, is
[142]
what poses a significant factor impacting survival .
[142]
In a systemic review by Hwang et al
when resection
of CRLM was performed in the presence of EHD, those
with pulmonary metastases had the best outcome in
comparison with all other sites of metastases.
An area in which no consensus exists yet, is indeter
minate pulmonary nodules (IPN); lung nodules ≤ 1 cm
without definitive diagnostic characteristics. Although
[148]
IPN are present in a quarter of the population , the
main concern is that they may also represent lung meta
stases, which would in turn might alter the management
plan. During workup of patients opted for resection of
[149-152]
their CRLM, IPN are detected in 4%-43%
. Of
these, 10%-35% were found to be lung metastases on
[149,150]
[153]
follow up
. Downs-Canner et al
concluded that
IPN in the setting of CRLM were more likely to represent
metastases than in the setting of primary hepatobiliary
or other cancers. This however should not preclude
patients from resection of CRLM, as survival post liver
resection does not seem to be effected by the presence
IPN (regardless of what they turn out to be), but does
[154]
warrant intensive surveillance .
On the other hand, mediastinal lymph node involve
[155]
ment is a consistent poor prognostic factor . In one
study comparing intrathoracic and mediastinal lymph
node involvement of CRC metastasis in resected
patients, a median survival of 34.7 mo was reported
in the former, while zero patients achieved a 5-year
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survival in the latter group
. However, there is no
uniform consensus regarding routine preoperative
assessment or intraoperative sampling. In regards
to lymph nodes metastases, its’ site provides crucial
information to guide management. For instance,
patients with portal lymph nodes have a superior
[142,156]
[156]
survival to those with aortic
or celiac nodes .
[156]
Adam et al
reported a 0% survival in patients
with celiac and para-aortic lymph node metastases,
thus patients presenting with them should not be
[157]
considered for resection of their CRLM
. Extensive
peritoneal seeding generally indicates poor survival.
However, if limited disease may be controlled by means
of cytoreduction and intraperitoneal chemotherapy
in synchronicity with resection of the CRLM, a 3-year
[158-160]
survival of 23%-55% may be achieved
.
In their expert consensus statement, the IHPBA
stated that the decision to resect CRLM in the presence
of EHD should only be entertained when the EHD is
surgically resectable or is controllable on the long term
[43]
with adjuvant therapies . It can be said however,
that the presence of EHD in itself and the number of
metastases (both hepatic and extrahepatic) influences
[161]
prognosis
. Even when the EHD is controlled,
survival is still only around half of that of patients
[161]
with resected CRLM without EHD
. Thus only a
select group of patients who would benefit from such
intervention should be chosen.

have shown to be useful in predicting survival for those
[163,164]
undergoing metastasectomy of CRLM
. Kobayashi
[165]
et al
later combined the GPS with CEA levels
aiming to identify the group of patients who would be
candidates for resection but would later on have poor
survival.
MD Anderson devised and validated a radiological
based system to predict response of patients with
[166]
CRLM to bevacizumab-containing chemotherapy . It
has been observed that histologically, tumor response
in CRLM is characterized by fibrous replacement instead
[167]
of tumor necrosis
. The system utilized qualitative
morphological CT criteria to assign lesions into
three groups; group 1 metastasis was characterized
as homogeneous attenuation with a thin, sharply
defined tumor-liver interface. Group 3 metastasis
was characterized by heterogeneous attenuation and
a thick, poorly defined tumor-liver interface. Group
2 metastasis had characteristics that could not be
rated as 1 or 3. Morphologic response was defined
as: “optimal” if the metastasis changed from group 3
or 2 to 1, “incomplete” if it changed from group 3 to
2, “none” if it did not change or increased. If multiple
metastases were present, the response of the majority
was taken into consideration. This morphological CT
criteria correlates with overall survival, as patients
with optimal response showed significantly improved
survival following hepatectomy.
Multiple other scores have been developed for this
[82]
purpose: Nordlinger group’s score , Nagashima group’s
[168]
[169]
score , Konopke group’s score , Rees preoperative
[170]
and postoperative risk indices
, Iwatsuki group’s
[171]
[172]
score , Zakaria group’s DSS and DFS scores , the
[173]
[174]
Leed group’s score , Ueno group’s score , Schindl
[175]
[176]
group’s score , and Lise group’s score .
[177]
Roberts et al
assessed the ability of eight different
scores to correctly predict disease free and disease
specific survival using the concordance (C) statistic.
A model is considered reasonable if the C-statistic
exceeds 0.7, strong if it exceeds 0.8, and perfect when
[178]
it scores 1
. The only score they found to have a
score higher than 0.7 was the Rees postoperative index,
thus indicating that available scores are at their best
[177]
“reasonable” . In summary, it can be said that scoring
systems may guide patient selection and surveillance,
but should not be depended upon fully, nor should they
replace individual patient tailored management.
Studies have shown that 10 years of surveillance
are required to label a patient as being “cured” after
resection of CRLM, as no disease related deaths have
[172,179-181]
been reported thereafter
. First recurrence after
[172,177,179-181]
resection occurs after 5 years in 4.8%-23%
.
Therefore some may argue that intensive follow up
after 5 years is unjustified as a standard of care. While
others would argue that repeat resection prolongs
[177]
survival
, thus justifying intensive surveillance to
allow early identification of recurrence, and thereby
providing further curative intervention.

PREOPERATIVE PROGNOSTIC SCORING
SYSTEMS
Many authors have attempted to develop a preope
rative score that would predict prognosis following
resection of CRLM, aiming to correctly select patients
that would maximally benefit from the procedure.
[36]
Fong et al
in their analysis of around 1000 cases
devised a clinical risk score including 5 preoperative
components that predicted poor outcome: a nodepositive primary, < 12 mo disease free interval from
primary to metastases, > 1 liver lesion, the largest
liver lesion > 5 cm, and a CEA of >200 ng/mL. They
proposed that patients with a score of 2 or less were
likely to have a favorable outcome following resection.
Whilst those with a score of 3-5 should be opted for
other adjuvant options.
The Glasgow prognostic score (GPS) is another
score that has been utilized widely to predict
[41]
outcome in various cancers . It originally included 2
components: CRP > 10 mg/L, indicating an ongoing
systemic inflammation, and serum albumin < 35
g/L. Their absence was assigned a score of 0, the
presence of either or both was assigned a score of 1 or
2 respectively. The score was later modified (mGPS)
such as hypoalbuminemia present in the absence of
an elevated CRP was assigned a score of 0, as low
albumin in itself showed to have no significant effect
[162]
on cancer specific survival
. Both GPS and mGPS
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CONCLUSION
Resection of CRLM prolongs survival. Proper selection
of patients who would benefit most from such a major
procedure is crucial. The criteria for resectability expand
continuously. The only local requirements that need
be met are: the anticipation of attaining a negative
margin (R0), whilst maintaining an adequate FLR. If
extrahepatic metastases are controllable surgically or
medically on the long-term, their presence is no longer
a contraindication for resection of CRLM. Resection
may occur simultaneously with the primary tumor,
or at a later setting, or even before the primary. This
depends mainly on the tumor burden. Chemotherapy
may be used in the neoadjuvant setting, although this
practice is not unanimously adopted by all centers in
the case of initially resectable disease. The two feared
consequences of chemotherapy are SOS with the use
of oxaliplatin, and CASH with the use of irinotecan,
although administering neoadjuvant chemotherapy
provides an opportunity to assess disease response
to treatment, which may be indicative of the tumor
biology.
Finally, although many preoperative scoring
systems have been developed, their use should not
dictate patient selection. A strong multidisciplinary
approach, with collaborations between medical and
radiation oncologists, hepatobiliary and colorectal
surgeons, radiologists, medical physicians and nursing
is mandated in order to select adequate surgical
candidates and coordinate the oncological treatment
plan for these patients.
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Insight to drug delivery aspects for colorectal cancer
Arvind Gulbake, Aviral Jain, Ashish Jain, Ankit Jain, Sanjay K Jain
are the conventional four approaches which are
currently used for the treatment of CRC. The site
specific delivery of chemotherapeutics to their site of
action would increase effectiveness with reducing side
effects. Targeted oral drug delivery systems based on
polysaccharides are being investigated to target and
deliver chemotherapeutic and chemopreventive agents
directly to colon and rectum. Site-specific drug delivery
to colon increases its concentration at the target site,
and thus requires a lower dose and hence abridged side
effects. Some novel therapies are also briefly discussed
in article such as receptor (epidermal growth factor
receptor, folate receptor, wheat germ agglutinin, VEGF
receptor, hyaluronic acid receptor) based targeting
therapy; colon targeted proapoptotic anticancer drug
delivery system, gene therapy. Even though good
treatment options are available for CRC, the ultimate
therapeutic approach is to avert the incidence of CRC.
It was also found that CRCs could be prevented by diet
and nutrition such as calcium, vitamin D, curcumin,
quercetin and fish oil supplements. Immunotherapy
and vaccination are used nowadays which are showing
better results against CRC.
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Core tip: Colorectal cancer (CRC) is one the major
worldwide health problems owing to its high prevalence
and mortality rates. It is reported that over 40000 of
the adult United Kingdom population are diagnosed
with CRC each year. In case of early diagnosis CRC is
also one of the most curable types of cancer (cure rates
> 90%). This article gives an overview study of causes
and etiology of colon cancer, distinct stages from stage
from 0 to Ⅳ, some novel therapies are also briefly
discussed in article such as receptor (epidermal growth
factor receptor, folate receptor, wheat germ agglutinin,
VEGF receptor, hyaluronic acid receptor) based targeting

Abstract
Colorectal cancer (CRC) is the third most common
cancer diagnosed worldwide in human beings. Surgery,
chemotherapy, radiotherapy and targeted therapies
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therapy; colon targeted proapoptotic anticancer drug
delivery system, gene therapy. Recent developments in
screening, prevention, biomarker and genomic analysis,
nutritional supplement therapy, vaccination, and
chemotherapy have improved detection and significant
reduction in mortality statistics.

Most of the CRC cases are sporadic with no conspicuous
family history or heritable tendency. Somatic mutation
of the adenomatous polyposis coli (APC) is a distinctive
marker of approximately 80%-85% of the patients
with nonhereditary sporadic adenomatous polyposis
(SAP). Mutation of the APC gene is thought to be an
early step in the development of CRC, however main
causes are not defined but may involve diets, smoking,
environmental hazards, viruses, and life styles of
[8]
different individuals (Figure 1) .
Few patients of colon cancer (8%-12% of all
cases) are associated with heritable tendency. Genetic
evidences depict that patients with familial adeno
matous polyposis (FAP) inherit a germ line mutation of
the APC gene and the might have chances of lifetime
incidence of CRC. A second group of heritable CRC
patients consists of those who are diagnosed with
hereditary nonpolyposis colorectal cancer (HNPCC).
The genetic defects in HNPCC patients are non specific
but are known to be associated with the mutations of a
number of DNA mismatch repair genes including MLH1,
[9]
MSH2, MSH6, PMS1 and PMS2 genes . A much larger
third group of “heritable” CRC is those with a family
history of CRC but is distinct genetically from either FAP
or HNPCC cases. In addition, other signaling pathways
[7]
such as epidermal growth factor receptor (EGFR) , the
[10]
ras/raf/MAPK cascade , and activation of Akt kinase
and STAT3 transcription factors have been implicated in
[11]
the oncogenesis of CRC .

Gulbake A, Jain A, Jain A, Jain A, Jain SK. Insight to drug
delivery aspects for colorectal cancer. World J Gastroenterol
2016; 22(2): 582-599 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i2/582.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.582

INTRODUCTION
[1]

Colorectal cancer (CRC) is one of the leading causes
of cancer related mortality worldwide, accounting
[2]
more than 600000 deaths annually . The CRC is the
third most common cancer diagnosed in both men and
women worldwide. The age, personal history, family
history, racial and ethnic backgrounds are the major
risk factors. Most of the CRCs occur due to lifestyle and
increasing age with only a minority of cases associated
with underlying genetic disorders. The CRC basically
starts in the lining of the bowel and if not treated,
can grow into the muscle layers underneath, and
the bowel wall. There are environmental (chemicals,
infectious agents, radiation) and genetic (mutations,
immune system and hormone dysfunction) factors
that can interact in a variety of ways to potentiate
[3,4]
carcinogenesis . The ultimate goal of CRC therapy
is to completely eradicate the cancer cells without
damaging other healthy cells of the body, and the
choice of therapy depends on the state of the patient,
location, and stage of the cancer.
There are many scientific and alternative methods
of colon cancer treatment. Treatment trials show
their higher or lower effectiveness based on stage of
the cancer in the patient and the age of the patients,
however outcomes for the younger patients have been
good as compare to elder. However, standard-of-care
treatment for the elderly patients result in equivalent
long-term outcomes to those observed in the younger
population; and available data support the use of
aggressive surgery and adjuvant therapies in well[5,6]
selected patients . The choice of treatment method
for CRC is very important because each tumor responds
to different methods differentially. It is selected
according to many factors including tumor type, stage of
the disease, patient’s age, patient’s level of health, and
his attitude toward life. Now a day’s alternative medicine
offers many methods that help a number of people.
In addition, the pathogenesis of CRC, which involves a
combination of many risk factors is poorly understood,
[7]
and research efforts in these areas are ongoing .
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Classification of CRC

The CRC could be classifying mainly on the basis of
histopathological features. Molecular studies have
allowed a significant appreciation of the heterogeneous
nature of CRC. The CRC is classified into four distinct
stages.
Stage 0: Is very early stage of CRC where polyps are
formed in the mucosal lining of the colon. During colono
scopy, the polyps are eradicated fully by polypectomy
and prevent from development of CRC.
Stage Ⅰ: Polyp develops into a tumor and invades
the inner-lining of the mucosa at this stage. Usually
surgery is the main option for treating the CRC at this
stage where the cancerous portion of the tissues is
separated from the non-cancerous portion. Survival
rate is more than 90% if CRC is diagnosed at this
stage.
Stage Ⅱ: It is characterized by whether the cancer
has spread beyond colon but not to the lymph nodes
through metastasis. This stage is further categorized
into three Stages, ⅡA, ⅡB, and ⅡC depending on the
spreading of cancer to the muscular layer, or outermost
[12]
layer of the colon or beyond colon . Resection
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surgery is the only option to menace this stage and
the survivalist of the patients at this stage is more than
80%.

chemotherapeutics to treat cancer. A significant number
of formulation and preclinical research studies have
been carried out to target chemotherapeutic agents
to colon via oral administration using this hypothesis.
The colon specific drug delivery via oral rout have been
categorized in four basic approaches: (1) temporal
control of drug delivery (depends on time of passage);
(2) pH-based drug delivery (triggered by a change in
local pH as the formulation passes down the GIT); (3)
enzyme-based drug delivery (the enzymes abundance
locally in a region of the gut breakdown a prodrug or
a formulation to release the active therapeutic moiety;
and (4) pressure-based systems (variations in pressure
along the lumen of the GI tract is used to trigger the
drug release). Some other mechanism used for colon
specific delivery are; osmotic controlled drug delivery,
prodrug based systems, microbial triggered approach,
[17,18]
commensal bacteria and hydrogels based systems
.
All the formulation approaches having its own merits
with certain limitations. To overcome the limitations
associated with individual approach, and to maximize
colon specific drug delivery, a permutation of two or
more formulation approaches have been utilized.
The importance of carbohydrate-drug design, with
a major focus on application in colon specific drug
delivery has been gained interest by drug delivery
[19]
researchers . The vital role of natural polymers
for colon-targeted delivery is based on the fact that
anaerobic bacteria in the colon are able to recognize
[18]
the various substrates and degrade using enzymes .
The colon specific delivery systems based on a single
polysaccharide do not efficiently permit targeted
release. The pH and transit time can vary depending
on the individual patient and disease state, and drug
release can be premature or even non-existent in
these cases. The colon-targeted drug delivery systems
reviewed herein, those based on polysaccharides,
involving simple pharmaceutical preparations (e.g.,
guar gum compression-coated tablets of 5-FU, guar
gum matrix tablets of celecoxib and curcumin, solid
dosage forms coated with pH- and/ or time-dependent
polymers), are trouble-free in formulation development,
and are considered as practicable to scale-up to a
[20]
commercial product . The industrial researches are
going on with the use of mixtures of polysaccharide
[21-23]
and their structurally/chemically modified forms
.
The 5-FU loaded guar gum compression-coated
formulations delivered higher amount of drug to
colonic region with minimal amount of drug released
[24,25]
in upper part of GIT
. After getting successful
establishment of guar gum for colon-specific drug
delivery of anticancer drug, other researchers have
used a mixture of various polysaccharide gums
(xanthan gum, boswellia gum and HPMC) as a com
pression coat over the core tablet for controlled release
[26]
of 5-FU in colonic milieu . Microspheres of 5-FU
have also been designed using a pH-sensitive polymer
®
®
(mixture of Eudragit P-4135F and Eudragit RS 100)

Stage Ⅲ: This stage of colon cancer is diagnosed with
cancer has already spread all the wall of the colon and
also to the surrounding lymph nodes and the survival
rate is around 30%-60%. This stage of cancer is
subcategorized into stage Ⅲa, b and c depending on
the spreading of the cancer to the inner, middle and
outer layer of colon and the surrounding lymph nodes.
Along with the surgery, chemotherapy and the other
medical therapy is required to treat this cancer.
Stage Ⅳ: At this stage the cancer has speeded to the
other part/organ of the body like liver, ovary, testis,
intestines. Survival rate is only 3%. Surgical resection,
chemotherapy, radiation therapy and surgical removal
of the portion of the other body parts with cancer
are opted to treat at this stage of colon cancer.
Colonoscopy is recommended for all 50 years or older
[13,14]
in their routine checks
.

THERAPEUTIC APPROACHES
The basic four approaches are currently used for
the treatment of CRC: surgery, chemotherapy,
radiotherapy and targeted therapies. The mainstay
of CRC treatment is surgery. In early stage disease
(stage 0 or Ⅰ), surgical excision can be used without
need for further treatment options, as the recurrence
[15]
rate for node-negative T1 CRC is not good enough .
Many studies have now shown that adjuvant therapy
has a survival benefit for patients with stage Ⅲ
disease, and therefore, this is the standard of care. The
situation is still not very clear for stage Ⅱ CRC patients,
however, in which there is somewhat conflicting,
evidence regarding the benefit of adjuvant therapy. It
is agreed that “high-risk” stage Ⅱ patients should be
offered adjuvant therapy, as they are the most likely
to derive a benefit, although there is currently some
debate regarding the exact definition of “high-risk”
stage Ⅱ CRC. Patients with stage Ⅳ disease require
chemotherapy or targeted therapies combined with
[16]
surgery .

Formulation based approaches for CRC

The traditional intravenous administration of chemo
therapeutics for treatment of CRC, distributed drug both
the desired (cancer site) and undesired (normal cells)
site. However these adverse effects in undesired sites
can be subsided or prevented by site-specific release of
[17]
chemotherapeutic in the cancerous region of colon .
This would be highly beneficial in enhancing the
efficacy at the site of action with no or minimal adverse
effects. Drug delivery scientists explore the possibility of
enhancing drug permeability through colonic epithelium
which may provide local and systemic delivery of
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Figure 1 Basic causes of colorectal cancer.

and in vitro drug release studies shown the promising
[27]
application for the treatment of CRC . Calcium
pectinate gel beads have been prepared by ionotropic
gelation method followed by enteric coating with
®
[28]
Eudragit S100 for colon specific delivery of 5-FU .
The in vitro and in vivo data have suggested that orally
®
administered 5-FU loaded Eudragit S100 coated
calcium pectinate beads effectively delivered maximum
drug load to colonic site. A covalently synthesized 5-FUpectin conjugate subjected in vivo distribution studies
in rats and results have suggested that 5-FU-pectin
[29]
conjugate is mainly distributed in cecum and colon .
The other researchers have developed pellets of 5-FU
and film coated with various proportions of pectin and
[30]
ethyl cellulose for colon-specific drug delivery . The in
vitro drug release studies have exhibited that pellets of
5-FU coated with pectin and ethyl cellulose (1:2) at a
film thickness of 20% total weight gain can effectively
retard or protect the drug release in upper part of
GIT, yet have released 85% of the drug in simulated
colonic fluids. The pellets coating thickness of 30%
total weight gain have produced more sustained and
satisfactory drug release profiles in the SGF, SIF and
colonic fluids. The delayed Tmax, decreased Cmax
and prolonged mean residence time compared with

WJG|www.wjgnet.com

uncoated pellets have confirmed that pellets coated
with thickness of 30% total weight gain can deliver
5-FU to colon for local action. Dual approach pH®
and bacterially triggered system i.e., Eudragit S100
coated alginate microspheres containing 5-FU, has
been utilized for treatment of CRC. The dual approach
effectively delivered 5-FU to colonic tissue of the rat
[31,32]
with less systemic side effects
.
The Polysaccharides investigated for colon specific
drug delivery special reference to CRC has been
listed in Table 1. In addition to polymers, other drug
carriers, such as Microparticles, liposomes, solid lipid
nanoparticles might be used for targeting of anticancer drug to colon tumor (Table 1). Ogawara et
[33]
al
recently investigated the effect of polyethylene
glycol (PEG) liposomal doxorubicin in a male mouse
tumour model inoculated with either colon cancer (C26)
cells or their doxorubicin-resistant (MDR) subclone,
which overexpresses P-gp efﬂux pumps. Over the
years, various strategies have been developed to coat
the liposomal surface with natural or hydrophobized
polysaccharides, namely mannan, pullulan, amylopectin,
dextran etc. or their palmitoyl or cholesteroyl deriva
[34]
tives . The polysaccharide(s) coat tends to make
these vesicular constructs physicochemically stable in
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Table 1 Formulation and materials investigated for colorectal cancer
Polymer/material

Bioactives

Formulation

Remark

The nanoparticles were hemocompatible and in vitro drug release studies
showed a sustained release of PTX. Anticancer activity studies proved
the toxicity of PTX-AC NPs toward colon cancer cells
Chitosan derivatives 5-aminolevulinic Nanoparticles of methoxy
PEG-Chito-5-ALA nanoparticles showed superior delivery capacity of
acid (5-ALA)
poly(ethyleneglycol)5-ALA and phototoxicity against tumor cells. These can be photodynamic
chitosan copolymer
therapy of colon cancer cells
Dextran
rlL-2
Dextran/PLGA-PLA core/
In the subcutaneous colon carcinoma BALB/c mice models,
shell microspheres
intratumorally administrated microspheres showed better local efficacy
at tumor site mediated by rIL-2 from a single dose of microspheres than
that of multiple rIL-2 solution injections
Pectin
5-fluorouracil
Zinc pectinate pellets
In situ intracapsular wetting of pectin coat by dissolution medium
(5-FU)
resulted in the formation of ethylcellulose plug interconnecting with
pellets through the binding action of pectin. Less than 25% of drug was
released at the upper gastrointestinal tract. The majority of drug was
released upon prolonged dissolution and in response to colonic enzyme
pectinase, which digested core pellets
Guar gum
Piroxicam
Tabletted guar gum
Crosslinked guar gum microspheres of piroxicam were directly
microspheres
compressed into matrix tablet and coated with Eudragit S100. The
optimized tablet that displayed 0% release in simulated gastric fluid,
15% in simulated intestinal fluid and 97.1% in simulated colonic fluid
underwent roentgenographic study in rabbits to check its safe transit to
the colon. This could be used as targeted adjuvant therapy for colonic
adenocarcinomas
Chondroitin sulphate Indomethacin
Tablets
Tablets were prepared by cross-linking very low water soluble and
relatively high water soluble polymers
Alginate
Iron-saturated
Alginate-enclosed chitosanAfter oral delivery, the pharmacokinetic and bioavailability studies
bovine lactoferrin calcium phosphate-loaded
indicated that nanoformulated Fe-bLf was predominantly present on
(Fe-bLf) protein
iron-saturated bovine
tumor cells (Caco-2) compared to non-nanoformulated Fe-bLf. Fe-bLflactoferrin nanocarriers (Feloaded NCs were found to help in absorption of iron
bLf-loaded NCs)
Hyaluronic acid
A near-infrared
Poly(ethylene glycol)Cy5.5-P-HA-NPs and IRT-P-HA-NPs showed theranostic and therapeutic
fluorescence
conjugated hyaluronic acid
monitoring potential for colon cancer
imaging dye (Cy nanoparticles (P-HA-NPs)
5.5) and irinotecan
Heparin
PlasmidHeparin-polyethyleneimine
Intratumoral injection of HPEI nanoparticle-mediated ms-T34A
expressing mouse
(HPEI) nanoparticles
significantly inhibited growth of subcutaneous C-26 carcinoma in vivo by
survivin-T34A
induction of apoptosis and inhibition of angiogenesis
(ms-T34A)
Pullulan
Paclitaxel
Nanoparticles of
Pullulan was hydrophobically modified using acetic anhydride. The
hydrophobized Pullulan
nanoparticles showed lower antitumor activity in vitro against HCT116
(PA)
human colon carcinoma cells than that of paclitaxel itself, indicating the
sustained release properties of nanoparticles. An in vivo study using
HCT116 human colon carcinoma-bearing mice showed that paclitaxelincorporated PA nanoparticles reduced tumor growth more than that of
paclitaxel itself
Copolymer of
5-fluorouracil
Hydrogel
Drug release was faster and greater in human fecal media compared to
2-hydroxyethyl
simulated gastric and intestinal fluids. Faster release due to the cleavage
methacrylate with
of the azo crosslinks in the hydrogel by the azoreductase
4-methacryloyloxy
pectin
Methotrexate
Microparticles (Ionotropic In vitro drug release study showed good release of drug in presence of 3%
gelation with calcium ions) rat caecal contents, which was further increased to more than 90% when
enzyme induction was carried out for 7 d
Hydrogenated
Doxorubicin
Liposomal coated with PEG
Investigated the effect of PEG in a male mouse tumour model and
soybean
exhibited that the cytotoxic effect of DOX on vascular endothelial cells in
phosphatidylcholine
tumor tissues would be involved in the in vivo anti-tumor effect of PEG
and poly ethylene
liposomal DOX in P-gp over-expressing tumor-bearing mice
glycol-2000
Triglyceride esters
5-FU
Solid lipid nanoparticles by
SLNs system has a high potential to improve the uptake of anticancer
evaporation technique
drugs inside colon tumors. The release profile of the drug in simulated
colonic medium showed a prolonged pattern that may allow spreading
of the drug inside the colon to cover most of the colonic area wherever
the tumors may exist
Chitin

Paclitaxel
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Tablets

Meloxicam

Polyethylene oxide were
dually coated with ethyl
cellulose containing
hydrophilic material,
polyethylene glycol as an
inner coating layer and
Eudragit® FS 30D as outer
coating

Meloxicam-loaded colon targeted system exhibited promising targeting
efficacy and may be used for prophylaxis of colorectal cancer

[35-48]

bio-environments while retaining site-specificity

[53,54]

.

and galectin-3
. Therefore, these galectins can
potentially be used to target colon cancer cells.
[55]
David et al
2002 synthesized three types of
N-(2-hydroxypropyl)methacrylamide copolymers
containing the saccharide epitopes galactosamine
(P-Gal), lactose (P-Lac), or triantennary galactose
(P-TriGal). The lectin-mediated endocytosis of the
HPMA glycoconjugates in human colon cancer cell
lines showed potential targeting tools for cytotoxic
drugs to colon adenocarcinoma. The overexpression
of hyaluronan (HA) receptors on colon cancer cells
might be used to enhance uptake of an anticancer
drug delivery systems. The anticancer drug-polymer
conjugates were developed and evaluated. A celltargeted prodrug was developed for Taxol, using HA as
the drug carrier. HA-Taxol conjugates showed selective
toxicity toward the human cancer cell lines (breast,
colon, and ovarian) that are known to overexpress HA
receptors, while no toxicity was observed toward a
mouse fibroblast cell line at the same concentrations
[56]
used with the cancer cells . An HPMA-HA polymeric
DDS was used for targeted delivery of doxorubicin
(DOX) to cancer cells. HA-DOX bioconjugates, and
HPMA copolymer-DOX conjugates containing HA
as a side chain (HPMA-HA-DOX) were synthesized
and cytotoxicity of the polymer-drug conjugate was
evaluated via in vitro cell culture. Study revealed that
cytotoxicity of HPMA-HA-DOX targeted bioconjugate
was higher against human breast cancer (HBL-100),
ovarian cancer (SKOV-3), and colon cancer (HCT-116)
cells when compared to the non-targeted HPMADOX conjugate. Fluorescence confocal microscopy
revealed that the targeted HPMA-HA-DOX conjugates
were internalized more efficiently by cancer cells
relative to the non-targeted HPMA-DOX conjugate.
Both HPMA-DOX and HPMA-HA-DOX showed minimal
cyto- toxicity toward mouse fibroblast NIH 3T3 cells.
Therefore, selective delivery of anticancer agents to
cancer cells was achieved by biochemical targeting.
The HA-modified HPMA copolymer showed improved
toxicity due to receptor-mediated uptake of the
[57]
[58]
macromolecular drug . Jain et al
2010, developed
HA-coupled chitosan nanoparticles bearing oxaliplatin
(L-OHP) encapsulated in pellets and were coated with
Eudragit S100 for effective delivery to colon tumors.
In therapeutic experiments the pellets of free drug,
and HA-coupled and uncoupled chitosan nanoparticles
bearing L-OHP were administered orally at the dose of
10 mg L-OHP/kg body weight to tumor-bearing Balb/c
mice. In vivo data revealed that HA-coupled chitosan

Receptor based targeted therapy

Generally most of the drugs for CRC therapy are
administered through intravenous route which showed
severe systemic side-effects due to its cytotoxic effect
on normal cells. Several researchers have been made
significant efforts to develop novel oral formulations for
colon-specific drug delivery. Treating the cancer cells
with the monoclonal antibodies drugs that specifically
target the cancerous cells comes under targeted
therapies. These drugs have been developed over
the last few years that target on signaling pathways
to control cell division and tumor angiogenesis. Angio
genesis inhibitors, especially monoclonal antibody to
VEGF, evacizumab, have also been developed in the
last few years. Bevacizumab associated with classical
cytotoxic chemotherapy led, in selected patients to
an increase of median survival to more than 12 mo
with tolerable toxicity. Panitumumab is a fully human
monoclonal antibody directed against the EGFR and
has been used in association with best supportive
[49]
care for metastatic CRC treatment . Combination of
some of these targeted therapy with chemotherapy
have shown to achieve a median survival of over 2
[50,51]
years
.
In tumor pathology, aberrant glycosylation is
a common attribute of neoplastic growth and is
considered to be one of the major determinants of
cancer-related phenomena such as invasive growth or
metastasis. Lectins, which selectively and reversibly
bind to particular carbohydrate glycoconjugate
structures, have demonstrated the ability to induce
and/or control a number of metabolic and proliferative
processes. Therefore, lectins might be used for
two functions in anticancer drug delivery systems
being targets to cancer cells and inducing anticancer
effect. However on the other hand, colon cancer
cells overexpress certain types of lectins that might
be used as targets for colon-specific drug delivery.
These include the upregulation of galectins-1 and -3 in
[51,52]
human colon cancer
. It was found that galectin-1
and galectin-3 were expressed in variable amounts in
the epithelial cells and the connective tissue of normal
colon. Their expression significantly increased with
the degree of dysplasia, suggesting that galectin-1
and galectin-3 and their binding sites are related to
malignant progression, while galectin-8 has been
associated with suppressor activity. Many epithelial
tumors, including colon, express both galectin-1
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Table 2 Receptor based drug targeting for the treatment of colorectal cancer
Ligand

Receptor

Cetuximab (Ctx)

Folic acid (FA)

Formulations

Bioactives

Epidermal growth Magneto-fluorescent silica
factor receptor
nanoparticles (MFSN)
(EGFR)

Folate

Wheat germ
agglutinin (WGA)

WGA receptor

Anti-vascular
endothelial growth
factor (VEGF)antibody
Hyaluronic acid
(HA)

VEGF receptor

HA receptor,
CD44

Remarks

Ref.

-

MFSN-Ctx produced significant MRI signal changes in
a human colon cancer xenograft mouse model. The local
concentration of MFSN-Ctx in a tumor was amplified by the
use of an external magnetic field. MFSN-Ctx can be used for
the detection of EGFR-expressing colon cancer using in vivo
imaging approaches
Folic acid conjugated guar Methotrexate MTX-FA-GGNP showed better growth inhibition of Caco
gum nanoparticles (MTX(MTX)
2 cells due to folate receptor mediated uptake. The MTXFA-GGNP)
GGNP not only protected the release of MTX in upper
gastrointestinal tract but also showed maximum release
of MTX in simulated colonic fluids (pH 6.8). The in vivo
uptake studies revealed preferential uptake of nanoparticles
formulation in the colon
Wheat germ agglutinin
5-FU
MPs significantly delivered 5-FU to Caco-2 cells and
(WGA)-functionalised
increased [methyl-³H]thymidine uptake. Gastrointestinal
chitosan-Ca-alginate
distribution was in favour of increased localization and
(CTS-Ca-ALG)
concentration of the particles in colon region
microparticles (MPs)
Anti-VEGF antibodyanti-VEGF-NPs demonstrated in vivo tumor targeting
conjugated dextran-coated
and efficient accumulation in tumor tissues after systemic
iron oxide nanoparticles
delivery in a colon cancer model
(anti-VEGF-NPs)
HA modified mesoporous Doxorubicin
Dox loaded HA-MSNs showed greater cytotoxicity to
silica nanoparticles
hydrochloride
HCT-116 cells than free Dox and Dox-MSNs due to the
(HA-MSNs)
(Dox)
enhanced cell internalization behavior of HA-MSNs.

[60]

[1]

[61]

[62]

[65]

nanoparticles delivered higher amount of drug towards
tumor site, reflecting targeting potential to the colonic
tumor. These drug delivery systems show relatively
high local drug concentration in the colonic milieu and
colonic tumors with prolonged exposure time, which
enhances antitumor efficacy with low systemic toxicity
for the treatment of colon cancer. Colon-specific HPMA
copolymer-9-aminocamptothecin conjugates have
[59]
been designed for potential treatment of CRC .
9-AC has been attached via spacers containing amino
acid residues and aromatic azo bonds. The results
of the in vitro drug release studies have indicated
that conjugates containing leucylalanine showed
high colon-specific release of 9-AC when compared
to alanine containing conjugates. Some examples of
receptor based drug targeting for the treatment of
CRC have been tabulated in Table 2 and approaches
[1,59-62]
are represented in Figure 2
.

expression of drug efflux pumps . The up-regulation
of cellular antiapoptotic system plays the vital role
in line of defense and BCL-2 family proteins are very
[66,67]
important in this system
. Although overexpression
of BCL-2 protein does not interfere with the entry and
accumulation of drugs in tumor cells. The BCL-2 protein
family consists of two types of proteins with counter
modulating functions: (1) the group that suppresses
apoptosis if overexpressed; and (2) the group that
[66-69]
has the ability to induce apoptosis
. Although the
precise role of these proteins in apoptosis induction
and development of resistance during cancer therapy
remains unclear, it was found that the expression ratio
of antiapoptotic members of BCL-2 protein family to
proapoptotic members determines survival or death
following an apoptotic stimulus after chemotherapy
[68]
of cancer cells . It is logical to hypothesize that
a suppression of antiapoptotic and/or activation of
proapoptotic members of BCL-2 protein family could
significantly induce apoptosis, and therefore, increase
the efficacy of therapy. The BCL-2 family is characterized
by specific regions of homology termed BCL-2 homology
(BH1, BH2, BH3, BH4) domains and are critical to the
functions of these proteins, including their impact on
cell survival and their ability to interact with other family
[70]
members and regulatory proteins . It was found that
the BH3 domain of proapoptotic proteins from the BCL-2
[71,72]
family is responsible for the induction of apoptosis
.
Moreover, it was found that short synthetic peptides,
corresponding to the minimal sequence of BH3
domain when bound to the antiapoptotic BCL-2 family
[73]
proteins, suppress the cellular antiapoptotic defense .

Colon targeted proapoptotic anticancer drug
delivery system: In addition to undesirable side
effects, the efficacy of colon cancer chemotherapy is
limited by the activation of antiapoptotic cellular defense
mechanism during adaptation to the treatment. It
was well reported that acute and chronic exposure
of different cancer cells to chemotherapy led to the
overexpression of proteins responsible for cellular
antiapoptotic defense which ultimately increased
[63,64]
resistance of cancer cells to chemotherapy
. This
type of cellular resistance to chemotherapy is known
as “non-pump resistance” and distinguish from
the “pump resistance”, which depends on the over
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Figure 2 Schematic representation of different targeting approaches for colorectal cancer.

Therefore, BH3 peptide can potentially improve
traditional cancer therapy by decreasing the resistance
of cancer cells to chemotherapeutic agents. Colloidal
nanoparticle could able for selective delivery of the
bioactive to the disease site and can be enhanced by
coating the surface of the nanoparticles with targeting
[74]
moieties. Fay et al
developed PLGA nanoparticles
coated with Conatumumab (AMG 655) death receptor
5-specific antibodies (DR5-NP) for the induction
of apoptosis in colorectal HCT116 cancer cells and
exhibited DR5-NP preferentially target DR5-expressing
cells with sufficient density of antibody paratopes to
induce apoptosis via DR5, unlike free AMG 655 or non-
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targeted control nanoparticles. They also demonstrate
that DR5-targeted nanoparticles encapsulating the
camptothecin are effectively targeted to the tumour
cells, thereby producing enhanced cytotoxic effects
through simultaneous drug delivery and apoptosis
[75]
induction. Schmid et al
developed and optimized
polymer-based nanotherapeutic incorporating both a
functionalized PEG layer and targeting antibodies to
limit premature phagocytic clearance whilst enabling
targeting of DR5-expressing tumor cells. The HCT116
CRC model was used and showed that following binding
to DR5, the nanoparticles activate caspase 8, enhancing
the anti-tumor activity of the camptothecin payload both
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in vitro and in vivo. The combination of nanoparticleinduced DR5 clustering with camptothecin delivery
overcomes resistance to DR5-induced apoptosis caused
by loss of BAX or overexpression of anti-apoptotic
[76]
FLIP. Li et al
compared the efficacy of liposomal
curcumin with oxaliplatin, a standard chemotherapy
for this malignancy. In vitro treatment with liposomal
curcumin induced a dose-dependent growth inhibition
and apoptosis [poly(ADP-ribose) polymerase] in LoVo
and Colo205 cells. In vivo, tumor growth inhibition
was also observed in Colo205 and LoVo xenografts,
and the growth inhibition by liposomal curcumin
was higher than that for oxaliplatin in Colo205 cells.
Tumors from animals treated with liposomal curcumin
showed an antiangiogenic effect, including attenuation
of CD31 (an endothelial marker), vascular endothelial
growth factor, and interleukin (IL)-8 expression by
immunohistochemistry. This study establishes the
comparable or greater growth-inhibitory and apoptotic
effects of liposomal curcumin with oxaliplatin both in
vitro and in vivo in CRC. The main aim of site specific
drug delivery to colon is to protect the drug from
degradation in stomach and small intestine, to release
maximum drug load to the colonic region. The benefits
of colon specific delivery include lower dose and
minimizing the side effects.

Immune stimulation: The purpose of immune
stimulation (immunogene therapy) is to activate a
systemic and tumour-specific immune response, which
may be either cell-mediated or antibody-dependent,
against the tumour cells.
Utilisation of human leukocyte antigen to
stimulate T-cell response: Human leukocyte
antigen (HLA) class Ⅰ molecules are down-regulated in
up to 60% of CRCs. Animal studies have demonstrated
that the expression of foreign major histocompatibility
complex (MHC-the analogue of HLA in humans) on
tumours can induce a T-cell dependent anti-tumour
immune response. Gene transfer of HLA-B7 has
been also examined in clinical trials, and HLA-B7
gene transfer has shown the ability to elicit systemic
antitumour immune response in humans. Yet, no local
antitumour effect was shown in hepatic colorectal
metastases as has been demonstrated in melanomas.
Utilization of cytokines to stimulate T-cell
response: Cytokines play an important role in coordinating the immune response. Therefore, the
insertion of genes encoding cytokines presents a
potential strategy to increase the immunogenicity
of tumours and overcome immune tolerance. Preclinical models have tested a range of cytokines
including IL-2, IL-4, IL-12, granulocyte macrophagecolony stimulating factor (GM-CSF), and interferon-γ
(IFN-γ). Gene therapy with IL-2 has shown antitumour
efficacy in a murine model of CRC and has been
[80]
investigated in patients with CRCs . Ex vivo IL-2
transduction to autologous fibroblast trial shows it is
possible to induce a cellular immune response using
IL-2 gene therapy in patients with CRC safely and with
minimal toxicity. However, no objective responses
[81,82]
were demonstrated
. Ex vivo IL-4 transduction
to autologous fibroblasts: A phase I study has been
undertaken in which patients with advanced cancer
were vaccinated with a combination of IL-4-transduced
fibroblasts plus autologous irradiated tumour cells.
Tissue biopsies of vaccination sites revealed that
IL-4 mRNA could be detected by RT-PCR even 2 wk
after initial vaccination, confirming the effectiveness
of this strategy in generating IL-4 in vivo. However,
induction of an antitumour immune response was not
[83]
reported .

Gene therapy

Now a day Gene therapy considered as a potential
novel treatment for CRC. In this regards the preclinical
data are hopeful and some clinical trials are ongoing
for CRC. To refine the approach of gene therapy,
continuing efforts should be made to improve the
antitumour potency, efficiency of gene delivery, and
accuracy of gene targeting. The gene therapy will
be incorporated into already existing therapies such
as surgery, radiotherapy and chemotherapy. Gene
therapy has been explored as a possible option for
cancer treatment. Till date, 60% of over 600 gene
therapy clinical trial protocols have been activated
which pertain to cancer gene therapy in the United
[77]
States . Similarly in the United Kingdom, of about
50 gene therapy protocols are related to cancer
[78]
gene therapy . Mainly these trials have been in
phase Ⅰ dose finding/safety/toxicity studies, among
them 1% being phase Ⅲ randomized studies against
current best practice. Specific targeting of the tumour
site is the hypothetical benefit of gene therapy
approaches for cancer treatment, which can reduce
systemic toxicity of conventional drug therapy due
to the accuracy of gene delivery and expression at
the specific targeted site(s). Both prerequisites are in
fact obstacles to its success. However, the efforts in
developing novel gene delivery vectors, in discovering
new therapeutic genes and in exploring tumour biology
in order to overcome the hurdles, are currently making
this conceptually new field of medicine potentially
[79]
promising .
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Ex vivo IL-2 transduction to autologous immune
effector cells: Another approach has been to transfect
autologous immune effector cells with the IL-2 gene.
Preclinical studies have shown that cytokine-induced
killer cells. There was evidence of biological activity
as indicated by an increase in serum IFN-γ, GM-CSF
and TGF-β during treatment and also an increase
in the cytotoxic activity of circulating lymphocytes
tested against a range of HLA-matched carcinoma cell
lines. Three patients were reported to demonstrate
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disease stabilisation following treatment. One patient
with follicular B-cell lymphoma achieved a complete
[84]
response .

human cells. It may, therefore, be given repeatedly
without neutralisation by antibodies. A recombinant
canarypox virus containing the human CEA gene has
[81]
demonstrated antitumour efficacy in mice .

IL-2 transduction using other vectors: Two
further phase Ⅰ studies treating patients with a range
of advanced cancers have utilized either allogeneic
fibroblasts secreting IL-2, or an IL-2 DNA/lipid complex
[85,86]
delivered by direct intratumoural injection
. Both
approaches were well-tolerated with evidence of
biological activity (detection of IL-2 on tumour biopsy
and tumour infiltration by T-cells) in vivo as well as
clinical objective responses in some patients (with
melanoma or renal carcinoma).
So it can be consider that cytokine gene therapy
is safe when mediated via a number of different
vectors including subcutaneous injection of retrovirustransduced fibroblasts with autologous tumour cells,
cytokine-transduced immune effector cells, and direct
intratumoural injection of cationic lipid vectors. So,
co-expression of cytokines with, say, HLA-B7 may
augment antitumour immune response and may
be a useful therapeutic strategy. Now, preclinical
studies using a replication-deficient adenovirus vector
to deliver IL-2 suggest that the adenoviral vector
itself may enhance cytotoxic T lymphocytes (CTL)
recognition of tumour antigens, implying that such a
vector may have therapeutic advantage in cytokine[87]
mediated immunotherapy .

Designer T-cell: A novel approach to generating an
immune response to CEA is the development of antiCEA “designer T-cells”.
Mutant gene correction: Gene correction is a logical
approach in cancer therapy based on the understanding
of the carcinogenic processes at the molecular level.
However, for most cancers, including CRC, this goal is
elusive because malignant transformation is usually
accompanied by an accumulation of genetic mutations,
as well as clonal heterogeneity. Furthermore, the
success of this approach very much relies on a high
efficiency of gene expression at the tumour site(s)
in order to achieve therapeutic benefit. However, the
phenotypic correction of key genetic aberrations of
malignant cells has shown the potential to trigger
induction of apoptosis in preclinical studies. Different
strategies including tumour suppressor gene correction
(e.g., p53) or oncogene suppression (e.g., K-ras)
have shown antitumoural effect in animal models of
CRC and p53 gene correction delivered in adenoviral
vectors is being tested in clinical trials in combination
with conventional chemotherapy.
p53 tumour suppressor gene correction: About
50% of CRCs port p53 mutations. It has been shown
in an animal model that re-expression of wild-type p53
in p53-mutated colon cancer xenografts can lead to
an inhibition of tumour growth and increased animal
[90]
survival . An additional bonus for wild-type p53
correction is its by-stander effect, which is thought to
be due to the anti-angiogenic effect in tumours with
[91]
p53 mutation . Many clinical trials using a replicationdeficient adenoviral vector to deliver wild-type p53
to a range of human tumors have been carried out.
Initial studies demonstrated the safety of direct
intratumoural injection of these vectors and confirmed
p53 gene expression even in the presence of an antiadenovirus immune response. Another group have
examined the safety, tolerability and pharmacokinetics
of a replication-deficient adenovirus p53 vector
(RPR/INGN-201) given intravenously to patients with
advanced cancer. Five patients were treated at the
12
maximum dose of 1-10 virus particles, one of them
developed dose-limiting toxicity in the way of grade
3 diarrhoea. Other toxicity was mild, and repeated
monthly administration was possible, with one patient
with advanced CRC receiving 10 cycles safely. Data
pertaining to intratumoural p53 expression are
[92]
pending .

Carcino-embryonic antigen: Carcino-embryonic
antigen (CEA) is a cell-surface glycoprotein overexpressed on the majority of CRC cells, and is only
expressed at low levels in normal colon and biliary
epithelium. On the basis of differential expression
levels vectors are as follows:
Vaccinia vector: The immunization of CEA transgenic
mice with recombinant vaccinia virus containing
the CEA gene induced anti-CEA antibodies and cellmediated immune response against subsequent
[88]
challenges with CEA-expressing tumours . Several
phase Ⅰ trials have currently tested recombinant
vaccinia vectors encoding full-length CEA administered
subcutaneously or intradermally at doses between
7
8
10 -10 PFU to patients with metastatic CRC. These
studies confirm this to be a well-tolerated treatment
with toxicity confined to low-grade fever, fatigue
[81,89]
and inflammation at the injection site
. Anti-CEA
antibodies could also be detected and, although these
were of low resemblance and greed, it is still the first
demonstration that such antibodies could be generated
[80]
in response to a recombinant vaccinia virus .
Canary pox vector: A important trouble with
vaccinia vectors is the generation of neutralising
antibodies, which may limit efficacy. This has lead
to the use of canary pox vectors. This virus is not
pathogenic in humans and does not reproduce in
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More gene correction strategies: Many colorectal
tumours are positive for microsatellite instability
+
(MSI ). Such tumours commonly have mutation in
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the retinoblastoma zinc finger gene, RIZ1, but rarely
have p53 mutations. In mouse xenograft models,
such tumours do not respond to adenovirus-delivered
p53 gene therapy whereas adenovirus-delivered RIZ1
can suppress tumour growth and induce apoptosis,
+
suggesting that this may be a useful therapy for MSI
[93]
CRC .

other omega-3 fatty acids could cut their risk of colon
[97]
cancer .

Immunotherapy

Immunotherapy is one of most modern method for
colon cancer treatment. Approaches using antibodies
and vaccines as adjuvant therapy are being studied
by many researchers. Cancer immunotherapy is
a promising and effective treatment modality for
patients with cancers. Cytokine, anticytokine, and
antibody therapies appear to be efficient for treatment
of various forms of cancer. Clinical trials have
demonstrated that adoptive cell therapy using tumorinfiltrating lymphocytes can induce tumor regression in
approximately 75% of metastatic melanoma patients,
moreover, genetically engineered T cells transduced
with genes encoding specific T cell receptors and
chimeric antigen receptors have been shown effective
in the treatment of cancer patients. These studies
suggest that combination therapies are superior
[98]
choices in cancer immunotherapy for patients .
Tumor-associated antigens (TAA) which is able to
activate the immune system can express on colon
tumor cells, mAbs directed against tumor antigens
can opsonize tumor cells and support their elimination
either by activation of cellular immune effectors like
NK cells or by activation of the complement cascade.
Edrecolomab (monoclonal antibody 17-1A), a murine
monoclonal antibody that recognizes the epithelial
cell-adhension molecule known as Ep-CAM, appears
to be highly effective in treating micro-metastatic
[99]
[100]
disease . A study done by Riethmüller et al
on
189 patients with resected stage Ⅲ CRC, treatment
with edrecolomab resulted in a significant increase
in the overall survival rate, and a decrease in the
tumor recurrence rate of 23%. But mAb may also
clear circulating tumor cells that have greater access
to immune effector cells, and is unsuccessful against
cancer cells already residing within solid tissues. To
increase the anti-tumor efficacy of mAb, Bi-specific
antibodies have been engineered. Anti-CD3/CEA or
anti-CD3/Ep-CAM bi-specific antibodies can cross-link
T cells to colon cancer cells. Furthermore, anti-CEA
/B7 can convert B7-negative tumors into B7-positive
tumors, afford both functional and tumor-specific
signals 1 and 2 for the activation of primary human
T cells, and trigger their cytotoxic activity in a tumor[101,102]
specific way
. The effect is limited, however, it
can be improved by increasing immunogenicity of
whole-cell vaccines based on the use of nonspecific
[103]
immunostimulants . A recent phase Ⅲ clinical trial in
colon cancer with autologous tumor cell-BCG vaccine
®
demonstrated that OncoVAX in an adjuvant setting
significantly prolongs recurrence-free interval (57.1%
relative risk reduction) and improves 5-year overall
survival and recurrence-free survival in Stage Ⅱ colon
cancer patients. No significant prognostic benefits
[104]
were achieved in Stage Ⅲ patients .

Nutritional supplement therapy

It is estimated by Health experts that about 70 percent
of CRCs could be prevented by diet and nutrition.
Calcium and vitamin D: Those who consume rela
tively high levels of Calcium and vitamin D supplements
seem to be protected to some degree against colon
cancer. Dietary factors are considered to be important
in its risk in case of colon cancer which is one of the
most commonly diagnosed cancers worldwide. Calcium
supplements can protect against colon polyps, mainly
the advanced type that go on to become cancer.
Calcium and α-tocopherol suppress chemically induced
colon carcinogenesis in rats and reduce associated
[94]
biomarkers in human volunteers .
Curcumin and Quercetin: Curcumin, which is found
in the curry spice turmeric, may be of benefit for
patients with pre-cancerous polyps in the colon and
quercetin, an antioxidant found in onions, experienced
a marked reduction in both the size and number of
polyps. The potential of curcumin to prevent and/or
treat cancer in the lower intestines surfaced in studies
in lab rats fed curry, as well as in observational studies
of Asian populations that consume a lot of curry.
Quercetin has also been shown to have anti-cancer
[95]
potential. In their study, Cruz-Correa et al
gave
five FAP patients who had five or more polyps in their
lower intestinal tract with 480 milligrams of curcumin
and 20 milligrams of quercetin three times daily. All
five patients had a decreased polyps number and size
from baseline after a mean of 6 mo. They found that
average number of polyps dropped by 60 percent, and
the average size dropped by 51 percent, with minimal
side effects. Of the two compounds, the researchers
believe curcumin is the key cancer-fighting agent. The
amount of quercetin administered was similar to what
many people consume daily; however, the amount of
curcumin is many times what a person might ingest in
[95]
a typical diet . Guar gum matrix tablets of curcumin
has been developed for colon-specific delivery to its
[96]
possible use in the prevention of CRC . The microbial
triggered drug release from guar gum matrix tablets
has been assessed in the presence of rat cecal
contents. The results have shown that a 40% guar
gum containing formulation can be used to deliver
curcumin to colon for possible colon cancer treatment.
Fish oil supplements: Fish oil may be beneficial for
cancer patients. People who eat plenty of fish oil and
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[117]

Improvement in host immunity against tumor cells
can be achieved by promoting the differentiation of
dendritic cells (DCs) from immature myeloid cells that
accumulate in the bone marrow and lymphoid organs
was also reported. There are some researchers are
trying to target DC in vitro with tumor-derived RNA,
while others are trying to load other recombinant
[105,106]
TAA
. Vaccination of antigen presenting cells
can present endogenous tumor antigens, activate
CTL, and well induce specific anti-tumor immunity.
Endothelium can also serve as a vaccine, and induce an
autoimmune response targeting tumor angiogenesis.
[107]
Okaji et al
immunized BALB/c mice with a vaccine
of glutaraldehyde-fixed murine hepatic sinusoidal
endothelial cells (HSEs) in a lung metastasis model of
Colon-26 cancer. Vaccination with autologous HSEs
induced both preventive and therapeutic antitumor
immunity, which significantly inhibited the development
of metastases. The T cell is the effector cell in antitumor
immune response. T cells require 2 distinct signals for
optimal activation, and the genetic modification of T
cells ex vivo and their reinfusion into cancer patients has
recently attracted considerable attention. Recent studies
revealed that gene-engineered T cells expressing
chimeric single-chain (scFv) receptors were capable of
co-delivering CD28 costimulation and T cell receptor
zeta chain (TCR-zeta) activation signals, which after
reacting with the ErbB2 TAA of colon cancer produced
high levels of cytokines, proliferated vigorously, and
mediated lysis of ErbB2(+) tumors in an antigenspecific manner. Most importantly, dual specific T cell
delayed the growth of subcutaneous ErbB2(+) human
[108]
tumors after systemic administration .

cancer in immunosuppressed women .
It has been shown that several factors may contri
bute to antitumor immunosuppression, for instance, a
low frequency of high-avidity antitumor T cells, presence
+
+
of CD4 CD25 regulatory T (Treg) cells, and various
strategies of cellular-mediated tumor-induced immune
[118]
evasion
. Antitumor immunosuppression may also
[119]
result from soluble factors and altered antigenicity .
For instance, tumor-derived IL-18 induced immuno
[120,121]
suppression in NK cell-controlled cancers
. IL-1α
upregulated TGF-beta in mesenchymal stem cells and
thus induced immunosuppression, foremost to the
[122]
growth of prostate cancer cells . Hence, immunological
methods that eliminate antitumor immunosuppression
and/or increase antitumor immunity can be very useful
in the treatment of cancer.

Cytokine and anticytokine therapy

Cytokines are group of proteins, including IL and
growth factors, which play a vital role in the regulation
[123]
of the immune system
. Several studies have
indicated that cytokine therapy could relieve immuno
[124]
suppression in cancer patients
and therefore,
cytokine therapy has the potential use in cancer
treatment. IFN-α was the first cytokine, which was
[125,126]
approved and used for leukemia
and melanoma
[127,128]
patients
. IFN-α therapy turned out to be an
effective method for the treatment of leukemia and
melanoma. Now a day, IFN-α therapy is the preferred
[129]
choice for the treatment of metastatic melanoma .
There are lots of efforts to develop the efficacy of
IFN-α therapy for cancer treatment. At the end, efforts
are to develop a combination therapy, a combination
of IFN-α therapy with other treatment modalities such
as chemotherapy that can be more effective in the
[130]
treatment of cancer .
IL-2 was the second cytokine in 1998, when
United States Food and Drug Administration (FDA)
approved (IL-2) therapy for cancer treatment. Clinical
trials confirmed that IL-2 therapy was effective in
the treatment of patients with solid tumors such as
[131]
metastatic melanoma and renal cell carcinoma
.
The combination therapies of IL-2 with other cytokines
such as granulocyte-macrophage colony-stimulating
[132]
factor (GM-CSF)
or the sequence-specific com
bination of IL-2 therapy with chemotherapy such as
[133]
temozolomide
appeared to be more beneficial in
cancer treatment.
Tumor necrosis factor (TNF)-α has also been
exposed for antitumor activity. TNF-α was used to treat
patients with advanced solid tumors. Though, the use
and efficacy of TNF-α therapy for cancer treatment are
[134]
notorious
. Modern studies showed that there was
an association between the anti-TNF treatments such
as adalimumab for noncancer patients and incidence
[135]
of malignancies such as melanoma
. Additionally,
TNF-α administration induces serious side effects such
as septic shock-like condition, which strictly restricted

Interactions between cancer and the immune
system: The immune system, including innate
immune system and adaptive immune system, is
composed of special factors, cells, tissues, and organs.
It has been well known that the immune system can
detect a wide variety of infectious organisms and other
invaders, differentiate them from the own healthy cells
[109]
and tissues, and prevent infections .
It has been reported that there is interaction
between the immune system and cancer as evidenced
by cancer immunosurveillance theory which refers to
the monitoring function of the immune system in cancer
development. There are various studies that have
demonstrated that the immune system can recognize
and eliminate abnormal cancer cells arising within the
[110-115]
human body
. Therefore, the interaction between
cancer and the immune system plays a crucial role in
cancer development. In cancer patients, the immune
system is not sufficiently vigorous to eliminate cancer
cells, suggesting that the antitumor immune system is
suppressed. For instance, transplant recipients under
continued immunosuppression displayed a significantly
higher risk of developing de novo tumors such as lung
[116]
cancer
and noticeably increased threat for cervical
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[136]

TNF-α therapy
. GM-CSF is a cytokine created by
immune cells (including T cells, NK cells, macrophages,
and mast cells), endothelial cells, and fibroblasts.
GM-CSF stimulates white blood cells to grow and
stem cells to differentiate between granulocytes and
monocytes. Clinical trials have indicated that GM-CSFstimulating factor-secreting cancer immunotherapy in
combination with primed lymphocytes and autologous
stem cell transplantation in hematologic malignancies
was potentially effective against acute myeloid
[137]
leukemia
. In addition, a combination therapy of
GM-CSF and IL-2 showed more benefits for melanoma
patients. The results indicated that GM-CSF is useful
[138]
tool as cytokine therapy for cancer patients .
Cytokines play an important role in the regulation
of immune responses. However, its therapy rarely
results in complete cure for cancer patients due to its
indirect antitumor activity. On the other hand, Cytokine
administration has induced toxicities in patients, which
limits its potential for cancer therapy. Cytokine therapy
may be effective for cancer treatment if the high
concentration of cytokines is achieved at tumor sites.
In recent years, targeted delivery of cytokines has
become possible and indeed antibodycytokine fusion
proteins (immunocytokines) seem to be effective in
management of cancer treatment. Earlier Studies in
mouse tumor models have shown that the antibodymediated targeted delivery of IL-12 was found to be
very effective in cancer treatment, indicating that
immunocytokine therapy shows potential in cancer
[139,140]
treatment
.
Some cytokines have been shown to cause immu
nosuppression in cancer patients and so have the
potential to be used as anticytokine therapy for cancer
treatment. There are few reports that IL-6 is a vital
tumor promoter in early colitis-associated cancer.
Tumor-infiltrating myeloid cells produces IL-6, increases
cancer development in the intestinal epithelium and
protects cancer cells from apoptotic eradication. Thus,
anti-IL-6 therapy may be used in the treatment of
[141]
CRC . Cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) binds to the B7-family proteins, resulting in
the suppression of T cell functions. Treatment with the
CTLA-4 antibodies (ipilimumab and tremelimumab) has
been widely used in metastatic melanoma and showed
[142]
good benefits with prolonged survival . Clinical trials
discovered that anti-PD-1 antibody (BMS-936558)
and anti-PD-L1 antibody (BMS-936559) were safe and
[143]
useful for the treatment of patients with melanoma .
Therefore, anti-CTLA-4, anti-PD-1, and anti-PD-L1
antibodies may effectively be used in the treatment of
patients with melanoma.

cancer and Merkel cell carcinoma. Cancer vaccines are
prepared to elicit an immune response against tumorspecific or TAA, encouraging the immune system to
attack cancer cells bearing these antigens. Tumor
antigens that have been targeted in CRC include CEA,
MUC1, guanylyl cyclase C, and NY-ESO-1. Cancer
vaccines are being developed to treat patients with
existing cancer and are one of the most active fields in
[144]
cancer research
. Treatment with cancer vaccines,
an active immunotherapy for cancer, is a desired
method for cancer patients, especially patients with
cervical cancer as cervical cancer is caused by viruses,
such as, HPV. Thus, similar to traditional vaccines
against viruses, vaccines are being developed to treat
[145]
such types of cancer, for example, Cervarix
and
[146]
Gardasil .
Sipuleucel-T, which elicited an immune response
to prostatic acid phosphatase expressed on prostate
cancer cells, was the first FDA-approved therapeutic
cancer vaccine for patients with metastatic prostate
[147]
cancer
. Clinical trials showed that the therapeutic
telomerase- (TERT-) specific vaccine Vx-001 could
induce TERT-reactive T cells and have a noteworthy
survival benefit in patients with chemoresistant
[148]
advanced solid tumors . However, there are currently
no therapeutic vaccines available to treat cancers
effectively. It has been reported that the synthetic
vaccine of HPV E7 protein-derived peptide antigen and
star polymer could be used to treat HPV-related cancers
[149]
in mice . As an effective therapeutic cancer vaccine
candidate, the live attenuated vaccine strain (oncolytic
measles virus, MV) engineered with GM-CSF gene has
been shown to induce a complete tumor regression
and rejected following tumor reengraftment in murine
[150,151]
colon adenocarcinoma model
. Furthermore, both
GM-CSF and TNF-α-modified RM-1 prostatic cancer cell
vaccine, which was superior to single GM-CSF- or TNFα-modified vaccine, significantly prolonged the survival
[152]
in the mouse model
. Therefore, the effectiveness
of these conjugated cancer vaccines in mouse tumor
models provided evidence for future clinical trials.
It has been well identified that cancers result from
multiple gene mutations, which are diverse among
individual cancer patients. Therefore, antitumor
immune responses induced by TAA are different from
[153]
one cancer patient to another
, suggesting that
single cancer vaccine may not be effective for all of
the cancer patients. Personalized cancer vaccinations
may provide a future direction for cancer treatment
as therapeutic cancer vaccines. Besides, combination
therapy with cancer vaccines and other conventional
treatments such as radiation therapy may result in
significant tumor regression and serve as a potential
[154]
treatment regimen for cancer patients .

VACCINATION
The human papillomavirus (HPV) vaccine is protective
for cervical cancer, and this discovery has covered
the way to the development of cancer vaccines for
other forms of virus-associated cancers such as liver
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CONCLUSION
CRC is one the major worldwide health problems
owing to its high prevalence and mortality rates. It is
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reported that over 40000 of the adult United Kingdom
population are diagnosed with CRC each year. In
case of early diagnosis CRC is also one of the most
curable types of cancer (cure rates > 90%). However,
increased understanding of the molecular mechanisms
underlying carcinogenesis has spurred focus on the
development and incorporation of molecular targeted
agents in current therapeutic options for CRC. Recent
developments in screening, prevention, biomarker
and genomic analysis, nutritional supplement therapy,
vaccination, and chemotherapy have improved detec
tion and significant reduction in mortality statistics.
However, despite these advances, many patients with
advanced and metastatic tumors will still succumb to
the disease. Further research to explain the molecular
pathology of CRC may improve treatment options and
the long term survival of patients.
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Approach to the endoscopic resection of duodenal lesions
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Abstract

Jonathan P Gaspar, Andrew Y Wang, Division of Gastroen
terology and Hepatology, University of Virginia Health System,
Charlottesville, VA 22908, United States

Duodenal polyps or lesions are uncommonly found on
upper endoscopy. Duodenal lesions can be categorized
as subepithelial or mucosally-based, and the type
of lesion often dictates the work-up and possible
therapeutic options. Subepithelial lesions that can arise
in the duodenum include lipomas, gastrointestinal
stromal tumors, and carcinoids. Endoscopic ultra
sonography with fine needle aspiration is useful in
the characterization and diagnosis of subepithelial
lesions. Duodenal gastrointestinal stromal tumors
and large or multifocal carcinoids are best managed
by surgical resection. Brunner’s gland tumors, soli
tary Peutz-Jeghers polyps, and non-ampullary and
ampullary adenomas are mucosally-based duodenal
lesions, which can require removal and are typically
amenable to endoscopic resection. Several anatomic
characteristics of the duodenum make endoscopic
resection of duodenal lesions challenging. However,
advanced endoscopic techniques exist that enable
the resection of large mucosally-based duodenal
lesions. Endoscopic papillectomy is not without risk,
but this procedure can effectively resect ampullary
adenomas and allows patients to avoid surgery,
which typically involves pancreaticoduodenectomy.
Endoscopic mucosal resection and its variations (such
as cap-assisted, cap-band-assisted, and underwater
techniques) enable the safe and effective resection
of most duodenal adenomas. Endoscopic submucosal
dissection is possible but very difficult to safely perform
in the duodenum.
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subepithelial or mucosally-based. Endoscopic ultra
sonography with fine-needle aspiration aides in
the diagnosis of subepithelial lesions. Duodenal
gastrointestinal stromal tumors and large or multifocal
carcinoids are subepithelial lesions that should undergo
surgical resection. Non-ampullary and ampullary
adenomas and other mucosally-based duodenal lesions
are amenable to endoscopic resection. Endoscopic
papillectomy is effective at resecting ampullary
adenomas but is not without risk. Various forms of
endoscopic mucosal resection (cap-assisted, capband-assisted, and underwater) enable the resection
of most duodenal adenomas. Endoscopic submucosal
dissection is possible but very difficult to safely perform
in the duodenum.

distinguished by endoscopic, endosonographic, and
[6]
histologic characteristics, and can be divided into
subepithelial and mucosally-based lesions (Table 1).

Subepithelial lesions

Lipomas: Duodenal lipomas are uncommon, usually
asymptomatic, benign, subepithelial, adipose tumors.
Characteristic findings on endoscopy include a round
lesion with a yellowish hue (Figure 1A) and a positive
“pillow” sign (i.e., a visible indentation upon endoscopic
palpation with closed biopsy forceps or other devices,
Figure 1B). Lipomas are typically non-malignant
and only removed when they are symptomatic, or
in rare instances when there might be suspicion for
a liposarcoma. The fat content of lipomas enables
these subepithelial lesions to be reliably identified by
using computed tomography (CT) or by endoscopic
ultrasonography (EUS) (Figure 1C). If indicated, con
ventional endoscopic removal is possible when the
[7]
lipoma is small or pedunculated , and larger sessile
lesions might be amenable to endoscopic mucosal
resection (EMR) or resection with the assistance of an
endoloop. While endoscopic submucosal dissection
(ESD) has been described in the small bowel, this
technique is rarely used in the duodenum given
increased rates of complications. However, as most
lipomas will not cause any symptoms, endoscopic or
surgical resection is typically not required.

Gaspar JP, Stelow EB, Wang AY. Approach to the endoscopic
resection of duodenal lesions. World J Gastroenterol 2016;
22(2): 600-617 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i2/600.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.600

INTRODUCTION
The prevalence of finding a duodenal polyp in a patient
on upper endoscopy is low, with studies reporting
[1,2]
rates from less than 1% to 5% . Most duodenal
polyps or lesions are found incidentally on esopha
gogastroduodenoscopy (EGD) that is performed for
other reasons. Symptoms that have been attributed
to duodenal polyps include dyspepsia, abdominal
pain, overt gastrointestinal bleeding, intussuscep
tion, obstruction, and anemia. In this review, we will
describe commonly encountered duodenal lesions
and the approach to the endoscopic resection of
these lesions, if applicable, when they are found by
endoscopy.
There are certain anatomic characteristics of
the duodenum that make endoscopic resection of
duodenal lesions challenging. These factors include
(1) a narrow lumen; (2) a “C-loop” that makes
maintaining endoscope position difficult; (3) Brunner’s
glands in the submucosal layer that stiffen the wall and
make mucosal lifting difficult; (4) a thin deep muscle
layer that results in a higher rate of perforation; and
(5) difficult access if emergency or salvage surgery
[3-5]
becomes necessary . Additionally, the duodenum
has an extensive vascular network supplied by the
gastroduodenal artery that increases the risk of
bleeding, which can be severe and potentially lifethreatening.

Gastrointestinal stromal tumor: Gastrointestinal
stromal tumors (GISTs) are the most common
mesenchymal tumor of the gastrointestinal (GI) tract
[8]
with the potential for malignant transformation
(Figure 2A). GISTs are believed to originate from
[8]
interstitial cells of Cajal , and these submucosal, or
better termed - subepithelial - lesions typically arise
from the muscularis propria (MP, the deep muscle
layer of the GI tract; layer 4 on EUS) and cannot be
distinguished from benign leiomyomas by endoscopy,
even with routine mucosal biopsies or with EUS alone
(Figure 2B). EUS with fine needle aspiration (FNA)
is required for definitive diagnosis of a GIST (Figure
2C). While duodenal GISTs are less common than
gastric GISTs, they more often produce symptoms in
[9]
patients .
Historically, the only role for endoscopy in the
management of GISTs, including those of the
duodenum, was purely diagnostic, and GISTs that
grew or had high mitotic indices on sampling by EUS
with FNA were removed by surgical excision. However,
with the advent of ESD and by using techniques
derived from per-oral endoscopic myotomy (POEM),
GISTs that arise from the esophagus and stomach
can now be removed endoscopically in specialized
[8]
centers . However, the submucosal tunneling endo
[10]
[8]
scopic resection (STER)
and ESD techniques for
removing GISTs and other subepithelial tumors in
the esophagus or proximal stomach are not typically
employed in the duodenum, due to the challenging

TYPES OF DUODENAL POLYPS OR
LESIONS
Several different lesions can be found on endoscopy
in the duodenum. These polyps or lesions can be
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Table 1 Types and characteristics of various duodenal lesions that can be encountered on upper endoscopy
Type of duodenal lesion

Duodenal wall layer Malignant potential

Lipoma
Gastrointestinal stromal tumors

Subepithelial
Subepithelial

No
Yes

Carcinoids

Subepithelial

Yes

Mucosal
Mucosal
Mucosal

No
Yes
Yes

Brunner’s gland “adenomas” or hamartomas
Solitary Peutz-Jeghers polyps
Adenoma

A

Requires resection

Amenable to endoscopic
resection

No
Yes

Possible
Possible
(for small lesions); often
requires surgery
Yes
Possible
(for rare, isolated lesions); often
requires surgery
If patients are symptomatic
Yes
Yes
Yes
Yes
Yes

B

C

Figure 1 Duodenal lipomas are benign, subepithelial, adipose tumors that rarely cause symptoms. A round subepithelial lesion was found in the secondportion of the duodenum (A); which had a positive “pillow sign” suggesting a lipoma (B); endoscopic ultrasonography found a 2.1-cm hyperechoic lesion arising from
the submucosal layer, which was diagnostic of a lipoma (C). As such, endoscopic therapy was not required.

anatomic and endoscopic features described above. A
suck-ligate-unroof-biopsy technique for the enucleation
of subepithelial tumors has been described by using
detachable endoloops, but this technique is not widely
[11]
practiced .
At this time, when a GIST is diagnosed in the
duodenum or small bowel, except in very usual
circumstances, we recommend referral to a surgical
oncologist or GI surgeon for operative resection.

as a white or yellow lesion that can be glimpsed
through the mucosa on conventional white-light
endoscopy (Figure 3A). While EUS with FNA can be
utilized for cytopathological diagnosis of carcinoids,
deep “bite-on-bite” endoscopic biopsies can sometimes
obtain a diagnostic histopathological specimen (Figure
3B and C). Rarely, duodenal carcinoids may arise from
[13]
the ampulla
and these lesions can be mistaken for
ampullary adenomas (Figure 4).
Overall data on the safety of endoscopic resection
of small bowel carcinoids are somewhat limited.
Endoscopic resection, typically by EMR techniques, has
been described as safe for isolated lesions, 10-mm or
smaller in size, that are limited to the submucosa and
[14]
without lymph node metastasis . EUS is required
to ensure that the lesion is limited to the submucosa

Carcinoids: While carcinoids are the most common
neuroendocrine tumors of the GI tract, duodenal
carcinoid tumors are overall rare, and account for less
[12]
than 5% of all neuroendocrine tumors . Carcinoids
are subepithelial lesions that are typically firm on
palpation with closed biopsy forceps and often present
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A

A

B

B

C

C

Figure 2 Gastrointestinal stromal tumor. A: A large subepithelial lesion
with a central “dimple” or depression was seen in the duodenum by white light
endoscopy; B: Linear endoscopic ultrasonography (EUS) identified a 2.2-cm
hypoechoic lesion arising from the deep muscle layer, which suggested a GI
stromal tumor (GIST) or leiomyoma; C: EUS with fine needle aspiration enabled
cytopathologic confirmation of a GIST; and this tumor was later removed by
surgical excision.

Figure 3 Non-ampullary duodenal carcinoid tumors. A 1-cm duodenal
nodule was seen with a white lesion visible in or just below the mucosa, which
was suspicious for a carcinoid tumor (A); A larger 1.5-cm subepithelial lesion
was found elsewhere in the duodenum of the same patient (B); Bite-on-bite
biopsies through the mucosal layer revealed white tissue that was able to be
pathologically sampled confirming the diagnosis of a duodenal carcinoid (C).

A more extensive workup including cross-sectional
imaging with CT or magnetic resonance imaging
(MRI) scans, and possibly functional imaging with
somatostatin receptor scintigraphy (“Octreotide scan”),
in addition to serum testing for vasoactive peptides,
should be considered. In situations of multifocal small
bowel carcinoids, surgery will be required.

(and does not invade the MP), prior to attempted
endoscopic resection. While most GI carcinoids
arise from the submucosa (EUS wall layer 3), they
can in fact arise from any layer of the wall of the
luminal GI tract. As most carcinoids are subepithelial,
the risk of perforation and bleeding from attempted
endoscopic resection is greater than that from resecting
a mucosally-based duodenal lesion. Thus, it is
recommended that endoscopic resection of duodenal
carcinoids be performed in high-volume centers by
expert endoscopists.
In many instances duodenal carcinoids do not
present in isolation, and often multiple small bowel
carcinoids may exist, some of which can be difficult to
see on endoscopic evaluation with EGD or enteroscopy.

WJG|www.wjgnet.com

Mucosally-based lesions

Brunner’s gland “adenomas” or hamartomas:
Brunner’s gland “adenomas” or hamartomas account
[15]
for up to 1% of all duodenal polyps . The majority
of patients with this lesion are asymptomatic. Lesions
smaller than 10 mm have been described as Brunner’s
gland hyperplasia, while “adenomas,” which might
be better described as “hamartomas,” are usually

603

January 14, 2016|Volume 22|Issue 2|

Gaspar JP et al . Endoscopic resection of duodenal lesions

A

B

D

E

C

Figure 4 A 55-year-old woman was found to have an ampullary mass on upper endoscopy for abdominal pain. Magnetic resonance imaging showed an
ampullary tumor with no locoregional invasion or hepatic metastases. Mucosal biopsies showed no pathologic abnormality. The patient was referred for endoscopic
ultrasonography (EUS) and possible ampullectomy. On duodenoscopy, a large, irregular ampulla was seen with a whitish hue at the ampullary os (A); EUS
demonstrated a 1.6-cm, round, hypoechoic ampullary mass that did not invade into the muscularis propria or into the pancreas (B); On attempted hot-snare resection
(C), the lesion was very hard and the snare slipped off the lesion resecting only the surface mucosa, which revealed a white ampullary carcinoid tumor. Ampullectomy
was aborted, a biliary sphincterotomy was performed, and a prophylactic pancreatic duct stent was placed (D); Histopathology showed nests of neoplastic cells that
stained strongly with antibodies to chromogranin (immunoperoxidase × 20) that extend from the surface epithelium (top and to the right), which confirmed a carcinoid
tumor (E). The patient underwent pancreaticoduodenectomy with a curative (R0) resection and no lymph node metastases.
[18]

bleeding or obstruction . Frequently, these lesions
are pedunculated and can be removed by using a
snare with or without an endoloop (Figure 6); but for
Brunner’s gland tumors that are sessile, sometimes
advanced mucosectomy techniques may be required.
Surgical excision is more invasive, less cost-effective,
and often unnecessary.
Solitary Peutz-Jeghers polyp: Solitary PeutzJeghers (SPJ) polyps in the duodenum are rare
and are found in patients without family history of
Peutz-Jeghers syndrome or the characteristic skin
[19]
findings . SPJ polyps are hamartomas that have
an irregular lobular or nodular surface on endoscopy
(Figure 7). Polypectomy is recommended in order to
achieve an accurate diagnosis and, more importantly,
because these polyps have a risk of malignant
[19]
transformation . Because SPJ polyps are rare, if a
suspected SPJ polyp is found in the upper GI tract,
a more extensive workup to exclude Peutz-Jeghers
syndrome (that might include small bowel imaging,
colonoscopy, and potentially genetic testing) is
reasonable.

Figure 5 Brunner’s gland hyperplasia was found on histopathology from
a sessile polyp that was endoscopically resected from the duodenal bulb.
Brunner’s glands extend to the base of the sample. The surface is reactive with
extensive gastric metaplasia (HE × 20).

pedunculated polyps measuring 1-2 cm or greater
[16]
in size that arise in the posterior duodenal bulb .
These lesions are nearly always benign, though cases
of malignancies arising from Brunner’s gland tumors
[17]
have been reported
(Figure 5). Endoscopic removal
should be considered for Brunner’s gland tumors that
are large in order to provide a definitive diagnosis and
to prevent complications from polyp growth, such as
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Adenomas: Duodenal adenomas should be cate
gorized as being ampullary or non-ampullary, and
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Figure 6 A 53-year-old man presented with exertional dyspnea and 2 wk of melena. For symptomatic anemia, he received 8 units of packed red blood cells
over several days. Upper endoscopy showed a 3.5-cm pedunculated polyp on a wide stalk in the posterior duodenal bulb (A, B); An endoloop was placed using a
duodenoscope (C) followed by en to snare resection; The resected polyp was so large the bite block had to be removed in order to pull the polyp out of the mouth (D).
Pathology showed a Brunner’s gland “adenoma”.

A

B

C

D

Figure 7 A patient presented for endoscopy because of gastrointestinal bleeding. A solitary Peutz-Jeghers hamartomatous polyp was seen in the duodenum
on white light (A) and narrow-band imaging (B); This large polyp was removed endoscopically by first using an endoloop to constrict the broad stalk of the polyp (C);
followed by hot-snare resection (D).
[12,20,21]

as sporadic or arising in the context of a genetic
syndrome such as familial adenomatous polyposis
(FAP). This type of classification is important because
of differences in malignancy risk, as well as differences
in diagnostic and therapeutic strategies employed in
managing these lesions that arise from the mucosa.
Sporadic duodenal adenomas account for up to 7%
[2]
of duodenal polyps biopsied during upper endoscopy .
Most of these lesions are asymptomatic and diagnosed
incidentally in older patients (60 to 80 years of age).
Sporadic duodenal adenomas are usually solitary,
sessile, and they are predominantly found in the
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second part of the duodenum
(Figure 8). There
are currently no well-accepted guidelines for the
surveillance of sporadic adenomas, particularly after
successful endoscopic resection, though many would
advocate repeat upper endoscopy within 1 year to
detect and treat residual or recurrent adenoma and
[15]
to survey for other metachronous adenomas . The
need for more extensive and periodic examination
of the deeper small bowel by capsule endoscopy or
various types of radiographic enterography for other
synchronous or metachronous adenomas is unclear.
In contrast, duodenal adenomas occur in up to
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[25]

65% . Ampullary adenomas can cause symptoms
because of their location, such as obstructive jaundice,
pancreatitis, and bleeding. On endoscopic visualization
alone, it may be difficult to differentiate an ampullary
adenoma from an ampullary carcinoid tumor or
gangliocytic paraganglioma, and biopsies should
typically be obtained for diagnosis prior to endoscopic
[25]
resection .

ENDOSCOPIC ASSESSMENT
“Every endoscopic procedure has a cognitive and a
[26]
technical component” . This statement underscores the
need for planning and careful evaluation of any lesion
in the luminal GI tract prior to attempted endoscopic
intervention. For duodenal polyps or lesions, obvious
but critical factors include size, location (particularly in
relationship to major and minor papillae), and whether it
is mucosally-based or subepithelial. A duodenoscope will
often be required to definitively determine a lesion’s exact
relationship to the major and minor papillae, which
can dramatically change the subsequent approach to
endoscopic resection. As with any invasive procedure,
each individual patient’s comorbidities (e.g., neurocardiovascular conditions, bleeding diatheses, etc.) and
the specific clinical context must be considered prior to
pursing endoscopic resection, irrespective of a lesion’s
degree of dysplasia.
For mucosally-based lesions, the visual endoscopic
appearance is very important. Macroscopic mor
phological features can be described by using the
Paris classification for superficial neoplasia, which
can provide insight into the potential for endoscopic
[27]
resectability based on lesion type .
High-definition narrow-band imaging (NBI) and
other commercially available enhanced optical imaging
modalities now offer endoscopists the ability to better
diagnose and differentiate neoplastic lesions from
lesions with no malignant potential. While the data
for NBI is not as robust for duodenal neoplasia as it is
for other areas of the GI tract, the utility of NBI in the
[28]
evaluation of duodenal adenomas in the setting of FAP
[29]
and for ampullary adenomas has been described .
Chromoendoscopy by using topical dyes, such
as indigo carmine, and magnification endoscopy can
be used to evaluate the mucosal pit pattern of GI
lesions, which can indicate dysplasia and even invasive
cancers. While applicable to the duodenum, the “Kudo”
pit pattern has been better described in other parts of
[30]
the luminal GI tract . However, true magnification
endoscopy with optical zoom is not available on most
commercially available endoscopes in North and South
[31]
America .
In general, either on high-definition white-light or
NBI endoscopy, depressed areas (Paris type 0-Ⅱc) or
areas with a markedly disordered vascular pattern or
avascularity are indicative of invasive cancers; such
lesions are not appropriate for endoscopic resection.

Figure 8 Photomicrograph of a large tubular adenoma that was removed
in piecemeal fashion by underwater endoscopic mucosal resection from
the second-portion of the duodenum. Dark, adenomatous epithelium lines
the surface of the mucosa (top). The muscularis mucosa is cauterized at the
base (HE × 20).

90% of patients with FAP, and most commonly involve
[22]
the ampulla or the distal duodenum
(Figure 9). The
lifetime risk of duodenal adenocarcinoma in patients
with FAP is estimated to be 3% to 5%. A staging
[23]
system developed by Spigelman et al has been used
to assess the severity of the duodenal adenomatous
polyp burden and to predict the risk of developing
duodenal cancer so as to determine which patients
might require endoscopic resection or even surgical
intervention.
One retrospective study analyzed the differences
between patients with sporadic duodenal adenomas
and those with duodenal adenomas associated with
FAP with regards to the development of duodenal
[4]
adenocarcinoma . The mean age of diagnosis of
patients with a cancer arising from a sporadic duodenal
adenoma was older than for those with cancer arising
from adenomas in the setting of FAP (mean age of 65
years vs 35 years, respectively). There was no gender
predilection or specific clinical symptoms associated
with early duodenal adenocarcinoma. The size of the
cancer in the sporadic group was larger as compared
to that in the FAP group (mean 13.2 mm vs 7.6
mm, respectively), which might have been related to
regular endoscopic surveillance provided to patients in
the FAP group. There were adenomatous components
in 50% of sporadic adenocarcinomas and 57% of
FAP associated lesions. Prior to this study, there was
evidence that the sequence of progression from
adenoma to carcinoma in the duodenum was similar
[24]
to that in the colon for FAP-associated carcinoma .
These data also support a progression from sporadic
duodenal adenomas to carcinomas.
Adenomas involving the major (or minor) papillae
can occur either sporadically or in the context of a
genetic syndrome and have the potential to undergo
malignant transformation to adenocarcinoma. The rate
of reported malignant transformation of ampullary
(major papilla) adenomas is higher than for other
sporadic duodenal polyps, ranging from 26% to
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Figure 9 Multiple sessile adenomatous polyps were found in various portions of the duodenum in a patient with familial adenomatous polyposis. Duodenal
polyps were visualized with high-definition white-light (WL) endoscopy (A) and narrow-band imaging (NBI) endoscopy (B); The largest adenomas were carefully
examined under WL (C) and NBI (D) as they have an increased risk for harboring malignancy.

Other mucosal features such as bridging folds or
tenting can also be indicative of submucosal fibrosis or
invasion.
For visualization of non-ampullary, mucosallybased, duodenal lesions, we typically prefer a highdefinition, forward-viewing, gastroscope with a lowprofile cap. The use of a soft distal attachment cap
can be invaluable for visualization, stabilization, and
manipulation of mucosal folds in the duodenum.
However, some lesions (particularly those along
the anterior and medial duodenal walls) can only
be properly visualized by using a duodenoscope,
and familiarity or skill with endoscopic retrograde
cholangiopancreatography (ERCP) can be very helpful
when assessing and resecting these duodenal lesions.
In the following sections we will describe in detail
advanced endoscopic techniques (beyond conventional
cold biopsy or hot-snare polypectomy) that are
primarily used for the resection of large mucosallybased neoplasms located in the duodenum or at
the ampulla (Table 2). The indications and types of
resection recommended for subepithelial tumors
have been described above. When embarking on
advanced endoscopic resection of GI neoplasia, one
central axiom is that if you are not confident that
you can completely remove a lesion endoscopically,
it would be best to refer the patient to a high-volume
interventional endoscopist. Failed resection attempts
lead to submucosal fibrosis, which can increase the risk
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of a future endoscopic resection and in some instances
can even make subsequent endoscopic resection
impossible. Furthermore, when placing submucosal
tattoos to help identify lesions that might be referred
for advanced endoscopic resection, it is important not
to tattoo close by or underneath a lesion, as the tattoo
ink can also cause significant submucosal fibrosis.

ENDOSCOPIC MUCOSAL RESECTION
Endoscopic mucosal resection (also called muco
sectomy) is a well-established method for removing
lesions throughout the luminal GI tract, including in
[32,33]
the duodenum
. Conventionally, sterile normal
saline is first injected into the submucosa around
and underneath a mucosally-based duodenal polyp,
typically an adenoma. This submucosal-saline cushion
then enables the safe resection of raised, flat, and
sessile mucosal lesions, which otherwise might be
prone to perforation of the thin duodenal wall. After
adequate lifting is achieved, hot-snare polypectomy
is then used to perform EMR. En bloc resection is
preferable whenever possible, in order to minimize
polyp recurrence. In general, polyps greater than 20
mm in size will need to be removed in a piecemeal
fashion by repeated, overlapping snare resections
[34]
(piecemeal EMR) .
The blue dyes indigo carmine and methylene blue
can be used to tint the saline injectate used for saline-
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Table 2 Endoscopic procedures for the potential resection of elevated or sessile mucosally-based duodenal lesions (typically for
duodenal adenomas)
Procedure

Appropriate
lesion size

Used for non-ampullary
lesions

Used for
papillectomy

Piecemeal resection
possible

Can be done using a
duodenoscope

Degree of
difficulty

Snare polypectomy (en bloc)
Cap-assisted EMR
(requires submucosal lifting)
Cap-band-assisted EMR
Conventional EMR (with
submucosal injection)
Underwater EMR

≤ 10 mm

Y
Y

Y
N

N
Y

Y
N

+
+++

Any size

Y
Y

N
Y

Y
Y

N
Y

++
+++

Any size

Y

Y

Y

+++

ESD

Any size

Y

N

N/A
(goal of ESD is en
bloc resection)

Y
(forward-viewing scope
with a cap is preferred)
N

≤ 18 mm
≤ 11 mm

++++

For degree of difficulty, + denotes the easiest and ++++ denotes the hardest procedures to perform. EMR: Endoscopic mucosal resection; ESD: Endoscopic
submucosal dissection.

perforation) and residual or recurrent dysplasia at
time of follow-up endoscopy. However, one issue
with piecemeal resection of large adenomas is that
the pathologists cannot re-orient several resected
specimens to definitely call histologically negative
margins. Thus, we are limited to the endoscopic
appearance for determination of complete resection
following piecemeal EMR, and we must wait until
follow-up endoscopy is performed 3-6 mo later to see if
the resection was actually curative.
When considering very large duodenal adenomas,
[40]
Fanning et al
compared outcomes between EMR of
giant hemicircumferential or larger adenomas - also
called laterally spreading tumors (LSTs) - and smaller
conventional duodenal adenomas or other lesions. This
study included 19 LSTs (≥ 30 mm) with a mean size
of 40.5 mm and 31 smaller lesions (< 30 mm) with a
mean size of 14.5 mm. There were statistically more
significant major complications (26.3% vs 3.2%, P
= 0.014) in the LST group, which were mainly cases
of bleeding. Intraprocedural bleeding occurred in
57.8% of LST cases vs in only 19.3% where smaller
lesions were resected (P = 0.005). Notably, complete
resection was achieved in 84% of LSTs, and 76%
of these patients had no evidence of recurrence
(thereby achieving curative resection) on surveillance
endoscopy.

assisted EMR. Use of indigo carmine is preferred, as it
is a plant-based dye that does not intercalate DNA, as
does methylene blue. Furthermore, indigo carmine will
stain the submucosa but not the deep muscle layer,
which helps to visualize the MP following resection to
ensure that it remains intact. Some endoscopists also
add epinephrine to the injectate when performing
EMR in vascular areas such as the duodenum at
concentrations of 1:100000 or more dilute, to help
reduce the risk of intraprocedural bleeding.
Success rates for eventual complete removal
of duodenal adenomas range from about 70% to
[12,20,21,34-39]
[20]
100%
Kedia et al
illustrated the success
rate of EMR as it pertains to percentage of luminal
circumference. A complete resection rate of 95%
was achieved for polyps involving < 25% luminal
circumference, as compared to 46% for polyps
involving 25% to 50% of the luminal circumference,
and 0% for polyps encompassing > 50% of the
[20]
luminal circumference . In a review by Basford and
[12]
Bhandari
of several studies that recorded number
of sessions to achieve complete resection, 80% of the
cases were completed within one session, 17% within
two sessions, and 3% in three sessions.
With respect to adverse events, in considering
the largest recently published series of conventional
EMR of non-ampullary duodenal adenomas, the rate
of perforation was reported from 0% to 1.9% and
acute or delayed bleeding occurred in 0% to 14% of
[20,21,34,38]
cases
. Overall, the rate of residual or recurrent
[21,34]
adenoma is probably around 25%
, particularly
when very large adenomas are removed in piecemeal
fashion.
In general (and as in other sites of the luminal GI
tract), the larger the duodenal adenoma, the lower the
chance for complete resection (traditionally defined as
circumferential and deep margins clear of dysplasia,
also termed “R0” resection) and the higher the risk
of immediate or delayed complications (bleeding or

WJG|www.wjgnet.com

CAP-ASSISTED AND CAP-BAND-ASSISTED
EMR
Cap-assisted EMR (EMR-C) is an alternative to freehand EMR for the resection of duodenal polyps. EMR
caps come in various shapes and sizes. Commercially
available kits exist that include an EMR cap and a
special snare that can be loaded inside the cap. A
soft oblique EMR cap is available that has an outer
diameter of 18 mm, with which a lesion up to about 2
cm in size could be potentially resected. Submucosal
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Figure 10 Piecemeal cap-band-assisted mucosectomy (endoscopic mucosal resection). A large, 2.5-cm, nearly flat, duodenal adenoma was found in the
second portion of the duodenum along the lateral wall and was examined with narrow-band-imaging, which did not reveal any invasive cancer (A); Cap-band-assisted
EMR was performed. Two bands were sequentially deployed (B) and the resultant pseudopolyps were resected leaving behind no macroscopic evidence of residual
adenoma (C); Argon plasma coagulation was used to ablate the borders of the polyp and exposed submucosal vessels in order to reduce the risk of adenoma
recurrence and delayed bleeding, respectively (D).

injection is mandatory when performing EMR-C. After
a submucosal bleb is created, the cap and loaded
snare are placed over the mucosal lesion of interest
and endoscope suction is applied to bring the lesion
into the cap. Next, the snare is closed around mucosa
brought into the cap for subsequent hot-snare re
section.
Initially, there were concerns that use of EMR-C in
the duodenum would be associated with higher rates of
perforation due to the risk of inadvertently grabbing the
[41]
MP of the thin duodenal wall. However, Conio et al
reported the success of EMR-C of 26 duodenal polyps
with a median size of 15 mm. Complete resection was
achieved in 96% of patients, and the rate of recurrence
was less than 12%. There were no cases of perforation,
three cases of intraprocedural bleeding, and no cases
of delayed bleeding. Two important points were that a
large amount of submucosal fluid was injected in these
cases and controlled suction was employed so as to
avoid entrapment of the MP.
Anecdotally, a technique has been described
whereby after the snare has been tightened around
the tissue sucked in to the cap, the snare is then
slightly loosened and then quickly retightened. The
theory is that this allows any inadvertently captured
MP to be released from the ensnared specimen,
thereby allowing safer subsequent hot-snare resection.
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In contrast, cap-band-assisted mucosectomy/EMR
is a modification of variceal band ligator technology,
whereby the mucosa is suctioned into a cap and then
a rubber band is released over the suctioned mucosa
creating a pseudopolyp, which can then be resected
by using a hot snare. This technique does not require
submucosal injection of fluid for polyp lifting, and the
pseudopolyp can be resected either above or below
the level of the constricting band (Figure 10).
Again, commercially available EMR-C and cap-bandassisted EMR systems have United States Food and
Drug Administration 510(k) premarketing clearance
for “gastrointestinal mucosal resection” (Olympus
America, Center Valley, PA, 510(k) number: K984358)
and “endoscopic mucosal resection in the upper
gastrointestinal tract” (Cook Medical, Winston Salem,
NC, 510(k) number: K050578). A similar device from
Boston Scientific that is also indicated for “endoscopic
mucosal resection in the upper GI tract” (Natick, MA,
510(k) number: K140726) has just been released for
purchase in the United States.

UNDERWATER EMR
Dr. Kenneth Binmoeller first described the novel
technique of “underwater” EMR (UEMR) in the
[42]
[43]
colorectum in 2012 and in the duodenum in 2013 .
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Figure 11 Piecemeal underwater endoscopic mucosal resection. A large, 3-cm, non-ampullary, laterally spreading adenoma was found in the second portion of
the duodenum (A); Narrow-band imaging (NBI) demonstrated adenoma without evidence of invasive cancer (B); Carbon dioxide gas that was used for insufflation was
removed and water infused (C); A 15-mm crescent snare (D) was used for piecemeal underwater endoscopic mucosal resection (UEMR). The electrosurgical settings
used for snare resection were DRYCUT 60 W, Effect 4, using a VIO 300D generator (ERBE USA, Marietta, GA). NBI was used to identify a residual island of adenoma
(E, seen just inside the “9 o’clock” margin of the resection). Final images showed complete endoscopic resection (F).

Our group has also described UEMR for the removal of
[44,45]
large duodenal adenomas in 2015
. The inspiration
for water-immersion EMR was stimulated by the
observation that the MP layer of the GI lumen remains
circular and “distant” from the EUS transducer in both
an insufflated GI lumen and also in a lumen that is
decompressed, in which only enough water is infused
to allow for adequate visualization. Furthermore, while
the mucosa is stretched thin in an insufflated viscus, in
the decompressed GI lumen the mucosa is involuted
and folded upon itself, and portions of the mucosa
are then “farther away” from the deep muscle layer.
In this fashion, UEMR allows for the safe resection of
larger mucosal lesions en bloc. When piecemeal UEMR
is performed, very large lesions can be removed in
relatively fewer pieces, which theoretically will result
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in fewer mucosal bridges or islands left behind that
can be the nucleus for a recurrent lesion (Figure 11).
Other advantages of UEMR are that submucosal lifting
with saline or other solutions is not necessary when
this technique is used for mucosectomy. Furthermore,
if intraprocedural bleeding occurs the infused water
prevents clot formation and thus a bleeding vessel can
[46]
be more easily visualized and treated .
In order to ensure procedural success during
UEMR, a low-profile, transparent, distal attachment
cap is mandatory for underwater visualization. The cap
also enables manipulation of the mucosa, which can be
essential in complex underwater piecemeal resections.
A high-definition endoscope with a water-jet feature
and an irrigation pump are also necessary to perform
this procedure efficiently. We have found that crescent
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snares are quite useful to approximate the often nonuniform borders of polyps, particularly underwater.
When performing UEMR we have generally adopted
settings similar to those first described by Binmoeller
[43,46]
[47]
et al
, which we have previously described .
Specifically, we use DRYCUT 60 W, EFFECT 4 or 5,
using VIO 300D generator (ERBE United States,
Marietta, GA) for underwater hot-snare resection.
[43]
As mentioned earlier, Binmoeller et al
were
the first to describe UEMR for the resection of large,
laterally spreading, non-ampullary duodenal tumors.
In this prospective study of twelve patients referred
for endoscopic resection of duodenal polyps (median
size of 35 mm), 83% of the patients achieved technical
success (endoscopic evidence of complete removal
of all adenomatous tissue) during their first session,
and 92% of patients achieved technical success after
two procedures. All patients who had technically
successful resections met the secondary endpoint
of durable complete resection as evidenced by lack
of endoscopic or histologic evidence of residual or
recurrent adenoma at follow-up endoscopy. Adverse
events included delayed bleeding, which was found
in 25% (3/12) of patients - two of whom required
blood transfusions. One patient developed a significant
duodenal stricture that responded to balloon dilation.
One patient developed altered mental status secondary
to hyponatremia from water intoxication following 5
L of intraprocedural water infusion during resection
of a circumferential adenoma that took 151 min. This
patient’s mentation and electrolyte levels normalized
following hospitalization and administration of
[43]
intravenous hypertonic saline .
From this experience, it is evident that when
performing UEMR in the upper GI tract that tracking
the amount of water infused and removed is critical.
[43]
Binmoeller et al recommend checking serum electro
lytes when more than a net of 2 L of water is infused
during UEMR in the upper GI tract. We have found that
by using only as much water as is needed to visualize
a lesion, and by removing all remaining water from the
GI lumen by the end of the procedure, that typically
the procedural “ins and outs” are matched and water
intoxication has not occurred even for UEMR of large
[44,45]
duodenal adenomas
.
It is our experience that UEMR can be easily
learned by an endoscopist who is already skilled at
performing EMR and/or ESD after observation of a few
[47]
cases
or potentially by hands-on training in ex vivo
animal models under the guidance of an UEMR expert.

endoscopic electrosurgical knives are then used to
make a circumferential incision around the dysplastic
lesion, after which these endoscopic knives are used to
dissect through the submucosal plane with the goal of
removing the lesion en bloc with negative lateral and
[26,48]
deep margins
.
The advantage of ESD over EMR is increased rates
of en bloc curative resection at the cost of increased
perforation risk and procedure time. The complete
resection rate of sporadic non-ampullary duodenal
adenomas by ESD has been reported to range from
[39]
[3]
86% to 100% . Honda et al described some of
the earliest experiences with ESD in the duodenum.
While complete en bloc resection was successful in all
9 duodenal ESD patients, the rate of perforation was
high at 22% (2 of 9 patients). Generally speaking, the
higher rate of perforation during ESD in the duodenum,
as opposed to the other luminal organs, is related to
the thinner MP layer. Two more recent retrospective
studies comparing EMR and ESD, performed by
Japanese experts at ESD centers, showed greater en
bloc and complete resection rates following duodenal
ESD, which was offset by longer procedure times and
[49,50]
higher perforation rates
. In these two studies, the
perforation rate for ESD ranged from 20% to 25%
while EMR had a perforation rate of 0%. Given the
increased frequency of severe complications during
or following duodenal ESD, this procedure should
be reserved for those endoscopists with extensive
experience in ESD involving the stomach, rectum,
esophagus, and colon.
One other advantage of ESD, as opposed to EMR, is
that ESD potentially enables the endoscopic resection
of duodenal subepithelial tumors (SETs). Matsumoto
[49]
and Yoshida
included in their series (mentioned
above) nine submucosal duodenal carcinoids; eight of
which were removed en bloc by ESD.

AMPULLECTOMY
Traditionally, surgery was the preferred method for
the removal of ampullary tumors. Surgical options for
ampullary tumors include pancreaticoduodenectomy
and local operative excision (surgical ampullectomy).
With the advent of therapeutic ERCP, endoscopic
ampullectomy is widely accepted as a less invasive
treatment with less morbidity as compared to sur
[51-53]
gery
. While the term “ampullectomy” is commonly
used when the major papilla is removed by endoscopic
means, this procedure is better described as “papil
lectomy” of the major papilla, as the entire area of
[25]
the ampulla can only be removed by surgery . In
patients without intraductal growth or invasion of
adenoma, endoscopic papillectomy can offer rates of
[54,55]
curative resection upwards of 81% to 93%
. When
considering large series, the recurrence rates following
[51,52]
endoscopic papillectomy range from 8% to 20%
.
While these data are encouraging, enthusiasm

ENDOSCOPIC SUBMUCOSAL
DISSECTION
ESD involves a submucosal injection to lift a lesion
confined to the mucosa or superficial submucosa in
a manner similar to conventional EMR. Specialized
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should be tempered by the not so insignificant rate of
adverse events associated with endoscopic papillectomy,
[51,52,54]
which ranges from 8% to 31%
, with rates of
[54]
pancreatitis around 10%
and rates of perforation as
[54]
high as 3.6% . Procedure-related bleeding has been
reported in 2% to 13% of cases, and rates of postampullectomy papillary stenosis can range from 0%
[56]
to 8% . Reassuringly, mortality following endoscopic
papillectomy by an experienced pancreaticobiliary
[52,56]
endoscopist should be 0.4% or lower
. Given
the risks associated with this procedure, endoscopic
papillectomy should only be performed in highvolume ERCP centers (with the requisite radiological
and surgical backup) and by expert pancreaticobiliary
endoscopists, who are accustomed to caring for postERCP complications.
It should be underscored that the indications for
[25]
endoscopic papillectomy are not standardized . An
adenoma limited to the ampullary region, without
extension into the biliary or pancreatic ducts, with no
evidence of malignancy, no invasion into the muscle
[57-59]
layer, and with size less than 4 cm
would be
considered reasonable for endoscopic papillectomy.
While intraductal growth of adenoma is not an
absolute contraindication to endoscopic papillectomy,
it is associated with low rates of complete resection
[60]
and high recurrence rates , particularly when there
is 1 cm or more of ingrowth. While not absolute,
adenomas smaller than 1 cm in size in the proper
clinical context (e.g., in an elderly patient or one with
life-limiting comorbidities) may not require removal,
and might be better served by surveillance alone or by
doing nothing, unless the lesion causes a subsequent
[25]
problem (such as biliary obstruction or pancreatitis) .
The general procedure for endoscopic papillectomy
includes hot-snare resection of the ampulla followed
by pancreatic duct (PD) stenting of the the ventral PD,
except in cases of pancreas divisum, which greatly
reduces the risk of post-ERCP pancreatitis following
major papillectomy (Figure 12). Various techniques
to facilitate post-papillectomy PD stenting have been
devised, including first accessing the pancreas duct
to perform a pancreatic sphincterotomy (which can
sometimes make en bloc resection more difficult), or
by injection of contrast tinted with indigo carmine or
methylene blue into the PD so as to better identify
the PD orifice after ampullectomy. Papillectomy over a
guidewire left in the PD has also been described, which
[61]
can enable easier post-papillectomy PD stenting .
Submucosal lifting of the area of the major papilla is
not mandatory, and this technique can be helpful in
some situations but not in others. Completion biliary
and pancreatic sphincterotomies are often performed
following major papillectomy, as the diathermic effect
of hot-snare resection can adversely affect the function
of any remaining biliary or pancreatic sphincters.
In addition, biliary stenting may be required if bile
drainage appears to be suboptimal to reduce the
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risk of cholangitis. Lastly, unless there is an absolute
contraindication, 100 mg of per rectal indomethacin
should be given in all instances to adult patients
following papillectomy of the major papilla to reduce
the risk of post-ERCP pancreatitis.
In rare instances, an adenoma of the minor papilla
may be found that requires resection. Just as of the
major papilla, papillectomy of the minor papilla can
be carried out by hot-snare resection with or without
submucosal saline injection. In cases of normal
pancreatic ductal anatomy (no pancreas divisum),
prophylactic stenting of the main PD (via the ventral
duct of Wirsung) is not necessary following minor
papilla resection. If a minor papillotomy (sphincterotomy
[62]
of the putative sphincter of Helly ) is done before or
after minor papillectomy, a small-caliber prophylactic
stent could be placed into the dorsal PD of Santorini, as
long as it is in continuity with the main PD. However,
in patients who require minor papillectomy who have
pancreas divisum, prophylactic stenting of the dorsal
duct is mandatory (Figure 13). Unless a patient has an
absolute contraindication, rectal indomethacin should
also be given following minor papillectomy.
As with the resection of non-ampullary adenomas,
en bloc resection is preferred during papillectomy.
Larger ampullary lesions might require piecemeal
resection, and large laterally spreading adenomas
that involve the ampulla can be removed by a
multimodality approach, such as with adjunctive use of
[44]
underwater EMR .

ROLE OF ENDOSCOPIC ULTRASOUND IN
DUODENAL LESION RESECTION
Endoscopic ultrasonography is a widely available and
effective imaging modality that enables real-time
assessment of a lesion’s depth of invasion (T-stage)
and nodal status (N-stage). When considering
duodenal lesions, EUS has a clear role in the evaluation
and differentiation of subepithelial lesions. By using
EUS-FNA, cytopathology of a subepithelial lesion can
be obtained to diagnose carcinoids, leiomyomas,
GISTs, pancreatic heterotopia, lymphomas, etc. Also,
EUS-fine needle biopsy is now available and can
provide a core sample for histopathological analysis.
However, the role of EUS in the evaluation of
mucosally-based lesions in the GI tract, including in the
duodenum, is more limited. High-frequency miniprobes
(12-20 MHz) are better at delineating the walls of
the GI tract than conventional echoendoscopes, but
even high-frequency miniprobes can have difficulty in
differentiating T1a (tumor invades the lamina propria)
[26,63]
from T1b (tumor invades the submucosa) lesions
.
As such, the surface characteristics seen by using
high-definition white-light, with or without NBI or
magnification chromoendoscopy, are often more
helpful than EUS at evaluating a lesion for invasive
cancer and for determining if endoscopic resection is
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Figure 12 Ampullary evaluation followed by endoscopic papillectomy and endoscopic retrograde cholangiopancreatography. A 2-cm adenoma of the
Ampulla of Vater (major papilla) was referred for endoscopic management (A); Endoscopic ultrasonography showed no invasion of the ampullary lesion into the
duodenal muscularis propria or pancreas (B); Sterile normal saline was injected to lift the ampullary adenoma (C); after which hot-snare resection was accomplished (D);
The adenoma was resected en bloc and the cut distal bile duct was evident following papillectomy (E); A biliary sphincterotomy was performed (F) and a 5-Fr, 4-cmlong, polyethylene, single-pigtail stent was placed into the pancreatic duct of Wirsung (G). Rectal indomethacin was also administered to reduce the risk of post-ERCP
pancreatitis. Endoclips were used to provide mucosal closure of the inferior margin of the resection.

feasible or if surgical resection will be required.
EUS does have an important role in assessing for
intraductal extension of ampullary tumors, as well
[25]
as for tumor invasion into or beyond the MP . This
allows the proper triage of patients directly to surgical
intervention who might otherwise fail endoscopic
[64]
papillectomy ; thereby sparing patients the risk of
papillectomy and ERCP. The accuracy of EUS in this
setting has been shown to be very high, and it has
even been proposed that EUS be used in all cases prior
[65]
to endoscopic papillectomy .
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POST-RESECTION ENDOSCOPIC
SURVEILLANCE
There is no standardization as to when patients should
return for surveillance following endoscopic resection
of various lesions in the duodenum. After resection of a
large duodenal or ampullary adenoma, we and others
favor a short-term, follow-up, surveillance endoscopy
in 3 to 6 mo, which typically includes biopsies of the
post-polypectomy scar even if there is no obvious
nodularity. As mentioned earlier, data regarding the
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Figure 13 A 63-year-old woman presented with chronic abdominal pain and recurrent acute pancreatitis in the setting of pancreas divisum. Endoscopic
retrograde cholangiopancreatography (ERCP) for minor papillotomy and pancreatic duct (PD) stenting was intended. During ERCP, the minor papilla was found to
be enlarged to about 1-cm in size and was somewhat hard on palpation with the sphincterotome (A). A minor papillotomy was performed (B), the minor papilla was
biopsied, and a pancreatic duct (PD) stent was placed. Pathology showed adenoma, and the patient returned for minor papillectomy several weeks later. The prior
papillotomy had healed (C), and hot-snare resection was used to resect the minor papilla without a saline lift (D); No residual adenomatous tissue was seen after
minor papillectomy (E); and biopsies of the resection margins provided pathologic confirmation of complete resection. A PD stent was left at the conclusion of the
procedure (F) and rectal indomethacin was administered.

use of NBI and the “Kudo” pit-pattern in evaluation
of mucosally-based duodenal neoplasia are limited.
However, in our experience, if patients are brought
back too soon (typically < 3 mo after resection), it can
be difficult to differentiate the normal inflammatory
response associated with mucosal healing from the
vascular pattern seen with recurrent adenoma. Shortterm surveillance endoscopy is particularly important
following piecemeal resection, as any remaining
microscopic neoplasia can lead to an endoscopically
visible residual or recurrent lesion after a few months.
Also, any recurrent or residual adenoma is best
resected or ablated while it is still small, so as to
maximize the chance for a curative resection. If the
3- to 6-mo follow-up endoscopy shows no residual
or recurrent neoplasia, then we suggest another
surveillance endoscopy at 1 year.
Additionally, patients with duodenal adenomas are
[66,67]
probably at increased risk for colorectal neoplasia
.
As such, the American Society for Gastrointestinal
Endoscopy Guideline on “The role of endoscopy in
[25]
ampullary and duodenal adenomas”
suggests
“offer[ing] screening colonoscopy to all patients who
have duodenal or ampullary adenomas.”
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WHEN TO REFER TO SURGERY
The decision as to which duodenal lesions should be
referred to surgery can be complex. In general, GISTs
or large or multifocal duodenal carcinoids should be
referred for surgical resection following endoscopic
diagnosis (which can be done by bite-on-bite biopsies,
EUS-FNA, endoscopic unroofing of a lesion for histo
pathological confirmation, etc.). For dysplasia arising
from the mucosa, the central issue is one of lymph
node metastasis. Lesions that do not invade into the
submucosa, even if high-grade dysplasia is present,
should not be associated with any risk of lymph
node metastasis. Such lesions can be amenable to
endoscopic resection, and the decision to refer certain
lesions to surgery then centers around whether or not
the lesion is endoscopically resectable from a technical
perspective.
While some early adenocarcinomas that invade only
the superficial duodenal submucosa could potentially
be removed by endoscopic resection, it is generally
recommended to refer these lesions for surgical
[68]
resection . Furthermore, as the duodenum is the
most dangerous location in which to perform ESD, and
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as piecemeal duodenal EMR has been associated with
recurrence rates of upwards of 25%, early duodenal
adenocarcinomas are probably best treated by surgery,
except in situations where a patient’s decision-making
or comorbidities make surgery impossible.

15
16

REFERENCES
1
2

3

4

5

6

7

8

9

10

11

12
13

14

17

Ghazi A, Ferstenberg H, Shinya H. Endoscopic gastroduodenal
polypectomy. Ann Surg 1984; 200: 175-180 [PMID: 6465972 DOI:
10.1097/00000658-198408000-00010]
Jepsen JM, Persson M, Jakobsen NO, Christiansen T, SkouboKristensen E, Funch-Jensen P, Kruse A, Thommesen P. Prospective
study of prevalence and endoscopic and histopathologic
characteristics of duodenal polyps in patients submitted to upper
endoscopy. Scand J Gastroenterol 1994; 29: 483-487 [PMID:
8079103 DOI: 10.3109/00365529409092458]
Honda T, Yamamoto H, Osawa H, Yoshizawa M, Nakano H,
Sunada K, Hanatsuka K, Sugano K. Endoscopic submucosal
dissection for superficial duodenal neoplasms. Dig Endosc 2009; 21:
270-274 [PMID: 19961529 DOI: 10.1111/j.1443-1661.2009.00908.
x]
Oka S, Tanaka S, Nagata S, Hiyama T, Ito M, Kitadai Y, Yoshihara M,
Haruma K, Chayama K. Clinicopathologic features and endoscopic
resection of early primary nonampullary duodenal carcinoma. J Clin
Gastroenterol 2003; 37: 381-386 [PMID: 14564184 DOI: 10.1097/00
004836-200311000-00006]
Endo M, Abiko Y, Oana S, Kudara N, Chiba T, Suzuki K, Koizuka H,
Uesugi N, Sugai T. Usefulness of endoscopic treatment for duodenal
adenoma. Dig Endosc 2010; 22: 360-365 [PMID: 21175499 DOI:
10.1111/j.1443-1661.2010.01014.x]
B a l A , J o s h i K , Va i p h e i K , Wi g J D . P r i m a r y d u o d e n a l
neoplasms: a retrospective clinico-pathological analysis. World
J Gastroenterol 2007; 13: 1108-1111 [PMID: 17373748 DOI:
10.3748/wjg.v13.i7.1108]
Tung CF, Chow WK, Peng YC, Chen GH, Yang DY, Kwan PC.
Bleeding duodenal lipoma successfully treated with endoscopic
polypectomy. Gastrointest Endosc 2001; 54: 116-117 [PMID:
11427861 DOI: 10.1067/mge.2001.113916]
He Z, Sun C, Zheng Z, Yu Q, Wang T, Chen X, Cao H, Liu
W, Wang B. Endoscopic submucosal dissection of large
gastrointestinal stromal tumors in the esophagus and stomach. J
Gastroenterol Hepatol 2013; 28: 262-267 [PMID: 23190047 DOI:
10.1111/jgh.12056]
Miki Y, Kurokawa Y, Hirao M, Fujitani K, Iwasa Y, Mano M,
Nakamori S, Tsujinaka T. Survival analysis of patients with duodenal
gastrointestinal stromal tumors. J Clin Gastroenterol 2010; 44:
97-101 [PMID: 19809358 DOI: 10.1097/MCG.0b013e3181b8e754]
Ye LP, Zhang Y, Mao XL, Zhu LH, Zhou X, Chen JY. Submucosal
tunneling endoscopic resection for small upper gastrointestinal
subepithelial tumors originating from the muscularis propria layer.
Surg Endosc 2014; 28: 524-530 [PMID: 24013472 DOI: 10.1007/
s00464-013-3197-8]
Binmoeller KF, Shah JN, Bhat YM, Kane SD. Suck-ligate-unroofbiopsy by using a detachable 20-mm loop for the diagnosis and
therapy of small subepithelial tumors (with video). Gastrointest
Endosc 2014; 79: 750-755 [PMID: 24238309 DOI: 10.1016/
j.gie.2013.09.028]
Basford PJ, Bhandari P. Endoscopic management of nonampullary
duodenal polyps. Therap Adv Gastroenterol 2012; 5: 127-138
[PMID: 22423261 DOI: 10.1177/1756283X11429590]
De Palma GD, Masone S, Siciliano S, Maione F, Falleti J,
Mansueto G, De Rosa G, Persico G. Endocrine carcinoma of the
major papilla: report of two cases and review of the literature.
Surg Oncol 2010; 19: 235-242 [PMID: 19586767 DOI: 10.1016/
j.suronc.2009.06.003]
Kim GH, Kim JI, Jeon SW, Moon JS, Chung IK, Jee SR, Kim
HU, Seo GS, Baik GH, Lee YC. Endoscopic resection for

WJG|www.wjgnet.com

18

19

20

21

22

23

24

25

26
27

28

29

615

duodenal carcinoid tumors: a multicenter, retrospective study. J
Gastroenterol Hepatol 2014; 29: 318-324 [PMID: 24117946 DOI:
10.1111/jgh.12390]
Culver EL, McIntyre AS. Sporadic duodenal polyps: classification,
investigation, and management. Endoscopy 2011; 43: 144-155
[PMID: 21271466 DOI: 10.1055/s-0030-1255925]
Gao YP, Zhu JS, Zheng WJ. Brunner’s gland adenoma of duodenum:
a case report and literature review. World J Gastroenterol 2004; 10:
2616-2617 [PMID: 15300922 DOI: 10.3748/wjg.v10.i17.2616]
Akino K, Kondo Y, Ueno A, Yamazaki K, Hosokawa M, Shimoji
H, Adachi T, Honda S, Ichiyanagi S, Akahonai Y, Fujisawa Y,
Takahashi H, Arimura Y, Endo T, Imai K. Carcinoma of duodenum
arising from Brunner’s gland. J Gastroenterol 2002; 37: 293-296
[PMID: 11993514 DOI: 10.1007/s005350200038]
Kim YS, Jung IS, Cheon GJ, Cho JY, Lee JS, Jin SY, Shim CS.
Endoscopic removal of giant Brunneroma presenting as a large
pedunculated polyp. Endoscopy 2007; 39 Suppl 1: E72 [PMID:
17354178 DOI: 10.1055/s-2006-945153]
Suzuki S, Hirasaki S, Ikeda F, Yumoto E, Yamane H, Matsubara M.
Three cases of Solitary Peutz-Jeghers-type hamartomatous polyp
in the duodenum. World J Gastroenterol 2008; 14: 944-947 [PMID:
18240356 DOI: 10.3748/wjg.14.944]
Kedia P, Brensinger C, Ginsberg G. Endoscopic predictors of
successful endoluminal eradication in sporadic duodenal adenomas
and its acute complications. Gastrointest Endosc 2010; 72:
1297-1301 [PMID: 20970793 DOI: 10.1016/j.gie.2010.07.039]
Navaneethan U, Lourdusamy D, Mehta D, Lourdusamy V,
Venkatesh PG, Sanaka MR. Endoscopic resection of large sporadic
non-ampullary duodenal polyps: efficacy and long-term recurrence.
Surg Endosc 2014; 28: 2616-2622 [PMID: 24695983 DOI: 10.1007/
s00464-014-3512-z]
Bülow S, Björk J, Christensen IJ, Fausa O, Järvinen H, Moesgaard
F, Vasen HF. Duodenal adenomatosis in familial adenomatous
polyposis. Gut 2004; 53: 381-386 [PMID: 14960520 DOI: 10.1136/
gut.2003.027771]
Spigelman AD, Williams CB, Talbot IC, Domizio P, Phillips RK.
Upper gastrointestinal cancer in patients with familial adenomatous
polyposis. Lancet 1989; 2: 783-785 [PMID: 2571019 DOI: 10.1016/
S0140-6736(89)90840-4]
Spigelman AD, Talbot IC, Penna C, Nugent KP, Phillips RK,
Costello C, DeCosse JJ. Evidence for adenoma-carcinoma sequence
in the duodenum of patients with familial adenomatous polyposis.
The Leeds Castle Polyposis Group (Upper Gastrointestinal
Committee). J Clin Pathol 1994; 47: 709-710 [PMID: 7962621
DOI: 10.1136/jcp.47.8.709]
Adler DG, Qureshi W, Davila R, Gan SI, Lichtenstein D, Rajan
E, Shen B, Zuckerman MJ, Fanelli RD, Van Guilder T, Baron
TH. The role of endoscopy in ampullary and duodenal adenomas.
Gastrointest Endosc 2006; 64: 849-854 [PMID: 17140885 DOI:
10.1016/j.gie.2006.08.044]
Wang AY. The international emergence of endoscopic submucosal
dissection for early gastric cancer. Gastrointest Endosc 2011; 73:
928-931 [PMID: 21521565 DOI: 10.1016/j.gie.2011.01.016]
The Paris endoscopic classification of superficial neoplastic lesions:
esophagus, stomach, and colon: November 30 to December 1,
2002. Gastrointest Endosc 2003; 58: S3-43 [PMID: 14652541
DOI: 10.1016/S0016-5107(03)02159-X]
Lopez-Ceron M, van den Broek FJ, Mathus-Vliegen EM, Boparai
KS, van Eeden S, Fockens P, Dekker E. The role of high-resolution
endoscopy and narrow-band imaging in the evaluation of upper
GI neoplasia in familial adenomatous polyposis. Gastrointest
Endosc 2013; 77: 542-550 [PMID: 23352497 DOI: 10.1016/
j.gie.2012.11.033]
Uchiyama Y, Imazu H, Kakutani H, Hino S, Sumiyama K,
Kuramochi A, Tsukinaga S, Matsunaga K, Nakayoshi T, Goda
K, Saito S, Kaise M, Kawamuara M, Omar S, Tajiri H. New
approach to diagnosing ampullary tumors by magnifying
endoscopy combined with a narrow-band imaging system. J
Gastroenterol 2006; 41: 483-490 [PMID: 16799891 DOI: 10.1007/
s00535-006-1800-7]

January 14, 2016|Volume 22|Issue 2|

Gaspar JP et al . Endoscopic resection of duodenal lesions
30
31
32

33

34

35

36

37
38

39

40

41

42

43

44

45
46
47

Kudo SE, Kashida H. Flat and depressed lesions of the colorectum.
Clin Gastroenterol Hepatol 2005; 3: S33-S36 [PMID: 16012993]
ASGE Technology Committee. High-definition and highmagnification endoscopes. Gastrointest Endosc 2014; 80: 919-927
[PMID: 25442091 DOI: 10.1016/j.gie.2014.06.019]
Ahmad NA, Kochman ML, Long WB, Furth EE, Ginsberg GG.
Efficacy, safety, and clinical outcomes of endoscopic mucosal
resection: a study of 101 cases. Gastrointest Endosc 2002; 55:
390-396 [PMID: 11868015 DOI: 10.1067/mge.2002.121881]
Wang AY, Ahmad NA, Zaidman JS, Brensinger CM, Lewis JD,
Long WB, Kochman ML, Ginsberg GG. Endoluminal resection for
sessile neoplasia in the GI tract is associated with a low recurrence
rate and a high 5-year survival rate. Gastrointest Endosc 2008; 68:
160-169 [PMID: 18577483 DOI: 10.1016/j.gie.2008.03.002]
Alexander S, Bourke MJ, Williams SJ, Bailey A, Co J. EMR of
large, sessile, sporadic nonampullary duodenal adenomas: technical
aspects and long-term outcome (with videos). Gastrointest Endosc
2009; 69: 66-73 [PMID: 18725157 DOI: 10.1016/j.gie.2008.04.061]
Hirasawa R, Iishi H, Tatsuta M, Ishiguro S. Clinicopathologic
features and endoscopic resection of duodenal adenocarcinomas
and adenomas with the submucosal saline injection technique.
Gastrointest Endosc 1997; 46: 507-513 [PMID: 9434217]
Lépilliez V, Chemaly M, Ponchon T, Napoleon B, Saurin
JC. Endoscopic resection of sporadic duodenal adenomas: an
efficient technique with a substantial risk of delayed bleeding.
Endoscopy 2008; 40: 806-810 [PMID: 18828076 DOI: 10.1055/
s-2008-1077619]
Abbass R, Rigaux J, Al-Kawas FH. Nonampullary duodenal
polyps: characteristics and endoscopic management. Gastrointest
Endosc 2010; 71: 754-759 [PMID: 20363416 DOI: 10.1016/j.gie.2009.11.043]
Kim HK, Chung WC, Lee BI, Cho YS. Efficacy and long-term
outcome of endoscopic treatment of sporadic nonampullary
duodenal adenoma. Gut Liver 2010; 4: 373-377 [PMID: 20981216
DOI: 10.5009/gnl.2010.4.3.373]
Marques J, Baldaque-Silva F, Pereira P, Arnelo U, Yahagi
N, Macedo G. Endoscopic mucosal resection and endoscopic
submucosal dissection in the treatment of sporadic nonampullary
duodenal adenomatous polyps. World J Gastrointest Endosc 2015;
7: 720-727 [PMID: 26140099 DOI: 10.4253/wjge.v7.i7.720]
Fanning SB, Bourke MJ, Williams SJ, Chung A, Kariyawasam
VC. Giant laterally spreading tumors of the duodenum: endoscopic
resection outcomes, limitations, and caveats. Gastrointest Endosc 2012;
75: 805-812 [PMID: 22305507 DOI: 10.1016/j.gie.2011.11.038]
Conio M, De Ceglie A, Filiberti R, Fisher DA, Siersema PD. Capassisted EMR of large, sporadic, nonampullary duodenal polyps.
Gastrointest Endosc 2012; 76: 1160-1169 [PMID: 23021169 DOI:
10.1016/j.gie.2012.08.009]
Binmoeller KF, Weilert F, Shah J, Bhat Y, Kane S. “Underwater”
EMR without submucosal injection for large sessile colorectal
polyps (with video). Gastrointest Endosc 2012; 75: 1086-1091
[PMID: 22365184 DOI: 10.1016/j.gie.2011.12.022]
Binmoeller KF, Shah JN, Bhat YM, Kane SD. “Underwater”
EMR of sporadic laterally spreading nonampullary duodenal
adenomas (with video). Gastrointest Endosc 2013; 78: 496-502
[PMID: 23642790 DOI: 10.1016/j.gie.2013.03.1330]
Flynn MM, Cox DG, Strand DS, Mann JA, Sauer BG, Shami
VM, Wang AY. Wide-field endoscopic resection of a large laterally
spreading adenoma that encompassed the major papilla by
combined ampullectomy, EMR, and underwater EMR. Gastrointest
Endosc 2015; 81: 1270-1271 [PMID: 25257126 DOI: 10.1016/
j.gie.2014.07.023]
Flynn MM, Wang AY. Underwater endoscopic mucosal resection
of large duodenal adenomas. Video J Encyclop GI Endosc 2014;
3-4: 84-86 [DOI: 10.1016/j.vjgien.2015.02.002]
Binmoeller KF. Underwater endoscopic mucosal resection. J
Interv Gastroenterol 2014; 4: 113-116 [DOI: 10.7178/jig.168]
Wang AY, Flynn MM, Patrie JT, Cox DG, Bleibel W, Mann JA,
Sauer BG, Shami VM. Underwater endoscopic mucosal resection
of colorectal neoplasia is easily learned, efficacious, and safe. Surg
Endosc 2014; 28: 1348-1354 [PMID: 24232051 DOI: 10.1007/

WJG|www.wjgnet.com

48

49

50

51

52

53
54

55

56
57

58

59

60

61

62
63
64

616

s00464-013-3297-5]
Wang AY, Emura F, Oda I, Cox DG, Kim HS, Yeaton P.
Endoscopic submucosal dissection with electrosurgical knives in a
patient on aspirin therapy (with video). Gastrointest Endosc 2010;
72: 1066-1071 [PMID: 20869712 DOI: 10.1016/j.gie.2010.06.008]
Matsumoto S, Yoshida Y. Selection of appropriate endoscopic
therapies for duodenal tumors: an open-label study, single-center
experience. World J Gastroenterol 2014; 20: 8624-8630 [PMID:
25024618 DOI: 10.3748/wjg.v20.i26.8624]
Nonaka S, Oda I, Tada K, Mori G, Sato Y, Abe S, Suzuki H,
Yoshinaga S, Nakajima T, Matsuda T, Taniguchi H, Saito Y,
Maetani I. Clinical outcome of endoscopic resection for nonam
pullary duodenal tumors. Endoscopy 2015; 47: 129-135 [PMID:
25314330 DOI: 10.1055/s-0034-1390774]
Irani S, Arai A, Ayub K, Biehl T, Brandabur JJ, Dorer R, Gluck M,
Jiranek G, Patterson D, Schembre D, Traverso LW, Kozarek RA.
Papillectomy for ampullary neoplasm: results of a single referral
center over a 10-year period. Gastrointest Endosc 2009; 70:
923-932 [PMID: 19608181 DOI: 10.1016/j.gie.2009.04.015]
Ceppa EP, Burbridge RA, Rialon KL, Omotosho PA, Emick D,
Jowell PS, Branch MS, Pappas TN. Endoscopic versus surgical
ampullectomy: an algorithm to treat disease of the ampulla of Vater.
Ann Surg 2013; 257: 315-322 [PMID: 23059497 DOI: 10.1097/
SLA.0b013e318269d010]
De Palma GD. Endoscopic papillectomy: indications, techniques,
and results. World J Gastroenterol 2014; 20: 1537-1543 [PMID:
24587629 DOI: 10.3748/wjg.v20.i6.1537]
Napoleon B, Gincul R, Ponchon T, Berthiller J, Escourrou J,
Canard JM, Boyer J, Barthet M, Ponsot P, Laugier R, Helbert
T, Coumaros D, Scoazec JY, Mion F, Saurin JC. Endoscopic
papillectomy for early ampullary tumors: long-term results from a
large multicenter prospective study. Endoscopy 2014; 46: 127-134
[PMID: 24477368 DOI: 10.1055/s-0034-1364875]
De Palma GD, Luglio G, Maione F, Esposito D, Siciliano S,
Gennarelli N, Cassese G, Persico M, Forestieri P. Endoscopic snare
papillectomy: a single institutional experience of a standardized
technique. A retrospective cohort study. Int J Surg 2015; 13:
180-183 [PMID: 25498490 DOI: 10.1016/j.ijsu.2014.11.045]
Moon JH, Choi HJ, Lee YN. Current status of endoscopic
papillectomy for ampullary tumors. Gut Liver 2014; 8: 598-604
[PMID: 25368746 DOI: 10.5009/gnl14099]
Binmoeller KF, Boaventura S, Ramsperger K, Soehendra N.
Endoscopic snare excision of benign adenomas of the papilla of
Vater. Gastrointest Endosc 1993; 39: 127-131 [PMID: 8495831
DOI: 10.1016/S0016-5107(93)70051-6]
Cheng CL, Sherman S, Fogel EL, McHenry L, Watkins JL,
Fukushima T, Howard TJ, Lazzell-Pannell L, Lehman GA.
Endoscopic snare papillectomy for tumors of the duodenal papillae.
Gastrointest Endosc 2004; 60: 757-764 [PMID: 15557951 DOI:
10.1016/S0016-5107(04)02029-2]
Desilets DJ, Dy RM, Ku PM, Hanson BL, Elton E, Mattia A,
Howell DA. Endoscopic management of tumors of the major
duodenal papilla: Refined techniques to improve outcome and
avoid complications. Gastrointest Endosc 2001; 54: 202-208
[PMID: 11474391 DOI: 10.1067/mge.2001.116564]
Kahaleh M, Shami VM, Brock A, Conaway MR, Yoshida C,
Moskaluk CA, Adams RB, Tokar J, Yeaton P. Factors predictive of
malignancy and endoscopic resectability in ampullary neoplasia.
Am J Gastroenterol 2004; 99: 2335-2339 [PMID: 15571579 DOI:
10.1111/j.1572-0241.2004.40391.x]
Moon JH, Cha SW, Cho YD, Ryu CB, Cheon YK, Kwon KW,
Kim YS, Kim YS, Lee JS, Lee MS, Shim CS, Kim BS. Wireguided endoscopic snare papillectomy for tumors of the major
duodenal papilla. Gastrointest Endosc 2005; 61: 461-466 [PMID:
15758926 DOI: 10.1016/S0016-5107(04)02649-5]
Singh I. The terminal part of the accessory pancreatic duct and its
musculature. J Anat 1962; 96: 505-508 [PMID: 13977646]
Edge SB. American Joint Committee on Cancer. AJCC cancer
staging manual. 7th ed. New York: Springer, 2010
Gaspar J, Shami VM. The role of EUS in ampullary lesions: is the

January 14, 2016|Volume 22|Issue 2|

Gaspar JP et al . Endoscopic resection of duodenal lesions

65

66

answer black and white? Gastrointest Endosc 2015; 81: 389-390
[PMID: 25616755 DOI: 10.1016/j.gie.2014.11.029]
Ridtitid W, Schmidt SE, Al-Haddad MA, LeBlanc J, DeWitt
JM, McHenry L, Fogel EL, Watkins JL, Lehman GA, Sherman
S, Coté GA. Performance characteristics of EUS for locoregional
evaluation of ampullary lesions. Gastrointest Endosc 2015; 81:
380-388 [PMID: 25293823 DOI: 10.1016/j.gie.2014.08.005]
Apel D, Jakobs R, Weickert U, Riemann JF. High frequency of
colorectal adenoma in patients with duodenal adenoma but without

67
68

familial adenomatous polyposis. Gastrointest Endosc 2004; 60:
397-399 [PMID: 15332030]
Murray MA, Zimmerman MJ, Ee HC. Sporadic duodenal
adenoma is associated with colorectal neoplasia. Gut 2004; 53:
261-265 [PMID: 14724161 DOI: 10.1136/gut.2003.025320]
Matsumoto S, Miyatani H, Yoshida Y. Future directions of
duodenal endoscopic submucosal dissection. World J Gastrointest
Endosc 2015; 7: 389-395 [PMID: 25901218 DOI: 10.4253/wjge.
v7.i4.389]

P- Reviewer: Chen MJ, De Palma GD S- Editor: Qi Y L- Editor: A
E- Editor: Liu XM

WJG|www.wjgnet.com

617

January 14, 2016|Volume 22|Issue 2|

World J Gastroenterol 2016 January 14; 22(2): 618-627
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i2.618

© 2016 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2016 Gastrointestinal Endoscopy: Global view

Buried bumper syndrome: A complication of percutaneous
endoscopic gastrostomy
Jiri Cyrany, Stanislav Rejchrt, Marcela Kopacova, Jan Bures

Abstract

Jiri Cyrany, Stanislav Rejchrt, Marcela Kopacova, Jan
nd
Bures, 2 Department of Internal Medicine - Gastroenterology,
University Hospital Hradec Kralove, 50005 Hradec Kralove,
Czech Republic

Percutaneous endoscopic gastrostomy (PEG) is a widely
used method of nutrition delivery for patients with longterm insufficiency of oral intake. The PEG complication
rate varies from 0.4% to 22.5% of cases, with minor
complications being three times more frequent. Buried
bumper syndrome (BBS) is a severe complication
of this method, in which the internal fixation device
migrates alongside the tract of the stoma outside the
stomach. Excessive compression of tissue between the
external and internal fixation device of the gastrostomy
tube is considered the main etiological factor leading
to BBS. Incidence of BBS is estimated at around 1%
(0.3%-2.4%). Inability to insert, loss of patency and
leakage around the PEG tube are considered to be a
typical symptomatic triad. Gastroscopy is indicated
in all cases in which BBS is suspected. The depth of
disc migration in relation to the lamina muscularis
propria of the stomach is critical for further therapy
and can be estimated by endoscopic or transabdominal
ultrasound. BBS can be complicated by gastrointestinal
bleeding, perforation, peritonitis, intra-abdominal and
abdominal wall abscesses, or phlegmon, and these
complications can lead to fatal outcomes. The most
important preventive measure is adequate positioning
of the external bolster. A conservative approach should
be applied only in patients with high operative risk and
dismal prognosis. Choice of the method of release is
based on the type of the PEG set and depth of disc
migration. A disc retained inside the stomach and
completely covered by the overgrowing tissue can be
released using some type of endoscopic dissection
technique (needle knife, argon plasma coagulation,
or papillotome through the cannula). Proper patient
selection and dissection of the overgrowing tissue
are the major determinants for successful endoscopic
therapy. A disc localized out of the stomach (lamina
muscularis propria) should be treated by a surgeon.
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Core tip: This review summarizes current knowledge
about buried bumper syndrome, with emphasis on
endoscopic diagnosis and therapy. Proper patient
selection and endoscopic dissection of the overgrowing
tissue are the major determinants for successful
endoscopic therapy.
Figure 1 Buried bumper syndrome. External view demonstrates tight position
of the external fixator with peristomal granulations.
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syndrome: A complication of percutaneous endoscopic
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i2/618.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i2.618

HISTORY
Ponsky already warned against excessive cannula
traction leading to ischemic tissue necrosis and
[12]
premature release in his editorial in 1986 . During
1988 and 1989, several case reports were published
[13-16]
[17]
on this topic
. Nelson
presented the first case
of BBS extracted using endoscopic forceps. Schwartz
[18]
et al
in 1989 postulated a symptom triad of BBS:
[19]
blockage, leakage and inability to insert. Chung et al
in 1990 published a study identifying excessive tension
between the external and internal fixation device to be
a major etiological factor for BBS. Authors described
the syndrome as retraction, migration, impaction or
[20]
extrusion, until Klein et al introduced the established
term BBS in 1990.

INTRODUCTION
Percutaneous endoscopic gastrostomy (PEG) is a well[1-3]
established method of nutrition delivery
with a high
[4]
technical success rate . PEG was introduced in 1980
[5]
by Gauderer and Ponsky as an alternative to open
surgery. More than 250000 PEGs are implanted in the
United States every year. The PEG complication rate
[1]
varies from 0.4% to 22.5% of cases . Complications
can be categorized as major and minor; some are
[6]
typically early or late . Minor complications are three
[4]
times more frequent , with peristomal infection being
[1,6]
the most common .

ETIOLOGY AND PATHOGENESIS
Excessive compression of tissue between the external
and internal fixation device of the gastrostomy tube is
[21]
considered the main etiological factor leading to BBS
(Figure 1). The optimum position of the external
fixator thus plays a key role: excessive pressure can
lead to tissue ischemia, necrosis and infection (as the
most frequent PEG complication), and subsequent
inflammatory and fibrous changes can cause BBS.
On the other hand, sufficient interposition of tissue
prevents leakage of gastric content into the peritoneal
cavity and peritonitis. These two trends are somewhat
conflicting: the risk of leakage is considered to be
[21]
smaller
and limited to the first days after PEG
introduction, while risk of infection is considerable and
risk of BBS is long term (Figure 2). Firm apposition
of the external fixator just after introduction with
subsequent release within several days seems to be
an optimal compromise from this aspect. Chung et
[19]
al
found more complications in a cohort of patients
with traction than without. Traction formed a twice as
shorter stoma tract and led to complications including

DEFINITION
Buried bumper syndrome (BBS) represents a less
common but major complication of PEG. The internal
fixation device of the cannula (bumper) migrates
alongside the stoma tract out of the stomach. The disc
can end up anywhere between the stomach mucosa
and the surface of the skin. The stoma channel
evolves into the abscess cavity with infiltrate around
the migrating disc, while it leaves a fistula towards
the stomach lumen. This complication is typical for
rigid or semi-rigid internal fixation devices, and cases
[7,8]
complicating balloon fixation are rare . The mildest
form of the syndrome can be hyperplastic tissue
growing over the edge of the disc or an ulcer below
the disc. The other extreme is complete spontaneous
dislocation of the PEG tube with the disc. Some
authors limit the syndrome to cases in which the disc
[9-11]
is completely covered during endoscopy
, but less
advanced cases are also relevant because they can
evolve into full BBS without proper precautions.
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Although BBS is considered to be a chronic com
[27]
plication , migration to skin level was described as
[28]
[29]
early as after 6 d
and 9 d
from insertion. Acute
BBS (within 30 d from insertion) is caused by vigorous
traction of the cannula by patients themselves
[30,31]
(agitation
) or by extreme tightness of the external
bolster. These cases are probably not suitable for a
conservative and endoscopic approach with respect to
[15,32,33]
the immature stoma tract
.

Position of the external fixator

Tight

Loose

Infection
buried bumper

Leak

EPIDEMIOLOGY
t /d

[10]

Incidence of BBS is estimated at around 1%
[1,34-36]
(0.3%-2.4%)
, but it increases in exceptional
[8]
studies to 9% and even to almost 22% in a pediatric
[37]
case series . A prospective study found BBS using
[38]
computer tomography in 5% (3/57) of gastrostomies
[39]
introduced more than a year ago. Bittinger et al
described an increase in incidence from 0.8% in 1998
to 3.6% in 2004. We should take into account the
variability in quality of PEG procedures and underreporting in real life.

Figure 2 This chart demonstrates conflicting influence of the position
of the external fixator (loose-tight) on the risk of complications (stomal
infection, buried bumper syndrome and peritoneal leakage) as a function
of time.

fatal fasciitis/myositis, bleeding and BBS, while
omitting traction was not complicated by leakage.
Stoma tract formation was followed in studies on
[22]
dogs. Mellinger et al
found no complications in a
cohort with a loose external fixator. The frequency
of infectious complications and BBS correlated with
tightness of the external fixator in the study performed
[23]
by DeLegge et al . Swelling of all tissues involved in
the stoma tract can further increase the pressure and
[24]
must be taken into account .
Risk factors for BBS can be classified as follows:
(1) cannula (material, shape, and axis deviation); (2)
procedure (point of insertion, position of the external
fixator, and dressing); (3) long-term care (change
of the position of the external fixator, dressing, and
preventive maneuvers); and (4) patient (indication,
comorbidity, medication, and abnormal manipulation
with gastrostomy).
Rigidity and abrasiveness (and change of these
properties in an acid gastric environment) can contribute
[21]
to BBS. Small contact area , sharp edges and conical
shape pose a risk of BBS. Improper lining, jejunal
[16]
extension
and some types of cannula are prone to
deviate the axis from perpendicular to more tangential.
The risk of BBS with balloon fixation is smaller but not
[7,8]
zero . The distance between the external fixator and
skin should be 10 mm. Some authors recommend
this distance at the time of PEG insertion and without
[1,6]
interposed dressing , others (including our group)
prefer firmer apposition of the external bolster within
[21]
the first 4 d to avoid peritoneal leakage . Permanent
interposition of a dressing or tightening of the external
bolster are important risk factors relating to home
[25]
care . There is a higher risk of BBS in patients with
malignancy, bad initial nutritional status (body mass
2
[8,25,26]
index < 20 kg/m ), with significant weight gain
,
[21]
[7,25]
in children
and uncooperative agitated patients
.
Therapy with systemic corticosteroids or chemo-/
radiotherapy can impair tissue healing and forming of
the stoma tract.

WJG|www.wjgnet.com

SYMPTOMS
Leakage of gastric content or nutrition from the stoma
is an early symptom of BBS. Erythema, purulent
secretion and pain are symptoms of local infection.
Fixation of the cannula impedes further insertion, while
the ability to rotate can be preserved. Blockage of the
tube is a late symptom, sometimes initially limited to
[40]
aspiration (valve type) , but preserved patency does
not exclude BBS. In rare cases, the internal disc can
protrude from the skin or is palpable just below the
skin. Inability to insert, loss of patency, and leakage
around the PEG tube are considered to be a typical
[17,18]
symptomatic triad
. BBS can be an incidental
finding during gastroscopy for removal or for another
indication.

DIAGNOSIS
Gastroscopy is indicated in all cases when BBS is
suspected. A pressure ulcer (Figure 3A) below the disc
and tissue growing over the edge of the disc (Figure
3B) are typical early signs. The disc can disappear
gradually; the involved area may be flat (Figure
3C), excavated (Figure 3D) or elevated (Figure 3E),
resembling a submucosal tumor. The mucosa may be
normal or edematous. The orifice of a residual fistula
can be identified in the majority of cases; discharge of
pus, nutrition, rinsing water (Figure 3E) or methylene
[41,42]
blue injected to cannula
can reveal it. Localization
of the fistula orifice does not always correspond with
[43]
localization of the buried bumper itself , we can use
fluoroscopic control and perform a “tubogram” (Figure
4). A guidewire pulled through the PEG and fistula
to the stomach lumen can help to guide endoscopic
therapy.
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A

B

C

D

E

Figure 3 Buried bumper syndrome, gastroscopy. A: Pressure ulcer under the internal bolster repositioned to the gastric lumen; B: Hyperplastic tissue growing over
the edge of the disk; C: Flat stomach wall with fistula orifice covering totally the internal bolster; D: Completely buried disc retracting the gastric mucosa; E: Internal
bolster totally embedded in the stomach wall resembling a submucosal tumor. Flushing solution running from the internal orifice of the residual fistula.

The depth of disc migration in relation to the lamina
muscularis propria of the stomach is critical for further
therapy. The depth of migration can be estimated by
[9]
[44,45]
endoscopic ultrasound (miniprobe or radial
);
transabdominal ultrasound was used previously by our
[46]
group in a small case series
(Figure 5). Computed
[34]
tomography (Figure 6) can also help to diagnose BBS
[47]
and estimate the depth of migration , although
further methodological data are lacking.

COMPLICATIONS
BBS can be complicated by gastrointestinal
[15,32,48,49]
[15,32,50]
bleeding
, perforation, peritonitis
, intra[51,52]
[53]
abdominal
and abdominal wall
abscesses, or
[54]
phlegmon , and these complications can lead to fatal

Figure 4 Buried bumper syndrome, fluoroscopy (tubogram). Cavity around
the buried bolster filled with contrast agent leaking through the fistula (arrow) to
the stomach lumen.
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Figure 5 Buried bumper syndrome, abdominal ultrasound. Internal
retention disc (arrowheads) located out of the lamina muscularis propria of the
stomach (arrow).

Figure 6 Buried bumper syndrome, computed tomography. Internal
retention disc localized between the gastric and abdominal wall (courtesy of
Pavel Ryska, MD, PhD, Department of radiology, University Hospital Hradec
Kralove, Czech Republic).

outcomes. Bleeding can be treated endoscopically by
epinephrine injection and tamponade with a balloon
[48]
gastrostomy set , but sometimes angiography is
[49]
needed .

endoscopist, nutritional specialist, biomedical com
[56]
panies and others. At least basic written information
is advisable. Some authors recommend systematic
follow-up of all the patients with PEG by a nutritional
[10]
team .

PREVENTION
The most important preventive measure is adequate
positioning of the external bolster. The distance
between the skin and the external fixator should be
10 mm, although there is no consensus as to whether
this distance is safe at the time of insertion (without
[1,6]
interposed lining) , or whether firmer apposition
is needed (for around 4 d) with respect to risk of
[21]
peritoneal leakage . The length of the stoma channel
(skin surface level against the scaled cannula) should
be measured and recorded at the time of insertion for
[21]
future reference . There is also no consistent opinion
about the need for endoscopic control of the internal
[1,2,21]
fixator during the final PEG set assembly
. There is
no doubt as to loose positioning of the external bolster
(10 mm) in patients with a mature stoma tract (usually
[1]
after 2 wk) . The stoma tract lengthens with weight
[21,23,55]
gain and in upright position
and the bolster
should be properly repositioned.
Movement of the upper limbs in uncooperative
[31]
patients might be managed
using special gloves or
using a low-profile device (feeding button). Simple
wrapping of the PEG can lead to deviation of the tube
axis and can initiate BBS.
[27]
“PEG twirl sign”
is an important preventive
measure. Once the stoma channel has matured
(usually after 2 wk), the external bolster should be
unfastened once weekly (some authors recommend
daily) and a PEG tube inserted several centimeters
inside and turned 360° around its long axis. The
external fixator should be fastened back to the proper
(loose) position. This maneuver is not suitable for
balloon catheters and for PEG with jejunal extension.
Communication among all involved subjects is
the key issue in PEG care: patients, relatives, nurses,
home-care facilities, nursing home staff, the digestive
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THERAPY
Nutritional support must be maintained either using an
enteral tube inserted through the buried PEG set and
through the residual fistula to the stomach (if they are
[11]
still patent) , or by placement of a new gastrostomy
set if there are no signs of severe inflammatory compli
[52]
cation such as abscess or phlegmon . Secondly, the
buried gastrostomy system should be figured out.

Conservative approach

The “cut and leave it” strategy was considered
[11]
relatively safe by Kejariwal et al . Their opinion was
based on observation of seven patients with BBS for a
median of 18 mo without related mortality.
[57]
Chong
recommended this attitude only for
persons with a high operative risk and dismal prognosis.
Two BBS cases were treated conservatively in a series
[58]
by Horbach et al . Both were complicated by sub
cutaneous infection; other BBS cases were complicated
[15,32,50]
[51-53]
by peritonitis
or abscesses
. A buried disc
can sometimes continue to migrate spontaneously and
[16]
can be released subsequently by skin incision
or
[59]
migration could be stimulated by increased traction .

Endoscopic therapy

Extraction: Systems equipped with soft or bal
looned internal retention devices can be simply
[8,25,43,60-62]
extracted
, and there are no complications
[63]
observed apart from slight bleeding. Fay et al
and
[36]
Venu et al extracted a buried cannula simultaneously
with pulling through of a new system (Figure 7A);
the buried disc was either located subcutaneously or
an additional incision and preparation were needed.
Excessive traction can sometimes separate a disc
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A

B

C

D

knife for discission of the overgrowing tissue for
the first time. Two of five patients experienced
[24]
complications with serious bleeding. Dell'Abate et al
[76]
and Lin et al
used the same technique in treatment
[26]
of a partially covered disc. Orsi et al
used a needle
knife in combination with a push-pull T-technique in
six cases, complicated either by severe bleeding or
by perforation with fatal consequences. Braden et
[9]
al used this technique in eight cases selected by
endosonography. No significant complications apart
[39]
from slight bleeding were observed. Bittinger
succeeded with this technique in only half of 27
unselected BBS cases; six of them complicated by
[58]
bleeding. Horbach et al
used a needle knife in
combination with a pull T-technique in 18 patients.
A third of cases needed three or more sessions and
therapy was complicated by pneumoperitoneum
twice. A needle knife was used also by Rieder et
[66]
[10]
al
(seven patients), El et al
(six patients) and
[40]
Köhler et al in two pediatric patients. A needle knife
dissects radially from the anticipated center of the
buried disc (a guidewire pulled through the PEG tube
is recommended for proper orientation), and a side[10]
viewing endoscope is sometimes needed . Similarly,
instruments for endoscopic submucosal dissection
[77]
(ESD) like HybridKnife can be used for dissection.
The technique of the papillotome introduced via
a stump of the PEG tube was described by Müller[78]
Gerbes et al in 2009 (nine patients), by our group in
[79]
an English literature publication in 2012 (5 patients)
(Figure 7D), and it was subsequently used by other
[80,81]
authors
. The papillotome is inserted over the wire
from outside into the stomach through a shortened
PEG tube. While bending and pulling the papillotome
slightly from the outside, the cutting wire dissects
the tissue growing over the button; usually in several
radial cuts aimed at the most prominent bulging.
Argon plasma coagulation can be also used for
[45]
destruction of the overgrowing tissue .
Novel techniques of NOTES (natural orifice
transluminal endoscopic surgery) are also described in
[82]
the treatment of BBS .

Figure 7 Treatment methods of buried bumper syndrome. A: Extraction
of the buried gastrostomy tube with simultaneous pull through of the new one
(adapted from[36,63]); B: “Push-pull T technique”. Endoscopist pulls the buried
gastrostomy tube by a polypectomy snare anchored using a “T-arm”, while the
system is stabilized and pushed inside using a clamp (adapted from[27,72]); C: A
polypectomy snare entraps the buried cannula as close to the skin as possible
(thanks to splitting) (adapted from[75]); D: Papillotome introduced through a
shortened cannula cuts the overgrowing tissue (adapted from[78-81]).

from a gastrostomy tube and the disc thus can be
[39,42,58,63,64]
retained
.
Push and pull inside: A buried gastrostomy system
can be stiffened and pushed inside the stomach using
[20,65,66]
[40,67]
a Savary dilator
or similar special stiffeners
[68]
or other devices like the “quill” technique .
Dilation balloons can be introduced either externally
[69]
[9,70,71]
through the buried tube
or endoscopically
.
While inflated partially inside the cannula and in the
gastric lumen, the balloon can help to release the buried
bumper into the stomach by stiffening the system and
simultaneous dilation of the overgrowing tissue.
A variety of instruments like polypectomy snares
[9]
and endoscopic forceps can be used .
[27]
Boyd et al developed the “push-pull T-technique”
using simultaneous traction with a polypectomy snare
and support using a surgical clamp (Figure 7B). The
[26,72]
technique has been used by other authors
. Some
endoscopists prefer a simpler “pull T-technique”
[58,73]
(without external support)
or some modifications
[74]
[75]
of snare use , like Turner et al (Figure 7C).
[30]

Endoscopic discussion: Ma et al

WJG|www.wjgnet.com

Radiological therapy
[83]

Crowley et al
used an angioplasty catheter under
fluoroscopic control in six pediatric patients, either
introduced through a cannula or orally. Inflation of
the balloon at the level of the buried bumper helped
to stiffen the system, dilate overgrowing tissue, and
push the PEG tube to the gastric lumen, similarly to
endoscopic balloons.

Surgical therapy

A disc that has migrated subcutaneously can be
[84]
[85]
released by skin incisions . Sauer and Staritz
published a technique of incision using a point scalpel
alongside the cannula under external traction.
Laparoscopy can serve as an alternative to digestive

used a needle
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Table 1 Buried bumper syndrome severity classification (adapted from
Grade

2
3
4
5

)

Finding
Clinical (cannula)

0
1

[90]

Action

Endoscopical

Radiological

Movable patent
Movable patent

Normal
Not needed
Prevention
Ulcer below the disc and/or marginal
Not needed
Prevention/follow-up
overgrowth1 (less than half of the disc area
covered)
Mostly fixed mostly patent
Disc2 components still visible1 (more than
Not needed
Endoscopy w/o dissection
half of the disc area covered)
Fixed might be patent
Disc2 completely covered1
Disc localised inside the stomach Endoscopy with dissection
Fixed mostly blocked
Disc2 completely covered1
Disc localised outside the stomach
Surgery
Disc protrudes out of the skin or
Disc2 completely covered
Not needed
Surgery/extraction
palpable just below the skin1

1

Disc represents all the internal part of the cannula including possible central knob; 2Critical components of the classification.

endoscopy in resolution of discs buried inside the
[86-88]
stomach
. Other cases with a disc buried in an
abscess/infiltrate between the gastric and abdominal
wall requires major surgery with classical laparotomy
because discission or even partial resection of the
stomach wall is occasionally required together with
[50,89]
drainage
.

only 15 cases with complete overgrowth have been
[78-80]
referred to date
.
The acute form of BBS seems to be risky for the
conservative and endoscopic approach.
A disc localized out of the stomach (lamina
muscularis propria) should be treated by a surgeon.

Secondary prevention

Therapeutic choice

A new gastrostomy set can be placed directly through
[58]
the same stoma in the majority of cases . Some
authors prefer to implant the new PEG set beside
[9]
the original stoma . A “two-step approach” should
be applied in the event of significant inflammatory
changes (abscess or phlegmon) or the presence of a
wide defect after the disc has been removed, while the
patient is supplied by nasogastric/enteral/parenteral
[52]
feeding and provided with antibiotics with adjunctive
proton pump inhibitor therapy and local therapy if
indicated.
The risk of BBS relapse is low, if the patient
and/or staff are properly educated, all preventive
measures applied (rotation), and risk factors properly
identified and eliminated. We can use a balloon type of
[25]
gastrostoma set, which carries a lower risk of BBS
and we can follow up the patient endoscopically to
detect early stages of this complication.

A conservative “cut and leave” strategy can be applied
in patients with dismal prognosis without signs of local
or systemic inflammation. Choice of the method of
release is based on the type of the PEG set and depth
of disc migration.
Systems with a balloon or other soft retention
devices and discs which have migrated to the skin
level can be drawn out either itself or with a new set
pulled through (with a small skin incision under local
anesthesia if needed). Marginal overgrowth is usually
resolved by simple repositioning of the tube deeper
into the stomach. There is no consistent opinion on
the variety of cases between the above-mentioned
[9]
extremes. Only Braden et al evaluated the depth
of migration systematically in their study using a
[45]
miniprobe endoscopic ultrasound. Ulla et al
defined
the lamina muscularis propria as a virtual border
between endoscopic and surgical therapy. Abdominal
ultrasound was used for assessment of the depth
[46]
of migration in our small case series
and our BBS
[90]
classification system
is based on it (Table 1). A disc
retained inside the stomach and completely covered
by the overgrowing tissue must be released with
some type of dissection technique. A needle knife
represents the conventional method of dissection,
[9,10,26,30,39,58]
published in almost 60 patients
. There
[26]
were several incidents of bleeding (including fatal )
[58]
and pneumoperitoneum (without peritonitis)
complicating this method. This method was effective
in only half of the cases unselected according to
[39]
the depth of migration
and the method appeared
[58]
cumbersome in some series . Papillotome introduced
via PEG stump is a promising alternative, although
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CONCLUSION
PEG is a widely used method of nutrition delivery for
patients with long-term insufficiency of oral intake. BBS
ranks among the severe complications of this method,
in which the internal fixation device migrates along
the tract of the stoma outside the stomach. Despite
all precautions being respected - including adequate
positioning of the outer fixator - this complication does
occur and early diagnosis and proper management
should be offered to afflicted patients with major
emphasis on ethical considerations. BBS can be
managed conservatively, surgically or endoscopically
in many variations. Proper patient selection and
dissection of the overgrowing tissue are the major
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determinants for successful endoscopic therapy.
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Endoscopic ultrasonography guided-fine needle aspiration
for the diagnosis of solid pancreaticobiliary lesions: Clinical
aspects to improve the diagnosis
Hiroyuki Matsubayashi, Toru Matsui, Yohei Yabuuchi, Kenichiro Imai, Masaki Tanaka, Naomi Kakushima,
Keiko Sasaki, Hiroyuki Ono

Abstract

Hiroyuki Matsubayashi, Toru Matsui, Yohei Yabuuchi,
Kenichiro Imai, Masaki Tanaka, Naomi Kakushima, Hiroyuki
Ono, Division of Endoscopy, Shizuoka Cancer Center, Suntogun,
Shizuoka 411-8777, Japan

Endoscopic ultrasonography-guided fine-needle
aspiration (EUS-FNA) has been applied to pancreati
cobiliary lesions since the 1990s and is in widespread
use throughout the world today. We used this method
to confirm the pathological evidence of the pancreati
cobiliary lesions and to perform suitable therapies.
Complications of EUS-FNA are quite rare, but some of
them are severe. Operators should master conventional
EUS observation and experience a minimum of 20-30
cases of supervised EUS-FNA on non-pancreatic
and pancreatic lesions before attempting solo EUSFNA. Studies conducted on pancreaticobiliary EUSFNA have focused on selection of suitable instruments
(e.g. , needle selection) and sampling techniques (e.g. ,
fanning method, suction level, with or without a stylet,
optimum number of passes). Today, the diagnostic
ability of EUS-FNA is still improving; the detection of
pancreatic cancer (PC) currently has a sensitivity of
90%-95% and specificity of 95%-100%. In addition
to PC, a variety of rare pancreatic tumors can be
discriminated by conducting immunohistochemistry
on the FNA materials. A flexible, large caliber needle
has been used to obtain a large piece of tissue, which
can provide sufficient histological information to be
helpful in classifying benign pancreatic lesions. EUSFNA can supply high diagnostic yields even for biliary
lesions or peri-pancreaticobiliary lymph nodes. This
review focuses on the clinical aspects of EUS-FNA in
the pancreaticobiliary field, with the aim of providing
information that can enable more accurate and efficient
diagnosis.
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puncture line; (3) needle puncture; (4) removal of
the stylet; (5) suction by vacuum syringe; (6) backand-forth movement of the needle; (7) removal of
the needle; and (8) expulsion of the sample from the
[13]
needle using the stylet
(Figure 1). The diagnostic
capability of this method for cytopathological
[9,14-17]
diagnosis of PC is highly sensitive and accurate
(sensitivity: 85%; specificity: 98%, by a meta[17]
analysis performed in 2012) ; however, it is affected
[13]
by various factors, such as scope position , needle
[18-21]
[22-25]
type
, FNA methodology
, characteristics of
the lesions, environments surrounding the lesions, on[8,13,15,19,24]
site pathologist
. Recently, the instruments
associated with EUS-FNA have been improved,
[26]
[21,27,28]
including videoscopes
and FNA needles
, as
[19,22,25,29]
have the methodologies
. Associated studies
have confirmed the improvements of EUS-FNA in the
pancreaticobiliary field.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Since the first attempts in 1990th, the instru
ments and methodology associated with endoscopic
ultrasonography-guided fine needle aspiration have
been largely improved for greater safety and efficacy
of the procedure and accuracy of diagnosis. Choices of
suitable needle and puncture method (fanning, suction,
stylet, number of the passes) are critical for the better
diagnostic yields of the pancreaticobiliary lesions as well
as improving endosonographic skills.
Matsubayashi H, Matsui T, Yabuuchi Y, Imai K, Tanaka M,
Kakushima N, Sasaki K, Ono H. Endoscopic ultrasonography
guided-fine needle aspiration for the diagnosis of solid
pancreaticobiliary lesions: Clinical aspects to improve the
diagnosis. World J Gastroenterol 2016; 22(2): 628-640 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i2/628.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i2.628

Diagnostic yield and safety of
EUS-FNA for solid pancreatic
lesions
EUS-FNA is an excellent diagnostic tool for obtaining
cytopathological evidence from pancreatic mass
lesions. The reported sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy for detecting PCs were 79%-98%,
71%-100%, 96%-100%, 33%-85%, and 82%-98%,
[9,15,16,21,22,24,25,29-36]
respectively
. False negative and false
[30,37]
[30,31,37,38]
positive rates were 12%-14%
and 0%-5%
,
respectively.
EUS-FNA can usually be performed safely.
When the pancreatic solid mass is targeted, the
most common complication is mild pancreatitis
[9,15]
and the complication rate ranges from 0%
to
[10,28,29,35,39,40]
3.4%
. Targeting of small masses (≤
20 mm) and endocrine tumors are reported as
[39]
incurring risks of complications . Rare but serious
complications have been reported, such as severe
[41]
[42]
bleeding (0.2%) , rupture of pseudoaneurysm ,
[43]
[35]
pancreatic pseudocyst , abscess , and cancer
[44,45]
seeding
. Bleeding is a concern with this procedure;
however, a prospective study performed on patients
taking aspirin or non-steroidal anti-inflammatory drugs
(NSAIDs) did not show increased level of bleeding
events, suggesting that EUS-FNA is safe in patients
[46]
taking these anticoagulants .
Infectious complication, bacteremia or sepsis is
scarcely caused by EUS-FNA for the pancreatobiliary
[47]
[48]
solid lesions. Barawi et al
and Levy et al
prospectively examined blood cultures after EUSFNA near the gastrointestinal tract and reported
[48]
[47]
5.8% (3/52) -6.0% (6/100)
of culture-positive
cases. However, all these patients were asymptomatic
and the detected bacteria were coagulase negative
Straphylococcus, Streptococcus viridans and so

INTRODUCTION
Until the 1990s, the diagnostic accuracy of pan
creaticobiliary lesions was limited because of the
tissue sampling procedures used, which were mostly
endoscopic retrograde cholangiopancreatography
(ERCP) or occasionally extra-abdominal approaches
[e.g., computed tomography (CT)-guided or
ultrasonography (US)-guided procedures]. Forceps
[1]
[2]
biopsy and brush cytology have been applied
during ERCP to provide confirmatory histological
evidence. However, diagnosis of pancreatic carcinoma
(PC), even in recent studies, is limited by a sensitivity
of 49%-66% for pancreatic duct brushing cytology,
with a complication of 3%-6% of post-ERCP pan
[3,4]
creatitis , and pancreatic duct forceps biopsy has
[5]
seldom been reported since the 1990s . In contrast,
these methods are routinely performed for bile
duct carcinoma (BDC) and have achieved excellent
[1,6]
diagnostic yields [forceps biopsy (77%-92%)
and
[2,7]
brush cytology (75%-79%) ].
Endoscopic ultrasonography-guided fine-needle
aspiration (EUS-FNA) is a safe and efficient diagnostic
tool that provides pathological results for the
[8-10]
lesions
. This method was first reported by Harada
[11]
[12]
et al
and Caletti et al
in 1991, who attempted to
obtain tissues from para-esophageal lymph nodes of
the dog and human gastric submucosal tumors. Today,
most of the lesions in or around the gastrointestinal
[8]
tracts are targets of EUS-FNA . The standard
technique simply consists of the following steps: (1)
visualization of the target by EUS; (2) selection of the
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Figure 1 Actual condition of an endosonographer performing endoscopic ultrasonography guided-fine needle aspiration of a solid pancreatic lesion. A:
An endosonographer puncturing a pancreatic mass by fine needle aspiration (FNA) needle with a stylet inside the needle; B: An FNA needle aspirated with a 10 mL
syringe attached to the top (Suction method); C: An FNA needle without no suction applied by a syringe (Non-suction method); D: A target pancreatic lesion, with a
central necrotic area, depicted by ultrasonography and measured for its size; E: A pass at the upper side of the tumor, avoiding the central necrotic area; F: A pass at
the lower part of the tumor by the fanning method; G: Expulsion of the aspirated material by insertion of a stylet; H: Flushing out of the residual material with air (This
process can often be skipped.); I: A bloody sample extruded into a medium; J: Whitish components separated into another container.
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forth, considered to be contaminations. Other studies
have noted bacteria-proven sepsis or febrile event
only in small proportion of EUS-FNA procedures
[9,10,31,49]
. Although the use of antibiotic
(0%-1%)
prophylaxis is still arguable in the cases of cystic
lesions, however at least, is not recommended for
[48,50]
.
EUS-FNA of solid pancreatic lesions
Tumor seeding is a late complication that is
possibly induced by EUS-FNA, and several case
reports have demonstrated gastric and/or peritoneal
dissemination in cases with cancer at the pancreatic
[44,45,51]
body and tail
. However, to date, no significant
effects of EUS-FNA suggestive of increased levels of
dissemination or worsening of survival have been
found by several retrospective studies. For example,
[52]
Ngamruengphong et al analyzed 2034 patients with
surgically resected PC in the Surveillance Epidemiology
and End Results (SEER) medical database of the
United States during 1998 and 2009; 498 (24%)
of these patients underwent EUS-FNA. The study
demonstrated a marginally improved prognosis in
the EUS-FNA group than in the non-EUS-FNA group,
even when the data were adjusted for the tumor
site. However, this finding may be simply reflect the
current advances in surgery, as cases with PC now
tend to undergo more presurgical EUS-FNA. Japanese
[53,54]
studies analyzing 82-107 cases of resected PC
reported no worsening of the incidence of peritoneal
[54]
[53]
dissemination
and overall survival
in cases where
EUS-FNA was used than when it was not (peritoneal
[54]
dissemination: 17% vs 17% , overall survival: 1042
d vs 557 d; better in the EUS-FNA (+) group, P <
[53]
0.05 ). Similar results were obtained in a study that
included unresectable cases [217 cytopathologically
confirmed PC cases divided into an ERCP group
(161 cases) and an EUS-FNA group (56 cases)],
and a similar occurrence was noted for peritoneal
carcinomatosis in the ERCP group (15% during 545 d)
and in the EUS-FNA group (18% during 599 d) (P =
[55]
0.85) .

vessels on the puncture line. However, a transduodenal
puncture often needs angulation of the scope and
needle elevation. In these cases, a 22 or 25 gauge
[18]
[20,56]
(G) needle is suitable and a flexible 19G needle
may also work.
Before starting the EUS-FNA procedure, the
operator should master the convex-type EUS. In
2001, the American Society of Gastrointestinal
Endoscopy recommended that an operator trainee
conduct 150 supervised EUS procedures (including
75 pancreaticobiliary indications) and 60 cases
of FNA (including 25 pancreatic FNAs) before the
[57]
determination of competency . The sensitivity of the
cytopathological diagnosis of PC increases with the
operator’s experience and is reported to reach 80%
[58,59]
after 20-30 cases of supervised EUS-FNA training
.
Accordingly, a minimum of 20-30 cases of supervised
EUS-FNA on non-pancreatic and pancreatic lesions
is recommended by the European Society of Gastro
[60]
intestinal Endoscopy .
Selection of FNA needles and puncture methods
are important factors associated with the efficacy and
accuracy of EUS-FNA diagnosis of solid pancreatic
lesions.

Selection of the FNA needle
To date, several aspiration biopsy needles and Trucut
needles have been used for EUS-FNA or EUS-guided
core biopsy (Table 1 and Figure 2). The standard
needle for pancreatic EUS-FNA is a 22G, but the
needle size is selected by the presumed histological
type and location of the targets. In general, a thinner
needle (25G) is more flexible and therefore suitable
for target lesions that require tight angulation of
[18]
the scope and/or elevator , such as lesions at the
pancreatic head. In contrast, a thicker aspiration
needle and a Trucut needle (19G) lack flexibility
and maneuverability, but can obtain a large piece of
tissue, which provides more information for pancreatic
pathology. For instance, pancreatic tissues obtained
by a 19G FNA needle or core biopsy needle are useful
in the diagnosis of pancreatic tumors other than
pancreatic adenocarcinoma, tumors surrounded by
[61]
chronic pancreatitis, lymphoma , and autoimmune
[28]
pancreatitis . However, a flexible 19G needle made
of nitinol has recently been used on pancreatic head
lesions and enabled satisfactory tissue acquisition from
[62]
the pancreatic head in 95% of the cases . Another
recent advance has been the incorporation of a side
port at the needle tip, which promotes efficient tissue
acquisition even during the withdrawal manipulation.
A comparative study of sampling efficacy from the
peripancreatic and gastrointestinal lesions demon
strated that fewer passes were needed for adequate
tissue acquisition when using a 22G needle with a side
[27]
trap than with a 22G standard needle .

Factors affecting the difficulty
and the learning curve of the
EUS-FNA procedure
The technical difficulty of EUS-FNA is affected by the
[34]
location, size , hardness, necrosis, and vascularity
of the target lesion, by large vessels lining the lesion,
[13]
by the stability of the scope position
and by the
[18]
needle size . Acute angulation of the scope tip,
torsion of the scope shaft, and intensive elevation of
the needle sheath hamper smooth needle movement
and increase the difficulty of the procedure. Puncture
of the pancreas from the stomach is easily performed
when the target is large, without disturbing the large
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Table 1 Needles used for endoscopic ultrasonography guided-fine needle aspiration and core biopsy
Manufacturer
Boston Scientific
Beacon Endoscopic
ConMed
COOK

Hakko
Medi-globe
Olympus

Needle
Product

Type

Size (gauge)

Expect
Expect Flex
BNX
Vizeon
EchoBrush
EchoTip ProCore
EchoTip Ultra
QuickCore
Sonopsy CY
Sonotip Pro Control
Hancke-Vilmann EUS-FNA System
EZ Shot
EZ Shot 2
EZ Shot 2 with sideport
Power Shot

Aspiration needle
Aspiration needle
Aspiration needle
Aspiration needle
Needle with cytology brush
Aspiration needle with a core trap
Aspiration needle
Core biopsy needle
Aspiration needle
Aspiration needle
Aspiration needle
Aspiration needle
Aspiration needle
Aspiration needle with a sideport
Aspiration needle

19, 22, 25
19
19, 22, 25
19, 22
19
19, 22, 25
19, 22, 25
19
21
19, 22, 25
19, 22
22
19, 22, 25
22
22

[29]

vacuum .
Recent studies have confirmed that higher amounts
of tissue are acquired and that blood contamination
increases when the suction level is increased for EUS[22,29,32]
FNA of solid pancreatic lesions
. An RCT by Puri
[32]
et al
demonstrated a higher sensitivity by adding
suction (86% in suction and 67% in non-suction,
[22,65]
P = 0.05), but subsequent studies
showed
no diagnostic superiority for the suction method.
[22]
Interestingly, a retrospective study by Nakai et al
revealed a higher accuracy of the slow-pull method
than with the ordinary suction method, but only when
using 25G needles (91% vs 70%, P = 0.004); no
difference was noted with a 22G needle. A comparison
between HNP and NNP for EUS-FNA of a pancreatic
mass using 25G needles confirmed that HNP was
superior in terms of adequate tissue acquisition
and accurate histological diagnosis compared to
NNP (adequate tissue: 90% vs 72%, P = 0.0003;
diagnostic accuracy: 82% vs 73%, P = 0.06). A high
level of blood contamination was recognized in the HNP
samples (P = 0.004), but the numbers of blood cells
did not affect the histological diagnosis. A concern was
noted for highly vascular lesions such as pancreatic
neuroendocrine tumors (PNETs), as only limited cases
[29]
have been examined . For the FNA of lymph nodes,
the quantity of tissue acquired is usually good and
suction is not recommended, in order to reduce blood
[66]
contamination .

Methodology of EUS-FNA
Fanning method

PC is sometimes accompanied by necrosis, mostly in
the central area of the tumor (Figure 1). A previous
study using transabdominal ultrasound-guided FNA
reported that sampling from the peripheral area of the
[63]
pancreatic mass improved the diagnostic accuracy .
[60]
The same is also true with EUS-FNA . In this sense,
the fanning method is considered effective, as it
collects greater numbers of viable tumor cells. The
needle movements within the multiple marginal areas
of the mass using the “up-down” dial of the endoscope
releases more cells when compared to the standard
[23]
method that targets one peripheral area of the mass
[23]
(Figure 1). Bang et al
demonstrated the efficacy of
a fanning method that targeted four marginal sites of
the tumor; they needed significantly fewer passes to
establish diagnosis than with the standard method [by
randomized control trial (RCT) median 1 (interquartile
range: 1-1) vs 1 (1-3), P = 0.02] and found a
significantly higher rate of achieving a diagnosis with a
single pass (85.7% vs 57.7%; P = 0.02).

Suction level

The standard EUS-FNA is done with a needle controlled
under negative pressure, usually applied with a 10-20
[29]
ml syringe
(COOK: 10 ml, Boston Scientific and
Medi-Globe: 20 mL). However, the suction has been
altered to determine its effect on FNA; i.e., by the no
[32,36,64,65]
[22]
suction method
, slow pull method and high[29]
negative pressure (HNP) method . The no suction
[32,36,64,65]
method is performed without suction
(Figure
1). The slow pull technique applies 10-20 to-andfro needle movements with simultaneous minimum
negative pressure provided by slow and continuous
[22]
pulling of the stylet from the needle . The HNP
method is conducted under a vacuum provided by
a 50 ml syringe [in contrast to the normal-negative
pressure (NNP) method that uses a 10 ml syringe for
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With or without a stylet

The stylet is believed to prevent a contamination of
the sample with tissue that does not originate from
the target lesion; however, procedures for pushing
out and withdrawing the stylet are time consuming.
[67-69]
Three RCTs
found no superiority arising from the
use of a stylet in terms of tissue contamination and
diagnostic yield, and conversely found the adequacy of
sample acquisition to be inferior (stylet: 75% vs nonstylet: 87%, P = 0.01) and saw an increase in blood
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A
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Figure 2 Variations in the fine needle aspiration needles. A: EZ shot 2 (Olympus); B: Different size and shape of needles (EZ shot 2, from top to the bottom: 25
gauge (G), 22G, 22G with a side port); C: ExpectTM Slimline (Boston Scientific); D: 19G-flex needle of ExpectTM; E: Different size of the needles (ProCore, COOK, from
top to the bottom: 25G, 22G, 19G).
[68]

contamination (75% vs 52%, P < 0.0001) . However,
as mentioned, a slow pull of the stylet during the pass
[22]
could improve the quality of these FNA samples . A
stylet is also useful for pushing the tissues out from
the needle onto slides or into a medium (Figure 1).

from pancreatic and miscellaneous lesions. However,
recent studies demonstrated excellent sensitivity
[16,24,25]
[16,24,25]
(90%-94%)
and specificity (96%-100%)
[25]
with fewer numbers of passes. Suzuki et al reported
an almost equal sensitivity and specificity of 25G
needle EUS-FNA for the solid pancreatic lesion between
a fixed number of 4 passes (93% and 100%) and a
ROSE dependent procedure with a mean of 2.3 passes
(94% and 100%). The sensitivity of the first method
was increased by adding passes; 53% by 1 pass, 73%
by 2 passes, 87% by 3 passes, and 93% by 4 passes.
[20]
The most recent RCT by Ramesh et al
reported
a similar high sensitivity by cytology obtained until
nd
the 2 pass, with either a 19G flexible needle (92%)
or a 25G needle (90%). When on-site cytological
information is not available, gross inspection of the
whitish component in the obtained materials is simple
[24]
and useful for judgment of good sampling (Figure 1).

Number of passes

An on-site pathologist can provide the endo
sonographer with helpful information; for example,
if the samples obtained by EUS-FNA contain tissues
from the targets or whether additional procedures are
[15]
needed . However, this system is not feasible at all
[22,24,70]
institutions and not in every tertiary hospital
.
In the absence of rapid on-site evaluation (ROSE),
knowing the optimum number of passes is critical
[24,25]
information
.
Earlier reports during 2000-2004 recommended
[33,71]
for cases with a pancreatic mass.
5-7 passes
[71]
Erickson et al
reported in 2002 that cytological
diagnosis of malignancy was obtained in 104 (95%)
of 110 cases with PC. The average number of needle
passes was 3.4 ± 2.2 (range: 1-10) with ROSE,
and the number of passes was affected by the
differentiation level of the cancer (well differentiated
cancer: 5.5 ± 2.7, moderately differentiated: 2.7 ± 1.2,
moderately to poorly differentiated: 3.4 ± 2.1, poorly
[71]
differentiated: 2.3 ± 1.1) (P <0.001) . LeBlanc et
[33]
al
reported in 2004 that 7 passes were needed to
achieve a sensitivity of 83% and specificity of 100%
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EUS-FNA for rare solid pancreatic
lesions
Pancreatic neuroendocrine tumor

The pancreatic neuroendocrine tumor (PNET) accounts
[72]
for < 3% of all pancreatic neoplasms , and is often
defined as a well-demarcated, highly vascular tumor
based on clinical images. These image characteristics
sometimes resemble solid pseudopapillary tumors
(SPTs), acinar cell carcinomas (ACCs), and solid-type
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[73]

serous cystic tumors ; the required therapy varies
among these tumors. Even within the category of
PNET, therapeutic strategy varies by the histological
grade (G1, G2 and G3), which is defined by the mitotic
[74]
index and Ki-67 labeling index . Therefore, EUS-FNA
must be able to provide a differential diagnosis as well
as accurate grading for treatment of PNET.
PNET has been correctly diagnosed by EUS-FNA
[75]
[76]
[75]
at a rate of 77% -90% . Chen et al
reported
that 54 (77%) of 70 histologically confirmed PNETs
were preoperatively diagnosed as PNET by EUSFNA. A cytological diagnosis of the remaining 16
cases of showed suspected PNET (4), no atypical
cells (4), atypical cells (3), unsatisfactory material
(2), adenocarcinoma (2), and suspected carcinoma
(1), suggesting an overall difficulty in the cytological
[77]
diagnosis of PNET. Chatzipantelis et al
reported the
most helpful cytological findings of PNETs were a richly
cellular sample with a monotonous, poorly cohesive
population of small or medium-sized cells with granular
chromatin (salt and pepper) and plasmacytoid
morphology; helpful immunochemical diagnostic
markers were neuron-specific enolase, synaptophysin,
and chromogranin A.
[76]
Figueiredo et al
reported a large discrepancy
between FNA and surgical materials (κ: 0.38, P =
0.003) when using a previous grading system of
WHO criteria (2004). However, many recent reports
demonstrated high agreement with this grading
system. Comparison between EUS-FNA cytology
and histology of the resected material showed a
concordance of WHO grade and percent agreement
[78]
of the Ki-67 index of 86% (19/22)
and 89% (κ:
[79]
0.78) , respectively. Histology of EUS-FNA samples
and surgical materials also showed high agreement
[80]
[81]
(79% -89% ) with the WHO grade based on
[80]
the Ki-67 index. Hasegawa et al
analyzed the
intratumoral dispersion of the Ki-67 index of PNET
and demonstrated a higher level of dispersion in G2
PNET (0.78) than in G1 PNET (0.03) (P < 0.001).
In their study, grading concordance increased up to
90% when the FNA sample contained ≥ 2000 tumor
cells, suggesting a necessity for a large amount of
sample for accurate grading or prediction of patient’s
[80]
survival .

Other pancreatic tumors
[82-84]

[83-85]

cercariform cells, large cytoplasmic vacuoles, foam
cells, and giant cells. Immunostaining of SPT is usually
positive for nuclear β-catenin, but usually negative for
[86]
chromogranin or lipase .

Mass-forming pancreatitis including autoimmune
pancreatitis

Mass-forming pancreatitis includes a progressive
form of the ordinary chronic pancreatitis or a specific
etiology such as focal-type of autoimmune pancreatitis
(AIP). The former histologically shows various level
of acinar atrophy associated with a progression of
the fibrous stroma, sometimes accompanied with
ductal dilation, calculi, and squamous metaplasia of
[72,90]
the ductal epithelia
. Autoimmune pancreatitis
(AIP) is a unique form of chronic pancreatitis,
sometimes resembling pancreatic malignancies on
clinical images; it is histologically classified into type 1
(lymphoplasmacytic sclerosing pancreatitis: LPSP) and
[91]
type 2 (idiopathic duct-centric pancreatitis: IDCP) .
[16]
Imai et al
described that EUS-FNA specimens
obtained from 21 cases of AIP using 22G needles
showed no histology meeting the criteria of LPSP or
IDCP, but was beneficial only for eliminating PC. In
[92]
contrast, Ishikawa et al
performed EUS-FNA using
22G needles on 47 cases of AIP, and obtained level 1
histological findings of LPSP in 9 cases (19%), level
2 LPSP in 5 cases (11%), and level 2 IDCP in 3 cases
[28]
(6%). Iwashita et al
also reported that EUS-FNA
using 19G needles supplied adequate tissue for the
histological diagnosis of AIP in 43% (19/44) of the
cases, suggesting the importance of the amount or
size of EUS-FNA samples for proper diagnosis of AIP.

Outcome and management of
the patient without conclusive
diagnosis by EUS-FNA for
pancreatic lesions
EUS-FNA of a pancreatic lesion rarely yields results of
“atypical,” “indeterminate,” or “inconclusive,” but this
can happen even with enough passes and even with
definitive images for PC. Within the previous studies,
[93-95]
inconclusive results were recognized in 4.7%-9.2%
of EUS-FNA for solid or cystic lesions of the pancreas,
[95-97]
even in tertiary hospitals. Repeated EUS-FNA
[98]
or careful follow-up
is recommended in these
cases. Repeated EUS-FNA has been done within 3-4
[96,97]
wk
after the initial attempt or upon referral to a
[95]
tertiary center . More than 80% of cases of initially
inconclusive results were diagnostic upon repeated
[95-97]
. The following reasons are suspected
EUS-FNA
for the failed initial EUS-FNA: mistargeting by the
coexisting pancreatitis, technical difficulty in scope
positioning, sedation failure, ascites, or collateral
vessels, difficulty in cytology (partially cystic, necrotic,

[86,87]

ACC
, mixed acinar carcinoma
, SPT
, and
[88,89]
intraductal tubullopapillary neoplasm (ITPN)
can
also be diagnosed using EUS-FNA samples. These
tumors are histologically similar and often require
additional immunostainings for differentiation markers:
BCL10, lipase, and trypsin are useful markers specific
[83,84]
to ACC
; ITPN is often positive for cytokeratin 7
[88,89]
and 19, MUC1, and MUC6
, but negative for MUC2
or MUC5AC, which are usually stained in intraductal
[88]
papillary mucinous neoplasms (IPMNs) . The
cytological features of SPT are papillary structures,
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rates for detecting GBC (sensitivity: 80%-90% and
[107-109]
[108]
specificity: 100%)
. Kim et al
reported
that all 14 cases of lymphadenopathy accompanied
with suspected GBC were confirmed as lymph node
[109]
metastasis by EUS-FNA. Interestingly, Hijioka et al
reported that 40 (87%) out of 46 cases of GBC was
accompanied with lymphadenopathy, of which 36 cases
(90%) were confirmed as lymph node metastases
by EUS-FNA, in contrast to null lymphadenopathy
in 5 cases with xanthogranulomatous cholecystitis.
EUS-FNA of the gallbladder wall may have a risk for
dissemination in cases with GBC; hence, the first
[109]
attempt is safer on the regional lymph nodes
, if
swollen.

well-differentiated), pathologist’s inter-observer
[96]
[95]
variation , and inexperienced endosonographers .
[98]
Reported predictors of malignancy in negative
[94]
or indeterminate
EUS-FNA are high serum levels
[94]
of CA19-9 (≥ 40 U/mL) , associated lymph node
[98]
swelling, vascular involvement , weight loss, and
[93]
biliary obstruction . FNA does not provide evidence
for the absence of cancer; hence, the clinician must
follow and/or reexamine, when EUS-FNA results are
inconclusive.

EUS-FNA for the biliary lesions
Biliary stricture

Several studies have been reported the diagnostic
[99]
ability of EUS-FNA for biliary strictures. Byrne et al
reported that EUS-FNA performed using 22G needles
in 23 resected cases with biliary stricture or masses
revealed 11 cases of confirmed malignancy in the
surgically materials. The sensitivity and specificity of
EUS-FNA were 100%, although a sensitivity of EUS
[100]
observation alone was 45%. DeWitt et al , Eloubeidi
[101]
[102]
et al
and Ohshima et al
reported on the effects
of EUS-FNA in cases with biliary strictures (22-28
cases); most underwent ERCP but gave negative
or non-diagnostic results by brush cytology. In their
studies, the sensitivity, specificity, PPV, NPV, and
accuracy for detecting malignancy in 71%-82% of the
cases were 77%-100%, 100%, 100%, 29%-57%, and
[100-102]
79%-88%, respectively
. No complications were
reported in these studies.
Needle tract seeding is also a concern for the
[103]
biliary cancers. El Chafic et al
analyzed factors
associated with survival in 119 patients with biliary
cancer that underwent curative-intent surgery with or
without preoperative EUS-FNA (EUS-FNA done in 39
cases), and patient’s age, tumor size, and lymph node
metastasis were listed as significant prognostic factors
but not preoperative EUS-FNA (HR = 1.09, 95%CI:
0.69-1.73, P value = 0.7).
However, indications for EUS-FNA in cases with
biliary stricture may be limited, as transpapillary biliary
sampling (biopsy and brushing cytology) can be done
at the same time as biliary drainage, with safety and
[1,6]
high sensitivities [forceps biopsy (77%-92%)
and
[2,7]
brush cytology (75%-79%) ].

Tumorous lesions of papilla of Vater

Tumor of the papilla of Vater is usually easy to
diagnose if it originates from the duodenal mucosa, as
it is exposed to the intestinal lumen and is detectable
by the endoscopy. However, some of the ampullary
carcinomas originate from ampullary bile duct,
[110]
ampullary pancreatic duct, or common duct
and are
not exposed to duodenal lumen at the early stage. In
these cases, endoscopic sphincterotomy of the papilla
and subsequent forceps biopsy may increase the
[111]
chance of obtaining cancer tissues
, but this may
[112]
not always effective. Ogura et al
attempted EUSFNA in 10 patients and diagnosed 3 intra-ampullary
carcinomas without complications, after the diagnostic
failure of cytology and/or forceps biopsy under ERCP.

CONCLUSION
This review focused on the clinical aspects of EUS-FNA
for solid pancreaticobiliary lesions. During the past
quarter of a century, the instruments, methodology,
and environment concerning EUS-FNA of the pan
creaticobiliary field have improved for greater safety
and efficacy of the procedure and accuracy of
diagnosis. The mastery of endoscopic technique, as
well as the correct choice of instrument and method
for the target lesion, is essential for better outcomes.
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Helicobacter pylori colonization of the oral cavity: A
milestone discovery
John KC Yee
oral H. pylori infection. Established clinical diagnostic
techniques do not identify an oral etiologic basis of
H. pylori prior to gastric infection. There has been
disagreement as to whether oral infection of H. pylori
exists or not, with no definite conclusion. In medical
practice, negative results with the urea breath test
suggest that the stomach infection of H. pylori is
cured in these patients. In fact, patients can present
negative urea breath test results and yet exhibit H.
pylori infection due to oral infection. The present
paper provides evidence that H. pylori oral infection is
nonetheless present, and the oral cavity represents a
secondary site for H. pylori colonization.
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Core tip: Recent studies designed to test the role of
the oral cavity as a significant reservoir for Helicobacter
pylori (H. pylori ) and that used more appropriate
methodologies have produced contrasting facts with
respect to the existence of oral H. pylori . In this
article, the author presents evidence supporting the
oral cavity as a second colonized site for H. pylori ,
besides primarily residing in the stomach, which plays
a significant role in H. pylori diagnosis, transmission,
and treatment. Additionally, this article introduces new
technology for the diagnosis, cell culture, and treatment
of oral H. pylori .
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Abstract

Yee JKC. Helicobacter pylori colonization of the oral cavity: A
milestone discovery. World J Gastroenterol 2016; 22(2): 641-648
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i2/641.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i2.641

Over the past several years, the severity of Helicobacter
pylori (H. pylori ) infections has not significantly
diminished. After successful eradication, the annual
H. pylori recurrence rate is approximately 13% due to
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oral cavity of patients compared with endoscopic
[5]
examination . Real-time PCR in the sub-gingival
plaque of chronic periodontitis patients indicated H.
[6]
pylori may be present . Furthermore, PCRs have
shown their usefulness in examining the potential
[6]
virulence of coccoid forms of H. pylori .
All of the above studies show that PCR is a sensitive
and reliable test that can detect living H. pylori.

INTRODUCTION
Over the past twenty years, there has been dis
agreement as to whether oral infection by Helicobacter
pylori (H. pylori) exists or not - with no definite
conclusion. It was proposed that no living H. pylori
exists in the oral cavity, and that the positive results
detected by PCR from oral samples indicate the
presence of H. pylori fragments, rather than living
bacteria, or are due to reflux from the stomach.
H. pylori could not be cultivated from PCR-positive
samples. The H. pylori coming from stomach reflux
was thought only to survive in the oral cavity for a few
hours because of the high oxygen concentration.
If the above proposed idea is correct, then the
fragment or dead H. pylori should not have any
negative effect on the drug eradication of H. pylori
[1,2]
infections of the stomach . However, H. pylori has
been found in the oral cavity in urea breath test (UBT)negative patients who had no reflux of H. pylori from
the stomach. Also, in a clinical trial, there was a close
relationship between oral and stomach H. pylori
infections. Obviously, if living H. pylori exists in the
oral cavity, and is present either before or after the
stomach drug treatment, it raises significant issues
[3]
regarding the treatment protocols .
The aim of this review article was to list all evidence
that contradicts the proposed idea, and thus indicates
living H. pylori does exist in the oral cavity. Why do we
have so many disparate views on the facts regarding
whether oral H. pylori exists? Because we lack a
technology to easily detect oral H. pylori. Therefore,
the author introduces a new technology for the
diagnosis and treatment of oral H. pylori infection.

Hypoxic oral environment

The oral cavity has two parts: hypoxic and nonhypoxic. Gingivitis is often caused by six bacteria
(Prevotella intermedia, Porphyromonas gingivalis,
Fusobacterium nucleatum, Actinobacillus actinomy
cetemcomitans, Tannerella forsythia, and Treponema
denticola) that are hypoxic and can grow in the
mouth. Why, then, would H. pylori not be able to
grow? The subgingival plaque of the oral cavity has
microaerophilic environments favorable for the growth
of this bacterium, and H. pylori was detected in the
supragingival plaque of individuals with H. pylori gastric
diseases by a rapid urease test and real-time PCR
[7]
analysis . There, the same strain of H. pylori in plaque
and gastric mucosa was observed. There is a highly
significant association between periodontal disease and
colonization of H. pylori in dental plaque. Periodontal
disease and H. pylori infection were prevalent in more
than 50% of the population. There was also a positive
correlation between periodontal disease and H. pylori.
based on seropositivity and rapid urease test-positivity
[8]
in a community of Indians . The study showed a
positive association between H. pylori and oral lesions,
such as ulcerative/inflammatory lesions, squamous cell
[9]
carcinoma, and primary lymphoma . Román-Román
[10]
et al
simultaneously detected H. pylori in saliva and
in gastric biopsies and found the same vacA genotypes
in both sample types from the same patient. They
suggested that saliva could be the transmitting and
reinfecting vector for stomach H. pylori infection. H.
pylori has recently been detected in the oral cavity
[11]
and oropharynx . In this study, authors focused
on real-time PCR analysis of cagA and vacA genes
of H. pylori strains in tonsils and tonsillar squamous
cell cancer and compared them with H. pylori strains
obtained from the gastric mucosa of the same
patients. Their findings of oral presence of H. pylori
without concurrent stomach infection was confirmed
using UBT. The results showed that more than one
H. pylori strain can be present in the oropharynx and
stomach in the same patient. Although H. pylori DNA
was verifiable by PCR in several plaque and root canal
samples, bacterial colonies could only be grown from
root canals, but not from plaque. These colonies were
unequivocally identified as H. pylori by microscopic,
genetic, and biochemical approaches. The root canals
of endodontic-infected teeth may be a reservoir for
live H. pylori that could serve as a potential source
[12,13]
for transmission
. When H. pylori infection was

CONTRADICTIONS WITH PROPOSED
IDEA
PCR studies

There are a number of studies using PCR as the
indicated research tool; PCR is a sensitive and reliable
[3]
test for detecting oral H. pylori. Wang et al report a
clinical trial that included a total of 159 symptomatic
individuals with stomach pain and 118 asymptomatic
individuals with no stomach complaints; patients were
recruited and tested using the saliva H. pylori antigen
test (HPS), the H. pylori flagella test (HPF), the UBT,
and the PCR test, which were also confirmed by saliva
culture. It was found that the H. pylori antigen exists
in the oral cavity in UBT-negative individuals. In the
absence of stomach infection, patients may still have
the H. pylori antigen in the mouth.
The study on clinical efficacy of H. pylori detection
using PCR treatment outcomes of the clarithromycinbased genotypic resistance test that show real-time
[4]
PCR is efficacious for H. pylori detection . Also, a
nested PCR assay is at least as sensitive as histology,
and may be useful for H. pylori detection in the
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but also that the chances of recurrence of H. pylori
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dyspeptic patients may benefit from periodontal
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therapy .
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In the PCR-positive saliva sample, can H. pylori be
confirmed by culture? The answer is yes! One study
showed that H. pylori from a saliva sample can be
cultured in individuals with all positive test results (HPS
[3]
and HPF) of the oral cavity . Based on the culture,
they calculated the sensitivity, specificity, accuracy,
and positive- and negative-predictive values of HPS.
For the results of the comparison study, see Figure 1.

10
0

A

B

C

D

E

Figure 1 Based on our study[3], the sensitivity (A), specificity (B), accuracy
(C), positive- (D) and negative-predictive values (E) of saliva Helicobacter
pylori antigen and flagella tests were confirmed by saliva Helicobacter
pylori culture.

Identical sources of oral and stomach H. pylori

studied in children, a positive association between
the presence of H. pylori and oral hygiene was found
[14,15]
together with the periodontal status
. H. pylori
was detected in subgingival dental plaques. A review
article with twenty-three studies and including 1861
patients showed that the prevalence of gastric and
dental plaque H. pylori coinfection was 49.7% (95%CI:
16.0%-83.4%), and the percent of agreement
between the dental plaque, H. pylori status and the
[16]
gastric H. pylori was estimated at 82% . However,
there is not enough evidence for the efficacy of dental
treatment on prevention of recurrent gastric H. pylori
infection.
H. pylori has been reported to be present in
0-40% of the cases with head and neck cancer. A
higher percentage has been identified in laryngeal
and pharangeal cancer. The results of another study
suggest a possible association between H. pylori
[17]
and increased risk of oral cancer . H. pylori may be
present in the subgingival plaque samples of patients
with chronic periodontitis, showing positive coinfection
[18,19]
with chronic periodontitis
.

One of the views against oral H. pylori exists because
oral and stomach H. pylori have different genotypes.
One study showed that more than one H. pylori strain
can be present in the oropharynx and stomach in the
[11]
same patient . The oropharyngeal infection seems to
be independent of the gastric infection. However, there
are a number of studies showing that oral and stomach
H. pylori have the same genotype. Regarding a high
similarity in genotype of H. pylori isolates from saliva,
stomach, and stool, one study supports the idea that
fecal - oral is the main route of H. pylori transmission,
and the oral cavity may serve as a reservoir for H.
pylori; however, remarkable genotype diversity among
stomach, saliva, and stool samples showed that more
than one H. pylori genotype may exist in the same
[23]
patient . The vacA genotypes have been detected
[24]
in oral cavities from patients without dyspepsia .
The presence of H. pylori in the oral cavity was more
frequent in seropositive subjects without dyspepsia
symptoms, and could represent the source of gastric
infection and bacterial transmission. The data suggest
that more than one H. pylori strain may exist in the
mouth of asymptomatic persons.
Occurrence of the same strain of H. pylori
simultaneously in plaque and gastric mucosa has also
[7]
been observed . A positive correlation was obtained
between the collected indices and quantity of H. pylori
colonization.

Eradication does not eliminate oral H. pylori infection

There are a number of studies that show when
patients received drug treatment for stomach H.
pylori, the drug did not eliminate oral H. pylori. Also,
a study shows that mouth-rinse treatment alone or
combined with periodontal treatment can, to some
extent, reduce the prevalence of oral H. pylori and
[3,20]
improve the eradication rate of gastric H. pylori
.
The patients who had received therapy were again
H. pylori-positive while they were still carrying H.
pylori in dental plaques, which showed that successful
eradication of gastric H. pylori does not guarantee
prevention of reinfection. A new strategy that indicates
concomitant eradication in oral and gastric colonization
[21]
can result in clearance of H. pylori infection .
A review article indicated that recent studies
have not only shown that the microorganism can
be detected fairly consistently from the oral cavity,
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Patients can be oral H. pylori-positive and UBT-negative

The author had communicated with the Nobel
Laureate, Dr. Robin Warren, regarding oral H. pylori.
He indicated in this letter, “We have never managed
to culture H. pylori from food, water, or the mouth, at
least not while I was involved with the work. I think
you should be very careful talking about ‘live antigens’
and “oral H. pylori” in the absence of a definite culture.
If you have antigens in saliva or plaque, you should
state exactly that and state the method used to
demonstrate the antigens. With today’s highly sensitive
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immune and PCR tests, I could well believe your
suggestion of oral antigens from gastric reflux, but
with a negative and correctly done breath test, I would
usually expect the stomach to be clear of H. pylori, in
which case reflux would not put those antigens in the
mouth. How long antigens could stay in the mouth
after treatment of H. pylori infection would be a matter
for another study. I would suggest you use a series of
patients for endoscopy, as we did, and fully examine
the mucosa for H. pylori and the saliva and plaque for
H pylori, however you do it. Then repeat the process
after treatment. However, talking about gastric reflux
in the absence of proven gastric H. pylori is dangerous.
We did find rare cases, usually with very low numbers
of bacteria in the stomach, that gave false-negative
breath tests, but you seem to have quite a few
possible false positives. I think they would need to be
fully investigated with endoscopy, CLOtest, culture,
and histology before making too many comments on
them in a printed paper. You need to be very careful to
get the full facts correct and avoid incorrect suggestive
statements.”
If a patient suffers from H. pylori infection, there is
good reason to suspect that there are antigens in the
mouth due to stomach reflux. But, with a UBT-negative
patient, we still detected antigens in the oral cavity,
and not only in a few patients; instead, we observed it
in a large number of patients. Further, the prevalence
of H. pylori infection of the oral cavity in gastric H.
pylori-positive patients compared with gastric H.
pylori-negative patients is significantly different (80%
vs 23%).
Now, why are there antigens in the mouth?
Someone may say it comes from food contamination.
However, we found live antigens inside dental plaques.
The dental plaque can be defined as a complex
10
microbial community, with greater than 10 bacteria
per milligram. It has been estimated that as many
as 400 distinct bacterial species may be found in a
plaque. Inorganic components are also found in dental
plaques, which are so-called as biofilm. Thus, food
contamination may not be a good explanation for the
presence of oral H. pylori antigens.
Regardless of whether the source of antigens in
the oral cavity is from stomach or food, as long as the
bacteria live in the mouth, it will be a key issue. Does
colonization of H. pylori exist in the oral cavity? If we
assume it does, then we have several issues to follow
upon: (1) H. pylori recurrence rate is high in Asia due
to oral H. pylori; (2) drug treatments are not effective
on oral H. pylori due to dental plaque structure; and
(3) the eradication rate is getting lower with each
treatment.
To date, the exact mode and route of transmission
of the microorganism is still unknown. The successful
detection of H. pylori DNA from dental plaque and
saliva in our lab draws attention to the possible
importance of oral - oral transmission. Our study
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showed that systemic therapy failed to clear H. pylori
from dental plaque despite its clearance from the
[3]
stomach . This evidence suggests that the oral cavity
may be another niche for H. pylori and may be the
source infection/reinfection.

Lower eradication rate for stomach H. pylori when oral H.
pylori-positive

Why would the traditional treatment of gastric infection
be ineffective against oral infection? It is reasonable
to hypothesize that H. pylori survives in moderateto-advanced dental biofilms because the architecture
and the microcosm of these periodontal conditions
promote a viable habitat for microaerophilic and
anaerobic microorganisms. Because dental biofilms
can provide urea, urease-producing bacteria such as H.
pylori may have improved viability in this periodontal
environment, as antibiotics have difficulty penetrating
the bacterial biofilm structure. The microbial ecology
of the oral cavity is highly complex, richly diverse,
and not yet well understood. Poor periodontal health
may be associated with H. pylori infections in the oral
cavity and with poverty status. This is why the efficacy
of drug treatment on gastric H. pylori is lower than
has been reported when good patient compliance is
achieved to (60% vs 80%-90%).
The progressive loss of efficacy of standard
eradication therapies has made the treatment of H.
pylori more challenging than ever. Endoscopic-guided
antibiotic susceptibility testing had previously been
suggested to guide treatment after failure of secondline therapies. However, its role has expanded over
the years, in accordance with the current Maastricht
Guidelines. Several authors have dealt with this topic,
developing both efficacy trials and cost-effectiveness
trials against resistant H. pylori infections as well as
infections in naïve patients. However, results are not
homogeneous enough to provide definite advice,
because antibiotic resistance is not the only reason
for treatment failure. Moreover, the culture-guided
approach is fraught with many practical issues,
such as the availability of both endoscopy units and
microbiology laboratories, and the need for a standard
of quality that cannot be satisfied everywhere. Finally,
pre-treatment susceptibility testing should be part and not the only weapon - of a targeted, personalized
[25]
strategy to overcome H. pylori infection .

Meta analysis findings

A meta-analysis published in 2011 indicated that the
prevalence of H. pylori infection in the oral cavities
of gastric H. pylori-positive patients was significantly
higher than in gastric H. pylori-negative patients
[26]
(45.0% vs 23.9%) . The pooled OR was 3.61 and
the 95%CI: was 1.91-6.82 (P < 0.0001). Different
diagnostic methods produced different pooled ORs
with PCR the highest (OR = 5.11, 95%CI: 2.08-12.54,
P = 0.0004) and the rapid urease test the lowest (OR
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= 2.00, 95%CI: 0.80-5.00, P = 0.14). The 44.8%
(91/203) prevalence of H. pylori infection in the
oral cavity in patients with clinical and/or histologic
gastroesophageal diseases was significantly higher
than the 13.2% (21/159) in patients with non-ulcerous
dyspepsia or healthy controls (OR = 5.15, 95%CI:
2.97-8.92, P < 0.00001). The eradication efficiency
in the stomach was 85.8% (187/218), while in the
oral cavity it was only 5.7% (9/158) (OR = 55.59, P
< 0.00001). H. pylori was more difficult to eradicate
in the oral cavity than in the stomach, and may be a
source of reinfection.
Another recent meta-analysis in 2014 included 48
articles reporting on the association between saliva
and plaque and H. pylori-infection, twelve clinical trials,
[27]
and a meta-analysis . They found a close relation
between H. pylori infection in the oral cavity and the
stomach. The mouth is the first extra-gastric reservoir.
There is a meta-analysis regarding the relationship
between the existence of H. pylori in dental plaque and
in the stomach of patients that included twenty-three
[16]
studies with 1861 patients . Their results show that
the prevalence of co-infection of gastric and dental
plaque H. pylori was 49.7% (95%CI: 16.0%-83.4%)
and the percent of agreement between the dental
plaque H. pylori status and the gastric H. pylori was
estimated as 82%.
Another recent meta-analysis in 2014 indicated
that dental plaque can act as a reservoir, and proper
oral hygiene maintenance is essential to prevent
[28]
reinfection .

regimens have been reported. The molecular tests can
be used to detect H. pylori and clarithromycin and/or
fluoroquinolone resistance in gastric biopsies without
[32]
necessitating culture .
H. pylori therapy in clinical practice is becoming
progressively more difficult. A review article indicated
the rate of eradication failure has dramatically risen in
[37]
many countries due to resistance to antibiotics . This
review summarized important studies regarding H.
pylori therapy published from April 2013 to April 2014
that indicated that the emerging problem of quinolone
resistance remains a worry. Individualized therapy,
based on factors such as antimicrobial information,
resistance data, and CYP2C19 metabolism, may well
be the most notable future trend to emerge in 2016.
Several strategies have been proposed to increase
the H. pylori eradication rate, including the prolongation
of the treatment duration to 14 d, the use of a fourdrug regimen (quadruple, sequential, and concomitant
treatments), and the use of novel antibiotics, such as
levofloxacin. However, triple therapy remains the most
widely accepted first-line treatment regimen in Brazil,
the United States, and throughout Europe. Because
this therapy is limited by resistance to clarithromycin,
other therapeutic regimens have been investigated
[39]
worldwide . A study indicated that eradication has
no effect on infection in the esophagus, which may
[40]
become a reason for increasing drug resistance .
All of the above data indicate that drug resistance
has significantly increased in past years. One of the
reasons for this is because we all focus on the drug
resistance issue and ignore the oral cavity infected by
H. pylori that increases reinfection of the stomach;
as a result, more antibiotics are used in repeated
treatments. It is now time that we look a different
way; if we clean the oral H. pylori, then the clinician
can use reduced amounts of drugs to complete the
treatment for H. pylori infection.

CURRENT STATUS OF HIGH DRUG
RESISTANCE: NEGATIVE INFLUENCE
FROM ORAL H. PYLORI
Global pediatric clinical studies have reported a
decreasing tendency in the overall rate of H. pylori
eradication. Antibiotic drug resistance to H. pylori,
which has been reported to vary widely between
geographic regions, is mainly associated with treat
[29-39]
ment failure in these patients
. Due to the rising
prevalence of antimicrobial resistance, mainly to
clarithromycin, efficacy of standard, triple therapies
has declined to unacceptably low levels in most
parts of the world. Molecular testing methods are
currently available for the characterization of H.
pylori therapeutic susceptibility, including genotypic
detection of macrolide resistance and evaluation of
the cytochrome P450 2C19 status known to affect
the metabolism of proton pump inhibitors; these data
[30]
show increasing antibiotic resistance .
The global problem of H. pylori infection and its
[31]
increasing antibiotic resistance has been analyzed .
New data concerns the role of the bacterium in various
clinical conditions; the indications of H. pylori testing,
diagnostic procedures, and eradication-treatment
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FOUNDATION OF THE ORAL CAVITY AS
A SECOND COLONIZED SITE
There are three important technologies developing in
order make a strong foundation for a colonized site in
the oral cavity. PCR is a highly sensitivity test for oral
H. pylori, but it is not convenient in clinical settings.
So, first, a high-sensitivity and -specificity test in saliva
should be established. Then we will have a much easier
time of running clinical trials on a large number of
patients to obtain a greater number of data in order to
find the positive correlation between oral and stomach
H. pylori infection. Second, and most important,
is developing a cell culture technology suitable for
detecting low-concentration H. pylori in the oral cavity.
Once a new cell culture method is established, then we
could determine if HPS technology can be confirmed
by cell culture data. As a final step, we need to
develop a technology, rather than an antibiotic drug, to
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Corynebacterium matruchotii, Gemella haemolysans,
Granulicatella adiacens, Streptococcus gordonii, S.
salivarius, S. sanguinis, and Veillonella parvula. All of
the above were analyzed and did not show interference
or cross-reactivity with the test. Sensitivity: The test’s
[43]
sensitivity was 10 ng/mL HPS antigen .
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Oral H. pylori culture technology

30

[44]

20

Krajden et al
in 1989 first reported on the culture
of H. pylori gastritis in seventy-one patients with
plaque; one plaque culture result was positive,
and of all seventy-one saliva cultures, none of the
patients presented a positive. Since then, many
scientists perform oral H. pylori cultures, but are rarely
successful. Indeed, culture-positive rates are very low
among published studies from various countries. The
key reasons for the difficulty of cultivating oral H. pylori
result from oral specimen collection, preservation,
small colonies of H. pylori culture, and competition
with other oral bacteria and H. pylori colonies. It seems
the use of conventional stomach bacteria culturing
techniques for the culture of oral H. pylori has reached
its limit. Alterations to this method are required to
obtain a high positive rate of oral H. pylori culture.
Some authors simply make premature conclusions
that “oral H. pylori cannot be cultured” and “the oral
cavity is not a colonized site”, which has become the
main theoretical basis of some scholars opposing oral H.
pylori colonization.
A study using an “artificial ammonia cloud” greatly
[3]
improved the positive rate of oral H. pylori culture .
It made the medium more suitable for nutrients for H.
pylori growth and reproduction. The application of the
artificial ammonia cloud technology is for the special
treatment of saliva, as it protected H. pylori in the
saliva sample, whereas a medium with low H. pylori
simulated a stomach environment, with a strong acid
to kill other bacteria. Thus, H. pylori can grow better in
an oral H. pylori-culture medium.

10
0

0
A1

A2

A3

Figure 2 Based on our study[3], the rate of treatment of stomach infection
as determined by negative urea breath test. A1: Patients received treatment
of polylysine glycerol monolaurate mouthwash and drug eradication; A2:
Patients received drug eradication; and A3: Patients received teeth cleaning. P
< 0.05, A1 vs A2, A1 vs A3, A2 vs A3.

eliminate H. pylori from the oral cavity.

HPS technology

The most common bacteria causing infection across
the world is H. pylori, which colonizes the human
stomach. These bacteria have also been detected
in some extra-gastric ecologic niches, such as the
oral cavity and water. However, the results of H.
pylori detection in extra-gastric ecologic niches are
controversial. The UBT does not detect H. pylori in the
oral cavity. Improvement of the sensitivity and the
specificity of the detection methods appears to be one
of the main bottleneck issues in providing compelling
[41,42]
evidence
.
HPS for oral urease: Oral urease was specifically
detected in saliva using a lateral flow immuno
chromatographic test device. The device for H. pylori
antigen detection in saliva was identical to the device
used for oral urease detection. The HPS test for saliva
employed a monoclonal antibody that was developed
against oral urease. Test procedure: No food or drink
was allowed one hour prior to the test. A swab was
put under the tongue for at least one minute. The
swab was swirled vigorously for fifteen seconds in
a buffer solution, then we expunged as much liquid
as possible from the swab by pressing and rotating
the fiber portion against the wall of the tube. Two
to three drops of saliva/buffer mixture were added
into the sample well. As the test kit begins to work,
one will see a purple color move across the result
window in the center of the test disk. The presence
of two color bands (“T” band and “C” band) within
the result window indicates a positive result. The
presence of only one purple-color band indicates a
negative result. Specificity: An in-house study was
conducted with three separate lots of the HPS test
to determine its specificity. The following common
oral bacteria were applied: Actinomyces naeslundii,
Actinomyces odontolyticus, Bifidobacterium dentium,
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Polylysine and glycerol monolaurate formula

There are reports that indicate drug eradication on
[45]
stomach H. pylori with no effect on oral H. pylori .
In the food industry, polylysine (L) and the glycerol
monolaurate (GM) are used in preserving meat
products. The L is typically produced as a homopolypeptide of approximately twenty-five to thirty lysine
residues. In contrast to a normal peptide bond that
is linked by an alphacarbon group, the lysine amino
acids are molecularly linked by the epsilon amino group
and the carboxyl group. L belongs to the group of
[46]
cationic polymers . In water, L contains a positively
charged hydrophilic amino group. It is adsorbed
electrostatically to the cell surface of the bacteria,
followed by a stripping of the outer membrane.
This eventually leads to abnormal distribution of the
cytoplasm, causing damage to the H. pylori cell. GM is
the monoester formed from glycerol and lauric acid. H.
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pylori is extremely sensitive to GM. However, there are
no reports of L or GM killing H. pylori in vivo. As both
have had a safe record in the food industry, they have
been tested to see whether they can eliminate H. pylori
in the oral cavity. Patients who received treatment of
LGM mouthwash and drug eradication showed 82.26%
(within a 95%CI) effective results within one month of
[3]
treatment (Figure 2).
More important is the classic H. pylori eradication
programs in which there are no clear measures of oral
H. pylori; as H. pylori traditional treatment occurs,
frequent relapses become more critical.

11

12

13

CONCLUSION

14

In the oral cavity there exists a live H. pylori that has
negative influences on the eradication of stomach
infection. As long as we agree with the idea of a
second colonized site within the oral cavity, the rate for
successful eradication of H. pylori will increase.
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Helicobacter pylori and colorectal neoplasia: Is there a
causal link?
Vasilios Papastergiou, Stylianos Karatapanis, Sotirios D Georgopoulos

Abstract

Vasilios Papastergiou, Stylianos Karatapanis, Department of
Internal Medicine, General Hospital of Rhodes, 85100 Rhodes,
Greece

Ever since Helicobacter pylori (H. pylori ) was re
cognized as an infectious cause of gastric cancer, there
has been increasing interest in examining its potential
role in colorectal carcinogenesis. Data from casecontrol and cross-sectional studies, mostly relying on
hospital-based samples, and several meta-analyses
have shown a positive statistical relationship between H.
pylori infection and colorectal neoplasia. However, the
possibility exists that the results have been influenced
by bias, including the improper selection of patients
and disparities with respect to potential confounders.
While the evidence falls short of a definitive causal
link, it appears that infection with H. pylori /H. pylori related gastritis is associated with an increased,
although modest, risk of colorectal adenoma and
cancer. The pathogenic mechanisms responsible for
this association remain uncertain. H. pylori has been
detected in colorectal malignant tissues; however, the
possibility that H. pylori is a direct activator of colonic
carcinogenesis remains purely hypothetical. On the
other hand, experimental data have indicated a series
of potential oncogenic interactions between these
bacteria and colorectal mucosa, including induction and
perpetuation of inflammatory responses, alteration of
gut microflora and release of toxins and/or hormonal
mediators, such as gastrin, which may contribute to
tumor formation.
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relationship with colorectal neoplasia remains uncertain.
Data from case-control and cross-sectional studies,
as well as several meta-analyses, have indicated a
significant, although modest, statistical association
between infection with H. pylori /H. pylori -related
gastritis and the development of colorectal adenomas
or cancer. Potential tumorigenic actions of H. pylori to
colorectal mucosa include induction of inflammatory
responses, alteration of gut microflora and release of
toxins and/or hormonal mediators.

infection by H. pylori as a risk factor for colorectal
neoplasia. Indeed, some investigations have shown a
[14-20]
[21-29]
statistical relationship
, disputed by others
.
The present article is aimed to a concise review
on the possible causal relationship between H. pylori
infection and colorectal neoplasia. Moreover, we
discuss potential mechanisms by which the bacterium
could exert oncogenic actions on the colonic mucosa.
For these purposes, MEDLINE/PubMed was searched
up to April 2015, using a combination of the following
keywords: H. pylori, adenoma, colonic polyps,
colorectal carcinoma, colorectal cancer, colon cancer
and colonic neoplasms. We also reviewed the reference
lists of all relevant articles retrieved in this search.
Language was restricted to English and all data had to
be published in a peer review journal.

Papastergiou V, Karatapanis S, Georgopoulos SD. Helicobacter
pylori and colorectal neoplasia: Is there a causal link? World J
Gastroenterol 2016; 22(2): 649-658 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i2/649.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i2.649

INTRODUCTION

H. PYLORI INFECTION STATUS AND
COLORECTAL NEOPLASIA

Colorectal cancer (CRC) is the third most common
cancer worldwide and the fourth most common
cause of cancer-related death, accounting for >
[1-3]
9% of all cancer incidence
. Benign neoplastic
polyps, namely tubular and villous adenomas,
are premalignant lesions of the colon and rectum
which have the potential to progress into invasive
[4,5]
cancer . Colonic carcinogenesis is believed to be a
multifactorial process; however, the direct etiology of
[2]
CRC remains uncertain . Approximately 5%-10%
of CRC cases arise as a consequence of recognized
hereditary conditions, although the majority are
sporadic forms in subjects without family history or
[6]
any apparent predisposing condition . In addition
to familial propensity and the influence of genetic
factors, environmental factors, such as Western
dietary practices, smoking, and alcohol consumption,
[7,8]
have been linked to an increased risk of CRC
.
Unsurprisingly, given the sheer numbers of bacteria
that populate the gastrointestinal tract, there has been
growing interest in the relationship between infectious
agents and colonic carcinogenesis.
Helicobacter pylori (H. pylori) is a ubiquitous
human pathogen infecting approximately 50% of the
population worldwide and up to 80% in developing
[9]
countries . After colonizing the gastric mucosa, H.
pylori induces chronic inflammation that culminate in
the development of prevalent upper digestive disorders
[10]
such as chronic gastritis and peptic ulcer disease .
Moreover, H. pylori is a recognized class Ⅰ carcinogen
which plays a causal role in the development of gastric
adenocarcinoma and mucosa-associated lymphoid
[11-13]
tissue lymphoma (MALT)
. Ever since H. pylori
has been established as the single infectious agent to
cause gastric cancer, studies on its oncogenicity have
been extended to examine its role in the development
of other gastrointestinal malignancies. There is
conflicting evidence on the relevance of chronic

Several case-control studies have assessed the odds
of colorectal neoplasia development with respect
to H. pylori infection (Table 1). Occurrence of CRC
has been the most commonly evaluated outcome,
whereas seroprevalence relying on immunoglobulin
G (IgG) detection has been the most common
measure of H. pylori infection status. The results have
been dramatically inconsistent, with some studies
[14-20,30]
demonstrating a positive correlation
, in contrast
[14,21-29]
to others showing null or inverse associations
.
This may be due to the fact that most of the studies
suffered from inherent limitations including relatively
small case samples (in most studies < 250 patients)
and hospital-based design which may have resulted
in patient selection bias. Two population-based
[17]
studies, one conducted in Japan (n = 478)
and
[30]
another one from Germany (n = 3381) , have both
confirmed a significant correlation between H. pylori
seroprevalence and the risk of colorectal adenomas
and CRC respectively.
Evaluation based on serologic testing does not
discriminate between current and past infections,
a distinction likely to be relevant with respect to
oncogenesis, and may yield positive results for
[31]
Helicobacter species other than H. pylori . However,
13
two studies relying on C-urea breath test (UBT)
failed to demonstrate a relevant association with the
[26,32]
risk of CRC
. Contrarily, a Japanese study using
a combination of three non-serological detection
methods (UBT, rapid urease test and histology)
pointed out a positive association with both colonic
[15]
adenomas and CRC . Apart from methodological
weaknesses relative to H. pylori detection, a series
of other limitations may have had an influence on
the results. Firstly, few of the investigations excluded
patients with a history of H. pylori eradication
[15,19]
therapy
, thus the cancerogenic risk may have
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Table 1 Overview of case-control studies evaluating the odds of colorectal neoplasia development with respect to Helicobacter

pylori infection

Cases/controls, n

Matching variables

Measure of H. pylori
status

Outcome

Adjusted OR
(95%CI)

Talley et al[20], 1991, United States
Penman et al[26], 1994, United Kingdom
Moss et al[25], 1995, United States
Meucci et al[18], 1997, Italy

80/252
42/34
41/41
94/100

Convenience sample
Age, Gender
Age, Gender, Race
Age, Gender

IgG
UBT
IgG
IgG

1.17 (1.03-2.84)
1.31 (0.52-3.26)
0.74 (0.30-1.79)
1.92 (1.08-3.43)

Thorburn[29], 1998, United States2

233/233

IgG

Breuer-Katschinski et al[14], 1999, Germany
Fireman et al[21], 2000, Israel
Hartwich et al[16], 2001, Poland
Shmuely et al[27], 2001, Israel
Siddheshwar et al[28], 2001, United Kingdom

98/98
51/51
80/160
67/92
189/179

Limburg et al[23], 2002, Finland2

118/236

Polyp
Cancer
Cancer
Cancer
Cancer
Polyp
Cancer

2.10 (1.12-3.92)
2.43 (1.00-5.59)
3.78 (1.89-7.53)
1.35 (0.67-2.74)
1.1 (0.7-1.8)
1.3 (0.7-2.5)
0.91 (0.53-1.55)

Fujimori et al[15], 2005, Japan

481/188

Age, Gender,
Education, Region, Date
Age, Gender
Convenience sample
Age, Gender
Convenience sample
Age, Gender, Social
class
Age, Gender1, Study
center, Date of serum
collection
Age

Cancer
Cancer
Cancer
Adenoma or
Cancer
Cancer

UBT, urease test,
histological diagnosis

Adenoma
Cancer

1.60 (1.18-2.02)
1.80 (1.28-2.32)

IgG
IgG, CagA

Adenoma
Cancer

2.52 (1.57-4.05)
1.22 (1.02-1.45)

Ref.

Inoue et al[17], 2011, Japan3
Zhang et al[30], 2012, Germany3

239/239
1712/1669

Age
Age, Gender, Colorectal
risk factors, Former
colorectal endoscopy

IgG
IgG
IgG, UBT
IgG, CagA
IgG
CagA, whole cell
assay

1.02 (0.69-1.51)

1

Only male smokers were included in the study; 2Nested case-control study; 3Population-based case-control studies. Data refer to studies reporting ORs
or information from which such measure could be inferred. IgG: Immunoglobulin G; UBT: Urea breath test; CagA: Cytotoxin-associated gene A; H. pylori:
Helicobacter pylori.

been underestimated due to the inclusion of H.
pylori-negative CRC cases formerly exposed to the
bacterium. Secondly, misestimations may have
occurred due to the lack of data regarding previous
colonoscopy with polyp removal. Thirdly, these studies
may have been hampered by disparities in factors
reflecting the carcinogenic risk, as most investigations
controlled solely for age and gender or relied on a
convenience sample. A recent population-based study
has highlighted the importance of proper adjustment:
including 1712 incident colorectal cancer cases and
1669 controls, the age- and sex-adjusted OR was
[30]
1.30 (95%CI: 1.14-1.50) . However, adjustment for
known CRC risk factors (country of birth, educational
level, smoking, average lifetime physical activity and
alcohol consumption, body mass index, diabetes,
history of CRC in first-degree-relative, use of nonsteroidal anti-inflammatory drugs and hormone
replacement therapy in females) has decreased the
OR to 1.26 (95%CI: 1.09-1.47), whereas a further
reduction to 1.8 (95%CI: 1.02-1.45) was observed
after additional adjustment for previous colorectal
endoscopy. These relatively small ORs underscore the
need for rigorous adjustment for confounders, as well
as adequate statistical power, in studies assessing the
relationship between gastric H. pylori infection and the
risk of colorectal neoplasia.

between H. pylori infection and colorectal neoplasia. In
an Asian study including 9311 asymptomatic subjects
> 40 years, detection of H. pylori using biopsy urease
testing was an independent predictor for colorectal
adenoma (OR = 1.36, 95%CI: 1.23-1.52) after
controlling for several confounders including gender,
[33]
age, smoking and alcohol consumption . The study
also pointed concomitant metabolic syndrome as
a factor associated with a further increased risk of
colorectal adenomas (OR = 1.41, 95%CI: 1.23-1.61).
In a study with 2195 (1253 cases) asymptomatic
[34]
average-risk subjects from South Korea, Hong et al
determined a positive association between H. pylori
seropositivity and the risk for overall (OR = 1.36,
95%CI: 1.10-1.68) and advanced (OR = 2.21, 95%CI:
1.41-3.48) adenoma after adjusting for several factors
including a family history of CRC and regular use of
aspirin. Similarly, a small (n = 273) study from Israel
has pointed a positive association with both advanced
colorectal neoplasia (adjusted OR = 9.57, 95%CI:
4.31-21.2) and CRC (adjusted OR = 7.98, 95%CI:
[35]
3.16-20.16) . In line with these previous reports,
a study focusing on African-Americans (n = 1256), a
[36]
population with a high burden of H. pylori infection ,
found an increased risk of colorectal polyps in H.
pylori-infected than non-infected subjects (OR =
[37]
1.95, 95%CI: 1.2-1.9) . However, results should be
interpreted cautiously, as the authors did not perform
adjustments for potential confounders. Contrarily, the
association between H. pylori and colorectal adenomas
was not relevant in a cohort of United States His

Cross-sectional studies

In recent years, a number of cross-sectional hospitalbased studies examined a possible association
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Table 2 Published meta-analyses evaluating the relationship between Helicobacter pylori infection and the development of
colorectal neoplasia
Ref.

Included studies, n

Outcome

Zumkeller et al[45], 2006, Germany
Zhao et al[44], 2008, China

111
131 (9 using IgG
to detect infection
status)

Cancer
Cancer

Hong et al[34], 2012, South Korea

10

Adenoma

1.58 (1.32-1.88)

Wu et al[43], 2013, China

27

Adenoma
Cancer

1.66 (1.39-1.97)
1.39 (1.18-1.64)

Rokkas et al[42], 2013, Greece

28

Polyps
Cancer

1.50 (1.26-1.79)
1.30 (1.07-1.59)

Chen et al[46], 2013, China
Guo et al[41], 2014, China

22
92

Cancer
Hyperplastic
polyp
Adenoma
Cancer

1.49 (1.30-1.72)
0.72 (0.44-1.18)

Summary OR (95%CI)

Conclusion

1.4 (1.1-1.8)
Possible small increase in the risk of CRC
1.49 (1.17-1.91)
Possible increase in risk of CRC
1.56 (1.14-2.14) evaluating IgG as
the only test indicator)

1.83 (1.35-2.51)
1.08 (0.89-1.68)

Modest increase in the risk of colorectal
adenoma
Positive association between H. pylori
and colorectal neoplasia
Modest statistically significant
relationship of H. pylori with both cancer
and polyps
H. pylori increases the risk of CRC
No statistical association between H.
pylori and colorectal neoplasm was
found, but H. pylori may increase the risk
of adenoma

Only case-control studies were included; 2Included only data based on East-Asian population. H. pylori: Helicobacter pylori; IgG: Immunoglobulin G; CRC:
Colorectal cancer.
1

[38]

slightly higher OR (1.56, 95%CI: 1.14-2.14). More
recent meta-analyses combined data from both casecontrol and cross-sectional studies to evaluate H.
pylori in relation to colorectal adenomas. In a metaanalysis of ten studies (15.863 subjects), including
[34]
their own cross-sectional study, Hong et al
found
that the pooled OR for colorectal adenoma related
to H. pylori infection was 1.58 (95%CI: 1.32-1.88).
In 2013, three updated meta-analyses, each one
comprising more than 20 studies, confirmed a positive
association between H. pylori infection and CRC or ade
[42,43,46]
noma
. Nonetheless, by analyzing a total of 16
[42]
sets of data, Rokkas et al
pointed out a statistically
significant relationship between H. pylori infection and
colon polyps (OR = 1.5, 95%CI: 1.26-1.79).
Although meta-analyses converge to a modest
positive association, results could have been influenced
by inevitable heterogeneity among the included studies.
Moreover, each of the analyses could incorporate the
biases of the individual studies, discussed above.
Notably, there is considerable overlap of underlying
studies between the meta-analyses, with most of the
data coming from Western countries, whilst Asian
data mostly comes from Japan. Thus, concerns may
arise about the generalizability of the results in other
populations and/or geographical locations. Indeed, a
recent meta-analysis based on East-Asian population
(9 studies, 2081 cases and 5598 controls) questioned
the association between H. pylori infection and the
overall risk of colorectal neoplasia (hyperplastic polyps,
adenomas and CRC), and only a heightened risk of
developing colorectal adenoma was found (OR = 1.83,
[41]
95%CI: 1.35-2.51) . In regional sub-analysis the
association between H. pylori infection and colorectal
neoplasms was only significant in the Japanese
population though, as noted by the authors, significant
statistical heterogeneity limited the conclusions.

panics , a population in which the seroprevalence
of H. pylori infection is high whilst the risk of CRC is
[39]
relatively low . However, due to the multifactorial
nature of CRC, epidemiological associations are difficult
to draw and are not appropriate for establishing a
causal effect. This may in turn be reflected in the fact
that the geographical and temporal trends of CRC do
not overlap with those of gastric cancer in many parts
of the world (e.g., Japan, where the incidence rates
of stomach cancer decline, in parallel with increasing
[40]
incidence of CRC) .
In conclusion, although many cross-sectional
studies have outlined a positive association, the
possibility exists that the results have been drama
tically influenced by bias including improper selection
of patients, retrospective reporting of data, and
disparities with respect to several factors affecting
the cancerogenic risk. Last but not the least, it should
be emphasized that cross-sectional studies may only
establish associations and are not relevant to prove
causality.

Meta-analyses of published studies

At least seven meta-analyses have pooled data to
evaluate the relationship between H. pylori infection
and the development of colorectal neoplasia (Table
[34,41-46]
[45]
2)
. In a 2006 meta-analysis, Zumkeller et al
summarized data from 11 case-control studies (899
CRC cases, 1476 controls) and the pooled OR for
CRC was 1.4 (95%CI: 1.1-1.8). However, different
testing methods were combined to assess the H.
[44]
pylori infection status. In a later analysis, Zhao et al
included a total of 13 case-control studies and found
comparable results (OR = 1.49, 95%CI: 1.17-1.91).
Nonetheless, the authors performed a separate
analysis of ten studies using IgG response as the
only testing method, the results of which revealed a
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Sonnenberg et al conducted the largest case-control
study to date, aiming to determine the association
between H. pylori-related gastritis and colorectal
neoplasia. Using a national database of surgical
pathology reports from the United States, the authors
analyzed 156000 patients (mean age: 58.7 years,
41% males) who underwent bidirectional endoscopy on
[47]
the same day with biopsies from both procedures .
H. pylori gastritis was defined as chronic active
inflammation in the gastric mucosa with presence
of H. pylori organisms demonstrated by immuno
histochemistry. According to the results, patients with H.
pylori gastritis were more likely than patients without
H. pylori to have hyperplastic polyps (OR = 1.24,
95%CI: 1.18-1.30), adenomatous polyps (OR = 1.52,
95%CI: 1.46-1.57), advanced adenomas (OR = 1.80,
95%CI: 1.69-1.92), villous adenomas or adenomas
with high-grade dysplasia (OR = 1.97, 95%CI:
1.82-2.14) and adenocarcinomas (OR = 2.35, 95%CI:
1.98-2.80). Noticeably, the risk was found to increase
with advancing stage of the colorectal neoplasm and in
relation with the size and number of the adenomas.
Use of histopathological data and the large sample
are major strengths of the study by Sonnenberg et
[47]
al . However, results should be interpreted cautiously
[48]
due to several limitations . These include: (1) the
study only included a sample of subjects undergoing
endoscopy, which may not be representative of the
general population; (2) the results were not adjusted
for confounders such as gender, age and previous
use of antisecretory agents and/or antibiotics; and
(3) case-control studies are not adequate to establish
causal associations.

years . Similarly, hypergastrinemic atrophic gastritis
patients aged > 40 years (n = 160) did not have a
higher probability of developing CRC when compared
to age- and gender-matched normogastrinemic
controls with normal gastric histology in a study from
[50]
Italy . In contrast to these previous observations,
a recent report (n = 99) showed a higher risk of
recurrence of endoscopically-resected colorectal
neoplasia in patients with both a positive H. pylori
[51]
serology and low PG levels .
The only evidence to date supporting a positive
association between gastric intestinal metaplasia
and the risk of colonic neoplasms comes from the
[47]
large case-control study by Sonnenberg et al .
The following conditions in the colon were all found
more frequently in patients with (n = 5651) than
without intestinal metaplasia: colon adenoma (OR =
1.82, 95%CI: 1.71-1.94), advanced adenoma (OR
= 2.02, 95%CI: 1.82-2.24) and CRC (OR = 2.55,
[47]
95%CI: 1.93-3.37) development . The magnitude
of this association was at least similar, if not higher,
in comparison to H. pylori gastritis. Interestingly,
advanced gastric lesions such as gastric adenoma
and gastric cancer or lymphoma were even more
strongly associated with CRC (OR = 2.84, 3.18 and
4.54 respectively). The authors did not analyze data
with respect to atrophic gastritis due to the absence of
multiple mapped gastric biopsy specimens required to
diagnose this condition.
In summary, no solid conclusions can be drawn as
yet on whether progression to gastric precancerous
conditions (i.e., chronic atrophic gastritis and gastric
intestinal metaplasia) could enhance the risk of
neoplastic transformation in the colon. Well-designed
studies are warranted to clarify the existence of a
potential link between colonic carcinogenesis and the
presence, extent and/or histopathological severity of
gastric conditions related to H. pylori infection.

H. PYLORI-RELATED GASTRIC
PREMALIGNANT LESIONS AND
COLORECTAL NEOPLASIA

ASSOCIATIONS ACCORDING TO
SITE AND HISTOLOGY OF COLONIC
NEOPLASMS

To date, inconsistent data has been provided to
support a causal link between progression to chronic
atrophic gastritis and colorectal tumorigenesis. Two
[24]
[17]
Japanese case-control studies with 339
and 478
subjects found no significant association between
chronic atrophic gastritis diagnosed on the basis of
serum pepsinogen (PG)-I and PG-I/Ⅱ ratio (diagnostic
criteria: PG-I ≤ 70 ng/mL and PG-I/Ⅱ ≤ 3) and
colorectal neoplasia. Including 20928 Finnish male
smokers (age range: 50-69 years old) participating
in the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study (ATBC), there was no increased risk
of CRC among those with low PG-I levels (< 25 μg/L; n
= 1665) and among those with biopsy-proven atrophic
gastritis (n = 1006) during a mean follow-up of 11.3

Previous studies have examined the relationship
between H. pylori infection and the location of
colorectal neoplasia, providing conflicting results.
[30]
Zhang et al
have postulated that the CRC risk
elevation associated with H. pylori infection was
essentially limited to the left colorectum with an OR
[34]
of 1.22 (95%CI: 1.02-1.45). Contrarily, Hong et al
supported the same for proximal neoplasms, whereas
no location-based differences were found in other
[15,37,38]
studies
. Experimental data based on animal
models have indicated that the mitogenic action of
gastrin, a putative trophic factor for colorectal mucosa,
[52-55]
is selective for the distal colon
. Congruently,
an association between hypergastrinemia and
distal distribution of adenomas was determined in

H. PYLORI-RELATED CHRONIC
GASTRITIS AND COLORECTAL
NEOPLASIA
[47]
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a prospective case-control study . On the other
hand, enhanced production of bile acids secondary
to colonic bacterial overgrowth, resulting in aberrant
DNA methylation, has been considered to increase the
[56,57]
risk of proximal CRC
. Using serum PG levels as a
[17]
marker, Inoue et al
determined that the proximal
adenoma risk increased stepwise with the presence
and progression of H. pylori-related chronic gastritis,
showing a maximal increase in association with
chronic atrophic gastritis. Contrarily, this last condition
appeared to imply no further risk with respect to distal
adenomas. Unlike previous observations highlighting
site-selective variations, the association between
histologically-proven H. pylori-positive gastritis and
the occurrence of colonic neoplasms was shown to be
[47]
similar across different locations of the large bowel .
Similarly to location issues, histology-based
associations remain inconclusive. Using immunohisto
[58]
chemical methods Soylu et al
have demonstrated
that the prevalence of H. pylori was higher in villous
[59]
type polyps. Oppositely, Jones et al
showed
significant associations between H. pylori prevalence
and tubular, tubulovillous adenomas and CRC cases,
but not with villous adenomas. According to Hong
[34]
et al , H. pylori seropositivity was more strongly
associated with the presence of advanced adenomas
(OR = 2.21, 95%CI: 1.41-3.48 vs 1.36, 95%CI:
1.10-1.68 for overall colorectal adenoma), whereas
[47]
Sonnenberg et al noticed a trend for the strength of
the associations to increase between H. pylori-related
gastritis and increasing histopathological severity of the
colonic neoplasms: hyperplastic polyps (OR = 1.42),
adenomas (OR = 1.82), villous adenoma or dysplasia
(OR = 2.17) and CRC (OR = 2.55). Contrarily, in
a study including 1256 African Americans (366 H.
pylori-positive; assessed by immunohistochemistry on
gastric specimens) the histology of colonic adenomas
(advanced vs non-advanced) was not substantially
[37]
related to H. pylori status .

elevated serum/plasma gastrin levels and an increased
[16]
risk of colorectal adenoma and/or CRC . However,
[21,24,26,66,67]
this notion was disputed by other studies
.
Critically, differences in gastrin levels attributable to
PPI use, variable follow-up duration and exclusive
measurement of amidated forms of gastrin may have
accounted for the conflicting results. Moreover, other
human models of long-term hypergastrinemia, such
as use of PPIs and Zollinger-Ellison syndrome, showed
no effect on the development of colonic adenomas
[68,69]
or CRC
. Remarkably, CRC tumor cells have been
shown to secrete gastrin themselves which likely act in
[70-72]
an autocrine manner
. Under this assumption, the
hypergastrinemia observed in CRC patients is likely
the epiphenomenon of gastrin secretion by tumor cells
and, indeed, a fall in serum/plasma levels of gastrin
has been observed following surgical resection of
[73,74]
CRC
. Taken together, these data support a role of
gastrin, but not plainly a relation with H. pylori, in the
[22]
development of colorectal neoplasia .
Reduced gastric acid secretion secondary to
H. pylori-related chronic atrophic gastritis might
contribute to colorectal carcinogenesis by promoting
[75,76]
changes in the colorectal microflora
. It has been
postulated that a selective growth of certain microbial
species, such as B. fragilis and E. faecalis, may
[77-79]
promote the development of CRC
. In a recent
report including 60 patients with CRC and 119 controls,
[80]
Sobhani et al demonstrated a significant association
between CRC and microbial dysbiosis, showing that the
quantitative polymerase chain reaction (qPCR) values
for Bacteroides/Prevotella were higher in CRC patients
as compared to controls. Noticeably, the odds of CRC
development in patients undergoing gastric surgery for
peptic ulcer disease, another condition associated with
[81-84]
a hyposecretory state, remain inconclusive
.
H. pylori is not an invader of the colonic epithelium,
nor it is known to reside in the colonic mucosa.
However, it moves through the colonic lumen, as
indicated by reports of fecal shedding of viable H.
[85]
pylori . Thus, local activation of colonic carcino
genesis may be hypothesized. In this regard, several
authorities have reported detection of H. pylori
organisms by immunohistochemistry in neoplastic
[58]
colorectal tissues. Soylu et al
reported a positive H.
pylori staining in 11 out of 51 (21.6%) colonic polyps
(31 tubular adenomas), whereas this rate was 1.7%
for normal specimens, 15.3% for adenomas and
[59]
16.9% for CRC in a series by Jones et al
including
176 specimens. Similarly, using cresyl violet staining
[86]
and immunohistochemistry, Kapetanakis et al
reported detection of H. pylori organisms in 64% and
84% of polyp (n = 25) and CRC (n = 50) specimens
respectively. False positive results cannot be precluded
by immunohistochemistry, thus some authors employed
PCR analysis for detection of H. pylori genomic material
[87]
in colorectal tissue. Grahn et al
detected H. pylori
DNA in 27% of CRC specimens, comparable to 22%
among patients undergoing colonoscopy for nonspecific

POTENTIAL ONCOGENIC ACTIONS OF H.
PYLORI TO COLORECTAL MUCOSA
Several pathogenetic mechanisms have been put
forward to explain the possible causal link between
H. pylori infection and colorectal neoplasia. Persistent
H. pylori exposure elicits hypergastrinemia, which is a
putative trophic factor for the colorectal mucosa and
[60]
thereby a plausible promoter of mutagenesis . Indeed,
gastrin has been shown to be directly mitogenic on
either normal or neoplastic colonic cells in vitro, whereas
non-amidated gastrins resulted in hyperproliferation
[61-65]
of colonic mucosa in transgenic mice
. However,
although both in vitro and in vivo data seem to
confirm the tumorigenic properties of gastrin and its
derivatives, this association still remains unclear in
humans. Several reports, including two prospective
[22,29]
studies
, confirmed a statistical relationship between
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[31]

gastrointestinal disturbances . Another study by
[88]
Bulajic et al
found that only 1.2% of malignant
colorectal tissue samples were positive for H. pylori,
compared with 6% of normal tissues.
Infection with virulent strain of H. pylori that
express CagA gene may contribute to colorectal
carcinogenesis by inducing enhanced inflammatory
responses, including overproduction of cytokines
such as IL-8, a known growth factor for human
[89]
CRC . Moreover, infection with CagA-positive H.
pylori is associated with higher levels of gastrin and
a higher likelihood of progression to chronic atrophic
[90,91]
gastritis
. To date, at least four studies have
determined a positive association between CagA
[16,22,27,67]
seropositivity and colorectal neoplasia
, while
[23,45,92]
other found no correlation
. As in the case of
gastric adenocarcinoma, additional bacterial factors
might be able to drive colonic carcinogenesis through
the induction of inflammatory responses and promotion
[93]
of neo-angiogenesis . Interestingly, gastric cancer
stem cells (CSCs) and recruited bone marrow-derived
cells (BMDCs) have been shown to contribute to
gastric cancer formation in a mouse model of chronic
[94]
helicobacter infection . Noteworthy, preliminary data
suggested increase expression of CD44 (a marker of
human hematopoietic stem cells and CSCs) in 78%
and 16% of patients with CRC and colorectal polyps
[86]
respectively . Thus, a potential oncogenic action of H.
pylori to colorectal mucosa mediated by the induction
of a chronic inflammatory process, CSCs stimulation,
and recruitment of BMDCs warrants further robust
assessment.

malignant tissues, either by immunohistochemistry
or PCR analysis, does not prove causality. On the
other hand, experimental data have indicated a
series of potential oncogenic interactions between H.
pylori and colorectal mucosa, including induction and
perpetuation of inflammatory responses, alteration of
gut microflora and release of toxins and/or hormonal
mediators which may contribute to tumor formation.
In the future, large-scale studies with rigorous
methodology are awaited to confirm H. pylori as an
infectious contributor in the complex multifactorial
process of colorectal tumorigenesis.
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Abstract
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Single incision laparoscopic surgery (SILS) is a
minimally invasive platform with specific benefits
over traditional multiport laparoscopic surgery. The
safety and feasibility of SILS has been proven, and
the applications continue to grow with experience.
After 500 cases at a high-volume, single-institution,
we were able to standardize instrumentation and
operative steps, as well as develop adaptations in
technique to help overcome technical and ergonomic
challenges. These technical adaptations have allowed
the successful application of SILS to technically difficult
patient populations, such as pelvic cases, inflammatory
bowel disease cases, and high body mass index patients.
This review is a frame of reference for the application
and wider integration of the single incision laparoscopic
platform in colorectal surgery.
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Core tip: As the surgery paradigm progresses towards
natural orifice transluminal endoscopic surgery, single
incision laparoscopic surgery (SILS) is a valuable
minimally invasive platform with specific clinical
benefits. After experience from 500 SILS cases, we
were able to standardize instrumentation and operative
steps, and have developed technical adaptations for
successful application in difficult patient populations.
This review is a frame of reference for the application
and wider integration of the single incision laparoscopic
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platform in colorectal surgery.

resection cases from July 2009 to the present. The
initial 500 consecutive cases performed through a
single incision laparoscopic approach were identified
and included in the analysis. All cases were performed
by 1 of 2 board-certified colorectal surgeons; both
surgeons were trained in laparoscopy and moderate
experienced (at least 150 colorectal resections and
approximately 50 laparoscopic colorectal resection) at
the start of the study period. Patients were excluded
if under 18 years of age, had incomplete medical
records, underwent a non-resection or stoma closure
procedure, or case performed through a multiport,
hand-assisted laparoscopy or open approach. Cases
converted to multiport, hand-assisted laparoscopy
or open surgeries were included for intention to treat
analysis, and the reason for conversion was assessed.
Patient demographic, perioperative procedural,
and short-term outcome data was evaluated. Data
fields collected included age, gender, body mass index
(BMI), ASA class, operative type (emergent/elective),
operative procedure, operative time, blood loss,
Intensive Care Unit stay required, length of stay, and
postoperative complications, readmission, reoperation,
and mortality rates. Complications were graded
[32]
using the validated Clavien-Dindo Classification .
All patients were managed postoperatively with a
standardized multimodal Enhanced Recovery Protocol
(ERP). Alvimopan was used routinely in the ERP from
2011 onward. In 2013, local wound infiltration with
®
long acting liposomal bupivacaine (EXPAREL , Pacira
Pharmaceuticals, Inc., Parsippany, NJ) were performed
at the port site at the completion of each case. In
2014, a post-induction pre-incision Transvs Abdominus
Plane block with long acting liposomal bupivacaine was
also routinely added to the protocol.

Keller DS, Flores-Gonzalez JR, Ibarra S, Haas EM. Review
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Minimally invasive platforms continue to progress
towards incisionless, natural orifice transluminal
endoscopic surgery (NOTES) to reduce surgical
[1]
trauma . NOTES remains in experimental stages, and
[2]
there is ongoing work is still to refine techniques .
In the meantime, single incision laparoscopic surgery
(SILS) is the closest platform available for routine
clinical practice. SILS, also referred to as Single Port
Access (SPA) and laparoendoscopic single-site surgery
(LESS), combines the cosmetic advantage and reduced
incision principles of NOTES with the familiarity of
performing surgical procedures with standard surgical
[3]
instruments . SILS was first reported in 1999 for
[4]
cholecystectomy , then successfully applied to
[3,5]
colorectal surgery in 2008 . Since that time, SILS
has been proven safe and feasible for both benign and
[6-15]
malignant colorectal disease
. In fact, SILS has
been suggested as a method to improve the outcomes
of traditional multiport laparoscopic surgery with
reduced tissue trauma, reduced perioperative pain
and narcotic use, improved cosmesis, lower rates of
port-site related complications, and shorter lengths of
[9,14,16-20]
stay
.
SILS has been reported as the next major advance
in the progression of minimally invasive surgical
[21,22]
approaches feasible in generalized use
. Given
the published support and our own outcomes, SILS
has been the main minimally invasive platform used
in our practice since 2008. Since that time, we have
completed more than 700 single incision laparoscopic
colorectal resection cases, continuously learning from
our experiences, expanding the application of the SILS
[23-31]
platform, and redefining our technique
.
During the initial 500 cases at a high-volume,
single-institution, we were able to standardize instru
mentation and operative steps, as well as develop
adaptations in technique to help overcome technical
and ergonomic challenges. The goal is for this review is
to be used as a frame of reference for the application
and wider integration of the single incision laparoscopic
platform in colorectal surgery.

GENERAL TECHNICAL STEPS
For SILS procedures, there are several commercially
produced access platforms available, with the most
commonly used being the SILS™ Port (Covidien,
Mansfield, Massachusetts, United States) and the
®
GelPOINT platform (Applied Medical, Rancho Santa
Margarita, California, United States).
Our operative steps for common SILS colorectal
procedures have been previously described and standar
[25,27-29,31]
dized
. Port placement is critical, as proper
placement can facilitate dissection, visualization, and
the overall technical ease of a single-incision operation.
Most procedures access the abdomen through a 2.5 cm
skin incision at the umbilicus, allowing the incision to be
“hidden” and giving full access to multiple quadrants.
The umbilical stump is divided to expose the underlying
fascia. The stump is completely detached from the
fascia, allowing intraperitoneal access through the
natural umbilical hernia defect, which is opened to
4 cm. The fascial incision can be opened further as
needed without extending the overlying skin incision.

DATABASE REVIEW
After Institutional Review Board approval, a prospective
divisional database was reviewed for elective colorectal
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through the access device. For right-sided lesions and
transverse colectomy, an extracorporeal anastomosis
is performed, while for procedures requiring an
anastomosis to the rectum, an intracorporeal circular
stapled anastomosis is completed under laparoscopic
visualization.

Overall experience

Between 2009 and 2014, we performed our initial
500 SILS colorectal resections. In our unselected case
series, the mean patient age was 57.6 (SD 15.4)
2
years, and the mean BMI was 26.5 (SD 4.7) kg/m .
More than half of the patients (57.6%) had prior
abdominal surgery. The main indications for operations
were colon cancer (n = 156, 31.2%), diverticulitis (n
= 133, 26.6%), and an unresectable polyp (n = 114,
22.8%). The main procedures performed were a right
hemicolectomy/ileocolic resection (n = 197, 39.4%),
an anterior rectosigmoidectomy (n = 134, 26.8%),
and a Low Anterior Resection (n = 69, 13.8%) (Table
1). The mean operative time was 149.9 (SD 62.0)
min. The average blood loss was 64.1 (SD 49.8) mL.
Eleven patients had an intraoperative complication
(enterotomy n = 4, bleeding n = 3, cystotomy n = 2,
splenic injury n = 2, thermal injury n = 1). Conversion
from SILS was required in 34 (6.8%) of these cases.
The reasons for conversion were adhesions (n = 13),
obesity/difficult reach (n = 5), poor visualization (n
= 5), dense specimen (n = 4), enterotomy (n = 3),
bleeding (n = 2), and anastomotic failure (n = 2).
During the 500 case series, Alvimopan was used
in 396 patients (79.2%), local wound infiltration with
long acting liposomal bupivacaine was used in 104
patients (20.8%), and a post-induction pre-incision
Trans vs Abdominus Plane block with local wound
infiltration using long acting liposomal bupivacaine was
used in 138 patients (27.6%).
Postoperatively, 49 patients had a complication
(9.8%). Twelve were Clavien Class 1 (ileus, n = 7;
dehydration, n = 5), 16 were Clavien Class 2 (superficial
Site Infection, n = 6; bleeding, n = 5; and urinary tract
infection, fever, pulmonary embolism, abdominal pain,
and C. Difficile infection, all n = 1); 18 were class 3
(anastomotic leak, n = 9; intrabdominal abscess, n = 8,
perforation, n = 1), 2 were class 4 (stroke and cardiac
issue), and one Class 5 (pulmonary). Twenty-two
patients were readmitted (4.4%), and 10 underwent
an unplanned reoperation (2.0%) within 30 d of the
index operation. The mean hospital length of hospital
stay was 3.9 ± 3.1 (median 3, range: 2-31) d. There
was one 30-d mortality in a patient with extensive
pulmonary metastases who underwent a semi-urgent
palliative resection. Postoperative details are seen in
Table 2.

Figure 1 Single incision laparoscopic surgery colorectal set-up.

For pelvic or cases requiring access to multiple qua
drants, a Pfannenstiel incision may be favorable. In
these cases, a 4 cm skin incision is made, and the
underlying fascia is opened to 4 cm. In cases where a
stoma is planned, the predetermined ostomy site may
also be used for the SILS port, resulting in “scarless”
[7,33-35]
surgery
.
The sleeve of the access device (GelPOINT, Applied
Medical, Rancho Santa Margarita, CA) is placed into
the abdominal cavity, and a lap sponge is introduced to
aid in small bowel retraction and cleaning the camera
lens throughout the procedure. The instrumentation
is also standardized. Three trocars are placed through
the device - 1 for the camera, 1 for the atraumatic
bowel grasper, and 1 for the energy device, the
cap is secured, and pneumoperitoneum is created.
As needed for retraction, an additional atraumatic
th
grasper is placed in the 4 trocar site. A 30° 5-mm
camera with a right-angle light cord adaptor is used
to allow rotation without interfering with the operator
and to reduce external collisions. An experienced
camera driver is helpful, as knowing tricks to decrease
collisions and optimize visualization without forced
movements can reduce the risk of inadvertent injury.
The SILS set-up is seen is Figure 1.
A medial-to-lateral approach to bowel mobilization is
performed with early identification and isolation of the
vascular pedicle. We use a hand-over-fist triangulation
technique for developing the retroperitoneal plane.
With this technique, the nondominant hand hold an
atraumatic grasper to lift the tissue, while the dominant
hand holds an energy device to systematically advance
[28]
the dissection through the retroperitoneal plane .
Once critical structures are identified, the vascular
pedicle is divided and the retroperitoneal plane is
further developed. When the full mobilization of the
retroperitoneal plane has been achieved, a lateralto-medial mobilization is performed to complete
mobilization. In the lateral-to-medial approach, the
non-dominant instrument retracts the colon medially
while the dominant instrument takes down the lateral
peritoneal attachments. When the intended resection
segment is fully mobilized, the segment is extracted
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With experience, SILS has been expanded and
applied to specific “difficult” patient populations. Using
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Table 1 Diagnosis and procedure for 1 500 single incision
laparoscopic surgery cases n (%)

Table 2 Outcomes for the 1 500 single incision laparoscopic
surgery cases n (%)

Diagnosis
Colon cancer
Diverticulitis
Polyp
IBD
Constipation
Rectal cancer
Incontinence/prolapse
Endometriosis
Other
Procedure
Right hemicolectomy/ileocolic resection
Anterior rectosigmoidectomy
Low anterior resection
Total/subtotal abdominal colectomy
Sigmoid/left Hemicolectomy
Transverse colectomy
Ileal pouch anal anastomosis
Small bowel resection

Variable
156 (31.2)
133 (26.6)
114 (22.8)
47 (9.4)
19 (3.8)
18 (3.6)
4 (0.8)
2 (0.4)
7 (1.4)
197 (39.4)
134 (26.8)
69 (13.8)
47 (9.4)
31 (6.2)
9 (1.8)
9 (1.8)
4 (0.8)

IBD: Inflammatory bowel disease.

the knowledge gained from 500 cases, technical
adaptations have been developed to successfully use
the SILS platform in these cases.

57.61 ± 15.54
26.47 ± 4.70
2 (2-4)
288 (57.6)
149.89 ± 61.98
64.13 ± 49.78
11 (2.2)
66 (13.2)
34 (6.8)
8 (1.6)
49 (9.8)
12
16
18
2
1
3.91 ± 3.06
22 (4.4)
10 (2.0)
1 (< 1.0)

found the technique was safe, technically feasible, and
did not compromise oncologic safety.
In the present SILS 500 case series, there was a
total of 138 SILS + 1 cases performed. The platform
was applied for diverticulitis (n = 82), rectosigmoid
junction cancer (n = 21), rectal cancer (n = 15),
unresectable polyp (n = 12), and inflammatory bowel
disease (n = 6). The procedures performed were an
anterior rectosigmoidectomy (n = 117), segmental
resection (n = 9), low anterior resection (n = 5), ileal
pouch anal anastomosis (n = 4), and a total abdominal
colectomy (n = 3). The mean operating time for these
procedures was 181.65 (SD 58.69) min. With the
technical adaption, only 4 cases required intraoperative
conversion (< 1.0%); the reasons for conversion were
bulky tumors (n = 2), a complex fistula (n = 1), and
dense adhesions (n = 1). The mean final Pfannenstiel
incision length was 4.2 (SD 0.8) cm. Postoperatively,
the mean LOS was 3.44 (SD 2.02) d and there were
5 complications (ileus, n = 3; intrabdominal abscess,
C. Difficile infection). Two complications required
readmissions (intrabdominal abscess, C. Difficile
infection), but there were no reoperations and no
mortalities in the SILS + 1 sub-group.
In a direct, case-matched comparison of SILS
and SILS + 1 in pelvic colorectal cases, we found
a significantly shorter operative time (mean 166.6
min vs 178.0 min, P = 0.03) and significantly lower
conversion rate to multiport or open surgery (n = 1,
1.1% vs n = 5, 11.4%, P = 0.02) using the SILS+1
[41]
vs the SILS approach (Table 3) . Postoperatively, the
length of stay. readmission or complication rates were
comparable across the cohorts. Thus, the additional
port improved visualization and outcomes without any
impact on quality outcomes (Figure 2).

PELVIC PROCEDURES
For pelvic procedures, the reach of the laparoscopic
instruments and visualization are an issue. In 2011,
after 140 SILS cases, a SILS + 1 approach was
developed to address these issues of operating in the
pelvis with a minimally invasive approach. In SILS +
1, a 4 cm Pfannenstiel skin incision is made for the
access platform and a single port is placed through
the umbilicus for the camera. This adaption allows
for an expanded view of the pelvis and abdomen
and addressed technical limitation of straight SILS,
including better access to the splenic flexure and fewer
external clashes between the surgeon and the camera
holder. SILS + 1 has been described and validated
in pelvic colorectal surgery, and demonstrates the
[27,28]
versatility of the platform
.
Outcomes with the SILS + 1 approach for pelvic
colorectal cases have been described in a few reports
[36]
in the existing literature. Kawamata et al performed
a comparison evaluation of SILS + 1 and multiport
laparoscopic surgery for anterior rectosigmoidectomy,
finding the platform was safe and effective. Case series
describing SILS + 1 results in pelvic cases include a
16 patient series of anterior rectosigmoidectomy for
[37]
rectal cancer patients , a 20 patient tumor specific
[38]
mesorectal excision in colorectal cancer patients ,
and single cases of an APR with lateral pelvic lymph
[39]
node dissection for treating rectal cancer , then for
total mesorectal excision (TME) with lateral pelvic
[40]
lymph node dissection . In all reports, the authors
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Value

Age (yr), mean ± SD
BMI (kg/m2), mean ± SD
ASA score, median (range)
Previous abdominal operation
Operative time (min), mean ± SD
Blood loss (mL), mean ± SD
Intraoperative complications
Stoma created
Intraoperative conversion
Postoperative ICU stay
Postoperative complications
Clavien class 1
Clavien class 2
Clavien class 3
Clavien class 4
Clavien class 5
Length of stay (d), mean ± SD
Readmission
Unplanned re-operation
Mortality
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Table 3 Single incision laparoscopic surgery vs single incision
laparoscopic surgery + 1 outcome data n (%)
SILS (n = 44) SILS + 1 (n = 88) P value

Value
Diagnosis
Diverticulitis
Rectal cancer
Gender
Female
Male
Age (yr)
Body mass index
(kg/m2), mean ± SD
ASA class, median
Procedure
Anterior
rectosigmoidectomy
Low anterior resection
Operative time (min),
mean ± SD
Conversion rate
Intraoperative
complications
Length of stay (d),
mean ± SD
Postoperative
complications
Readmission (30 d)

0.77
40 (90.9)
4 (9.1)

77 (87.5)
11 (12.5)

22 (50)
22 (50)
56.14 (12.83)
26.57 ± 4.36

44 (50)
44 (50)
57.16 (10.98)
27.63 ± 4.50

1.00

2 (range 2-3)

2 (range 2-4)

0.86
1.00

38 (86.4)

76 (86.4)

6 (13.6)
178.0 ± 70.0

12 (13.6)
166.6 ± 48.4

5 (11.4)
1 (2.3)
3.45 ± 1.00

1 (1.1)
1 (1.1)

0.63
0.42

Figure 2 Single incision laparoscopic surgery + 1 approach for pelvic
colorectal procedures.

0.051

had complications (anastomotic leak, n = 3; ileus, n
= 2; intrabdominal abscess, n = 1) - all patients with
an anastomotic leak were on high-dose steroids preoperatively. Four patients were readmitted within 30-d
of the index operation, and 2 required unplanned
reoperation for management of an anastomotic leak.
Several other reports have described this approach.
[7]
Geisler et al described the technique for an in
cisionless SILS total proctocolectomy with ileal anal J
pouch anastomosis through the ileostomy site for a
familial adenomatous polyposis patient. This patient
had a scarless abdomen other than ileostomy, and
the authors proved the safety and feasibility of this
[33]
technique. Abarca et al then reported on 17 patients
that underwent a SILS ileal J-pouch anal anastomosis
surgery with extraction of the specimen through
the ileostomy site for resection and extracorporeal
pouch construction). These patients had a shorter
operative time, shorter length of stay, and lower
complication rate than similar patients that had a
Pfannenstiel extraction site. Thus, there may be more
than cosmetic benefits to the modification of SILS in
Ulcerative Colitis patients.

0.021
1.00

3.56 ± 1.49

0.45

2 (4.5)

-

0.11

1 (2.3)

-

0.33

1

Statistically significant values at an alpha level of 0.05.

ULCERATIVE COLITIS CASES
The SILS platform is valuable in Ulcerative Colitis
patients undergoing a total abdominal colectomy or
total proctocolectomy with a predetermined ileostomy,
as the SILS port can be placed through the right
iliac fossa stoma site, and the patient can have an
“incisionless surgery”, where there are no incisions
or extraction sites other than their stoma. In this
patient population, that is predominately young and
self-conscious, minimizing incisions is paramount.
Using this approach, access is gained through a 2.5
cm circular incision at the planned ileostomy site. The
colon is fully mobilized using an inferior to superior
approach, and dissection of the colon and division of
the mesentery takes place directly by the bowel wall
to spare length, minimize manipulation of a thickened
edematous mesentery, and protect the vasculature,
especially in the ileocolic region, as the vessels need to
be spared, as they are the blood supply for the future
J pouch.
st
During our 1 500 SILS cases, we performed 30
“incisionless” total abdominal colectomies with an end
ileostomy as described. The mean age was 44.3 (SD
2
15.7) years, and mean BMI was 24.5 (SD 4.5) kg/m .
Forty percent of patients had a previous abdominal
operation. The mean operative time was 216.1
(SD 62.5) min. One patient (3.3%) was converted
intraoperatively for poor visualization. There were
no intraoperative complications. The mean length of
stay was 4.5 (SD 4.2) d. Postoperatively, 6 patients
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HIGH BMI
Laparoscopy has been proven beneficial in obese
[14,42-50]
patients
; however, there is little data on singleincision laparoscopic outcomes in the obese. Most
of the published literature with the SILS platform
regulated it for experienced laparoscopic surgeons
[7,51-56]
and non-obese patients
. In fact, in describing
training colorectal surgeons in SILS, patients initially
2
selected had an average BMI of less than 30 kg/m ,
with obese patients only incorporated after significant
[53]
experience . One study comparing outcomes for
SILS and traditional multiport laparoscopic colorectal
surgery in the obese found similar conversion rates,
operative time, postoperative recovery and length of
[57]
stay across the platforms .
In our institution, a case-matched cohort study of
2
80 obese patients obese (BMI ≥ 30 kg/m ) and 80
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INTEGRATION WITH ROBOTIC ASSISTED
LAPAROSCOPIC CASES FOR RECTAL
CANCER

Table 4 Single incision laparoscopic surgery for obese vs nonobese patients n (%)
Non-obese (n = 80) Obese (n = 80) P value

Parameter
Age (yr), mean ± SD
Gender
Male
Female
Body mass index
(kg/m2)
ASA score, median
(range)
Diagnosis
Diverticulitis
Colon cancer
Polyp
Inflammatory bowel
disease
Constipation
Procedure
Anterior
rectosigmoidectomy
Right hemicolectomy
Total abdominal
colectomy
Left colectomy
Transverse colectomy
Operative time (min),
mean ± SD
Blood loss (mL),
mean ± SD
Intraoperative
complications
Intraoperative
conversion
Final incision length
(cm), mean ± SD
Length of stay (d),
mean ± SD
Postoperative
complications
Reoperation
Readmissions

57.2 ± 12.8

57.0 ± 12.7

41 (51.2)
39 (48.8)
22.8 (2.3)

41 (51.2)
39 (48.8)
33.4 (3.2)

Ⅱ (Ⅰ-Ⅲ)

Ⅲ (Ⅰ-Ⅳ)

0.926
1.000

To facilitate the laparoscopic portion of a robotic low
anterior resection for rectal cancer, we developed a
novel reduced port set-up. The SILS port is placed
through a predetermined right iliac fossa stoma site
and a 12 mm port is placed at the umbilicus for the
laparoscopic camera. Three 5 mm assistant ports
are placed through the SILS port, as well as a 8 mm
robotic assist port, reducing the port incisions. For the
robotic portion of the case, two 8 mm accessory ports
are placed along the left mid-axillary and left lateral
sidewall. The patient is positioned, prepped, draped,
and all ports are placed. However, the robot is not
docked initially. The case begins with a laparoscopic
splenic flexure dissection and ligation of the Inferior
Mesenteric vessels. Then, the robot is docked for
the pelvic portion. Arm 1 is docked to the patient’s
right and used for dissection, while arms 2 and 3 are
docked to the patient’s left and used for retraction.
The mesorectum is divided beyond the tumor, a
circumferential dissection is performed around the
rectum, and the rectum is divided. The stapler is
fired through the SILS port, eliminating the need
for an additional 12 mm port. The specimen is can
also be extracted through the SILS port, eliminating
the additional Pfannenstiel extraction incision. An
extracorporeal resection is performed, the colon
is returned to the abdomen, and an end-to-end
anastomosis is created. The robot is not undocked
during this portion, and readily available to address any
issues with the anastomosis. Per surgeon preference, a
loop ileostomy can be pulled through the SILS port to
protect the low rectal anastomosis, leaving the patient
with 8 mm scars and a hidden umbilical scar.
During the study period for the 500 case series, 15
cases were performed using the reduced port robotic
assisted low anterior resections technique for rectal
cancer (Figure 3). Eleven patients had neoadjuvant
chemoradiation. The mean patient age was 60.2 (SD
9.8) years, and 12 were male. The mean BMI was
2
30.2 (SD 7.55) kg/m . There were no intraoperative
complications or conversions. The mean operative
time was 306.6 (SD 95.2) min. The mean length of
stay was 3.8 (SD 1.6) d. Postoperatively, there were 3
complications- dehydration (n = 2) and an abdominal
wall abscess. All 3 patients were readmitted. There
were no unplanned reoperations or mortality in the
series.

< 0.001
0.035*
1.000

29 (36.3)
23 (28.7)
17 (21.3)
7 (8.7)

29 (36.3)
23 (28.7)
17 (21.3)
7 (8.7)

4 (5.0)

4 (5.0)

39 (48.8)

39 (48.8)

29 (36.3)
7 (8.8)

29 (36.3)
7 (8.8)

3 (3.8)
2 (2.5)
144.4 ± 47.2

3 (3.8)
2 (2.5)
176.9 ± 64.0

1.000

51.6 ± 38.0

89.0 ± 139.5

< 0.001
< 0.001

2 (2.5)

1 (1.3)

0.987

2 (2.5)

4 (5.0)

0.682

3.5 ± 1.1

4.0 ± 1.5

0.080

3.7 ± 2.1

4.1 ± 2.2

0.332

6 (7.5)

10 (12.5)

0.430

2 (2.5)
3 (3.8)

1 (1.3)
3 (3.8)

0.987
1.000

2

non-obese (BMI < 30 kg/m ) patients undergoing an
elective single incision laparoscopic colectomy was
performed, where we found similar intraoperative
complication (2.5% non-obese vs 1.3% obese, P =
0.987), conversion (2.5% non-obese vs 5.0% obese,
P = 0.682), postoperative complications (7.5%
non-obese vs 12.5% obese, P = 0.430), length of
stay (3.7 d non-obese vs 4.1 d obese, P = 0.332),
readmission (3.8% in both groups, P = 1.000) and
reoperation rates (2.5% non-obese vs 1.3% obese, P
[58]
= 0.987) across groups . The obese cohort did have
significantly longer mean operative times (144.4 min
non-obese vs 176.9 min obese, P < 0.001) and mean
blood loss (51.6 mL non-obese vs 89.0 mL obese, P
< 0.001); however, these measures did not impact
outcome measures (Table 4). Thus, in the obese,
where higher morbidity and conversion rates are
common, by accepting longer operative times, SILS
can be used to realize the minimally invasive benefits
in these technically challenging cases.
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CONCLUSION
SILS is a minimally invasive platform with specific
benefits over traditional multiport laparoscopic
surgery. The safety and feasibility of SILS has been
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11

12

13

Figure 3 Reduced port robotic assisted laparoscopic surgery.
14

proven, and the applications continue to grow with
experience. After performing 500 cases, we developed
best practices to approach common procedures,
standardizing the instrumentation and operative steps.
With this breadth of experience, we have also applied
the SILS platform to special patient populations and
developed adaptations to help overcome technical and
ergonomic challenges faced with in minimally invasive
colorectal surgery.
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Abstract

Fausto Catena, Department of Emergency and Trauma Surgery,
Maggiore Hospital, 43126 Parma, Italy

The greatest advantages of laparoscopy when com
pared to open surgery include the faster recovery times,
shorter hospital stays, decreased postoperative pain,
earlier return to work and resumption of normal daily
activity as well as cosmetic benefits. Laparoscopy today
is considered the gold standard of care in the treatment
of cholecystitis and appendicitis worldwide. Laparoscopy
has even been adopted in colorectal surgery with
good results. The technological improvements in this
surgical field along with the development of modern
techniques and the acquisition of specific laparoscopic
skills have allowed for its utilization in operations with
fully intracorporeal anastomoses. Further progress in
laparoscopy has included single-incision laparoscopic
surgery and natural orifice trans-luminal endoscopic
surgery. Nevertheless, laparoscopy for emergency
surgery is still considered challenging and is usually not
recommended due to the lack of adequate experience
in this area. The technical difficulties of operating in
the presence of diffuse peritonitis or large purulent
collections and diffuse adhesions are also given
as reasons. However, the potential advantages of
laparoscopy, both in terms of diagnosis and therapy, are
clear. Major advantages may be observed in cases with
diffuse peritonitis secondary to perforated peptic ulcers,
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for example, where laparoscopy allows the confirmation
of the diagnosis, the identification of the position of the
ulcer and a laparoscopic repair with effective peritoneal
washout. Laparoscopy has also revolutionized the
approach to complicated diverticulitis even when
intestinal perforation is present. Many other emergency
conditions can be effectively managed laparoscopically,
including trauma in select hemodynamically-stable
patients. We have therefore reviewed the most recent
scientific literature on advances in laparoscopy for
acute care surgery and trauma in order to demonstrate
the current indications and outcomes associated with
a laparoscopic approach to the treatment of the most
common emergency surgical conditions.

growing number of surgeons have instilled confidence
in the procedure.
Further progress in laparoscopy has been made
by single-incision laparoscopic surgery (SILS).
Through a single incision, usually transumbilical, a
vast array of operations can be performed including
cholecystectomies, appendectomies, colorectal
resections and minor liver resections (e.g., left liver
lobe resections). More recently, an innovative and
challenging technique, natural orifice trans-luminal
endoscopic surgery (NOTES), has been developed with
the intent to greatly improve outcomes in terms of
cosmetics, diminished postoperative pain and faster
return to normal activity. NOTES consists of performing
abdominal interventions by accessing the cavity
through natural orifices such as the stomach, rectum,
vagina or urinary bladder, thereby achieving truly
scarless surgery. For the moment, NOTES remains a
surgical procedure performed at only a few centers
worldwide on highly selected patients.
Whereas it is used extensively for elective surgery,
laparoscopy for emergency surgery is still considered
too challenging and is not usually recommended.
There are numerous reasons which include technical
difficulties associated with diffuse peritonitis, large
purulent collections and adhesions. It is also often
very difficult to plan a laparoscopic approach for after
hours emergency procedures or during a night shift
because the procedure is limited by time as well as by
the accessibility of equipment and surgical personnel,
especially in rural hospitals. Nonetheless, the
potential advantages of laparoscopy, both in terms of
diagnosis and therapy, for acute abdomen have been
[2]
highlighted .
Laparoscopy can be safely performed for the
treatment of acute complicated appendicitis even in
the presence of a large purulent abscess or diffuse
peritonitis. Gangrenous or perforated cholecystitis can
likewise be managed laparoscopically as well.
A perforated peptic ulcer (PPU) is another acute
condition in which laparoscopy may serve as a
diagnostic tool, permit the direct repair of the defect
and allow the subsequent lavage of the peritoneal
cavity, providing practical advantages in terms of less
postoperative pain, faster recovery and earlier return
[3]
to work .
This minimally-invasive approach becomes very
useful in cases of peritoneal carcinomatosis, allowing
diagnosis as well as palliative treatment (i.e., loop
ileostomy) when appropriate.
Laparoscopy has also revolutionized the approach
to complicated diverticulitis, even when intestinal
perforation is present. In fact, laparoscopic lavage
has recently emerged as an effective alternative for
the treatment of perforated diverticula with purulent
peritonitis. Furthermore, if a Hartmann’s Procedure
is necessary, the sigmoid resection can be safely
performed laparoscopically with the end stoma
fashioned after the extraction of the specimen.

Key words: Laparoscopy; Acute care surgery; Singleincision laparoscopic surgery; Natural orifice transluminal endoscopic surgery; Trauma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although laparoscopy today represents the
undisputed standard of care for the treatment of acute
cholecystitis and appendicitis worldwide, laparoscopy
for emergency surgery is still considered challenging
and not recommended due to the lack of adequate
experience and/or appropriate laparoscopic skills.
However, the potential advantages of laparoscopy,
both in terms of diagnosis and therapy, are clear.
Like complicated appendicitis and cholecystitis, major
advantages may be observed in cases with diffuse
peritonitis secondary to perforated peptic ulcers, acute
diverticulitis and many other often traumatic emergency
conditions.
Mandrioli M, Inaba K, Piccinini A, Biscardi A, Sartelli M,
Agresta F, Catena F, Cirocchi R, Jovine E, Tugnoli G, Di Saverio
S. Advances in laparoscopy for acute care surgery and trauma.
World J Gastroenterol 2016; 22(2): 668-680 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i2/668.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i2.668

INTRODUCTION
Laparoscopy today is accepted as the gold standard
in the treatment of cholecystitis and appendicitis
worldwide. Currently, laparoscopy has even been
adopted in colorectal surgery with good results. The
advantages of laparoscopy include faster recovery,
shorter hospital stay, decreased postoperative pain,
earlier return to work and resumption of normal daily
[1]
activity as well as cosmetic benefits .
The technological improvements in this field include
the development and perfection of laparoscopic
instruments, including endo-staplers and harmonic
scalpels. The development of modern laparoscopic
techniques and the acquisition of these skills by a
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LA is now well accepted as the gold standard of
[9,10]
care in cases of acute appendicitis
. Many studies
[11-16]
demonstrate LA to be feasible, safe and effective
.
These studies show LA to be superior to OA due to
shortened hospital stays, lower complication rates, earlier
[17,18]
return to work and resumption of normal activity
.
Nonetheless, uniform usage of LA over OA has not
yet been reached. The presumed higher costs for LA
are one of its major limitations. Several studies indicate
that laparoscopy incurred higher operating room and
supply charges owing to the use of more expensive
[19-21]
disposable medical devices
. Expenses do vary
widely and can be influenced by both technique and
surgical skill.
Operative times are predominantly surgeondependent and increases in the learning curve
[22]
correlate with a reduction in surgical time .
Much of the costs for LA result from the routine
employment of staplers as well as disposable devices.
Although staplers are easy to use, quick and provide a
secure closure of the appendicular stump, equally safe
and inexpensive options have been described to secure
the stump. Endoloops and intracorporeal knotting have
[23]
been shown to be alternative methods . Loops are
not recommended in cases where there is a perforated
base or when inflammation occurs on the caecum
wall. In such cases a stapler is preferred as the safer
method of closure.
Economic analyses have been performed for the
use of staplers and other disposable devices as well as
for the indirect costs associated with lost productivity
during hospitalization and subsequent recuperative
[14]
periods . Considering these costs, studies indicate LA
to be less expensive than OA overall. Even when high
costs of Laparoscopic conversions to open procedures
are factored into the cost analysis, LA remains the
most cost-effective procedure in use today.
Over the last decade, an innovative technique,
single incision laparoscopic surgery (SILS), has been
developed with the intent to improve cosmesis,
[24,25]
postoperative pain and return to normal activity
.
Transumbilical SILS has recently attracted the
attention of surgeons worldwide with the innovative
[26]
possibility of performing virtually scarless surgery
(Figures 1 and 2). Several studies and randomized
trials have tested and compared single incision
laparoscopic appendectomy (SILA) with LA showing
[27,28]
similar postoperative results
. Notwithstanding,
the increased costs for SILA compared with LA is still
[29,30]
a major disadvantage that limits this technique
.
Moreover, the use of angled instruments and the
loss of triangulation between them, due to coaxiality,
makes SILS a difficult procedure requiring advanced
laparoscopic skills. These factors may be associated
with an increased rate of postoperative complications
[30]
and longer surgical times .
In addition to the cosmetic results related to the
reduced number of incisions (and trocars), this has

Figure 1 Single-incision laparoscopic surgery appendectomy in a 14
year old female: Umbelical scar after 8 post-operative days. Provided by
personal courtesy of Dr. S. Di Saverio, MD, FACS, FRCS.

Finally, the stoma reversal can be performed
laparoscopically two months later with a trans-anal
stapled colon-rectal anastomosis. After such minimallyinvasive procedures, adhesions are usually minimized
when compared to an open intervention.
Other conditions can be effectively approached
laparoscopically including small-bowel obstruction,
especially if due to a single adhesive band, ischemic
small-bowel strangulation by volvulus on a single
band, large bowel obstruction by colon carcinoma,
diffuse peritonitis with or without large intra-abdominal
abscess, incisional hernia and many more.
Major contraindications to the use of laparoscopy
for emergency surgery are haemodynamic instability
caused by severe hemorrhagic or septic shock.
Another challenge concerns the use of CO2 to create
pneumoperitoneum due to the possible development
of respiratory failure with hypercapnia and toxic shock
[4]
syndrome in older patients with multi-comorbidities .
The objective of the present work is to describe
state of the art laparoscopic implications for the
most common emergency surgical conditions. The
most recent scientific literature on the advances in
laparoscopy for the treatment of the most critical
surgical interventions will be summarized.

APPENDICITIS
Appendicitis is the most common cause of intra[5]
abdominal surgical emergency in the Western world .
Clinical diagnosis of appendicitis remains imperfect
and negative exploration, especially in females of
[6]
childbearing age, is still as high as 34 percent .
Since its introduction, open appendectomy (OA)
has been the gold standard of care for well over a
[7]
century . Laparoscopic appendectomy (LA) was first
[8]
described back in 1983 and some of its benefits
were immediatly apparent: superior visualization
of the peritoneal cavity, enabling the diagnosis of
alternative diseases in the case of a normal appendix
and cosmetic considerations.
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Figure 2 Single-incision laparoscopic surgery to multiport laparoscopic
conversion. Right colectomy for intended appendectomy: functional and
aesthetic outcome. The procedure began as an intended single-incision
laparoscopic surgery appendectomy. After discovering a wide perforation of the
gangrenous cecum, the procedure was converted to a multiport laparoscopic
right colectomy. With an umbelical port for the camera, two further trocars were
inserted: a 5 mm trocar in the left iliac fossa and a 12 mm trocar in the left
flank as an opertive port and for the insertion of the endostapler. Provided by
personal courtesy of Dr. S. Di Saverio, MD, FACS, FRCS.

Figure 3 Laparoscopic adhesiolysis for small bowel obstruction following
pedriatic surgery with median laparotomy: Functional and aesthetic
outcome. The camera was in the Hasson trocar in the paraumbelical port. Two
operative 5 mm trocars were placed in the left hypocondrium and in the left
iliac fossa respectively. Provided by personal courtesy of Dr. S. Di Saverio, MD,
FACS, FRCS.

open adhesiolysis has also been the primary surgical
treatment for adhesive SBO.
Owing to the small working space and the inherent
difficulty in localizing the site of the obstruction
along with the very high risk of causing injury to the
distended bowel, laparoscopic adhesiolysis for SBO
has never been considered an appropriate procedural
choice for intestinal adhesions in the past.
Laparoscopic adhesiolysis for SBO was first
[38]
reported by Bastug et al
in 1991 for the division
of a single adhesive band. However, the safety of
laparoscopic surgery in the treatment of adhesive
SBO is still unclear because only a few reports show
its safety and no randomized controlled trials compare
[39]
open with laparoscopic adhesiolysis .
The potential advantages of laparoscopic surgery
for SBO are similar and include decreased length
of hospital stay, fewer complications and shorter
operative times (Figure 3). Higher rates of reoperation,
unrecognized enterotomy, and inability to properly
evaluate compromised bowel have all been cited as
[40]
disadvantages to laparoscopic intervention for SBO .
In addition, a higher rate of bowel injury associated
[41]
with laparoscopy for SBO has been reported . This
likely depends on the grade of the adhesions, surgeon
[42]
experience , the use of thermal coagulation for
dissection and the impaired tactile feedback during
laparoscopic manipulation. Patients with no more than
two prior operations, operated on early (24 h after
hospitalization vs 48 h) for single band obstruction
rather than diffuse adhesions are likely the most
[43]
suitable for performing laparoscopic adhesiolysis .
[44]
One study
revealed that patients with SBO after
only an appendectomy or a cholecystectomy are good
candidates to be treated laparoscopically.
Therefore, laparoscopic adhesiolysis for SBO is
recommended in selected patients with a maximum
of two previous laparotomies, especially in cases of
appendectomy or cholecystecomy, with a suspected

also been thought to decrease postoperative pain and
to accelerate postoperative recovery. Nevertheless,
the early trials did not achieve consensus on this
[30-33]
issue
.
As for the length of hospital stay and return to
normal activity, SILA recovery time is nearly equal
[27,28]
to LA
and is, therefore, not a singularly decisive
factor in choosing one procedure over the other.
Although the low rate of surgical-site infection has
been one of the primary advantages of LA over OA, the
use of a single laparoscopic access point surprisingly
emerged early-on to potentially increase the risk of
[34,35]
postoperative wound infections
. Interestingly,
a large retrospective study found that the wound
infection rate became smaller over time, suggesting
that the infection rate may depend more on the
[36]
surgeon’s experience than with the technique .
Another matter of debate concerns the use of
drainage. The decision to leave a drain at the end of
the SILS procedure complicates the advantage of the
single umbilical incision.
In conclusion, LA is the procedure of choice for
the treatment of acute and complicated appendicitis,
wherease SILA should be considered for the minimallyinvasive treatment of acute appendicitis in selected
cases at centers capable of this technique.

SMALL BOWEL OBSTRUCTION
Abdominal adhesions represent the most common
cause of intestinal obstruction, responsible for 60% to
[37]
70% of small bowel obstruction (SBO) .
Laparotomy is one of the most important causes
of adhesions in the abdominal cavity. The incidence
of abdominal adhesions after laparotomy has been
[37]
estimated to be as high as 94%-95% . Nevertheless,
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Figure 4 Laparoscopic Hartmann’s procedure for perforated Hinchey Ⅲ
diverticulitis in a 39 years old female: End colostomy and drains. On the
right iliac fossa a large 12 mm port was used for introducing the endostapler
and for distal colonic resection. On the left flank, a fourth port was inserted for
the assistant surgeon. The sigmoid was then extracted from the left flank by
enlarging the port to a 4 cm incision. The end colostomy was then fashioned on
the left flank using the same incision. Provided by personal courtesy of Dr. S. Di
Saverio, MD, FACS, FRCS.

Figure 5 Resection with primary anastomosis for Hinchey Ⅳ diverticulis
in a young patient: Functional and aesthetic outcome. A suprapubic 12
mm trocar was used for introducing the endostapler and performing the fully
intracorporeal anastomosis. The specimen was then extracted by enlarging the
suprapubic incision to a 4 cm minilaparotomy. Provided by personal courtesy of
Dr. S. Di Saverio, MD, FACS, FRCS.

The Hartmann’s Procedure has been the undisputed
primary procedure for perforated diverticulitis during
the last century. More recently several studies have
compared non-restorative resection with primary
[50-55]
anastomosis
. Interestingly, significant differences
have resulted in favour of primary anastomosis in terms
[56]
of stoma reversal rate and other complications .
Furthermore, studies have investigated the role of
laparoscopic resection and laparoscopic lavage as an
alternative to the standard open procedures for the
[57]
treatment of complicated diverticulitis .
Laparoscopy in perforated diverticulitis can not
only confirm the diagnosis, but can also be therapeutic
by allowing the lavage of the peritoneal cavity. Clear
indications for laparoscopic lavage in the treatment
[57]
of acute diverticulitis have not yet been reached .
Notwithstanding, current data suggest that laparoscopic
lavage could potentially become the definitive
treatment for perforated diverticulitis in selected
[57]
cases . Laparoscopic lavage requires careful patient
selection and assessment for occult perforations. Also,
it is suitable only in cases of purulent peritonitis (Hinchey
Ⅲ). If a perforation is identified, resection with or
[56]
without primary anastomosis would be required .
In 1991 the first laparoscopic sigmoid colectomy
[58]
for diverticular disease was reported by Jacobs . To
date, many studies and a few randomized trials have
[57]
been published on this subject . Elective laparoscopic
resection emerged to be feasible and safe as well as
associated with increased operative time with fewer
postoperative complications and shorter hospital stay as
[57]
compared to standard open colectomy . Indications
for laparoscopic colectomy remain uncertain and not
[59]
yet widely accepted for Hinchey stage Ⅲ or Ⅳ
(Figures 4 and 5). Laparoscopic colectomy is likely to
become adopted as the standard surgical procedure
for complicated diverticulitis when surgeons become
more confident with the technique.

single-band obstruction and after early onset of
symptoms. Ultimately, adequate surgeon experience
and advanced laparoscopic skills are mandatory to
safely perform this practice.

DIVERTICULITIS
Although colonic diverticula affect approximately 60%
[45]
of people over 80 years old , current data reveal
that only 4% of them will eventually develop an acute
[46]
episode of diverticulitis .
Nonetheless, acute diverticulitis represents an
increasing surgical problem worldwide.
Based on the presence of complications such as
abscess, fistula, obstruction or perforation, diverticulitis
can be classified as either complicated or uncom
plicated. Complicated diverticulitis, demonstrated
by CT imaging and graded according to the Hinchey
[47]
Classification , often requires operative or percu
taneous intervention.
In the past, emergency surgery for acute diver
ticulitis was performed in 15% of cases to manage
acute diverticulitis complicated by intra-abdominal or
[48]
pelvic abscess . Today, it is commonly assumed that
a small abscess of less than 4 cm without peritonitis
(Hinchey stage Ⅰ) can be managed successfully with
broad-spectrum antibiotics, bowel rest and observation
[49]
only ; whereas, in cases of peridiverticular abscess
larger than 4 cm (Hinchey stage Ⅱ), CT-guided
[49]
percutaneous drainage is recommended .
Hinchey stage Ⅲ and Ⅳ diverticulitis, the presence
of a large inaccessible abscess as well as the lack
of improvement or deterioration within three days
of conservative management, are all well accepted
[49]
indications for emergency operative treatment .
The surgical approach for perforated diverticulitis
has radically changed over the last few decades.
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Figure 6 A four-trocar laparoscopic gastroduodenal resection for duodenal perforation. A: “Open-book” duodenal perforation; B: Dissecting the inflamed
pylorus from the head of the pancreas; C: Duodenal resection; D: Oversewing the duodenal stump; E: Performing latero-lateral intra-corporeal stapled anastomosis
on the posterior stomach wall; F: Closing the enterotomy with interrupted stitches; G: Functional and aesthetic outcome. Provided by personal courtesy of Dr. S. Di
Saverio, MD, FACS, FRCS.
[62]

remaining 10% of acalculous cholecystitis
is usually
due to other secondary conditions such as trauma,
burns, recent surgery, multisystem organ failure,
[61]
parenteral nutrition, AIDS or ischemia . Gallstones
are estimated to affect about 10%-15% of Western

ACUTE CHOLECYSTITIS
On average, 36% of cholecystectomies are performed
[60]
for acute cholecystitis . Cholelithiasis causes
[61]
90% of the cases of acute cholecystitis ; and the

WJG|www.wjgnet.com

673

January 14, 2016|Volume 22|Issue 2|

Mandrioli M et al . Emergency laparoscopic surgery
stectomy (SILC) has recently been introduced with the
intent to improve cosmetic results by leaving no visible
exterior abdominal scars. Since the surgical evidence
is hidden within the umbilicus, SILC subsequently
decreases postoperative pain and accelerates
postoperative recovery as well. Interestingly however,
randomized trials comparing SILC vs LC showed no
differences in the Visual Analog Scale pain score or
[82,83]
postoperative analgesic administration
. It is likely
that total wound tension may rise non-linearly with
[84]
increasing incision length
and so tension across
multiple incisions may be less than the total tension
[84]
for a single incision of the same total length .
Accordingly, using two small trocars should be better
[82]
than using a single large trocar . In addition, despite
the smaller skin incision in SILS, the total size of fascial
defects may be equal to the size required for classic
laparoscopy.
Even though SILC has been associated with
[82,83]
slightly longer surgical times
, mostly due to the
advanced laparoscopic skills required to perform it, the
procedure may also negatively affect postoperative
complication rates. Because of the short follow-up time
available, data regarding incisional hernia rates are
sparse and more comparative evidence is still needed.
Theoretically, the larger fascial incision with SILS would
increase the risk of postoperative hernias.
Finally, heterogenity exists among the procedures
described as SILC in scientific literature, especially
regarding the employment of different multiport
devices and instruments.
SILC may be considered as a safe alternative to
LC for the treatment of gallstone-related disease in
selected uncomplicated patients. However, further
study will be required before widespread use of this
technique can be advocated.

Figure 7 Nine post-operative days after laparoscopic repair of a
perforated peptic ulcer: functional and aesthetic outcome. Provided by
personal courtesy of Dr. S. Di Saverio, MD, FACS, FRCS.
[63-66]

populations
, of which 1% to 4% will develop
acute cholecystitis or symptomatic cholelithiasis every
[67]
year .
The prevalence and the superiority of laparoscopic
cholecystectomy (LC) over the standard open procedure
for the treatment of acute cholecystitis is well accepted.
In the US about 1.5 million cholecystectomies are
[68]
performed annualy , of which 70%-90% are carried
[68,69]
out laparoscopically
.
In the past, there were concerns with LC due to the
higher morbidity rates in emergency procedures and
[70]
the higher conversion rate to an open procedure .
Severe inflammation and fibrotic adhesions are the
main reasons for conversion in early and delayed
[71,72]
laparoscopic cholecystectomy respectively
and are
the most important causes associated with bile duct
[73]
injury . Although retrospective studies reported a
larger number of bile duct injuries associated with early
[74,75]
laparoscopic surgery
, no significant differences
[69]
have ever been found in randomized trials . The
optimal timing of surgery in cases of acute cholecystitis
has always been a topic of debate. Not long ago,
patients were managed conservatively for the purpose
of cooling down the inflammatory process so that
operations could be performed weeks later. Current
data suggest that early laparoscopic cholecystectomy
for acute cholecystitis is superior to late or delayed
laparoscopic cholecystectomy in terms of outcome
[68,76]
and costs
. During the first 72 h surgical dissection
may be easiest because of the lack of organized
[77]
adhesions , reducing the risk of bile duct injuries and
decreasing the rate of complications.
The concept of early cholecystectomy has now been
discussed by some authors in terms of what should
be considered the “golden hours”. In fact, although
guidelines recommend laparoscopic cholecystectomy
[78-80]
within the first 48-72 h after symptom onset
,
a recent randomized trial has showed laparoscopic
cholecystectomy performed within 24 h of admission
to be superior when compared to delayed laparoscopic
[81]
cholecystectomy .
Transumbilical single-incision laparoscopic cholecy

WJG|www.wjgnet.com

PPU
Although the incidence of PPU drastically decreased
after the identification of Helicobacter pylori as the
prime cause with the subsequent introduction of
[85,86]
proton pump inhibitor therapy in clinical practice
,
the diagnosis of PPU has been increasing over the
past decade possibly due to the larger-scale use of
[87]
nonsteroidal anti-inflammatory drugs .
The surgical treatment of PPU consists of the repair
of gastric or duodenal defects by direct suturing with
or without placement of an omental patch, peritoneal
lavage and drainage.
The attempt to laparoscopically repair a PPU was
first described at the beginning of the laparoscopic era
[88,89]
many years ago
. The laparoscopic approach to
PPU has several advantages including the confirmation
of the diagnosis, the subsequent identification of
the ulcer and possibly its closure, with lavage of the
peritoneal cavity, all without the need for a laparotomy
(Figures 6 and 7). Nevertheless, early randomized
trials did not find any advantage of laparoscopic PPU
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Figure 8 A large completely perforated jejunum mesenteric border with a 180° laceration of the wall. A: Peritoneal penetration; B: Laparoscopic exploration
and individuation of the site of the perforation; C: Wide perforation of the ileus; D: Performing latero-lateral intra-corporeal stapled anastomosis after a limited jejunal
resection; E: Functional and aesthetic outcome. Provided by personal courtesy of Dr. S. Di Saverio, MD, FACS, FRCS.
[90]

repair as compared with the open approach .
Throughout the most recent literature, laparoscopy
has emerged as a feasible and safe, effective alternative
to the traditional open treatment of PPU, if conducted
[91]
by expert operators on properly selected patients .
Notwithstanding, only a few randomized trials were
conducted comparing laparoscopic vs open repair of
PPU and none of them reported statistically significant
differences with regard to post-operative pain or
[90]
complications . The exception to this is a recent
randomized, controlled trial showing laparoscopic repair
of PPU to be associated with decreased post-operative
[92]
pain, hospital length of stay and morbidity .
Although laparoscopy for PPU provides potential
advantages over open repair in terms of postoperative
morbidity and mortality, published data are sparse and
further randomized controlled trials with larger sample
sizes are needed to arrive at substantiated conclusions.

WJG|www.wjgnet.com

ABDOMINAL TRAUMA
The old assumption that laparoscopy in abdominal
trauma must be absolutely avoided because it is
correlated with a high incidence of complications is
[93]
yesterday’s medicine .
Laparoscopic exploration may offer decisive
information and thereby prevent delays in providing
[94-96]
definitive treatment
. Laparoscopy must be reserved
for hemodynamically-stable patients in selected cases.
Early series have demonstrated that laparoscopy can
[96]
reduce negative laparotomies , with a decrease in
morbidity and mortality rates related to the additional
[95]
surgical trauma .
Laparoscopy may also be useful in hemody
namically-stable patients with suspected hollow viscus
injuries or with diaphragmatic lesions when radiological
imaging is doubt. In such cases, non-operative
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A

C
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Figure 9 Laparoscopic repair of intestine perforation following a blunt abdominal trauma. A: Individuation of the site of perforation; B: Defect repair by direct
suture; C: Functional and aesthetic outcome. Provided by personal courtesy of Dr. S. Di Saverio, MD, FACS, FRCS.

management (NOM) cannot be recommended because
[97,98]
of the high risk of suspected lesions
. In this role,
laparoscopy may avoid a negative laparotomy in more
[97,99]
than 50% of cases
. Laparoscopy may also be
therapeutic and allow definitive treatment for many
types of injuries such as the repair of diaphragmatic
or hollow viscus lesions by direct suturing (Figures 8
and 9). Moreover, if detected, a mesenteric laceration,
often the cause of intra-abdominal bleeding after
trauma, may be treated laparoscopically.
In cases of NOM failure, only in hemodynamicallystable patients, should a laparoscopic approach be
attempted first.
Delayed laparoscopy can also be proposed, both for
[100,101]
diagnostic and therapeutic purposes
, in cases of
hepatic-related complications such as bleeding, biloma,
hepatic abscess or necrosis and the development of
[102-104]
abdominal compartment syndrome
.

treated with open surgery.
Supported by recent scientific literature, we feel
that laparoscopy can no longer be considered only for
elective patients. We must leave outdated, negative
attitudes regarding emergency laparoscopy and extend
this minimally-invasive surgical technique to a wider
spectrum of acute abdominal cases.
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Abstract
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Obesity plays relevant pathophysiological role in the
development of health problems, arising as result
of complex interaction of genetic, nutritional, and
metabolic factors. Due to the role of adipose tissue
in lipid and glucose metabolism, and low grade
inflammation, it is necessary to classify obesity on the
basis of body fat composition and distribution, rather
than the simply increase of body weight, and the Body
Mass Index. The new term of adiposopathy (‘‘sick
fat’’) clearly defines the pathogenic role of adipose
tissue. Four phenotypes of obese individuals have
been described: (1) normal weight obese (NWO); (2)
metabolically obese normal weight; (3) metabolically
healthy obese; and (4) metabolically unhealthy obese
or “at risk” obese. Moreover, sarcopenic obesity has
been related to all the phenotypes. The category of
normal weight lean, represented by metabolically
healthy normal weight has been classified to distinguish
from NWO. It is crucial to recommend a bariatric
surgery taking into account adiposopathy and sick fat
that occurs with the expansion of fat mass, changing
the inflammatory and metabolic profile of the patient.
Body fat percentage and genetic polymorphism have to
be evaluated to personalize the best bariatric surgery
intervention.
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major regulators of adipose tissue metabolism .
Therefore, the greatest limitation of any measure
that relegates the diagnosis of obesity to the mere
quantity of weight and circumference gain, without
taking into account the body composition, in terms of
body fat increase and body lean decrease, is the failure
to consider the impact of adiposity on physiological and
metabolic processes that result in increased morbidity
[11]
and mortality .
Due to the endocrine and inflammatory role of
the adipose tissue it is necessary to classify obesity
condition on the basis of body fat composition and
distribution, rather than simply on the increase of body
weight (Figure 1). Therefore, the body mass index
(BMI), a ratio between weight to the squared height
2
(kg/m ) of a subject, used to easily approximate body
fat percentage and stratify people into categories,
leads to a large error and misclassification.
According to BMI, general population is classified
2
in five categories: underweight (BMI < 18.5 kg/m ),
2
normal weight (BMI 18.5-24.9 kg/m ), class Ⅰ obesity
2
- overweight (BMI 25.0-29.9 kg/m ), class Ⅱ obesity
2
- obesity (BMI 30.0-39.9 kg/m ), class Ⅲ obesity 2
extreme obesity (BMI > 40 kg/m ).
The currently used BMI cut-off values for pre-obesity
and obesity are based on morbidity and mortality
[8-10]
studies in relation to Caucasian population
.
However, there is a controversy in the literature,
termed the “obesity paradox”, which associates
better survival and fewer cardiovascular events in
patients with mildly elevated BMI afflicted with chronic
[11]
diseases .
In fact, the outdated BMI formula developed nearly
200 years ago by Quetelet, is not a measurement
of adiposity, but merely an imprecise mathematical
[12-14]
estimate
.
Its popularity stems in part from its convenience,
safety, and minimal cost, and its use is widespread,
despite the fact, BMI ignores several important factors
affecting adiposity. Moreover, the error in the diagnosis
of obesity generates important effects on health care
costs.
BMI formula is only an arithmetic approximation for
the relative quantity of adiposity and is used to predict
and evaluate disease risk in epidemiological studies,
thereby acting only as a population-level indicator of
obesity.
Because BMI does not measure PBF directly and
poorly distinguishes between total body fat and total
body lean, or bone mass, the use of BMI as an index
of PBF for a person may be inaccurate and not useful
[15-17]
as a cardiovascular risk factor
.
However, according to a WHO expert committee,
“there is no agreement about cut-off points for the PBF
[10]
that constitutes obesity” .
Current research suggests that the obesity cut-off
points of PBF are in the 23%-25% range in men and
[18]
30%-35% range in women .
The clinical use of WHO BMI cut-off values when

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Obesity is a global public health problem
due to its association with several diseases and
reduced lifespan, as result of complex interaction of
genetic, nutritional, and metabolic factors. The term
of adiposopathy clearly defines the pathogenic role
of adipose tissue. Four phenotypes of obesity have
been described, based on body fat composition and
distribution: (1) normal weight obese; (2) metabolically
obese normal weight; (3) metabolically healthy obese;
and (4) metabolically unhealthy obese. Sarcopenic
obesity has been characterized, related to all the
described phenotypes. Body fat percentage and genetic
polymorphism have to be evaluated to personalize the
best bariatric surgery intervention.
De Lorenzo A, Soldati L, Sarlo F, Calvani M, Di Lorenzo N, Di
Renzo L. New obesity classification criteria as a tool for bariatric
surgery indication. World J Gastroenterol 2016; 22(2): 681-703
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i2/681.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i2.681

BODY COMPOSITION STUDY AS A NEW
WAY TO CLASSIFY SUBJECT
The American Medical Association’s Council on Science
and Public Health Report 4, has identified the following
common criteria to define a disease as: (1) an impair
ment of the normal functioning of some aspect of the
body; (2) characteristic signs or symptoms; and (3)
[1]
harm or morbidity .
The World Health Organization (WHO) defines
obesity as “a condition in which percentage body fat
(PBF) is increased to an extent in which health and
well-being are impaired, and, due to the alarming pre
[2]
valence increase, declared it as a “global epidemic” .
The high prevalence of obesity is a global public
health problem due to its association with several
[3,4]
[5]
diseases , and reduced lifespan . It arise as a result
of complex interaction of genetic, life style, dietary
habitus, energy expenditure, nutritional and metabolic
[6,7]
factors, as the adipocyte metabolism .
The shared definition that the adipose tissue
and skeletal muscle are an energy storage has been
replaced by the notion that these tissues have a role in
lipid and glucose metabolism due to the large number
of bioactive proteins, termed adipokines and myokines
[8]
produced , that are related to some cardiovascular
[9]
risk factors influences of obesity .
Moreover, obesity and glucose metabolism are
intimately related to low grade systemic inflammation,
involving a number of pro-inflammatory cytokines
produced by many cell types that also appear to be
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Figure 1 Techniques in body composition.
[2]

applied to the Italian population cause misclassi
fications, and a considerable number of subjects, both
males and females, will not be classified as obese
[19]
based on their BMI alone .
The disagreement became impressive in the
classification of obese women: in the class of age
30-40 the proportion of obese women according to
BMI is 30% reaching about 82% if the classification
is based on PBF. Notably, among women that were
classified as normal according to their observed PBF,
the median BMI was 20.1, ranging from 15.6 to 26.7.
For the Italian population, the percentage of obese
women according to PBF classification increases as age
increases, ranging from 63.17% in women younger
[20]
than 20 years to 87.39% in women older than 60 .
Moreover, values corresponding to normal weight,
overweight, and various subgroups of obesity are
confounded by body frame and muscularity, fluid
retention, sarcopenia in aging or disease, spinal
deformities, physical disabilities, and transcultural
differences. A person with the same BMI, may have a
large proportion of total body fat mass and be obese,
or may have a considerable muscle mass and be a
weight-lifter. Moreover, PBF at a given BMI will tend to
[21-23]
vary across gender, age, and race-ethnicity
.
Moreover, it is recommended to measure waist
circumference (WC) in adults with BMIs below 35
2
[24]
kg/m , to further assess disease risk .
Anyway, obese individuals differ not only in the
amount of excess fat mass, but also in the regional
distribution of the fat within the body. The fat distri
bution affects the risk associated with obesity. It is
useful therefore, to be able to distinguish between
those at increased risk as a result of abnormal fat
distribution or android obesity from those with the less
serious gynoid fat distribution, in which fat is more
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evenly and peripherally distributed around the body .
On the hand even if there are some obese people
are prone to develop alterations in fat distribution
and metabolic disease, others are protected from the
adverse metabolic effects of weight gain and increased
[25]
adiposity .
Some studies suggested that the main issue to
explain the metabolic abnormalities in normal weight
individuals was fat distribution.
Certain attributes of visceral fat, the adipose
tissue surrounding abdominal organs, make its accu
mulation more worrisome than the accumulation of
[26-28]
subcutaneous fat, which resides below the skin
.
Other markers for excess body fat evaluation have
to be used in clinical practice and investigation (e.g.,
WC, skin fold thickness, waist-to-hip ratio, waist-toheight ratio).
WC or waist-to-hip ratio has been used as a proxy
measure for body fat distribution when investigating
the health risk increased with an increasing ratio.
Some studies have suggested that WC, either singly
or in combination with BMI, may have a stronger
[29]
relation to some health outcomes than BMI alone .
Moreover, progressively higher values of BMI and WC
are associated with a progressive elevation in metabolic
markers of cardiovascular disease (CVD) risk such as
total serum cholesterol, triglycerides, blood glucose
and a progressive reduction of HDL-cholesterol, with
a clear-cut increase in the incidence of all-cause and
cardiovascular deaths as well as of cardiovascular
[30]
morbid and fatal events . In post-menopausal women,
it was reported that both BMI and WC were associated
with mortality, but WC may be more important than
[31]
BMI , as it reflects abdominal fat levels. In the
Nurses’ Health Study, waist-to-hip ratio and WC were
also independently strongly associated with increased
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risk of coronary heart disease among women with
2[32]
a BMI of < 25 kg/m
. WC reflects abdominal or
intra-abdominal fat, and hip circumference reflects
different aspects of body composition in the gluteofemoral region, i.e., muscle mass, bone, and fat mass.
The importance of waist and hip measurements, and
the waist to hip ratio, lies in the apparently different
physical and metabolic characteristics of these two
regions, and therefore the diverse clinical outcomes
in subjects with a gynoid (low waist to hip ratio, lower
body obesity) or android (high waist to hip ratio,
upper body obesity) body conformation. This may
be due to the tendency for abdominal adipocytes
to enlarge (hypertrophy) whereas subcutaneous
femoral adipocytes increase in number (hyperplasia),
perhaps due to increased levels of the adipogenic
transcription factors CCAAT/ enhancer-binding protein
α (C/EBPα; GeneBank accession No: NC_000019) and
peroxisome proliferator-activated receptor-γ2 (PPARγ2;
GeneBank accession No: NC_000003) in hypertrophic
[33]
adipocytes . Hypertrophic adipocytes tend to be
[34]
associated with dyslipidemia and insulin resistance .
It has been suggested that the composition of gluteal
fat deposits correspond more closely with that of
[35]
visceral deposits rather than femoral deposits .
In conclusion, diagnosis, therapy and follow up of
all subtypes of obesity must not be based on “body
weight” parameter, but body composition parameters
and energetic expenditure are required.
To overcome misclassifications, direct measure
ments of PBF, by magnetic resonance imaging (MRI),
computerized tomography (CT), dual energy X-ray
absorptiometry (DXA), bioimpedence analysis, total
body water or hydrometry, and skinfold thickness would
be a better tool for diagnosing the obese phenotypes
(Figure 1).

as “fat mass disease” . Different adverse physical
and metabolic health consequences could occur as
directed or undirected consequences of adipose tissue
[39]
mass spread and dysfunction , such as metabolic
syndrome (MS), respiratory disorders, joint pain,
diabetic retinopathy, low self-esteem, cardiovascular,
neurologic, pulmonary, musculoskeletal, dermatologic,
gastrointestinal, genitourinary, renal and psychological
[3,4,40-42]
diseases and cancer
. Moreover, also a slight
rise of body weight may represent a risk factor for
the onset of metabolic abnormalities that lead to
[43]
development metabolic disease .
[44]
According to Patel and Abate , the subcutaneous
adipose tissue (SAT) can be a major contributor of
systemic free fatty acid flux, more than visceral or
retroperitoneal fat, able to determine the insulin resi
stance development.
[45]
Apovian et al explained the insulin resistance and
vascular endothelial dysfunction in obese subjects with
the phenomenon of adipose tissue macrophage (ATM)
infiltration, in the form of crown-like structures, asso
ciated with and elevated plasma high sensitivity C-reactive
protein (hs-CRP) levels.
Because of the complexity of the obesity condition,
it is clear that we need a new and more adequate
model, possibly based on findings at the physiopa
thological level and a new method to correctly identify
all the affected subjects for an efficient and successful
treatment.
[39]
If Bays et al
affirmed that to deny the adipo
sopathy, also in mildly overweight patients, represents
denying the opportunity of cure to this individuals, and
perhaps to entire populations, we added the importance
to evaluate PBF in normal weight individuals to predict
in advance the risk of adiposopathy, and to verify the
real state of health.

OBESITY AS DISEASE: Sick fat or fat
mass disease

ECTOPIC FAT DISTRIBUTION AND
ORGAN FUNCTION

[36]

Bays et al have coined a new term that well defines
the concept of “sick fat”, the adiposopathy, in order
to highlight the pathogenic role of adipose tissue. The
adiposopathy is caused by positive caloric balance,
that occurred in hypercaloric diet and sedentary
lifestyle in genetically predisposed and environmentally
[36]
sensitive individual . Impaired adipocyte proliferation
or differentiation (adipogenesis), visceral adiposity,
growth of adipose tissue beyond adequate vascular
supply and ectopic fat deposition are anatomical
manifestations of adiposopathy that are associated
with adverse endocrine and immune responses leading
[37,38]
to metabolic disease
.
In order to understand the importance of the
role of adipose tissue in the onset of a pathological
condition and distinguish the degree and type of
disease, we agree with the definition proposed by
Bays of adiposopathy, as “sick fat disease”, and obesity
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The association between visceral fat and metabolic and
cardiovascular disorders is also related to accumulation
[46]
of ectopic fat that accompanies visceral adiposity .
Moreover, the hepatic fat observed in patients with
insulin resistance could be independent from the visceral
[47]
fat content .
Healthy expansion of subcutaneous fat in response
to obesity is accompanied by enlargement of fat mass
through enhanced recruitment of preadipocytes along
with adequate vascularization of expanding adipose
tissue and minimal fibrosis and minimal infiltration of
inflammatory ATMs. In contrast, pathologic expansion
is associated with rapid growth of fat tissue through
the enlargement of existing adipocytes and inadequate
vascularization leading to fibrosis and inflammatory
ATM infiltration that secrete high levels of inflammatory
[48]
cytokines .
This pathologic expansion is associated with adipose
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tissue accumulation in ectopic locations such as liver,
skeletal muscle, and pancreas as well as visceral
[49]
adiposity .
The existence of “metabolically healthy obese
[50,51]
(MHO)”
further supports this concept as these
individuals have less ectopic fat despite high amount
of subcutaneous fat in gluteal depot and are insulin
[51]
sensitive .
Therefore, adipose tissue distribution is a more
significant predictor of metabolic and cardiovascular risk
than overall adiposity. Inability to expand subcutaneous
[52]
depots in response to positive energy balance results
in metabolic and cardiovascular complications.

directly affected by inflammatory cytokines, like tumor
necrosis factor alpha (TNF-α), transforming growth
factor beta (TGF-β), and interleukin 6 (IL-6) secreted
by visceral fat depot.
Moreover, it has been demonstrated that both
hepatic fat accumulation than hepatic insulin resistance
are related to visceral fat depots, representing
approximately 20% of total body fat mass in men and
[61]
6% in women , as approximately 80% of hepatic
[62]
blood supply is derived from the portal vein .
Due to the interactions within adipose tissue and
muscle, involved in the endocrine bi-directional “cross[63]
talk” between these tissues , it was observed a loss
of muscle strength, that depends on both decrease
in muscle mass and accumulation of inter-muscular
adipose tissue, contributing to the decline of muscle
[64]
quality . Therefore, the evaluation of body lean mass,
together with body fat mass analysis and body force
assessment, could contribute to predict sarcopenic
obesity risk.

IMPACT OF CROSS TALK
Adipose tissue, found in several locations throughout
the body and long thought to be primarily a repository
for triglycerides, is also important for regulating
metabolism and body’s physiologic. Fat is an endocrine
tissue and, indeed, may constitute the largest endocrine
[53,54]
organ in the body
.
If in the past, adipose tissue was considered to be
a metabolically inactive fat depot, the current view
of adipose tissue is that of an active secretory organ,
sending out and responding to signals that modulate
appetite, energy expenditure, insulin sensitivity,
endocrine and reproductive systems, bone metabolism,
[55]
and inflammation and immunity .
Expansion of the adipose tissue is accompanied by
an increased infiltration of immune cells, in particular
[56]
macrophages and T-cells , with a pro-inflammatory
phenotype. The “cross-talk” between the infiltrating
cells and the tissue-resident adipocytes leads to
secretion of adipokines, cytokines, chemokines, and
[57]
lipids with a predominant proinflammatory character .
Several indirect lines of evidence suggest that fatty
acids can modulate the immune response. One of these
is that levels of several fatty acids are associated with
[58]
levels of inflammatory markers in healthy individuals .
More directly, the type of fatty acids contained in
the diet has been suggested to influence the risk of
development of inflammatory diseases in which the
immune system plays an important role.
This cross-talk has an also been shown to affect
the function of adipocytes, such as lipolysis, which will
most likely result in altered concentration of circulating
free fatty acids.
Some of obesity phenotypes are associated with
a high risk of developing diabetes type 2 (T2DM)
however for a given adiposity, there is a large hetero
geneity in the metabolic risk mainly linked to the
location of excessive adipose tissue.
The cause of glucose, lipid, or atherogenic disorders
can be found in the visceral adipose tissue (VAT),
[59]
representing a predictive factor for those disorders .
The role of visceral fat in the development of
peripheral insulin resistance in T2DM is related to
[60]
the insulin-mediated glucose uptake , that can be
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INFLAMMATION AND THE ROLE
OF Genetic variations of
inflammatory triad cytokines
in obesity related chronicdegenerative diseases
The obese state is a low-grade systemic inflammation,
characterized by abnormal adipokine production,
and activation of some pro-inflammatory signalling
pathways, resulting in the induction of several
biological markers of inflammation. In fact, inflam
matory markers, such as C-reactive protein (CRP),
IL-6, IL-1 family [IL-1α, IL-1β and IL-1 receptor
antagonist (IL-1Ra)] and TNF-α are increased in obese
individuals compared with lean subjects, although not
to the same extent observed in classic inflammatory
[65]
conditions .
Though all the functional consequences of the
increase in inflammatory processes in obese are
not yet known, is an established fact that cytokines
have metabolic activities, as many “adipokines”
can modulate of both the metabolic and vascular
[66]
homeostasis , acting not only as autocrine/paracrine
regulators, but also reaching, from the perivascular
fat depot, the surrounding target organs, through the
systemic circulation (“outside-to-inside” cellular cross[67-69]
talk)
.
This inflammatory mechanism is the basis of the
increased risk of development of T2DM, acute heart
[70,71]
attacks and Alzheimer’s disease
in obesity.
Polymorphisms and allele variants of cytokines
genes are presumed to be involved in obesity and
related chronic-degenerative diseases, therefore an
understanding of their food association could be useful
for nutritional pre-emption.
The practical application of predictive and preventive
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medicine requires early identification of the individuals
who are on a path toward earlier development of
disease, followed by the introduction of a targeted
intervention. Ideally, one could use the identification
of specific polymorphisms, an early marker of disease
susceptibility, to prevent complications of disease by
the use of nutritional agents that modulate the biology
resulting from the genetic variation.
A high degree of sequence variation recently has
been shown to exist in cytokine genes. These gene
polymorphisms are relatively common in regulatory
regions of the cytokine genes and therefore may be
functionally significant in defining inter-individual
differences in transcription or post-transcriptional
processes. These genetic variations therefore provide
a potential mechanism by which individuals may have
different degrees of response to the same stimulus.
Among the first genes activated with any injurious
challenge are the genes for IL-6, IL-1 and TNF-α.
These molecules activate each other and both are
critical components of the inflammatory process.

-174G/C polymorphism, contributes to obesity in
humans and related pathologies and is a disadvantage
for longevity.

TNF-α

Macrophages, whose adipose tissue is composed,
are the major source of TNF-α produced by the white
adipose tissue and contribute approximately 50% of
[75]
white adipose tissue-derived IL-6 .
TNF-α participates to inflammatory events but it’s also
an important autocrine/paracrine of fat cell function
which limits adipose tissue and skeletal muscle
[76]
[77]
expansion, by inducing lipolysis , insulin resistance ,
[78]
and muscle apoptosis . Its presence also results in
[79]
an increase in circulating leptin concentrations
and,
finally, its overexpression, by exceeding fat, aimed at
[80]
stopping the growth of tissues .
Several population-based studies have suggested
an association between TNF-α polymorphisms and
[81]
obesity-related phenotypes .
TNF-α has a direct (possibly paracrine) function in
adipose tissue where it limits its mass by stimulating
lipolysis and decreasing lipoprotein lipase expression
and activity, that means it’s involved in the adipostatic
[76]
function .
TNF-α can induce hyperlipidemia and insulin
resistance, especially in presence of single nucleotide
polymorphisms (SNPs) on the promoter (-308 G/A and
[82]
-238 G/A) .
In fact, TNF-α is an antagonist of insulin receptor
and an overproduction could impair insulin signalling
as well as down-regulate adipose lipase producing
hyperlipidemia. Levels of TNF-α are high in an obese
population and moreover experiments in vitro show
that allele A alters binding of nuclear factors to the -308
[83]
region causing a general increase in transcriptional .
Interestingly, cases with the -308 A allele of the TNF-α
gene have significantly higher hip and WC, BMI and
body fat mass values than obese individuals carrying
[84]
the -308 G allele, but not the waist-to-hip ratio .
An higher fasting insulin levels, higher Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR),
higher systolic blood pressure and lower HDL cholesterol
were highlighted among -308 A allele TNF-α obese
carriers than -308 G obese carriers, and overweight
subjects with impaired glucose tolerance showing a
genotype have higher risk of developing T2DM than
[85]
subjects without this genotype .
This observation is consistent with previous findings,
suggesting that leptin secretion and insulin resistance
are affected by TNF-α expression. Disturbances in
circulating levels of leptin may be accompanied by a
lower control of appetite and thermogenesis or may
occur as a consequence of leptin resistance.

IL-6

Besides regulating the immune system, IL-6 also
plays a role in the regulation of body fat and energy
expenditure. Recent studies have shown that IL-6
deficient mice develop mature onset obesity with high
[28]
leptin levels in the circulation .
Moreover, intracerebroventricular IL-6 treatment
decreases body fat and increases energy expenditure
[72]
in rodents .
In humans, high cytokine levels (including IL-6) and
cytokine brain synthesis were found to increase resting
energy expenditure and induce cachexia. Additionally,
a subcutaneous injection of IL-6 increased resting
metabolic rate and hypothalamic-pituitary-adrenal axis
activity in a dose-dependent fashion, suggesting that
hypothalamic corticotrophin-releasing hormone may
mediate both of these actions in humans. A second
possibility by which IL-6 may affect energy expenditure
is enhanced adrenergic stimulation. In the other hand,
high circulating IL-6 concentrations have been found
[73,74]
to predict the development of type 2 diabetes
.
IL-6 has a central role in the mechanism of proinflammation pathway and there are some evidences
suggesting the implication of a network of cytokines
for the development of metabolic disorders, as type 2
diabetes, CVD, and sarcopenia.
Polymorphisms that affect the gene transcription
and production of IL-6, like the gene promoter -174
G/C polymorphism, are examples of genetically deter
mined-changes in metabolism and energy homeostasis.
In fact, IL-6 gene promoter polymorphism -174 G/C
is shown to influence IL-6 transcription as well as
overweight and insulin sensitivity.
Data suggest that endogenous IL-6 has effects
on energy expenditure but upper endogenous IL-6
production, e.g., due to the presence of allele C of
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the class of IL-1. IL-1 biological activity involves two
agonists, IL-1α and IL-1β, specific receptors, and a
naturally occurring antagonist, IL-1Ra. Some of the
most relevant properties of IL-1 biological activity
are the ability to initiate cyclooxygenase type 2 and
inducible nitric oxide, leading to substantial expression
of prostaglandin E2 and nitric oxide by cells exposed to
IL-1β.
Moreover, IL-1β is able to determine lipolysis,
glucose transport, and adipocyte maturation in adipose
tissue, to inhibit lipogenesis, via the IL-1 receptor type
1 and the IL-1 receptor accessory protein, like TNF-α.
In obese individuals the serum level of IL-1Ra is
up-regulated for a feedback down-regulation, resulting
in an acquired resistance to leptin, rising the high
values as in inflammatory autoimmune diseases and
[86,87]
sepsis
.
Polymorphisms affecting IL-1 production, like the
SNP at IL-1β (+3954), the SNP at IL-1α (-889) and the
SNP at IL-1α (+4845) are associated with increased
levels of inflammatory mediators, and also with
increased severity of several chronic diseases, including
[88]
Alzheimer’s disease , periodontal disease and
others. This proinflammatory IL-1 genotype pattern
recently has been associated with cardiovascular acute
coronary events. For example, despite having total
cholesterol levels below 200 mg/dL, individuals who
carried two copies of IL-1α (+4845) allele 2 were four
times (P < 0.01) more likely to have a coronary heart
disease event during an 11-y monitoring period than
were individuals with the same level of cholesterol
but who did not carry this IL-1 genotype (unpublished
data, Interleukin Genetics, Waltham, MA, United States).
The IL-1Ra antagonizes the effects of IL-1α and
[89]
-1β , and the anti-inflammatory cytokine interferonbeta and leptin can induce IL-1Ra production without
[86,90]
increasing IL-1
. In subjects with hyperleptinemic
obese individuals the serum sIL-1Ra levels are higher
[91]
as compared to non obese subjects .
Furthermore, in subjects that underwent to in
testinal bypass surgery, sIL-1Ra levels dropped after
weight loss, correlating with BMI and the degree of
insulin resistance better than with serum leptin levels,
according to metabolic control unmediated by leptin.

The mechanisms responsible for changes of insulin
sensitivity vs insulin resistance clearly vary and involve
changes in both beta -cell function and beta -cell mass,
although in most instances it appears that functional
changes predominate. Moreover, the beta-cell must
also alter its activity when this critical modulator
[60]
changes for more prolonged periods .
Several mechanisms might explain the glucotoxicity
[93,94]
due to prolonged hyperglycemia
, such as beta -cell
exhaustion, oxidative stress induced by free radical
oxygen species, endoplasmic reticulum (ER) stress,
inflammation caused by proinflammatory cytokines
and chemokines, loss of neogenesis, proliferation of
beta -cells, gradual loss of insulin gene expression and
other beta-cell specific genes, changes in mitochondrial
number, morphology and function, disruption in calcium
[95]
homeostasis .
In the presence of hyperglycemia, prolonged
exposure to increased free fatty acids result in accu
mulation of toxic metabolites in the cells (“lipotoxicity”),
finally causing decreased insulin gene expression and
impairment of insulin secretion.
Chronic exposure to abnormally high blood glucose
has detrimental effects on insulin synthesis/secretion,
cell survival and insulin sensitivity through multiple
mechanisms (“glucotoxicity”), which in turn lead to hyper
glycemia and finally to the vicious circle of continuous
[96]
deterioration of beta cell function .
Beta cells exposed to an increased insulin secretory
request place a high demand on ER for the synthesis
[97]
of proinsulin, leading to cellular stress .
Due to chronic ER stress and strong unfolded protein
response, beta cell death through apoptosis (mediated
by stress kinases and transcription factors) may be
initiated. In addition to glucose, free fatty acids (FFA)
and islet amyloid polypeptide are triggers of beta cell
[98]
ER stress . Moreover, reactive oxygen species (ROS),
free radicals that are intermediate metabolites derived
from oxygen metabolism in mitochondria, primarily due
to hyperglycemia, causes oxidative stress in various
tissues, playing an important role in both physiology and
pathology in beta-cells. ROS are continuously produced
by the mitochondrial electron transport system as a
byproduct of the oxidative phosphorylation pathway;
however, normal cells have antioxidant defenses to
rapidly neutralize ROS and maintain an optimal redox
[99]
potential for appropriate biological cell function . This
optimal redox balance is impaired because of increased
ROS production and insufficient endogenous anti-oxidant
defenses of the β-cells.
Chronic hyperglycemia leads to decreased number
[99]
of mitochondria and changes of their morphology in
the β-cells. This is associated with impaired oxidative
+
phosphorylation, decreased mitochondrial Ca2
[100]
capacity and decline in ATP generation . In addition,
+
disruption in Ca2 homeostasis (e.g., changes in
+
+
glucose-induced Ca2 influx, ER Ca2 depletion)
negatively impacts on beta cell growth/function and on

GLUCOTOXICITY
The ability of the pancreatic alpha and beta cells to
increase the uptake of glucose can be compromised by
constant hyperglycemia, even mild. This mechanism,
compromising the glucose transport mediated by
insulin, prevents the possibility of self correction, and
start a vicious cycle mechanism that leads to dete
[92]
rioration of the metabolic process .
Continuous overstimulation of the beta-cell by
glucose could eventually lead to depletion of insulin
stores, worsening of hyperglycemia, and finally dete
rioration of beta-cell function.
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[101]

the insulin secretion pathway

[118]

.

and ethnicity .
Substantial anatomical differences between
males, that accumulate adipose tissue in the upper
body (trunk, abdomen), and females, with a usual
accumulation of adipose tissue in the lower body (hips,
[119-121]
thighs), are practically unique in human
.
[122]
Vague
identified two different body shapes,
proposing the two terms “android obesity”, to refer to
adipose tissue accumulated preferentially in the trunk/
upper body area closely related to hypertension, CVD,
gout, and diabetes, and the term “gynoid obesity” to
refer to adipose tissue accumulation in the hips and
[123,124]
thighs, with less associated complications
.
Visceral fat depot, evaluated by MRI and computed
tomography (CT), was found to be specifically asso
ciated with the metabolic alterations related to obesity,
[125-127]
both in men and women
; subcutaneous fat in
[128]
general define a positive effect on insulin sensitivity .
Genetic predisposition could explain the fact that
females, although high BMI, are protected against
[118]
insulin resistance more than males
. Furthermore,
the capacity to increase the fat depots depends on
the ease with which local preadipocytes can be readily
[129]
activated toward differentiation process .
Although ethnicity is a factor that determines the
different adipose tissue distribution and responses to
[118,130,131]
the cardiometabolic risks
, as highlighted by
[132]
Deurenberg et al , that observed ethnic differences
in BMI at similar levels of PBF, in Chinese, Indonesian,
and Thai populations respect to Caucasians (American,
Australian, and European Whites analyzed as one
group). Moreover, Asian Indians have more abdominal
[133,134]
fat than Caucasians
, and Caucasians have more
[135-137]
VAT than African Americans
. On the other hand,
in Asians and Indian Asians the accumulation of fat is
[131,138,139]
mainly in the visceral area
.
Genetic and epigenetic programming is one of the
most credible explanations for the observed differences
[118,139,140]
in the storage of lipid depot
.

LIPOTOXICITY
When adipose tissue cannot meet the demand of
storing excessive energy, triglyceride is accumulated in
non-adipose tissues as ectopic fat, which may lead to
insulin resistance in the liver and skeletal muscle and
[48,102,103]
insufficient insulin secretion in the pancreas
.
High plasma FFA and triglyceride levels lead to
increased import of FFAs into non-adipose tissues (i.e.,
liver, muscle, pancreas), contributing to intracellular lipid
accumulation. This phenomenon, known as lipotoxicity,
may play an important role in the pathogenesis of
[104]
diabetes and heart failure in humans .
Adverse consequences of lipid overload have been
observed in many organ systems, mainly in the heart,
[104]
skeletal muscle, pancreas, liver, and kidney .
In addition to primary hyperlipidemias, serum trigly
[105,106]
[107]
cerides
and FFAs
are elevated in type 1 and
type 2 diabetics and plasma FFA levels are elevated in
[108]
obese individuals .
The cross-talk has been shown to affect the function
of adipocytes, such as lipolysis, which will most
likely result in an altered concentration of circulating
free fatty acids. Indeed, obese persons have higher
levels of free fatty acids in plasma compared to lean
[109-111]
subjects
.
Several indirect lines of evidence suggest that fatty
acids, contained in the diet, can modulate the immune
response. One of these is that levels of several fatty
acids are associated with levels of inflammatory
[58]
markers in healthy individuals .
The overall data suggest that low concentrations
of fatty acids can influence the proliferation of T-cells,
whereas higher concentrations induce apoptosis in a
dose- dependent manner, through the induction of
[112-117]
several pathways
.
In addition, the concentration at which apoptosis
occurs is also determined by the degree of saturation
and the length of the fatty acid. While short-chain
fatty acids are not toxic even at a concentration of 800
[113]
mmol/L or higher
, longer, and more unsaturated
fatty acids can already be toxic in low concentrations
[114,115]
(e.g., linoleic acids) is toxic at 100 mmol/L
.
In contrast to the apoptotic effects, the modulatory
effects of low, non-toxic concentrations of fatty acids on
proliferation do not seem to correlate with length of the
fatty acids tested.
[59]
de Jong et al conclude that, free fatty acids induce
proliferation of resting T-cells in low concentrations,
while higher concentrations induce apoptosis.

OBESITY: BODY COMPOSITION
PHENOTYPES
Nowadays four phenotypes of obese individuals have
been widely described (Table 1): (1) normal weight
[141]
obese (NWO)
; (2) metabolically obese normal
[142,143]
weight (MONW)
; (3) MHO; and (4) metabolically
[144]
unhealthy obese (MUO) or “at risk” obese with MS .
The characteristic of the four obese phenotypes are
depicted in Figure 2.
Moreover, the sarcopenic obesity has been charac
[145]
terized, and related to all the described phenotypes .
Moreover the category of normal weight lean (NWL),
represented by metabolically healthy normal weight
(MHNW) has been classified to distinguish from NWO.
According to the causality and anatomic, patho
physiologic, and clinical manifestations of obese
phenotypes, we can define NWO and MHO belonging

BODY FAT DISTRIBUTION ACROSS
GENDER AND ETNICITY
Etiological contributing factors to VAT depot and
distribution are represented by age, gender, genetics,
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Table 1 Obesity classification
Publication

Year

Definition

Normal weight obesity - NWO
De Lorenzo et al[141]

2005

Di Renzo et al[162]

2006

De Lorenzo et al[147]

2007

Di Renzo et al[160]

2007

Marques-Vidal et al[151]

2008

Di Renzo et al[161]

2008

Marques-Vidal et al[149]

2010

Di Renzo et al[159]

2010

Romero-Corral et al[157]

2010

Kim et al[156]
Madeira et al[155]
Di Renzo et al[164]
Di Renzo et al[165]

2013
2013
2013
2014

Oliveros et al[146]

2014

Jean et al[158]

2014

Normal weight (by BMI) + PBF > 30 (dual X-ray absorptiometry) + ↓ lean body composition of the left leg.
Do not have metabolic syndrome
NWO syndrome is characterized by wild type homozygotes genotypes regarding IL-15 R-α and MTHFR
677C/T polymorphism
↑ concentrations of pro-inflammatory cytokines IL-1α, IL-1β, IL-6, IL-8, TNF-α in NWO respect to non obese
group
The allele 2 (A2) of IL-1 receptor antagonist (Ra) in NWO subjects was associated with ↑ of IL-1β plasma
amount
Normal weight (by BMI) + ↑PBF (Bioelectrical impedance) or fat mass index ≥ 8.3 kg/m2 (men) or ≥ 11.8
kg/m2 (women)
Genotyping of -175 G/C IL-6 polymorphism: in G/G the serum IL-6 level of NWO (10.70 ± 2.52 pg/mL)
and obese (10.67 ± 1.09 pg/mL) was significantly higher compared with NWL women (5.54 ± 1.51 pg/mL).
Positive correlation between PBF and plasma IL-6 and between HOMA-IR and plasma IL-6 only in NWO e
obese G/G carrier
↑ blood pressure, ↑ lipid levels and ↑ prevalence of dyslipidaemia [OR = 1.90 (1.34-2.68)] and fasting
hyperglycaemia [OR = 1.63 (1.10-2.42)] respect to lean women, whereas no differences were found between
NWO and overweight women.
↓ glutathione and nitric oxide metabolites were significantly lower in pre-obese-obese and NWO compared
to normal weight individuals. Lipid peroxide levels negatively correlated to FFM% and positively correlated
to PBF, IL-15, TNF-α, insulin, total cholesterol, LDL, and triglycerides
NWO not manifest the metabolic syndrome, despite a cluster of metabolic and genetic features such as the
higher prevalence of dyslipidemia, hypertension (men), CVD (women), and a 2.2-fold increased risk of CVD
mortality (women) compared with those with low PBF
Normal weight (by BMI) + ↑ PBF
Normal weight (by BMI < 25) + Sum of triceps and subscapular skinfolds > 90th percentiles
G/A -308 TNF-α polymorphism contributes to sarcopenic obesity susceptibility in NWO
TP53 codon 72 in exon 4 polymorphism was associated to the reduction of appendicular skeletal muscle
mass index in NWO, leading to increase of sarcopenia risk
Normal BMI, ↑ PBF content and at increased risk for metabolic dysregulation, systemic inflammation and
mortality
Highlight the importance of PBF correct assessment and body fat distribution in the clinical setting to
identify NWO phenotype

Metabolically healty obese - MHO
Bonora et al[178]
1998
Sims[179]
2001

Subgroup of obese individuals with a normal metabolic response
The MHO subset include family members with uncomplicated obesity, early onset of the obesity, fasting
plasma insulin within normal range, and normal distribution of the excess fat
Karelis et al[190]
2004
↑ Fat mass + Normal Metabolic profile + ↑ insulin sensitivity
Karelis et al[143]
2005
Favorable inflammation profile: ↓ hsCRP, ↓ α-1 antitrypsin levels compared with insulin-resistant women,
suggesting that lower inflammation state could play a role in the protection of this phenotype
Succurro et al[171]
2008
Respect to MONW, MHO have a healthier metabolic risk profile and ↑ disposition index (insulin sensitivity
x insulin secretion)
Wildman et al[50]
2008
In NHANES sample, it was found a prevalence of 32% among obese adults over the age of 20
Arnlöv et al[192]
2010
MHO individuals were at an increased risk of major CVD events as compared to MHNW individuals in
follow-up periods (> 15 yr)
Eshtiaghi et al[194]
2014
MHO phenotype over a 10 yr period progressed to frank metabolic syndrome
Achilike et al[196]
2015
Among subjects classified as MHO at baseline, almost half (47.6%) of them progressed to metabolically
unhealthy obese (MUO) within the 7.8-yr follow-up period
Shaharyar et al[195]
2015
Both MHO individuals and MONW phenotypes were associated with ↑ high hsCRP, and hepatic steatosis
Metabolically obese but normal weight - MONW
Ruderman et al[166]
1981
Subtle increase in adiposity and/or hyperinsulinism creating obese associated diseases in normal weight (by
standard weight tables)
Ruderman et al[167]
1998
CHD, T2DM and other disorders associated with obesity + normal weight (< 115% of ideal body weight or
BMI < 28 kg/m2)
Dvorak et al[168]
1999
Impaired insulin sensitivity, BMI < 26.3 kg/m2 ↑ total fat mass (+20%), ↑ PBF (+16%) (dual x-ray
absorptiometry), ↑ subcutaneous fat (+33%), ↑ visceral fat (+26%)
Esposito et al[176]
2004
↑ inflammation biomarkers, TNF-α and IL-6, in as a result of the larger visceral fat areas in this group
Conus et al[169]
2004
Insulin sensitivity determined by HOMA > 1.69 with normal weight (by BMI < 25 kg/m2), ↑PBF (dual
X-ray absorptiometry), ↓ FFM, ↓ physical activity energy expenditure, ↓ peak oxygen uptake
Meigs et al[170]
2006
BMI < 25 kg/m2 + Metabolic Syndrome criteria/insulin resistance
Succurro et al[171]
2008
Normal weight (by BMI) + Impaired insulin sensitivity, ↑ visceral adiposity, ↓ HDL, ↑ fasting glucose, ↑
triglycerides, hypertension
Thomas et al[175]
2012
According magnetic resonance imaging, they refined MONW phenotype and renaming this sub-phenotype
as “thin-on-the-outside fat-on-the-inside” (TOFI), with a higher ratio of visceral:subcutaneous abdominal
adipose tissue
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Eckel et al[172]

2015

Du et al[173]

2015

Metabolically unhealthy obese - MUO
Alberti et al[201]
2005
Fabbrini et al[47]

2009

O'Connell et al[210]

2010

Di Daniele et al[202]

2013

Calanna et al[211]

2013

↑ waist circumference (women: 75.5 cm vs 73.1 cm; men: 88.0 cm vs 85.1 cm), ↑ HbA1c (6.1% vs 5.3%), ↑
triglycerides (1.47 mmol/L vs 1.11 mmol/L), and ↑ hsCRP (0.81 mg/L vs 0.51 mg/L) , ↓ HDL (1.28 mmol/L
vs 1.49 mmol/L) and ↓ adiponectin (6.32 μg/L vs 8.25 μg/mL)
Lipid accumulation product and visceral adiposity index, two markers of visceral obesity, identify the
MONW phenotype
MUO subjects are characterized by a BMI ≥ 30 kg/m2, a PBF > 30% and high visceral fat mass, closely linked
to the development of the metabolic syndrome, T2DM, and atherosclerotic cardiovascular disease
In MAO subjects, but not MNO subjects, moderate weight exacerbated several metabolic risk factors for
CVD: ↑ blood pressure, ↑ plasma triglyceride,↑ in intra hepatic triglyceride, ↑ VLDL apoB100 and ↓ plasma
adiponectin concentrations and insulin sensitivity in the liver, skeletal muscle, and adipose tissues, ↓ adipose
tissue expression of genes involved in glucose uptake and lipogenesis
MUO and obese with T2DM subjects had a omental adipocyte size greater than MHO, moreover MUO
group had an intermediate degree of steatosis (43%) respect to MHO (3%) and obese with T2DM (74%).
6 mo of dietary intervention based on Italian Mediterranean Diet in “at risk” obese subjects, determined
a reduction (-52%) in the prevalence of the metabolic syndrome and a reduction in terms of waist
circumference, BMI and total body weight.
At-risk obese individuals showed ↑ plasma glucose dependent insulinotropic polypeptide, ↓ post-glucose
load glucagone-like-peptide-1, and ↑ levels at baseline and after glucose load, indicating inappropriate
glucagone suppression

BMI: Body mass index; PBF: Percentage of total body fat; NWO: Normal weight obesity; NWL: Normal weight lean; FFM: Fat free mass; HOMA:
Homeostatic model assessment; LDL: Low density lipoprotein; HDL: High density lipoprotein; CVD: Cardiovascular disease; MHO: Metabolically healthy
obese; HbA1c: Glycated haemoglobin; hsCRP: High sensitive C-reactive protein; MHNW: Metabolically healthy normal weight; MONW: Metabolically
obese normal weight; MUO: Metabolically unhealthy obese; CHD: Chronic heart disease; T2DM: Type 2 diabetes mellitus; MAO: Metabolic abnormal
obese; MNO: Metabolically normal obese.

to the category of “fat mass disease”, and MONW and
at risk obesity to “sick fat disease”. Moreover, NWO
women are quite different from MHO women and may
also be distinguished from MONW women, according
to fat distribution, inflammatory and metabolic para
meters, and genetic variants.

NWO

They also do not manifest the MS, despite a cluster
of metabolic and genetic features such as the higher
prevalence of dyslipidemia, hypertension (men),
CVD (women), and a 2.2-fold increased risk of CVD
mortality (women) compared with those with low total
[157]
body fat mass .
[158]
Jean et al
have provided three potential expla
nations for why normal-weight central obesity is linked
to increased mortality include the following: (1) the
accumulation of abdominal visceral fat as manifested
by an increased girth: there is a very strong association
between WC and visceral adiposity and the excess
adipose tissue in the abdominal cavity organs, which
are a source of inflammation and insulin resistance;
(2) the reduced amounts of subcutaneous fat in the
legs, hips, and buttocks, known to be protective for
CVD and with a favorable metabolic function; and
(3) the limited muscle mass, because like in NWO,
people with normal-weight central obesity may also
have sarcopenic obesity since, in order to have normal
weight in the setting of large amounts of visceral fat,
they likely have limited amounts of muscle mass.
[141]
De Lorenzo et al
firstly described the NWO
syndrome characterized by higher oxidative stress
[159]
[147]
level , early inflammatory status
and few metabolic
abnormalities.
The presence of SNPs of triad inflammatory genes,
characterizes the NWO syndrome.
In NWO syndrome, the IL-1Ra allele 2 increases
the risk of ovarian, pancreatic, cervical and gastric
cancer, probably due to increased IL-1 production and
[160]
inhibition of gastric acid secretion .
According to the -174G/C promoter polymorphism
of the IL-6 gene, G/G NWO showed a strong corre
[161]
lation between HOMA-IR and PBF .

[141,146]

The new concept of NWO had been proposed
.
2
NWO subjects have normal BMI (18.5-24.9 kg/m ),
and highest body fat percentage (BF%) (men, ≥
23.5%, women, ≥ 29.2%), associated at a higher
degree of subclinical vascular inflammation and risk for
cardiometabolic disease, of which body fat is a major
[147-149]
contributing factor
.
Worldwide prevalence of NWO is near to 10%, and
[150-152]
the prevalence is higher in women than in men
.
In women, prevalence of NWO increased considerably
with age, and virtually all women aged over 55 with
2
a BMI < 25 kg/m were actually considered as NWO.
Even if the proportion of PBF changes with age and
[23,153]
sex
, using sex and age-specific thresholds for PBF
led to a much lower prevalence of NWO in women,
[15,20]
whereas little differences were found for men
.
[154]
As demonstrated by Kang et al
, NWO subjects
highlighted a significantly higher blood pressure,
fasting glucose level, and worse lipid profile compared
to normal weight subjects, independently associated
with elevated TBRmax values, that may determine and
justify the metabolic and CVD occurring risks.
Due to the peculiarity of the relationship between
lean mass distribution (lean of the right part of the body
trunk and of the left leg), and CVD risk indexes, NWO
could be considered an additional metabolic subset of
[141,155,156]
obesity
.
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27.9 ± 4.6

[147]

[191]

32.3-3.33

[147]

[191]

85.8 ± 10.2

101.9-105.3

[147]

[171]

42.9 ± 7.3

38.3 ± 18.5

[147]

[191]

5.4 ± 0.11

4.90-5.05

[147]

[191]

4.80-5.16

[147]

1.39-1.49

[147]

2.89-3.18

[147]

1.03-1.24

5.65 ± 0.63
1.82 ± 0.51
3.00 ± 0.91
1.26 ± 0.19

[147]

63.2 ± 7.6

0.8-2.7

MUO

72.3 ± 4.9

[168]

34.9 ± 5.0

77.5 ± 0.3

31.8 ± 5.9

[168]

4.4 ± 0.4

[168]

5.3 ± 0.9
1.7 ± 0.5

[191]

3.1 ± 0.9

[191]

2.4 ± 0.7

[191]

60 ± 20

[195]

MHO

22.4-22.7

83.8-85.2

[174]

19.4 ± 0.2

Low-density lipoprotein (mmol/L)

[191]

4.8-5.0

[191]

Triglycerides (mmol/L)

1.1-1.3

Insuline (pmol/L)

44.5-48.1

hs-CRP (mg/L)

0.5-1.6

[191]

22.3 ± 0.2

NWL

[174]

31.1 ± 3.4

5.38 ± 0.02
5.08 ± 0.04

[156]

1.18 ± 0.01
2.47-2.64
52.8-55.8
0.6-2.2

NWO

5.1-5.3
4.8-5.2

[174]

1.2-1.3

MONW

[172]

108 ± 7

[203]

26.44 ± 0.53

5.44 ± 0.10

[191]

5.11 ± 0.99

[191]

1.23 ± 0.36

[191]

3.20 ± 0.94

4.8-5.2

[191]

1.2-1.4

[174]

63.1-73.2

[191]

0.8-2.7

[203]

31.59 ± 0.74

[191]

[174]

[195]

-

[181]

[174]

2.73 ± 0.04

[156]

3.84 ± 1.77

[191]

[174]

[174]

[156]

[191]

32.3-33.3

108.3-112.1

[156]

3.09 ± 0.62

[195]

[174]

[174]

[156]

[156]

hs-CRP (mg/L)

NWL

[156]

26.4 ± 1.3

42.3 ± 19.4

Insuline (pmol/L)

[195]

0.5-1.6

82.5 ± 0.3

1.23 ± 0.24

1.3-1.4

[147]

22.87 ± 0.07

[191]

High-density lipoprotein (mmol/L)

45.8 ± 9.7

[156]

5.09 ± 0.72

4.8-5.0

Triglycerides (mmol/L)

[147]

[156]

2.53 ± 0.19

5.1-5.2

Low-density lipoprotein (mmol/L)

[147]

0.75 ± 0.12

NWO

[191]

Glucose (mmol/L)
Total cholesterol (mmol/L)

High-density lipoprotein (mmol/L)

[147]

[147]

-

[191]

[147]

2.77 ± 0.90

44.4 ± 12.5

24.1 ± 0.7

Glucose (mmol/L)
Total cholesterol (mmol/L)

1.79 ± 0.17

0.97 ± 0.16

89.4 ± 1.6

[147]

[147]

5.20 ± 0.18

[147]

[168]

[191]

Fat mass (%)

[147]

1.76 ± 0.32

2.69 ± 0.63

[191]

Waist (cm)

[147]

4.60 ± 0.45

[168]

2

BMI (kg/m )

[147]

[147]

4.87 ± 0.67

MONW

2

23.3 ± 2.2

[147]

[195]

Waist (cm)

65.1 ± 3.9

[147]

5.1 ± 0.16

0.6-2.2

[147]

19.2 ± 1.5

[147]

[168]

[168]

BMI (kg/m )
Fat mass (%)

[147]

22.6 ± 1.9

[174]

[191]

61.8-66.6

-

[168]

22.5 ± 2.0

[195]

MHO

[203]
[203]
[203]
[203]
[203]

1.86 ± 0.19

[203]

16.37 ± 1.76
MUO

Figure 2 Characteristic of the four obese phenotypes. A: Women; B: Men. NWO: Normal weight obese; MONW: metabolically obese normal weight; MHO:
metabolically healthy obese; MUO: metabolically unhealthy obese; BMI: body mass index; hsP: High-sensitive C-reactive protein. Data are expressed as average ±
SD (a ± b), or as minimum-maximum (a-b), according to the references.
[162]

Moreover, NWO are characterized by a wild type
homozygotes genotypes regarding IL-15 receptor-alpha
and methylenetetrahydrofolate reductase (MTHFR)
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enzyme
, suggesting a “conversation” between
[163]
adipose tissue and skeletal muscle .
The importance of the TNF-α gene polymorphism
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to total body lean mass variation in NWO syndrome,
demonstrating that G/A -308 TNF-α polymorphism
[164]
contributes to sarcopenic obesity susceptibility .
TP53 codon 72 in exon 4 polymorphism was associated
to the reduction of appendicular skeletal muscle mass
index (ASMMI) in NWO, leading to increase of sarcopenia
[165]
risk .
This finding gives much more support to the idea
that a genetic approach could be predictive for finding
[160-162,164]
a vulnerable category of people
.

of the larger visceral fat areas in this group, supporting
the correlation between visceral fat and both insulin
[176]
resistance and CVD .
However, in different population, CRP levels were
significantly higher in MONW women than in the
control group, and serum IL-6, IL-18 levels in males
[177]
and females did not differ in both groups .

MHO

MHO is a new concept in which an individual may
exhibit an obese phenotype in the absence of any
[178,179]
metabolic abnormalities
.
MHO persons, despite having excess of body fat,
have a metabolic profile characterized by high insulin
sensitivity, a favorable lipid profile, and no sign of
[144]
hypertension .
However, there is no consensus as to how metabolic
normality should be defined, so the reported prevalence
of MHO ranges from 2% to 50%, depending on the
[50,180-189]
specific criteria used and the population studied
.
MHO subjects when compared with obese insulin
resistant adults have a healthier metabolic risk profile
and higher disposition index (insulin sensitivity X
[171]
insulin secretion) .
[190]
According to Karelis et al
, the selection criteria
for MHO individuals were partially based on the National
Cholesterol Education Program’s Adult Treatment Panel
Ⅲ report for lipid profiles [triglycerides: < 1.7 mmol/L,
total cholesterol: < 5.2 mmol/L, HDL-cholesterol: > 1.3
mmol/L and low-density lipoprotein (LDL)-cholesterol:
[187]
< 2.6 mmol/L] and from the study of Brochu et al
for insulin sensitivity (HOMA < 1.95); when 4 out of 5
criteria are met, the diagnosis of the MHO individual
could be made. Intrahepatic triglyceride (IHTG) content
and VAT volume were much higher in metabolically
abnormal obese subjects than in MHO subjects.
[143]
In 2005 Karelis et al
indicated that postmeno
pausal women displaying the MHO phenotype also
have a favorable inflammation profile, as shown by
lower CRP and α-1 antitrypsin levels compared with
insulin-resistant women, suggesting that lower inflam
mation state could play a role in the protection of this
phenotype.
[191]
Manu et al
found that MHO was similar to NWL
group regarding terms of age, fasting glucose and
triglyceride levels, but with higher insulin resistance,
C-reactive protein levels, LDL cholesterol levels levels
and systolic blood pressure, and lower intake of dietary
fiber and levels of physical activity.
However, studies with longer follow-up periods (>
15 years) have demonstrated that MHO individuals
were at an increased risk of major CVD events as
[192,193]
compared to MHNW individuals
.
Examining the natural history of the MHO phe
notype it has been showed that over half of subjects
[194]
progressed to frank MS over a 10 years period .
[195]
Moreover, Shaharyar et al
demonstrated that
both MHO individuals and MONW phenotypes were

MONW

MONW subjects, first described and revisited by
[166,167]
Ruderman et al
, represents a subset of persons
who have a normal weight and normal BMI but have a
cluster of metabolic characteristics that may increase
the possibility of developing the MS.
MONW women, also defined as “metabolically
unhealthy normal weight” (MUNW) have metabolic distur
bances typical of obese persons and are characterized by
having a high amount of visceral fat, a low BMI, a high
fat mass, a low lean body mass, low insulin sensitivity,
and high triacylglycerol concentrations, premature
[168-171]
chronic degenerative disease and liver fat
.
[172]
In a recent paper Eckel et al
found that, MUNW
individuals were characterized by known diabetes
risk factors, e.g., they were significantly more likely
to be male, former smokers, hypertensive, and
less physically active compared to normal weight
individuals without incident diabetes. Higher WC
(women: 75.5 cm vs 73.1 cm; men: 88.0 cm vs 85.1
cm), higher HbA1c (6.1% vs 5.3%), higher triglycerides
(1.47 mmol/L vs 1.11 mmol/L), and higher levels of
high sensitive C-reactive protein (0.81 mg/L vs 0.51
mg/L) as well as lower levels of HDL-cholesterol (1.28
mmol/L vs 1.49 mmol/L) and adiponectin (6.32 μg/mL
vs 8.25 μg/mL) characterized this phenotype.
Moreover, lipid accumulation product (LAP) and
visceral adiposity index, two markers of visceral
[173]
obesity, identify the MONW phenotype .
[174]
Lee et al
recently found that in MONW indivi
duals, the triglycerides index [(fasting triglycerides
(mg/dL) × fasting glucose (mg/dL)/2)] was higher
respect to normal weight population, managing to
clearly discriminate individuals at metabolic risk from
NWL subjects.
[175]
Thomas et al
refined MONW phenotype using
MRI, showing a disproportionate deposition of VAT
respect to overweight or obese subjects; they called
this sub-phenotype, “thin-on-the-outside fat-on-theinside” (TOFI).
TOFI subjects showed a higher ratio of visceral:
subcutaneous abdominal adipose tissue, and it was
been observed in both male and female subjects and it
was accompanied by increased levels of both liver and
[175]
muscle fat .
Higher concentrations of inflammation biomarkers,
TNF-α and IL-6, in the MONW group could be the result
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associated with elevated hs-CRP, and hepatic steatosis.
[196]
In a recent paper, Achilike et al
showed that
among subjects classified as MHO at baseline, almost
half (47.6%) of them progressed to MUO within
the 7.8-year follow-up period. MHO individuals who
developed MUO were older and had more adiposity,
higher 10-year CHD risk and lower HDL cholesterol
than those who remained as MHO or become nonobese. They conclude that, MHO may not be a stable
condition, because it confers markedly increased risk
of developing multiple metabolic abnormalities in the
future.
[197]
According to the editorial comment of Puri
, it
must be simply accepted that obesity is a disease, and
no level of obesity can be considered healthy. In fact,
[198]
the studies by Chang et al , demonstrated that, on
the basis of the coronary artery calcium scores, MHO
had a significantly greater prevalence of coronary
atherosclerosis than the metabolically-healthy but
[199]
normal weight subjects. Moreover, Kramer et al
observed that compared with NWL subjects, MHO were
at significantly greater risk for death and cardiovascular
events.
All these data raised serious doubts on the concept
of obese people maintaining a benign prognosis and
highlight the fact that obesity per se is a genuine
[197]
disease .
Therefore, both MHO and MONW phenotypes, in the
same manner of “at risk obese” phenotype, may not be
benign and physicians should strive to treat individuals
in these subgroups to reverse these conditions.

MUO individuals showed higher plasma glucose
dependent insulinotropic polypeptide, lower postglucose load glucagone-like-peptide-1, and higher
levels at baseline and after glucose load, indicating
[211]
inappropriate glucagone suppression .
Many studies have demonstrated that increased
IHTG content (i.e., NAFLD) is a robust marker of
[47,212,213]
metabolic dysfunction in obese people
, and the
amount of IHTG is directly correlated with the degree
of insulin resistance in the liver, skeletal muscle, and
[214]
adipose tissue .
However, not all obese persons develop NAFLD,
insulin resistance, and cardiometabolic disease. A sub
group of obese people are those have increased IHTG
[47]
content are the “Metabolic Abnormal Obese” (MAO) .
[215]
[216-219]
Roberts et al
and others
have found that,
compared with Metabolic Normal Obese (MNO) subjects,
MAO have decreased adipose tissue expression of genes
[47]
involved in glucose uptake and lipogenesis .
[47]
Moreover, Fabbrini et al
demonstrated distinct
differences in the response to weight gain in MNO
and MAO subjects. In MAO subjects, but not MNO
subjects, moderate weight gain exacerbated several
metabolic risk factors for CVD, including increased blood
pressure, plasma triglyceride levels, VLDL apoB100
concentrations, and VLDL apoB100 secretion rates,
and decreased plasma adiponectin concentrations
and insulin sensitivity in the liver, skeletal muscle, and
adipose tissues. Weight gain also caused a greater
absolute, but not relative, increase in intra hepatic
triglyceride content in MAO subjects compared with that
seen in MNO subjects. Together, these data suggest that
increased adipose tissue capacity for lipogenesis helps
protect against the adverse metabolic effects of weight
gain.
In general, metabolic disorders are associated
more strongly with visceral adiposity, rather than with
subcutaneous adiposity; also, the anatomic location
of VAT means that fatty acids are released directly
into the portal circulation and fat accumulation in the
liver has been shown to be an important feature of the
[220,221]
MS
.

MUO

The MUO, also defined as “at risk” obese subjects
2
are characterized by a BMI ≥ 30 kg/m , a PBF >
30% and high visceral fat mass, closely linked to the
development of the MS, T2DM, and atherosclerotic
[200-203]
CVD
.
Although a unifying definition of the MS does not
[204-206]
exist
, there is a worldwide agreement about
the role of insulin resistance and abdominal obesity
as the main pathophysiological mechanisms for the
development of metabolic disorders characterizing the
[207,208]
MS
.
Hormonal differences after an oral glucose tolerance
test may explain the propensity for impaired glucose
[209]
homeostasis in then “at-risk” obese phenotype .
[210]
O’Connell et al
divided the obese subjects in
three class: MHO, MUO and obese with DM. They
found that MUO and T2DM obese subjects had an
omental adipocyte size greater than MHO, while
subcutaneous adipocyte size, was related to metabolic
health, and possibly progression from hepatic steatosis
to fibrosis. Moreover, they showed that MUO group had
an intermediate degree of steatosis (43%) respect to
MHO (3%) and obese with T2DM (74%). Finally, they
suggested that the size of the individual’s adipocytes is
more important than the size of the individual.
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Sarcopenic obesity
Sarcopenia is defined as a loss of muscle mass
leading to muscle weakness, limited mobility, and
increased susceptibility to injury; an understanding of
the underlying causes of muscle loss is critical for the
development of strategies and therapies to preserve
[222]
muscle mass and function .
It is well known that muscle is a type of endocrine
organ, and excess fat mass exerts harmful effects
on vascular inflammation BMI can miscategorize a
significant proportion of subjects who have lower
muscle mass content and higher body fat levels as
those having a same cardiovascular risk as healthy,
[17]
non-obese subjects .
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Moreover, according to PBF cut-off classification,
[165]
Di Renzo et al
found that 14.68% of individuals
were affected by sarcopenic obesity (81.25% NWO
and 18.75% MHO/at risk obese, respectively), and,
according to the population attributable risk (PAR), the
sarcopenia incidence could be reduced at least of 20%,
by appropriate detection and treatment of obesity.
[223,224]
The combination of sarcopenia and obesity
,
defined as sarcopenic obesity, is an important public
health associated with functional limitations and
[225,226]
increased mortality
.
The concept of sarcopenic obesity was firstly
proposed by Roubenoff who suggested how the
inflammatory cytokines, produced by adipose tissue,
especially visceral fat, can accelerate muscle catabolism
and thus contribute to the vicious cycle that initiates
[145]
and sustains sarcopenic obesity .
These cytokines have effects on the brain, liver,
and pancreas that drive appetite, carbohydrate and fat
metabolism, and energy balance. Thus, an increase
in fat mass causes higher cytokines levels, which can
affect protein metabolism both directly, via its effect on
muscle amino acid balance, and indirectly, via insulin
sensitivity.
[227]
Schrager et al
, showed that components of
sarcopenic obesity were associated with elevated levels
of IL-6, C-reactive protein, IL-1 receptor antagonist,
and soluble IL-6 receptor. They suggest that global
obesity and, to a greater extent, central obesity directly
affect inflammation, which in turn negatively affects
muscle strength, contributing to the development
and progression of sarcopenic obesity. These results
suggest that proinflammatory cytokines may be critical
in both the development and progression of sarcopenic
obesity.
The key problem for this disease is the diagnosis.
For this reason, in order to avoid the risk of sarcopenic
obesity, the diagnosis of obesity requires the utilization of
various methods, including body composition evaluation,
[17,228,229]
metabolic, functional and a genetic approach
.
The assessment of the physical status in association
with genotype represents a very important information
to evaluate both the health status and quality of life.
Moreover, while a number of risk factors and diagnostic
methodologies are available, it would be very useful to
be able to develop additional predictive tools and risk
indexes for this pathology.
Among various methods using to assess body
composition, DXA-derived total body fat mass, total
body lean mass and ASMMI measures can reflect
both the PBF, than muscle mass and muscle strength,
providing a reliable measure for assessment of sarco
[15,19,230]
penia and obesity
.
More significant deviations from normal healthy
body composition trajectories configure the develop
[41]
ment of abnormal phenotypes such as high adiposity ,
[231]
low muscle mass, or a combination of the two .
[232]
For this reason, as highlighted by Prado et al
,
there is a need to detect the high adiposity with low
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muscle mass phenotypes at younger ages in order to
carry out timely personalized treatment interventions,
in which weigh loss strategies are aimed to increase or
preserve muscle mass and reduce fat mass.
For this reason measurement of body composition
are fundamental for individual risk stratification.

Body composition evaluation for
bariatric surgery
The success rates of suggested obesity prevention and
treatment strategies including lifestyle modification,
behavioral therapy, and pharmacotherapy are dis
satisfactory and lack efficacy in the management of
[233]
morbid obesity .
Surgery for the treatment of severe obesity is
gaining increasing favor, an surgical interventions are
currently the most effective evidence-based approach
towards clinically significant and sustainable weight
loss along with reduction in mortality and obesity[234,235]
related comorbidities
.
According to the different classification of obesity
subtypes, it is important to choose as the selection
criteria of the subjects that may be underwent to
bariatric surgery both the PBF, the distribution of
adipose tissue and the metabolic variables.
Bariatric surgery, included Roux-en-Y gastric
bypass (RYGB), laparoscopic adjustable gastric band
[236-238]
(LB), duodenal switch, and sleeve gastrectomy
,
has proven to be a treatment of choice for morbid
[234,239]
obesity
, and it is recommended for patients
2
2
with BMI above 40 kg/m or higher than 35 kg/m
when associated with comorbidities which include the
[240]
different components of MS and type 2 diabetes .
As previously described, the expansion of adipose
tissue lead to inflammation, hypoxia, insulin resistance,
limitations on energy storage, net increase in circulating
free fatty acids, lipotoxicity, adverse endocrine and
immune responses.
For example, in order to reduce serious sleep
apnea, immobility, CVD and other medical disorders,
obese patients with pathological obesity may undergo
surgical treatments interventions, to reduce the
[241]
adipose tissue .
Thus, a reduction in fat cell size and reduction in
adipose tissue growth beyond its vascular supply are
favorable effects that at least partially explain the
observed reduction in inflammatory markers with a
reduction in adiposity, occurs with bariatric surgery.
Reversion of the low-grade inflammation and of
risk factors seem to occur when a reduction in BMI
is achieved and loss of adipose tissue is observed in
[241,242]
obese individuals, after LAGB
.
As previously described the different adipose tissue
depots may contribute differently to obesity related
comorbidities, most studies have focused on VAT
and SAT findings from a single abdominal slice, as an
appropriate surrogate measure of total VAT and total
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[239]

SAT.
[243]
However, Weiss et al
reported that the ratio
between VAT and SAT remains fairly constant 6 mo
following bariatric. In fact, they observed a weight
reduction of 47% in male and 42.6% in female
subjects, with a reduction of VAT and total SAT of 35%
and 32%, respectively, in both sexes.
Weight loss after bariatric surgery is usually asso
[244]
ciated with an improvement in insulin resistance .
Most studies have demonstrated a strong asso
[245]
ciation between VAT and insulin resistance . In one
study, reduction in VAT was associated with improve
ment in oral glucose tolerance even after adjusting
[246]
for overall weight loss , even if it is unclear whether
greater VAT is a marker of insulin resistance or plays a
[247]
causal role .
Moreover, insulin sensitivity correlated with gene
ralized and regional adiposity, however, the magnitude
of improvement in insulin sensitivity was predicted by
the percent decrease in VAT, but not by other changes
[248]
in body composition .
[249]
Data from Carroll et al
indicated that 6 mo after
LGBS there were significant improvements in many
cardiovascular and metabolic risk markers, with a
major decreasing in insulin resistance associated to
VAT reduction. The calculated total VAT volume (by
CT) from eight abdominal slices decreased by 22%
at 6 mo post-LB surgery, and the reduction in VAT
was significantly correlated with reductions in insulin,
HOMA, and glucose.
[250]
Korner et al
, using whole-body MRI in post
surgery weight-stable female patients (at 19-25 mo
post-LB and RYGB surgery), found that in women postsurgery, VAT was 44% less than in control subjects, and
the difference remained significant after adjustment for
total adipose tissue (TAT) and menopausal status. After
adjustment for TAT, SAT in women post-surgery was
significantly greater than matched controls, and there
was a significant negative correlation of VAT and the
degree of weight loss in women but this relationship
was not significant in men.
In fact, VAT was nearly identical in men postsurgery compared with matched controls even though
the degree of weight reduction was not significantly
different from women (27.4% vs 32.6%).
[251]
Interestingly Toro-Ramos et al
showed that
bariatric surgery caused substantial and robust loss
in total and regional adipose tissue at 12 and 24 mo
postbariatric surgery, with continued losses between
12 and 24 mo in women, when body weight change
was not significant. These results indicate that bariatric
surgery has an important effect on reducing adipose
tissue depots even after body weight has begun to
stabilize. They found a remarkable 77% reduction in
VAT at 12 mo postsurgery in both men and women.
Weight loss obtained after bariatric surgery is
associated with a highly significant reduction in cardio
[252,253]
vascular risk factors
. Moreover, systematic review
and meta-analysis reported complete resolution of
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T2DM in high percentage of the cases , and the rank
order of increasing efficacy of the most common surgical
procedures progresses from the purely restrictive to the
mostly restrictive to the mostly malabsorptive.
Surgical treatment of massive obesity is being
extended to adolescents, seemingly with similar success
[254]
and risk rates as in adults .
[237]
Pontiroli et al
have previous observed that,
although LAGB induces a durable weight loss in morbidly
obese patients, a significant proportion of these patients
(25%) had a relatively modest weight loss.
It is not clear demonstrated whether genetic factors
that play an important role in body weight homeostasis
may account for the differences in the therapeutic
effects of bariatric surgery. However, in literature
there are some evidences that reported a relationship
between -174G>C IL-6 polymorphism with diabetes,
insulin resistance, MS, longevity and cardiovascular
[255-257]
risk
.
[258]
Di Renzo et al
evaluated the efficacy of LAGB
surgery and the effects on anthropometry, body
composition, fluid distribution, some cardiometabolic
parameters and IL-6 plasma levels of selected patients
after 6 mo follow-up, according to 174G>C IL-6 poly
morphism. The authors have shown that in obesity
bariatric treatment, LAGB seemed to determine a
weight loss, sparing muscle mass and causing only
mild body fluid alterations. The loss of fat mass was
significant, despite a slight proportional loss of lean
mass. Moreover, for the first time, this study has
provided evidence that, the promoter polymorphism
of IL-6 (-174G>C) gene is associated both with body
composition and fluid distribution, in obese subjects, at
baseline and at 6-mo follow-up after LAGB. C (-) obese
carrier showed a lower capability to lose weight and
body fat mass after LAGB, and a higher LAGB induced
detrimental effect on bone density. This implies that
LAGB was less effective if the subjects were carrying
[258]
risk genotypes (C-carriers) for obesity .
In conclusion, it is possible suggest that an
accurate and complete body composition evaluation
together with genetic variations analysis would be
a important tools for the selection of the type of the
bariatric surgery, and for screening in order to predict
therapeutic response of obese subjects, in terms of
fat loss. Further studies of the court must be made to
understand what is the best type of bariatric surgery,
depending on the pathology.
Remains the undoubted value of the assessment
of body composition in obese patient whose treatment
of bariatric surgery is recommended, in the control of
quality and effectiveness of the intervention, ensuring
patient safety.

CONCLUSION
It is crucial, therefore, to recommend a bariatric
surgery independently from BMI and body size, but
taking into account adiposopathy and sick fat that
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occurs with the expansion of body fat mass, changing
the inflammatory and metabolic profile of the patient.
Interactions between genetic and environmental
factors such as diet and lifestyle, particularly overnutrition and sedentary behavior, promote the progres
sion and pathogenesis of polygenic diet-related diseases.
In the different obese phenotype, it is of primary
importance to highlight a potential connection between
body composition (as weight, body lean mass, body
fat mass), and genetic variants, to identify individuals,
who were at increased risk of reduction of skeletal
muscle mass, that could lead to sarcopenic obesity.
The highlighted findings underline that it is critical
to assess body composition evaluation, looking to
body fat mass and lean mass, and to identify a useful
biomarker for selecting the population at risk for
adipose tissue-associated inflammation, for preventive
medicine purposes.
In this context, the mounting influx of global quan
titative data from body composition, blood biomarkers,
and genetic led to change the healthcare system,
transforming of the concept of medicine, intended not
only as a curative intervention but as a proactive P4
medicine, that is predictive, preventive, personalized,
[259]
and participatory .
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Laparoscopic colorectal surgery: current status and
implementation of the latest technological innovations
Marta Pascual, Silvia Salvans, Miguel Pera
and meta-analyses have shown that laparoscopic
colorectal surgery is associated with the same benefits
than other minimally invasive procedures, including
lesser pain, earlier recovery of bowel transit and shorter
hospital stay. On the other hand, despite initial concerns
about oncological safety, well-designed prospective
randomized multicentre trials have demonstrated
that oncological outcomes of laparoscopy and open
surgery are similar. Although the use of laparoscopy
in colorectal surgery has increased in recent years,
the percentages of patients treated with surgery using
minimally invasive techniques are still reduced and
there are also substantial differences among centres. It
has been argued that the limiting factor for the use of
laparoscopic procedures is the number of surgeons with
adequate skills to perform a laparoscopic colectomy
rather than the tumour of patients’ characteristics.
In this regard, future efforts to increase the use of
laparoscopic techniques in colorectal surgery will
necessarily require more efforts in teaching surgeons.
We here present a review of recent controversies of
the use of laparoscopy in colorectal surgery, such as in
rectal cancer operations, the possibility of reproducing
complete mesocolon excision, and the benefits of intracorporeal anastomosis after right hemicolectomy. We
also describe the results of latest innovations such as
single incision laparoscopic surgery, robotic surgery and
natural orifice transluminal endoscopic surgery for colon
and rectal diseases.
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Abstract
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The introduction of laparoscopy is an example of
surgical innovation with a rapid implementation in many
areas of surgery. A large number of controlled studies

Core tip: The introduction of laparoscopy for the
treatment of colorectal pathology is associated with
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the same benefits than other minimally invasive
procedures with lesser pain, earlier recovery of bowel
transit and shorter hospital stay. Although the use
of laparoscopy in colorectal surgery has increased in
recent years, several studies have shown that minimally
invasive techniques are still underused and there are
also substantial differences among centres. Thus, its
implementation of the laparoscopic approach requires
more efforts in teaching surgeons. We here present a
review of recent controversies and the results of latest
innovations in the use of laparoscopic surgery for colon
and rectal diseases.

years, especially because of port-site metastasis and
concerns regarding lower number of lymph nodes
[11]
retrieved . This was another factor that influenced its
slow uptake in colorectal surgery. Wound recurrence
of gastrointestinal cancer after open surgery has been
traditionally considered an infrequent finding, with an
incidence of less than 1% for colorectal cancer. The
largest number of metastases in the abdominal wall,
and in particular into laparoscopic ports, described
in some of the first series of laparoscopic surgery
published in the 1990s caused widespread concern
regarding the indication of minimally invasive techniques
in the treatment of gastrointestinal tumours. In
fact, some series reported port site metastases and
[11-14]
peritoneal dissemination in 10%-20% of patients
.
The relationship between different factors related to
the laparoscopic technique (pneumoperitoneum) to the
tumour (manipulation, degree of differentiation, stage)
and the host (immune and inflammatory factors) were
[15,16]
investigated in several experimental studies
. The
so-called “chimmey effect” referring to leakage of CO2
alongside trocars causing a high local gas flow at the
trocar sites and aerosolisation of tumour cells has been
[17]
proposed as a causative factor . Based on these
results, some maneuvers were proposed to reduce
[17-19]
or avoid the port site metastasis
. These included
the avoiding manipulation of the tumour to prevent
exfoliation of tumour cells, the use of povidone-iodine
solutions, empty the CO2 through the trocars, using
a device to protect wall incision and closing all trocars
holes.
However, despite this initial concern regarding the
oncological safety of the laparoscopic approach, welldesigned prospective randomised multicentre trials
have demonstrated no differences in the incidence
of metastasis in the surgical wound as well as in
oncological outcomes when the laparoscopic approach
[5,20-24]
was compared to open surgery
. Furthermore, a
subset analysis of a randomised trial even showed a
lower recurrence rate and better survival in patients
with stage Ⅲ colonic cancer undergoing laparoscopic
[25]
resection as compared with laparotomy
although
these results have not been confirmed afterwards. The
use of laparoscopy for the management of colorectal
[26]
cancer is currently accepted worldwide .

Pascual M, Salvans S, Pera M. Laparoscopic colorectal surgery:
Current status and implementation of the latest technological
innovations. World J Gastroenterol 2016; 22(2): 704-717
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i2/704.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i2.704

INTRODUCTION
The introduction of the laparoscopic approach to
cholecystectomy in the past two decades has been
followed by rapid implementation of this technique in
many areas of surgery. The laparoscopic revolution
is an example of surgical innovation with a rapid
dissemination of the technique through the academic
[1]
network . The first laparoscopically-assisted colectomy
[2]
was reported by Jacobs et al in 1991. Since then, a
large number of controlled studies and meta-analyses
have shown that laparoscopic colorectal surgery is
associated with lesser pain, earlier recovery of bowel
transit and shorter hospital stay as compared to open
[3-7]
surgery . It has been suggested that the short-term
advantages of laparoscopy are related to a decreased
[8,9]
[6,10]
inflammatory response . Several studies
have
demonstrated lower serum levels of interleukin-6
and other proinflammatory cytokines, which are
sensitive markers of tissue damage, after laparoscopic
colectomy than after open resection.
However, compared with cholecystectomy, appen
dectomy or Nissen fundoplication, laparoscopic colonic
surgery is a significantly more challenging operation as
it frequently involves often more than one abdominal
quadrant, identification and transection of vascular
structures, mobilisation and resection of the bowel,
retrieval of the surgical specimen and performing an
anastomosis. The greater complexity of laparoscopic
colectomy has been associated with longer operative
times and a long learning curve. For these reasons,
despite its advantages, laparoscopic colectomy has
taken several years to start becoming a popular
technique.

Laparoscopy and inflammatory bowel disease

The development of laparoscopic procedures for benign
conditions has met with technical difficulties, even
higher than in patients with cancer, particularly when
treating patients with inflammatory disorders such
[27]
[28]
as diverticular disease
or inflammatory disease ,
which frequently involves adjacent structures. This
technical challenge for the colorectal and laparoscopic
surgeons has been reflected in evidence provided by
large trials supporting laparoscopic resections for these
indications lagging behind those related to surgical
[29]
oncology .

Laparoscopy and colon cancer

The impact of laparoscopy on long-term oncological
outcome was a subject of controversy for many
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With regard to inflammatory bowel diseases, we
have to distinguish between Crohn’s disease and
ulcerative colitis because the indications and operative
procedures are different. In Crohn’s disease there
is a wide range of potential procedures, whereas in
ulcerative colitis, restorative proctocolectomy is the
[30]
standard technique in the elective setting .
Early reports of the introduction of laparoscopy
in the treatment of patients with Crohn’s disease
demonstrated the feasibility of the laparoscopic
approach for the formation of stomas and ileocecal
resections. However, the widespread use of laparoscopy
in Crohn’s disease has been limited because it is a
technically demanding surgery. Complicated cases
of Crohn’s disease continue to be challenging even
for surgeons with great experience in surgery of
inflammatory bowel disease and minimally invasive
[30]
techniques . Despite these difficulties, several
case-control studies and randomised trials have
demonstrated that a laparoscopic approach for
ileocolic and also for colonic disease is as effective
[31,32]
as open surgery with many short-term benefits
.
[33]
Maartense et al reported the results of a multicentre
randomised controlled trial comparing laparoscopic or
open approach for ileocolic Crohn’s disease. Although
laparoscopy was associated with longer operative
times, postoperative recovery was shorter. The authors
also found decreased morbidity and reduced costs in
patients undergoing laparoscopic ileocolic resection.
Two meta-analyses have reported lower postoperative
morbidity, a faster return to bowel function and a
shorter postoperative hospital stay after laparoscopic
[34,35]
surgery as compared to open approach
. Another
meta-analysis published by the Cochrane Collaboration
Group found no significant differences in perioperative
outcomes between laparoscopic and open surgery
for Crohn’s disease, although only two randomised
[36]
controlled trials were included in the review .
The initial results of laparoscopic restorative
proctocolectomy and ileal pouch-anal anastomosis
were not very promising. The laparoscopic technique
appeared to be difficult to apply and time consuming.
Years later, with the availability of new instruments and
technical innovations as well as increased experience
and concentration of cases in specialised centres, more
[30,37]
favourable results were obtained
. Several studies
have compared the short-term postoperative outcomes
of laparoscopic and open surgery for ileal pouchanal anastomosis, but the results are controversial.
A recent meta-analysis included 27 comparative
studies with 2428 patients, 1097 (45%) of which
[38]
underwent laparoscopic surgery . The laparoscopic
approach was associated with a significantly longer
operative time, reduced intraoperative blood loss and
lower incidence of wound infection. No significant
differences were observed in the rate of pouch
failure. The authors concluded that for restorative
proctocolectomy, laparoscopic and open approaches
were associated with similar adverse event rates and
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long-term functional results, although the evidence
might be underpowered. It has been suggested that
although the procedure is feasible and safe, since the
short-term advantages are mainly cosmetic the clinical
[39]
significance of this procedure is arguable .
In order to decrease the technical difficulty of
laparoscopic colectomy and compensate the lack of
tactile feedback, hand-assisted laparoscopic surgery
[4]
(HALS) has been appeared as an alternative. HALS is
a hybrid approach by which the surgeon inserts a hand
into the abdomen through a small incision to facilitate
exposing the colon and dissection while keeping the
pneumoperitoneum.
A few controlled studies, systematic reviews
and meta-analysis have compared HALS with open
[40-44]
surgery
, and also HALS with conventional laparo
[4,40,45-47]
scopic surgery
. These studies generally conclude
that this combined approach has the advantages of
minimally invasive surgery (lower blood loss, shorter
incision length, faster recovery, shorter hospital stay)
over open surgery while reducing some of the dis
advantages of laparoscopic surgery (shorter operative
time, lower conversion rates). However, there is no
strong evidence to suggest that HALS will result in
better or worse operative outcomes vs conventional
[46]
laparoscopic approach . In this regard, HALS may be
considered an interesting alternative for laparoscopic
colectomy, particularly in more difficult cases such as
[48]
complex diverticular disease or total colectomy . It
may also be a better option for surgeons early in their
[42]
laparoscopic careers .

CURRENT STATUS
Although the use of laparoscopic colorectal surgery
has been increasing in recent years, the percentage of
patients who undergo surgery using minimally invasive
techniques is still limited and there are also significant
[49,50]
differences among centres
. In recent years, there
have been several reports of the implementation of
laparoscopy in colorectal surgery. According to the
National Institute for Health and Clinical Excellence
(NICE) implementation uptake report the percentage
of colorectal resections performed laparoscopically
in England in 2009 was 22% while in 2007 it was
[51]
only 8.8% . The rates ranged from 10% for total
colectomy procedures to 25% in patients undergoing
sigmoid colectomy. The level of uptake was higher
than the future forecast made previously by NICE
which estimated a rate of 13% would be completed
laparoscopically.
The Surgical Care and Outcomes Assessment
Program evaluated the use of laparoscopy for elective
colorectal resection at 48 hospitals in the United States
from 2005 to 2010. The use of laparoscopic procedures
[52]
increased from 23.3% in 2005 to 41.6% in 2010 .
The authors found that hospital characteristics (urban
location and less than 200 beds), diverticular disease,
and right hemicolectomies were factors associated
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with the laparoscopy use. They also found the greatest
increase in the total number of colorectal operations
among hospitals with the highest laparoscopy adoption
rates.
In another recent study using the University
Health System Consortium administrative database,
which includes more than 300 academic hospitals,
laparoscopic colorectal resection was attempted in
36228 (42.2%) out of 85712 patients, with 15.8%
requiring conversion to open surgery. The authors
concluded that there is a trend of increasing use of
laparoscopy in colorectal surgery, across hospital in the
[53]
United States in the recent years
with acceptable
conversion rates
The use of laparoscopy in colorectal surgery should
be calculated in relation to the number of patients
who are candidates for minimally invasive surgery.
Although the number of absolute contraindications is
currently almost negligible, it is important to properly
select patients to maintain conversion rates below 10%.
Thus preoperative selection of patients with colorectal
disease allows optimum use of the advantages of
laparoscopy. It has been estimated that an appropriate
indication for patients with colorectal disease ranges
[47]
between 60% and 80% . In this regard, although
the use of laparoscopy is increasing, the figures
mentioned above show that laparoscopic colorectal
surgery is still underused. It has been suggested
that the limiting factor for the implementation of
this procedure is the number of surgeons capable of
performing a laparoscopic colectomy, rather than the
[51]
characteristics of the tumour or patient . Recent
studies have demonstrated the positive effect of a
standardized technique, training courses and surgical
simulation on the implementation of laparoscopic
[54,55]
colorectal procedures
. Manuel Palazuelos et
[55]
al
measured the impact on clinical practice of a
laparoscopic colorectal resection training programme
based on surgical simulation. In a prospective study,
163 surgeons participated in 30 courses of 35 h (18
h in the operating room, 12 h practicing with animal
models and 4 h in seminars). Afterwards, participants
were asked via an on-line survey about the degree
of implementation of the techniques in their day-today work. Average time elapsed after the course was
11.5 mo (2-60 mo). Interestingly, a total of 75%
of participants initiated or increased the number of
laparoscopic surgeries performed after the training
experience. Future efforts to increase the use of
laparoscopic techniques in colorectal surgery will require
novel opportunities for learning among surgeons. As it
has occurred before with other surgical techniques, the
use of workshops, symposia and video demonstrations
are important resources to increase the implementation
[49,56]
of colorectal laparoscopic surgery in daily practice
.

oncological safety of laparoscopic colonic resection
in patients with colon cancer was demonstrated and
widely accepted more than 10 years ago, the use of
laparoscopy in patients with rectal cancer has raised
questions regarding the safety and effectiveness of this
[57,58]
approach
. The need to perform a total mesorectal
excision in a deep and narrow pelvis increases the
technical complexity of this procedure and the risk of
oncological compromise.
The CLASSIC study was one of the first trials com
paring laparoscopic-assisted surgery with conventional
open surgery, not only for colon cancer patients, but
[5]
also for patients with rectal cancer . It is important
to note that patients were recruited between 1996
and 2002 and the lack of experience in laparoscopic
anterior resection in the early years of the study had
a significant influence on the reported conversion
rate, which was higher than 30%. The mean hospital
stay was 2 d shorter for laparoscopy than for open
surgery, but for successful laparoscopic excisions,
hospital stay was 3 d shorter than for converted
patients. Circumferential resection margin positivity
was greater in the laparoscopic than in the open
surgery group (12% vs 6%), although the difference
was not statistically significant. On the other hand,
converted patients had the highest rates of surgeryrelated complications and death than open or lapa
roscopy patients. The high conversion rate and the
worse outcomes in this group of patients raised some
concerns about the unselected indication of laparo
scopy in patients with rectal cancer and the impact
of the learning curve. In fact, the authors concluded
that routine use of laparoscopy does not appear to be
justified in patients with rectal cancer.
Thereafter, several others randomised controlled
trials and meta-analyses have compared short-term
clinical outcomes between laparoscopic and open
surgery approaches in rectal cancer. See Table 1.
In a recent single centre randomised trial, Lujan et
[59]
al
compared surgical outcomes after laparoscopy
and open surgery in patients with mid and low rectal
cancers. Blood loss was significantly greater for open
surgery, operating time was significantly greater for
laparoscopic surgery, and return to diet and hospital
stay were longer for open surgery. Complication rates
and involvement of circumferential and radial margins
were similar for both procedures. In relation to other
studies, we would like to highlight the European
[60]
multicentre COLOR Ⅱ trial conducted in 30 hospitals,
in which 1103 patients were randomised. Again,
the study showed reduced blood loss, earlier return
of bowel function and shorter hospital stay in the
[60]
laparoscopic group than in the open surgery group .
There were no differences in postoperative morbidity
and mortality. The long-term oncological results of this
multicentre trial have been recently published, showing
that laparoscopic surgery in patients with rectal
cancer is oncologically safe, with rates of locoregional
recurrence, disease-free survival and overall survival

RECENT CONTROVERSIES
Although the feasibility, short-term benefits and
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Table 1 Summary of key studies comparing the use of
laparoscopy and open surgery in patients with cancer
n (open vs lap)

Ref.
Guillou et al[5] 2005

794 (268/526)

Lujan et al[59] 2009

204 (103/101)

van der Pas et al[60]
2013
Arezzo et al[62] 2015
Chen et al[64] 2014
Ng et al[65] 2014
Trastulli et al[66] 2012
Xiong et al[67] 2012

1103 (364/739)
10861
953
278 (142/136)
1544 (703/841)
624 (316/308)

Study

Table 2 Intracorporeal vs extracorporeal anastomosis in right
laparoscopic colectomy

Results

Ref.
Milone et al[74] 2015

RCT multicentre

Short term
Similar results
RCT unicentre
Short term
Similar results
RCT multicentre Short term
Similar results
Systematic
Short term
Similar results
review
Meta-analysis
Short-term
Similar results
3 RCT
Long-term
3 yr follow-up similar results
Meta-analysis
Short term
9 RCT
Similar results
Meta-analysis
Short term
4 RCT
Similar results

Grams et al[75] 2012
Scatizzi et al[76] 2010
Hellan et al[77] 2009
Carnuccio et al[78] 2014

Study

Multicentre
Observational
105 (54/51) Restrospective
80 (40/40)
Case-control
80 (23/57)
Prospective
484 (272/212) Systematic
review

Results
Similar results
Better for IA
Similar results
Similar results
Similar results

IA: Intracorporeal anastomosis; EA: Extracorporeal anastomosis.

right colectomy with intracorporeal functional end-toend anastomosis has been shown to be feasible and
effective in terms of short- and long-term results and
oncological radicality, this technique is still performed
[74]
by a relatively small number of surgeons . In a
retrospective study including 105 patients, Grams et
[75]
al
found that resection and creation of the anasto
mosis intracorporeally produces superior results with
earlier return of bowel function, decreased postoperative
narcotic use, and decreased length of stay and morbidity
in comparison to the extracorporeal technique. Other
reported advantages of intracorporeal anastomosis are
improved cosmesis and higher rates of early regular diet
[76]
tolerance . However, these advantages have not been
[77]
confirmed in other non-controlled clinical studies .
A recent meta-analysis of observational studies
included six case-control studies with 484 patients
undergoing right laparoscopic colectomy, 272 with intra
corporeal anastomosis and 212 with extracorporeal
anastomosis. The best outcomes were associated with
intracorporeal anastomosis especially in terms of return
of bowel function, length of hospital stay and cosmetic
results. However, the meta-analysis did not show a
significant difference between the two techniques for
anastomotic leaks or overall short-term morbidity. The
authors concluded that the meta-analysis did not allow
[78]
to draw definitive conclusions . Several other metaanalyses have also failed to solve this controversy.
Future randomised, controlled trials are needed to
further evaluate different surgical anastomosis after
[79,80]
laparoscopic right hemicolectomy
.

RCT: Randomised controlled trial.
[61]

similar to those of open surgery . Several systematic
reviews and meta-analyses have recently confirmed the
short-term benefits and oncological safety of minimally[62-67]
invasive approach for rectal cancer surgery
.
Another recent controversy on laparoscopic colo
rectal surgery relates to complete mesocolon excision.
There are three essential components to complete
mesocolon excision: dissection between the mesen
teric plane and the parietal fascia and removal of the
mesentery within a complete envelope of mesenteric
fascia and visceral peritoneum that contains all lymph
nodes draining the tumour area, central vascular tie,
and resection of an adequate length of bowel to remove
involved pericolic lymph nodes in the longitudinal
direction. It has been suggested that complete me
socolic excision is associated with increased lymph node
yield, reduced locoregional recurrences and increased
disease-free survival in patients with colorectal
[68,69]
cancer
. However, a concern has arisen about the
possibility of reproducing this more extensive dissection
by laparoscopy. A recent systematic review included 34
retrospective, prospective and observational studies.
Of the prospective studies, four reported an increased
lymph node harvest and a survival benefit. The authors
concluded that laparoscopic complete mesocolic
excision has the same oncological outcome as open
surgery, although completeness of excision during
laparoscopy may be compromised by tumours in the
[70]
transverse colon . Although several reports have
demonstrated that laparoscopic resection for transverse
colon cancer is feasible and safe with short- and-long[71,72]
term outcomes comparable to open surgery
, the
evidence for laparoscopic complete mesocolon excision
[73]
is still limited .
Finally, the advantages of intracorporeal (vs
extracorporeal anastomosis in patients undergoing
laparoscopic right colectomy is also a matter of
controversy. See Table 2. Although totally laparoscopic
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n (IA/EA)
512 (286/226)

LATEST TECHNOLOGICAL
INNOVATIONS
Over the last decades, different minimally invasive
surgery techniques have emerged. The combination
of new technology with the improvement of skills and
knowledge of surgeons has encouraged many groups
to converge techniques and technology to develop new
strategies.

Single incision laparoscopic surgery

After the great development of laparoscopic surgery
for the treatment of colorectal diseases over the two
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past decades, a new procedure emerged in order
to improve even more its results. In single incision
laparoscopic surgery (SILS), a unique port is used,
usually in the umbilicus or at the site where a stoma is
planned. The development of this approach is primarily
intended to achieve two main objectives: on the one
hand, to minimise the potential risks of trocar-related
complications, and therefore to improve cosmetic
results, and on the other, to reduce the inflammatory
response to surgical trauma.
However, as any other example of surgical inno
vation, SILS has to be associated with the development
of new skills by the surgeon and of new surgical
[81,82]
instruments specifically designed for this procedure
.
SILS involves the handling of straight instruments in
parallel and the decreased in the freedom of movement
for the surgeon. Some authors have shown that
SILS causes more physical workload for the surgeon
[83]
compared to conventional laparoscopy . Some
technical options have been described to facilitate work
[84]
in parallel in SILS such as the use of magnetics forceps
that permits better triangulation of instruments and the
“colon-lifting technique” that consist in the suspension of
[85]
the colon to the abdominal wall with a suture string .
[86]
SILS was first reported in 1992 by Pelosi et al .
They were the first authors who described the technique
as transumbilical approach for appendectomy, some
years later after the first transumbilical cholecystectomy
[87]
described by Navarra el al . However, the first colonic
resection procedures via SILS would not have been
[88-90]
published until ten years later
. In the last 5 years
there have been an exponential growth of published
papers on this topic, reporting increasingly complex
procedures performed by SILS technique and showing
that this technique can be applied to both, benign and
malignant colorectal diseases.
The first case series, mostly involving a small
number of cases, focused their interest in confirming
the safety of SILS as compared to standard laparo
[81,91-93]
scopy
. Later on, comparative non-randomised
[85,94-98]
studies were published
. Altogether, these studies
showed that SILS was as similar to conventional
laparoscopy in terms of early complications such as
postoperative bleeding, wound complications, lymph
node retrieval and mortality. Regarding other possible
benefits of SILS such as reduced postoperative pain or
peritoneal adhesions there is no sufficient evidence of
the superiority of SILS vs conventional laparoscopy.
It is important to note that the studies published to
date have a number of biases limiting the value of their
conclusions. Limitations include important selection
bias regarding the patients’ body mass index (BMI)
as well as the size and location of tumours. Moreover,
patients undergoing SILS surgical procedures are
operated by select groups of surgeons with special
interest and skills in laparoscopic surgery; this could
be a limitation in order to reproduce the same results
in other institutions.
In 2012, two randomised studies were published

WJG|www.wjgnet.com

comparing SILS with conventional laparoscopy. In one
the study that included only 32 colon cancer patients,
[99]
Huscher et al , concluded that SILS for colon cancer
was feasible and safe as conventional laparoscopy,
by they found no differences of SILS in terms of
postoperative morbidity, first time of oral intake and
length of hospital stay. By contrast, in a randomised
[100]
study including 25 patients per group, Poon et al
,
showed that SILS was associated with lesser pain and
shorter hospital stay. In the same year, the first meta[101]
analysis including 14 studies , only one randomised,
reported the same conclusions; there were no
significant differences between two approaches, so the
authors considered that SILS was just an alternative
for colorectal cancer surgery. The meta-analysis
[28]
published by Maggiori et al
is important because
more than 1000 patients operated on by SILS were
included. According to the results of this systematic
review and meta-analysis suggest that single-incision
laparoscopic colorectal surgery is feasible and safe.
[102]
Another systematic review published in 2012
confirmed the lack of superiority of SILS over conven
tional laparoscopy. Results of this review, however,
should be interpreted taking into account some
limitations including, selection bias in SILS patients
and surgical expertise as well as heterogeneity among
studies and differences in the primary endpoints.
One year later, in another meta-analysis with
[103]
more than 500 patients per group Yang et al
that
patients undergoing SILS had shorter length of stay,
shorter incision length, less estimated blood loss and
more lymph nodes harvested, with the same number
of postoperative complications and the same operative
time. In the conclusions of this study the authors also
admitted that SILS was performed only by experienced
surgeons. Similar conclusions have been reached in
[104]
more recent meta-analysis .
Two special topics merit to be mentioned apart. One
of the supposed advantages of SILS is cosmesis but,
[95,98,105]
this topic has been refuted by some authors
.
Although many studies have demonstrated, obviously,
[28,102,103]
that SILS is associated with a shorter incision
,
the majority of authors agree that there is a lack of
consensus on how to evaluate the cosmetic results
and that cosmetic evaluation should only be performed
after completion of the healing process and by an
independent clinician.
Another special issue of SILS is cost. In the early
years, SILS was more expensive than conventional
laparoscopy due to development of new trocars and
new instruments. This fact has been confirmed by
[106]
some authors
but with the increased in develop
ment of instruments and the competition between
providers, both techniques have equalized in costs;
today the cost of SILS port is just a little higher than
[94,96]
the four conventional laparoscopy ports
.
Based on the available evidence it cannot be
concluded that SILS is better than conventional
laparoscopy. In our opinion, this approach should be
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reserved to selected patients, (with low BMI, small
size tumours and preferably localised in right colon)
and selected surgeons. Data regarding long-term
oncological results for malignant diseases cannot
be presented given the lack of long-term follow-up
studies.

superiority compared with conventional laparoscopy
is are accurate lymphadenectomy around major
vessels and the ability to perform intracorporeal
[113]
anastomosis . In a randomised controlled trial with
right-sided colonic cancer patients undergoing right
hemicolectomy the duration of surgery was longer
and the overall cost greater in the robotic group
[116]
compared with the conventional laparoscopic group .
In summary, robotic colorectal surgery is a safe and
feasible technique but is associated with higher costs
and longer operative times. The long-term results in
patients with colon cancer are still to be determined.
Special mention should be made of the use
of robotics in patients with rectal cancer, where
robotic surgery permits the access to a narrow pelvic
cavity with an excellent surgical view. As previously
mentioned, the need to perform a total mesorectal
excision in a deep and narrow pelvis increases the
technical complexity of this procedure and the risk
[117]
of oncological compromise
. In this regard, robotic
surgery allows for a very precise dissection. With
robotics total mesorectal excision and preservation of
urinary and sexual functions can be achieved with more
[108]
security
. Even more, some studies suggest that
robotic surgery may attenuate the learning curve for
[109]
laparoscopic rectal resection .
The first evidence described for treatment of
rectal cancer with total mesorectal excision was in
[118,119]
2010
; two studies with a small number of
patients confirmed that robotic surgery was as safe and
feasible technique as conventional laparoscopy. During
the last years, a large number of studies have been
[119,120]
published including clinical series
, comparative
[121,122]
[123]
studies
and one randomised controlled trial
.
The results of all of them agree that robotic surgery
is safe and can be reproduced, with a higher cost and
longer operative time; similarly, these studies pint out
the absence of evidences about oncological outcomes.
[111]
In a recent review of Araujo et al , a total of 1776
patients with rectal cancer that underwent minimally
invasive robotic surgery in 32 studies were evaluated.
In this study the authors found no differences between
robotic and laparoscopic surgery regarding morbidity
and anastomotic complications. Robotic surgery was
better in short-term oncological results, larger number
of lymph nodes harvested and greater distance of
resection margin. However, the authors insist in
the fact that this new approach is associated with
increased costs and longer operative times. Other
[124-126]
meta-analyses have obtained similar results
.
[127]
More recently, Park et al
have published the first
study of long-term oncologic outcomes of rectal cancer
patients undergoing robotic surgery compared with
conventional laparoscopy. In this prospective study,
no significant differences were found in the 5-year
overall, disease-free survival and local recurrence rates
between robotic and laparoscopic surgical procedures
and, once again, robotic surgery was associated with

Robotic laparoscopic colorectal surgery

One step beyond minimally invasive surgery is robotic
surgery. Robotics were applied to surgery in 1970s
in the military setting; the first robot entering in an
operating room was designed in 1985 and, since then,
multiple tele-manipulators have been proven until the
introduction of the da Vinci robotic surgical system
(Intuitive Surgical, Inc, Sunnyvale, Calif) that has
revolutionised this field.
This new approach provides three-dimensional
image, diminishes surgeon tremor, allows dexterity
and ambidextrous capability, is associated with shorter
learning curve, and provides human wrist-like motion
[107]
for the instruments
. All these advantages are
particularly useful in operations performed in small
[108]
fields in which high precision is crucial .
However, despite the growing number of published
articles on this topic there is lack of evidence about
long-term oncological safety or its clinical benefits over
conventional laparoscopy. Moreover this technique
is expensive, which is a major drawback to the
widespread adoption of robotic surgery in the present
[109]
time of budget constraints .
Evidence of the usefulness of robotic surgery was
firstly reported in prostate, gynaecological and cardiac
[110]
surgery but no was until 2002 when Weber et al
published the first two cases of robotic colectomies.
Since then, there has been a rapid growing of evidence
[111]
about colon and, specially, rectal cancer. Araujo et al
found only two publications between 2006 and 2007
and more than 20 manuscripts published between
2010 and 2013 regarding this topic. It is important
to note that the evidence available until today about
robotic surgery shows a great difference between
colon and rectal surgery. In the development of this
new approach different difficulties and challenges
have been described and this is why deserved to be
considered separately.
Robotic colon surgery differs from robotic rectal
surgery because one of the most important disadvan
tages of this technique is limited intracorporeal
possibility of motion. Surgery of the colon requires
access to more than one quadrant of the abdomen. This
fact needs repositioning of the robotic arms, increasing
[108,112-115]
the operative time. The first case series
reported the benefit of the new approach in specific
steps of the surgical procedure, such as take down
of the splenic flexure or hand sewn anastomosis, but
stressed major drawbacks regarding higher cost and
longer operative times. Another steps of laparoscopic
colectomy where robotic colorectal surgery has shown
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higher costs.
Other systematic reviews and meta-analyses have
investigated the impact of robotic surgery including
together patients undergoing colon and rectal sur
[124,128-130]
gery
and have confirmed the results of previous
studies: robotic colorectal surgery is a safe and feasible
option and show comparable short-term outcomes
compared to conventional laparoscopic surgery.
In summary, there is no evidence supporting the
superiority of robotic surgery over standard laparo
scopy in procedures for colon or rectal cancer. Further
studies are required to evaluate oncologic safety and
functional results. Moreover, the aforementioned
drawbacks, longer operative time and higher costs, are
factors associated with a slow implementation of this
technology.

with TAMIS and the principles of NOTES. The purpose
is to give a safe and feasible alternative to the open
and laparoscopic TME.
[137]
Since its introduction in 1983, TEM
has become
an effective and well-established surgical approach to
excise benign rectal adenomas and early stage rectal
cancer. This minimally invasive technique offers the
advantage of better controlled full-thickness rectal
wall excision in a narrow operative field compared
[63]
to endoscopic submucosal dissection
or transanal
[138]
local excision
. In addition, TEM approach is a
feasible alternative to radical excision of the rectum
[139]
with lower morbidity and mortality
in low risk T1
[140]
adenocarcinoma
. Furthermore, TEM has a role as
a palliative technique in patients who refuse radical
excision or are medically unfit for radical resection.
A modification of this technique named TAMIS and
[141]
was first described in 2010 by Atallah et al
. This
new technique is characterised by a different platform.
They proposed to use a single port laparoscopic device
transanally to excise rectal tumours instead of the
rigid and longer rectoscope of the TEM. These authors
showed that TAMIS is a feasible and safe alternative
to TEM, with technical advantages, quicker settling
of the operative field and less expensive. Transanal
NOTES is a well-known “hybrid” procedure combining
laparoscopic instruments with TEM skills and TAMIS
technique.
The first case report of a Transanal NOTES recto
sigmoid resection assisted by laparoscopy was reported
[142]
in 2010 by Sylla and Lacy groups
. Since then,
several case reports and also some small clinical
[143-146]
series
of TME for rectal cancer using transanal
NOTES approach with laparoscopic assistance have
[147]
been published. Emhoff et al
have recently reviewed
the first published series and reported favourable short[148]
term outcomes in selected patients. Also, Tuech et al
published good short-term outcomes in a multicentre
prospective study of 56 unselected consecutive patients
with no intraoperative complications, a postoperative
morbidity rate of 26% and no postoperative mortality.
They demonstrate that endoscopic transanal pro
ctectomy is a safe and reproducible procedure and
does not negatively impact the oncological dissection
[148]
or functional outcomes
. Recently, Fernandez et
[149]
al
have published the first prospective cohort study
of patients treated by transanal NOTES assisted by
laparoscopy compared to a retrospective historical
cohort treated by laparoscopic TME. This study
confirms that transanal TME is a feasible and safe
technique associated with a shorter surgical time and a
lower early readmission rate compared to laparoscopic
[149]
TME
. However, randomised controlled trials are
neccesary to evaluate the short-term outcomes and
long-term functional and oncological results.
Transanal NOTES for rectal cancer offers the
possibility to avoid an extra viscerotomy compare to
other NOTES approaches. The proctotomy used to

Natural orifice transluminal endoscopic surgery

Natural orifice transluminal endoscopic surgery
(NOTES) appeared as a further step of the laparoscopic
approach with a preservation of the abdominal wall
integrity. It proposes the access to the peritoneal
cavity with flexible endoscopic or rigid laparoscopic
instruments using natural openings such as the
mouth (transgastric), the urethra (transvesical), the
[131]
vagina (transvaginal) and the anus (transcolonic)
.
Theorically, NOTES offers a reduction of pain and
wound-related complications as it is also defined as
“scarless” surgery.
In the field of colorectal surgery, transrectal NOTES
has been accepted as a hybrid procedure assisted by
laparoscopy, and also as a pure access to resect a
rectal and also a colon specimen. In 2007, Whiteford
[132]
et al
published the first successful pure transanal
NOTES sigmoidectomy using transanal endoscopic
microsurgery (TEM) instrumentation in a cadaveric
model with success. Later on, in 2009, Velhote et
[133]
al
published a pure NOTES in a patient in which
they performed a transanal endorectal pull-trough
sigmoidectomy. Although there are few case reports
describing the results of pure colon resection NOTES,
nowadays, the hybrid technique using laparoscopic
[134]
[135]
trocars and transvaginal
or transanal approach
to excise the specimen seems to be more accepted
among colorectal surgeons. Recently, The German
NOTES registry analysed the first 139 colonic NOTES
procedures showing that transvaginal or transrectal
NOTES colectomy is feasible and can be performed
[136]
safely .
In the last years, different colorectal surgery
groups have used NOTES approach for total meso
rectal excision (TME) through the anus assisted by
laparoscopy to treat low and medium rectal cancer.
It is known under different names in the literature:
Transanal NOTES for TME, Perirectal NOTES, Transanal
endoscopic TME and transanal minimally invasive
surgery (TAMIS)-TME. NOTES for TME is a combination
of the benefits of TEM, the improvements achieved
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remove the specimen would be incorporated in the final
colorectal or coloanal anastomosis. Moreover, this is not
the only advantage; experienced colorectal surgeons
with this approach point out to a better visualisation of
the tumour distal edge so that a clear negative distal
resection margin could be done. It seems particularly
indicated in patients with unfavourable characteristics
such as male gender obesity, narrow pelvis and bulky
[148-150]
tumours
. In summary, transanal NOTES is a
“hybrid” procedure combining laparoscopic instruments
with TEM skills and TAMIS technique. It will play an
important role in minimally invasive colorectal surgery
allowing to perform the transanal TME after the
abdominal approach.

8

9
10

11

CONCLUSION

12

Although the use of laparoscopy in colorectal surgery
has increased in recent years, several studies have
shown that minimally invasive techniques are still
underused and there are also substantial differences
among centres. Thus, its implementation of the
laparoscopic approach requires more efforts in teaching
surgeons. This review of recent controversies and
latest innovations in the use of laparoscopic surgery
for colon and rectal diseases, allows us to know more
about this approach and its implementation.
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TOPIC HIGHLIGHT
2016 Laparoscopic Surgery: Global view

Technical feasibility of laparoscopic extended surgery
beyond total mesorectal excision for primary or recurrent
rectal cancer
Takashi Akiyoshi
Recently, large randomized clinical trials showed that
laparoscopic surgery was not inferior to open surgery,
as evidenced by survival and local control rates.
However, patients with T4 tumors were excluded from
these trials. Technological advances in the instrumen
tation and techniques used by laparoscopic surgery
have increased the use of laparoscopic surgery for
advanced rectal cancer. High-definition, illuminated,
and magnified images obtained by laparoscopy may
enable more precise laparoscopic surgery than open
techniques, even during extended surgery for T4 or
locally recurrent rectal cancer. To date, the quality of
evidence regarding the usefulness of laparoscopy for
extended surgery beyond total mesorectal excision has
been low because most studies have been uncontrolled
series, with small sample sizes, and long-term data are
lacking. Nevertheless, laparoscopic extended surgery
for rectal cancer, when performed by specialized
laparoscopic colorectal surgeons, has been reported
safe in selected patients, with significant advantages,
including a clear visual field and less blood loss. This
review summarizes current knowledge on laparoscopic
extended surgery beyond total mesorectal excision for
primary or locally recurrent rectal cancer.
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Core tip: Relatively little is known about the efficacy
and safety of laparoscopic extended surgery beyond
total mesorectal excision for primary or locally recurrent
rectal cancer. However, some experienced surgeons
have reported the usefulness of laparoscopic surgery
for such challenging cases. This review summarizes

Abstract
Relatively little is known about the oncologic safety
of laparoscopic surgery for advanced rectal cancer.
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Description of multicenter randomized controlled trials

current knowledge on laparoscopic extended surgery
beyond total mesorectal excision.

The MRC CLASICC trial was the first multicenter large
RCT to test laparoscopic surgery in patients with
[4]
colorectal cancer . Between 1996 and 2002, 794
patients were randomized 2:1 to laparoscopic or open
surgery, including 381 rectal cancer patients, 253 who
underwent laparoscopic and 128 who underwent open
surgery. Although the rate of positive circumferential
resection margin was higher in patients who underwent
laparoscopic than conventional anterior resection (12%
[4]
vs 6%) , the 3- and 5-year overall survival (OS),
disease-free survival (DFS), and local recurrence (LR)
[5,11]
rates were similar in the two groups
. Long-term
follow-up over 10 years confirmed that laparoscopic
surgery should be the treatment option for patients
with rectal cancer because these patients benefited
from earlier functional recovery with similar long-term
[12]
outcomes . Interestingly, early survival tended to
be improved in patients who underwent laparoscopic
surgery. One of the criticisms of the CLASICC trial
was that it involved surgeons who were first learning
the laparoscopic technique, as evidenced by the high
[4]
conversion rate to open surgery (34%) .
The next multicenter RCT was the COREAN trial,
in which 340 patients with cT3N0-2 mid or low rectal
cancer ≤ 9 cm from the anal verge who received
neoadjuvant chemoradiotherapy were randomized
1:1 to laparoscopic or open surgery between 2006
[13]
and 2009 . Laparoscopic surgery was associated
with reduced blood loss (200 mL vs 217.5 mL), earlier
recovery of bowel movement, and lower morphine
use, but also with longer operative time (245 min vs
197 min). Positive circumferential resection margin
(2.9% vs 4.1%), macroscopic quality of the TME
specimen, number of retrieved lymph nodes (17
vs 18), and postoperative complication (21.2% vs
23.5%) did not differ significantly in the two groups.
Notably, only two patients (1.2%) were converted to
open surgery, a much lower rate than in the CLASICC
trial. This low conversion rate may have been due
to the performance of surgery by seven specialized
surgeons at three hospitals. Later, laparoscopic surgery
was shown to be non-inferior oncologically to open
surgery, as determined by their 3-year OS (91.7% vs
90.4%), DFS (79.2% vs 72.5%), and LR (2.6% vs
[14]
4.9%) rates .
The COLOR Ⅱ trial is the largest such RCT
performed to date, in which 1103 patients with rectal
cancer ≤ 15 cm from the anal verge who were treated
at 30 centers and hospitals in 8 countries, were
randomized 2:1 to laparoscopic or open surgery
[14]
between 2004 and 2010 . Of the 1044 available
patients, 699 were randomized to laparoscopic and
345 to open surgery, with similar proportions of these
patients receiving preoperative radiotherapy (59%
vs 58%). Laparoscopic surgery was associated with
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INTRODUCTION
[1]

Since its initial description , laparoscopic colon
resection has become widely accepted as a minimally
invasive procedure, with oncologic outcomes equi
valent to those of open surgery. Moreover, laparo
scopic surgery was found to have several advantages
over open surgery, including reduced blood loss,
earlier recovery of bowel movement, and shorter
[2-5]
hospital stay . Despite its widespread acceptance
for colon cancer, laparoscopic rectal cancer surgery
is still considered investigational, primarily because
rectal cancer surgery is more technically demanding,
being confined to the narrow bony pelvis. Moreover,
the long-term oncologic outcomes after laparoscopic
rectal cancer surgery remain unclear due to the lack
of high-quality randomized controlled trials (RCTs).
However, high-definition, illuminated, and magnified
images of the pelvis obtained in patients undergoing
laparoscopy are often superior to the images
obtained in patients undergoing open surgery. The
technological advances in instrumentation, advances
in surgical techniques, and increased surgeon
experience with laparoscopic rectal cancer surgery
have made laparoscopy more precise and easier
to perform, not only for total mesorectal excision
(TME) but for more extended surgery beyond TME.
This review summarizes current evidence about
laparoscopic TME for advanced rectal cancer, as well
as evaluating developments in laparoscopic surgery
extended beyond TME.

LAPAROSCOPIC TME FOR ADVANCED
RECTAL CANCER
Although many studies have reported that laparoscopic
[6-10]
TME is feasible for advanced rectal cancer
, this
review focuses on three large multicenter RCTs: the
United Kingdom Medical Research Council conventional
vs laparoscopic assisted surgery in colorectal
cancer (MRC CLASICC), the comparison of open vs
laparoscopic surgery for mid and low rectal cancer
after neoadjuvant chemoradiotherapy (COREAN), and
the colorectal cancer laparoscopic or open resection
(COLOR Ⅱ).
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cancer patients and in patients having tumors with
[16]
greater local spread . Patients with cT4 tumors were
excluded from the COREAN trial because laparoscopic
surgery may be oncologically unsafe for patients with
[13]
these lesions . The COLOR Ⅱ trial excluded not only
patients with cT4 tumors, but those with cT3 tumors
[14]
≤ 2 mm from the endopelvic fascia . A large ongoing
RCT in the United States, the American College of
Surgeons Oncology Group (ACOSOG)-Z6051 trial,
comparing laparoscopic with open surgery for rectal
cancers ≤ 12 cm from the anal verge following 5FU
based neoadjuvant chemotherapy/radiation therapy,
[17]
has also excluded patients with T4 tumors .

Before CRT

After CRT

LAPAROSCOPIC EXTENDED SURGERY
BEYOND TME
Laparoscopic lateral pelvic lymph node dissection

Lateral pelvic lymph node (LPLN) metastasis has been
reported in approximately 15%-20% of Japanese
patients with advanced low rectal cancer below the
[18-20]
peritoneal reflection
. The Japanese Society
for Cancer of the Colon and Rectum guidelines for
the treatment of colorectal cancer recommend
LPLN dissection (LPLD) for T3/T4 low rectal cancers
[21]
below the peritoneal reflection . Although LPLD
is frequently performed in Japan, it is regarded as
futile in western countries because LPLN metastasis
is considered not amenable to surgical cure, with
preoperative chemoradiotherapy considered the
[22]
treatment of choice . A recent study, however,
showed that preoperative chemoradiotherapy alone
[23]
could not eradicate LPLN metastases , and that
LPLN recurrence is common after TME without LPLD
[24]
following chemoradiotherapy . Therefore, LPLD is
considered useful for selected patients with clinically
suspected LPLN metastasis, even after preoperative
chemoradiotherapy (Figure 1).
Several studies from Asian countries have reported
the short-term outcomes of patients undergoing
laparoscopic (including robotic) LPLD for rectal cancer
[25-32]
since 2011 (Table 1)
. The first published retro
spective study, involving 34 rectal cancer patients
who received neoadjuvant chemoradiotherapy,
found that laparoscopic LPLD was technically safe
and feasible, although 71% of patients were positive
[25]
for LPLN metastasis after laparoscopic LPLD .
Two other studies reported that > 50% of patients
were positive for LPLN metastasis after laparoscopic
[26,27]
LPLD
, although other studies have reported lower
[28-32]
percentages
. These differences among studies
in the percentage of patients with metastatic LPLN
may have been due to differences in indications for
LPLD. In Japan, patients not treated with preoperative
chemoradiotherapy and without clinically swollen
LPLNs frequently receive prophylactic LPLD. Owing
to the limited number of patients who underwent
laparoscopic LPLD, there are limited objective data

Figure 1 T2-weighted axial image of lateral pelvic lymph nodes. A 71-yearold male experienced lateral pelvic lymph nodes (LPLN) swelling in the left
internal iliac region before chemoradiotherapy (CRT). The LPLN responded to
CRT, but the patient underwent laparoscopic total mesorectal excision with left
LPLN dissection. Pathologic examination of LPLNs showed two left internal iliac
lymph node metastases.

significantly reduced blood loss (200 mL vs 400 mL),
earlier recovery of bowel movement (2.0 d vs 3.0 d)
and shorter hospital stay (8.0 d vs 9.0 d), although it
was also significantly associated with longer operative
time (240 min vs 188 min), than open surgery.
Positive circumferential resection margin (< 2 mm)
(10% vs 10%), mean tumor distance to the distal
resection margin (3.0 cm vs 3.0 cm), macroscopic
completeness of the TME specimen (88% vs 92%),
and perioperative morbidity (40% vs 37%) did not
differ significantly. The conversion rate was 16%,
lower than in the CLASICC trial but higher than in the
COREAN trial. Importantly, the percentage of patients
with lower rectal cancers ≤ 5 cm from the anal verge
and positive circumferential resection margins was
significantly lower with laparoscopic than with open
surgery (9% vs 22%). This lower rate may have
been due to better visualization of the lower pelvic
cavity by the laparoscope, providing a well illuminated
and magnified image deep in the pelvis and making
it easier to perform precise dissection. Long-term
survival outcomes in this trial were recently reported,
with laparoscopic and open surgery resulting in similar
3-year OS (86.7% vs 83.6%), DFS (74.8% vs 70.8%),
[15]
and LR (5.0% vs 5.0%) rates . Interestingly, the
lower rate of positive circumferential resection margin
after laparoscopic surgery for lower rectal cancer was
associated with a lower LR rate (4.4% vs 11.7%).
Analysis of the MRC CLASICC trial showed that
intraoperative conversions were more likely in rectal

WJG|www.wjgnet.com

720

January 14, 2016|Volume 22|Issue 2|

Akiyoshi T. Laparoscopic extended surgery for rectal cancer
Table 1 Published series involving at least 10 patients with advanced low rectal cancer who underwent laparoscopic or robotic
lateral pelvic lymph node dissection
Overall
Percent
Median blood Median number of Percent with positive
Median
No. of Preoperative
lateral pelvic lymph converted to morbidity
retrieved lateral
loss, mL
patients chemoradio- operative time,
rate
open surgery
nodes
lymph nodes (range)
(range)
min (range)
therapy

Study

Year

Liang et al[25]

2011

34

100%

Konishi et al[26]
Park et al[27]
Liu et al[28]
Obara et al[29]
Bae et al[30]
Furuhata et al[31]
Kagawa et al[32]

2011
2011
2011
2012
2014
2014
2015

14
163
68
12
214
18
505

100%
56%
NR
0%
86%
0%
12%

58 (42-94) for
44 (20-240)
unilateral
for unilateral
LPLD
LPLD
413 (277-596)
25 (5-1190)
310 (220-510)1 188 (50-370)1
271 (SD 31)1
150 (SD 50)1
678 (556-778) 155 (10-613)
396 (170-581) 200 (50-700)
604 (473-746)1 380 (10-930)1
476 (320-683)
27 (5-690)

6 (2-14)

71%

NR

21%

23 (14-33)2
9 (3-19)
231,2
17
7 (2-23)
17 (7-27)1
19 (5-47)

57%
56%
7%
8%
0%
28%
20%

0%
0%
NR
NR
0%
0%
0%

36%
31%
7%
NR
29%
17%
14%

1

Mean; 2 Total retrieved lymph nodes; 3Including two patients who underwent robotic surgery; 4Including 11 patients who underwent robotic surgery; 5All
via robotic surgery. LPLD: Lateral pelvic lymph node dissection; NR: Not reported.

Obturator nerve

Superior vesical artery

Bladder

Umbilical artery

Left ureter
Inferior vesical artery and vein

Sacral plexus

Pelvic plexus

Internal iliac artery and vein

Figure 2 Surgical view after laparoscopic left lateral pelvic lymph node dissection preserving the superior and inferior vesical arteries. The most frequent
metastatic site of lateral pelvic lymph nodes was deep and around the inferior vesical vessels.

showing the superiority of laparoscopic compared with
open LPLD or on long-term outcomes after laparo
scopic LPLD. However, median blood loss (25-380 mL)
[25-32]
reported in the studies of laparoscopic LPLD
was
considerably lower than that (576 mL) reported by
[33]
JCOG0212 , in which 351 patients with clinical stage
Ⅱ/Ⅲ low rectal cancer without LPLN enlargement
underwent open TME plus bilateral prophylactic LPLD.
Together with the 0% conversion rates reported in
[26,27,30,31]
studies of laparoscopic LPLD
, these findings
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suggest that laparoscopic LPLD is a technically safe
and feasible procedure, at least when performed by
experienced laparoscopic surgeons specializing in
pelvic surgery.
To date, over 100 patients at our institution have
undergone laparoscopic LPLD for primary rectal cancer.
LPLN metastasis most frequently occurs around the
[18]
distal internal iliac vessels . Because the operative
field of LPLD, especially around these distal internal
iliac vessels, is located very deep in the pelvic space,
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Obturator nerve

Pelvic plexus

External iliac vein

External iliac artery
Left ureter
Internal iliac artery
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B

Internal obturator muscle

Coccygeus muscle

Obturator nerve
Sacral plexus
Pelvic plexus

Internal iliac vein

Figure 3 Surgical view after laparoscopic left lateral pelvic lymph node dissection with en bloc resection of the internal iliac artery. A: Distant view; B:
Close-up view.

anatomy of the lateral pelvic area.
Robotic LPLD has been reported feasible for rectal
[30,32,34]
cancer
. There are some technical advantages
to robotic surgery over conventional laparoscopy,
including increased operability of instruments, elimi
nation of tremor, and a 3-dimensional high definition
image. Although LPLD is rarely performed by colorectal
surgeons in the United States, LPLD is routinely
performed by urologists during robotic-assisted cysto
[35]
prostatectomy . Use of a robotic approach may

the magnified and illuminated vision provided by
laparoscopy is clearer than that of open surgery
(Figures 2 and 3). Therefore, laparoscopic LPLD, when
performed by surgeons with sufficient knowledge of
the lateral pelvic anatomy and sufficient experience
with laparoscopic TME, might result in more meti
culous dissection with less blood loss than open
surgery. Recent high-definition videos of laparoscopic
LPLD performed by experts have enhanced the
understanding by many Japanese surgeons of the
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Internal obturator muscle

Internal obturator muscle

Dorsal vein complex

Levator ani muscle

Prostate

Figure 4 Surgical view after exposure of the dorsal vein complex. This patient underwent laparoscopic total pelvic exenteration for locally recurrent rectal cancer.

therefore increase the number of LPLDs performed by
[35]
multidisciplinary teams in western countries .

with rectal cancer involving the presacral fascia and
sacral bone. Laparoscopic abdominosacral resection for
primary rectal cancer was first reported successful in
[39]
three patients . Sacrectomy was low (below the level
of S3/4) in all three patients and was performed after
patients were turned to the prone position. A finger
placed in the presacral space above the tumor was
used as a guide. R0 resections were achieved in all
three patients. Laparoscopic abdominosacral resection
was also reported successful for primary rectal cancer
patients with negative circumferential resection
[40,41]
margins
. Laparoscopic methods may be suitable
for abdominosacral resection with low sacrectomy
because sacrectomy, which itself has excellent access,
can be performed through a posterior approach in
the prone position. Although it is necessary to assess
the long-term oncological outcomes of laparoscopic
multivisceral rectal cancer resection, laparoscopic
surgery may be suitable for selected patients with
rectal cancers invading adjacent organs.

Laparoscopic surgery for rectal cancer invading
adjacent organs

Few studies to date have focused on laparoscopic
surgery for rectal cancer invading adjacent organs. One
analysis assessed 39 patients undergoing laparoscopic
surgery for colorectal cancer with suspected invol
vement of another organ, including 12 patients
[36]
undergoing rectal cancer resection . The conversion
and R0 resection rates in these 12 rectal cancer
patients were 16% and 75%, respectively. Another
study compared outcomes in 38 patients undergoing
laparoscopic and 16 undergoing open multivisceral
[37]
colorectal cancer resection . Of the 22 patients
undergoing multivisceral rectal cancer resection, 19
(86%) underwent laparoscopic surgery, with none
requiring conversion to open surgery, suggesting that
laparoscopic multivisceral resection may be more
feasible in patients with rectal than with colon cancer.
A study from our institution comparing 60 laparoscopic
and 66 open multivisceral colorectal cancer resections
found that the conversion and R0 rates in the 21
patients undergoing laparoscopic multivisceral rectal
[38]
cancer resection were 4.8% and 90%, respectively .
Although these studies regarding laparoscopic
[36-38]
multivisceral colorectal cancer resection
did not
include patients requiring laparoscopic pelvic exen
teration, en bloc partial resection of the vagina,
prostate, or pelvic floor muscle can be performed
relatively easily under direct vision during the perineal
phase of laparoscopic abdominoperineal resection.
Abdominosacral resection is necessary for patients
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Laparoscopic salvage surgery for locally recurrent
rectal cancer

Surgery for locally recurrent rectal cancer can vary
greatly, depending on the site of local recurrence and
its relationship to adjacent structures. Moreover, these
operations are often technically challenging owing to the
strong fibrosis and altered anatomy around the tumor.
Although few reports have assessed the usefulness of
laparoscopy for locally recurrent rectal cancer, a study of
seven patients undergoing laparoscopic salvage surgery
for locally recurrent rectal cancer included three patients
who underwent anterior resection and one each who
underwent abdominoperineal resection, posterior
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[42]

[48]

exenteration, and proctocolectomy . Their mean
blood loss was 200 mL, and all patients underwent
R0 resection. Laparoscopic salvage abdominoperineal
resection with en bloc vaginal resection was reported
successful for recurrence at an anastomotic site after
[43]
laparoscopic low anterior resection . A comparison
of laparoscopic and open surgery for recurrent or
metachronous colorectal cancer included three patients
with anastomotic site recurrence and two with LPLN
[44]
recurrence undergoing laparoscopic surgery .
Although the two patients with LPLN recurrence were
converted to open surgery, mainly due to widespread
adhesions and ambiguous tissue planes around the
tumor, all patients undergoing laparoscopic surgery for
locally recurrent rectal cancer underwent R0 resection,
indicating that laparoscopic surgery was feasible
in these patients. A study comparing 13 patients
undergoing laparoscopic surgery and 17 undergoing
open surgery for locally recurrent rectal cancer at the
anastomotic site or LPLNs found that operating time
was longer (381 mL vs 241 mL), but blood loss smaller
[45]
(110 mL vs 450 mL) for laparoscopic surgery . The
conversion and R0 resection rates for laparoscopic
surgery were 7.7% and 100%, respectively. The
percentage of postoperative complications was similar
(30.8% vs 23.5%), and gastrointestinal recovery was
significantly faster following laparoscopic than open
surgery. Although these studies did not include more
extended surgery such as total pelvic exenteration (TPE),
they suggested that laparoscopic surgery for locally
recurrent rectal cancer could be safely performed in
selected patients, with significantly reduced blood loss
and faster gastrointestinal recovery.

recurrent rectal cancer . The dorsal vein complex was
clipped and divided using bipolar soft-coagulation of a
VIO system. Intraoperative blood loss was significantly
lower in patients who underwent laparoscopic than
open pelvic exenteration (830 mL vs 2769 mL),
although the operative time (935 min vs 883 min)
and R0 resection rate (77.8% vs 75.9%) were
similar. Importantly, overall rates of any complication
(66.7% vs 89.7%) and major complications (0% vs
32.8%) were lower in the laparoscopic surgery group,
although differences were not significant. In another
case series, three patients underwent robotic pelvic
exenteration for primary rectal cancer, including one
who underwent en bloc resection of the prostate with
a coloanal anastomosis and robotically performed
[49]
vesico-urethral anastomosis . Because laparoscopic
vesico-urethral anastomosis is technically demanding,
a robotic system might be especially useful for pelvic
exenteration requiring vesico-urethral anastomosis.

CONCLUSION
Improvements in instrumentation have yielded highdefinition laparoscopic images of the pelvic cavity,
enhancing knowledge of the precise pelvic anatomy
beyond the TME. These advances have enabled
laparoscopic extended surgery for rectal cancer to be
performed safely by specialized laparoscopic surgeons
who can use the oncologically safe outer layer beyond
the TME. However, additional studies are necessary to
evaluate the long-term oncologic safety of laparoscopic
extended surgery beyond the TME.
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Abstract
Laparoscopic gastrectomy has been widely accepted as
a standard alternative for the treatment of early-stage
gastric adenocarcinoma because of its favorable shortterm outcomes. Although controversies exist, such
as establishing clear indications, proper preoperative
staging, and oncologic safety, experienced surgeons
and institutions have applied this approach, along with
various types of function-preserving surgery, for the
treatment of advanced gastric cancer. With technical
advancement and the advent of state-of-the-art
instruments, indications for laparoscopic gastrectomy
are expected to expand as far as locally advanced
gastric cancer. Laparoscopic gastrectomy appears to
be promising; however, scientific evidence necessary
to generalize this approach to a standard treatment for
all relevant patients and care providers remains to be
gathered. Several multicenter, prospective randomized
trials in high-incidence countries are ongoing, and
results from these trials will highlight the short- and
long-term outcomes of the approach. In this review,
we describe up-to-date findings and critical issues
regarding laparoscopic gastrectomy for gastric cancer.
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Core tip: Laparoscopic gastrectomy has been widely
accepted as a standard alternative to open gastrec
tomy for the treatment of early gastric cancer. Its
clinical indications are expanding to include more
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extensive surgeries along with more sophisticated
conserving or function-preserving surgeries. Although
some controversies limit extensive application of the
procedure, including a lack of evidence of oncologic
safety and discrepancy between high- and lowincidence countries, laparoscopic gastrectomy for
gastric adenocarcinoma could become widespread as
new technologies, improved surgical techniques, and
evidence from ongoing multicenter trials emerge.

total gastrectomy is indicated for a proximal lesion
[10]
such as T1N0 . In Eastern Asian countries, the
current indication for laparoscopic gastrectomy has
been expanded to serosa-negative advanced cancers
with or without limited involvement of perigastric
[11]
lymph nodes . However, experienced surgeons have
explored the use of laparoscopic surgery for advanced
[12-14]
gastric cancer beyond these indications
, and the
use of the laparoscopic approach for selected advanced
cancers has no detrimental effects compared to open
conventional surgery. Despite this early promise,
data from well-designed studies are still too scarce to
recommend the use of this approach in cases requiring
extensive lymph node dissection for the treatment of
advanced gastric cancer. Randomized clinical trials
examining outcomes of laparoscopic gastrectomy
vs open gastrectomy for gastric cancer are listed in
[15-22]
Table 1
.

Son T, Hyung WJ. Laparoscopic gastric cancer surgery: Current
evidence and future perspectives. World J Gastroenterol 2016;
22(2): 727-735 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i2/727.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.727

INTRODUCTION
EVIDENCE FOR THE USE OF
LAPAROSCOPIC SURGERY IN EARLY
GASTRIC CANCER

Surgical resection is the main curative modality to treat
gastric adenocarcinoma. Although this multidisciplinary
approach can also provide effective and individualized
care for the gastric cancer patient, it has shown only
incremental progress to improve survival. Meanwhile,
over the last two decades, the surgical modality for
gastric cancer has been dramatically altered and
improved in various ways that limit surgical insult to
[1,2]
the patient, subsequently facilitating recovery . Using
laparoscopic gastrectomy to treat early gastric cancer
in Eastern countries, where detection is increasing,
could expedite the development and propagation of
[3-5]
this approach for the treatment of gastric cancer .
In this review, we describe the current evidence
promoting laparoscopic gastrectomy for gastric
adenocarcinoma and concerns regarding its use.

Since the first published report regarding laparoscopic
[2]
gastrectomy for early gastric cancer , many retro
spective studies and small randomized clinical trials
have shown the short-term benefits of laparoscopic
gastrectomy over open conventional surgery and longterm outcomes that are comparable between the
[1,11,16,17,23,24]
two
. Several meta-analyses also confirm
that laparoscopic gastrectomy is an equivalent method
[25-28]
to conventional open surgery
. However, these
reports were conducted mainly with randomized clinical
trials and with distal subtotal gastrectomy. Generally,
laparoscopic distal gastrectomy causes less blood loss,
shorter or similar hospital stays, lower complication
rates, and comparable mortality rates compared to
[11,25]
open conventional surgery
. However, a reduced
number of retrieved lymph nodes, as well as longer
[25]
operation time, is a weaknesses of the approach .
An interim analysis of 179 laparoscopic and 161 open
gastrectomy patients from the largest randomized
clinical trial for preoperatively diagnosed early gastric
cancer (finished enrollment: 1416 patients; 705
laparoscopic vs 711 open distal gastrectomy) revealed
similar complication and mortality rates between the
[11]
groups .
Among all gastric cancer cases, the penetration
rate of laparoscopic total gastrectomy is quite
low because of its technical difficulties - even for
experienced surgeons - compared to laparoscopic
[27,29-33]
distal gastrectomy
; this low rate of use may be
attributed especially to the difficulties of lymph node
[31,33-37]
dissection and anastomosis
. Well-designed trials
regarding this procedure are, therefore, scarce, and
only some experienced surgeons report the safety
and feasibility of laparoscopic lymph node dissection

indicationS of laparoscopic
surgery
Early gastric cancer has a favorable long-term survival
when treated with curative surgical resection and
lymph node dissection. When the tumor is confined
to the mucosal layer, long-term survival is almost
99%; survival is 96% when the tumor is limited to the
[6,7]
submucosa . Ideally, endoscopic mucosal resection
or endoscopic submucosal dissection is the best way to
preserve patient quality of life. However, this approach
can only be applied to limited number of patients
that meet strict criteria and can only prudently be
performed at specialized centers in high-incidence
[8]
countries . The initial indication for laparoscopic
surgery for gastric adenocarcinoma is a tumor limited
to the submucosal layer of the mid-to-lower part
of the stomach with no evidence of regional lymph
node metastasis, which does not necessarily require
extended lymph node dissection, except in those cases
[9,10]
suitable for endoscopic treatment
. Laparoscopic
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and their anastomosis methods in their retrospective
[34,38,39]
analyses
. A multicenter, single-arm, phase Ⅱ
clinical trial in Korea is expected to highlight longterm outcomes, as well as the feasibility and safety
of laparoscopic total gastrectomy, for stage Ⅰ cancer
[Korean Laparoscopic Gastrointestinal Surgery Study
(KLASS) 03 trial, NCT01584336].

JLSSG trial. These well-designed clinical trials could
give answers regarding the short- and long-term safety
of laparoscopic distal gastrectomy for advanced gastric
cancer. In terms of laparoscopic total gastrectomy for
advanced gastric cancer, several experienced surgeons
report similar short-term results to open conventional
[49-53]
surgery in their retrospective analyses
. However,
their data include selected cases in terms of depth of
tumor invasion, extent of nodal involvement, tumor
size, and status of adjacent organ invasion; thus, the
results are biased. The feasibility and safety of more
difficult laparoscopic total gastrectomy procedures,
such as those requiring removal of bulky, hard, or fixed
tumors or lymph nodes, multi-organ resection, and
operations for remnant stomach should be elucidated
[34,54-57]
for even the most experienced surgeons
. So
far, there is no large-scale, multicenter randomized
controlled trial for assessing the role of laparoscopic
total gastrectomy for advanced proximal gastric
cancer.

Evidence for the use of
laparoscopic surgery for
advanced gastric cancer
For the treatment of advanced gastric cancer,
lymph nodes around the common hepatic artery
(LN 8), celiac axis (LN 9), and splenic artery (LN
11p) should be completely removed, as should the
lymph nodes around the proper hepatic artery (LN
12a) in cases of distal subtotal gastrectomy, and
those around the distal part of the splenic artery (LN
#11d) and splenic hilum (LN #10) in cases of total
[40,41]
gastrectomy, according to Japanese guideline
.
Figure 1 shows an intraoperative view during and
after laparoscopic distal subtotal gastrectomy with
D2 lymphadenectomy for advanced gastric cancer.
Regardless of the discrepancy in what constitutes
adequate lymph node dissection for advanced cancer
between Eastern and Western countries, lymph node
dissection using laparoscopy is irrefutably technically
[8,40,42]
demanding
. The difficulties in laparoscopic
lymph node dissection might explain recent metaanalyses’ reports of fewer lymph nodes retrieved in
[25,27,28,43]
laparoscopy than open surgery
. However, this
finding could be clinically unimportant because there
was no significant difference in the proportion within
each group with 15 or more lymph nodes retrieved
[25]
for proper staging . Furthermore, studies evaluating
laparoscopic gastrectomy for advanced cancer reported
acceptable short-term outcomes when the procedure
[12,17,44-47]
was performed by experienced surgeons
.
Although evidence is still preliminary, laparoscopic
gastrectomy with D2 lymph node dissection showed
less blood loss and postoperative pain, shorter
hospital stays, and similar complication and overall
[48]
survival rates . Ongoing, large-scale phase Ⅱ or
Ⅲ multicenter trials are evaluating the feasibility and
safety of laparoscopic surgery for advanced cancer in
the Eastern countries: the KLASS 02 (NCT 01456598),
the Japanese Laparoscopic Gastric Surgery Study
group (JLSSG0901; UMIN-CTR 000003420), and the
Chinese Laparoscopic Gastrointestinal Surgery Study
(CLASS01; NCT01609309). The T-stage inclusion
criteria are similar among studies (T2-T4a); however,
regarding N-stage, more advanced disease is included
in the JLSSG and CLASS trials. The primary outcome
in the KLASS and CLASS trials is 3-year disease
free survival, whereas the incidence of anastomosis
leakage and pancreatic fistula (phase Ⅱ) and relapsefree survival (phase Ⅲ) is the primary outcome of the
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Technical considerations
Laparoscopy-assisted gastrectomy requires minilaparotomy for specimen removal and extracorporeal
anastomoses. It is still widely performed and applied in
most clinical trials. However, this method is troublesome,
[37,58,59]
especially in obese patients
. Intracorporeal
anastomosis, which made this procedure the socalled “totally laparoscopic surgery,” enables more
sophisticated reconstruction methods. It could reduce
operation time, decrease length of the mini-laparotomy,
and shift the incision for specimen retrieval below the
umbilicus, which results in reduced incision-related
[60,61]
pain
. After intracorporeal Billroth Ⅰ anastomosis
was safely performed with delta-shaped anastomosis,
totally laparoscopic distal subtotal gastrectomy gained
[62,63]
popularity
. Many efforts have also been made to
restore esophagojejunal anastomosis intracorporeally
[36,37,64-68]
during total gastrectomy
. Recently, intra
corporeal side-to-side esophagojejunostomy using
linear staples was introduced, demonstrating its safety
[37,69]
and feasibility
. Hand-sewn anastomosis is no
longer an attractive choice for the procedure; however,
reconstruction methods vary according to each surgeon’
s preference. The laparoscopic hand-sewn technique
is still commonly performed to close the common
entry hole of endolinear staplers during intracorporeal
anastomosis.
Most surgeons use at least five trocars for laparo
scopic gastrectomy. However, with advanced techni
ques and improved technology, reduced port or even
single-port (incision) laparoscopic gastrectomy has
[70-73]
been safely performed
. However, because these
procedures were reported from experienced surgeons
or exceptionally high-volume institutions, technical
feasibility, safety, and standardization of the procedure
[72,73]
have not yet been fully elucidated
. So far, it is
difficult to assess whether reduced port or single
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Table 1 Recent randomized clinical trials of laparoscopic vs open gastrectomy for the treatment of gastric cancer
Study

Year

Kitano et al[1]
Fujii et al[15]
Hayashi et al[16]
Huscher et al[17]
Lee et al[18]
Kim et al[19]
Kim et al[11]
Cai et al[14]

2002
cT1
LADG/ODG Not mentioned
2003
cT1
LADG/ODG Not mentioned
2005
cT1
LADG/ODG Not mentioned
2005 cT1-4N0-2 TLDG/ODG
D1, D2
2005
cT1
LADG/ODG
D2
2008 cT1N0-1 LADG/ODG
D1, D2
2010 cT1-2N0-1 LADG/ODG D1 + beta, D2
2011
cT2-3
LAG/OG
D2
(DG, TG, PG)
2013
cT1
LADG/ODG
D1+beta

Sakuramoto
et al[20]
Takiguchi
et al[21]
Aoyama et al[22]

Eligibility

Procedure

LND extent

2013

cTNMI

LADG/ODG

D1, D2

2014

cTNMI

LADG/ODG D1 + beta, D2

Operative Blood loss
No. of
time
patient
(LAG/OG)

No. of
retrieved
LN

Hospital
stay

Morbidity

Mortality

14/14
10/10
14/14
30/29
24/23
82/82
179/163
49/47

ODG
ODG
ODG
Equivalent
ODG
ODG
ODG
OG

LADG
Equivalent
Equivalent
TLDG
Equivalent
LADG
LADG
Equivalent

Equivalent Equivalent Equivalent Equivalent
NE
NE
Equivalent Equivalent
Equivalent
LADG
NE
Equivalent
Equivalent
TLDG
Equivalent Equivalent
Equivalent Equivalent
LADG
NE
ODG
LADG
NE
NE
NE
NE
Equivalent Equivalent
Equivalent Equivalent Equivalent
NE

31/32

ODG

LADG

Equivalent Equivalent Equivalent

NE

20/20

ODG

LADG

Equivalent

LADG

NE

13/13

ODG

LADG

Equivalent

NE

NE

Equivalent Equivalent

LND: Lymph node dissection; LADG: Laparoscopy-assisted distal gastrectomy; TLDG: Totally laparoscopic distal gastrectomy; ODG: Open distal
gastrectomy; LAG; Laparoscopy-assisted gastrectomy; OG: Open gastrectomy; DG: Distal gastrectomy; TG: Total gastrectomy; PG: Proximal gastrectomy;
LN: Lymph node; NE: Not evaluated. Favored group in each value were shown.

incision gastrectomy is less invasive than conventional
laparoscopic surgery in terms of postoperative clinical
[74]
outcomes . However, a recent comparison of 50
cases of single-port laparoscopic distal gastrectomy
with 50 multi-port surgery demonstrated better shortterm results for single-port procedures, including
reduced blood loss, lower maximum pain score on
the operative day and postoperative day 1, less use
of parenteral analgesics, and lower C-reactive protein
levels on postoperative day 5, although the reduction
of operative insult in single-port surgery did not extend
[73]
to reducing length of hospital stays .

of the procedure and relevant resources are required
to widely adopt sentinel lymph node navigation surgery
for gastric cancer. A multicenter phase Ⅲ trial [Sentinel
Node Oriented Tailored Approach (SENORITA) trial,
NCT01804998] of laparoscopic sentinel node biopsy
and stomach-preserving surgery has been launched to
examine the benefits of sentinel lymph node navigation
surgery compared to conventional laparoscopic
gastrectomy. Indications for this trial include pre
operatively-diagnosed T1N0 tumors less than 3 cm and
receipt of laparoscopic segmental or wedge resection
with sentinel basin lymph node dissection. The primary
endpoint is 3-year disease free survival.
Another method capable of preserving function is
pylorus-preserving gastrectomy. This procedure has
been cautiously developed based on our understanding
of patterns of lymph node metastasis around the
pylorus. The likelihood of lymph node metastasis in
the suprapyloric (LN 5) and the infrapyloric (LN 6) area
is quite insignificant in the selected patients on whom
[81-85]
the procedure has been performed
. Pyloruspreserving gastrectomy is indicated for middle third,
stage cT1N0 cancer located more than 4 cm from the
[81-83]
pylorus
. Advantages compared to conventional
distal subtotal gastrectomy include decreased
incidences of dumping syndrome, bile reflux, and
[81,82,86]
gallstone formation
. Long-term oncologic results
[87,88]
showed acceptable survival rates
if the procedure
was performed by experienced surgeons on carefully
selected patients; thus, the advantages for nutritional
profiles and long-term consequences for quality of life
of the patients should be elucidated by well-designed
multicenter trials.
Proximal gastrectomy is a suitable option for
proximal early gastric cancer that preserves gastric
function after operation; higher rates of postoperative
complication and long-term nutritional deterioration can
[89-91]
occur in patients after total gastrectomy
. However,

Limited Extent Surgery using
laparoscopy
Limiting the extent of surgery is a goal of minimally
invasive gastrectomy because of its ability to preserve
patient function. Thus, laparoscopic techniques have
potential to ease patients’ recovery and have been
investigated for feasibility and efficacy in sentinel
lymph node navigation surgery, pylorus-preserving
gastrectomy, and proximal gastrectomy.
Partial resection of the stomach with sentinel basin
lymph node dissection for small, T1N0M0 cancer is
currently indicated for sentinel lymph node navigation
[75,76]
surgery for gastric cancer
. A randomized clinical
trial (JCOG 0302) using an intraoperative dye injection
method showed a higher false-negative rate (46%),
[77]
and accordingly stopped patient accrual . Several
meta-analyses have also pointed out the unsatisfactorily
higher false-negative rate of sentinel lymph node
[78-80]
navigation surgery
. However, a recent clinical trial
[75]
by Kitagawa et al highlighted acceptable results, with
93% accuracy of detecting lymph node metastasis and
only a 7% false-negative rate. The learning curve effect
is likely to reduce false-negative rates. Standardization

WJG|www.wjgnet.com

731

January 14, 2016|Volume 22|Issue 2|

Son T et al . Laparoscopic gastric cancer surgery
laparoscopic proximal gastrectomy - especially its
reconstruction methods - is yet to be standardized and
has not shown significant benefits over conventional
[92]
total gastrectomy . Its major drawbacks include
complications involving esophagojejunostomy (i.e.,
stenosis), reflux esophagitis, and trivial improvement of
nutritional profiles. A recent multicenter retrospective
comparison study of nutritional profiles and some
aspects associated with dumping syndrome revealed
that proximal gastrectomy was superior to those of
[93]
total gastrectomy . However, there were no significant
changes in body weight during the study period. The
aforementioned function-preserving surgery should,
therefore, be first standardized technically and
conceptually and evaluated by multicenter clinical trials.

use of laparoscopy for the treatment of gastric cancer.
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TOPIC HIGHLIGHT
2016 Laparoscopic Surgery: Global view

Single-incision laparoscopic surgery for biliary tract disease
Shu-Hung Chuang, Chih-Sheng Lin

Abstract

Shu-Hung Chuang, Department of Surgery, MacKay Memorial
Hospital, Hsin-Chu Branch, Hsin-Chu 30071, Taiwan

Single-incision laparoscopic surgery (SILS), or lapa
roendoscopic single-site surgery, has been employed
in various fields to minimize traumatic effects over
the last two decades. Single-incision laparoscopic
cholecystectomy (SILC) has been the most frequently
studied SILS to date. Hundreds of studies on SILC have
failed to present conclusive results. Most randomized
controlled trials (RCTs) have been small in scale and
have been conducted under ideal operative conditions.
The role of SILC in complicated scenarios remains
uncertain. As common bile duct exploration (CBDE)
methods have been used for more than one hundred
years, laparoscopic CBDE (LCBDE) has emerged as
an effective, demanding, and infrequent technique
employed during the laparoscopic era. Likewise,
laparoscopic biliary-enteric anastomosis is difficult to
carry out, with only a few studies have been published
on the approach. The application of SILS to CBDE
and biliary-enteric anastomosis is extremely rare, and
such innovative procedures are only carried out by a
number of specialized groups across the globe. Herein
we present a thorough and detailed analysis of SILC
in terms of operative techniques, training and learning
curves, safety and efficacy levels, recovery trends, and
costs by reviewing RCTs conducted over the past three
years and two recently updated meta-analyses. All
existing literature on single-incision LCBDE and singleincision laparoscopic hepaticojejunostomy has been
reviewed to describe these two demanding techniques.
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learning curves, safety and efficacy levels, recovery
trends, and costs based on the most recent literature.

Core tip: Single-incision laparoscopic surgery (SILS) has
been employed in various fields to minimize traumatic
effects. Single-incision laparoscopic cholecystectomy
(SILC) has been the most widely studied SILS approach
to date. Hundreds of studies on SILC have failed
to present conclusive results. Only a small number
of studies on single-incision laparoscopic common
bile duct exploration (SILCBDE) and single-incision
laparoscopic hepaticojejunostomy (SILH) have been
published. This paper serves as an updated review of
SILC approaches and as the only existing review on
SILCBDE and SILH. Our findings underscore the safety
and efficacy of SILC, SILCBDE, and SILH and potential
benefits and disadvantages of these methods in relation
to conventional multi-incision laparoscopic surgery
approaches.

SINGLE-INCISION LAPAROSCOPIC
CHOLECYSTECTOMY
Operative technique

While SILC outcomes largely depend on a surgeon’s
[1,12]
level of skill
, the variety of surgical techniques used
in SILC must be discussed in detail. A recent syste
matic review of SILC methodologies and outcomes
[1]
presented by Yamazaki et al demonstrated that
specific technical factors are significantly correlated
with corresponding complications. An analysis of
uniform operative procedures is needed in order to
establish the best operative procedures for SILC.
Skin incision: The most common skin incision site
is the intraumbilical site. This thinnest part of the
abdominal wall contains little fat and serves as an ideal
access point into the peritoneal cavity. In addition,
hiding the operative incision into the natural navel scar
provides the best cosmetic outcome. However, several
drawbacks have been reported. The deep umbilicus
is not easy to repair and is susceptible to local wound
[13-17]
[18]
complications
, especially in obese patients .
Higher rates of wound seroma, hematoma, wound
infection, and incisional hernia have been observed
following the execution of intraumbilical incisions
for SILC in two recent meta-analyses, although the
[12,19]
actual incidence rate is low
. Paraumbilical incisions
are easier to close and serve as the main type of
incision used for the optical port in a conventional
multi-incision laparoscopic cholecystectomy (MILC)
operation. The approach can also maintain cosmetic
appearances if the incision is limited to the navel rim.
Since we first began to employ SILC in 2010, we have
routinely performed paraumbilical incisions. In our
retrospective series of 200 consecutive SILC cases, the
wound complication rate was found to be very low, and
[20]
no incisional hernias were identified . Any incision
positioned outside of the umbilicus would inevitably
leave an apparent scar that obviates the method’s
cosmetic advantages, and thus few reports on SILC
use for the execution of extraumbilical incisions have
[21]
been published . However, the approach may provide
excellent access in certain procedures (e.g., a left
[22,23]
subcostal incision in a SILS splenectomy
).
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INTRODUCTION
Single-incision laparoscopic surgery (SILS), also
known as laparoendoscopic single-site (LESS) surgery,
is a minimally invasive surgical procedure whereby a
surgeon operates through a small incision. In addition
to well-known cosmetic advantages of the approach,
SILS methods can result in lower postoperative
pain levels and shorter recovery periods. Various
techniques for performing this novel procedure have
[1]
been presented . Accordingly, SILS serves more as
a slightly surgical approach rather than as a specific
operative technique.
Laparoscopic cholecystectomy (LC), which was
first introduced in the 1980s, is currently the preferred
procedure used to treat most benign gallbladder
[2,3]
diseases . It presents multiple advantages [e.g.,
lower postoperative pain levels, faster recovery
[4]
times , and superior cosmetic outcomes relative to
open cholecystectomy (OC) results]. As LC has become
one of the most commonly used laparoscopic surgical
methods, the application of SILS to cholecystectomy
and single-incision laparoscopic cholecystectomy
(SILC) has grown more popular worldwide. SILC is
[5-7]
the most prevalent SILS , and hundreds of studies
related to this approach have been published to
date. By contrast, documentation of SILS in relation
to complicated biliary procedures (e.g., common
[8-10]
bile duct exploration (CBDE)
and biliary-enteric
[11]
anastomosis ) is limited to a small number of series.
Herein we review SILC, single-incision laparoscopic
common bile duct exploration (SILCBDE), and singleincision laparoscopic hepaticojujenostomy (SILH)
methods in terms of operative techniques, training and

WJG|www.wjgnet.com

Fascial incision: There are two main ways to
introduce a laparoendoscope and multiple working
instruments into the peritoneal cavity during SILC.
One involves creating a 2-3 cm fasciotomy to fit a
[24]
multi-channel port that is either commercial
or
[25]
homemade . However, large fascial incisions are
known to be correlated with higher incisional hernia
rates relative to smaller ones made in conventional
[12,13,19,26]
MILC procedures
. In a randomized controlled
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[27]

study conducted by Pappas-Gogos et al , levels
of 8-isoprostane (8-epiPGF2α), a biomarker of lipid
peroxidation, were found to be significantly higher
in a SILC group compared to a MILC group at six
and 24 h postoperatively. 8-epiPGF2α levels showed
significant changes over time in the MILC group but
not in the SILC group. Levels of uric acid, a marker
of antioxidant status, were found to be significantly
higher in the MILC group than that in the SILC group
24 h postoperatively. In another randomized controlled
[28]
study conducted by Tsimogiannis et al , the value
of α-defensins, organism antimicrobial peptides and
mediators in response to trauma were found to be
statistically significantly higher in 24-h samples for
their SILC group. The authors conclude that higher
levels of tension resulting from the placement of a
large multi-channel port on fascial tissue may cause
higher inflammatory reactions in SILC conditions.
Another approach involves inserting multiple conven
[29,30]
tional ports through small punctures on the fascia
.
A “Swiss cheese” effect may theoretically weaken the
[31]
fascia and result in an incisional hernia , though this
[20]
is inconsistent with our findings . While umbilical
incision enlargement at the skin and fascia levels for
specimen retraction is frequently necessary in standard
[32]
LC operations , the comparable fasciotomy size (2
cm) measured during late stages of our single-incision
multiple-port longitudinal-array (SIMPLY) technique
may explain the zero incisional hernia rate found in
[20]
our study . However, several close fasciotomies may
join together and cause significant air leakage during
instrument manipulation. In our experience, this can
be easily managed by positioning ointment gauze
packing around ports.

in our SIMPLY technique offers excellent gallbladder
[38]
retraction and a clear critical view of safety
for
SILC operation, even for the treatment of complex
[39]
gallbladder diseases .
Laparoendoscope: Flexible-tip laparoscopes and
flexible endoscopes have been proven to be very
useful when employed during SILC operations, as
they are effective at inspection and prevent collisions
[25,40]
with other instruments
. However, this delicate
instrument is expensive and more fragile than a rigid
laparoscope. Specialized training on this instrument
is also required. Generally speaking, a 30-degree
laparoscope is sufficient for SILC procedures, though
the use of an extra-long bariatric laparoscope that
can greatly reduce collisions between light cables and
instrument handles is recommended when conducting
complicated single-incision biliary tract surgical
[10,11]
procedures
.
Additional gallbladder traction: Transparietal
sutures created for gallbladder anchorage and Calot’s
triangle exposure (puppeteer technique) were first
[41]
introduced by Navarra et al , who presented the
first SILC series in 1997. This technique grew popular
gradually and has been employed in numerous
[29,42-44]
studies
. However, sutures in the gallbladder
wall inevitably cause some bile leakage and may be
responsible for higher bile spillage rates associated
[45]
with SILC procedures . Intraoperative bile spillage
has been identified as a risk factor that influences
[46]
wound infections following LC procedures
and that
[47]
may violate oncologic safety levels , as incidental
gallbladder cancer has been found in 0.5%-1% of
[48,49]
laparoscopic procedures
. Various gallbladder
traction devices without gallbladder punctures (e.g.,
[50]
[35]
[51]
endoloop , endo-retractor , and magnet grasper )
have been introduced, while other studies have shown
that conventional straight instruments are sufficient for
[30,52]
gallbladder traction
.

Working instruments: Parallel (in and out) and
fulcrum movements serve as major manipulation
approaches, and rotational movements enable precise
[33]
dissection
during laparoscopic surgery. In SILC,
parallel movements in the same direction result in
severe instrument clashing (sword-fighting). On
the other hand, single-fulcrum movements allow
instruments to diverge from the target area of the
operative field. A chopstick effect causes a switch
between right and left sides in the visual field. Though
cross-hand techniques have been recommended as a
means of addressing this “switch” problem, they are
[34]
difficult to perform and are not ergonomic . Curved
or articulated instruments that restore triangulation
during SILC without the use of cross-hand techniques
[28,35-37]
have been developed
. However, curves and
joints limit the movement range and may cause
inadvertent damage to other organs positioned outside
of the visual field. This elastic feature hinders the
manipulation of firm fibrotic tissues. Furthermore,
employing these new instruments requires additional
training and costs. Other authors prefer conventional
straight instruments, as they are more familiar and
[29,30,34]
durable
. The longitudinal arrangement of ports
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®

Robotics: In 2011, a novel Single-Site robotic
platform was developed as an addition the da Vinci
®
Si Robotic System for the performance of SILS.
Numerous studies on robotic single-site cholecystectomy
(RSSC) have been published since, and the results have
[53-61]
®
been promising
. The Single-Site robotic platform
serves as an excellent solution to technical difficulties
associated with SILC (e.g., instrument collisions and
obscured laparoscopic views), and it therefore may help
improve patient safety levels. RSSC is easier to learn
compared to SILC, and the learning curve is very short
[59,60]
for expert robotic surgeons
. Though RSSC has been
shown to be as safe and efficacious as SILC, high costs
of robotic surgery constitute a major barrier. In a study
addressing the efficiency and costs of RSSC, costs
were found to be comparable to those of SILC provided
that the initial purchase price or cost of yearly da Vinci
®
[57]
Si Robotic System maintenance was excluded . In
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®

[13,42,44,73,75-77]

institutes with da Vinci Si Robotic Systems , RSSC
methods serve as a viable and reasonable alternative
to SILC.

intraoperative blood loss in SILC and MILC
.
However, the difference may be too small to be
detected in small-scale studies. The updated meta[12]
analysis reported by Milas et al
revealed more
blood loss for SILC. Although the separate analysis
of experimental and observational studies conducted
[19]
by Tamini et al
failed to draw the same conclusion
(blood loss from SILC was reduced in non-RCTs but
increased in RCTs), we believe the result of the latter
to be more convincing. RCTs provide a significant
higher level of evidence in evidence-based medicine
(EBM). Therefore, we can conclude that intraoperative
blood loss through SILC is a little more than that
caused through MILC according to presently available
evidence. However, once again, the minor difference
[12]
(1.29 mL) is not clinically significant .

Training and learning curve

Training: SILC adoption in fellowship or resident
training programs has been found to be as safe and
[62-64]
efficacious as the adoption of traditional MILC
.
Dedicated SILC training appears to develop compe
[65]
tencies in both SILC and MILC . We have presented a
step-by-step training program from MILC to SILC in a
[30]
previous study . Modifying a standardized procedure
in a stepwise manner for the development of a new
technique is reasonable from the standpoint of patient
safety. A detailed and specialized training program is
vital to education on SILC.

Safety and efficacy

Procedure conversion: The SILC conversion rate varies
[13,27,37,40,42-44,71-73,75-83]
greatly (0%-28.3%) between RCTs
of the past three years (Table 1). The two updated
meta-analyses show that procedure failure rates
[12,19]
are clearly higher for SILC than for MILC
, but
open conversion rates are similar. As SILC is a more
demanding technique, some level of procedural failure
[12]
may be inherent to it . Furthermore, this comparison
was limited to nearly ideal operative circumstances
[19]
with the most difficult cases excluded . Procedure
conversions should be more frequent in SILC for
complicated scenarios. In our most recent obser
vational study, the conversion rate of SILC for all
benign gallbladder diseases during the routine stage
[20]
was found to be 12.6% , which is twice as high
as the value (6%) found via one updated meta[12]
analysis . However, we stress that a low threshold
of procedure conversion for SILC should be always
maintained for safety reasons. As the conversion
[12]
almost exclusively involves the addition of a trocar ,
this may have little impact on the clinical outcome.

Intraoperative blood loss: All recent RCTs (Table
1) that provide such data show equal levels of

Complications: Most of recent RCTs
show equivalent complication rates between SILC
and MILC procedures, with the exception of two
[13]
studies (Table 1). Marks et al
reported higher
incisional hernia rates (8.4%) following SILC, and
[82]
Saad et al
found SILC to be related to a higher
number of complications (22.9%). No complications
[27,78,80]
were found in the other three studies
. The two
updated meta-analyses show the incisional hernia
rate to be somewhat higher for SILC, while the overall
complication rate was found to be similar for both
[12,19]
procedures
.
In a systemic review of SILC methodologies and
outcomes, wound infection and intra-abdominal
abscess rates were found to be significantly higher
for single fascia incisions created with an access
port than those for single skin incisions made via
[1]
multiple trocar insertion . Port-site hernias were also
found to be more common following single fascia

Learning curve: Existing studies on the learning curve
towards SILC procedure competency have presented
inconsistent results. Case numbers needed to pass
through the learning phase have been reported as 0
[17,20,66-69]
to 40
. As the operative time is a commonly
used parameter to define the learning curve, the
same effect has also been observed with respect
[14,70]
to procedure conversions and complications
.
However, this result should be interpreted with caution.
Case selection is very common during the SILC
learning phase. As indication becomes broader during
the experienced phase, complications can happen.
Based on our retrospective study, the conversion and
complication rates show no significant differences
between the learning and experienced phases provided
[20]
that a low threshold of conversion is maintained .
Procedure conversion should be treated as a means
of patient safety rather than as a measure of surgical
failure.

Operative time: SILC, an innovative but demanding
procedure, would theoretically take more time to
complete than MILC. Most randomized controlled trials
(RCT) published since 2012 (Table 1) present the same
[13,71-80]
result
, though equivalent operative times for
both SILC and MILC have also been reported in other
[27,37,40,42,44,81-83]
RCTs
. This inconsistency may be due to
varying operative techniques, surgeon experiences and
patient selection methods and due to small numbers
of cases examined. According to two updated metaanalyses, the operative time of SILC is somewhat
longer than that of MILC, but this minor difference
[12,19]
(12.4-15 min) has limited clinical implications
.
Moreover, SILC is a still evolving procedure. Techniques
and technological advancements may further shorten
[84,85]
the operative duration
. It seems too early to arrive
at a conclusion at the present time.
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Table 1 English prospective randomized control trials of single-incision laparoscopic cholecystectomy vs multi-incision laparoscopic
cholecystectomy retrieved online via PubMed from Jan 2012 to Feb 2015 n (%)
Ref.
Chang et al[71]
1
Pappas-Gogos et al[27]
Khorgami et al[72]
Jørgensen et al[73]
Deveci et al[75]
Noguera et al[40]
Yilmaz et al[81]
Zapf et al[76]
Brown et al[77]
1
Madureira et al[37]
Hu et al[78]
Marks et al[13]
Ostlie et al[96]
Abd Ellatif et al[44]
Luna et al[79]
1
Madureira et al[43]
Saad et al[82]
Pan et al[42]
Ostlie et al[80]
Vilallonga et al[83]
1
Tsimogiannis et al[28]
MILC, n
50
20
30 3ILC + 30 4ILC
60
50
20
40
51
39
29
30
81
24
125
20
29
35 mini-4ILC + 35 4ILC
53
30
71
20
MILC incision and size (mm):
Paraumbilical, subxiphoid, right
subcostal, right flank
4ILC: 10, 5, 5, 5
4ILC: 10, 10, 5, 5
3ILC: 10, 5, 5; 4ILC: 10, 5, 5, 5
4ILC: 12, 12, 5, 5
3ILC: 10, 10, 5
3ILC: 10, 5, 5
4ILC: 10, 10, 10, 10
4ILC: 12, 5, 5, 5
4ILC: 10, 5, 5, 5
4ILC: 10, 5 (10), 5, 5
Mini-3ILC: 10+5, 2, 2
4ILC: 10 (12), 5 (10) (12), 5, 5
N/A
4ILC: 10, 10, 5, 5
4ILC: 10, 10, 5, 5
4ILC: 10, 5 (10), 5, 5

WJG|www.wjgnet.com

Journal (year)
SILC, n
World J Surg (2015)
50
J Surg Res (2015)
20
J Invest Surg (2014)
30
Br J Surg (2014)
60
J Korean Surg Soc (2013)
50
Surg Endosc (2013)
40 (20 SILC, 20 flexible SILC)
J Korean Surg Soc (2013)
43
Surgery (2013)
49
Surg Endosc (2013)
40
Surg Innov (2013)
28
J Laparoendosc Adv Surg Tech
30
A (2013)
J Am Coll Surg (2013)
119
J Laparoendosc Adv Surg Tech
17
A (2013)
Surg Endosc (2013)
125
Surg Endosc (2013)
20
Surg Endosc (2013)
28
Br J Surg (2013)
35
World J Gastroenterol (2013)
49
J Pediatr Surg (2013)
30
J Minim Access Surg (2012)
69
Surg Endosc (2012)
20
(Para)umbilical fasciotomy
Working instrument
1 large
Articulated
1 large + 1 small
Curved
3 small
Straight
1 large
Roticular
1 large
Articulated
SILC: 1 large; flexible SILC:
SILC: articulated; flexible
3 small
SILC: straight
1 large
N/A
3 small
Articulated
3 small
Straight
1 large
Curved
1 large
N/A
1 large
Articulated (curved)
N/A
N/A
2 small
Straight
1 large
Articulated
1 large
Curved
1 large
Straight
2 small
Straight
1 large
Straight
1 large
Straight (roticular)
1 large
Curved
Learning curve
Operative time

N/A
N/A
N/A
N/A
10 for op time
N/A
N/A
40 for op time
N/A
N/A
N/A
N/A
N/A
25 for op time
N/A
20 for method
standardization

S>M
S=M
S > 3ILC = 4ILC
S>M
S>M
S = flexible S = M
S=M
S>M
S>M
S=M
S > Mini-3ILC
S>M
N/A
S=M
S>M
S=M

740

SILC for AC
0
N/A
6 (20)
1 (1.7)
6 (12)
0
0
7 (14.3)
0
0
0
0
N/A
0
0
0
0
0
0
14 (20.3)
N/A
GB suspension
Suture
Nil
Nil
Suture
Suture: 17 (34)
Nil

IOC
Nil
Nil
N/A
1 (1.7)
Nil
Nil

Nil
Suture: 2 (4.1)
Suture: partial
Suture
N/A
Nil
N/A
Suture
Suture: 2 (10)
Suture
K wire: 6 (17.1)
Suture
Nil
Nil
Nil
EBL

Nil
5 (10.2)
Nil
Nil
N/A
Partial
N/A
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Successful

N/A
N/A
N/A
S=M
S=M
N/A
N/A
S=M
S=M
N/A
N/A
S=M
N/A
S=M
N/A
N/A

47 (94)
20 (100)2
27 (90)
43 (71.7)
44 (88)
40 (100)
43 (100)
44 (89.8)
39 (97.5)
28 (100)
28 (93.3)
118 (99.2)
N/A
121 (96.8)
18 (90)
28 (100)

Open
Mortality
conversion
0
0
0
0
4 (8)
0
03
0
0
0
0
0
N/A
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
N/A
0
0
0
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Mini-4ILC: 10, 3, 3, 3; 4ILC: 10, 10, 5, 5
3ILC: 10, 10, 5
4ILC: 10, 5, 5, 5
3ILC (4ILC): 10, 11, 5 (10, 11, 5, 5)
4ILC: 10, 10, 5, 5
Overall complication
S: 4 (8) = M
0
0

N/A
N/A
Nil
N/A
N/A
BDI
0
0
0

S = Mini-4ILC > 4ILC
S=M
S>M
S=M
S=M
Incisional hernia
S: 1 (2) = M
0
0

S: 1 (1.7) →BL
0
0

S: 1 (1.7) = M
0
0

S: 1 (2.3) = M

0

0

S: 1 (2.04) = M
N/A
S: 3 (10.8) = M (wound complication)

0
0
0

0
N/A
0

0

0

0

0
N/A
0

S: 10 (8.4) > M
N/A
0

S: 1 (5) = M
S: 3 (10.8) = M (wound complication)

0
0

0
0

S: 8 (22.9) > Mini-4ILC: 0 = 4ILC

0

S: 1 (2.9)

S = M (port-site complication)
0
S: 3 (4.3) = M

0
0
0

0
0
S: 1 (1.4)

0
Satisfaction
S=M
N/A
S = M (3ILC or 4ILC)
N/A
N/A
N/A
N/A
S=M
N/A
N/A
N/A
N/A
N/A

0
Cost
N/A
N/A
N/A
N/A
N/A
N/A
N/A
S>M
S=M
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
S>M
N/A

N/A
N/A
N/A
N/A
S=M
S=M
N/A
N/A

S: 2 (3.3) = M
S: 2 (4) = M
S: 0 = flexible S: 1 (5) = M

S: 53 (45) = M
N/A
S: 5 (4) = M

0
Cosmesis
S=M
N/A
S = M (3ILC or 4ILC, late)
S>M
S>M
N/A
N/A
S=M
S > M (POW2)
N/A
S < Mini-3ILC
S>M
S > M (POM 16-38)
S > M (POM 1,6)
N/A
N/A
S = Mini-4ILC > 4ILC (POM 6)
S > M (POM 2)
N/A
S>M
N/A

N/A
34 (97.1)
S=M
48 (98.0)
N/A
30 (100)
N/A
68 (98.6)
N/A
20 (100)2
Pain
LOS
S<M
S=M
N/A
N/A
S < M (3ILC or S = M (3ILC
4ILC)
or 4ILC)
S=M
S=M
S > M (POD 1)
S=M
S = flexible S = Flexible S <
M
S=M
S > M (POm
S=M
30)
S=M
S=M
S=M
S=M
S < M (POH
N/A
24)
S = Mini-3ILC
S = Mini3ILC
S>M
N/A
N/A
N/A
S < M (early to
S=M
POW 1)
S=M
N/A
S < M (POH S: < 24 h = M
24)
S = Mini-4ILC
S = Mini= 4ILC
4ILC = 4ILC
S < M (POH 8)
S=M
S=M
S=M
S < M (POH
S>M
12)
S<M
S=M
Follow-up
6 mo
N/A
12 mo
12 mo
24 mo
> 1 yr
7d
16.4 mo
2-4 wk
N/A
1 mo
< 12 mo
Early: 6-12 wk;
Late: 16-38 mo
6 mo
1 mo
5.92 mo
12 mo
2 mo
6 wk
7.3 mo
N/A

0
0
0
0
0

0
0
0
0
0

1

The same populations examined with different end points; 2One case with a procedure converted to 2ILC was excluded; 3Two cases with open conversion
were excluded. SILC or S: Single-incision laparoscopic cholecystectomy; flexible SILC or S: Single-incision laparoscopic cholecystectomy using a flexible
endoscope; AC: Acute cholecystitis; N/A: Not available; MILC or M: Multi-incision laparoscopic cholecystectomy; GB: Gallbladder; K wire: Kirschner
wire; IOC: Intraoperative cholangiography; 4ILC: Four-incision laparoscopic cholecystectomy; 3ILC: Three-incision laparoscopic cholecystectomy; EBL:
Estimated blood loss; BDI: Bile duct injury; BL: Bile leak from cystic duct stump; POD: Postoperative day; POm: Postoperative minute; POH: Postoperative
hour; POW: Postoperative week; LOS: Length of hospital stay; POM: Postoperative month; large fasciotomy: ≥ 20 mm; small fasciotomy: ≤ 10 mm.

incisions, though the difference was not found to be
statistically significant. Interestingly, all recent RCTs
involving incisional hernia development following SILC
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administration have involved single fascia incisions
[13,71,73,82,83]
rather than multiple trocar insertions
. This
implies that the majority of local wound complications
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are related to adopted surgical techniques, and single
fascia incision approaches may have a negative effect.
Bile duct injuries (BDI) are a rare but catastrophic
complication of bilary tract surgery. Although two
updated meta-analyses reported equivalent BDI rates
[12,19]
between SILC and MILC
, this result should be
reviewed carefully. To reveal a significant difference in
the occurrence of this rare complication, it is necessary
to assign a very large number of patients to SILC and
MILC groups. Before a definitive conclusion can be
made, related studies must continue to be conducted.
Moreover, most SILC studies have been conducted
under ideal operative conditions. Only five of the recent
RCTs included patients with acute cholecystitis in small
[72,73,75,76,83]
proportions (1.7%-20.3%)
. The use of SILC
techniques on patients with gallbladder complications,
obesity, or a history of abdominal operations should
be carried out with caution, as an obscured operative
view may result in inadvertent BDI.
A higher BDI rate of 0.72% for SILC was shown
in a previous review of both RCTs and non-RCTs by
[86]
[87]
[1]
Joseph et al , while Hall et al and Yamazaki et al
reported lower rates (0.39% and 0.36%, respectively).
In a recent review on biliary complications, the
incidence of BDI for SILC was found to be 0.4% in 11
RCTs that involved 898 patients and 0.7% in 60 non[88]
RCTs that involved 3599 patients . This implies that
the BDI rate for SILC appears to be slightly higher than
[89,90]
historical data levels (0.5%) for standard MILC
.
Qualified SILS surgeons must make every effort to
prevent the development of this major complication
[38]
through a strong focus on critical view of safety and
[8,29,91-93]
intraoperative cholangiography (IOC)
. When
patient safety is in jeopardy, the procedure must be
converted without hesitation.

single fascia incision technique.
Postoperative length of hospital stay: SILC
procedures may also result in shorter recovery
periods. This measure includes postoperative length
of hospital stay (LOS) and return-to-work intervals,
though the latter data are rarely provided. With
a focus on postoperative LOS periods, all recent
[28,40,42-44,71-73,75-78,80-82]
RCTs
have reported an equivalent
duration between SILC and MILC procedures with
[82]
the exception of one RCT , which shows a longer
LOS period following SILC (Table 1). The two updated
meta-analyses also present inconsistent results. While
[12]
Milas et al
present a similar postoperative LOS,
[19]
Tamini et al report an earlier hospital discharge time
for SILC in both RCTs and non-RCTs (only a marginal
advantage). LOS periods largely depend on hospital
discharge policies and health insurance systems when
complications do not occur. It is nearly impossible
[94,95]
to detect LOS differences on day-care basis
,
and such policies are prohibited in some countries
(e.g., Taiwanese National Health Insurance). Though
comparing postoperative LOS periods for SILC and
MILC is sometimes impractical or liable to discharge
policies, slightly shorter LOS periods typically follow
[19]
after SILC procedures .
Cosmesis: High cosmesis levels constitute a wellknown advantage of SILC, as operative incisions made
are hidden within the natural naval scar. This major
advantage has been confirmed in most recent RCTs
[13,42,44,73,75,77,82,83,96]
(Table 1)
and in two recent meta[12,19]
analyses
, but it has not been identified in some
[71,72,76,78]
studies
. Cosmesis is a mental feeling subject to
patient perceptions. Symptom resolution, complication
risks, and postoperative pain levels were found to be
more important than cosmesis levels according to
patient perspectives on SILC provided through two
[97,98]
questionnaire-based studies
. In a recent RCT
[76]
conducted by Zapf et al , the authors found it difficult
to recruit subjects. Patients who had been attracted to
SILC for cosmetic reasons did not want to risk being
randomized to the MILC group. The equal cosmesis
scores generated from a biased population of patients
who did not care about this cosmetic factor should be
interpreted carefully. In summary, SILC offers superior
[12,19]
cosmetic outcomes than MILC
, at least objectively.
However, this benefit may attenuate or be forgotten
[99]
with time .

Recovery

Postoperative pain: When SILC is mainly recognized
for causing less pain, the results of recent RCTs on
this issue remain inconclusive (Table 1). SILC have
[13,75,81]
[40,73,74,76-80,82]
been reported to cause more
, equal
,
[28,37,42,44,71,72,83]
or less
postoperative pain than MILC
at various times. While an updated meta-analysis
[19]
conducted by Tamini et al reports less pain following
[12]
SILC in both RCTs and non-RCTs, Milas et al
find
similar postoperative pain levels for SILC and MILC.
Pain is a subjective feeling that can be influenced by
other emotional factors (e.g., satisfaction). Various
surgical techniques and pain measurement methods
may also be responsible for inconsistencies in the
results. Nevertheless, all of the RCTs that reported
higher pain levels for SILC involved the use of single
[13,75,81]
fascia incisions via a multi-channel port
. Greater
tension from a large port positioned on the fascial
tissue may be related to stronger inflammatory
[27,28]
reactions in SILC
. From the standpoint of
postoperative pain levels through SILC, the multi-port
puncture approach appears to be preferable to the
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Costs

Of four recent RCTs that provide cost information (Table
[42,77,80]
1), three report equal costs for SILC and MILC
.
[76]
The remaining show SILC to be more expensive .
No existing meta-analyses present such information.
This cost difference may be attributable to surgical
instruments, operative time periods (operative room
charges and anesthesia fees), postoperative pain
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levels (analgesic use), complications, and LOS factors
(ward charges). Considering small differences for most
of these parameters between SILC and MILC, novel
surgical devices dedicated to SILS should play a major
role in cost increases. In a large scale retrospective
[100]
[100]
study
, Cheng et al
showed that differences in
operative time periods and total costs between SILC
and MILC can be minimized by improving surgical skills
provided that only conventional instruments are used.
No significant differences in operative time periods
and total costs were found when the last 100 cases in
the two groups were compared. In brief, costs largely
depend on surgical instruments and on a surgeon’s
skills rather than on procedures.

The number of cases is too small to show a learning
[8-10]
curve for all three studies
. No training strategies
are mentioned.

Safety, efficacy, recovery, and cost

In our retrospective series, which serves as the
only existing comparative study on SILCBDE and
on standard multi-incision LCBDE, we recruited 17
[10]
patients for each group . There was no significant
difference between the two groups in terms of
operative time periods, estimated blood loss levels,
pethidine doses (postoperative pain), postoperative
LOS periods, procedure conversions, and com
plications. One procedure (5.9%) was converted to a
standard four-incision LCBDE, and one complication
(5.9%) involving a minor bile leak and self-limited
duodenal ulcer hemorrhaging occurred in the SILCBDE
group. Although a cosmetic comparison was absent,
all patients who underwent a successful SILCBDE pro
cedure were very satisfied with the hidden scar. We
did not conduct a cost analysis. However, because
all parameters were similar in both groups and only
conventional instruments were used, the total cost
can be assumed to be equal. Owing to the limitations
of small-scale retrospective inquiry, we conclude
that SILCBDE serves as safe and efficacious LCBDE
approach only when carried out by experienced
surgeons.

SINGLE-INCISION LAPAROSCOPIC
COMMON BILE DUCT EXPLORATION
Operative technique, training, and learning curve

Only three published series, including our previous
study, focus on SILS or LESS CBDE to date. All are
retrospective studies, and case numbers of SILCBDE
[8]
[9]
used in Yeo et al , Shibao et al , and in our series are
[8]
four, 13, and 17, respectively. While Yeo et al and
[9]
Shibao et al created a single fascia incision with a
multi-channel port or multiple trocars insertion through
an intraumbilical incision, we created a paraumbilical
incision followed by multiple trocar punctures.
Paraumbilical incisions were made within the naval
rim to provide for excellent cosmetic outcomes. A
roticulated grasper (Roticulator Endograsp; Covidien)
was used in some cases in Yeo D’s series with the assi
stance of transparietal gallbladder suturing (puppeteer
technique). In Shibao K’s series, an atraumatic forceps
(the fourth port) was inserted into the peritoneal cavity
just below the optic port to provide gallbladder traction.
The Radius Surgical System (Tübingen Scientific
Medical, Tübingen, Germany), a flexible manual
manipulator, was used in some cases to facilitate both
intracorporeal suturing and ligation. In our series,
three 5-mm and one 3-mm ports were introduced into
a longitudinal array, and only conventional straight
instruments were used. A flexible laparoscope was
[8]
used only in Shibao K’s series. Yeo et al used a
10-mm 30-degree rigid laparoscope, and we adopted
a 50-cm-long 5-mm 30-degree rigid laparoscope.
The bile duct was explored using transcystic and
choledochotomy approaches in Yeo D and our series,
[9]
while Shibao et al only performed choledochotomy
operations. Primary bile duct closures were created for
choledochotomy procedures in all three studies, but
biliary drainage methods were only adopted in Yeo D
and Shibao K’s series with the use of a transcystic tube
or T-tube. A routine subhepatic drain was present in
the (para)umbilical incisions created in Yeo D’s series
and our series, while the drain was moved from the
right quadrant region for the last seven cases in Shibao
K’s series.
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SINGLE-INCISION LAPAROSCOPIC
HEPATICOJEJUNOSTOMY
Operative technique, training, and learning curve

Only five series on SILH have been published to
date, and all were conducted by the same research
[11,101-104]
team
for children and neonates. One 5-mm
and two 3-mm trocars were inserted into the
peritoneal cavity of a horizontal array via a vertical
[11]
intraumbilical skin incision . Only conventional straight
instruments were used with the assistance of two
or three transabdominal suspension sutures of the
gallbladder, the proximal common hepatic duct, or
of the anterior wall of a large choledochal cyst. An
extra-long 5-mm 30-degree laparoscope was used for
visualization purposes. Ductoplasties were performed
in cases where stenoses were detected. A retrocolic
end-to-side hepaticojejunostomy was accomplished
intracorporeally without biliary drainage. A suction
drain was placed through the 3-mm umbilical working
port as needed.
[104]
The learning curve for this approach is steep
.
After four cases, the operative time of SILH is equal to
that of conventional laparoscopic hepaticojejunostomy
(CLH). No training strategy was mentioned.

Safety, efficacy, recovery, and cost

The only existing large-scale case-control study, which
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involved the recruitment of 75 patients into SILH and
CLH groups, found operative blood loss levels to be
[11]
minimal for each group . No procedure conversion
was conducted. One patient (1.3%) developed a bile
leak and was managed conservatively in the SILH
group. Overall complication rates, postoperative LOS
periods, and periods required for full diet resumption
did not differ significantly between the two groups.
No data on postoperative pain or analgesic doses
were presented. No noticeable scars were observed
in the SILH group one month postoperatively, and
child patient parents were satisfied with the cosmetic
results. Though a cost analysis was not evaluated, no
specially designed instruments were required in this
series. SILH procedures did not increase hospital costs
accordingly. The authors conclude that SILH, when
carried out by experienced surgeons, is feasible and
safe to perform on children with choledochal cysts and
that the outcomes are comparable to those of CLH.
The superior cosmetic outcome of SILH is preferable.

3

4

5
6

7

8

CONCLUSION
SILC is as safe and efficacious as traditional MILC and
has marginal advantages (i.e., lower postoperative
pain levels and shorter postoperative LOS periods).
Longer operative time periods and higher degrees
of intraoperative blood loss observed in SILC cases
serve as minor and clinically insignificant differences.
The incidence rate of local wound complications (e.g.,
incisional hernia) is higher following SILC procedures,
especially when the single fascia incision technique is
employed. The BDI rate for SILC appears to be slightly
higher than the historical data for the standard MILC,
though this rate may improve with skill improvement,
experience accumulation, and technological advance
ment. A low threshold of procedure conversion should
always be maintained in the interest of patient safety.
Well-established cosmetic benefits of SILC may be
significantly influenced by patient perceptions.
SILCBDE and SILH are feasible, safe, and effective
methods when carried out by experienced surgeons.
With the exception of their well-known cosmetic
advantages, other potential benefit or disadvantages
of such approaches must be verified via large-scale
RCTs.
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Pancreatic ductal adenocarcinoma (PDAC) is an almost
uniformly lethal disease with less than 5% survival at
five years. This is largely due to metastatic disease,
which is already present in the majority of patients
when diagnosed. Even when the primary cancer can
be removed by radical surgery, local recurrence occurs
within one year in 50%-80% of cases. Therefore,
it is imperative to develop new approaches for the
treatment of advanced cancer and the prevention of
recurrence after surgery. Tumour-targeted oncolytic
viruses (TOVs) have become an attractive therapeutic
agent as TOVs can kill cancer cells through multiple
mechanisms of action, especially via virus-induced
engagement of the immune response specifically
against tumour cells. To attack tumour cells effectively,
tumour-specific T cells need to overcome negative
regulatory signals that suppress their activation or
that induce tolerance programmes such as anergy or
exhaustion in the tumour microenvironment. In this
regard, the recent breakthrough in immunotherapy
achieved with immune checkpoint blockade agents,
such as anti-cytotoxic T-lymphocyte-associate protein
4, programmed death 1 (PD-1) or PD-L1 antibodies,
has demonstrated the possibility of relieving immune
suppression in PDAC. Therefore, the combination of
oncolytic virotherapy and immune checkpoint blockade
agents may synergistically function to enhance the
antitumour response, lending the opportunity to be the
future for treatment of pancreatic cancer.
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pancreatic intraepithelial neoplasia, associated with
[8]
the accumulation of genetic mutations . One of the
earliest genetic alterations in a non-malignant precursor
lesion is an activating point mutation in the KRAS2
[9,10]
oncogene
, which is present in 90% of pancreatic
cancer cases. Mutational inactivation of tumoursuppressor gene CDKN2A encoding p16 (a regulator of
the G1 to S phase in the cell cycle), TP53 and SMAD4
which occur in higher grade lesions are also commonly
[11]
found . A distinct hallmark of pancreatic cancer is
its complex tumour stroma composed of a strategic
array of cells. The PDAC stroma is highly heterogenous
inhabiting fibroblasts, pancreatic stellate cells, immune
cells, blood vessels and extracellular matrix, however
[12]
very few infiltrating effector T cells
(Figure 1).
The proliferative nature of the stromal pancreatic
stellate cells, termed desmoplasia, accounts for their
[12,13]
high turnover rate, invasiveness
and hypoxic
[14]
microenvironment . Consequently, the tumour stroma
is not only a mechanical barrier for treatment delivery
and efficacy, but also an active contributor to tumour
[15,16]
progression
.
This review will briefly discuss the current manage
ment of pancreatic cancer and introduce the immuno
therapies in development for pancreatic cancer treatment.
Lastly, we will highlight a novel emerging area of preclinical and clinical research, viro-immune-checkpoint
blockade therapy combination strategies.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The poor prognosis of pancreatic cancer
appeals for a novel strategy to treat this disease.
Immunotherapies such as whole cell vaccines are
currently being investigated in patients with pancreatic
cancer. The recent breakthrough in cancer immuno
therapy with immune checkpoint inhibitors has allowed
us to reverse T cell anergy and enhance antitumour
immunity. Tumour-targeted Oncolytic viruses in com
bination with checkpoint inhibitors function syner
gistically to increase the tumour antigen load, relieve
immune suppression in the tumour bed while enhancing
the activation of the adaptive immune system. Viroimmune-checkpoint therapy should thus be considered
as a novel strategy to treat pancreatic cancer.
Ibrahim AM, Wang Yh. Viro-immune therapy: A new strategy
for treatment of pancreatic cancer. World J Gastroenterol
2016; 22(2): 748-763 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i2/748.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.748

CURRENT MANAGEMENT OF
PANCREATIC CANCER

INTRODUCTION
In the past four decades, the diagnosis of pancreatic
cancer has remained accompanied by a death
[1]
sentence . Despite major advances in the field of
cancer treatment for other solid tumours such as
[2]
breast, colorectal, renal and prostate , the all-stagescombined 5-year survival rate for a patient with
pancreatic cancer remains a devastating 7%, and only
[3]
2% for those who present with distant metastases .
The majority (80%) of pancreatic malignancies are
pancreatic ductal adenocarcinomas (PDAC), which are
[1,3]
presented at locally advanced or metastatic disease .
Late diagnosis is attributed to several factors, mostly
vague, non-specific symptoms associated with an
earlier stage compared to later stages, such as
jaundice, anorexia, weight loss and gastric outlet
[4]
obstructions . Furthermore, the lack of a reliable
[5]
screening method for non-high-risk cohorts impedes
the possibility of early detection in the majority of the
patients, as family history only contributes to 5%-10%
[6]
of pancreatic cancer incidence . As a result, patients
are presenting at an advanced stage, diminishing the
chance of curative resection and a more manageable
[1,4]
disease . Moreover, PDAC is an aggressive mali
gnancy with high propensity to spread through the
[7]
lymphatic system and invade distant organs . The
molecular tumourigenesis of PDAC is described
as a stepwise progression of a preinvasive stage,
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Surgical resection

For the 20% of patients who present with early
disease, surgical resection is the treatment of choice,
[16,17]
and the only curative option
. Nonetheless, even
after complete resection, the prognosis remains
disappointing, hence the incorporation of adjuvant
gemcitabine or 5-fluorouracil and/or chemoradiation
[18]
into the standard of care . Results from randomized
[19-21]
controlled trials
demonstrating increased
overall survival (OS) with postoperative therapy is
considered to be one of the most important advances
[16]
in the treatment of pancreatic cancer . Similarly,
neoadjuvant chemotherapy may be offered to improve
[22-25]
surgical margins of borderline resectable tumours
.

Locally advanced and metastatic disease

Gemcitabine or gemcitabine-based combination
chemotherapy is the long established first line
treatment for advanced pancreatic cancer, however the
[16,26,27]
median survival rate is approximately 9 mo
. More
recently, an advantage on the survival and quality of life
was shown with FOLFIRINOX (folinic acid, 5-fluorouracil,
irinotecan, oxaliplatin) compared to gemcitabine
alone; this regimen significantly improved the OS,
progression-free survival and objective response rate of
[28]
patients with pancreatic cancer . Similar results were
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Figure 1 Synergistic effects of viro-immunotherapy. Systemic administration of a tumour-targeted oncolytic virus (TOV) leads to vasculature destruction
allowing the invasion and infection of the tumour cells. As the TOV selectively replicates within a tumour cell, it infects neighboring cells leading to the amplification
of the virotherapy and induction of the innate immune system. Direct oncolysis allows the release of tumour-associated antigens into the microenvironment, which
are presented by antigen-presenting dendritic cells (DCs) to naïve T cells in the draining lymph nodes, activating the adaptive tumour-specific response. The
administration of an immune checkpoint blockade antibody such as an anti-PD-L1 antibody provides an added benefit of reversing T cell anergy. This allows the
antitumour response induced by the virotherapy to be enhanced and sustained. The combination of viro-immunotherapy may have significant synergistic effects in
such an immunosuppressive microenvironment as seen in pancreatic ductal adenocarcinoma. CAF: Cancer-associated fibroblast; ; PSC: Pancreatic stellate cell; TAM:
Tumour-associated macrophage.
[16,34]

[29]

of alternate signaling pathways
. To date, erlotinib,
a small molecule inhibitor of the epidermal growth
factor receptor inhibitor, is the only approved agent,
in combination with gemcitabine, which offers a very
modest but statistically significant increase in survival
[35]
of two weeks .

also observed with nab-paclitaxel plus gemcitabine .
Approximately 10% of patients receiving these
regimens are surviving two years, which is a rare event
[30]
in advanced disease . However, both regimens are
associated with increased toxicities thus may only be
[28,29]
offered to patients with good performance status
.
The care of patients with poor performance status or
metastatic disease remains palliative, and gemcitabinebased therapies have limited efficacy.

IMMUNOTHERAPY: A NOVEL STRATEGY
FOR PANCREATIC CANCER

Targeted therapy

Discouraging response rates and resistance to current
standard therapies has prompted the investigation of
novel strategies for the treatment of pancreatic cancer.
Immunotherapy is an attractive therapeutic option as
it has the greatest promise to eradicate tumours with
minimal toxicities to healthy tissues and furthermore,
to prevent recurrence via the induction of long-term
[36]
memory . It has recently become more evident
that the immune system plays contrasting roles in
both tumour elimination and tumour progression, a
[37]
phenomenon called immunosurveillance . Therefore,
“avoiding immune destruction” and “tumour-promoting

In the last 10 years, targeted therapy has revolu
tionised current cancer treatment and has paved the
[31]
way for personalised medicine . Due to the genetically
[32]
heterogeneous nature of pancreatic cancer
targeted
therapies such as small molecule inhibitors and
monoclonal antibodies have been sought to inhibit
constitutively-active cell surface signaling molecules.
Nonetheless, results of phase Ⅰ-Ⅲ clinical trials
[33]
(summarized by Seicean et al ) are disappointing,
and the observed resistance is most likely due to the
high frequency of KRAS2 mutations and upregulation
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immunisation with genetically modified tumour cells. We
will describe the two most clinically advanced vaccines
for treatment of pancreatic cancer below.

inflammation” have been recently included as hall
mark biological capabilities of tumours by Hanahan
and Weinberg in their famous review, adding to
already well-defined neoplastic characteristics such
as sustaining proliferative signaling, evading growth
[38]
suppressors and activating invasion and metastasis .
Transformed cells limit their presentation of neoantigens and paralyze infiltrating immune cell functions,
leading to the development of clinically-apparent
[39]
tumours . Therefore, main goal of immunotherapy
is to breach the immune suppression induced by the
tumour microenvironment (TME) while boosting or
[36]
revoking effector functions . The TME of PDAC, which
promotes tumour growth and impedes successful
delivery of traditional cytotoxic therapies, may
paradoxically be a perfect candidate for manipulation
by immunotherapy. Lastly, the greatest advantage of
immunotherapy is its potential to induce both innate
and adaptive immune responses, which are not always
activated by traditional cytotoxic or targeted therapies.

Algenpantucel-L

One of the most clinically advanced vaccines for
advanced pancreatic cancer is a preparation of whole
human allogeneic pancreatic cell lines engineered
to express α-galactosyl (α-gal) transferase, which
synthesizes α-gal epitopes on the surface of glycolipids
and glycoproteins. Although human cells do not
[55]
express α-gal epitopes , humans have existing antiα-gal antibodies, which activate complement and
antibody-dependent cell-mediated lysis upon binding
[56]
to antigen . This causes a hyperacute rejection
of the allografts and a generation of an immune
[56]
response against the tumour . In a phase Ⅱ trial
of algenpantucel-L with adjuvant chemotherapy with
gemcitabine and 5-FU-based chemoradiation after
R0/R1 resection, the 1-year disease-free survival
and OS were reached by 62% and 86% of patients,
[57]
respectively . The results of this trial were compared
with the RTOG-9704 trial whereby patients received
[58]
the same chemoradiation regimen . Minor adverse
effects associated with the vaccine were pain and
induration at the site of injection, which resolved
[57]
within a week . Two multi-institutional phase Ⅲ trials
are currently being conducted and the results are
highly anticipated (clinicaltrials.gov: NCT01072981,
NCT01836432).

THERAPEUTIC VACCINES
Several preparations of antitumour vaccines are
currently being investigated in clinical trials. The
objective of therapeutic vaccination is to amplify preexisting immune responses or to prompt de novo
[40]
responses . The clinical potential of various types of
[41,42]
[43,44]
vaccines (peptide-based
, dendritic cell
, whole
[45,46]
tumour cell
, and recombinant viral or bacterial
[47,48]
vector-based vaccines
) has been demonstrated
in early phase clinical trials with some promising
immunological and clinical responses in patients with
pancreatic cancer, however, the phase Ⅲ TeloVac
trial showed that adding GV1001 peptide vaccination
[49]
to chemotherapy did not improve OS . Emerging
evidence over the last two decades has demonstrated
that prime-boost protocols integrating different vectors
result in effective immune responses with protective
capability in animal models and human clinical
[50,51]
trials
. Pre-clinical experiments and early phase
clinical trials have indicated that the sequential use of
recombinant vaccinia and avipox or fowlpox vectors
expressing tumour-associated antigens (TAAs) such as
carcinoembryonic antigen (CEA) and mucin (MUC)-1
and co-stimulatory molecules in a heterologous primeboost regimen resulted in a more potent T cell response
[52]
than either vaccine alone
and demonstrated encou
[53]
raging clinical responses . However, the heterologous
prime-boost regimen has yet to show efficacy in a
[54]
phase Ⅲ trial for human pancreatic cancer . The
failure of previous cancer vaccine trials can be attributed
to several factors including inappropriate choice of
tumour antigen (only a few TAAs were selected), use of
an unoptimised antigen delivery vector or vaccination
schedule, or selection of the wrong patient group
(late stage advanced disease). In the last decade,
the most popular vaccine strategy has been based on

WJG|www.wjgnet.com

Granulocyte-macrophage colony-stimulating factor
vaccine

The granulocyte-macrophage colony-stimulating factor
(GM-CSF) vaccine (G-VAX) is another promising whole
cell vaccine that induces a potent anti-tumour immune
response. GM-CSF is a widely used immunomodulator
because it is a potent monocyte, leukocyte and
eosinophil attractant. GM-CSF-expressing irradiated
tumour cells were shown to induce a long-lasting
+
+
immune response involving both CD4 and CD8 T cells
[59]
in a B16 melanoma model . G-VAX was shown to
be safe, efficacious and induce very minimal toxicities
[45,46,60]
.
in patients with PDAC in phase Ⅰ and Ⅱ trials
Furthermore, G-VAX induced mesothelin- (a TAA in
pancreatic cancer) specific interferon (IFN)-γ-producing
+
CD8 T cells, which also provided evidence of in vivo
cross-priming by antigen-presenting cells (APCs)
[46,61,62]
[45]
in G-VAX-vaccinated patients
. Jaffe et al
observed a delayed-type hypersensitivity response in
three patients, all of which remained disease-free at
least 25 mo post-diagnosis. Phase Ⅱ trial results by
[60]
Lutz et al
revealed 1-year disease-free and 1-year
survival rates of 67% and 85%, respectively, which
correlated with the induction of a PDAC-associated
+
antigen mesothelin-specific CD8 T cells in human
+
+
[60]
leukocyte antigen (HLA)-A1 and A2 patients , when
combined with chemoradiation. This suggests that
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PDAC, which is considered a highly “non-immunogenic”
solid tumour, can be converted to an immunogenic
[63]
[63]
tumour . Lutz et al
demonstrated post-G-VAX T
cell infiltration and aggregate formation, which resulted
in the upregulation of the PD-1/PD-L1 pathway,
suggesting that vaccine-primed PDAC patients may
[63]
respond better to other immunotherapies . G-VAX
with low-dose cyclophosphamide and CRS-207, a
live-attenuated Listeria monocytogenes-expressing
mesothelin has shown safety and increased survival
in metastatic pancreatic cancer, and longer OS was
+
accompanied by enhanced mesothelin-specific CD8 T
[64]
cell responses, regardless of the treatment arm . A
phase ⅡB trial for testing G-VAX + CRS-207 compared
to chemotherapy or CR-207 alone in previously
treated metastatic PDAC is currently recruiting patients
(clinicaltrials.gov: NCT02004262). Nonetheless, studies
have also demonstrated that GM-CSF-producing
vaccines can play conflicting roles in the antitumour
[65]
[66]
response . Serafini et al demonstrated that a highdose GM-CSF-producing B78H1 cell line resulted in the
+
+
production of GM-CSF-induced Gr1 /CD11b myeloidderived suppressor cells (MDSCs) that impaired
+
-/lo
antigen-specific T cell responses. CD14 HLA-DR
MDSCs were also detected in the peripheral blood of
GM-CSF-vaccinated metastatic melanoma patients and
were absent in healthy donors or patients receiving
[67]
non-GM-CSF-based vaccines . The suppressive
activity of the identified MDSCs involved the production
[67]
of transforming growth factor (TGF)-β . A study
demonstrated that chemotherapy-derived inflammatory
responses accelerated the formation of MDSCs in the
PDAC microenvironment, and was associated with
[68]
poorer prognosis . Moreover, GM-CSF production
induced by oncogenic KRAS has also been shown to
[69]
promote neoplastic precursors of PDAC . Therefore,
these findings demand caution when administrating
GM-CSF in patients with PDAC.

Today, the clinical activity of these agents has been
[73-78]
tested in various cancer types
and exciting
results have shined a new light on the field of cancer
immunotherapy. Most importantly, the ability of these
anti-immune checkpoint receptor agents to relieve
immunosuppression or boost a pre-existing immune
response provides further rational for combining
immunotherapeutic strategies.

anti-cytotoxic T-lymphocyte-associate protein 4
inhibitors

Frequently credited as one of the most important
developments for cancer immunotherapy is the anticytotoxic T-lymphocyte-associate protein (CTLA)-4
humanized antibody, ipilimumab (Yervoy®; BristolMyers Squibb, New York City, NY, United States),
which was approved by United States’ Food and
Drug Administration in 2011 for the treatment of
[73,79]
metastatic melanoma
. CTLA-4 is a co-negative
regulator on T cells that binds with high affinity to
the B7 family of accessory molecules on APCs during
the T cell priming phase, thus competes with the
[80-82]
CD28 co-stimulatory molecule on T cell
. Its two
major roles are the downmodulation of helper T cell
activity, and the enhancement of the regulator T cell
[70]
(Treg) suppressive function . Loss of CTLA-4 leads to
massive lymphoproliferation, autoimmunity and death
[83]
in mice . Consequently, CTLA-4 may be blocked in
order to relieve immunosuppression and un-restrain
pre-existing T cell responses. CTLA-4 efficacy was
questioned at first, because of its non-specificity to
tumour cells, however, it was demonstrated that
partial inhibition with a monoclonal antibody could
[71]
achieve a therapeutic window . Nonetheless, as these
immunomodulatory mechanisms exist to attenuate
chronic autoimmune inflammation, certain toxicities
were expected. CTLA-4 blockade compromised tolerance
to normal tissue antigens, causing immune-related
adverse events such as colitis and hypophysitis, which
[73]
were mostly resolved with corticosteroid therapy .
Ipilimumab as a single agent (3.0 mg/kg/dose) was
tested in advanced pancreatic patients however
[84]
was shown to be ineffective . In a phase Ⅰ study,
gemcitabine and escalating doses of i.v. tremelimumab
(6, 10 or 15 mg/kg) were administered to patients with
metastatic pancreatic cancer, demonstrating a safe
and tolerable profile, where 2/19 patients receiving 15
[85]
mg/kg achieved partial responses . Results from a
randomized controlled trial comparing ipilimumab as a
single agent (10 mg/kg/dose) and ipilimumab + G-VAX
favored the second arm (OS = 3.6 mo vs 5.7 mo, 1-year
survival 7% vs 27%, respectively) and an increase in
mesothelin-specific T cells and enhancement of the T
[86]
cell repertoire were observed , further implying the
benefit of combining immunotherapeutic strategies.
These patients also experienced declines in CA 19-9
[86]
levels .

ANTI-IMMUNE CHECKPOINT AGENTS
Immune checkpoint blockade

Immune checkpoints are crucial for maintaining selftolerance under normal physiological conditions and
protecting healthy tissues during an immunological
[70]
response . They consist of co-stimulatory and coinhibitory receptors that regulate T cell activation.
Tumours have evolved to exploit immune checkpoints
to avoid recognition by the immune system and
sustain immunosuppression. T cells are the main
therapeutic targets in cancer immunotherapy, because
of the major role they play in adaptive immunity.
+
Moreover, activated CD8 T cells directly lyse antigen[70]
expressing cells . As a result, antibodies targeting T
cell co-stimulator and co-inhibitory receptors “wake
up” the immune system, unleashing an antitumour
[71,72]
response, first demonstrated in animal models
.

WJG|www.wjgnet.com

752

January 14, 2016|Volume 22|Issue 2|

Ibrahim AM et al . Viro-immune-checkpoint therapy for pancreatic cancer

Anti-PD-1 and anti-PD-L1 inhibitors

Predicting responses to anti-immune checkpoint agents
[99]

A second immune checkpoint is in the peripheral tissue
at a site of inflammation, whereby the activation of
a T cell is limited by the programmed death receptor
[70]
(PD)-1 . Thus, CTLA-4 regulates T cell “priming”
or activation whereas PD-1 regulates T cell effector
[70]
function within tissues and tumours . PD-1 is a cell
surface coinhibitory receptor expressed on activated
T cells, natural killer (NK) cells, monocytes and B
cells. Its expression is associated with impaired or
[87]
exhausted T cells , and is more broadly expressed
[70]
than CTLA-4 . Its two known ligands, PD-L1 (B7-H1)
[88,89]
and PD-L2 (B7-DC)
, are commonly overexpressed
on tumour cells, while PD-1 itself is highly expressed
on tumour-infiltrating lymphocytes (TILs) in many
[88,90]
cancers
. Expression of PD-L1 was first shown to
inhibit antitumour T cell mediated responses in animal
[72,88,91]
models
, thus determining its expression pattern
in solid tumours may be an important biomarker for
assessing a patient’s suitability for anti-PD-1/PD-L1
[70]
therapy . Engagement of PD-1 with its ligand leads
[92]
to negative regulation of lymphocyte activation . The
antibodies currently in clinical development target both
PD-1 and PD-L1. Several studies have investigated the
clinical significance of PD-1 and its ligand in pancreatic
[93-97]
cancer
. PD-L1 and PD-1 expression was higher
in pancreatic cancer tissues compared to normal
pancreatic tissues, and was associated with poorer
tumour differentiation and immunosuppression. PD-L1
expression is inversely correlated with TILs which is
[94,96]
associated with poorer prognosis
. Nivolumab, an
anti-PD-1 monoclonal antibody, has shown promise
in patients with solid tumours such as non-small cell
lung cancer, prostate cancer, renal cell carcinoma,
[77]
colorectal cancer and melanoma
however has
not shown induce objective responses in pancreatic
[98]
cancer . An explanation for the failure is most likely
due to the poor immunogenicity of PDAC, whereby
stromal components such as pancreatic stellate cells
+
+
inhibit tumour-infiltrating CD4 and CD8 T cell access
[99-101]
to the primary tumour
. Consequently, attempts
at improving tumour lymphocyte-infiltration and TME
trafficking consist of priming the immune response
[99]
[63]
with G-VAX . As described above, Lutz et al
demonstrated G-VAX as a neoadjuvant therapy for
resectable PDACs induced tertiary lymphoid aggregates
+
and infiltration of PD-L1 cells within these aggregates.
G-VAX + PD-1/PD-L1 blockade however may be more
clinically significant as anti-PD-1/PD-L1 agents are
notably less toxic than ipilimumab, most likely due to
[77,98,102]
the specificity of PD-L1 in the peripheral tissue
.
[99]
Soares et al
demonstrated upregulation of PD-L1
expression in both human and murine PDAC tissues
+
when IFN-γ-producing CD8 T cells infiltrate the TME
post-G-VAX administration, a process of adaptive
resistance. This provides rationale for the use of
anti-PD-1 agents in G-VAX-primed patients with PDAC.
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As demonstrated by Soares et al , determining
the mechanism of immune resistance is important
for determining the efficacy of immunotherapies.
The upregulation of PD-L1 on solid tumour cells has
been explained by one of two mechanisms: innate
[70]
or adaptive immune resistance . Innate immune
resistance is a result of constitutive oncogenic signaling
[103]
and is independent of the TME . The latter describes
an upregulation of PD-L1/2 in response to inflammatory
signals (e.g., IFN-γ) produced by an active antitumour
[104]
immune response
. The difference between these
two mechanisms may be the underlying differentiation
between responders and non-responders, accounting
for the heterogeneity of the expression levels of PD-1
[70]
ligands . A study in pre-clinical sarcoma models
identified tumour-specific neo antigens as a major class
of T cell rejection antigens following anti-CTLA-4 and/or
anti-PD-1 therapy, demonstrating tumour-specific
mutant antigens are not only targets of immune
checkpoint blockade agents but are also reactivated
[105]
following treatment
. Although the presence of
TILs and an “immune-active” microenvironment has
been shown to be predictive of responses to immune
[106,107]
checkpoint blockade clinically
, the identification
of predictive biomarkers in immunotherapy has been a
[108]
challenge due to highly dynamic changes in the TME .
Nonetheless, patients with a pre-existing immuneactive TME (e.g., IDO expression and Treg infiltration),
and increased expression of PD-L1 on tumour and
stromal cells induced by adaptive immune resistance,
will most likely be the most receptive to anti-PD-1
[108,109]
blockade
. The PDAC TME is a major factor in
determining responses to treatment because of its
complex, desmoplastic and highly immunosuppressive
nature. An anti-CD40 treatment on monocytes within
the TME in a KPC mouse model of pancreatic cancer
demonstrated increased survival when combined with
[110]
+
gemcitabine and nab-paclitaxel
. Both CD4 and
+
CD8 T cells and APCs were activated in the lymph
nodes and at the tumour site and Treg cells were
significantly reduced, demonstrating even the most
immunosuppressive TME can be altered to respond to
[110]
immune checkpoint blockade . It has been proposed
that immune-cell exclusion may be the reason why
[111]
certain immunotherapies fail; Feig et al
showed
that anti-CTLA-4 and anti-PD-L1 treatment resistance
can be reversed when fibroblast activation protein
(FAP) positive cancer-associated fibroblasts (CAFs)
[111,112]
are depleted from the TME in the KPC model
.
[75]
Similarly, Beatty et al
observed tumour regression
in the KPC murine model was mediated by CD40activated macrophages.

ONCOLYTIC VIROTHERAPY
Viruses are a strategic tool for targeting tumours
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for two reasons: viruses activate similar pathways
as tumours, and viral infections activate both the
[113]
innate and adaptive immune responses . Moreover,
tumours create a niche of innate and adaptive immune
suppression, which not only protect the tumour from
the host immune system, but also limits its ability to
[39]
respond to viral infection . The therapeutic potential
of viruses was first observed in early case reports of
tumour regression following a naturally occurring viral
[114]
infection . Tumour-targeted oncolytic viruses (TOVs)
are viruses that selectively infect, replicate in, and lyse
tumour cells, sparing healthy, normal tissues. TOVs
can be inherently tumour-selective, i.e., are naturally
nonpathogenic to humans and sensitive to antiviral
[115]
signaling
or depend on oncogenic signaling pathways
[116,117]
such as constitutively-activated Ras
. TOVs can also
be genetically engineered to be tumour-selective, which
often involve deletions of genes required for replication
[116]
in normal tissues
such as thymidine kinase and
[118]
vaccinia growth factor (VGF) for vaccinia virus (VV)
or thymidine kinase UL23 gene in herpes simplex virus
[119]
(HSV)-1
. More recently, gene silencing by RNA
interference technology to achieve tumour selectivity
[117]
has also been utilized
. A second strategy involves
[120,121]
the insertion of a tumour-specific promoter
that
drives the expression of a gene necessary for viral
replication in order to restrict its replication in tumour
[117]
cells
. TOVs can also be designed to express cell
[122,123]
surface receptors unique to tumour cells
, which
[117]
allow specific tropism . TOVs can thus be engineered
to increase safety, efficacy and tissue tropism, including
[116]
being armed with immunomodulatory transgenes
.
The advantages of TOVs are their specificity, very
modest toxicity, low probability for resistance and most
importantly, their induction of an inflammatory cascade
[116]
and engagement of the adaptive immune system .
Unlike the pharmacokinetics of traditional drugs, the
therapeutic dose of TOVs increases with time as the
[116]
virus replicates and spreads to neighboring cells , and
if armed with a therapeutic gene, each viral progeny
will also carry the transgene, enhancing the therapeutic
[124]
effect
. Although TOVs directly lyse infected
malignant cells, causing acute tumour debulking, it
is the ability of the virus to spread and potentiate an
inflammatory response that allows the destruction
of a tumour, distinguishing TOVs from vaccines or
[39,125]
immune adjuvants
. TOVs target multiple cellular
pathways, therefore the risk of tumour resistance
[116]
development is low . TOVs have also been shown to
act synergistically with conventional chemotherapy and
[126-128]
radiation
.
The first TOV to undergo a clinical trial was
ONYX-015 (dl1520), an adenovirus deficient in the
[129]
E1B gene
. The gene product E1B-55 kDa protein
was originally thought to sequester p53, inactivating
[130]
it and as a result, allowing replication in a cell
. O’
[131]
Shea et al
later determined that it is differential viral
RNA export between normal and cancer cells which
accounts for ONYX-015’s tumour-selectivity. The first
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approved oncolytic virus to date is H101 (Oncorine;
Shanghair Sunway Biotech, Shanghai, China), which
was approved in combination with chemotherapy in
China in 2005 for the treatment of head and neck
[129]
cancers .

ONCOLYTIC VIROTHERAPY FOR
PANCREATIC CANCER
Adenovirus

ONYX-015 was the first TOV used in a clinical trial
for pancreatic cancer. ONYX-015 was administered
intratumourally under endoscopic ultrasound-guidance
into patients with locally advanced adenocarcinoma
of the pancreas or metastatic disease in phase Ⅰ/Ⅱ
[132]
trials
. The treatment was well-tolerated in most
patients, however no objective responses were seen
with ONYX-015 as a single agent and only 2/21
patients experienced mild responses when combined
[132]
with gemcitabine
. A second adenovirus vector
[133]
carries a deletion in the E1A gene
. E1A normally
binds to the retinoblastoma protein, forcing cells
to prematurely enter the S phase of the cell cycle.
Since most pancreatic cancers harbor a mutation in
[134]
CDKN2A , the E1A protein is unnecessary for entry
of the TOV into cancer cells. Furthermore a doubledeleted (E1A and E1B19) adenovirus demonstrated
increase potency and selectivity in pancreatic cancer
[135,136]
models
. This demonstrates that TOVs can be
genetically engineered to increase selectivity and
efficacy while maintaining their potency. Adenovirus
selectivity has also been improved by engineering
tumour-specific promoters such as a human CEA
[137]
promoter
or by substituting the adenovirus serotype
[138]
5 fiber knob with the fiber knob from serotype 3
.
The potency of TOVs can also be improved further
by engineering them with therapeutic genes that
stimulate the immune system and/or improve direct
oncolysis. Adenovirus ZD55-IL-24 expressing IL-24
locally in pancreatic tumours in immune competent
mice inhibited tumour growth and induced a stronger
T cell response compared to its backbone virus, as
[139]
measured by IL-6 and IFN-γ levels .

HSV

Two oncolytic HSV-1 vectors are currently in clinical
trials for the treatment of pancreatic cancer. HF10 is
a non-engineered, naturally occurring oncolytic HSV
that demonstrated regression in 1/6 of the patients
[140,141]
treated
. OncoVex GM-CSF is a ∆34.5 and ICP47deleted mutant expressing GM-CSF, whereby the
deletions allow for tumour-selective replication and
[142]
inhibition of protein-kinase R activation, respectively .
Phase Ⅰ/Ⅱ trials in various solid tumours demonstrated
OncoVex GM-CSF to be well-tolerated at high and
[143,144]
repeated doses
. A phase Ⅰ clinical trial with
OncoVex GM-CSF in patients with unresectable pan
creatic cancer is underway.
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Poxviruses

paclitaxel plus Reolysin® vs carboplatin and paclitaxel
alone in recurrent or metastatic pancreatic cancer is
currently being conducted by the United States National
Cancer Institute (NCI-8601/OSU-10045).

The most widely studied poxvirus is VV, which is highly
immunogenic and produces a strong cytotoxic T cell
[145]
response
and circulating neutralizing antibodies
[146]
which can be detected decades later . For its crucial
role in the eradication of smallpox, much has been
learned about its potential role in immunotherapy
today. The Lister strain of vaccinia remarkably showed
no replication degradation even under the hypoxic
[147]
conditions of PDAC . A second Lister strain, thymidine
kinase-deleted replicating VV armed with IL-10
demonstrated superior and long-lasting antitumour
immunity in both a subcutaneous pancreatic cancer
model and a Kras-p53 mutant-transgenic pancreatic
cancer model after systemic delivery compared to its
[148]
unarmed backbone virus . Myxoma virus, a rabbitspecific poxvirus combined with gemcitabine resulted
in 100% long-term survival in Pan02-engrafted
immunocompetent intraperitoneal dissemination models
[149]
of pancreatic cancer . The only poxvirus to be tested
in clinical trials is a non-replicative VV that expresses the
[150]
pancreatic TAAs CEA and MUC-2 . The vaccine also
includes a triad of costimulatory molecules, B7.1 (CD80),
ICAM-1 (intra-cellular adhesion molecule-1) and LFA-3
(leukocyte function-associated antigen-3) (TRICOM)
[150]
(PANVAC-VF) . GM-CSF was also used as an adjuvant
following each vaccination of PANVAC-VF. PhaseⅠ trials
demonstrated antigen-specific antitumour responses
in 62.5% of patients enrolled and antibody responses
against VV was observed in all ten patients, which was
associated with an increase in survival (15.1 mo vs
[48]
3.9 mo) . A phase Ⅲ clinical trial for the treatment of
metastatic pancreatic cancer after failing treatment with
gemcitabine, however, was terminated after failing to
[151]
reach its primary efficacy endpoint .

RATIONALIZING VIRO-IMMUNECHECKPOINT COMBINATION THERAPY
A understanding how antitumour immunity is regulated
allows us to recognize barriers against effective im
munotherapy delivery and furthermore, allow for the
development of rational combination therapies aiming
[108,158,159]
targeting these mechanisms
. This approach
allows therapies to work synergistically and also has
[108]
the potential to benefit a broader patient population .
Tumours have evolved to avoid immune recognition
and/or destruction at every stage in the antitumour
response, therefore targeting more than one immune
resistance mechanism will enhance antitumour
immunity.
An important immunological barrier in cancer
immunotherapy is the tolerance towards selfantigens. Tumours downregulate their antigenicity
through various mechanisms in response to selective
pressure by the immune system, a process called
[37]
“immunoediting” . Therefore, in order to raise an
effective antitumour response, the immunological
tolerance must be broken to allow tumour antigen[158]
specific cytotoxic T cell responses
. This can be
achieved by increasing the tumour load and/or enhance
[108]
antigen presentation
. TOVs can initiate selective
infection and replication in the tumour bed, exposing
TAA, disrupting the immunotolerance employed by the
tumour while re-engaging adaptive immune effector
[39]
responses . Combining an agent that can cause
disruption to the tumour bed i.e., an oncolytic virus,
with a novel antitumour immunomodulating agent such
as anti-PD-1/PD-L1 antibodies can maximize immunestimulating and immune-recruiting inflammatory
[39]
responses . Specifically, TOV lysis induces the release
of tumour antigens into the microenvironment, which
are then cross-presented to T cells in the draining
[159]
lymph nodes by APCs
(Figure 1). This allows T cell
infiltration to the tumour bed. Next, T cell dysfunction
[108,158]
must be reversed
. Immune checkpoint inhibitors
alleviate immunosuppression, allowing the elimination
[70]
of the tumour by the adaptive immune system .
TOVs in combination with immune checkpoint
inhibitors can therefore potentiate and activate the
immune system synergistically, ultimately creating
a pro-inflammatory environment. Pre-existing TILs
[106]
are strong prognostic predictors in cancer
. This is
extremely relevant for tumours with poor immunecell infiltration, such as pancreatic cancer, which
would depend on TOV-infection mediated lymphocyte
infiltration for an enhanced response to immune
[160]
checkpoint blockade. Zamarin et al
demonstrated
constrained replication of an intratumoural-injected

Other pre-clinical TOVs for pancreatic cancer therapy

Parvovirus, measles virus and reovirus have also
demonstrated pre-clinical activity in pancreatic cancer
models. Parvoviruses particularly demonstrated
enhanced IL-2-activated NK responses against PDAC
[152,153]
cells
. An armed measles virus (MV), MV-purine
nucleoside phosphorylase (PNP)-anti-prostate stem
cell antigen, that expresses the prodrug convertase
PNP, which then activates the prodrug fludarabine, was
shown to enhance the oncolytic efficacy of the virus in
[154]
gemcitabine-resistant PDAC cells . Reovirus is another
promising TOV for pancreatic cancer therapy, particularly
because its selectivity depends on the cellular activity
of Ras, which is constitutively active in pancreatic
[155]
cancer . Reolysin® (Oncolytics Biotech Inc., Calgary,
AB, Canada) a reovirus administered intraportally
resulted in decreased metastatic tumour volumes in
[156,157]
the liver of immunocompetent animal models
.
®
A phase Ⅱ study of Reolysin in combination with
gemcitabine in patients with advanced PDAC has been
completed (clinicaltrials.gov: NCT00998322). A twoarmed randomized phase Ⅱ study of carboplatin and
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newcastle disease virus in a B16 melanoma model.
Lymphocytic infiltrates, however, were detected in
both TOV-injected and non-TOV-injected tumours, and
rendered the tumours sensitive to CTLA-4 blockade.
+
The antitumour activity was dependent on CD8 T
[160]
cells, NK cells and type Ⅰ and Ⅱ IFNs . Ipilimumab
with or without talimogene laherparapvec, is in early
clinical testing in patients with unresected melanoma
(clinicaltrials.org: NCT01740297). Interestingly, an
MV engineered to express CTLA-4 or PD-L1 antibodies
delayed tumour progression and prolonged median
[161]
OS in B16 melanoma models
. Finally, TOVs have
demonstrated a tolerable toxicity profile, whereby
flu-like symptoms are the most common adverse
events, and in fact, most of the side effects seen so
far in the combination regiment are related to the
[162]
[163]
immune checkpoint blockade inhibitor . Dias et al
suggested an oncolytic adenovirus expressing CTLA-4
locally might reduce systemic side effects normally
induced with anti-CTLA-4 antibodies alone.

the cells to be more sensitive to VV, vesicular stomatitis
virus and maraba MG1 TOVs. The reprogrammed
CAFs produced fibroblast growth factor (FGF)-2 which
suppressed levels of retinoic acid-inducible gene Ⅰ and
increased the susceptibility of the tumour cells to
[175]
virus . This study also demonstrated that an FGF2expressing TOV has improved therapeutic efficacy
by sensitizing the tumour cells to virotherapy and is
particularly relevant to pancreatic cancers, where CAFs
[175]
are a major component of the tumour stroma
.
It is important to note that not only the patient’s
existing immune system may impede successful TOV
therapy, but that the enhanced antitumour response by
combinatory approaches (e.g., the inclusion of immunecheckpoint inhibitors) may also impede successful
TOV infection, spread and engagement of the immune
system. This stresses the importance of determining
strategic combinations, dosing and timing schedules in
future studies.

CONCLUSION

OVERCOMING OBSTACLES IN
ONCOLYTIC VIRUS DELIVERY

The poor prognosis of pancreatic cancer due in part
to the limited efficacy of conventional and targeted
therapies, appeals for a novel strategy to treat this
disease. It has become very clear that the immune
system has the greatest potential to selectively destroy
tumours, and when it is strategically induced, a durable
benefit can be achieved. Past and present studies
have defined means for tumour escape from immune
surveillance and have developed immunotherapies
to counteract these mechanisms. However, with the
various escape strategies leading to low immunoge
nicity and highly immunosuppressive tumour beds,
a successful control of tumour growth by immunothe
rapy does not come without various obstacles and
challenges. Future steps include the development of
immune-monitoring strategies for the identification
of biomarkers, to establishment guidelines to assess
clinical end points of immunotherapy and finally to
evaluate combination therapeutic strategies to maximize
[176]
clinical benefit
. The ability of TOVs to stimulate
inflammation, deliver genes and immunomodulatory
agents as well as reduce tumour burden by direct cell
lysis, allows them to be important therapeutic vectors
for a highly immunosuppressed tumour such as PDAC.
Immune checkpoint blockade agents can then reverse T
cell anergy and further boost OV-induced responses. As
this combinatory approach may exist as a double-edged
sword, it is crucial to determine appropriate timing,
dosing and sequence schedules of each agent.

The main issue with virotherapy is systemic delivery
for targeting metastatic cancer cells. Intravenous
administration is more practical, especially for treatment
of a tumour in a hard-to-reach location such as the
pancreas, and with the majority of patients presenting
with advanced or metastatic disease. However,
nonimmune human serum and existing anti-TOV
antibodies may neutralize the TOV in the bloodstream.
Furthermore, non-specific hepatic and splenic
sequestration of the TOV and ineffective extravasation
[164]
into the tumours are important issues
. Currently,
studies in pre-clinical models aim to overcome these
obstacles. These include chemical modification of
viral coat proteins by conjugation of biocompatible
[165,166]
polymers e.g. polyethylene glycosylation
, using
mesenchymal stem cell carrier systems to deliver the
[167-169]
TOV to the tumour bed
, and increasing vessel
[170,171]
permeabilization
.
In PDAC, however, the biggest hurdle may not
be the host immune system, but the TME. The TME
has played a significant role in not only acting as a
physical barrier to deliver treatments, but it also in the
development of resistance to conventional drugs. The
TME remains a problem for successful TOV treatment.
The TOV must be able to spread in the hypoxic and
densely stromal-rich TME in order to attract enough
[172]
attention to induce antitumour immunity . Breaching
the stromal barrier in PDAC is needed for TOVs to
[173]
access the cancer cells
. Paradoxically, a recent
[174]
study by Ilkow et al
demonstrated that the crosstalk between CAFs and cancer cells actually lead to
increased permissibility of TOV-based therapeutics.
Tumour cells producing TGF-α reprogrammed CAFs,
dampening levels of anti-viral transcripts. This allowed
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Management of pancreatic cancer in the elderly
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poor despite modest improvements in recent
decades. The aging of the population will result in a
rise in the incidence of pancreatic adenocarcinoma
within the next years. Thus, the management of
pancreatic cancer in the elderly population is gaining
increasing relevance. Older cancer patients represent
a heterogeneous group with different biological,
functional and psychosocial characteristics that can
modify the usual management of this disease, including
pharmacokinetic and pharmacodynamic changes,
polypharmacy, performance status, comorbidities and
organ dysfunction. However, the biological age, not
the chronological age, of the patient should be the
limiting factor in determining the most appropriate
treatment for these patients. Unfortunately, despite
the increased incidence of this pathology in older
patients, there is an underrepresentation of these
patients in clinical trials, and the management of older
patients is thus determined by extrapolation from the
results of studies performed in younger patients. In
this review, the special characteristics of the elderly,
the multidisciplinary management of localized and
advanced ductal adenocarcinoma of the pancreas
and the most recent advances in the management of
this condition will be discussed, focusing on surgery,
chemotherapy, radiation and palliative care.
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Core tip: Pancreatic cancer is a disease that mainly
affects the elderly. The older patients have different
biological, functional and psychosocial characteristics
compared with the young population. The infrequent
participation of these patients in clinical trials have
raised challenges in the management of this disease. In
this review, the special features of the elderly as well as
the current multidisciplinary management of pancreatic
cancer will be discussed.

Abstract
Currently, pancreatic adenocarcinoma mainly occurs
after 60 years of age, and its prognosis remains
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malignancies and 85% of all cancer-related deaths
are expected to occur in individuals aged 65 years or
older, and therefore, older people will likely represent
[2]
the prototypical cancer patient in the future . Age is
an important risk factor for the development of pan
creatic cancer. Whereas the overall incidence rate of
pancreatic cancer for all ages is 11.7%, the incidence
rate among individuals older than 65 years and older
than 80 years is 66.4% and up to as many as 91.1%,
[3]
respectively .
The association between aging and cancer is
well established: carcinogenesis is a time-consuming
process with a final product (cancer) that is more
likely to occur late in life; older tissues are more vul
nerable to environmental carcinogens; and changes in
the environment of the body (chronic inflammation,
immunosenescence) may favor the development of
[4,5]
cancer . Additionally, the immune system plays
an important role in the progression of pancreatic
[6-8]
cancer
. Very little data are available regarding
[9]
pancreatic cancer in the elderly. Kamisawa et al
compared the pathologic features of pancreatic
cancer in elderly vs younger patients and found no
differences in the grade, location or incidence of the
local spread, although elderly patients developed
fewer hematogenous metastases. Other reports have
indicated that older patients present more diploid
tumors or that p53 mutations, which are associated
[10]
with a worse prognosis .
Several studies have shown that older cancer
patients are often undertreated and have poorer
[11,12]
outcomes compared with younger individuals
.
This outcome may be due to the less aggressive
treatment of elderly patients. Focusing on pancreatic
cancer, some studies have shown that nearly half
of all elderly patients did not receive any treatment
for locoregional pancreatic cancer. Moreover, only
11% received a multimodal therapy (surgery +/[13]
chemoradiotherapy) .
Despite the rapidly growing oncogeriatric popu
lation, older cancer patients are underrepresented
[14]
[15]
in clinical trials . Talarico et al
analyzed the agerelated enrollment of cancer patients in clinical trials
and found that the proportions of the overall patient
population aged ≥ 65, ≥ 70, and ≥ 75 years were
36%, 20%, and 9% in clinical trials compared with
60%, 46%, and 31% in the United States cancer
population, respectively. This under-representation
generates challenges because the results from clinical
trials in younger patients cannot be extrapolated to the
treatment of the elderly. The diverse effects of aging
on organ function and the variety of potential comorbid
disease results in a heterogeneous elderly population.
For example, pharmacokinetic and pharmacodynamic
differences between young and elderly patients, and
indeed among elderly patients themselves, could
result in considerable variability in the efficacy and
safety of cancer treatments. The most important
pharmacokinetic changes are described in Table 1.

Higuera O, Ghanem I, Nasimi R, Prieto I, Koren L, Feliu
J. Management of pancreatic cancer in the elderly. World J
Gastroenterol 2016; 22(2): 764-775 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i2/764.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i2.764

INTRODUCTION
In the United States, approximately 48960 patients
are diagnosed with pancreatic cancer annually, and
this disease represents the fourth leading cause of
cancer-related death in the United States among both
men and women. Advancing age is a high risk factor
for cancer, and more than 60% of new cancer cases
and over 70% of cancer mortalities occur in elderly
people. The incidence of pancreatic cancer increases
with age; in the United States, only 13% of all patients
with pancreatic cancer are diagnosed before 60 years
of age.
Elderly patients represent a special subgroup
because of the presence of related pharmacodynamic
and pharmacokinetic changes. Hence, a standard
clinical evaluation of these patients may not be
sufficient to determine individual treatment strategies.
New assessment methods have been proposed, and
several studies have demonstrated the value of these
techniques in routine clinical practice.
At present, surgical resection is the only potentially
curative treatment for pancreatic cancer, but only
15%-20% of patients are candidates for pancrea
tectomy because the majority of them are diagnosed
with disseminated or locally advance disease. Although
it is the best option, many older patients are not
recommended for surgery. In addition, they are also
less likely to receive chemotherapy compared with
younger patients.
Due to the aging population, it is estimated that
the number of elderly patients with pancreatic cancer
will continue to rise. Unfortunately, very little data are
available regarding the management of these patients;
therefore, therapeutic approaches to this subgroup are
a daily challenge.
The aim of this review is summarize current
knowledge regarding the management and therapeutic
approach in elderly patients with pancreatic cancer.

CHARACTERISTICS OF THE ELDERLY
AND THEIR EFFECTS ON THERAPEUTIC
DECISIONS
The population of western countries is aging, and
because the incidence of cancer increases with age,
the population of patients with cancer is growing. More
than 50% of all newly diagnosed patients with cancer
are older than 60 years, and more than one third are
[1]
over the age of 70 . By the year 2030, 70% of all
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Table 1 Pharmacokinetic changes in the elderly
Physiological
process

Situation in
the elderly

Absorption

Decreased

Metabolism

Decreased

Drug
distribution

Decreased

Excretion

Decreased

Changes

Effect

Atrophy of the intestinal mucosa Decreases in
gastrointestinal motility
Decreased splanchnic blood flow
Decreased secretion of digestive enzymes
Reduced liver size
Reduced hepatic blood flow
Reduced activity of cytochrome p450-dependant reactions
Reduced total body water
Reduced concentration of plasma albumin
Reduced red blood cell concentration
Reduced glomerular filtration rate
Reduced tubular function

Reduced absorption of protein, vitamins and drugs

Reduced protein synthesis
Reduced activation/deactivation of drugs and
carcinogens
Reduced Vd of water-soluble drugs
Increased Vd of liposoluble drugs
Reduced elimination of drugs and of their active
metabolites

Vd: Volume of distribution.

Pharmacodynamic changes may cause resistance to
cytotoxic drugs in older individuals due to resistance
to apoptosis and poorer oxygenation in these
[16,17]
neoplasms
. Specifically, in patients with advanced
pancreatic adenocarcinoma treated with gemcitabine
who were aged 75 or older, the median survival time
was approximately six to eight weeks shorter than
[18]
that in trial patients . Another important question
concerns the effects of toxicity on older people.
While grade 2 adverse events are not important in
young people and, in fact, are often not reported, the
same level of toxicity may result in a considerable
deterioration of functionality in elderly patients.
A widespread occurrence in the management
of older individuals is the intake of multiple medi
[19]
cations . Polypharmacy is at least as common as it
is in age-matched individuals without cancer. Prithviraj
[20]
et al
showed that 80% of newly diagnosed cancer
patients aged 65 or older were taking five or more
medications. Polypharmacy increases the risk of side
effects, drug-drug interactions, and treatment costs
and decreases medical adherence. Moreover, it may
represent a risk factor for additional complications of
[21]
cytotoxic chemotherapy and affect patient outcomes .
Hence, periodic reviews of prescribed medications is
necessary to abolish these challenges associated with
polypharmacy.
Because aging is a highly individualized process,
chronological age is not adequate to estimate the
individual life expectancy and functional reserve. In
other words, “biological age” is more important than
“chronological age” to define who is an old patient.
In medical oncology, treatment decisions are mostly
based on clinical judgment and performance scales
such as the Karnofsky performance score (KPS).
However, in older cancer patients, these scales are
not as sensitive as in the adult population because
relevant information is not taken into account, such
as comorbidities, the functionality of the patients
and support from family. To improve the assessment
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and to determine individual treatment strategies
for an optimal outcome, one concept of geriatric
medicine is being incorporated in geriatric oncology:
the comprehensive geriatric assessment (CGA). CGA
is defined as a multidimensional, interdisciplinary
diagnostic process that focuses on the determination
of medical, psychosocial, and functional capabilities
in older people to develop an integrated treatment
plan. CGA has been shown to improve overall survival,
quality of life and physical functioning in the nononcologic geriatric population. Several recent reports
have strongly suggested that different components
of comprehensive geriatric assessment can be useful
in oncology to predict early death, functional decline,
[22,23]
toxicity and overall survival
. Important domains
in a geriatric assessment are functional status,
comorbidities, cognition, mental health status and
support, fatigue, and the assessment of polypharmacy
[24]
and presence of geriatric syndromes . Many tools are
available to assess these domains (Table 2). Despite
the recommendations for a CGA by The International
Society of Geriatric Oncology (SIOG), it is not widely
implemented in the practice of oncology likely because
[25]
it is a time- and resource-consuming endeavor . In
addition, true CGA is conducted by an experienced
geriatrician; nonetheless, they are rarely available
in most cancer structures. A suitable tool is one that
is performed quickly by a trained nurse or physician
and that has a high sensitivity and specificity to
discriminate patients who require a more detailed
assessment and possible geriatric interventions. The
most widely used screening tool for older cancer
patients is the VES-13 (vulnerable elders survey-13),
[26]
which has a sensitivity range from 68%-87% .
Because elderly patients are a heterogeneous
group, routine individual assessments of frailty and
fitness are required. Such assessments may guide
treatment decisions through evaluations of the balance
of benefits and harms associated with performing or
omitting specific oncologic interventions.
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that 40% of patients between the ages of 66-70 years
are candidates for a pancreatectomy, but by the age of
[30,31]
85 years, only 7% are eligible candidates
.
Resection of the pancreas, either by pancreati
coduodenectomy (PD) (the Whipple procedure), total
or by partial pancreatectomy, is a complex surgical
procedure with a high rate of morbidity and mortality.
Mortality rates after pancreatic surgery have dropped
to less than 2%-5% at experienced centers, but
complication rates are high, reaching at least 30% in
[29]
many centers . Mortality also increases proportionally
with age: 6.7% of patients aged 65-69 years, 9.3%
of patients aged 70-79 years, and 15.5% of patients
aged 80 years or older. However, hospitals with a low
pancreatic surgery volume (< 11 resections per year)
have higher mortality rates than high volume hospitals
[32,33]
(7.3% vs 3.2%, P < 0.0001)
. These differences
were accentuated with each increasing age group.
The Hopkins study showed that 33% of patients older
than 80 years presented delayed gastric emptying
compared with 18.6% of the patients younger than 80
[34]
years (P = 0.03) . Other studies reported a similar
trend in the occurrence of delayed gastric emptying
[35]
[36]
but without statistical significance . Ito et al
showed a higher incidence of pancreatic fistulas in the
elderly, but the results were not significant (45.1%
vs 29.9%, respectively, P = 0.14). In the study by
[35]
Hodul et al
the rate of neurologic complications was
9.4% in the older group and 0% in the younger group.
The length of hospital stay was also proportionally
[29]
increased according to age .
The number of patients requiring ongoing inpatient
nursing care at the time of discharge increased
significantly with age. The proportion of patients who
could not be discharged home was 10.6%, 19.2% and
36.7% for ages 65-69, 70-79 and 80 years or older,
[34]
respectively (P < 0.0001) .
The Memorial Sloan Kettering Group showed
a significant difference in 5-year survival between
patients aged 70 years or older (21%, median =
18 mo) and < 70 years (29%, median = 24 mo, P
[37]
[34]
= 0.03) . Finlayson et al
evaluated the 5-year
survival of patients following surgery for pancreatic
cancer and demonstrated a decrease from 16.4% in
patients aged 65-69 years to 15.6% in patients aged
70-79 years and 11.3% in patients aged 80 years
or older, but this difference did not achieve statistical
significance. Patients with more than two comorbidities
undergoing pancreatectomy for pancreatic cancer had
a 5-year-survival rate of 10% compared with 14% in
patients with fewer than two comorbidities (P = NS).
To reduce the rates of morbidity and mortality
in elderly patients undergoing pancreatic surgery,
an accurate pre-anesthesia and cardiovascular risk
assessment is needed. The perioperative management
should also be standardized. Patients should be
routinely admitted to the intensive care unit (ICU)
or to recovery for the first 48-72 h post-surgery. All
patients must receive broad-spectrum antibiotics for

Table 2 Elements of a comprehensive geriatric assessment
Parameter
assessed

Elements and tools of the assessment

Demographic
and social
status
Functional
status

Questions on living situation, marital status,
educational level, safety of the environment, financial
resources, caregiver burden
Performance status index
ADLs
IADLs
Barthel index
Pepper assessment tool for disability
Visual and/or hearing impairment, regardless of use of
glasses or hearing aid
Mobility problem (requiring help or use of walking aid)
Timed Get Up and Go
One-leg standing balance test
Walking problems, gait assessment, and gait speed
Karnofsky health care professional-rated performance
rating scale
Comorbidity Charlson comorbidity index
CIRS
No. of comorbid conditions
Summary of comorbidities
NYHA
Cognition
Mini Mental State Examination Informant
Questionnaire on Cognitive Decline in the Elderly
Modified Mini Mental State Examination
Clock-drawing test
Blessed Orientation-Memory-Concentration
Emotional
Geriatric Depression Scale
Hospital Anxiety and Depression Scale
conditions
Mental health index
(Depression)
Presence of depression (as a geriatric syndrome)
Nutrition
Weight loss (unintentional loss in 3 or 6 mo)
Mini Nutritional Assessment Short Nutritional
DETERMINE Nutritional Index
Polypharmacy Number of medications
Appropriateness of medications
Risk of drug interactions
Geriatric
Dementia
Delirium
syndromes
Depression
Falls
Neglect and abuse
Spontaneous bone fractures and osteoporosis
Incontinence (fecal and/or urinary)
Constipation
Sarcopenia
Data adapted from Wildiers et al[25]. ADL: Activity of daily living; CIRS:
Cumulative Illness Rating Scale; CIRS-G: Cumulative Illness Rating ScaleGeriatrics; DETERMINE: Disease, Eating poorly, Tooth loss/mouth
pain, Economic hardship, Reduced social contact, Multiple medicines,
Involuntary weight loss/gain, Needs assistance in self-care, Elder years
> 80; ECOG: Eastern Cooperative Oncology Group; IADL: Instrumental
activity of daily living; PS: Performance status; NYHA: New York Heart
Association.

SURGERY FOR PANCREATIC CANCER IN
THE ELDERLY
Surgical resection is the only potentially curative
treatment for pancreatic cancer. Unfortunately, only 15%
to 20% patients are candidates for pancreatectomy due
to the late presentation of symptoms and/or detection
[27-29]
of the disease
. Furthermore, the rate of resectability
diminishes with age. Likewise, some authors reported
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prospective studies. In the CONKO-001 phase Ⅲ trial,
368 patients were randomized to assess the effect
of adjuvant chemotherapy with gemcitabine on the
prognosis of resected pancreatic cancer. The median
disease-free survival time was 13.4 mo vs 6.7 mo
(HR = 0.55, P < 0.001) for the gemcitabine and
observation groups, respectively. Treatment with the
adjuvant gemcitabine also prolonged overall survival
(HR = 0.76, P = 0.01). The median age of the patients
was 62 years, and 219 patients (62%) were older than
65 years. No differences in progression-free survival
were found in the multivariable analysis for age (P =
[44]
0.06) .
One thousand and eighty-eight patients were
included in the ESPAC-3 trial, in which the superiority
of fluorouracil vs gemcitabine as an adjuvant treatment
after pancreatic cancer resection was assessed. No
differences in the median overall survival were found
(23 mo vs 23.6 mo for fluorouracil and gemcitabine,
respectively; P = 0.039). As in other studies, age was
[45]
not significantly associated with the prognosis .
As a consequence of the limited representation of
elderly patients in clinical trials, several retrospective
studies have been published to assess the use and
efficacy of adjuvant chemotherapy in this population.
In a multicenter series from 1990 to 2011, Nagrial
[42]
et al
identified patients with resected pancreatic
ductal adenocarcinoma, including 178 patients aged
70 years or older (median age of 75 years). Only 30%
of the older patients received adjuvant chemotherapy.
Not receiving adjuvant chemotherapy was a poor
independent prognostic factor, with a median overall
survival of 13.1 mo vs 21.8 mo for treated patients (HR
[42]
= 1.89, P = 0.002) .
[46]
Davila et al
described the utilization and survival
effects of adjuvant therapies among 1383 patients
who were older than 65 years (41% older than 75
years). Forty-nine percent of the patients received
adjuvant therapy. Patients younger than 75 years of
age were significantly more likely to receive adjuvant
chemotherapy or chemoradiotherapy. In contrast
to other studies, the administration of adjuvant
chemotherapy did not decrease the risk of mortality
[46]
compared with surgery alone .
While the benefits of adjuvant chemotherapy are
evident, the value of adjuvant chemoradiation therapy
is controversial due to contradictory results between
the European and United States clinical trials. The
ESPAC-1 trial evaluated the role of chemotherapy
and chemoradiotherapy using a two-by-two factorial
design in 289 patients. This study showed a fiveyear survival rate benefit for chemotherapy compared
with no chemotherapy (21% vs 8%; P = 0.009).
However, chemoradiotherapy had a deleterious effect
on survival compared with no chemoradiotherapy,
with an estimated five-year survival of 10% vs 20%,
respectively (P = 0.05). No significant differences in
survival were found with respect to an age of 60 years
[47]
or older compared with that younger than 60 years .

two to three days and an H2 blocker during the entire
[38]
postoperative hospital stay .
Minimally invasive surgery is associated with
a lower rate of cardio-respiratory complications,
diminished post-operative pain, shorter hospital
stays, and a faster reincorporation into daily activities.
Therefore, it is a very good option for elderly patients.
In summary, surgery is the only curative treatment
in patients with pancreatic cancer. The benefits of
surgery do not diminish with age, and therefore,
elderly patients should not be denied the surgery a
[39]
priori based on their age . Although the elderly have
a higher surgical mortality rate, this depends, among
other factors, on the presence of comorbidities and
the experience of the surgeon. Consequently, a proper
preoperative assessment must be performed, as well
as strict post-operative monitoring. Furthermore, this
surgery must be conducted in a center with a high
volume of pancreatic surgery patients. Under these
conditions, surgical resection can be performed safely
in older individuals.

ADJUVANT THERAPIES FOR
PANCREATIC CANCER IN THE ELDERLY
Approximately one of each five patients with pancreatic
adenocarcinoma is diagnosed at a resectable stage,
which is the only option for cure. However, most of
these patients will present local or metastatic relapse
during the subsequent two years after resection.
Despite the benefits of adjuvant therapies in
clinical trials, multimodal therapy clearly seems
[13]
to be underutilized in the elderly. Parmar et al
identified only 1166 (11.1%) of 10505 patients
older than 65 years (median age of 77 years) with
locoregional pancreatic adenocarcinoma who received
surgery and chemotherapy. Moreover, less than a
half of the patients undergoing operative resection
received chemotherapy. Nonetheless, other authors
have reported an equivalent observation of only
approximately 30% of elderly patients undergoing
[40-42]
treatment with adjuvant therapies
.
These findings could be explained by the perception
of a limited life expectancy in patients with pancreatic
cancer, the increased risk of an independent cancer
cause of death and the longer post-surgical recovery
of elderly patients. However, the role of adjuvant
therapy has been demonstrated extensively, increasing
the 5-year overall survival up to 25%. In addition,
as described below, the prognosis and adjuvant
therapy benefits in patients with pancreatic cancer are
independent of age.
The adjuvant approach includes systemic chemo
therapy to reduce the risk of distant metastases and
chemoradiotherapy to reduce the risk of locoregional
[43]
failure .
As discussed previously, the role of adjuvant
chemotherapy has been well described in different
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[52]

In contrast, the GITSG 9173 trial evaluated the benefit
of adjuvant chemoradiation in 43 pancreatic cancer
patients. The median survival was significantly longer
[48]
for the treatment group (20 mo vs 11 mo) . A
[49]
similar study was performed by Klinkenbijl et al
in
Europe. In that study, which included 218 patients up
to 80 years old who were diagnosed with pancreatic
head or periampullary adenocarcinoma, no significant
differences in median survival were observed. The
median duration of survival was 19.0 mo for the obser
vation group and 24.5 mo for the treatment group (P
[49]
= 0.208) .
There are doubts concerning the benefits of
adjuvant chemoradiotherapy in the elderly. As
observed for the adjuvant chemotherapy trials, the
previously described studies did not focus on this
subgroup of the patient population.
[41]
Horowitz et al
prospectively collected the
clinical and pathological data for patients undergoing
treatment for pancreatic cancer. Among the 166
patients aged 75 years or older, the 2-year survival
improved for the patients who received adjuvant
chemoradiation compared with surgery alone (49.0%
[41]
vs 31.6%, respectively, P = 0.013) . Another study
of 1383 patients who were older than 65 years
showed a benefit of adjuvant chemoradiation with a
23% lower risk of mortality compared with surgery
[46]
[50]
alone (HR = 0.77) . Miyamoto et al retrospectively
reviewed patients aged 75 years or more who were
treated with chemoradiation for pancreatic cancer
(eighteen patients as adjuvant therapy after surgery).
The median overall survival for the adjuvant group
was 20.6 mo, although the patients suffered from
[50]
significant toxicity .
In conclusion, despite the lack of specific adju
vant data for the elderly, age does not seem to be a
determinant factor in decisions regarding the admi
nistration of adjuvant chemotherapy. In our opinion,
similarly to younger patients, older patients with a good
performance status and no significant comorbidities
can be treated with adjuvant chemotherapy preferably
based on gemcitabine.

alone or chemotherapy alone . Thus, for locally
advanced pancreatic cancer, chemoradiation is the
[53,54]
standard of care
.
In elderly patients with locally advanced pancreatic
adenocarcinoma, oncologists are hesitant to indicate
chemoradiotherapy because of the associated poor
prognosis and high risk of severe toxicities. In fact, in a
retrospective cohort study conducted by Kryzanowska,
only 21% to 27 % of the elderly patients with locally
advanced pancreatic adenocarcinoma received chemo
[55]
radiation therapy in the United States .
In the elderly, the tolerability, efficacy and longterm outcomes associated with chemoradiotherapy
[56]
remain unclear. Morizane et al
reported the efficacy
and tolerability of chemoradiotherapy (fluorouracil
2
infusion 200 mg/m per day plus concurrent radio
therapy (50.4 Gy in 28 fractions over 5.5 wk) in
elderly (> 70 years) vs younger patients (< 70 years)
with locally advanced pancreatic cancer. The median
survival time was longer in the elderly patients
(11.3 mo vs 9.5 mo), and there were no significant
[56]
differences in the frequency of severe toxicity .
[50]
Similarly, Miyamoto et al
analyzed a subset of
elderly patient (median age of 78 years) receiving
definitive chemoradiation therapy. The median overall
survival was 8.6 mo, which is comparable to the
survival of younger historic controls. The authors also
concluded that chemoradiation therapy in selected
elderly patients with locally advanced pancreatic
cancer can be considered an appropriate treatment
and that further research is needed to reduce the high
[50]
toxicity associated with this treatment approach .
Stereotactic body radiation therapy (SBRT) has
been an important recent advance in RT for pancreatic
cancer. Pioneered in the locally advance setting, the
majority of the literature has shown that SBRT is well
tolerated and effective, providing excellent local control
[57]
and minimal toxicity . Therefore, SBRT is a promising
alternative modality as a definitive treatment for
elderly patients with unresectable tumors. Several
small studies have evaluated the efficacy and
tolerability of SBRT in locally advanced setting. Chang
[58]
et al
evaluated 77 patients with unresectable
pancreatic adenocarcinoma who received 25 Gy in 1
fraction. In their study, the local free progression rates
at 6 and 12 mo were 91% and 84%, respectively,
[58]
and the rate of grade > 2 toxicity was 9% . Another
interesting recently reported study investigated
twenty-six patients aged 80 years or greater who were
treated with SBRT (24 Gy in one fraction) alone or with
[59]
chemotherapy . The median OS from SBRT was 7.6
mo. More interestingly, there were no acute or late ≥
grade 3 toxicities, and the treatment was very effective
for achieving symptom relief, particularly abdominal
and back pain.
Chemotherapy alone without radiotherapy remains
an option in the elderly subgroup of patients. Recent
phase Ⅲ studies comparing chemoradiotherapy with
chemotherapy alone in patients with locally advanced

LOCALLY ADVANCED PANCREATIC
CANCER IN THE ELDERLY
Locally advanced pancreatic cancer is defined as a
tumor that encases a vascular structure, such as the
superior mesenteric artery, celiac axis or superior or
[51]
mesenteric vein-portal confluence . It represents
approximately 20%-25% of all newly diagnosed
pancreatic cancers. In the strictest sense, in locally
advanced pancreatic carcinoma, resection is not an
option. In cases of locally non-resectable disease,
the results of previous randomized trials indicated
that concurrent external beam radiation therapy
(EBRT) and 5-fluorouracil (5-FU) therapy resulted in
significantly improved survival compared with EBRT
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non-resectable pancreatic cancer have shown that
chemotherapy alone is more beneficial in terms of
survival outcomes and is more tolerable than combined
[60,61]
chemoradiation therapy
.
With the development of more sophisticated
imaging tools, a greater number of patients have been
included in a new subgroup: borderline resectable
[62]
pancreatic cancer . Several criteria have been
proposed to define this group. MDACC criteria defines
borderline resectable pancreatic cancer following
possible tumor-vessel relationships as follows: a
tumor abutment of the superior mesenteric artery or
celiac axis measuring ≤ 180 degrees; or encasement
of the hepatic artery amenable to resection and
reconstruction; or short - segment reconstructable
occlusion of the superior mesenteric vein, portal vein,
[63]
or superior mesenteric-portal vein confluence .
In this scenario, neoadjuvant therapies have been
proposed as an alternative option with the aim of
downstaging tumor in order to improve microscopic
[64]
resection rates . This approach could be interesting for
elderly patients with borderline or resectable pancreatic
cancer in which the initiation of adjuvant chemotherapy
is frequently delayed due to surgical complications
or comorbidities, or is even discarded. Preoperative
therapies also provide a time window in which patients
who progress or develop distant metastases during
treatment, or those with a significant functional
impairment, can be identified to avoid unnecessary
[65]
surgery . Few studies have explored the role of
neoadjuvant therapy in elderly patients. At the 2014
[66]
ASCO Gastrointestinal Cancer Symposium, Miura et al
reported the outcomes associated with neoadjuvant
therapy (chemotherapy or chemoradiotherapy) in
older patients with resectable or borderline resectable
pancreatic cancer. They showed that the elderly
group (aged 75 years or older) compared with the
young group (aged younger than 75 years) had more
hospitalizations during neoadjuvant therapy (50% vs
28%, respectively) and were also less likely to complete
the therapy (72.4% vs 89.5%, respectively). Among
the patients who completed the therapy, there were
no significant differences in complication rates or
median overall survival between the two groups. In
conclusion, the neoadjuvant approach is an effective
treatment option in elderly patients with borderline
resectable pancreatic cancer and could be included in
the treatment selection process for older patients who
are not candidates for surgery.

age is a prognostic factor for survival in patients
with metastatic pancreatic cancer. Some studies
suggest that age is a major contributing factor to
a poor prognosis, while other studies reported no
[68,69]
survival differences according to age
. Some of
these studies are retrospective and small, and thus,
their findings may be questionable. As described
below, in the prospective PRODIGE clinical trial, age
[70]
was an adverse prognostic factor . However, the
data obtained in retrospective studies and some
large clinical trials show that the use of systemic
therapy could provide a survival benefit in selected
elderly and very elderly patients with metastatic
[69-73]
pancreatic cancer
. Unfortunately, as mentioned
above, the underrepresentation of elderly patients
in clinical trials has resulted in treatment decisions
in this patient population that are extrapolated from
studies performed in younger patients. However, a
change is currently underway with the development
of clinical trials in elderly metastatic patients to
explore the safety and efficacy of new combinations of
chemotherapy.
From the end of the 1990s to 2011, gemcitabine
has been considered the standard of care for patients
with metastatic pancreatic cancer according to pivotal
[74]
phase Ⅲ clinical trial results. Burris et al
showed
a significant survival advantage with gemcitabine
compared with 5FU as well as an improvement in
clinical benefits. The inclusion of older patients was
permitted, but the median age was only 62 years old,
and the data were not separately analyzed for the
[74]
[69]
elderly subgroup . Maréchal et al
retrospectively
analyzed the efficacy and tolerability of gemcitabinebased first-line chemotherapy in patients aged 70
years or older who were included in phase 2 and
phase 3 trials. The results revealed a similar efficacy
and toxicity compared with patients who were younger
[69]
than 70 years old .
In the last 5 years, great advances have been
achieved in the treatment of metastatic disease. The
ACCORD-11 phase Ⅲ trial compared the efficacy and
safety of FOLFIRINOX or gemcitabine as first-line
[70]
therapy for metastatic pancreatic cancer . In that
study, the primary endpoint of overall survival was
achieved (11.1 mo vs 6.8 mo for FOLFIRINOX and
gemcitabine, respectively; HR = 0.57, P < 0.001).
These robust efficacy results were achieved at the
expense of a greater number of adverse events in the
FOLFIRINOX group. It is relevant to consider that a
performance status score > 1 and an age older than 75
years were exclusion criteria in this study. Only 98 of
342 patients (29%) were older than 65 years. Although
an age of 65 years or older was identified as an
independent prognostic factor for poor overall survival,
this subgroup of patients also demonstrated a benefit
in overall survival with FOLFIRINOX (HR = 0.48). The
limited safety data for this regimen in older patients has
prompted some authors to conduct small retrospective
studies of advanced pancreatic cancer using modified

METASTATIC PANCREATIC CANCER IN
THE ELDERLY
In the United States, as many as 53% of pancreatic
cancer patients are diagnosed during the metastatic
stage of the disease. The prognosis of patients with
metastatic stage pancreatic cancer is poor, with a
[67]
5-year survival rate of 2% . It is not clear that
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Metastatic pancreatic cancer

≤ 75 yr

> 75 yr

ECOG 0-1

ECOG 2

ECOG > 2

ECOG 0-2

ECOG > 2

FOLFIRINOX
Gem-Nab

Gem-Nab
Gemcitabine

Palliative

Gem-Nab
Gemcitabine

Palliative

Figure 1 Choices of chemotherapy regimens for metastatic pancreatic cancer according to age and performance status. ECOG: Eastern cooperative
oncology group; Gem-Nab: Gemcitabine-nab-paclitaxel.
[77-80]

been conducted without positive results
. Moreover,
to our knowledge, the data collected in these studies
have not been independently analyzed for the older
subpopulation, and therefore, it is not yet possible to
draw conclusions.
[81]
Moore et al
conducted a clinical trial evaluating
the addition of erlotinib to gemcitabine. In their study,
the primary end-point was met, with an overall survival
that was significantly longer in the erlotinib group (5.91
mo vs 6.24 mo, HR = 0.82, P = 0.038). However,
it remains questionable whether this difference is
clinically relevant. Moreover, there were no differences
in overall survival in the 268 patients (47%) who were
older than 65 years (HR = 0.96).
The special characteristics of older patients and the
observation that chemotherapy is not curative in this
setting indicate that the risks and benefits of palliative
chemotherapy should be carefully evaluated in terms of
overall survival, tolerance and quality of life according to
physiological rather than chronological age.
Considering the results and inclusion criteria ob
tained for large clinical trials of patients with metastatic
pancreatic cancer, it is our opinion that FOLFIRINOX
should be reserved for patients up to 75 years of
age with an ECOG performance status of 0-1. This
subgroup of patients could also be treated with the
gemcitabine-nab-paclitaxel schedule. Patients with an
ECOG performance status of 2 or who are older than
75 years with an ECOG performance status of 0-1
could be treated with nab-paclitaxel-gemcitabine. The
most fragile patients would benefit from treatment with
gemcitabine monotherapy (Figure 1).

Table 3 Baseline characteristics of the Patients in the ACCORD-11
and MPACT trials
Variable

Age
Median year (min, max)
≥ 65-yr-old
≥ 75-yr-old
Performance status (ECOG)
0
1
2
3

ACCORD-11
(FOLFIRINOX)

MPACT
(Gemcitabine-Nabpaclitaxel)

61 (25, 76)
29.0%
-

63 (27, 88)
42%
10%

37.4%
61.9%

16%
44%
32%
7%

FOLFIRINOX, and the results suggest an improved
[75]
toxicity profile with an apparently similar efficacy .
Moreover, new clinical trials are being developed to
examine the efficacy and tolerability of dose-adjusted
FOLFIRINOX in patients with metastatic pancreatic
[76]
cancer who are aged 70 years or older .
In the MPACT phase Ⅲ clinical trial, the combination
of gemcitabine and nab-paclitaxel also demonstrated
superiority in terms of efficacy for metastatic pancreatic
[71]
cancer compared with gemcitabine monotherapy . In
contrast to the PRODIGE trial, in this study, an age older
than 75 years and a Karnofsky performance status of
70 (corresponding to an ECOG performance status of
2) were not exclusion criteria. The median age of the
patients was higher than that in PRODIGE; in fact, 365
patients (42%) were at least 65 years of age, and 10%
of the patients were 75 years or older (Table 3). The
apparently better tolerance of this schedule despite the
inclusion of patients who were older and had a worse
ECOG performance status support nab-paclitaxelgemcitabine as an interesting option for this group of
patients.
Many other randomized trials based on other com
binations of gemcitabine such as gemcitabine plus
oxaliplatin (GEMOX) or capecitabine-gemcitabine have
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PALLIATIVE CARE FOR PANCREATIC
CANCER IN THE ELDERLY
Pancreatic cancer is characterized by a high symptom
burden at the time of diagnosis and a short survival
expectancy because most patients present with incu
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rable locally advanced or metastatic disease. Hence,
palliative care plays a key role in the management of
these patients.
The most common complications associated with
pancreatic cancer are due to tumor growth and infiltra
tion of adjacent structures (biliary obstruction, duodenal
obstruction, pancreatic insufficiency, pain) and systemic
phenomena (cachexia, thromboembolic events).
More than 75% of patients with pancreatic cancer
experience pain due to pancreatic and celiac plexus
[82]
infiltration . In general, elderly patients with cancer
pain are undertreated, and many of them underreport
[83]
their pain . Adequate treatment for pain is essential
to avoid a decrease in quality of life, depression and
[84]
deterioration of performance status . Pain should
be treated according to the WHO analgesic recom
mendations. Major opioids are effective in the elderly,
but some precautions must be considered because
[85]
these patients often receive multiple medications .
Another treatment option that is available for control
[86]
pain is a celiac plexus block . This invasive technique
achieves adequate pain control in 70%-90% of
cases and significantly reduces the consumption of
[87]
narcotics . However, the duration of the analgesic
effect does not exceed 2-3 mo.
Biliary obstruction is observed in up to 70% of
pancreatic cancer patients. Most of these patients are
treated successfully with an endoscopically placed stent,
[88]
with resolution of the obstruction in 90% of cases .
Older age was found to be an unfavorable prognostic
factor for stent patency when a plastic stent was
[89]
used . Surgical biliary bypass is usually the last option
for patients in whom stent placement is ineffective.
Duodenal obstruction occurs in approximately 20% of
patients, and metal stents and palliative surgery are
[90]
feasible therapeutic approaches . Therefore, elderly
patients with a reasonable life expectancy should be
offered these palliative procedures which may improve
patient’s quality of life, essential in this group of patients.
Cachexia is closely related to pancreatic cancer. It is
a multifactorial syndrome that is defined by an ongoing
loss of skeletal muscle mass (with or without a loss of
fat mass) that cannot be fully reversed via conventional
nutritional support and leads to progressive functional
impairments. Its physiopathology is characterized by
a negative protein and energy balance that is driven
by a variable combination of reduced food intake and
[91]
abnormal metabolism . There is currently no single
or combined treatment strategy that has been shown
[92]
to be successful in all patients . Glucocorticoids and
megestrol acetate are effective for improvement of
cachexia in 30%-50% of cases. Thus, the improved
management of cancer cachexia may require a
[93]
multimodal approach by a multi-disciplinary team .
In summary, the increasing incidence of pancreatic
cancer in the elderly, the special features of this patient
population, and the poor information available from
clinical trials regarding the management of older
patients has resulted in challenges in the treatment
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of these patients. However, age should not be the
determining factor in decisions regarding the best
approach. An integral evaluation of the patient in
accordance with appropriate tools should be conducted.
Some clinical trials targeting the elderly population are
currently underway to gain a better understanding of
this disease in the elderly.
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Molecular targets for the treatment of pancreatic cancer:
Clinical and experimental studies
Tasuku Matsuoka, Masakazu Yashiro

Abstract

Tasuku Matsuoka, Masakazu Yashiro, Department of Surgical
Oncology, Osaka City University Graduate School of Medicine,
Osaka 545-8585, Japan

Pancreatic cancer is the fourth most common cause of
cancer deaths worldwide. Although recent therapeutic
developments for patients with pancreatic cancer
have provided survival benefits, the outcomes for
patients with pancreatic cancer remain unsatisfactory.
Molecularly targeted cancer therapy has advanced in
the past decade with the use of a number of pathways
as candidates of therapeutic targets. This review
summarizes the molecular features of this refractory
disease while focusing on the recent clinical and
experimental findings on pancreatic cancer. It also
discusses the data supporting current standard clinical
outcomes, and offers conclusions that may improve the
management of pancreatic cancer in the future.
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Core tip: Pancreatic cancer-related mortality is almost
consistently caused by local recurrence and metastasis.
The survival of patients after surgical resection remains
poor, and the results of adjuvant chemotherapy and
radiotherapy are still unsatisfactory. Therefore, new
treatments are urgently needed. Recent developments
in our knowledge of the underlying biological features
of pancreatic cancer may be useful in establishing
molecularly targeted therapy as a new strategy, similar
to those used to treat other types of malignancies.
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[5]

include an average of 63 genetic alterations .
Therefore, in order to develop effective treatments for
pancreatic cancer, the complicated gene alterations
and pathological features of this tumor type need to be
elucidated. The molecular analysis of pancreatic cancer
has often shown the involvement of known cancer
genes and traditional cancer signaling pathways.
The KRAS gene, which encodes a small GTPase that
regulates the downstream signaling of growth factor
receptors, is a known mutated oncogene found
[6]
in most pancreatic cancers at advanced stages .
Missense mutations in the KRAS cluster have been
found in specific hotspots (most generally codon
[7]
12) . Recent studies have demonstrated that KRAS
mutations are one of the earliest genetic events seen
in human pancreatic intraepithelial neoplasia (PanIN)
[8,9]
progression
. In addition to KRAS mutations,
alterations in tumor suppressor genes such as INK4A,
BRCA2, and LKB1 occur frequently in pancreatic
cancer. The tumor suppressor gene, P16/CDKN2A,
which encodes a critical cell cycle regulator, is
[10]
inactivated in > 90% of pancreatic cancer . Mutation
of the p53 gene is closely associated with cellular
responses to cytotoxic stress by contributing to both
[11]
cell cycle arrest and cell apoptosis . Mutations in
p53 are also common in pancreatic cancer, as these
have been reported in approximately 75% of patients
and most frequently characterized by small intragenic
[5]
mutations coupled with a loss of heterozygosity . The
missense mutation of SMAD4, a tumor suppressor
gene that encodes the transforming growth factor beta
(TGFβ) signaling pathway, is found in approximately
[12]
55% of patients with pancreatic cancer . Mutations
in SMAD4 are associated with a poorer prognosis and
widespread metastases, which suggests potential
[13]
clinical implications . The mismatch repair gene,
MLH1, and the cationic trypsinogen gene, PRSS1, are
[14]
also often mutated in pancreatic cancer . Based on
the typical age of onset related to the aforementioned
mutations, these genetic lesions are thought to impact
malignant progression rather than cancer initiation.
Some pancreatic cancers harbor activating mu
[15]
tations of BRAF rather than KRAS . BRAF encodes
RAF, a serine/threonine kinase belonging to a family
of MEK (Figure 1A). MEK activates ERK, which forms
the MAPK signaling pathway. Thus, active mutations
of KRAS and BRAF eventually result in triggering the
MAPK signaling, which is critical for the development
of pancreatic cancer. Activation of the MAPK pathway
is found not only in benign lesions, but also in late[16]
stage pancreatic cancer . Overexpressed MAPK
through a constitutively active form of RAF results in
PanIN/pancreatic ductal adenocarcinoma formation;
conversely, the silencing of MAPK signaling inhibits
[17,18]
tumor initiation
. PI3K signaling is another
important pathway that has been studied in great
detail in pancreatic cancer along with the MAPK
pathway. The PI3K signaling mediates cell growth

INTRODUCTION
Pancreatic cancer is the fourth most common cause
of cancer deaths, resulting in 330000 deaths per year
[1]
worldwide . Many patients with pancreatic cancer
are diagnosed at advanced incurable stages because
of the absence of screening. Although advances in a
variety of approaches have improved the management
of pancreatic cancer, the 5-year survival rate remains
[1]
lower than 5% . Surgical resection is currently the
only potentially curative treatment. However, even
after resection, the 5-year survival rate is less than
20% due to the high frequency of distal metastasis
[2]
and local recurrence .
The treatment of inoperable pancreatic cancer
has traditionally involved the use of gemcitabine with
low response rates and a marginal survival benefit.
The failure of clinical treatment in patients with
pancreatic cancer is often due to the heterogeneous
nature of the disease. This type of tumor involves
not only cancer cells, but stellate cells and stroma,
which were known as microenvironment. Stromal
proliferation and reduced angiogenesis have been
shown to contribute to therapeutic resistance despite
the efficacy in experimental studies utilizing cell lines
or animal models. A recent European study found
that the combination chemotherapy of FOLFORINOX
and gemcitabine is more effective than the use of
gemcitabine alone. Albumin-bound paclitaxel (nabpaclitaxel), which was approved by the FDA in 2013,
can also be used in conjunction with gemcitabine
[3]
to treat pancreatic cancer . However, in most
patients with advanced stages of the disease, these
treatments only prolong survival by a few months,
while combination therapy can also lead to significantly
[4]
increased toxicity . The development of effective
pancreatic cancer treatments is urgently needed to
overcome these obstacles.
To date, knowledge of the molecular basis of
tumor initiation has led to the use of various kinds of
targeting agents to produce better prognoses for some
types of solid tumors. These agents, including those
targeting the angiogenesis pathways, the epidermal
growth factor receptor (EGFR), the mitogen-activated
ERK kinase (MEK), the fibroblast growth factor
receptor (FGFR), the phosphatidylinositol-3 kinase/
protein kinase-B/mammalian target of rapamycin
(PI3K/mTOR), and the cancer stem cell compartment,
may lead to significant advancements in pancreatic
cancer treatment. In this study, we will review the
current clinical and experimental results regarding
molecular targets for the treatment of pancreatic
cancer, and discuss potential future treatments.

GENE ALTERATION AND MOLECULAR
PATHOLOGY OF PANCREATIC CANCER
Recent studies have shown that pancreatic cancers
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Figure 1 Signaling cascade (A) and therapeutic inhibitor (B) in pancreatic cancer. Black circles indicated the critical signaling for the development of pancreas
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[19]

and survival via several downstream substrates such
as Akt, p70-S6K, and mTOR (Figure 1A). Similar
to the MAPK pathway, the consistent activation of
PI3K has been shown to be closely associated with
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the carcinogenesis of pancreatic cancer . The PI3K
downstream effector, Akt, is amplified in 10%-20%
of pancreatic cancers, providing genetic evidence
to support the importance of this pathway in this
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[20]

[31]

type of cancer . Several growth factor receptors,
including vascular endothelial growth factor (VEGF)
and insulin-like growth factor 1 receptor (IGF1R), are
[21]
aberrantly expressed in pancreatic cancer . These
pathways mediate the important genes involved in a
variety of cellular functions such as growth, apoptosis,
differentiation, and metastasis via these two pathways
(Figure 1A).

overexpressed in pancreatic cancer , targeting these
pathways has attracted much attention. A recent
study concluded that foretinib inhibits tumor growth,
angiogenesis, and lymphangiogenesis in xenograft
animals by inhibiting not only c-MET but VEGFR-2,
VEGFR-3, and TIE-2 signaling as well. These results
suggest that simultaneous inhibitory effects to reduce
pancreatic tumor growth can be expected from
[32]
multikinase inhibition .

MOLECULARLY TARGETED AGENTS FOR
PANCREATIC CANCER TREATMENT

EGFR pathway: EGFR, a transmembrane tyrosine
kinase receptor of the ErbB family, plays an important
role in tumor cell behavior. Aberrant EGFR activity leads
to receptor dimerization and subsequently activates
downstream signals, including members of the RAS
[33]
and PI3K/Akt/mTOR pathways . Overexpression
of this growth factor receptor is seen in over 90%
[34]
of pancreatic cancers . Sustained EGFR activation
has been reported in pancreatic cancer cell lines, and
EGFR inhibitors have been found to lead to decreased
[35]
proliferation . Thus, EGFR pathway activation seems
to provide a rationale for EGFR-targeted inhibition
strategies. However, clinical trials using the antiEGFR and anti-Erbb2 antibodies have yielded negative
[36,37]
results
. In contrast, a large randomized phase
Ⅲ in which patients with pancreatic cancer were
assigned to receive gemcitabine with or without
[38]
erlotinib reported that the patients who received the
combination treatment had a modest but statistically
significant improvement in overall median survival (OS)
(p = 0.038) and progression-free survival (p = 0.004).
The data from a subset analysis of this trial failed to
indicate whether the KRAS mutation status or EGFR
was a predictive marker for the therapeutic response
[39]
to erlotinib . Even though the median OS was only
prolonged by 2 wk, this trial is remarkable because
it is the only one to have shown an improvement in
survival outcomes with combination gemcitabine/
erlotinib in metastatic pancreatic cancer. On the other
hand, the oncogenic benefit of erlotinib should be
balanced with its potential complications, some of
[40]
which have been reported to be fatal . Another EGFR
monoclonal antibody, nimotuzumab, achieved survival
benefits when added to gemcitabine (8.7 mo vs 6.1
mo) with tolerable toxicity in a recent phase Ⅱ trial
involving patients with locally advanced pancreatic
cancer (J Clin Oncol 2013;31:abstr 4009). Clinical
trials to evaluate the effects of nimotuzumab combined
with gemcitabine are ongoing in patients with the RAS
wild type of locally advanced or metastatic pancreatic
cancer (NCT 02395016).

Within the last decade, numerous targeted agents
have been examined individually or in combination
with cytotoxic agents for the treatment of pancreatic
cancer. The growth stimulating signaling described
above has been targeted by molecular therapies for
many kinds of cancer. Taken together, a number of
paracrine signaling pathways, such as Hedgehog, Wnt,
Notch, and TGFβ, might also contribute to cancer stem
[22]
cell signaling and tumorigenesis (Figure 1B) . These
characteristics of pancreatic cancer may contribute to
the development of molecularly targeted therapies.
Figure 1 schematically summarizes the current
understanding of inhibitors in pancreatic cancer. Table
1 summarizes clinical trials using molecular targeting
agents.

Signaling pathway

Angiogenesis pathway: Angiogenesis is crucial
for the growth of malignancies. Anti-angiogenic
therapies have shown efficacy in renal cell carcinoma,
colorectal cancer, lung cancer, glioblastoma, and
[23]
ovarian epithelial cancers . VEGF is one of the key
factors of angiogenesis that promotes tumor growth
[24]
and metastasis . VEGF is overexpressed in over
[25]
90% of patients with pancreatic cancer , thus
providing justification for VEGF-targeted therapy for
pancreatic cancer. In contrast, a randomized phase Ⅲ
trial (CALGB 80303) found no improvements in the
survival of patients who were given a combination
of bevacizumab, which is a monoclonal antibody to
VEGF, and gemcitabine, compared to the results of
those treated with gemcitabine and a placebo, despite
[26]
promising outcomes in phase Ⅱ . Taken together,
efforts to use targeted agents such as sorafenib and
[27-29]
axitinib have been unfavorable
. A phase Ⅱ trial
using TL-118, a novel anti-angiogenic drug, combined
with gemcitabine to treat metastatic pancreatic
cancer (NCT01509911) is currently ongoing (Table
1). Foretinib was developed as an ATP-binding site
competitor to inhibit receptor tyrosine kinases with
reported activity against VEGFRs, RON, c-Met, c-KIT,
FLT-3, and platelet-derived growth factor receptors
[30]
(PDGFRs) . Mounting evidence has indicated that
foretinib targets multi-additional kinases, resulting
in the growth inhibition of tumors. Since hepatocyte
growth factor (HGF) and c-MET are frequently
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IGF1R pathway: IGF1R belongs to the insulin
receptor family. IGFR1 signaling is highly expressed
in pancreatic cancer, and this activation leads to a
signaling cascade that triggers pathways such as ERK
and PI3K/Akt/mTOR. It also plays a role in cancer
survival and proliferation through RAS-dependent and
-independent pathways. Inhibition of IGF1R signaling
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Table 1 Current clinical trials for pancreatic cancer
Target
molecule

ClinicalTrials.gov
identifier

Sponsor

Agent

Treatment
setting

Study
phase

Comments

NCT00561990
NCT02395016
NCT01222689
NCT01571024

Oncoscience AG
Biotech Pharmaceutical
National Cancer Institute
UNC Lineberger Comprehensive
Cancer Center
Rexahn Pharmaceuticals
Roswell Park Cancer Institute
Tiltan Pharma Ltd
University of Florida

Nimotuzumab
Nimotuzumab
selumetinib
BKM120

First line
First line
First line
First line

Ⅱ/Ⅲ
Ⅲ
Ⅱ
Ⅰ

GEM ± nimotuzumab
GEM ± nimotuzumab
Selumetinib + erlotinib
BKM120 + mFOLFOX6

RX-0201
Everolimus
TL-118
Dasatinib

First line
Second line
First line
First line

Ⅱ
Ⅰ/Ⅱ
Ⅱ
Ⅱ

Incyte Corporation
Incyte Corporation

Ruxolitinib
Ruxolitinib

Second line
First line

Ⅱ
Ⅰ

NCT01098344
NCT01130142
NCT01351103
NCT01302405
NCT02050178
NCT02005315

Cancer Research UK
Infinity Pharmaceuticals, Inc.
Novartis Pharmaceutical
Prism Pharma Co., Ltd.
OncoMed Pharmaceuticals, Inc
OncoMed Pharmaceuticals, Inc

First line
First line
First line
First line
First line
First line

Ⅰ
Ⅰ/Ⅱ
Ⅰ
Ⅰ
Ⅰ
Ⅰ

Halo-109-202,
NCT01839487
S1313, NCT01959139
NCT01585805
NCT01296763

Halozyme Therapeutics

MK0752
IPI-926
LGK974
PRI-724
OMP-54 F28
Vantictumab
(OMP-18R5)
PEGPH20
(hyaluronidase)
PEGPH20
Veriparib
Olaparib

RX0201 + GEM
Everolimus + sorefenib
TL-118 + GEM
5-Fluorouracil + leucovorin +
oxaliplatin + dasatinib
Ruxolitinib + capecitabine
Ruxolitinib + gemcitabine or nabpaclitaxel
MK0752 + GEM
IPI-926 + GEM
LGK974 alone
PRI-724 alone
GEM + nab-paclitaxel + OMP-54 F28
GEM + nab-paclitaxel + vantictumab

First line

Ⅱ

GEM + nab-paclitaxel ± PEGPH20

First line
First line
First line

Ⅰ/Ⅱ
Ⅱ
Ⅰ/Ⅱ

Metformin
LY2157299
(TGF-b
inhibitor)
M402 (heparan
sulfate)
Dinaciclib

First line
First line

Ⅱ
Ⅱ

FOLFIRINOX ± PEGPH20
GEM + cisplatin ± veriparib
Irinotecan + cisplatin + mitomycin C
± olaparib
Erlotinib + metformin + GEM
LY2157299 + GEM

First line

Ⅰ/Ⅱ

GEM + nab-paclitaxel ±M402

First line

Ⅰ

Dinaciclib + MK-226

EGFR
MEK
PI3K
Akt
mTOR
Angiogenesis
Src

NCT01028495
NCT00981162
NCT01509911
FOLFOX-D,
NCT01652976
NCT01423604
NCT01822756

Jak

Notch
Hedgehog
Wnt

Stroma

PARP

Others

NCT01210911
NCT01373164

Southwest Oncology Group
National Cancer Institute
Sidney Kimmel Comprehensive
Cancer Center
Academisch Medisch Centrum
Eli Lilly and Company

NCT01621243

Momenta Pharmaceuticals, Inc

NCT01783171

National Cancer Institute (NCI)

GEM: Gemcitabine.

enhances the cytotoxicity of gemcitabine in pancreatic
[41]
cancer xenografts . However, the IGF1R inhibitor,
AMG-479, and the monoclonal antibody, cixutumumab,
failed to provide any survival benefits in a previous
study (NCT01231347) (J Clin Oncol 2012;30:abstr
198). Meanwhile, the use of IGF1R in conjunction
with ErbB would appear to be a good strategy
for overcoming the chemoresistance common in
pancreatic cancer. A previous study demonstrated that
the simultaneous blockade of IGF1R and EGFR/Her-2
synergistically inhibits the pancreatic tumor growth
and completely abolishes the activation of IRS-1, Akt,
and MAPK phosphorylation. These results suggest that
the combined application of these two inhibitors averts
[42]
the resistance associated with monotherapy .

benefit when combined with gemcitabine in advanced
pancreatic cancer (J Clin Oncol 2013;31:abstr 291).
A phase Ⅱ trial of another MEK inhibitor, AZD6244, in
combination with erlotinib as a second line treatment
of advanced pancreatic cancer is currently underway
(NCT01222689).
PI3K/Akt/mTOR pathway: Upon activation by
RAS or EGFR, PI3K activates Akt, which subsequently
triggers multiple downstream targets such as mTOR,
leading to the regulation of many essential cellular
processes, including cell growth, metabolism, survival,
[44]
metastasis, and resistance to chemotherapy . The
PI3K-Akt pathway is activated in 59% of patients
[45]
with pancreatic cancer . Deregulation of this
pathway through absent or reduced expression of
PTEN (phosphatase and tensin homolog, a natural
antagonist of PI3K) is frequently found in pancreatic
[46]
cancer . A phase Ⅱ trial is currently testing the
combination of an Akt antisense oligonucleotide,
RX-0201, with gemcitabine in metastatic pancreatic
cancer (NCT01028495). A phase I study of BKM120,
a pan-class 1A PI3K inhibitor, with mFOLFOX6 in
patients with metastatic pancreatic cancer is also now

RAS pathway: The RAS/RAF/MEK/ERK (MAPK)
pathway is activated by numerous growth signals
via their receptors, including EGFR, and is crucial in
[43]
mediating uncontrolled growth and survival . As
previously discussed, MAPK plays a crucial role in the
development of pancreatic cancer. Although trametinib,
a MEK inhibitor, is currently approved for the treatment
of melanoma, this drug has failed to show survival
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recruiting (NCT01571024). Everolimus, an mTOR
inhibitor, has shown antitumor activities, including
the inhibition of cell proliferation, apoptosis, and
angiogenesis, and displayed synergistic effects when
[47]
combined with other anticancer agents . A phase
Ⅱ study was conducted to explore treatment activity
of the combination of capecitabine with everolimus in
patients with advanced pancreatic cancer. The results
revealed a response rate (RR) of 6.5% and an OS of 8.9
mo, suggesting that this combination therapy might
[48]
enhance the efficacy of capecitabine . Sorafenib, a
multikinase inhibitor targeting Raf-1, BRaf, VEGFR1,
VEGFR2, VEGFR3, and PDGFRβ, has been confirmed
to be efficacious against advanced hepatocellular
[49]
carcinoma . It acts by inhibiting Raf-1 and BRaf as
well as the activities of VEGFR1, VEGFR2, VEGFR3, and
PDGFRβ. A phase Ⅰ/Ⅱ combination trial of sorafenib
and everolimus in advanced pancreatic cancer has
been completed, but the results have yet to be released
(NCT00981162). Metformin, an antidiabetic drug that
has direct metabolic effects through the activation of
adenosine monophosphate-activated protein kinases,
can inhibit the mTOR pathway by activating the tumor
suppressor gene, TSC2. A randomized phase Ⅱ
study exploring the activity and safety of erlotinib and
metformin combined with gemcitabine in patients with
metastatic pancreatic cancer is also currently underway
(NCT01210911).

of downstream target genes. Abnormalities of the
JAK/STAT pathway contribute directly to cellular
transformation, increased cell proliferation, apoptosis,
and angiogenesis. JAK mutations and STAT activation
[53,54]
have been reported in pancreatic cancer
. In
a randomized phase Ⅱ study of capecitabine plus
either ruxolitinib or placebo, patients with metastatic
pancreatic cancer demonstrated an improvement in
survival (NCT01423604). An early phase clinical trial
of ruxolitinib and gemcitabine with or without nabpaclitaxel is also currently underway (NCT01822756).

Cancer stem cells

A small population of pancreatic cancer stem cells
(CSCs) has been suggested to be resistant to chemo
therapy and radiation therapy. CSCs are believed to
be responsible for tumor carcinogenesis, progression,
and metastasis in cancers including the pancreatic
[55,56]
type
. Hedgehog, Notch, and Wnt have been
shown to play a pivotal role in the development of
[57]
pancreatic cancer stem cells . Remarkable progress
in understanding the involvement of CSCs in pancreatic
cancer might highlight these cells as attractive targets
for therapy.
Notch signaling: Recent evidence has suggested
that Notch signaling is implicated in tumor growth and
survival as well as involved in the development and
[58]
function of many organs . This pathway is thought
to sustain a pool of pancreatic progenitor cells at an
early stage of pancreatic development, and regulates
[59]
pancreatic ductal cell differentiation . Notch ligands
and receptors have been shown to be highly expressed
in pancreatic cancer; they also promote epithelialmesenchymal transition (EMT) by regulating several
[60]
transcription factors such as Snail, Slug, and TGFβ .
A number of studies have shown that chemotherapyresistant pancreatic CSCs are related to Notch
[61]
signaling activation . The ALPINE trial is a phase Ib
study exploring the anti-Notch2/3 inhibitor, OMP-59R5,
in combination with nab-paclitaxel and gemcitabine in
patients with untreated metastatic pancreatic cancer
(J Clin Oncol 2014;32:abstr). This study showed good
tolerability and positive responses (partial response
= 46%, durable complete response = 77%). One
appealing target for blocking this pathway is the
γ-secretase enzyme, which causes proteolytic cleavage
and controls the release of the Notch intracellular
domain as well as the production of its active form.
Clinical trials are currently underway to investigate the
effects of MK0752, a γ-secretase inhibitor, combined
with gemcitabine in patients with advanced pancreatic
cancer (NCT01098344).

Src pathway: Src, a family of proto-oncogenic nonreceptor protein tyrosine kinases, plays a pivotal role
in regulating multiple signal transduction pathways via
its interactions with a number of proteins, including
receptor tyrosine kinases and G-protein coupled
receptors. C-Src is frequently overexpressed and/or
aberrantly activated in a number of malignancies
[50]
including 70% of pancreatic cancers . Dasatinib, a
compound related to saracatinib, was examined in a
phase Ⅱ trial in patients with metastatic pancreatic
cancer; however, encouraging results were not obtained.
A phase Ⅱ trial to explore the efficacy of dasatinib
combined with 5-fluorouracil, leucovorin, and oxaliplatin
against metastatic pancreatic cancer is currently
recruiting subjects (FOLFOX-D, NCT01652976).
JAK/STAT pathways: Activation of the Janus kinase/
signal transducer and transcription (JAK/STAT) pathway
[51]
has been found in many human cancers . JAKs are
a family of cytoplasmic tyrosine kinases, comprised
of four members-JAK1, JAK2, JAK3, and Tyk2. JAK
activation occurs upon the binding of a ligand to cell
surface receptors, which leads to the creation of sites for
interaction with proteins that contain phosphotyrosinebinding Src homology 2 (SH2) domains. STATs, a family
[52]
of downstream transcription factors for JAKs , contain
a tyrosine residue phosphorylated by JAKs, leading
to nuclear translocation. In the nucleus, STATs serve
as transcription factors that initiate the transcription
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Hedgehog signaling: The Hedgehog (HH) pathway
regulates embryogenesis, which is undetectable in
normal pancreatic tissue. HH binds to the extracellular
receptor and the transcriptional target gene, Patched
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(Ptch), the latter of which releases the Smoothened
seven-transmembrane protein (SMO). This allows
SMO to translocate to the cell surface and results
in the activation of GLI transcription factors and the
consequent induction of HH target genes, including GLI
and Ptch1 (Figure 1B). The pathological behavior of HH
signaling is well known, and an increased expression
[62]
has been observed during pancreatic tumorigenesis .
It has been found that hedgehog signaling is
phosphorylated in earlier pancreatic tumor lesions, and
the expression of pathway substrates becomes elevated
[63]
during the progression to an advanced stage . HH
signaling has also been shown to be closely associated
with KRAS mutations, which drive the early stages
[64]
of pancreatic neoplasia . Interestingly, HH signaling
in pancreatic cancer is localized to the stromal
compartment, and the overexpression of sonic HH in
the pancreas is sufficient to initiate precancerous lesions
in transgenic mice, which contributes to maintaining
[65,66]
the tumor microenvironment
. Interestingly, the
attenuated action of sonic HH has resulted in improved
gemcitabine delivery, the depletion of dense stroma, and
an enhanced vascularization of the tumors in mouse
[67]
models , suggesting that this pathway could be an
appealing target for drug development. GDC-0449,
also known as vismodegib, a small-molecule SMO
antagonist, inhibits the HH signaling pathway. A
pilot study evaluating the effects of GDC-0449 in
combination with gemcitabine was performed in
patients with metastatic pancreatic adenocarcinoma;
however, the joint use of GDC-0449 and gemcitabine
was not found to be superior to the sole use of
gemcitabine in the treatment of metastatic pancreatic
[68]
cancer . Similarly, a randomized phase Ⅱ trial of
gemcitabine with or without vismodegib in treating
patients with recurrent or metastatic pancreatic cancer
also yielded disappointing results (NCT01064622).
A phase Ⅱ randomized study evaluating IPI-926, a
small molecule SMO antagonist, in combination with
gemcitabine in metastatic pancreatic cancer patients
was recently completed, and the publication of its
results is highly anticipated (NCT01130142).

(NCT02005315) when combined with nab-paclitaxel
and gemcitabine is currently in progress.
TGFβ: TGF-β is intimately involved in regulating
numerous physiological processes, including cellular
differentiation, homeostasis, and EMT in pancreatic
[72]
cancer . A phase Ⅱ study of gemcitabine in
combination with LY2157299, a specific type 1 receptor
inhibitor of TGFβ, or a placebo is currently being
implemented (NCT01373164).

Stromal environment

One of the most important obstacles that impairs
the effects of anticancer agents is the extracellular
[73]
matrix (ECM) and stromal cells . It has been
reported that tumor-stroma interactions result in a
complicated signaling network that leads to tumor
[74,75]
progression in many kinds of solid cancers
.
Pancreatic cancer shows abundant stroma in the tumor
[76]
microenvironment . Pancreatic cancer is uniquely
characterized by a rich tumor stroma that might
interfere with the delivery of agents to tumors and
induce a complex interplay of intercellular signaling.
Stromal depletion strategies such as the degradation of
hyaluronic acid could potentially facilitate drug delivery
[67]
to tumor sites . Currently, there is a randomized phase
Ⅱ trial comparing the treatment effects of PEGPH20, a
pegylated formulation of recombinant hyaluronidase,
in combination with nab-paclitaxel and gemcitabine
comparing the treatment effects of PEGPH20 with the
treatment effects of nab-paclitaxel alone in metastatic
pancreatic cancer (Halo-109-202, NCT01839487). A
partially randomized phaseⅠ/Ⅱ evaluation of modified
FOLFIRINOX with or without PEGPH20 in patients
with newly diagnosed metastatic pancreatic cancer
is also now under testing (S1313, NCT01959139).
Heparan sulfate proteoglycans (HSPGs) are complex
polysaccharides that regulate several aspects of cancer
biology, including tumorigenesis, tumor development,
[77]
and metastasis . HSPGs have been shown to be
associated with the tumor microenvironment by
binding to factors that support tumor proliferation.
M402, a mimetic of heparan sulfate, blocks the multiple
[77]
interactions associated with heparan sulfate . A
phase Ⅱ clinical trial evaluating the effects of M402 in
conjunction with standard chemotherapy is actively
ongoing (NCT01621243).

Wnt signaling: Evidence that the Wnt signaling
pathway plays a pivotal role in the regulation of stem
[69,70]
cells has been accumulating
. Recent studies
of Wnt signaling have suggested its roles in tumor
biology and the pathogenesis of pancreatic cancer.
Based on findings, it is plausible that the dysregulation
of Wnt signaling pathway is closely associated with
[71]
pancreatic cancer chemoresistance . Wnt signaling
inhibitors such as LGK974 and PRI-724 are currently
under investigation in active phase Ⅰ clinical studies
on advanced solid tumors including pancreatic cancers
(NCT01302405 and NCT01351103, respectively).
An open-label phase 1b dose-escalation study to
elucidate the safety and tolerability of OMP-54 F28
(NCT02050178) and Vantictumab/OMP-18R5
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Alternative poly (ADP-ribose) polymerase pathway

Breaks in the DNA double-strand are generally
repaired by homologous recombination, which is
mediated by BRCA1 and BRCA2 proteins that sustain
genomic stability and cell death. The poly (ADPribose) polymerase pathway takes on the main role
[78]
in DNA repair when BRCA dysfunction occurs . The
PARP proteins undertake roles in a wide range of
cellular functions including DNA transcription, DNA
damage response, genomic stability maintenance,
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[80]

and cell cycle regulation. Inhibitors of PARP enzymes
result in synthetic lethality in cancers with DNA repair
failure or homologous repair deficiency. They have
also been shown to be clinically effective in cancers
with poor DNA repair due to germ-line mutations in
BRCA1 and BRCA2, which are estimated to be 5%-7%
of patients with pancreatic cancer. A randomized
phase Ⅱ trial of cisplatin plus gemcitabine with or
without veliparib, which is a selective PARP inhibitor,
in locally advanced or metastatic pancreatic cancer
patients is ongoing (NCT01585805). Another PARP
2
inhibitor, Olaparib, at 100 mg b.i.d. with 600 mg/m
of gemcitabine is tolerated in patients with advanced
[79]
pancreatic cancer . A randomized multi-center
phase Ⅰ/Ⅱ trial is currently investigating the effects of
irinotecan, cisplatin, and mitomycin C combined with
olaparib in patients with advanced pancreatic cancer
(NCT01296763). Conversely, a randomized, double
blind phase Ⅲ study of olaparib monotherapy in
patients with BRCA1/2 mutated metastatic pancreatic
cancer who have not progressed from first line
platinum-based chemotherapy is also now underway
(NCT02184195).

gemcitabine-treated groups . Nintedanib, a triple
angiokinase inhibitor that targets the VEGFR1/2/3,
FGFR1/2/3, and PDGFRα/β pathways, has been shown
to strongly inhibit the growth of pancreatic cancer cell
lines in addition to enhancing the inhibitory effects
of gemcitabine. Nintedanib also induces apoptosis in
pancreatic cancer cells associated with stromal cells,
providing a strong rationale for the clinical evaluation
of nintedanib combined with conventional cytotoxic
[81]
agents .
Masitinib, a multi-targeted protein tyrosine kinase
inhibitor with possible anticancer activity, selectively
binds to and inhibits both the wild-type and mutated
forms of the stem cell factor receptor (c-Kit; SCFR),
PDGFR, and FGFR3. In the recently conducted
randomized phase Ⅲ trial, masitinib combined with
gemcitabine prolonged the survival of patients in
subgroups defined by an overexpression of acyl-CoA
oxidase-1 (ACOX1) in secondary analyses. In the
ACOX1 subgroup, the patients treated with masitinib
plus gemcitabine showed a median OS of 11.7 mo
(95%CI: 8.3-19.9) compared with a median OS of 5.6
mo (95%CI: 3.7-12.9) for the placebo plus gemcitabine
[82]
treatment-arm .
Hypoxia inducible factor-1 (HIF-1) is a principal
mediator of cell adaption to hypoxia, and is extensively
[83]
expressed in 88% of pancreatic tumors . PX-478,
an HIF-1 inhibitor, has been shown to promote the
anti-cancer effects of gemcitabine, which are closely
associated with immunogenic cell death in pancreatic
[84]
cancer . Recent studies have demonstrated that
GSK3β is closely related to pancreatic cancer cell
growth, providing a rationale for targeting GSK3β in
[85]
the treatment of patients with pancreatic cancer .
GSK3β inhibition has been shown to induce apoptosis
[86]
by a mechanism involving JNK-cJUN activation .
CXCR4 (CXC chemokine receptor type 4), a G-protein
coupled receptor of CXCL12 (SDF-1), has been found
to promote GSK3β expression and the invasion ability
of pancreatic cancer cells by Akt signaling. This finding
suggests that CXCR4 inhibition may open a new
therapeutic avenue that will impact the capacity to
[87]
effectively treat pancreatic cancer patients . Forkhead
box M1 (FOXM1) is a transcription factor in the FOX
protein superfamily containing a conserved winged
[88]
helix DNA-binding domain . FOXM1 is an important
transcription factor for many genes key to regulating
a variety of processes in tumor pathogenesis, such as
tumor cell survival, growth, and EMT. Several bodies
of evidence have demonstrated that FOXM1 plays
[89]
a crucial role in pancreatic cancer progression . A
recent paper asserted that FOXM1 contributes to the
development of pancreatic cancer by enhancing the
uPAR gene transcription and subsequently the EMT of
[90]
cancer . These findings suggest that the deregulation
of FOXM1 signaling may be a new attractive strategy
in the development of novel therapeutic targets to

RECENT EXPERIMENTAL STUDIES ON
THE TREATMENT OF PANCREATIC
CANCER
Despite numerous clinical trials utilizing known targeted
agents, the overall advancement made in pancreatic
cancer treatment has been relatively modest in
comparison to the advancement made in the treatment
of other types of tumors. Therefore, the exploration of
novel agents targeted at certain signaling pathways is
one of the most important undertakings to improve the
outcome of patients with lethal pancreatic cancer. In
this section, we will focus on the recent experimental
studies that may open the door to the development
of novel and hopefully more effective strategies for
the treatment of pancreatic cancer. A list of novel
therapeutic targets and drugs is presented in Table 2.

Novel tyrosine kinase inhibitor

There is growing evidence to suggest that novel
tyrosine kinase inhibitors can target multiple different
pathways and/or signaling processes that have never
been seen before in pancreatic cancer. As previously
explained, utilizing the multikinase inhibitor, foretinib,
may provide a simultaneous inhibitory effect on
[32]
pancreatic cancer . SKLB261 is a multikinase inhibitor
obtained recently through lead optimization with
reported activity against EGFR, Src, and VEGFR2. The
application of SKLB261 has resulted in more potent
antitumor activities than that of dasatinib, gemcitabine,
or erlotinib in pancreatic cancer xenografts as well
as more prolonged survival in mice compared with
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Table 2 Recent experimental studies of targeted therapy for pancreatic cancer
Targeted therapeutics

Ref.

Cell lines (cell type)

Main results

Multikinase inhibitors
Foretinib

Chen et al[32]

Panc-1(P)

Pan et al[80]

BxPC-3 (P),
Panc-1 (P),
AsPC-1 (S), HPAC (P)
AsPC-1 (S),
BxPC-3 (P),
Panc-1 (P),
MIA-PaCa-2 (P),

Foretinib inhibited tumor growth, angiogenesis and
lymphangiogenesis in xenograft animals, by inhibiting c-MET but
VEGFR-2, VEGFR-3, and TIE-2 signaling
Application of SKLB261 resulted in more potent antitumor activities
than dasatinib, gemcitabine, or erlotinib in pancreatic cancer
xenografts
A triple angiokinase inhibitor, nintedanib inhibited growth of
pancreatic cancer cell lines, with gemcitabine enhancing inhibitory
effects

SKLB261

Awasthi et al[81]

Nintedanib

Dual inhibition
Lapatinib and trametinib

Lindberg et al[101]

ZSTK474 and RO5126766

Van Dort et al[99]

NVP-AEW541 and lapatinib

Urtasun et al[42]

Novel pathways
PX-478 (HIF-a)

SB216763(GSK-3b)

Zhao et al[84]

Marchand et al[86]

Micro RNA
miR-142-3p

MacKenzie et al[95]

miR-146a

Li et al[96]

miR-494

Li et al[97]

MAD 08-608, 08-738, 09-366 (P) Dual anti-EGFR and anti-HER2 therapy significantly enhanced the
growth inhibitory effects of the MEK1/2 inhibitor trametinib
Panc-1 (P)
PI3K inhibitor and the Raf/MEK inhibitor RO5126766 resulted
in high in vitro inhibition of both PI3Kand MEK1 also decreased
cellular viability in pancreatic cancer cell line
NP-9, -18, -29 (P)
Combined treatment with the IGF-IR and EGFR/Her-2 inhibitors
CP15T, ,15A (p)
synergistically inhibited pancreatic cancer cell growth which is
associated with abolishment of Akt, Efk, and IRS-1 activity
CFPAC-1 (S), BxPC-3 (P),
Panc-1 (P),
MIA-PaCa-2 (P)
Panc-1 (P),
MIA-PaCa-2 (P), BxPC-3 (P)

Combined treatment with gemcitabine/PX-478 significantly
enhanced the anti-tumor effect which is associated with
immunogenic cell death
Inhibition of GSK-3βn induced apoptosis by mechanism involving

MIA-PaCa-2 (P), Capan-1(S),
HEK-293 (P),
S2-013 (P)
AsPC-1 (s),
Panc-1 (P)

A unique HSP70 inhibiting compounds, miR-142-3p regulate
triptolide-induced inhibition of pancreatic cancer growth

Colo357 (s),
Panc-1 (P)

miR-146a takes significant roles in pancreatic cancer invasion and
metastasis but lower expressed in pancreatic cancer compared with
normal pancreatic tissue
miR-494, identified to affect levels of FOXM1 in pancreatic cancer
cell lines and act as a negative regulator of this transcriptional
activator, blocked nuclear translocation β-catenin

VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor; HER2: Human epidermal growth factor receptor 2; MEK: Mitogenactivated ERK kinase; PI3K: Phosphatidylinositol-3 kinase; IGF-1R: Insulin-like growth factor 1 receptor; FGFR: Fibroblast growth factor receptor; HSP:
Heat shock protein; FOXM1: Forkhead box M1; P: Primary; S: Secondary.
[95]

control pancreatic cancer.

inhibition of pancreatic cancer growth . The miR146a compound plays a significant role in pancreatic
[96]
cancer invasion and metastasis . Interestingly, miR146a has been shown to restore the proteolytic activity
of pancreatic cancer cells but with less expression in
pancreatic cancer than in normal pancreatic tissue.
Utilizing isoflavones or 3,3’-diinodolylmethane has
been found to increase the expression of miR-146a,
which may be a promising approach to blocking the
invasion of pancreatic cancer. MicroRNA-494 (miR-494)
is known to affect levels of FOXM1 in pancreatic
cancer cell lines and act as a negative regulator of this
transcriptional activator. It has also been shown to
block nuclear translocation of β-catenin, which leads
to cell proliferation, migration, and the increase of the
[97]
sensitivity of pancreatic cancer cells to gemcitabine .

Micro RNA

Recently discovered micro RNA (miRNA) are short
non-coding RNAs involved in the negative regulation
of miRNAs translation. It is important to note that
miRNAs mediate a variety of cellular functions
and their dysregulation is a crucial event in tumor
[91]
initiation . The expression of miRNAs in pancreatic
cancer cells differs from those in normal pancreatic
cells and in patients with chronic pancreatitis. Over
130 miRNAs have been proven to be deregulated in
[92]
pancreatic cancer . Several of these miRNAs play a
role in new therapeutic prospects in the treatment of
pancreatic cancer. It has been shown that nanomolar
concentrations of antisense miR-21 and miR-221
oligonucleotides significantly repress their targets and
[93,94]
reduce the growth of pancreatic cancer cell lines
.
A unique HSP70 inhibiting compound, miR-142-3p,
regulates the triptolide, a diterpene triepoxide extract
from the Chinese herb Tripterygium wilfordii, -induced

WJG|www.wjgnet.com

CONCLUSION
Pancreatic cancer illustrates genetic heterogeneity,
and the complications in molecular signaling crosstalk
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cause the failure of existing treatment strategies.
Currently, only a few targeted agents, including
erlotinib, have yielded a significant survival benefit for
patients with pancreatic cancer. To overcome these
obstacles, a considerable effort needs to be put into
investigating the effective use of these therapies.
Another challenge in evaluating novel targeted
therapies in pancreatic cancer treatment is to identify
underlying pathological features and incorporate
them into trials with molecular biomarkers. Analysis
of pancreatic cancer pathogenesis with its molecular
characteristics may help to identify the biomarkerdefined subsets of patients that can be targeted to
[98]
optimize the therapeutic benefit .
The identification of effective targeted combination
therapies may be useful for generating enhanced
strategies of treating pancreatic cancer. For instance,
suppression of the PI3K/Akt /mTOR pathway may
result in an escape via the MAPK pathway as well as
in diminished effects due to the intensive crosstalk
between these pathways. Therefore, a combination
of agents that inhibit separate pathways may be
crucial for achieving the desired efficacy against
tumors. A recent study found that the application
of a prototype dual-acting agent designed using the
PI3K inhibitor, ZSTK474, and the Raf/MEK inhibitor,
RO5126766, resulted in high in vitro inhibition of both
PI3K and MEK1 as well as decreased cellular viability
[99]
in pancreatic cancer cell lines . In a previous study,
the combined effect of the cyclin-dependent kinase
inhibitor, dinaciclib, and the pan-Akt inhibitor, MK-2206,
dramatically inhibited tumor growth and metastasis in
eight pancreatic cancer models. Remarkably, several
complete responses were induced by this combination
treatment. These results suggest that blocking RAF in
combination with other effector pathways downstream
from KRAS may provide increased efficacy in pancreatic
[100]
cancer treatment
. Notably, preclinical studies
predicting the effects of combination therapies with
EGFR and other pathway inhibitors in pancreatic cancer
xenografts have presented promising results. A recent
study asserted that dual anti-EGFR and anti-HER2
therapy significantly enhanced the growth inhibitory
effects of the MEK1/2 inhibitor, trametinib, in different
patient-derived pancreatic cancer xenografts. This
highlights the importance of designing therapeutic
interventions that target not only the EGFR-HER2 but
also the KRAS pathways to achieve maximal therapeutic
[101]
efficacy .
Selecting drug combinations with novel agents
that target not only tumor initiation but also the
surrounding stroma may be one such approach. There
is growing evidence to suggest that proteins expressed
by stromal cells (Cox-2, stromal-derived factor,
integrins, secreted protein acidic and rich in cysteine,
and HH elements) are related to poor outcomes
[102]
and the resistance to current therapies
. In the
meantime, it is also essential to pay attention to the
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toxicity resulting from the use of targeted agents with
conventional chemotherapy or agents targeting other
pathways. A thorough understanding of the underlying
mechanisms involved in toxicity will be crucial to
furthering the development of pancreatic cancer
therapies.
Thus far, most clinical trials involving targeted the
rapies for pancreatic cancer have not yielded successful
results. The lack of effectiveness of several targeted
agents in pancreatic cancer, despite their success in
treating other types of malignancies, suggests that
pancreatic cancer has particularly challenging biological
characteristics that have yet to be well defined. As
discussed in this review, several experimental studies
have demonstrated promising new pathogeneses and
efficacy in the treatment of pancreatic cancer. There
fore, continuing to develop and investigate treatments
that fight pancreatic cancer from as many angles as
possible will likely increase the chances of achieving
positive outcomes for patients.
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Advances in cryoablation for pancreatic cancer
Xiao-Mei Luo, Li-Zhi Niu, Ji-Bing Chen, Ke-Cheng Xu
present, radical surgery is considered the only curative
option for treatment, however, the majority of patients
with pancreatic cancer are diagnosed too late to
undergo surgery. The sensitivity of pancreatic cancer
to chemotherapy or radiotherapy is also poor. As a
result, there is no standard treatment for patients with
advanced pancreatic cancer. Cryoablation is generally
considered to be an effective palliative treatment for
pancreatic cancer. It has the advantages of minimal
invasion and improved targeting, and is potentially safe
with less pain to the patients. It is especially suitable in
patients with unresectable pancreatic cancer. However,
our initial findings suggest that cryotherapy combined
with 125-iodine seed implantation, immunotherapy
or various other treatments for advanced pancreatic
cancer can improve survival in patients with unre
sectable or metastatic pancreatic cancer. Although
these findings require further in-depth study, the
initial results are encouraging. This paper reviews the
safety and efficacy of cryoablation, including combined
approaches, in the treatment of pancreatic cancer.

Xiao-Mei Luo, Medical College, Jinan University, Guangzhou
510632, Guangdong Province, China
Li-Zhi Niu, Ji-Bing Chen, Ke-Cheng Xu, Guangzhou Fuda
Cancer Hospital, School of Medicine, Jinan University,
Guangzhou 510665, Guangdong Province, China
Author contributions: Xu KC designed the paper; Luo XM
searched the literature data and wrote the paper; Chen JB
searched the literature data and revised the paper; Niu LZ revised
the paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Ke-Cheng Xu, MD, PhD, Guangzhou
Fuda Cancer Hospital, School of Medicine, Jinan University,
No. 2 Tangdexi Road, Tianhe District, Guangzhou 510665,
Guangdong Province, China. xukc@vip.163.com
Telephone: +86-20-38993966
Fax: +86-20-38993950

Key words: Pancreatic cancer; Cryoablation; Combination
therapy; Cryoimmunotherapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: April 18, 2015
Peer-review started: April 20, 2015
First decision: June 23, 2015
Revised: July 7, 2015
Accepted: September 13, 2015
Article in press: September 13, 2015
Published online: January 14, 2016

Core tip: Pancreatic carcinoma is a devastating cancer
of the digestive system. The majority of patients
present too late to undergo radical surgery and there
is no standard treatment for patients with advanced
pancreatic cancer. Cryoablation is considered a palliative
therapy in the treatment of pancreatic cancer; however,
our results suggest that cryoablation may be an effective
and safe treatment that can improve survival and
quality of life in patients with unresectable or metastatic
pancreatic cancer, particularly in combination with
other modalities such as 125-iodine seed implantation
and immunotherapy. As such, cryoablation may be a
potential standard treatment for pancreatic cancer.

Abstract
Pa nc re a t ic c a rcinoma is a common cancer of
the digestive system with a poor prognosis. It is
characterized by insidious onset, rapid progression, a
high degree of malignancy and early metastasis. At
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by 9-13 mo, however, the disease progressed rapidly
[8]
in many cases after therapy was completed , and
its application has been limited due to a high level of
complications.
Ablative therapies have the advantages of minimal
invasion with improved targeting and less pain to the
patients. However, the complex biological characteristics
of the pancreas mean that radiofrequency ablation
(RFA) imposes a high risk to the surrounding tissues
and its impact on patient survival needs further
clinical research. In contrast, microwave ablation
is less affected by current conduction, dry tissue or
carbonization and perfusion compared to RFA. It is
also faster and can cover a greater area than RFA.
Multiple applications of microwaves can also be
[9]
administered without impacting on each other . Highintensity focused ultrasound ablation has been used
for a relatively long time in the treatment of cancers
compared to RFA and microwave ablation, especially
in larger tumors. However, its efficacy is affected by
various factors in the treatment of pancreatic cancer,
including the effects of gastrointestinal tract and
respiratory movement. Research into the application
of laser ablation in pancreatic cancer is scarce and
further data are required to support its use. In
summary, the complex anatomy of the pancreas
and peripheral vascular tissues, its close association
with the gastrointestinal tract and the solidity of the
pancreatic mass mean that ablation therapies are
usually administered in combination with surgery in the
treatment of pancreatic cancer. Although they are often
the treatment of choice as a palliative therapy, their
clinical application in the treatment of unresectable
advanced pancreatic cancer has been limited.
Cryosurgery is a novel therapeutic approach in the
treatment of benign and malignant tumors, especially
[10]
unresectable tumors . A number of clinical trials have
reported encouraging results in its treatment of lung
cancer, liver cancer, prostate cancer, kidney tumors
[11-15]
and breast cancer
. We have recently shown that
cryotherapy can be effective in improving survival
time and quality of life in patients with pancreatic
[16,17]
cancer
.
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INTRODUCTION
Pancreatic cancer is one of the most common
and lethal forms of gastrointestinal cancer. It is
characterized by insidious onset, rapid progression, a
high degree of malignancy, early metastasis and poor
[1]
prognosis . In 2011, mortality rates of pancreatic
cancer relative to all cancers worldwide ranked eighth
[2]
and ninth for males and females, respectively .
Furthermore, there has been almost no improvement
in survival rates in the past four years and the
incidence of pancreatic cancer has risen in the United
[1,3,4]
States over the last three years
. Currently, radical
surgical resection is the only curative option but is
[5]
only possible in 5%-25% of cases . The majority of
patients present with unresectable pancreatic cancer
and 40%-45% have metastatic disease, primarily
hepatic. Consequently, the median survival rate is
only 3-6 mo. Even the most favorable patients who
undergo resection with adjuvant therapy show 5-year
survival rates < 29%; for patients with metastatic
advanced pancreatic cancer, surgery offers no
advantage over palliative treatment and the prognosis
[6]
is poor . Although the spread of pancreatic cancer
cells can be controlled in part by chemotherapy, it
is often administered too late to be of therapeutic
benefit and the toxic side effects are severe, causing
some patients to give up treatment. The therapeutic
effect of chemotherapy is even poorer in advanced
pancreatic cancer with metastatic disease. As such,
pancreatic cancer remains one of the most lethal types
of cancer due to its lack of early symptoms and rapid
progression.
A large phase Ⅲ trial carried out in 2012 studied
combination chemotherapy with Folfirinox in 61
cases of pancreatic cancer. The majority of patients
(86.9%) had an ECOG (Eastern Cooperative Oncology
Group) performance status of 0 or 1; 62.3% had
metastatic disease; and 37.7% had been treated for
locally advanced or borderline resectable disease.
The response rate was around 25%, with median
progression-free survival and overall survival of 7.5
mo and 13.5 mo, respectively. A total of 21 (34.4%)
patients were hospitalized as a result of therapy,
however, there were no therapy-related deaths.
Therapy was discontinued in 23 (37.7%) patients due
[7]
to adverse events . Although the Folfirinox regimen
was found to be effective, its application has been
limited due to adverse side effects and it should be
administered with caution.
Radiochemotherapy has been shown to extend
median survival time in patients with pancreatic cancer
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SAFETY
To date, cryoablation has not been widely used in
the treatment of pancreatic tumors primarily due
to the small volume of the pancreatic gland, fragile
pancreatic parenchyma and its proximity to structures
such as the stomach, duodenum, colon, common bile
duct and vessels. In comparison, the liver has a large
volume of normal hepatic parenchyma surrounding the
tumor-bearing tissue. Based on our clinical experience,
we believe cryosurgery has several advantages over
other techniques in the treatment of unresectable
pancreatic cancer: (1) Conventional management
of unresectable pancreatic cancer involves a bypass
operation without removal of the tumor and is
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Figure 1 Percutaneous cryoablation of pancreatic cancer under computed tomography guidance. The images were taken via the stomach. A: The cryoprobe
(green arrow) was percutaneously inserted into the tumor at the head of the pancreas via the stomach (yellow arrow); B: The ice ball beginning to form (red arrow)
following the application of argon gas; C: The ice ball (red arrow) surrounding the probe shows a gradual increase in size.

primarily used as a palliative therapy; cryosurgery
can overcome this shortcoming by enabling this
procedure to be converted to radical surgery; (2)
Cryosurgery is less invasive and has a lower level of
complications compared to conventional resection
procedures; (3) Unresectable tumors can be treated
with percutaneous cryosurgery under ultrasound
(US) or computed tomography (CT) guidance, with
efficacies similar to those achieved with intraoperative
cryosurgery; (4) Percutaneous cryosurgery can be
performed simultaneously with other modalities, such
as 125-iodine seed implantation, for the treatment
of metastatic tumors; (5) Immune enhancement
or activation can occur following cryosurgery due to
quantitative and qualitative changes in antigens on the
cell-surface components of the tumor cells, termed
[18,19]
cryoimmunity
; and (6) The main purpose of most
pancreatic cancer treatments is to debulk the tumor
rather than provide “radical treatment”. Cryoablation
can achieve this goal. It is reported that cryoablated
cancerous tissue has an increased sensitivity to
[20]
chemo/radiotherapy .

This gastroparesis may be related to the surgical
procedure. In general, patients with pancreatic cancer
respond well to cryosurgery and the method is less
invasive than conventional pancreatic resection with
fewer surgical-related complications or occurrences
of postoperative death. Korpan considered that
cryosurgery should be the modality of choice in most
[23]
cases of pancreatic cancer .

Percutaneous cryotherapy

Freezing has long been used in the treatment of
cancers; however, the technique is only possible in
deep-seated tumors by using argon-helium knife
technology. By exploiting recent advances in imaging
technology, three novel techniques in percutaneous
cryosurgery were pioneered: As the liver and stomach
heal rapidly following surgery, we used transabdominal
approaches for tumors located in the pancreatic head;
whereas transdorsal approaches were adopted for
tumors located in the pancreatic body or tail. The
percutaneous probe can be administered in four ways
depending on the position of the needle in the tumor:
through the stomach (Figure 1); through the left lobe
of the liver (Figure 2); between the stomach and
transverse colon (Figure 3); or by using transdorsal
approaches (Figure 4).
We have carried out multiple retrospective analyses
in our institution (Guangzhou Fuda Cancer Hospital)
into the application of percutaneous cryoablation in
the treatment of pancreatic cancer. In 2008 Xu et
[24]
al
reported that the treatment of locally advanced
pancreatic cancer by percutaneous cryoablation gave
satisfactory results. Argon-helium knife percutaneous
cryosurgery was used in the treatment of 49 cases of
locally advanced pancreatic cancer between 2001 and
2008. The technique involved two freeze-thaw cycles,
each of which involved freezing for 5 min followed by
rewarming for 10 min. Adverse effects included upper
abdominal pain with an increase in serum amylase; six
cases of acute pancreatitis, one of whom developed
severe pancreatitis; and intra-abdominal bleeding in
[24,25]
three patients which stopped within four days
.
This freeze-thaw treatment was also administered to

Intraoperative cryosurgery

Cryotherapy of pancreatic cancer can be divided
into intraoperative cryosurgery and percutaneous
cryosurgery. Complications associated with intra
operative cryosurgery are similar to those found in
other abdominal and thoracic surgical operations;
however, a study into intraoperative cryosurgery
carried out between 1995 and 1999 in 10 patients
with unresectable pancreatic cancer reported a
reduction in cancer-related pain in all cases following
cryosurgery with no postoperative complications, such
as pancreatitis, pancreatic fistulas and sepsis, or death
[21]
directly related to surgery . A later study carried
out in 2008 in 46 patients with pancreatic cancer
who underwent intraoperative cryosurgery reported
that 31 (67%) patients presented with gastroparesis,
there were no surgery-related deaths, 29 patients
presented with the tumor located in the pancreatic
head and uncinate process, and in 2 cases the tumor
[22]
was located in the body and tail of the pancreas .
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Figure 2 Percutaneous cryoablation of pancreatic cancer under enhanced computed tomography guidance. The images were taken via the left lobe of the
liver. A: The tumor at the head of the pancreas (yellow arrow) is visible with high intensity; B: The probe (green arrow) was percutaneously inserted into the tumor via
the left lobe of the liver; the ice ball appears as a dark area (red arrow).
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Figure 3 Percutaneous cryoablation of pancreatic cancer under enhanced computed tomography guidance. The images were taken between the stomach
and transverse colon. A: The tumor at the head of the pancreas (yellow arrow) is visible with high intensity; B: The probe (green arrow) was percutaneously inserted
into the tumor between the stomach and transverse colon; the ice ball is shown as a dark area (red arrow).

59 patients with locally advanced pancreatic cancer
between 2008 and 2009. The adverse effects included
45 cases of postoperative abdominal pain, 29 cases
of fever and 34 cases with an increase in serum
amylase. A further 5 cases developed more serious
complications including intra-abdominal hemorrhage,
pancreatic leakage, obstruction and cryoprobe needle
[26]
tract metastasis . US and CT guided percutaneous
cryoablation was used to treat 32 patients between
February 2009 and February 2010 with unresectable
pancreatic cancer or resectable pancreatic cancer
staged from Ⅱ-Ⅳ which was not amenable to surgery.
They included 15 tumors smaller than 5 cm (46.9%)
that were successfully ablated in one session of
cryoablation. There were no serious complications
and 27 patients experienced a ≥ 50% reduction in
pain, 22 experienced a 50% decrease in analgesic
consumption and 16 experienced an increase in
Karnofsky Performance Status (KPS) score ≥ 20. In
addition, partial response and stable disease were
reported in 9 and 21 patients, respectively, and their
[16]
lesions could be controlled by CT or enhanced CT .
US and CT guided percutaneous cryoablation has three
key advantages in the treatment of pancreatic cancer:

WJG|www.wjgnet.com

(1) It provides real-time and accurate monitoring of
ice ball formation, vascular visualization and optimal
positioning and control of the cryoprobe throughout
the procedure; (2) Improved visualization as a result
of US and CT imaging protects adjacent vascular and
organs during cryoprobe positioning and freezing;
and (3) The procedure is simpler and has a shorter
duration (approximately 1 h) than conventional
approaches, thereby improving recovery times and
reducing the length of hospitalization. All of the
analyses showed that complications resulting from
percutaneous cryoablation could be minimized by
symptomatic treatment, and there were no treatmentrelated deaths.
In theory, intraoperative cryosurgery should offer an
advantage over percutaneous cryoablation by protecting
visceral tissues through cooling while the ablation
procedure is performed under direct vision; however,
we found that US or CT imaging during percutaneous
cryoablation can reveal adjacent structures more clearly
[16]
than laparotomy . Furthermore, the complications
associated with intraoperative cryosurgery were similar
to those observed in open abdominal or thoracic
surgery, whereas percutaneous cryoablation in the
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Figure 4 Percutaneous cryoablation of pancreatic cancer under enhanced computed tomography guidance. The images represent transdorsal approaches.
A: The tumor at the head of the pancreas can be seen with high intensity (yellow arrow); B: The probe (green arrow) was inserted percutaneously into the tumor via a
transdorsal approach; C: Ice ball formation appears as a dark area (red arrow); D: The size of the ice ball covers the entire area of tumor.
[24]

treatment of pancreatic cancer appeared safer with
fewer therapy-related complications. The advantages of
US and CT guided percutaneous cryoablation, including
improved accuracy and prolonged patient survival,
suggested that this approach may provide an alternative
independent or comprehensive therapy in the treatment
of pancreatic cancer. Most of complications can be
prevented or mitigated with the improvement of
cryoablation techniques and in-depth knowledge on the
anatomy of the pancreas. In summary, cryotherapy
in the treatment of pancreatic cancer can be safe and
reliable.

recurrence . A retrospective analysis of follow-up
data from 59 patients treated between 2008 and 2009
found that their median overall survival was 8.4 mo,
with 3, 6 and 12-mo overall survival rates of 89.7%,
[26]
61.1% and 34.5%, respectively . An analysis of
follow-up data from a further 32 patients with stages ⅡⅣ pancreatic cancer treated with percutaneous US and
CT guided cryoablation between February 2009 and
February 2010 found that their median overall survival
was 12.6 mo, with 6, 12 and 24-mo survival rates of
[16]
82.8%, 54.7% and 27.3%, respectively (Figure 5) .
Although these patient numbers are too small to draw
strong conclusions on the effectiveness of cryoablation
in the treatment of pancreatic cancer, the data are
encouraging.

EFFICACY
To date there have been relatively few studies on the
efficacy of cryotherapy in the treatment pancreatic
cancer and most have been confined to intraoperative
cryosurgery or cryosurgery under endoscopic ultra
sound. Those relating to percutaneous cryotherapy
are rare, with the majority being carried out in Fuda
Hospital Guangzhou. A study involving 49 patients
with locally advanced pancreatic cancer who received
intraoperative cryosurgery or percutaneous cryosurgery
at our hospital between March 2001 and November
2007 showed that median survival was 16.2 mo and
overall survival rates at 6, 12, 24 and 36 mo were
94.9%, 63.1%, 22.8% and 9.5%, respectively. At the
time of this report, the patient with the longest survival
time (40 mo) is still alive with no evidence of tumor
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COMBINATION OF CRYOTHERAPY WITH
OTHER TREATMENTS
A major limitation of cryoablation is incomplete
destruction of cells at the border of the treated regions
where the tissue temperature is greater than -20 ℃.
The irregular shape of the pancreas and infiltration
of surrounding organs also give rise to complications
during cryotherapy. For these reasons adjunctive
approaches are required and percutaneous cryotherapy
is usually combined with other treatments. Adjunctive
therapy, including irradiation, chemotherapeutic drugs,
apoptotic promoters and immunological potentiators,
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seed implantation has been successfully used in the
treatment of prostate cancer, including metastatic and
[30,31]
recurrent cancer
. Compared to other interventional
procedures, this technique has the following advan
tages: radiation from the seeds is attenuated within
a short distance of the target area, ensuring that the
highest accumulative dose is confined to the tumor with
[28]
minimal damage to neighboring organs ; radiation is
applied continuously throughout the treatment, resulting
in the protracted killing of tumor cells over several
weeks or months, ultimately leading to apoptosis of
tumor stem cells. In contrast, multiple applications of
external radiotherapy can only target tumor cells at
limited number of cell cycle phases; radiation from
radioactive seeds in the treatment of pancreatic cancer
is unaffected by respiratory movements, whereas
absorption of radiation with traditional techniques is
inhomogeneous; the metastatic potential of the cancer
is decreased due to changes in the immunophenotype
of tumor cells subjected to the low level of radioactivity
from the seeds. Together, these advantages suggest
that iodine-125 seed implantation may be an effective
complementary therapy alongside cryosurgery in the
treatment of pancreatic cancer.
A study of 67 patients with pancreatic cancer who
had been treated with percutaneous cryosurgery
combined with 125-iodine seed implantation and
chemotherapy (Figure 6) showed that their median
survival time was 11 mo, progression free survival was
5.5 mo and the 6-mo and 12-mo overall survival rates
were 84.8% and 33.4%, respectively. There was no
significant differences between patients with stages
Ⅲ and Ⅳ pancreatic cancer (Figure 7). In addition,
54 patients reported a > 50% decrease in their pain
scores, the level of analgesia was decreased by > 50%
[32]
in 50 cases, and the total response rate was 80.6% .
A retrospective analysis of 145 patients with
stage Ⅳ pancreatic cancer treated at our hospital
between October 2008 and August 2010 compared
[33]
survival times between different treatments . The
patients included those who presented with primary
cancer without metastases and those who presented
with metastatic pancreatic cancer. The patients were
categorized into the following treatment groups and
sub-groups: cryoablation combined with 125-iodine
seed implantation; 125-iodine seed implantation
alone; those who were treated within two months
of diagnosis; and those who were treated 2-14 mo
after diagnosis. The results showed that the median
survival time of patients who received the combined
therapy was significantly longer than those treated
with particle implantation alone (8 mo vs 4 mo, P =
0.001); similarly, the median survival times of patients
with non-metastatic and metastatic pancreatic cancer
who received combined treatment within two months
of diagnosis were significantly higher than those who
received treatment from 2-14 mo after diagnosis (13
mo vs 6 mo, P = 0.0034); whereas metastatic patients
who received the delayed combination treatment

A

B
Stomach

C

Figure 5 Comparisons between computed tomography images of
pancreatic carcinoma before, during and 1.5 mo after cryoablation. A:
The tumor at stage Ⅳ (red arrows) is 4.5 cm × 4.6 cm × 3.8 cm in size; B: The
cryoprobe was inserted via the stomach approaching the tumor mass (yellow
arrow); cryoablation was performed after the pancreatic tumor was completely
encased within the ice ball (green arrows); C: The center of the tumor mass (red
arrows) 1.5 mo post-cryoablation displays shrinkage with no enhancement of
the tumor.

has been shown to increase the efficacy of cryosurgery
[27]
in many types of cancer
and has been the subject
of research in our institution in relation to pancreatic
cancer.

Cryotherapy combined with iodine-125 seed
implantation

Radioactive seed implantation has been used in the
treatment of pancreatic cancer for over 20 years,
however, the survival benefit has been limited in
[28,29]
advanced cases
. Iodine-125 is an isotope that
emits γ-radiation over short distances, resulting in the
death of targeted cells. Brachytherapy using iodine-125
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seed implantation (Figure 8). During a median followup period of 18 mo, the median overall survival
time was 16.2 mo, with 6, 12, 24 and 36-mo overall
survival rates of 94.9%, 63.1%, 22.8% and 9.5%,
respectively. While in another study, 59 patients with
locally advanced pancreatic cancer were treated
percutaneous cryosurgery alone. The median survival
was 8.4 mo. The overall survival rates at 3, 6 and 12
mo were 89.7%, 61.1% and 34.5%, respectively.
These results confirmed that combined treatment could
achieve longer overall median survival and higher 6-mo
[34]
and 12-mo survival rates than cryosurgery alone .
Together, the results of our analyses have demon
strated that combination of percutaneous cryosurgery
with iodine-125 seed implantation is feasible,
potentially safe and may be a promising option for
the treatment of patients with locally advanced and
unresectable pancreatic cancer, leading to longer
survival times. The combined approach appears to
achieve greater control of the tumor as the 125-iodine
particles reduce damage to the target organ and
surrounding normal tissue. The benefit was greatest
where the anatomy was complex, such as those
involving tumors at the head of the pancreas. This is
an important consideration in the treatment of locally
advanced pancreatic cancer.

A

B

C

Cryosurgery combined with immunotherapy

The local tumor microenvironment can inhibit immune
cells, weakening the immune system and resulting
[35]
in the rapid growth of tumors . Immunotherapy
with dendritic cells loaded with autologous tumor
cells (antigen-loaded dendritic cells) has been shown
to be important in preventing tumor recurrence and
improving the quality of life in cancer patients. This
recent development enables cytokine-induced killer
cells (dendritic cell-cytokine induced killer, DC-CIK) to
restore the number of T lymphocytes in the body that
[35]
can directly kill tumor cells . Cryotherapy not only
promotes tumor cell necrosis but also enhances the antitumor immune response. As a result, immunotherapy
can play an auxiliary role in cytoreductive surgery. In
[36]
2013 Niu et al
retrospectively assessed the effect
of immunotherapy with comprehensive cryosurgery
(ablation of intrapancreatic and extrapancreatic
tumors) in 106 patients with metastatic pancreatic
cancer. The patients were divided into the following
treatment groups: cryoimmunotherapy (31 patients);
cryotherapy (36 patients); immunotherapy (17
patients); and chemotherapy (22 patients). The
results showed that the median overall survival
times in the cryoimmunotherapy and cryotherapy
groups (13 and 7 mo, respectively) were longer than
those in the chemotherapy group (3.5 mo; both P
= 0.001). The median overall survival time in the
cryoimmunotherapy group was also significantly higher
compared to both the cryotherapy group (P = 0.05)

Figure 6 Pancreatic computed tomography scans before and after
cryosurgery combined with 125-iodine seed implantation. A: Pancreatic
lesions before treatment; B: Shrinkage of the pancreatic tumor one month posttreatment; C: Total shrinkage of the pancreatic tumor 6 mo post-treatment.

showed no significant survival advantage compared
to those treated with 125-iodine seed implantation
alone (5 mo vs 3 mo, P = 0.0415). Further analyses
demonstrated that repeated application of the
combined treatment resulted in significantly longer
median survival times than a single application (11 mo
vs 7 mo, P = 0.0389); no such benefit was observed if
seed implantation was administered alone (P = 0.990).
In addition, patients who received repeated treatment
within 2-14 mo also showed longer survival times,
however, this may have been associated with pre[33]
treatment with chemotherapy .
A follow-up study was conducted to determine
overall survival rates in 49 patients with locally
advanced pancreatic cancer who were treated at our
hospital with combined cryosurgery and iodine-125
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Figure 7 Survival plots of 67 patients with advanced pancreatic cancer after percutaneous cryoablation combined with 125-iodine seed implantation
and chemotherapy. A: Progression-free survival curves for all 67 patients following treatment; B: Overall survival curves for all 67 patients following the combined
treatment; C: Progression-free survival curves for patients with stages Ⅲ and Ⅳ advanced pancreatic cancer post-treatment; D: Overall survival curves for patients
with stages Ⅲ and Ⅳ advanced pancreatic cancer post-treatment.
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Figure 8 Pancreatic computed tomography scans of patients who received cryosurgery combined with 125-iodine seed implantation before and after
treatment. A: Before treatment; B: 3 mo post-treatment; C: 12 mo post-treatment.
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Figure 9 Correlation between overall survival and the number of cryoablation treatments in patients with pancreatic cancer. A: Comparisons of overall
survival in the cryoimmunotherapy group between 13 patients who underwent repeated cryoablation and 18 patients who received a single cryoablation procedure;
B: Comparisons of overall survival in the cryotherapy group between 15 patients who underwent repeated cryoablation and 21 patients who underwent a single
cryoablation procedure. The analyses were performed by the Kaplan-Meier method with long-rank tests.
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Figure 10 Correlation of overall survival with pretreatment immunologic indexes. A: Comparison between overall survival in 21 patients with immunologic
indexes ≥ the reference range and 10 patients with immunologic indexes < the reference range in the cryoimmunotherapy group; B: Comparison between overall
survival in 10 patients with immunologic indexes ≥ the reference range and 7 patients with immunologic indexes < the reference range in the immunotherapy group.
The analyses were performed by the Kaplan-Meier method with long-rank tests.

and immunotherapy group (5 mo; P = 0.001). Longer
median overall survival times could be achieved by both
cryoimmunotherapy and cryotherapy when multiple
cryoablation procedures were administered compared to
a single application (cryoimmunotherapy group: 15 mo
vs 10 mo, P = 0.0048; cryotherapy group: 9 mo vs 7
mo, P = 0.041, respectively; Figure 9). In both groups,
patients with normal immunologic function achieved
longer median overall survival times than those with
immune dysfunction (cryoimmunotherapy group: 14
mo vs 7.5 mo, P = 0.0001; immunotherapy group: 6
mo vs 2 mo, P = 0.0004, respectively; Figure 10).
Our findings have demonstrated that cryotherapy
combined with immunotherapy can significantly
improve the curative effect on metastatic pancreatic
cancer compared to conventional chemotherapeutic
techniques, suggesting that this approach may offer a
novel therapy for improved treatment of patients with
metastatic pancreatic cancer.
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CONCLUSION
Patients with pancreatic cancer have a very poor
prognosis, therefore new treatment modalities are
urgently needed. Our experience in this field along with
analyses of current treatment data has demonstrated
that cryoablation is a feasible, potentially safe and
promising option for the treatment of patients with
locally advanced and unresectable pancreatic cancer.
Percutaneous cryoablation, either alone or com
bined with 125-iodine seed implantation, was found
to increase survival in patients with advanced or
metastatic pancreatic cancer; further improvements
in survival times could be achieved with repeated
treatments or when cryotherapy was combined
with immunotherapy. We also found that a plurality
of probes or the use of chemical reagents, such as
anhydrous alcohol injection, increased the area of
freezing within the tumor; for patients with larger
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tumors, treatment combined with transcatheter arterial
chemoembolisation was found to be effective. These
observations need to be confirmed by further studies.
For most patients with pancreatic cancer, cryosurgery
can substitute conventional surgery. We now apply
cryoablation as the standard approach in patients
with unresectable pancreatic cancer. However, further
research in a larger number of cases is necessary to
support these encouraging results.
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Abstract

Juan-Fei Peng, Yan-Yan Zhuang, Feng-Ting Huang, ShiNeng Zhang, Department of Gastroenterology, Sun Yat-sen
Memorial Hospital, Sun Yat-sen University, Guangzhou 510120,
Guangdong Province, China

Noncoding RNAs (ncRNAs) represent a class of RNA
molecules that typically do not code for proteins.
Emerging data suggest that ncRNAs play an important
role in several physiological and pathological conditions
such as cancer. The best-characterized ncRNAs are the
microRNAs (miRNAs), which are short, approximately
22-nucleotide sequences of RNA of approximately
22-nucleotide in length that regulate gene expression
at the posttranscriptional level, through transcript
degradation or translational repression. MiRNAs
can function as master gene regulators, impacting
a variety of cellular pathways important to normal
cellular functions as well as cancer development and
progression. In addition to miRNAs, long ncRNAs,
which are transcripts longer than 200 nucleotides, have
recently emerged as novel drivers of tumorigenesis.
However, the molecular mechanisms of their regulation
and function, and the significance of other ncRNAs such
as piwi-interacting RNAs in pancreas carcinogenesis are
largely unknown. This review summarizes the growing
body of evidence supporting the vital roles of ncRNAs
in pancreatic cancer, focusing on their dysregulation
through both genetic and epigenetic mechanisms, and
highlighting the promise of ncRNAs in diagnostic and
therapeutic applications of pancreatic cancer.

Author contributions: Peng JF, Zhuang YY and Huang FT
performed the literature search, wrote the first draft of the
manuscript and approved the final version; Zhang SN reviewed
the literature and revised this paper critically.
Supported by National Natural Science Foundation of China,
No. 81572348; the Science and Technology Planning Project
of Guangdong Province, No. 2013B021800099; and the
Foundation of Guangzhou Science and Technology Bureau, No.
201510010206.
Conflict-of-interest statement: We declare that we have no
competing interests.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Shi-Neng Zhang, PhD, Department
of Gastroenterology, Sun Yat-sen Memorial Hospital, Sun Yat-sen
University, 107 Yangjiang Rd, Guangzhou 510120, Guangdong
Province, China. shinengz@163.net
Telephone: +86-20-81332598
Fax: +86-20-81332244

Key words: Noncoding RNAs; Diagnosis; Pancreatic
cancer; Therapy; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: May 28, 2015
Peer-review started: June 2, 2015
First decision: July 14, 2015
Revised: September 1, 2015
Accepted: November 30, 2015
Article in press: December 1, 2015
Published online: January 14, 2016

WJG|www.wjgnet.com

Core tip: Emerging data suggest that noncoding RNAs
(ncRNAs) play a vital role in pancreatic cancer. They
contribute to pancreatic cancer through regulation of
gene expression at the chromatin, transcriptional, or
posttranscriptional level. However, their function and
mechanism in pancreatic cancer development are
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not fully understood. This review focuses on ncRNAs
dysregulation in pancreatic cancer through both genetic
and epigenetic mechanisms, and the impact of this
dysregulation on pancreatic cancer risk. We highlight
the potential role of the most promising ncRNAs in
diagnostic and therapeutic applications.

potential disease mechanisms has benefited greatly
from studies using model organisms and/or novel
experimental systems. Insights from such studies
are providing mounting evidence that noncoding
RNAs (ncRNAs) and ncRNA-regulatory processes are
important players in tumorigenesis of the pancreas.
In this review, we will focus on the characteristics
and biological roles of several ncRNAs, with particular
emphasis on their roles in pancreatic cancer. Potential
therapeutic applications of the ncRNAs will also be
discussed.

Peng JF, Zhuang YY, Huang FT, Zhang SN. Noncoding
RNAs and pancreatic cancer. World J Gastroenterol 2016;
22(2): 801-814 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i2/801.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.801

FUNCTIONAL CLASSIFICATION OF
MAJOR HUMAN NCRNAS
INTRODUCTION

Early biochemistry studies identified three families
of RNA that function cooperatively in the process of
protein synthesis: messenger, transfer, and ribosomal
RNA (rRNA). Messenger RNAs (mRNA) carry genetic
information copied from DNA that specifies a particular
amino acid, dictating the polypeptide sequence.
Transfer RNAs (tRNA) bind a complementary amino
acid and carry it to the growing end of a polypeptide
chain. rRNA bind to protein complexes, which physically
move along mRNAs and catalyze the assembly of
[9]
amino acids into the nascent polypeptide chain . The
technological advances applied to functional genomics
during the last decade have opened new frontiers in
the field of RNA biology. To date, approximately 35%
of the human genes identified by the ENCODE project
(about 57000; GENCODE version 17) encode for
[10,11]
proteins
. The vast majority of the remaining genes
(about 65%) are transcribed into RNAs but do not
encode proteins, which are generally known as ncRNAs.
NcRNAs comprise several classes of RNAs, classified
in different groups according to their length, function,
cellular localization, orientation or other criteria (these
classifications are continuously being adjusted as
new data are being acquired). Generally, ncRNAs
less than 200 nucleotides (nt) in length are classified
as short, while all larger transcripts are regarded as
long ncRNAs (lncRNAs). There are several subtypes
of long and short ncRNAs species, many of which are
involved in regulation of gene expression. These can be
further grouped according to their genomic origins and
biogenic processes (Table 1).
The majority of the non-protein-coding transcripts
belong to the group of lncRNAs. The number of genes
encoding for lncRNAs identified so far is approximately
13000 (GENCODE version 17), representing more
than 20% of the human genome. To date, a small
number of these have been studied in detail, shedding
light on their functions and mechanisms of action
in regulating cellular processes such as cell growth
and apoptosis, development, and cell pluripotency
[12-14]
and differentiation)
. Unlike miRNAs and piRNAs,
lncRNAs are highly diverse in structure and function.
LncRNAs typically have the same structures as mRNAs

The incidence of pancreatic cancer ranges from
1/100000 to 10/100000, and is generally higher in
developed countries and among men. It has remained
stable for the past 30 years, in contrast to that of
other common solid tumors. It is the eighth leading
cause of cancer death in men and the ninth in women
[1]
throughout the world . In China, the incidence rate of
pancreatic cancer increased from 3.24/100000 in 2003
to 3.59/100000 in 2011 with an annual percentage
change of 1.44. The mortality rate was 5.40/100000
(male 5.88/100000, female 4.89/100000), ranking
th
[2]
6 among all cancers . In the United States, pan
creatic cancer is expected to affect 46000 people,
and 40000 people are expected to die from it. The
American Cancer Society reported 43920 new cases of
[3,4]
pancreatic cancer in the United States in 2012 . The
overall 5-year survival rate of patients with pancreatic
cancer is less than 6% and this dismal prognosis has
not improved in recent years, resulting in an increasing
number of deaths. The high fatality due to pancreatic
cancer is attributed to failure to diagnose the disease
early before it has metastasized to other organs and
[5]
resistance of the cancer cells to current therapies .
Genetic analysis has established a model of
pancreatic cancer progression. Key shared genetic alte
rations associated with pancreatic cancer progression
include earliest genetic events such as mutations in
K-RAS and overexpression of HER-2/neu. At later
stages, inactivation of the p16 tumor suppressor gene
often occurs, followed by loss of p53, disturbance of
SMAD4, and BRCA2 signaling pathways and other
genomic-transcriptomic alterations that facilitate
deregulation of cell-cycle control and survival, invasion
[6]
and metastasis . Findings from genetically engineered
mouse models are consistent with this model of
[7]
genetic progression . Since these are alterations of
tumor suppressor genes, they have not yet led to
solutions for therapeutic interventions. Beyond these
mutational events, the pancreatic cancer genome is
characterized by diverse, large scale chromosomal
changes with frequent amplifications, deletions,
[8]
and rearrangements . Recently, basic research on
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Table 1 Main classes and function of human noncoding RNAs
RNA types
Small non-coding RNAs (< 200 nt)
Protein synthesis RNAs
Transfer RNAs
Ribosomal 5S and 5.8S RNAs
Small nucleolar RNAs
Small nuclear RNAs
Regulatory RNAs
MicroRNAs
Small interfering RNAs
PIWI-interacting RNAs
Promoter-associated short RNAs
Long non-coding RNAs (> 200 nt)
Ribosomal 28S and 18S RNAs
Long intergenic non-coding RNAs or
long intronic non-coding RNAs
Telomere-associated ncRNAs
Antisense RNAs
Promoter-associated short RNAs
Transcribed-ultraconserved regions

Length (nt)

Function

About 80
121-200
70-200
About 150

Carrying amino acids to connect with mRNA
Component of ribosomes
Involved in maturation of other non-coding RNAs
Joining with proteins to form spliceosomes controlling alternative splicing

20-23
21-22
About 25-33
< 200

Negatively regulating gene expression by joining an enzyme and blocking mRNA, or
speeding its breakdown
Silencing specific genes in a sequence-specific manner.
Controlling retrotransposition and regulating methylation.
Regulating gene expression through interaction with gene promoter sites

200-5070
> 200

Component of ribosomes
Various

100 bp > 9 kb

Negative regulators of telomere
Binding and blocking the translation of mRNA target
Regulating gene expression through interaction with gene promoter sites
Long-range enhancer-like activity, maintenance of splicing factor expression levels and
transcription regulation

> 200
200-799

such as the 5’ cap, polyadenylated 3’ tail and undergo
splicing to give rise to the final product. They are
localized both in the nucleus and cytoplasm, but the
signals that drive their localization are not known.
One important consideration is that, while sequence
conservation of lncRNAs is reportedly poor, transcripts
with corresponding positions and directions in reference
to protein coding genes are more common, indicating
that their functions may well be conserved. It was
observed that genes are usually located very proximal
[15]
to the lncRNA on the genome . Based on their
proximity to protein coding genes, lncRNAs can be
further classified into five categories: sense, antisense,
[16]
bidirectional, intronic, and intergenic . Although
lncRNAs constitute the majority of the transcriptome,
we certainly understand less of their biologic
functions than those of their lesser counterparts.
They are attributed with an ever-increasing number
of functional activities including genomic imprinting
and transcriptional regulation, including both cis- and
trans-acting effect. This is achieved via a variety of
mechanisms such as antisense inhibition, transcriptional
interference, recruitment of chromatin remodeling
complexes, and promoter inactivation by binding to
[17]
basal transcriptional factors (TFs) . Recently, it has
been shown that several lncRNAs may be spliced at
their 5’ and 3’ ends to form circular RNAs (circRNA).
However, the functional importance of circularization,
presumably for increased stability, has not been
[18]
confirmed .
In contrast to lncRNAs, short ncRNAs have been
extensively classified based on their genomic origins
and precise mechanisms of action. The miRNAs are
the best-characterized family of ncRNAs to date.
Mature, functional miRNAs sequences are 20-23 nt in
length, and are usually produced as RNA polymerase

WJG|www.wjgnet.com

Ⅱ-transcribed primary transcripts, namely pri-miRNA.
The biogenesis of a pri-miRNA transcript occurs either
through the canonical pathway involving Drosha and
Dicer or through various noncanonical pathways that
[19-21]
are Drosha- and even Dicer-independent
. Similarly,
recent data show that miRNAs can be produced
from snoRNA, tRNA, or Y-RNA, as intermediate
[22]
products . The human genome encodes thousands of
miRNAs, which regulate a large fraction of the human
transcriptome. An increasing number of TFs and miRNAs
are known to form feedback loops (FBLs) of interactions
where a TF positively or negatively regulates the
expression of a miRNA, and the miRNA suppresses the
translation of the TF mRNA. FBLs are potential sources
of instability in a gene regulatory network. Positive FBLs
can give rise to switching behaviors, while negative
FBLs can generate periodic oscillations. MiRNAs and TFs
can modulate the expression of multiple targets, alter
cell fate and are often engaged in mutually reinforcing
functions. However, miRNAs differ from TFs in many
critical ways. Firstly, almost all the known miRNAs are
repressors, while TFs are either repressors or activators
and in some rare cases can act as both depending on
the target and interacting partners. Secondly, miRNAs
usually bring about down-regulation of their targets by a
post-transcriptional mechanism, by degrading the target
RNA or blocking its translation. TF interaction with target
DNA is largely mediated through structural elements,
while miRNA interactions with targets are largely
governed by the rules of nucleic acid complementarity
and are therefore more easily predicted. When a
particular gene is targeted by a TF, there is usually
a single or at most a few tandemly repeated sites
present at that locus. However, a typical miRNA-target
interaction is characterized by miRNA molecules binding
to several mRNA molecules. Lastly, TFs are usually not
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Table 2 Long noncoding RNAs dysregulated in pancreatic cancer
Names of lncRNAs

Genomic location

Expression

Roles in pancreatic cancer

Ref.

H19
HOTAIR
HOTTIP
MALAT-1
PVT1
HULC
AF339813
Gas5
ENST00000480739

11p15.5
12q12.13
7p15.2
11q13
8q24.21
6p24.3
13q31.3
1q25.1
12q13

Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Downregulated
Downregulated

Cell proliferation, migration, invasion, target therapy
Cell proliferation, cell cycle, apoptosis, migration, invasion
Cell proliferation, cell cycle, migration, invasion, drug resistance
Cell proliferation, migration, invasion
Drug resistance
Cell proliferation
Cell proliferation, apoptosis
Cell proliferation, cell cycle
Not mentioned

[42-47]
[48-52]
[58,59]
[60-65]
[66-69]
[70]
[71]
[72]
[73]

H19

consumed in the TF-DNA interactions and may indeed
engage in multiple rounds of regulation. The fate of
the miRNA engaged in a miRNA-target complex is
[23-27]
not understood with similar clarity
. MiRNAs have
been shown to be associated with many of the classical
hallmarks of cancer, including proliferation, apoptosis,
differentiation, and angiogenesis. With their widespread
range of influence on biological pathways and
implications as either oncogenes or tumor suppressor
genes, their dysregulation is naturally an important
factor in tumorigenesis leading to pancreatic cancer.
The piwi-interacting RNAs (piRNAs) are 25-33 nt
in length, which depend on the PIWI protein group
they bind to, and they lack sequence conservation
between organisms. PiRNAs were first discovered
in Drosophila as repeat-associated siRNAs, which
show complementarily to a variety of transposable
and repetitive elements. Unlike Drosophila piRNAs,
more than 90% of mammalian piRNAs can be
mapped uniquely in the genome and they cluster to
a small number of loci. PiRNA clusters are transcribed
in the sense or antisense direction, and the long
single-stranded RNA serves as the basis for piRNA
production. Recent research highlighted the complexity
of piRNA biogenesis pathways, which have just begun
[28]
to be elucidated . PiRNAs are distinct from miRNA
in that there is no evidence for a double-stranded
RNA precursor and their biogenesis is independent of
Dicer. There are two proposed pathways for generating
piRNAs: a primary processing pathway and a “ping[29,30]
pong” amplification loop, as recently reviewed
.

As the first lncRNA to be identified in human disease,
H19 is a maternally imprinted gene on chromosome
11p15.5, and contains five exons and four introns. The
gene is mainly localized in cytoplasm, and is highly
expressed during embryo development and strongly
repressed after birth. However, multiple studies have
shown that H19 was re-expressed in many types of
cancers, such as esophagus, colon, liver, and bladder
cancers. Furthermore, studies have indicated that
H19 possesses both tumor promoter and suppressor
[42-44]
functions
. In pancreatic cancer, H19 was not only
markedly overexpressed in tumor tissues and cell
lines, its expression also positively correlated with
invasion and migration of the tumor. H19 plays its role
by partially antagonizing let-7’s targeting of HMGA2[45]
mediated EMT (epithelial-mesenchymal transition) .
In addition, studies have demonstrated that DNAbased therapy controlled by H19 gene sequences
either alone or in combination with gemcitabine
could improve the effectiveness of pancreatic cancer
[46,47]
treatment
.

HOX transcript antisense intergenic RNA

HOX transcript antisense intergenic RNA (HOTAIR)
is a 2158 nt transcript located on chromosome
[48,49]
12q12.13, which regulates the nearby HOX genes
.
Previous studies reported that HOTAIR acted as an
oncogene in many cancers, including breast cancer,
hepatocellular carcinoma, non-small cell lung cancer
and colon cancer. Artificially up-regulating HOTAIR
in cancer cells strongly increased cell proliferation,
and invasive and metastatic abilities. Knockdown of
HOTAIR in cancer cells that overexpressed HOTAIR
[48,50-52]
impaired their invasion and metastasis
. Several
studies demonstrated that this could be attributed
to its 5’- and 3’- domain selectively binding PRC2
(polycomb repressive complex 2) and LSD1/coREST/
REST protein complexes, respectively. Following
binding of PRC2 and LSD1/coREST/REST protein
complexes, HOTAIR recruits these complexes to the
HOXD locus on chromosome 2. This is followed by
further recruitment of zeste12 suppressed and zeste
homolog2 enhanced, leading to H3K27 trimethylation
and H3K4 demethylation, finally resulting in repression
of genes involved in cell proliferation and metastasis.

LONG NCRNAS IN PANCREATIC CANCER
As shown above, lncRNAs, including several newly
[31]
found lncRNAs: enhancer RNA , competing endo
[32]
[33]
genous RNA , circRNA , and antisense long non[34]
coding RNA , are a class of transcripts longer than
200 nt, which is functional, rather than “transcriptional
noise” (non-functional RNA) as previously believed.
Although only a small part of lncRNAs has been wellcharacterized to date, the significance of lncRNAs
dysregulation has been investigated in diverse human
[35-41]
diseases, especially in malignant tumor
. Here, we
systematically summarize the dysregulated lncRNAs in
pancreatic cancer (Table 2).
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Further analysis of gene expression indicated that
there were also a great number of genes up regulated
when HOTAIR was overexpressed. Depleting PRC2 in
cancer cells overexpressing HOTAIR resulted in the
gene expression profile changing into that of cancer
[48,50-52]
cells without HOTAIR overexpression
.
HOTAIR also has higher expression level in
pancreatic cancer tissues compared to adjacent non[53]
cancerous pancreatic tissues . RNAi-mediated
knockdown of HOTAIR resulted in: (1) decrease in cell
proliferation, changes in cell cycle progression, and
induction of apoptosis; (2) blockage of cell invasiveness
and metastatic ability both in vitro and in vivo; and
(3) significant changes in the gene expression profile.
Interestingly, when analyzing some of these changed
genes, researchers found the changes involved both
PRC2-dependent and -independent mechanisms.
As HOTAIR was located both in the nucleus and
cytoplasm, it was very likely, besides functioning
through PRC2, that HOTAIR may play roles through
[53]
different mechanisms .

1 (MALAT-1), also named nuclear-enriched abundant
transcript 2 (NEAT1) is another extensively investigated
lncRNA. It is more than 8000 nt in length, expressed
on chromosome 11q13 and localizes to nuclear
speckles after being spliced. The gene was first found
in non-small cell lung cancer and serves as a predictive
marker of metastasis and a therapeutic target in non[60]
small cell lung cancer, thus the name . Thereafter, an
increasing number of studies reported that MALAT-1
was also overexpressed in many other cancer types,
and was associated with cancer metastatic potential,
shorter survival, and poor prognosis in patients with
these cancers as well as non-small cell lung cancer.
Moreover, the mechanisms of MALAT-1 functioning in
cancer occurrence and development were also widely
explored. For example, the mechanism underlying
MALAT-1 interacting with and binding unmethylated
polycomb 2 protein, which controls the relocalization
of growth-related genes between polycomb bodies and
[61]
interchromatin granules, has been reported in detail ,
and a study on colorectal cancer demonstrated that
the 3’ end of MALAT-1 has a vital biological motif in
[62]
colorectal cancer cell invasiveness and metastasis .
MALAT-1 was also shown to be up-regulated in
[63,64]
pancreatic cancer tissues and cell lines
. Further
studies demonstrated that high MALAT-1 expression
was correlated with advanced tumor clinical stages,
positive lymph node and distant metastasis, and poor
survival. Knockdown of MALAT-1 resulted in reduced
cell proliferation, migration, and invasion in vitro, and
[65]
blocked cell metastasis in vivo . All these findings
indicate that MALAT-1 may act as a cancer promoting
factor in pancreatic cancer, and suggest a potential
therapeutic role of MALAT-1 targeted therapy in
pancreatic cancer.

HOXA transcript at the distal tip

HOXA transcript at the distal tip (HOTTIP) is another
HOX-associated lncRNA transcribed from the 5’ tip of
the HOXA locus, which directly controls the expression
of multiple 5’ HOXA locus genes via interaction
with PRC2 and WDR5/MLL1 chromatin modifying
[54]
complexes . Although HOTTIP was significantly
expressed and functioned in anatomically distal human
[55]
fibroblasts , its up-regulation and coordination with
HOXA13 have been recently studied in hepatocellular
[56]
carcinomas . In hepatocellular carcinomas, HOTTIP
serves as a negative prognostic factor, and HOTTIP
expression was associated with increased cell prolife
ration and enhanced metastasis. In addition, HOTTIP
is linked to deletion of the vitamin D receptor in
keratinocytes, which contributes to the formation of
[57]
skin cancer . With regard to pancreatic cancer, it was
found that HOTTIP was significantly up-regulated in
pancreatic cancer tissues and in pancreatic cancer cell
lines compared with non-cancerous pancreatic tissues
and the non-tumor pancreatic cell line HPDE6. In the
same study, it was further documented that HOTTIP
inhibition resulted in proliferation arrest, impaired
cell invasion by inhibiting EMT, and potentiated the
antitumor effects of gemcitabine both in vitro and in
vivo. All of these functions were fulfilled partially by
[58]
coordinating the activation of HOXA13 . Another
research group showed that HOTTIP regulates
pancreatic cancer cell proliferation, apoptosis and
migration via its regulation of several other HOX genes
including HOXA10, HOXB2, HOXA11, HOXA9, and
[59]
HOXA1 rather than HOXA13 . Thus, further studies
are needed to elucidate the mechanism of HOTTIP
function.

PVT1

Other newly found overexpressed lncRNA

Metastasis-associated lung adenocarcinoma transcript 1

Highly up-regulated in liver cancer (HULC) is a cancerrelated lncRNA, residing on chromosome 6p24.3.

Metastasis-associated lung adenocarcinoma transcript
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[66]

PVT1 was identified in 1986 . Previous studies
showed that PVT1 possessed oncogenic potential in
many malignant tumors. However, it was not until
recently that studies investigating PVT1 gene in
[66]
pancreatic cancer have emerged , including the
study on negative regulation of PVT1 on pancreatic
cancer cell sensitivity to gemcitabine, the finding of a
[67]
susceptibility allele rs1561927 in PVT1 , and a study
[68]
on PVT1 expression level in pancreatic tissues . In
this study, researchers used qRT-PCR to measure PVT1
expression level in pancreatic tissues and analyzed its
association with clinical-pathological parameters and
patient overall survival, and found that PVT1 had much
higher expression in pancreatic cancer tissues than
non-cancerous tissues, and was positively correlated
with poor survival of patients. However, studies on the
detailed mechanisms of PVT1 in pancreatic cancer as
well as in other cancer types are very scarce.
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Table 3 Selected microRNAs in pancreatic cancer
MiRNA

Expression

Role

Target genes

Biological significance

Clinical significance

miR-21

Up

O

PTEN, EGFR, HER2/neu, PDCD4,
Bcl2, TIMP2, TIMP3

Proliferation and cell division

miR-221/222

Up

O

CDKN1B, PUMA, PTEN, Bim

Cell cycle progression

miR-192

Up

O

SIP1, cell cycle regulatory genes

miR-424-5p
miR-208
miR-155
miR-10a/b
miR-196a-2/196
miR-375

Up
Up
Up
Up
Up
Up

O
O
O
O
O
O

SOCS6
CDH1
TP53INP1
HOXB8, HOXA1
HOXB8, ANXA1, HMGA2
PDK1, 14-3-3zeta

Cell proliferation and migration,
reduced apoptosis and cell cycle
progression
Cell proliferation and migration
EMT
Apoptosis
Invasivity and metastasis
N
Cell proliferation and apoptosis

Gem chemosensitivity, Biomarker,
Prognosis, Potential target for
treatment
Gem chemosensitivity, Biomarker for
diagnosis, Prognosis, potential target
for treatment
Biomarker for diagnosis (serum)

miR-210

Up

O

HOXA1, FGFRL1, HOXA9, COX10,
E2F3, RAD52, ACVR1B, MNT

miR-301a
miR-421

Up
Up

O
O

Bim, NKRF
DPANCREATIC CANCER4/Smad

miR-15/16

Up

O

miR-124

Down

TS

Anti-apoptotic genes: bcl2l1, naip5,
fgfr2 and mybl2
RAC1

miR-203

Down

TS

BIRC5, CAV1

miR-143

Down

TS

GET1, GET2, KRAS

miR126,let-7

Down

TS

E2F2, c-Myc, KRAS, MAPK, STAT3

miR-34a/b

Down

TS

TP53, Bcl-2

miR-200 family
miR-146a
miR-96

Down
Down
Down

TS
TS
TS

EP300, ZEB1, SIPI1
IRAK-1, EGFR
KRAS, AKT

Regulating the interaction between
pancreatic cancer cells and stellate
cells
Proliferation and metastasis
Cell proliferation and colony
formation
Apoptosis and tumor angiogenesis
Cell proliferation, invasion and
metastasis
Cell cycle progression, apoptosis,
EMT
Cell proliferation, invasion and
metastasis
Cell proliferation
Apoptosis, DNA repair, cell cycle
progression and angiogenesis
EMT
Invasivity
Tumor growth and invasion

Prognosis
N
Biomarker for diagnosis, Prognosis
Gem chemosensitivity, Prognosis
Biomarker for diagnosis, Prognosis
Biomarker for diagnosis, Potential
target for treatment
Biomarker for diagnosis, Prognosis

Prognosis
Potential target for treatment
Potential target for treatment
N
Indicator of the metastatic potential,
potential target for treatment
N
Chemosensitivity, potential target for
treatment
Prognosis, Chemosensitivity
Prognosis, Chemosensitivity
Potential target for treatment
Potential target for treatment

Up: Upregulated; Down: Downregulated; O: Oncogeneic; TS: Tumor suppressive; N: Not mentioned.

It mainly functions in the cytoplasm. HULC was
found to be overexpressed in a group of metastatic
and advanced clinical stage pancreatic tumors and
[69]
could promote cell proliferation in vitro . Recently,
lncRNA AF339813 was found to be overexpressed
and positively regulated by NUF2 (Ndc80 kinetochore
[70]
complex component) in pancreatic cancer cells .

ENST00000480739 expression level was negatively
correlated with tumor TNM stages and poor overall
[72]
survival of patient with pancreatic cancer .

MiRNAS IN PANCREATIC CANCER
Mounting evidence has shown the involvement of
deregulation and aberrant expression of miRNAs in
the carcinogenesis of various organs, including the
pancreas. Although the understanding of miRNAs
expression profile in pancreatic cancer has been
improving significantly, the role of these miRNAs in
pancreatic cancer tumorigenesis and progression
[73-77]
is only fractionally documented
. MiRNAs dysre
gulated in pancreatic cancer can be classified into
oncogenic miRNAs and tumor suppressor miRNAs in
relation to their function in carcinogenic processes. A
number of important miRNA candidates that might be
clinically relevant in the management of pancreatic
cancer are listed in Table 3.

Down-regulated lncRNAs

Besides the above-mentioned lncRNAs up-regulated in
pancreatic cancer, there are also some lncRNAs which
are down-regulated in pancreatic cancer. LncRNA
growth arrest-specific 5 was markedly down-regulated
in pancreatic cancer tissues and cancer cell lines, and
involved in cell proliferation and cell cycle regulation.
The mechanism may be partially explained by its
[71]
negative regulation of CDK6 expression . A novel
lncRNA called ENST00000480739 was significantly
downregulated in pancreatic cancerous tissues
compared to adjacent non-cancerous tissues, and the
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Oncogenic miRNAs

Furthermore, miRNAs have an important role in
[97-99]
cancer stem cells (CSCs) function
. MiR-34 was
down-regulated in pancreatic cancer, and miR-34
+
restoration led to a significant reduction of CD44 /
+
CD133 cells and inhibition of tumor sphere growth in
pancreatic cancer, implying that miR-34 may be involved
[100]
in pancreatic CSC self-renewal
. Moreover, MiR-34
may be involved in CSC activity via direct modulation of
[101]
downstream targets Bcl-2 and Notch . MiR-200a was
significantly down-regulated in pancreatic CSCs (PCSCs)
compared with their counterpart control, PANC-1 cells.
Artificial overexpression of miR-200a in the PCSCs
resulted in up-regulation of the epithelial marker
E-cadherin and down-regulation of mesenchymal
markers ZEB1, N-cadherin and Vimentin, suggesting
that the loss of miR-200a was critical for the acquisition
of EMT characteristics and that the overexpression
of miR-200a could reverse the EMT phenotype of
[102]
PCSCs
. The miR-17-92 family can negatively
regulate and control PCSCs features by targeting genes
involved in the activated Nodal/Activin/TGF-β signaling
pathway or by targeting ALK4, p21 and transcription
[103]
factor T-box 3 . Taken together, these data show that
miRNAs play a crucial role in PCSCs biological function.

Several studies revealed that distinct cell- and tissuespecific miRNA expression was found in pancreatic
cancer specimens compared with normal cells and
[78-81]
[82]
tissues
. Hong et al
analyzed the miRNA
profile in pancreatic cancer tissues and cell lines in
comparison with normal tissues and cells, and found
8 aberrantly overexpressed miRNAs (miR-196a,
miR-190, miR-186, miR-221, miR-222, miR-200b,
miR-15b and miR-95). Interestingly, it has been found
that miR-196a plays a vital role in pancreatic cancer.
High expression of miR-196a had good potential in
predicting poor survival of patients with pancreatic
cancer [median, 14.3 mo (95%CI: 12.4-16.2 mo)
[83]
vs 26.5 mo (95%CI: 23.4-29.6 mo)] . miR-196a
may have promoted pancreatic cancer proliferation
and migration by targeting nuclear factor kappaB-inhibitor alpha (NFKBIA), which is a metastasis[84]
related protein . Several studies have reported that
miR-221 may function as a proto-oncogene. Upregulation of miR-221 is known to contribute to the
proliferation, invasion, inhibition of apoptosis and
chemoresistance of pancreatic cancer. Its target genes
include MMP 2 and MMP 9, which were closely related
to cell migration and invasion, and were regarded as
[85]
markers of cancer invasion and metastasis . Another
target gene of miR-221 was PTEN, a tumor suppressor
that negatively regulates cell proliferation and survival
by antagonizing phosphatidylinositol 3-kinase (PI3K)
[86]
signaling .
As mentioned above, tissue miRNAs play an
important role in pancreatic cancer initiation and
development. In addition, circulating miRNAs may
also contribute to pancreatic cancer progression. For
example, circulating miR-200a/b were elevated and
could be potential markers for early diagnosis and
treatment monitoring of pancreatic cancer. One of its
downstream targets was SIP1, whose protein product
suppressed E-cadherin expression and contributed to
[87]
EMT . One study reported that combinations of 7
miRNA (miR-20a, miR-21, miR-24, miR-25, miR-99a,
miR-185, and miR-191) served as great biomarkers
and showed high sensitivity and specificity for
distinguishing various stages of pancreatic cancer from
cancer-free controls and also from chronic pancrea
[88]
titis . Among the 7 miRNAs, miR-21 levels in serum
were significantly associated with overall pancreatic
[88,89]
cancer survival
. Furthermore, overexpression of
miR-21 contributed to gemcitabine chemoresistance
and enhanced malignancy of pancreatic cancer cells
[90]
via p85α, the PI3K regulatory subunit . MiR-21 is also
[91-94]
known to be involved in other cancers
. It played an
oncogenic role by targeting FOXO1 and activating the
[95]
PI3K/AKT pathway in diffuse large B-cell lymphoma .
In addition, miR-21 may promote intrahepatic cholan
giocarcinoma proliferation in vitro and in vivo, probably
[96]
by targeting PTPN14 and PTEN .
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Tumor suppressor miRNAs

In contrast, there are also tumor suppressor miRNAs,
which were often found to be deregulated in pancreatic
cancer. They inhibit the initiation and progression
of pancreatic cancer by negatively regulating cell
[103]
[104]
cycle and proliferation (miR-124
, miR-203
,
[105]
[106]
[107]
miR-143 , miR-126 , and let-7 ), or facilitating
[108-110]
[104]
apoptosis and DNA repair (miR-34a
, miR-203 ,
[111]
miR-150 and miR-630 ), or decreasing the capacity
[112,113]
of tumor invasion and metastasis (miR-200a/b/c
,
[114]
[115]
[116]
[105]
miR-141
, miR-429
, miR-203
, miR-143
,
[117]
and miR-146 ). Recently, a study reported that miR615-5p was significantly downregulated in pancreatic
cancer compared with adjacent normal tissues, and
could inhibit proliferation, migration and invasion of
[118]
pancreatic cancer cell lines by targeting AKT2
.
Another well-known tumor suppressor miRNA is the
let-7 family. Let-7 was found downregulated in a
number of pancreatic cancer cell lines. Reexpression
of let-7 (including let-7a and let-7f) retarded the
migratory potential of pancreatic cancer, and
decreased the expression of Vimentin and Fibronectin.
Furthermore, STAT3 phosphorylation and STAT3activated gene expression were inhibited with
[119]
upregulation of let-7 . Similarly, miR-1181 was also
found underexpressed in pancreatic cancer. Clinically,
decreased expression of miR-1181 was found to be
associated with poorer overall survival and disease-free
survival. Experimentally, miR-1181 contributed to CSClike phenotypes by gain-of-function and loss-of-function
assay, and it was demonstrated that SOX2 and STAT3
[120]
expression were inhibited directly by miR-1181 .
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involved small sample sets; thus, validation in larger,
independent cohorts is required prior to application of
[129]
miRNA assays in a clinical setting .

NCRNAS AS DIAGNOSTICS AND
PROGNOSTICS FOR PANCREATIC
CANCER

NCRNAS AS PANCREATIC CANCER
THERAPEUTICS

The development of diagnostic and prognostic
pancreatic cancer biomarkers has the potential to
detect disease at an early stage, improve disease
management, and reduce mortality due to this
disease. CA19-9 is widely used for the diagnosis and
prognosis of pancreatic cancer, although its limitations
are well understood. The expression levels of miR-16,
miR-21, miR-210, miR-155, miR-20a, miR-25 and miR196a in the plasma of patients with pancreatic cancer
were higher than those of the normal controls. Of
which, miR-21 had the highest diagnostic value when
used as a diagnostic marker alone. An additional study
confirmed that the diagnostic sensitivity and accuracy
could be improved when miR-16, miR-155 and miR-25
[121,122]
were combined with CA19-9, respectively
.
The concentration of miR-18a in plasma/serum was
reported to be much higher than that of healthy
[123]
volunteers
. Besides in plasma, miRNA-10b, -30c,
-106b, -155, and -212 in bile have also been reported
to provide excellent accuracy for distinguishing
[124]
pancreatic cancer patients from others .
Intraductal papillary mucinous neoplasm (IPMN) is
a precursor cystic lesion to pancreatic cancer. In one
[125]
study , researchers evaluated 700 miRNAs in PanIN
lesions and found 35 miRNAs dysregulated in PanIN-3,
including overexpression of let-7f/g, -18a, -15b, -21,
-29a/b/c, -31, -93, -95, miR-101, -103, -106b, -146a,
-155, -182, -190, -193b, -194, -196b, -200a/b,
-203, -222, -338-3p, -429, and 486-3p, but no or
weak expression of miR-107, -139-3p/5p, -216a/b,
-217, -218 and -483-5p in PanIN-3. Of which, miR196b emerged as the most useful biomarker in
discriminating PanIN-3 lesions. In addition, miR-138,
miR-195, miR-204, miR-216a, miR-217, miR-218,
miR-802, miR-155, miR-214, miR-26a, miR-30b,
miR-31, and miR-125 were enriched in the cyst
fluids derived from invasive carcinomas. Cyst fluid
miRNomes may develop as informative early detection
biomarkers of pancreatic cancer developing from
[126]
pancreatic cystic lesions .
Besides the implication of miRNAs for diagnosis,
some specific miRNAs can predict the outcome of
pancreatic cancer. It was demonstrated that low
expression of miR-200c in tumor tissue and high
expression of miR-200c in serum were associated with
[127]
worse survival in pancreatic cancer
. In addition,
miR-221 and miR-222 were known to target the tumor
suppressor gene coding for cyclin-dependent kinase
inhibitor p27Kip1, and their role was established in
pancreatic cancer as key inhibitors of cell cycle arrest,
apoptosis, and sensitization of cells to gemcitabine.
Up-regulation of these two miRNAs is often related
[128]
with poor patient survival rate
. However, these
studies of miRNAs as diagnostic and prognostic factors
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One of the major drawbacks and obstacles in
pancreatic cancer therapy is chemoresistance, which
is largely attributed to genetic mutations, epigenetic
modifications and complex alterations within the tumor
microenvironment. Over the past years, it has emerged
that therapeutic resistance is, at least in part, mediated
by CSCs and EMT, and some miRNAs are promising
targets to tackle chemoresistance in pancreatic
[130]
cancer
. Nucleic acid-based therapeutic strategies
are those in which a chemically modified nucleic acid
is used to restore the normal activity of miRNAs. Here,
nucleic acid-based strategies are classified into two
main categories: (1) miRNA replacement therapy; and
(2) anti-miRNA therapy.

MiRNA replacement therapy

MiRNA replacement therapy is one of nucleic acid-based
therapeutic strategies. MiRNA replacement studies
have been conducted in some animal models of cancer.
However, this strategy has not yet been performed in
pancreatic cancer cells. A replacement strategy seems
to be a promising methodology for developing tools to
replace malfunctioning tumor suppressor miRNAs and
overcoming pancreatic cancer. MiRNA mimic delivery
is best tolerated by non-tumorigenic cells because
the pathways they activate or suppress have already
been activated or suppressed by endogenous miRNAs,
and normal cells can regulate the pathway while
[131]
cancer cells can not
. Let-7 was the first miRNA in
humans to be discovered and is regularly expressed in
normal pancreatic cells, and its down-regulation plays
a critical role in renewal and metastasis of pancreatic
cancer cells. Restoration of lost let-7 expression in
gemcitabine-resistant pancreatic cancer cells inhibits
cellular proliferation, restores epithelial phenotype, and
[132]
renders the tumor cells sensitive to gemcitabine
.
Furthermore, down-regulated miRNAs miR-143, miR148b, and miR-141 can be restored through miRNA
[133,134]
replacement therapy
.

Anti-miRNA therapy

Anti-miRNA therapy is another strategy of nucleic
acid-based therapeutics. There are three ways to
remove overexpressed oncomiRNAs: (1) genetic
knockout (not discussed in this review); (2) antisense
oligonucleotides (ASO) (antagomiRs); and (3) miRNAs
sponges. AntagomiRs are miRNA antagonists that
affect miRNA-related pathways by binding and blocking
oncogenic miRNAs. These nucleic acid antagonists
are one of the known approaches to inhibit oncogenic
miRNAs, and therefore they may be an effective
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[135]

way to treat cancer
. AntagomiRs are chemically
modified ASO containing 2’-O-methylation of ribose
residues, 3’-conjugated cholesterol residues, and
partial replacement of phosphodiester bonds through
phosphorothioate linkages, wherein one of the non[136]
bridging oxygens is replaced by sulfur . In the case
of antagomiR therapy, miR-21 and miR-221 are wellknown oncogenic miRNAs overexpressed in pancreatic
cancer that can be knocked-down using ASO. ASOs
for miR-21 and miR-221 increase the expression levels
of their targets (PTEN, RECK, and CDKN1B), reduce
proliferation, and increase apoptosis of pancreatic
cancer cells. ASOs also sensitize pancreatic cancer cells
to gemcitabine and generate synergistic antitumor
[137,138]
effects
. Recently, the development of the human
serum albumin-1-palmitoyl-2-oleoyl-snglycero-3ethylphosphocholine:cholesterol/antimiRNA oligonu
cleotides (+/-) (4/1) nanosystem exhibited the ability
to efficiently deliver anti-miRNA oligonucleotides
targeting the overexpressed miRNAs including miR-21,
miR-221, miR-222, and miR-10 in pancreatic cancer
cells, promoting the almost complete abolition of
the expression of these miRNAs. Silencing of these
miRNAs resulted in a significant increase in the levels
of their targets (PTEN and p27Kip1).
Sponge RNA contains complementary binding sites
to miRNAs of interest. MiRNA sponges are comprised
of transgenic cells and block all other miRNAs from the
same family. Sponges bind to seed sequences of certain
miRNAs that contain 2-7 specific sequential nucleotides.
MiRNA sponges have multiple binding sites (usually
4-16). Both RNA polymerase Ⅱ and Ⅲ promoters have
been used to transcribe miRNA sponges. However,
transcripts of RNA polymerase Ⅱ promoters are more
stable due to their 5’ caps and 3’ polyadenylated
[139]
tails . MiR-103a-3p is a notable miRNA in that it is
evolutionarily conserved and involved in regulating
multiple cellular processes such as cell division, cellular
[140,141]
metabolism, and angiogenesis
. The dysregulation
of miR-103a-3p has been associated with many human
diseases including several cancers, Alzheimer’s disease,
and diabetes. It has been shown that more than 50%
of miR-103a-3p activity is reduced by miR-103a-3p
[142]
sponges
. However, RNA sponges contain several
seed sequences that may bind to other ncRNAs as well
as mRNAs. Therefore, the safety of miRNA therapy
needs to be fully elucidated to ensure that other
important metabolic pathways are not affected.

cell growth, migration, and invasion. The apoptotic
effects of curcumin appear to be mediated by down[144]
regulating SET8 via miR-7 upregulation . As a potent
anti-cancer natural product, curcumin also downregulates miR-21 and up-regulates miR-200, thereby
improving gemcitabine sensitivity via the induction of
[145]
PTEN . Flavonoids are another group of polyphenolic
compounds reported to have anti-oxidant and anticancer effects. Genisteins are flavonoids affecting
the ER (anti-estrogenic effects) and can be found in
soybeans. It has been reported that genistein treatment
[146]
in pancreatic cancer cells upregulates miR-34a
and
[147,148]
downregulates miR-27, and miR-223
.

CONCLUSION
NcRNAs have undoubtedly become one of the “hot”
spots in modern biological and biomedical research. As
ncRNAs can be efficiently targeted by stable ASO, this
approach may be explored to target specific regulatory
ncRNAs to understand their biological functions and
action mechanisms and to develop novel strategies
for disease intervention. Differential expression
of ncRNAs is now a recognized trait of pancreatic
carcinogenesis. However, the functional role of many
of these molecules unearthed during profiling studies
remains undetermined. Relatively speaking, biomarker
studies into pancreatic cancer ncRNAs are in their
infancy. Further work is needed to establish the role
of distinguishing between free-circulating ncRNAs,
those bound to Argonaute proteins and circulating
microvesicle-encapsulated ncRNAs. The therapeutic
applications of ncRNAs in pancreatic cancer are still in
a formative stage and require extensive investigation
in vitro and in animal models before their true potential
can be realized.
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REVIEW

Mouse models for the discovery of colorectal cancer driver
genes
Christopher R Clark, Timothy K Starr
health problem as the third most commonly diagnosed
and third most lethal malignancy worldwide. The
prevalence and the physical accessibility to colorectal
tumors have made CRC an ideal model for the study
of tumor genetics. Early research efforts using patient
derived CRC samples led to the discovery of several
highly penetrant mutations (e.g. , APC , KRAS , MMR
genes) in both hereditary and sporadic CRC tumors.
This knowledge has enabled researchers to develop
genetically engineered and chemically induced tumor
models of CRC, both of which have had a substantial
impact on our understanding of the molecular basis
of CRC. Despite these advances, the morbidity and
mortality of CRC remains a cause for concern and
highlight the need to uncover novel genetic drivers of
CRC. This review focuses on mouse models of CRC with
particular emphasis on a newly developed cancer gene
discovery tool, the Sleeping Beauty transposon-based
mutagenesis model of CRC.
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Core tip: Successful implementation of targeted therapy
will require a much more sophisticated understanding
of colorectal cancer genetics, including the ability to
discern “driver” mutations from the more common
“passenger” mutations. Interpreting causality from
large human genomic datasets will benefit from data
produced by animal models and will expedite clinical
trials using targeted therapies. This review describes
the benefits and limitations of both traditional and new
mouse models that are being used to discover and
define colorectal cancer driver genes.
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Abstract

Clark CR, Starr TK. Mouse models for the discovery of colorectal
cancer driver genes. World J Gastroenterol 2016; 22(2): 815-822

Colorectal cancer (CRC) constitutes a major public
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deregulated Wnt signaling, usually due to inactivating
mutations in APC, are best exemplified in those
affected by the relatively uncommon syndrome
known as familial adenomatous polyposis (FAP).
Individuals with FAP have germline mutations in APC
and consequently develop hundreds to thousands of
colon polyps by their teenage years. Furthermore, it
estimated that nearly all FAP patients are diagnosed
[14,15]
with CRC prior to the age of 40
.
The vast majority of sporadic colorectal tumors
(about 85%) are molecularly characterized as chromo
[2]
some instable . Tumors in this category display major
chromosomal aberrations including aneuploidy, loss
of heterozygosity, gene fusions, and large insertions
[2,16]
and deletions
. The root cause of chromosomal
instability in colon cancer is unclear but many mecha
nisms have been proposed. These mechanisms
include, but are not limited to, defects in the system
responsible for faithful chromosome segregation
during mitosis and inactivation of genes responsible
for the repair of DNA damaged by genotoxic stressors
[2,17]
(e.g., methylating agents)
. Regardless of the
underlying cause of chromosome instability, it is
likely that the accumulation of somatic mutations
in tumor suppressor and oncogenes in combination
with genome instability leads to the initiation and
progression of CRC.

INTRODUCTION
The cause of colorectal cancer (CRC), as with many
malignancies, is the accumulation of genetic mutations
and other genetic aberrations over an individual’s
lifetime. Several decades of genomic studies have
revealed that colorectal tumors can be categorized
into two general molecular categories known as the
“mutator” phenotype and the “chromosome instable”
[1-3]
phenotype .
It is estimated that fifteen percent of patients with
CRC have mutations in the DNA mismatch repair
system. Because these patients have tumors containing
a significantly higher number of somatic mutations vs
those with proficient DNA repair systems, their tumors
are said to display the mutator phenotype. Sporadic
CRC tumors displaying the mutator phenotype typically
have a loss of MLH1 expression due to promoter
[4]
methylation . The MLH1 gene is highly conserved and
its gene product functions in repairing DNA replication
errors that result in mismatched nucleotide bases.
Loss of MLH1 function results in the accumulation of
single nucleotide alterations across the genome but
are especially apparent in regions of the genome
[5]
displaying highly repetitive sequence . The result of
dysfunctional DNA mismatch repair is illustrated by
that fact that MLH1 knockout mice display increased
[5]
susceptibility to cancer formation . Individuals with
Lynch syndrome, also known as Hereditary Nonpolyposis Colorectal Cancer (HNPCC), have germline
mutations in DNA mismatch repair genes causing a
high mutation load and microsatellite instability. Those
with Lynch syndrome are at high risk of developing
CRC and typically account for 3%-5% of the total
[6]
number of new CRC diagnoses . For reasons that are
not well understood, patients with CRC tumors that are
genetically defined as the mutator phenotype generally
have a better clinical prognosis vs their non-mutator
[7,8]
phenotype counterparts .
Inactivating mutations in the adenomatous poly
posis coli (APC) gene, a tumor suppressor gene, is
widely regarded as a key somatic mutation responsible
[9]
for driving sporadic colorectal tumor formation .
This statement is supported by data from large-scale
genomic studies that identified mutations in APC in
[10,11]
approximately 80% of sporadic CRCs
. The protein
encoded by the APC gene functions as a negative
regulator of the Wnt signaling pathway, which is a
highly conserved pathway responsible for controlling
many cellular processes including cellular proliferation
[12,13]
and differentiation
. Additionally, the Wnt pathway
is critical for maintaining organ homeostasis and is
particularly important in maintaining homeostasis
in the intestinal epithelium. The consequences of
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Early advances in CRC gene
discovery
During the 1970’s researchers identified and defined
a small number of cancer oncogenes and tumor
suppressors based on the study of oncoviruses and
recurrent chromosomal abnormalities. In the 1980’s
several groups used this knowledge to assay those
known cancer genes in CRC and found that RAS
[18,19]
mutations were present in 30% to 50% of patients
.
Furthermore, recurrent allelic deletions were identified
that eventually implicated TP53, APC and SMAD4 as
[19-21]
tumor suppressors in CRC
. By analyzing tumors
at various stages along the continuum of adenomaadenocarcinoma-metastasis, these researchers were
able to hypothesize that certain mutations were early
gatekeepers, such as APC and KRAS, while other
mutations were only found at later stages, such as
SMAD4 and TP53.
In the early 1990s scientists used FAP and Lynch
syndrome family cohorts to identify the causative tumor
suppressor genes for these two syndromes. The APC
gene was identified by positional cloning in FAP cohorts,
while linkage analysis implicated mutations at chro
mosomal regions 2p16 and 3p21 in Lynch syndrome
[22-28]
families
. At the same time it was discovered that a
subset of CRC patients had novel microsatellite alleles
in their cancers, indicating microsatellite instability. At
the same time, microbiologists had recently identified
mismatch repair (MMR) genes in yeast. This finding
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lead to the hypothesis that mutations in human
homologs of the yeast MMR genes may be the cause of
[29]
Lynch Syndrome . This hypothesis was strengthened
by the discovery that one of the homologs, MSH2,
was in the chromosome 2p region linked to Lynch
[30]
syndrome
Within the next few years mutations
in several other MMR genes, including MLH1, PMS1,
PMS2, and MSH6, were discovered in Lynch syndrome
[31-35]
patients
.

was inherited in an autosomal dominant fashion
and heterozygous offspring developed hundreds of
GI tract tumors resulting in death at approximately
[41]
120 d. Su et al
later identified the Min locus as the
mouse homolog of the human APC gene. A thymine to
adenine transversion mutation, creating a premature
stop codon, was found at nucleotide 2549 (amino acid
850) of the Apc gene. With similar nonsense mutations
often observed in FAP patients, it was determined that
Min
the Apc mouse was a suitable FAP model.
Several variations of the Apc mutant mouse have
since been developed with the main differences being
the location of the Apc truncating mutations. The most
notable and well characterized of these variations
are mice engineered with Apc truncated at amino
[42,43]
acids 716 and 1638
. The development of Cre-lox
technology has also enabled researchers to control the
location and/or timing of Apc deletions. For example,
expressing Cre recombinase from a tissue specific
promoter (e.g., Fabpl- and Villin-promoters) results
in deletions of Apc specifically in the gastrointestinal
[44-48]
(GI) tract epithelial cells
. Each Apc deletion
mutant displays slight phenotypic variations but all
develop GI tract adenomas that eventually develop to
adenocarcinomas. For more detail on the various Apc
[49-52]
mutants please refer to these excellent reviews
.
Because Apc mutant mice rarely develop aggressive
metastatic disease these models have been mostly
helpful in studying the genetic events driving early
CRC tumor formation.

Current advances in CRC gene
discovery
New technologies, such as next generation sequencing,
have allowed researchers to comprehensively analyze
whole exomes, genomes and transcriptomes of large
numbers of CRC patients. These datasets are then
mined using various bioinformatic algorithms to
identify putative CRC driver genes. In general, these
algorithms detect genes that are recurrently mutated,
amplified, deleted, or altered by other means and
assign a rank or P-value to predict whether or not
the gene is a driver of tumorigenesis. For example,
a study of the entire exomes of 11 CRC patient
tumors identified 140 putative cancer drivers based
[36,37]
on frequency of recurrence
. More recently, 224
CRC patient tumors were assayed for mutations, gene
expression, copy number, and methylation status by
The Cancer Research Atlas (TCGA) Network. This study
produced various lists of genes based on recurrent
changes, including 31 genes recurrently mutated and
a larger number of genes found in genomic regions
[38]
that were recurrently amplified or deleted . It is still
unknown how many genetic mutations are necessary
and sufficient for cancer initiation with estimates
[37,39]
ranging from 3 to 14
.
These landmark studies have provided cancer
geneticists with a wealth of data regarding the genetic
drivers of CRC and were the springboard for the
creation of several animal models.

Mouse Models of Lynch Syndrome
Several attempts to create a mouse model of Lynch
syndrome have been made but most are limited in
their ability to faithfully recapitulate the early onset of
CRC tumors. Early efforts to create a Lynch syndrome
mouse model focused on deleting the murine homologs
of MSH1 and MSH2, as these genes are mutated in
[14]
approximately 90% of Lynch syndrome patients .
Msh2 knockout mice are viable and develop without
-/abnormalities. Adult Msh2 mice have a reduced
[53,54]
life span (6-12 mo) due to T-cell malignancies
.
Gastrointestinal tract adenomas and adenocarcinomas
-/are observed in 80% Msh2 mice that survive 8-10
[55]
mo . The microsatellite instability observed in Lynch
syndrome CRC tumors was also found in tumor tissues
-/(T-cell and GI tract) from Msh2 mice. Mlh1 knockout
-/[56]
mice are phenotypically similar to Msh2 mice . It
has also been shown that mice deficient in the MMR
protein Msh6 develop GI tract tumors but, unlike
-/-/Msh1 and Msh2 models, these mice do not display
the microsatellite instability characteristic of Lynch
[57]
syndrome CRC tumors .
In order to avoid early death from lymphomas,
researchers have bred MMR gene knockout mice to
-/immunocompromised strains (tap1 ) that lack CD8+
T-cells. Such mice do not die early from lymphomas

Mouse Models of FAP
[40]

Moser et al
developed the first mouse model of
FAP in a forward genetic screen using N-Ethyl-NNitrosourea (ENU) as a germline mutagen. C57BL/6J
(B6) were treated with ENU then crossed to AKR
mice to generate progeny harboring ENU-induced
germline mutations. The progeny from this breeding
scheme exhibited an interesting circling trait that
proved to be heritable in the offspring of AKR/B6 (f1)
crossed to B6. Adult offspring from this cross were
often anemic and frequently passed bloody stool. GI
tract adenomas were observed in all anemic mice and
tumors eventually progressed to adenocarcinomas in
aging mice. Mice displaying these phenotypic features
were said to carry the Multiple Intestinal Neoplasia (Min)
gene. Further analysis demonstrated the Min mutation

WJG|www.wjgnet.com

817

January 14, 2016|Volume 22|Issue 2|

Clark CR et al . Mouse models of CRC
allowing for the development of CRC tumors resem
[58]
bling those found in Lynch syndrome patients . This
approach has been improved upon using the Cre-lox
system to restrict MMR gene deletion to the GI tract
[59]
epithelial cells of immunocompetent mice .
Although useful, genetically engineered mice
(transgenic or gene, knockout/knockin) are typically
designed to harbor only a few mutant alleles and
are therefore, inherently limited in their ability to
accurately model the complex genetic alterations
of sporadic CRC tumors. Another deficiency is the
difficulty of simultaneously altering multiple genes,
including genes of unknown function. The next section
describes models that can overcome these limitations.

junction and subsequent sequencing. Due to tissue
tropisms, the use of retroviruses has mainly been used
to model mammary and blood cancers.
Class Ⅱ transposable elements represents a
novel insertional mutagen used for the discovery of
novel CRC driver genes. Class Ⅱ transposons are
DNA elements that rely on the enzymatic activity of
a transposase to be “cut” from one genomic location
and “pasted” to another. Transposons have been
used for decades to study gene function in a wide
array of organisms but the use of transposons in
[69,70]
vertebrates is a relatively new advancement
. Ivics
[71]
et al
(1997) were the first to construct a synthetic
transposon, Sleeping Beauty (SB), and transposase
that showed activity in vertebrate cells. Quickly
after its introduction, the SB transposon system was
engineered into the mouse genome and transposition
[72,73]
was shown to occur in vivo
. Enhancements
that increased the transposition frequency of the SB
transposon lead to the development of the oncogenic
[74,75]
transposon known as T2/Onc
. The T2/Onc
transposon carries multiple mutagenic elements that
make it an ideal tool for the discovery of candidate
cancer genes. To mimic gain of function mutations,
the T2/Onc transposon carries a strong viral promoter
and a splice donor sequence. In the event of T2/Onc
integration upstream of a gene and in the same
transcriptional orientation, the strong viral promoter
carried by the transposon will drive expression of
the cellular gene. Similarly, if the transposon lands
in an intron it can also produce an active truncated
protein. T2/Onc also carries splice acceptor sites on
both DNA strands and a bidirectional poly(A) signal. If
T2/Onc integrates within a gene, in either orientation,
the splice acceptors and poly(A) signal will terminate
transcription effectively mimicking loss of function
mutations (figure 1). In separate publications Collier
[76]
[77]
et al and Dupuy et al used the T2/Onc transposon
and SB transposase to demonstrate the mutagenic
potential of the T2/Onc transposon in somatic cells.
Soon after the debut of the T2/Onc transposon,
[78]
Starr et al
harnessed its mutagenic potential for the
discovery of novel CRC driver genes. In this forward
genetic screen, the authors created a triple transgenic
mouse by crossing mice harboring a Cre-responsive
SB transposase allele with double transgenic mice
engineered to express the Cre recombinase only
in the gut as well as carry a concatemer of T2/Onc
transposons (figure 2). In this model the T2/Onc
transposon is mobilized by the SB transposase only
after Cre recombinase (villin-Cre) removes the LoxPSTOP-LoxP cassette located upstream of the SB
transposase. The results from this study revealed that
triple transgenic mice become moribund at a faster rate
than control mice (double transgenics) and that the
vast majority of these triple transgenic mice developed
intestinal lesions. Histopathology revealed the resulting
GI tract growths to be intraepithelial neoplasias,

Models of Sporadic CRC
Chemically induced tumor models

To mimic environmentally induced cancers researchers
have used carcinogenic chemicals to generate
sporadic CRC tumors. Methylazoxymathanol (MAM),
1,2-dimethylhyrdrazine (DMH), and azoxymethane
(AOM) are examples of popular compounds used to
generated CRC tumors in mice. Although the number
of tumors varies depending on the strain, mice treated
with these compounds quickly develop CRC tumors in
the distal colon that moderately resemble human CRC
tumors (e.g., KRAS mutations). Although these models
reliably produce sporadic CRC tumors, it is challenging
to determine their mutational landscape. To do so, one
must target previously identify cancer drivers for DNA
sequencing or use a more unbiased method of analysis
(e.g., whole exome, RNA-seq, etc.), which can be
cost prohibitive. For a comprehensive review of the
many carcinogen-induced CRC models refer to these
[60-63]
reviews
.

Insertional mutagenesis models for CRC gene discovery
The advancement CRC therapeutics, specifically the
development of molecularly targeted therapies, is
critically dependent on the identification of novel CRC
driver mutations. Insertional mutagenesis forward
genetic screens are an excellent method to identify
novel cancer genes. Retroviruses (e.g., MMTV and
MuLV) have long been used as insertional mutagens
and their use has led to the discovery of several
[64-67]
major cancer genes
. There are two flavors of
retroviruses, the acute transforming and the slow
transforming virus. Slow transforming retroviruses
are often used as insertional mutagens because they
do not carry viral oncogenes within their genomes.
Instead, slow transforming viruses promote tumor
formation by proviral insertional into oncogenes and
tumor suppressors. Upon insertion next to, or within,
a gene, elements within the viral genome can act in
[68]
cis to alter the expression of cellular genes . The
identification of the virally disrupted genes is possible
using PCR to amplify the viral-host genome DNA
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Strong promoter

SD

pA

pA

SA

SA

<<IR/DR

IR/DR>>

Figure 1 Schematic of the T2/Onc transposon. The central viral promoter and splice donor (SD) promote the expression of candidate oncogenes. The bidirectional
splice acceptor (SA) sites and polyadenylation (pA) sites allow for the disruption of candidate tumor suppressor gene expression. The inverted repeat direct repeat
(IR/DR) sites (in pink) serve as binding sites for the SB transposase.

villin-Cre

T2/Onc transposon as an insertional mutagen in Apc
[80]
mutant mice. This approach was used by Starr et al
(2011) to identify novel CRC genes that cooperate with
Min
Apc mutations. T2/Onc transposition in Apc mice
increased the polyp count from 112 (controls) to an
average of 360 polyps per mouse. DNA analysis of 96
polyps from 12 mice revealed the presence of greater
than 30 thousand transposon insertions. CIS analysis
identified 37 genes in this set of transposon insertions.
Min
The remaining wild-type Apc allele of the Apc mouse
was the most commonly mutated gene in this study,
a result that further demonstrates the importance of
APC mutations in CRC development. To validate some
of the 37 CIS genes the authors used RNAi to decrease
the expression of nine CIS genes (CNOT1, PDE4DIP,
PDCD6IP, ATF2, SF11, FNBP1L, MYO5B, SNX24, and
STAG1) in vitro. It was determined that knockdown
of CNOT, PDE4DIP, PDCD6IP, ATF2, and SF11
significantly decreased the proliferation of the SW480
[80]
[81]
CRC cell line . Using a similar approach March et al
also determined that SB transposition increased the
morbidity and tumor burden of Apc mutant mice. CIS
analysis of DNA from 446 transposon-induced tumors
identified hundreds of CIS genes. Using pathway
analysis the authors determined that genes from their
CIS list were involved in 38 cancer related genetic
networks (e.g., K-Ras signaling pathway) and as many
as 183 CIS genes were identified as Wnt pathway
[82]
targets. A more recent publication by Takeda et al
expanded upon this approach to include transposon
based insertional mutagenesis on KRAS, SMAD4,
and TP53 mutant strains of mice. In human CRC
tumors the loss of APC is a tumor initiating mutation
followed by activating mutations in KRAS in early to
intermediate adenomas and loss of function mutations
in SMAD4 and TP53 occuring in later stages. By
generating mouse models with initiating mutations
in these three genes (KRAS, SMAD4, and TP53) the
authors attempted to identify mutations that cooperate
with these three genes. Using this strategy the authors
discovered different sets of CIS genes that were
unique to each genetic background suggesting that the
initiating mutation influences which genes are mutated
during CRC tumor development. One of their findings
was that the gatekeeper Apc mutation was common in
all backgrounds, while activating mutations in the Wnt
pathway members Rspo1 and Rspo2 were only found
in the SMAD4 mutant mice.

T2/Onc

villin-Cre

Rosa-LSL-SB

T2/Onc

villin-Cre
T2/Onc
LSL-SB

Figure 2 Breeding scheme used to generate triple transgenic mice. VillinCre mice express the Cre recombinase enzyme from the gastrointestinal (GI)specific villin promoter. T2/Onc mice carry a concatemer of T2/Onc transposons
on Chromosome 1 or 15. Rosa-LSL-SB mice carry a knockin of the SB11
transposase enzyme downstream from a Lox-STOP-Lox (LSL) cassette at the
Rosa locus. This design restricts T2/Onc transposition to the epithelial cells
lining the GI tract.

adenomas, and adenocarcinomas. To identify the
disrupted host genes, DNA was harvested from 135
tumors for linker-mediated PCR (LM-PCR) amplification
of the transposon-host genome junction. Sequencing of
the LM-PCR products revealed each tumor contained,
on average, 124 T2/Onc insertions. Using statistical
approaches to identify common insertion site (CIS)
loci the authors were able to hone in on a list of 77
candidate CRC genes. The ability of this tool to model
sporadic CRC was confirmed by the finding that APC,
PTEN, and SMAD4, which are commonly disrupted in
human CRC tumors, were also identified as T2/Onc
CISs in mouse tumors. Of the 77 CIS genes, 17 were
identified as novel CRC driver genes. One of these
genes, RSPO2, has recently been identified as a tumor
[79]
suppressor gene in human CRC tumors .
Similar screens have been carried out using the
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CONCLUSION
The ultimate goal of cancer gene discovery is to
translate new knowledge into more effective therapies
for treating CRC. Identification of recurrently altered
genes is informative, but does not directly result in
reduced mortality rates for CRC patients. The limited
success of targeted therapies is likely attributed to
tumor heterogeneity and the action of unidentified
CRC driver genes. Mouse models continue to be an
essential tool used to unveil novel CRC driver genes
with therapeutic potential. One promising example is
the identification of ion channel genes as candidate
drivers of CRC. Both KCNQ1 and CFTR were identified
in multiple Sleeping Beauty insertional mutagenesis
[80-82]
[83]
screens
. Based on these findings, Than et al
reported that KCNQ1 is a tumor suppressor in human
CRC, while recent findings from cystic fibrosis patients
support the hypothesis that CFTR is also a human
[84]
tumor suppressor . These findings suggest that ion
channel modulators may represent a new class of
drugs for treating a subset of CRC patients.
Eventually, clinical trials using approved and experi
mental therapies are required. Once the panoply of
driver genes has been defined, we will need to develop
clinical lab diagnostics capable of determining the exact
drivers of each individual patient’s cancer based on
tumor biopsies. Such information will allow physicians
to select drugs and therapies specifically designed to
target those drivers.

8

9

10
11
12
13

14
15
16

17

REFERENCES
1
2
3

4

5

6

7

18

Thibodeau SN, Bren G, Schaid D. Microsatellite instability in
cancer of the proximal colon. Science 1993; 260: 816-819 [PMID:
8484122]
Pino MS, Chung DC. The chromosomal instability pathway in
colon cancer. Gastroenterology 2010; 138: 2059-2072 [PMID:
20420946 DOI: 10.1053/j.gastro.2009.12.065]
Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer
SO, Sun Y, Jacobsen A, Sinha R, Larsson E, Cerami E, Sander C,
Schultz N. Integrative analysis of complex cancer genomics and
clinical profiles using the cBioPortal. Sci Signal 2013; 6: pl1 [PMID:
23550210 DOI: 10.1126/scisignal.2004088]
Bertagnolli MM, Redston M, Compton CC, Niedzwiecki D,
Mayer RJ, Goldberg RM, Colacchio TA, Saltz LB, Warren
RS. Microsatellite instability and loss of heterozygosity at
chromosomal location 18q: prospective evaluation of biomarkers
for stages II and III colon cancer--a study of CALGB 9581 and
89803. J Clin Oncol 2011; 29: 3153-3162 [PMID: 21747089 DOI:
10.1200/JCO.2010.33.0092]
Ellison AR, Lofing J, Bitter GA. Human MutL homolog (MLH1)
function in DNA mismatch repair: a prospective screen for
missense mutations in the ATPase domain. Nucleic Acids Res 2004;
32: 5321-5338 [PMID: 15475387 DOI: 10.1093/nar/gkh855]
Bonadona V, Bonaïti B, Olschwang S, Grandjouan S, Huiart L,
Longy M, Guimbaud R, Buecher B, Bignon YJ, Caron O, Colas
C, Noguès C, Lejeune-Dumoulin S, Olivier-Faivre L, PolycarpeOsaer F, Nguyen TD, Desseigne F, Saurin JC, Berthet P, Leroux D,
Duffour J, Manouvrier S, Frébourg T, Sobol H, Lasset C, BonaïtiPellié C. Cancer risks associated with germline mutations in
MLH1, MSH2, and MSH6 genes in Lynch syndrome. JAMA 2011;
305: 2304-2310 [PMID: 21642682 DOI: 10.1001/jama.2011.743]
Merok MA, Ahlquist T, Røyrvik EC, Tufteland KF, Hektoen

WJG|www.wjgnet.com

19

20

21

22

23

24

25

820

M, Sjo OH, Mala T, Svindland A, Lothe RA, Nesbakken A.
Microsatellite instability has a positive prognostic impact on stage
II colorectal cancer after complete resection: results from a large,
consecutive Norwegian series. Ann Oncol 2013; 24: 1274-1282
[PMID: 23235802 DOI: 10.1093/annonc/mds614]
Hveem TS, Merok MA, Pretorius ME, Novelli M, Bævre MS,
Sjo OH, Clinch N, Liestøl K, Svindland A, Lothe RA, Nesbakken
A, Danielsen HE. Prognostic impact of genomic instability in
colorectal cancer. Br J Cancer 2014; 110: 2159-2164 [PMID:
24642618 DOI: 10.1038/bjc.2014.133]
Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton SR,
Thibodeau SN, Vogelstein B, Kinzler KW. APC mutations occur
early during colorectal tumorigenesis. Nature 1992; 359: 235-237
[PMID: 1528264 DOI: 10.1038/359235a0]
Fearon ER, Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell 1990; 61: 759-767 [PMID: 2188735]
Fearon ER. Molecular genetics of colorectal cancer. Annu Rev
Pathol 2011; 6: 479-507 [PMID: 21090969 DOI: 10.1146/annurevpathol-011110-130235]
Jin YR, Yoon JK. The R-spondin family of proteins: emerging
regulators of WNT signaling. Int J Biochem Cell Biol 2012; 44:
2278-2287 [PMID: 22982762 DOI: 10.1016/j.biocel.2012.09.006]
de Sousa EM, Vermeulen L, Richel D, Medema JP. Targeting
Wnt signaling in colon cancer stem cells. Clin Cancer Res
2011; 17: 647-653 [PMID: 21159886 DOI: 10.1158/1078-0432.
CCR-10-1204]
Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary
and familial colon cancer. Gastroenterology 2010; 138: 2044-2058
[PMID: 20420945 DOI: 10.1053/j.gastro.2010.01.054]
Armaghany T, Wilson JD, Chu Q, Mills G. Genetic alterations in
colorectal cancer. Gastrointest Cancer Res 2012; 5: 19-27 [PMID:
22574233]
Duval A, Hamelin R. Mutations at coding repeat sequences in
mismatch repair-deficient human cancers: toward a new concept of
target genes for instability. Cancer Res 2002; 62: 2447-2454 [PMID:
11980631]
Thompson SL, Bakhoum SF, Compton DA. Mechanisms of
chromosomal instability. Curr Biol 2010; 20: R285-R295 [PMID:
20334839 DOI: 10.1016/j.cub.2010.01.034]
Bos JL, Fearon ER, Hamilton SR, Verlaan-de Vries M, van Boom
JH, van der Eb AJ, Vogelstein B. Prevalence of ras gene mutations
in human colorectal cancers. Nature 1987; 327: 293-297 [PMID:
3587348 DOI: 10.1038/327293a0]
Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger
AC, Leppert M, Nakamura Y, White R, Smits AM, Bos JL.
Genetic alterations during colorectal-tumor development. N
Engl J Med 1988; 319: 525-532 [PMID: 2841597 DOI: 10.1056/
NEJM198809013190901]
Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC,
Jessup JM, vanTuinen P, Ledbetter DH, Barker DF, Nakamura Y,
White R, Vogelstein B. Chromosome 17 deletions and p53 gene
mutations in colorectal carcinomas. Science 1989; 244: 217-221
[PMID: 2649981]
Fearon ER, Cho KR, Nigro JM, Kern SE, Simons JW, Ruppert
JM, Hamilton SR, Preisinger AC, Thomas G, Kinzler KW.
Identification of a chromosome 18q gene that is altered in
colorectal cancers. Science 1990; 247: 49-56 [PMID: 2294591]
Joslyn G, Carlson M, Thliveris A, Albertsen H, Gelbert L,
Samowitz W, Groden J, Stevens J, Spirio L, Robertson M.
Identification of deletion mutations and three new genes at the
familial polyposis locus. Cell 1991; 66: 601-613 [PMID: 1678319]
Groden J, Thliveris A, Samowitz W, Carlson M, Gelbert L,
Albertsen H, Joslyn G, Stevens J, Spirio L, Robertson M.
Identification and characterization of the familial adenomatous
polyposis coli gene. Cell 1991; 66: 589-600 [PMID: 1651174]
Kinzler KW, Nilbert MC, Su LK, Vogelstein B, Bryan TM,
Levy DB, Smith KJ, Preisinger AC, Hedge P, McKechnie D.
Identification of FAP locus genes from chromosome 5q21. Science
1991; 253: 661-665 [PMID: 1651562]
Kinzler KW, Nilbert MC, Vogelstein B, Bryan TM, Levy DB,

January 14, 2016|Volume 22|Issue 2|

Clark CR et al . Mouse models of CRC

26

27

28

29

30

31

32

33

34

35

36

37

38
39

Smith KJ, Preisinger AC, Hamilton SR, Hedge P, Markham
A. Identification of a gene located at chromosome 5q21 that is
mutated in colorectal cancers. Science 1991; 251: 1366-1370
[PMID: 1848370]
Nishisho I, Nakamura Y, Miyoshi Y, Miki Y, Ando H, Horii
A, Koyama K, Utsunomiya J, Baba S, Hedge P. Mutations of
chromosome 5q21 genes in FAP and colorectal cancer patients.
Science 1991; 253: 665-669 [PMID: 1651563]
Lindblom A, Tannergård P, Werelius B, Nordenskjöld M. Genetic
mapping of a second locus predisposing to hereditary nonpolyposis colon cancer. Nat Genet 1993; 5: 279-282 [PMID:
7903889 DOI: 10.1038/ng1193-279]
Peltomäki P, Aaltonen LA, Sistonen P, Pylkkänen L, Mecklin
JP, Järvinen H, Green JS, Jass JR, Weber JL, Leach FS. Genetic
mapping of a locus predisposing to human colorectal cancer.
Science 1993; 260: 810-812 [PMID: 8484120]
Strand M, Prolla TA, Liskay RM, Petes TD. Destabilization of
tracts of simple repetitive DNA in yeast by mutations affecting
DNA mismatch repair. Nature 1993; 365: 274-276 [PMID:
8371783 DOI: 10.1038/365274a0]
Fishel R, Lescoe MK, Rao MR, Copeland NG, Jenkins NA,
Garber J, Kane M, Kolodner R. The human mutator gene homolog
MSH2 and its association with hereditary nonpolyposis colon
cancer. Cell 1994; 77: 1 p following 166 [PMID: 8156592]
Nicolaides NC, Papadopoulos N, Liu B, Wei YF, Carter KC,
Ruben SM, Rosen CA, Haseltine WA, Fleischmann RD,
Fraser CM. Mutations of two PMS homologues in hereditary
nonpolyposis colon cancer. Nature 1994; 371: 75-80 [PMID:
8072530 DOI: 10.1038/371075a0]
Papadopoulos N, Nicolaides NC, Wei YF, Ruben SM, Carter KC,
Rosen CA, Haseltine WA, Fleischmann RD, Fraser CM, Adams
MD. Mutation of a mutL homolog in hereditary colon cancer.
Science 1994; 263: 1625-1629 [PMID: 8128251]
Liu B, Parsons R, Papadopoulos N, Nicolaides NC, Lynch HT,
Watson P, Jass JR, Dunlop M, Wyllie A, Peltomäki P, de la
Chapelle A, Hamilton SR, Vogelstein B, Kinzler KW. Analysis
of mismatch repair genes in hereditary non-polyposis colorectal
cancer patients. Nat Med 1996; 2: 169-174 [PMID: 8574961]
Wijnen J, van der Klift H, Vasen H, Khan PM, Menko F, Tops
C, Meijers Heijboer H, Lindhout D, Møller P, Fodde R. MSH2
genomic deletions are a frequent cause of HNPCC. Nat Genet
1998; 20: 326-328 [PMID: 9843200 DOI: 10.1038/3795]
Montazer Haghighi M, Radpour R, Aghajani K, Zali N, Molaei M,
Zali MR. Four novel germline mutations in the MLH1 and PMS2
mismatch repair genes in patients with hereditary nonpolyposis
colorectal cancer. Int J Colorectal Dis 2009; 24: 885-893 [PMID:
19479271 DOI: 10.1007/s00384-009-0731-1]
Sjöblom T, Jones S, Wood LD, Parsons DW, Lin J, Barber TD,
Mandelker D, Leary RJ, Ptak J, Silliman N, Szabo S, Buckhaults
P, Farrell C, Meeh P, Markowitz SD, Willis J, Dawson D, Willson
JK, Gazdar AF, Hartigan J, Wu L, Liu C, Parmigiani G, Park
BH, Bachman KE, Papadopoulos N, Vogelstein B, Kinzler KW,
Velculescu VE. The consensus coding sequences of human breast
and colorectal cancers. Science 2006; 314: 268-274 [PMID:
16959974 DOI: 10.1126/science.1133427]
Wood LD, Parsons DW, Jones S, Lin J, Sjöblom T, Leary RJ,
Shen D, Boca SM, Barber T, Ptak J, Silliman N, Szabo S, Dezso Z,
Ustyanksky V, Nikolskaya T, Nikolsky Y, Karchin R, Wilson PA,
Kaminker JS, Zhang Z, Croshaw R, Willis J, Dawson D, Shipitsin
M, Willson JK, Sukumar S, Polyak K, Park BH, Pethiyagoda CL,
Pant PV, Ballinger DG, Sparks AB, Hartigan J, Smith DR, Suh
E, Papadopoulos N, Buckhaults P, Markowitz SD, Parmigiani
G, Kinzler KW, Velculescu VE, Vogelstein B. The genomic
landscapes of human breast and colorectal cancers. Science 2007;
318: 1108-1113 [PMID: 17932254 DOI: 10.1126/science.1145720]
Cancer Genome Atlas Network. Comprehensive molecular
characterization of human colon and rectal cancer. Nature 2012;
487: 330-337 [PMID: 22810696 DOI: 10.1038/nature11252]
Tomasetti C, Vogelstein B. Cancer etiology. Variation in cancer
risk among tissues can be explained by the number of stem cell

WJG|www.wjgnet.com

40
41

42

43

44

45
46

47

48

49
50
51
52
53

54

55

56

57

821

divisions. Science 2015; 347: 78-81 [PMID: 25554788 DOI:
10.1126/science.1260825]
Moser AR, Pitot HC, Dove WF. A dominant mutation that
predisposes to multiple intestinal neoplasia in the mouse. Science
1990; 247: 322-324 [PMID: 2296722]
Su LK, Kinzler KW, Vogelstein B, Preisinger AC, Moser AR,
Luongo C, Gould KA, Dove WF. Multiple intestinal neoplasia
caused by a mutation in the murine homolog of the APC gene.
Science 1992; 256: 668-670 [PMID: 1350108]
Fodde R, Edelmann W, Yang K, van Leeuwen C, Carlson C,
Renault B, Breukel C, Alt E, Lipkin M, Khan PM. A targeted
chain-termination mutation in the mouse Apc gene results in
multiple intestinal tumors. Proc Natl Acad Sci USA 1994; 91:
8969-8973 [PMID: 8090754]
Oshima M, Oshima H, Kitagawa K, Kobayashi M, Itakura
C, Taketo M. Loss of Apc heterozygosity and abnormal tissue
building in nascent intestinal polyps in mice carrying a truncated
Apc gene. Proc Natl Acad Sci USA 1995; 92: 4482-4486 [PMID:
7753829]
Shibata H, Toyama K, Shioya H, Ito M, Hirota M, Hasegawa S,
Matsumoto H, Takano H, Akiyama T, Toyoshima K, Kanamaru
R, Kanegae Y, Saito I, Nakamura Y, Shiba K, Noda T. Rapid
colorectal adenoma formation initiated by conditional targeting of
the Apc gene. Science 1997; 278: 120-123 [PMID: 9311916]
Saam JR, Gordon JI. Inducible gene knockouts in the small
intestinal and colonic epithelium. J Biol Chem 1999; 274:
38071-38082 [PMID: 10608876]
Pinto D, Robine S, Jaisser F, El Marjou FE, Louvard D. Regulatory
sequences of the mouse villin gene that efficiently drive transgenic
expression in immature and differentiated epithelial cells of small
and large intestines. J Biol Chem 1999; 274: 6476-6482 [PMID:
10037740]
Madison BB, Dunbar L, Qiao XT, Braunstein K, Braunstein E,
Gumucio DL. Cis elements of the villin gene control expression in
restricted domains of the vertical (crypt) and horizontal (duodenum,
cecum) axes of the intestine. J Biol Chem 2002; 277: 33275-33283
[PMID: 12065599 DOI: 10.1074/jbc.M204935200]
el Marjou F, Janssen KP, Chang BH, Li M, Hindie V, Chan L,
Louvard D, Chambon P, Metzger D, Robine S. Tissue-specific
and inducible Cre-mediated recombination in the gut epithelium.
Genesis 2004; 39: 186-193 [PMID: 15282745 DOI: 10.1002/
gene.20042]
Heyer J, Yang K, Lipkin M, Edelmann W, Kucherlapati R. Mouse
models for colorectal cancer. Oncogene 1999; 18: 5325-5333
[PMID: 10498885 DOI: 10.1038/sj.onc.1203036]
McCart AE, Vickaryous NK, Silver A. Apc mice: models,
modifiers and mutants. Pathol Res Pract 2008; 204: 479-490
[PMID: 18538487 DOI: 10.1016/j.prp.2008.03.004]
Nandan MO, Yang VW. Genetic and Chemical Models of
Colorectal Cancer in Mice. Curr Colorectal Cancer Rep 2010; 6:
51-59 [PMID: 20376303 DOI: 10.1007/s11888-010-0046-1]
Karim BO, Huso DL. Mouse models for colorectal cancer. Am J
Cancer Res 2013; 3: 240-250 [PMID: 23841024]
de Wind N, Dekker M, Berns A, Radman M, te Riele H.
Inactivation of the mouse Msh2 gene results in mismatch repair
deficiency, methylation tolerance, hyperrecombination, and
predisposition to cancer. Cell 1995; 82: 321-330 [PMID: 7628020]
Reitmair AH, Schmits R, Ewel A, Bapat B, Redston M, Mitri A,
Waterhouse P, Mittrücker HW, Wakeham A, Liu B. MSH2 deficient
mice are viable and susceptible to lymphoid tumours. Nat Genet
1995; 11: 64-70 [PMID: 7550317 DOI: 10.1038/ng0995-64]
Reitmair AH, Cai JC, Bjerknes M, Redston M, Cheng H, Pind
MT, Hay K, Mitri A, Bapat BV, Mak TW, Gallinger S. MSH2
deficiency contributes to accelerated APC-mediated intestinal
tumorigenesis. Cancer Res 1996; 56: 2922-2926 [PMID: 8674041]
Edelmann W, Yang K, Kuraguchi M, Heyer J, Lia M, Kneitz B,
Fan K, Brown AM, Lipkin M, Kucherlapati R. Tumorigenesis in
Mlh1 and Mlh1/Apc1638N mutant mice. Cancer Res 1999; 59:
1301-1307 [PMID: 10096563]
Edelmann W, Yang K, Umar A, Heyer J, Lau K, Fan K, Liedtke

January 14, 2016|Volume 22|Issue 2|

Clark CR et al . Mouse models of CRC

58
59

60

61

62
63
64

65

66

67

68
69
70

71

72

W, Cohen PE, Kane MF, Lipford JR, Yu N, Crouse GF, Pollard
JW, Kunkel T, Lipkin M, Kolodner R, Kucherlapati R. Mutation in
the mismatch repair gene Msh6 causes cancer susceptibility. Cell
1997; 91: 467-477 [PMID: 9390556]
de Wind N, Dekker M, van Rossum A, van der Valk M, te Riele
H. Mouse models for hereditary nonpolyposis colorectal cancer.
Cancer Res 1998; 58: 248-255 [PMID: 9443401]
Kucherlapati MH, Lee K, Nguyen AA, Clark AB, Hou H, Rosulek
A, Li H, Yang K, Fan K, Lipkin M, Bronson RT, Jelicks L, Kunkel
TA, Kucherlapati R, Edelmann W. An Msh2 conditional knockout
mouse for studying intestinal cancer and testing anticancer agents.
Gastroenterology 2010; 138: 993-1002.e1 [PMID: 19931261 DOI:
10.1053/j.gastro.2009.11.009]
Neufert C, Becker C, Neurath MF. An inducible mouse model of
colon carcinogenesis for the analysis of sporadic and inflammationdriven tumor progression. Nat Protoc 2007; 2: 1998-2004 [PMID:
17703211 DOI: 10.1038/nprot.2007.279]
De Robertis M, Massi E, Poeta ML, Carotti S, Morini S,
Cecchetelli L, Signori E, Fazio VM. The AOM/DSS murine model
for the study of colon carcinogenesis: From pathways to diagnosis
and therapy studies. J Carcinog 2011; 10: 9 [PMID: 21483655
DOI: 10.4103/1477-3163.78279]
Rosenberg DW, Giardina C, Tanaka T. Mouse models for the
study of colon carcinogenesis. Carcinogenesis 2009; 30: 183-196
[PMID: 19037092 DOI: 10.1093/carcin/bgn267]
Tong Y, Yang W, Koeffler HP. Mouse models of colorectal
cancer. Chin J Cancer 2011; 30: 450-462 [PMID: 21718591 DOI:
10.5732/cjc.011.10041]
Nusse R, Varmus HE. Many tumors induced by the mouse
mammary tumor virus contain a provirus integrated in the
same region of the host genome. Cell 1982; 31: 99-109 [PMID:
6297757]
Selten G, Cuypers HT, Zijlstra M, Melief C, Berns A. Involvement
of c-myc in MuLV-induced T cell lymphomas in mice: frequency
and mechanisms of activation. EMBO J 1984; 3: 3215-3222 [PMID:
6098468]
Johansson FK, Brodd J, Eklöf C, Ferletta M, Hesselager G, Tiger
CF, Uhrbom L, Westermark B. Identification of candidate cancercausing genes in mouse brain tumors by retroviral tagging. Proc
Natl Acad Sci USA 2004; 101: 11334-11337 [PMID: 15273287
DOI: 10.1073/pnas.0402716101]
Mikkers H, Allen J, Knipscheer P, Romeijn L, Hart A, Vink
E, Berns A. High-throughput retroviral tagging to identify
components of specific signaling pathways in cancer. Nat Genet
2002; 32: 153-159 [PMID: 12185366 DOI: 10.1038/ng950]
Uren AG, Kool J, Berns A, van Lohuizen M. Retroviral insertional
mutagenesis: past, present and future. Oncogene 2005; 24:
7656-7672 [PMID: 16299527 DOI: 10.1038/sj.onc.1209043]
Osborne BI, Baker B. Movers and shakers: maize transposons as
tools for analyzing other plant genomes. Curr Opin Cell Biol 1995;
7: 406-413 [PMID: 7662372]
Spradling AC, Stern DM, Kiss I, Roote J, Laverty T, Rubin
GM. Gene disruptions using P transposable elements: an integral
component of the Drosophila genome project. Proc Natl Acad Sci
USA 1995; 92: 10824-10830 [PMID: 7479892]
Ivics Z, Hackett PB, Plasterk RH, Izsvák Z. Molecular
reconstruction of Sleeping Beauty, a Tc1-like transposon from fish,
and its transposition in human cells. Cell 1997; 91: 501-510 [PMID:
9390559]
Dupuy AJ, Fritz S, Largaespada DA. Transposition and gene
disruption in the male germline of the mouse. Genesis 2001; 30:

73

74

75

76

77

78

79

80

81

82

83

84

82-88 [PMID: 11416868]
Fischer SE, Wienholds E, Plasterk RH. Regulated transposition
of a fish transposon in the mouse germ line. Proc Natl Acad Sci
USA 2001; 98: 6759-6764 [PMID: 11381141 DOI: 10.1073/
pnas.121569298]
Zayed H, Izsvák Z, Walisko O, Ivics Z. Development of hyperactive
sleeping beauty transposon vectors by mutational analysis.
Mol Ther 2004; 9: 292-304 [PMID: 14759813 DOI: 10.1016/
j.ymthe.2003.11.024]
Geurts AM, Yang Y, Clark KJ, Liu G, Cui Z, Dupuy AJ, Bell
JB, Largaespada DA, Hackett PB. Gene transfer into genomes of
human cells by the sleeping beauty transposon system. Mol Ther
2003; 8: 108-117 [PMID: 12842434]
Collier LS, Carlson CM, Ravimohan S, Dupuy AJ, Largaespada
DA. Cancer gene discovery in solid tumours using transposonbased somatic mutagenesis in the mouse. Nature 2005; 436:
272-276 [PMID: 16015333 DOI: 10.1038/nature03681]
Dupuy AJ, Akagi K, Largaespada DA, Copeland NG, Jenkins NA.
Mammalian mutagenesis using a highly mobile somatic Sleeping
Beauty transposon system. Nature 2005; 436: 221-226 [PMID:
16015321 DOI: 10.1038/nature03691]
Starr TK, Allaei R, Silverstein KA, Staggs RA, Sarver AL,
Bergemann TL, Gupta M, O’Sullivan MG, Matise I, Dupuy AJ,
Collier LS, Powers S, Oberg AL, Asmann YW, Thibodeau SN,
Tessarollo L, Copeland NG, Jenkins NA, Cormier RT, Largaespada
DA. A transposon-based genetic screen in mice identifies genes
altered in colorectal cancer. Science 2009; 323: 1747-1750 [PMID:
19251594 DOI: 10.1126/science.1163040]
Wu C, Qiu S, Lu L, Zou J, Li WF, Wang O, Zhao H, Wang H,
Tang J, Chen L, Xu T, Sun Z, Liao W, Luo G, Lu X. RSPO2-LGR5
signaling has tumour-suppressive activity in colorectal cancer.
Nat Commun 2014; 5: 3149 [PMID: 24476626 DOI: 10.1038/
ncomms4149]
Starr TK, Scott PM, Marsh BM, Zhao L, Than BL, O’Sullivan
MG, Sarver AL, Dupuy AJ, Largaespada DA, Cormier RT.
A Sleeping Beauty transposon-mediated screen identifies
murine susceptibility genes for adenomatous polyposis coli
(Apc)-dependent intestinal tumorigenesis. Proc Natl Acad Sci
USA 2011; 108: 5765-5770 [PMID: 21436051 DOI: 10.1073/
pnas.1018012108]
March HN, Rust AG, Wright NA, ten Hoeve J, de Ridder J,
Eldridge M, van der Weyden L, Berns A, Gadiot J, Uren A, Kemp
R, Arends MJ, Wessels LF, Winton DJ, Adams DJ. Insertional
mutagenesis identifies multiple networks of cooperating genes
driving intestinal tumorigenesis. Nat Genet 2011; 43: 1202-1209
[PMID: 22057237 DOI: 10.1038/ng.990]
Takeda H, Wei Z, Koso H, Rust AG, Yew CC, Mann MB,
Ward JM, Adams DJ, Copeland NG, Jenkins NA. Transposon
mutagenesis identifies genes and evolutionary forces driving
gastrointestinal tract tumor progression. Nat Genet 2015; 47:
142-150 [PMID: 25559195 DOI: 10.1038/ng.3175]
Than BL, Goos JA, Sarver AL, O’Sullivan MG, Rod A, Starr
TK, Fijneman RJ, Meijer GA, Zhao L, Zhang Y, Largaespada DA,
Scott PM, Cormier RT. The role of KCNQ1 in mouse and human
gastrointestinal cancers. Oncogene 2014; 33: 3861-3868 [PMID:
23975432 DOI: 10.1038/onc.2013.350]
Billings JL, Dunitz JM, McAllister S, Herzog T, Bobr A, Khoruts
A. Early colon screening of adult patients with cystic fibrosis
reveals high incidence of adenomatous colon polyps. J Clin
Gastroenterol 2014; 48: e85-e88 [PMID: 24275715 DOI: 10.1097/
MCG.0000000000000034]
P- Reviewer: Cao GW, Sam MR S- Editor: Ma YJ L- Editor: A
E- Editor: Ma S

WJG|www.wjgnet.com

822

January 14, 2016|Volume 22|Issue 2|

World J Gastroenterol 2016 January 14; 22(2): 823-832
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i2.823

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Targeting Wnt/β-catenin pathway in hepatocellular
carcinoma treatment
Valery Vilchez, Lilia Turcios, Francesc Marti, Roberto Gedaly
infection and cirrhosis. Usually, patients with HCC
are asymptomatic and are diagnosed at late stages
when surgical treatment is no longer suitable. Limited
treatment options for patients with advanced HCC
are a major concern. Therefore, there is an urge for
finding novel therapies to treat HCC. Liver cancer is
highly heterogeneous and involved deregulation of
several signaling pathways. Wnt/β-catenin pathway is
frequently upregulated in HCC and it is implicated in
maintenance of tumor initiating cells, drug resistance,
tumor progression, and metastasis. A great effort in
developing selective drugs to target components of the
β-catenin pathway with anticancer activity is underway
but only a few of them have reached phase Ⅰ clinical
trials. We aim to review the role of β-catenin pathway
on hepatocarcinogenesis and liver cancer stem cell
maintenance. We also evaluated the use of small
molecules targeting the Wnt/β-catenin pathway with
potential application for treatment of HCC.
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Core tip: Several signaling pathways have been
described to be deregulated in hepatocellular carcinoma
(HCC). There are limited treatment options currently
available in advanced liver cancer. Wnt/β-catenin
pathway is frequently upregulated and has emerged as
an alternative target in HCC. Our group has studied the
role of β-catenin inhibition alone and in combination
in HCC treatment. In this review we summarized
the existing literature on the importance of Wnt/
β-catenin pathway on hepatocarcinogenesis, tumor
progression, relationship with liver stem cells and cancer
therapeutics.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
common causes of cancer-related death worldwide.
Liver cancer is generally related to hepatitis B or C
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Gastroenterol 2016; 22(2): 823-832 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i2/823.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i2.823

in several tumors from different origin. In HCC,
β-catenin accumulation has been observed in about
10%-50% of tumors, and has been correlated with
[9-11]
tumor progression and poor prognosis
. Based on
these observations, interfering with the Wnt/β-catenin
pathway might be a tempting target for liver cancer
therapy. Several compounds have been developed
to target this pathway and their potential in clinical
trials is under study. Our group recently investigated
the ability of FH-535, a dual inhibitor of β-catenin
pathway and the peroxisome proliferator-activated
receptor (PPAR), to inhibit HCC and liver cancer stem
cells (LCSC) growth in vitro and its effectivity in a
[12,13]
combination therapy with sorafenib
.
The aim of this article is to review the literature
on the role of Wnt/β-catenin signaling pathway as a
potential molecular-targeted therapy in HCC.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver and the third most
[1]
common cause of cancer-related deaths worldwide .
Its prevalence differs greatly by geographical location
reflecting variations in the main risk factors. Most
cases of HCC (80%) arise in the Asian-Pacific and
sub-Saharan African regions where the prevailing risk
factor is chronic hepatitis B virus (HBV) infection. In
Western countries, the incidence has been rapidly
increasing due to infection with hepatitis C virus (HCV)
[2]
and alcohol .
Early HCC is asymptomatic and a majority of the
patients are diagnosed when the disease is advanced
and they are no longer candidates for surgical curative
therapy. Resection remains the treatment of choice for
patients with well-preserved liver function; however,
it is still associated with a high risk of post-operative
complications and tumor recurrence. Among patients
who have underlying cirrhosis, liver transplantation
is considered the best therapeutic option in selected
candidates but its use is limited by the shortage of
potential donors. Other alternative treatments for
HCC include radio-frequency ablation, microwave
ablation, transcatheter arterial chemoembolization,
radio embolization, and molecular targeted therapies/
[2,3]
chemotherapy .
In past decades, there have been significant efforts
from different groups to develop compounds to treat
HCC. Sorafenib, a multikinase inhibitor, has been
found to be active against HCC in several pre-clinical
and clinical studies, slowing tumor progression and
improving survival in patients with advanced HCC.
It is the drug of choice in patients with advanced
HCC that are unsuitable for other types of surgical,
[4]
ablative and embolization interventions . Tumor
recurrence remains a strong limitation to any of the
HCC treatments, hence understanding the molecular
biology of HCC is crucial for the development of novel
therapies.
Numerous signaling pathways have been found to
be deregulated in HCC including the Ras/Raf/MAPK,
PI3K/mTOR, Notch, HGF/c-MET, IGF, VEGF, PDGF, and
[4-6]
Wnt/β-catenin pathway . Wnt signaling is involved in
several physiological and physio-pathological processes
[7,8]
during embryonic development and carcinogenesis .
Wnt/β-catenin signaling plays a critical role in liver
development, liver regeneration and liver zonation
which is required for spatial separation of the diverse
[7]
metabolic functions performed in the liver . Aberrant
activation of this signaling pathway has been found

WJG|www.wjgnet.com

WNT/b-CATENIN SIGNALING PATHWAY
The Wnt pathway diversifies into two main branches,
canonical or β-catenin-dependent and non-canonical or
β-catenin-independent. The canonical pathway involves
three complexes: the ligand/receptor cell membrane
complex, the cytosol β-catenin destruction complex,
and the nuclear β-catenin/TCF/LEF transcription
[14,15]
complex
. Wnt protein can bind to the heterodimeric
receptor complex of a frizzled (Fz) and a single trans
membrane lipoprotein receptor-related protein (LPR)
5 or 6 co-receptors. When Fz/LRP receptors are not
engaged, β-catenin is clustered, phosphorylated and
ubiquitin-labeled by the multiprotein “destruction
complex” that includes the tumor suppressors axin
and adenomatous polyposis coli (APC), the Ser/Thr
kinases glycogen synthase kinase 3 (GSK-3) and casein
kinase 1 (CK1), the protein phosphatase 2A, and the
E3-ubiquitin ligase β-TrCP (Figure 1, right panel). Once
phosphorylated, β-catenin is ubiquitinated and destroyed
by the proteasome. Therefore, the destruction complex
regulates the stability and availability of β-catenin,
thus playing a key role in the modulation of the Wnt
signaling cascade. Wnt/β-catenin signaling initiates
by binding of the Wnt protein to the Fz/LPR receptor
complex (Figure 1, left panel). As soon as Wnt binds
Fz and LPR, the destruction complex is deactivated. As
a consequence, non-phosphorylated active β-catenin
accumulates in the cytoplasm and it translocates into
the nucleus where it binds to the lymphoid enhancer
factor/T-cell factor (LEF/TCF). This binding displaces the
transcriptional inhibitor Groucho, and in a complex with
TCF initiates transcription of target genes such as CD44,
EpCAM, survivin, cyclin D1, glutamine synthetase,
[7,8,16-19]
iNOS, and c-Myc, among others
. In normal
cells, extracellular Wnt ligands can interact with a few
secreted antagonists, including frizzled-related protein
and Dickkopf family members, preventing the activation
of this pathway.
The association of Wnt pathway and carcinogenesis
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Figure 1 Wnt-b-catenin signaling pathway. Binding of Wnt protein initiates a cascade, which results in activation of β-catenin, its accumulation in the cytoplasm
and translocation into the nucleus to enhance the transcription of target genes (Left); When Fz/LRP receptors are not engaged, CK1 and GSK3B sequentially
phosphorylate Axin-bound β-catenin. Consequently, β-catenin is ubiquitinated and targeted for rapid destruction by the proteasome (Right).

was first described in patients with APC, where
[20,21]
. Interestingly, many
β-Catenin pathway is altered
additional associations between components of this
pathway and disease, including hepatocarcinogenesis,
have been revealed over the last two decades.

HCV core protein with increased expression of Wnt-1
[7]
in hepatoma cells .
[11]
Lachenmayer et al
proposed a molecular
classification of HCC based on Wnt-pathway aberrations
in HCC into two groups: CTNNB1 molecular class and
Wnt-TGFβ molecular class. The authors found that WntTGFβ class was associated with cytoplasmic β-catenin
accumulation, vascular invasion, and an increased risk
of early recurrence after surgical resection. A strong
association between cytoplasmic β-catenin expression
and poor histological differentiation, tumor size > 5
cm in diameter, and decreased disease-free survival
[28]
[29]
has previously been reported . Inagawa et al
demonstrated poor prognosis in HCC patients with
nuclear β-catenin accumulation in high grade HCC
tumors. Nuclear β-catenin accumulation in HCC has
also been associated to Ki67, suggesting that β-catenin
[30]
promotes tumor proliferation and progression .
The link between Wnt/β-catenin signaling pathway
and cell cycle seems to play a crucial role during
the genesis and development of HCC. Wang et
[31]
al
reported that suppressing β-catenin gene may
induce the changes in cyclin B1 and cyclin C protein
[32]
expression. Liu et al
showed that human zinc finger
protein 191 is a potential regulator of the β-catenin
transcription, found to be significantly overexpressed in
human HCC specimens and associated with growth of
human HCC cells. Mutations have also been reported in
the components of the degradation complex of β-catenin
including AXIN1 in around 3%-16% and AXIN2 in

Wnt/b-catenin activation in
hepatocarcinogenesis
Aberrant activation of Wnt/β-Catenin signaling has
been reported in a wide range of HCC patients. Nuclear
accumulation of β-catenin is strongly associated
with β-catenin mutations, a majority of which have
been described to be missense mutations at exon 3,
responsible for phosphorylation and destruction of
[22]
β-catenin .
Mutations in β-catenin gene 1 (CTNNB1) have been
[6,23-26]
reported in around 20%-40% of all HCC cases
.
[27]
Cieply et al
compared the tumor features of HCC in
the presence or absence of CTNNB1 gene mutations.
Their results indicated a strong association between
the presence of CTNNB1 mutations and increased
tumor size, macrovascular and microvascular invasion,
which supports the contribution of aberrant β-catenin
signaling to tumor aggressiveness. The abnormal
activity of β-catenin has been also linked with HCC in
the setting of HCV and HBV infections. High incidence
of CTNNB1 mutations in up to 40% of cases has been
reported in patients with HCC and HCV infection.
Previous studies have also correlated the presence of
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[33]

around 3% of all HCC cases .
Three other Wnt genes (Wnt3, Wnt4 and Wnt5A),
and three FZD genes (FZD3, FZD6 and FZD7) have
been identified to be up-regulated in 60%-90% of
human HCCs and more than 50% of the surrounding
pre-neoplastic liver tissues, suggesting that their
overexpression may be an early event in hepatocar
[34]
cinogenesis .
Wnt/β-catenin signaling pathway has also been
found to contribute to the regulation of HCC angio
genesis, infiltration, and metastasis through regulation
of the expression of angiogenic factors such as MMP-2,
[35]
MMP-9, VEGF-A, VEGF-C, and BFGF .

Analyses of miRNA expression have shown the
different level of expression of miR-122a, miR-125a,
and miR-150 in HCC cells and normal human primary
[48,49]
[50]
hepatocytes
. Augello et al studied the expression
of 664 mature miRNA in a cohort of 60 HCV-positive
liver lesions and determined the genomic status of the
miRNA chromosome 19 miRNA cluster (C19MC). Four
miRNAs overexpressed in HCC belonged to C19MC
and were significantly associated with microvascular
[51]
invasion. Ji et al
found that the reduced expression
of miR-26 correlated with the development of more
aggressive forms of HCC. Interestingly, the same
authors found that the expression of miR-26 is an
independent predictor of survival in HCC patients.
miRNA-181 has been shown to regulate the Wnt/
β-catenin signaling pathway in a positive feedback
loop, promoting the stem cell-like features of HCC
[52]
cells . Overall, the exploration of the molecular link
between Wnt/β-catenin and miRNAs could increase the
understanding of the intricate molecular regulation in
LCSCs, facilitating the design of effective therapeutic
strategies.

Molecular Mechanisms of HCC
LCSC and β -catenin signaling

Hepatocarcinogenesis is a complex process that so far
has not been completely elucidated. The Cancer Stem
Cells (CSCs) hypothesis postulates that tumors are
comprised of a heterogeneous population of cells, which
includes a minor group of cellls characterized by their
capacity of continuous self-renewal and differentiation,
long-lasting survival, and transplantability. It has
been suggested that presence of LCSCs within the
tumors could explain HCC heterogeneity, metastasis,
[36-39]
recurrence, and chemotherapeutic resistance
.
Different cell markers, including EpCAM, CD133,
CD90, CD44, CD24, and CD13, have been used to
identify the LCSC subpopulation. Such markers are
heterogeneous in expression and represent cells of
different origins. EpCAM, CD44, and CD133 are the
most frequently used markers for the enrichment of
[38-40]
tumor-initiating cells from primary human cancer
.
[41]
+
Yamashita et al
published that isolated HCC EpCAM
cells from alpha-fetoprotein positive HCC cases are
LCSCs, in which activation of Wnt/β-catenin signaling is a
major feature. Other reports suggest that pharmacologic
targeting of β-catenin could inhibit proliferation and
invasiveness capacity of LCSCs producing downregu
lation of the expression of markers (CD44 and CD133)
[42]
in vitro and in vivo .
Our group and others have studied LCSCs and
differences in resistance patterns with HCC cell lines
(Huh7, Hep3B, PLC) in vitro and in vivo by targeting
[43-45]
the Wnt/β-catenin pathway
. Understanding the
precise molecular basis of altered Wnt/β-catenin
pathway should bring important advances in HCC
biology with significant therapeutics associations.

Targeting β -catenin pathway: Is there a role for
combination therapy in HCC?

Sorafenib monotherapy is currently the standard of
[2,3]
care for patients with advanced HCC . However, in a
double-blind, placebo-controlled trial, the median overall
survival of patients on sorafenib group is prolonged by
[3]
only 2.8 mo . Therefore, there is a particular interest in
the development of new and more effective strategies
to treat HCC. Evidence from in vitro and in vivo studies
indicates that combination therapy could be more
effective. Our group has demonstrated additive and
synergistic effect of targeting Ras/Raf/MAPK pathway
in combination with other pathways important in
HCC proliferation such as PI3K/AKT/mTOR and Wnt/
[53]
β-catenin .
Based on recent studies indicating the important
role of Wnt/β-catenin signaling in the maintenance of
CSCs, there has been increasing interest in developing
new compounds to inhibit this pathway (Tables 1 and
2). One of the first studies aimed at disrupting the
interaction between β-catenin and TCF. About 7000
natural compounds were screened using an enzyme[54]
linked immunosorbent assay . Two fungal-derived
compounds, PKF115-854 and CGP04909, showed
the best results for their potency and specificity in
[54]
antagonize the β-catenin-mediated cellular effects .
These compounds have been further tested as
anticancer drugs for malignancies displaying frequent
upregulation in the Wnt/β-catenin signaling such
[55]
as human multiple myeloma , Acute Myelocytic
[56]
[57]
Leukemia , Chronic Lymphocytic Leukemia
and
[58,59]
HCC
. Two studies have assayed the therapeutic
potential of CGP049090, PKF115-584 and PKF118-310
in HCC. All three compounds showed dose-dependent
cytotoxicity against HCC cells with relative lower cyto

MicroRNAs regulation of β -catenin pathway in HCC

Emerging evidence suggests the role of microRNAs
(miRNAs) in the regulation of key biological properties
[46]
of LCSCs . During hepatocarcinogenesis miRNAs
have been shown to have both tumor suppressive and
oncogenic activity. Selected miRNAs such as miR-21,
miR-224, miR-34a, miR-221/222, miR-106a, and
[47]
miR-203, are upregulated in HCC .
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Table 1 Molecular therapies targeting Wnt/β-catenin pathway in hepatocellular carcinoma
Target in vitro

Compound

Target in vivo

Sorafenib[4]

Decrease of TCF/LEF, β-catenin protein levels and Wnt-target genes Decrease tumor volume and increase survival of treated
mRNA levels[11]
animals in HepG2 xenografts in nude mice[11]
sFZD7[66]
Block interaction between. FZD and Dvl. Decrease viability of HepG2,
Inhibitory effect in Huh7 xenografts[66]
Hep40 and Huh7 cell lines. Reduced expression of c-Myc, Cyclin
D1 and Survivin. The effect was potentiated in combination with
Doxorubicin[66]
RHPDs[67]
Decrease viability of human HCC cell lines (Huh7 and HepG2) through
Intratumor injection in SV40-TAg transgenic mouse
degradation of β-catenin and activation of PKCδ in a TP53-independent
model inhibited HCC progression[67]
manner[67]
BrMC[42]
Inhibition of CD133+ LCSCs proliferation, EMT and invasion in
Inhibition of LCSCs proliferation in Balb/c-nu mice
MHCC97 cell line, and decreased expression of beta-catenin in this
xenografts model[42]
[42]
LCSCs
SL1122-37[71]
Inhibitory effect on the proliferation of HCC PLC/PRF/5 cells and the
(Sorafenib derivative)
formation of angiogenesis of HUVECs[71]
PMED-1[18]
Blocks β-catenin and CBP interaction. Suppression of down-stream
Decrease of Wnt signaling in transgenic zebrafish[18]
effects in β-catenin signaling in HCC cell lines[18]
XAV939[61]
Inhibit Tankyrase 1 and 2 inducing degradation of β-catenin by
Inhibited growth of HepG2 xenograft model of HCC[76].
stabilization of Axin. Antitumor activity against neuroblastoma[72],
Reduce tumor growth in a conditional APC mutant
colon[73], breast[74] and lung[75] cancers, and HCC Decreased nuclear
mouse model of colon cancer[73]. Repressed lung cancer
β-catenin levels, cell proliferation and colony formation in HepG2 and formation in murine xenograft and transgenic syngeneic
Huh7[76].
lung cancer models[75]
CGP049090
Block TCF/LEF and β-catenin interaction. Decrease expression of
Inhibitory effect in murine xenograft model of human
PKF115-854
c-myc, Cyclin D1 and Survivin in AML[56], CCL[57], MM[55] and HCC[58,59]
MM[55], HepG2 xenograft model of HCC[58], JVM-3
PKF118-310[54]
cells. Induced apoptosis and cell cycle arrest at the G1/S phase.
subcutaneous xenograft model of CCL[57]
FH535[69]
Inhibition of the activation of β-catenin-regulated genes in the HCC cell
lines Huh7, Hep3B and PLC and LCSC. Arrests the cell cycle from G1
to S-phase[69]
FH535 and Sorafenib Synergistic inhibition of LCSC and Huh7 cell lines proliferation. Dose
combination[12]
dependent inhibition of Cyclin D1, Survivin and Bcl2 expression[12]
LEF/TCF: Lymphoid enhancer factor/T-cell factor; HCC: Hepatocellular carcinoma; LCSCs: Liver cancer stem cells.

toxicity to normal hepatocytes. In a HepG2 xenograft
model, these compounds inhibited tumor growth
associated with apoptosis and reduced levels of
[58]
[59]
TCF4/β-catenin target genes . Yamashita et al
demonstrated that the epithelial cell adhesion molecule
(EpCAM, a hepatic stem cell marker) is a direct trans
criptional target of the Wnt/β-catenin pathway in HCC.
EpCAM-expressing HCC were more sensitive to the
β-catenin/TCF4 antagonists, CGP049090, PKF115-584
and PKF118-310, than EpCAM-negative HCC.
[60]
Thorne et al
identified the FDA-approved drug
Pyrvinium as an inhibitor of the Wnt signaling by
enhancing the activity of the destruction complex
though the binding to CK1 and selectively potentiating
CK1α kinase activity. Whereas protein kinases have
proven to be effective drug targets in cancer, the specific
role of inhibitors of CK1 have yet to be completely
elucidated.
Other low molecular mass compounds such as
XAV939 have been identified to prolong the half-life
of Axin and promote β-Catenin degradation through
[61-64]
inhibiting tankyrase
.
Other strategy for attenuating the Wnt/β-catenin
signaling pathway is by blocking the interaction
between Fz receptors with their ligands. The effective
interference of Fz and Wnt interaction has been
achieved with monoclonal antibodies or with recom
binant soluble fragment of Fz (sFz). OMP-18R5, is a
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novel monoclonal antibody that interacts with five Fz
receptors to block canonical Wnt signaling. It has been
used to inhibit the growth of several types of human
cancers and has shown to be synergistic with other
[65]
drugs such as taxol, irinotecan and gemcitabine .
[66]
Wei et al
found that a recombinant sFz7 peptide
inhibited Wnt/β-Catenin signaling and decreased
proliferation and tumorigenesis in some HCC cell lines.
[67]
Nambotin et al
used small interfering peptides in
HCC to block Fz7 function Wnt signaling and tumor
progression.
Chrysin, a naturally distributed flavonoid, has
been described to inhibit proliferation and induce
[68]
[42]
apoptosis in a variety of cancer cells . Quan et al
demonstrated that a synthetic analogue of Chrysin,
8-bromo-7-methoxychrysin, inhibited the stem cell+
like properties of CD133 cells derived from MHCC97
cell line in vivo and in vitro. They proposed that the
mechanism may relate to a reduction levels of Akt and
[64]
activation of GSK-3β .
Interestingly, some small molecules that inhibit the
interaction between β-Catenin and CBP could induce
cancer stem cells to differentiate, thereby eventually
clearing the pool of cancer initiating cells.
[18]
Delgado et al identified a small molecule inhibitor
of β-catenin PMED-1 that blocks β-catenin signaling
and β-catenin-CBP interactions in multiple cells lines
(Hep3B, HepG2, Snu-398 and Snu-449), reducing
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100 ± 10
64 ± 3.7
82 ± 4.2
93 ± 5.6
106 ± 14
33 ± 4.8
52 ± 6.4
71 ± 1
27 ± 5.1
62 ± 1.5
47 ± 2.3
66 ± 3.2
57 ± 21
67 ± 12
69 ± 3.51
62 ± 10
69 ± 6.9
67 ± 5.9
74 ± 27
71 ± 12
62 ± 2.3
58 ± 6.9
36
18
7
0
67
48
29
73
38
53
34
43
33
31
38
31
33
26
29
38
42

[ H]-Thymidine incorporation
% Inhibition
ratio in Huh-7 cells at 10 µmol/L at 10 µmol/L
relative to DMSO
1.0
0.5
0.2
0.0
1.9
1.3
0.8
2.0
1.1
1.5
0.9
1.2
0.9
0.9
1.1
0.9
0.9
0.7
0.8
1.1
1.2

Ratio of % inhibition of
analog to % inhibition by
FH535 at 10 µmol/L

47

16.6 ± 1.1

46
72

64
45
53

11.2 ± 1.0
17.2 ± 0.9
14.8 ± 0.7

16.8 ± 0.9
8.7 ± 0.1

13

61

12.1 ± 0.9

27.3 ± 3.5

73

TOPFlash Assay as a
Percentage Decrease
Relative to Control

31.2 ± 4.5
8.5 ± 2.1

TOPFlash Assay
(10 µmol/L)

their viability and proliferation on a transient mode. However, a major drawback of this study was the lack of in vivo studies in xenograft models due to the hydrophobic
[65]
nature and relatively short half-life of PMED-1 .
[11]
Sorafenib has also been investigated as a potential Wnt modulator in experimental models. Lachenmayer et al
found that Sorafenib reduced Wnt signaling and
β-catenin expression in different cell lines in vitro and, in a xenograft model, xenograft nude mice treated with Sorafenib showed reduced HepG2 tumor growth. The
[69]
[19]
small molecular agent FH535 has been shown to inhibit proliferation of HCC and hepatoblastoma cell lines . Liu et al
also reported that this antiproliferative effect
was associated with the reduced expression of β-catenin iNOS.
Our group studied the effects of combined therapy targeting Ras/Raf/MAPK and Wnt/β-catenin over HCC and LCSCs proliferation. We found that FH535 in combination
with sorafenib caused synergistic inhibition of proliferation in both tumor cell types (Figure 2). FH535 demonstrated a dose-dependent inhibition of Cyclin D1, Survivin,
[12]
Bcl2 and c-Myc expression . It was found that co-transfected wild-type β-catenin expression vector increased nearly 15-fold the luciferase activity from TOPFlash
[13]
reporter assay compared to cells co-transfected with the empty vector control . We have also identified the FH535-mediated inhibition of β-Catenin-dependent gene
expression in HCC cells. Our group has compared the activities induced by of XAV939 and FH535 on LCSCs and non-LCSC lines. Our results suggest that β-catenin/TCF/
LEF inhibition site of FH535 may directly target the transcription promoter site. Further studies will determine the effects associated with FH535 ability to inhibit PPAR
and to address the toxicity and efficacy for the treatment of HCC. Due to favorable results obtained using this compound alone and in combination with Sorafenib, our
[70]
laboratory has recently developed an array of FH535 derivatives, some of which display a potent and selective β-catenin inhibitory activity in HCC cells .

From Kril et al[70] with permission of Bioorg Med Chem Lett.

Control
1a
1b
1c
1d
1e
1f
1g
1h
1i
1j
1k
1l
1m
1n
1o
1p
1q
1r
1s
1t
1u

FH535
analog

Table 2 Percentage inhibition of [ H]-thymidine incorporation in Huh-7 cells by FH535 analogs
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Figure 2 Synergistic inhibition of proliferation of liver cancer stem cells targeting β-catenin and Ras/Raf/MAPK pathways. FH535 and Sorafenib combination
on inhibition of [3H]-Thymidine incorporation in liver cancer stem cells (CD133+, CD44+ and CD24+) Calculated combination index (CI) of less than 1. From Galuppo et
al[12] with permission of Anticancer Research.

To date, there are two ongoing clinical phase Ⅰ/Ⅱ
trials using compounds such as PRI-724 and OMP-18R5
targeting β-catenin signaling pathway for the treatment
of solid tumors and myeloid malignancies, suggesting
the potential use of β-catenin inhibition in the treatment
of HCC.
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chemokine/chemokine receptor pair CCL20/CCR6 in human
colorectal malignancy: An overview
Vilma Oliveira Frick, Claudia Rubie, Ulrich Keilholz, Pirus Ghadjar

Abstract

Vilma Oliveira Frick, Claudia Rubie, Department of General-,
Visceral-, Vascular- and Pediatric Surgery, University of the
Saarland, 66421 Homburg/Saar, Germany

Chemokines belong to a superfamily of small, cytokinelike proteins, which induce multiple physiological
functions, particularly cytoskeletal rearrangement
and compartment-specific migration through their
interaction with G-protein-coupled receptors. Chemo
kines and their receptors have been widely acknow
ledged as essential and selective mediators in leuko
cyte migration in inflammatory response. It is now
established that the chemokine/chemokine receptor
system is also used by cancer cells to direct lymphatic
and haematogenous spreading and additionally has
an impact on the site of metastatic growth of different
tumours. In recent years an increasing number of studies
have drawn attention to CC-chemokine cysteine motif
chemokine ligand 20 (CCL20) and its physiological sole
receptor CCR6 to play a role in the onset, development
and metastatic spread of various gastrointestinal
cancer entities. Among various cancer types CCR6 was
also demonstrated to be significantly overexpressed
in colorectal cancer (CRC) and stimulation by its
physiological ligand CCL20 has been reported to
promote CRC cell proliferation and migration in vitro .
Further, the CCL20/CCR6 system apparently plays a
role in the organ-selective liver metastasis of CRC.
Here we review the literature on expression patterns
of CCL20 and CCR6 and their physiological interactions
as well as the currently presumed role of CCL20 and
CCR6 in the formation of CRC and the development of
liver metastasis, providing a potential basis for novel
treatment strategies.
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The interactions between chemokines and their
receptors are often not perfectly specific. However,
every chemokine receptor binds only one group of
chemokines. Thus, on the basis of their bindingproperties, chemokine receptors are divided into
different families, CXC chemokine receptors, CC
chemokine receptors, CX3C chemokine receptors and
XC chemokine receptors that correspond to the four
distinct subfamilies of the chemokines they bind.
While most chemokine receptors bind to multiple
chemokines, providing a certain redundancy to the
system. CCR6, however, is unique with respect to the
fact that this receptor is found to bind only a single
chemokine ligand, the homeostatic and inflammatory
chemokine ligand 20 (CCL20). The selectivity of the
CCR6/CCL20 ligand receptor interaction in contrast
to the other chemokine receptor binding properties
already suggests tightly regulated functional roles.

Core tip: Here we review the current literature published
with respect to the expression pattern of chemokine/
chemokine receptor pair cysteine motif chemokine
ligand 20 (CCL20)/CCR6 and their physiological inter
actions as well as the currently presumed role of the
CCL20/CCR6 system in the onset and development of
colorectal cancer (CRC) and its apparent role in the
organ-selective metastatic spread of CRC cells to the
liver. Disrupting the chemokine/chemokine receptor
interaction of CCL20/CCR6 may therefore be a promising
novel treatment strategy in CRC and metastasis.
Frick VO, Rubie C, Keilholz U, Ghadjar P. Chemokine/
chemokine receptor pair CCL20/CCR6 in human colorectal
malignancy: An overview. World J Gastroenterol 2016;
22(2): 833-841 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i2/833.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.833

PHYSIOLOGICAL FUNCTIONS OF CCL20
AND CCR6

INTRODUCTION

The cysteine-cysteine motif CCL20 - also known as
liver-and activation-regulated chemokine (LARC),
macrophage inflammatory protein-3a (MIP-3a), and
exodus-1 - was discovered independently by three
[8-10]
research groups using bioinformatic techniques
.
CCL20 is expressed in a variety of human tissues
and by different types of immune cells. While CCL20
expression was predominantly observed in mucosa
associated lymphatic tissue (MALT), other lymphatic
[9-11]
tissues, lung and liver tissues
, its expression is
[12,13]
virtually not detectable in spleen or bone marrow
.
CCL20 expression has further been demonstrated
in inflammation related cells such as endothelial
[14,15]
[16]
[17]
cells
, neutrophils , natural killer (NK) cells ,
[18]
[19]
Th17 cells , B-cells
and a variety of other immune
[13,20]
cells
as well as in normal tissue of the colon,
pancreas, stomach, prostate, testis, uterine cervix and
[11]
skin .
The chemokine receptor CCR6 was originally
described to be constitutively expressed in both
lymphatic as well as in non-lymphatic tissue: predo
minantly in spleen, lymph nodes, appendix and pan
creas and to a lesser extent in thymus, colon, small
[11]
intestine, foetal liver and testis . CCR6 is further
expressed on various leukocyte subsets, including
immature dendritic cells (iDCs), B-cells, T-cells (proinflammatory Th17 cells, regulatory Treg cells), NKT
[11,21,22]
cells and neutrophils
. Early after its discovery,
CCR6 was found to function in part as a key mediator
linking iDCs to adaptive immune responses. In
particular, it mediates the accurate positioning of iDCs
[23]
in tissue , a critical early step in the afferent part of
adaptive immune induction. As iDCs take up antigen,
mature and become activated, they down-regulate
CCR6 and up-regulate CCR7. This “chemokine receptor
switch” detaches the cell from tissue and enables its

Chemokines constitute a superfamily of small
structurally related chemotactic cytokines that direct
the migration of leukocytes throughout the body,
both under physiological and inflammatory condi
[1,2]
tions . Furthermore, they play a central role in many
biological events, such as embryonic development,
wound healing, angiogenesis, T-helper (Th)1/Th2
development, leukocyte homeostasis, lymphatic organ
development, inflammatory diseases, tumour growth
and metastasis. Chemokines exert their various
biological functions by activating 7-transmembranedomain G-protein coupled receptors on their target
[3]
cells .
Since 1987, when CXCL8 [interleukin (IL)-8] was
isolated as the first chemokine, remarkable progress
[4,5]
was made in the field of chemokine research
.
Until now, more than 50 different chemokines and 20
chemokine receptors have been discovered.
According to the presence and the relative position
of the NH2-terminal Cystein (C) residues, chemokines
are structurally grouped into the CC, CXC, CX3C and
C chemokines. Alternatively, chemokines may be subdivided according to their function into inflammatory/
[2,6]
inducible or homeostatic/constitutive chemokines .
However, there are some members in the chemokine
family which possess both inflammatory and homeo
static functions (Table 1).
To date, 20 different chemokine receptors have been
characterized, which share many common structural
features. They are composed of approximately 350
amino acids that are divided into a short and acidic
N-terminal end, seven helical transmembrane
domains with three intracellular and three extracellular
hydrophilic loops and an intracellular C-terminus
containing serine and threonine residues that act as
[7]
phosphorylation sites during receptor regulation .
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necrosis factor alpha (TNF-α) or interleukin 1 beta (IL[27-29]
1β) induces an increase in CCL20 secretion
. The
chemokine/chemokine receptor pair CCL20/CCR6
presumably plays a role in combating infectious
microorganisms, as chemoattraction of CCR6 bearing
dendritic cells via CCL20 may contribute to the
qualitative differences between systemic and mucosal
[30]
immunity as shown in vitro and in vivo by Cook et al
[31]
and Kucharzik et al . CCR6 expression is also found
[32-35]
in the normal colon mucosa
, but in contrast to
CCL20, CCR6 expression is polarized predominantly to
the apical side, thus, not accessible by CCL20 which
is released from the basolateral side. Moreover, in
contrast to CCL20 expression CCR6 expression is not
influenced by inflammatory disease. The co-expression
of ligand and receptor in the same cell opens up the
possibility of autocrine and/or paracrine signalling, and
consequently, as self-perpetuating cycle of recruitment
[36]
within the intestinal epithelial cells .

Table 1 Nomenclature of selected chemokines, coding
chromosomal location, major function and interacting receptor
Synonymes

Location

Major function

Receptor

MIP-1α/LD78α
MIP-1b

17q11.2
17q12

Inflammation
Inflammation

RANTES
MIP-3b/ELC/
Exodus-3
MIP-3α/LARC/
Exodus-1
6Ckine/SLC/
Exodus-2
TECK/Ckb15

17q12
9p13.3

Inflammation
Homing

CCR1
CCR1
CCR5
CCR5
CCR7

2q36.3

CCR6

9p13.3

Homing,
Inflammation
Homing

19p13.2

Homing

CCR9

IL-8

4q13.3

CXCL9

MIG

4q21.1

CXCR1
CXCR2
CXCR3

CXCL10

IP-10

4q21.1

CXCL11

I-TAC

4q21.1

CXCL12

SDF-1α/b

10q11.21

Inflammation,
Angiogenesis1
Inflammation,
Angiogenesis2
Inflammation,
Angiogenesis2
Inflammation,
Angiogenesis2
Homing

4q21.1

Homing

CXCR3
CXCR7
CXCR4
CXCR7
CXCR5

16q13

Inflammation

CX3CR1

1q24.2

Homing

XCR1

1q24.2

Homing

XCR1

CC
Chemokine
CCL3
CCL4
CCL5
CCL19
CCL20
CCL21
CCL25
CXC
Chemokine
CXCL8

CXCL13
BLC/BCA-1
CX3C
Chemokine
CX3CL1
Fractalkine
C-Chemokine
XCL1
Lymphotactin/
SCM-1α
XCL2
SCM-1b

CCR7

CXCR3

CCL20 AND CCR6 EXPRESSION IN
COLORECTAL CANCER
For clarity, the literature describing the CCL20
and CCR6 expression in colorectal cancer (CRC) is
summarized in Table 2.
In sharp contrast to mucosa cells, CRC cells
express both CCL20 and its corresponding receptor
CCR6 in a non-polarized fashion, providing a basis for
efficient autocrine and paracrine loops. Compared to
the low CCR6 expression rates in normal colon mucosa
tissue and normal liver tissue, CCR6 expression is
significantly up-regulated in colorectal malignancies
[35-39]
[39,40]
such as CRC
and colorectal liver metastasis
.
[38]
Thus, Hu et al
described high expression rates of
CCR6 in CRC which were significantly associated with
metachronous metastasis to liver or lung. However,
these high CCR6 expression rates were not organspecific, thus allowing no differentiation between
metastasis to liver or lung.
[39-41]
Accordingly, CCL20 expression in CRC
and
[37,40]
colorectal liver metastasis
is also significantly
increased compared to the corresponding normal
tissue, respectively. Functional assays demonstrated
that CCL20 stimulation of CRC cells led to increased
proliferation and migration of CRC cells in vitro as
cas
well as to phosphorylation of p130 , an adaptor/
scaffolding protein associated with cytoskeletal and
other focal adhesion proteins involved in adhesion and
[32,33]
migration
. Moreover, stimulation with CCL20 led to
[33]
activation of the ERK-MAP kinase and Act pathways .
To date, a large number of literature provides evidence
that the expression of microRNAs (miRNAs) is
dysregulated in cancer while it is yet unknown if this
directly influences the carcinogenic process. In one of
our studies we have outlined a functional interaction of
miRNA-21 (miR-21) with the 3’UTR of CC-chemokine
ligand CCL20. Further, we have demonstrated that

1

Promotor of angiogenesis; 2Inhibitor of angiogenesis.

migration to draining lymph nodes in response to
the CCR7 ligands CCL19 and CCL21 expressed on
[24,25]
lymphatic endothelial cells
. To date, the exact
role of the CCL20/CCR6 axis in steady-state immune
dynamics still has to be elucidated. However, the fact
that opposing cell subtypes like pro-inflammatory
Th17 and regulatory Treg cells express and respond
to CCL20 alludes to a potential regulatory balance
between immune activation and suppression and
[26]
implies an intriguing feedback loop .
[18]
Yamazaki et al
reported that lack of CCR6
in Th17 cells inhibits their own as well as Treg
recruitment into inflammatory tissues, reasoning that
CCR6 deficiency in T cells decreases the susceptibility
to autoimmune diseases.
Among many other functions, the CCL20 and CCR6
system also plays an important and again tightly
regulated physiological role in the colonic mucosa.
Typically, CCL20 is weakly expressed in normal
colonic mucosa. Yet, in response to an inflammatory
stimulus CCL20 is strongly up-regulated. If mucosa
cells grow in a polarized fashion, CCL20 secretion is
located predominantly at the basolateral side of the
cell and a pro-inflammatory stimulus through tumour
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Table 2 CCL20 and CCR6 data in colorectal cancer available in the literature
Author

Year

Cell-lines

Clinical samples

Animal model

CCL20 determination

CCR6 determination

Functional assays

Ref.

Rossi
Izadpanah
Fujiie
Kwon
Dellacasagrande
Yang
Brand
Ghadjar
Rubie
Liu
Vicinus
Hu
Frick
Vicinus
Nandi

1997
2001
2001
2002
2003
2005
2006
2006
2006
2011
2012
2013
2013
2013
2014

Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
No
No
No
Yes

No
Yes
No
No
Yes
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes

No
No
No
No
Yes
No
No
No
No
Yes
No
No
No
No
Yes

SB, NB
IHC, PCR, ELISA
ELISA, PCR
ELISA, PCR
No
No
PCR, IHC
No
PCR, ELISA
IF, WB, PCR
PCR, ELISA
No
PCR, ELISA, IHC
PCR, ELISA, IHC
ELISA, IHC

No
IHC, PCR
No
No
PCR
FC, CM
PCR, IHC
IHC
PCR, WB
FC, IF

No
No
No
No
AA
cAMP, PP, CF
PA, WA, APA
No
No
No
miR, LUC
No
No
No
No

[8]
[27]
[28]
[29]
[43]
[32]
[33]
[34]
[35]
[51]
[42]
[38]
[37]
[41]
[39]

IHC
PCR, IHC
No
IHC, PCR, WB

SB: Southern blot; NB: Northern blot; PCR: Polymerase chain reaction; IHC: Immunohistochemistry; PA: Proliferation assay; ELISA: Enzyme-linked
immunosorbent assay; AA: Actin assay; FC: Flow-cytometry; CM: Confocal microscopy; cAMP: cAMP assay; PP: Protein phosphorylation; CF: Calcium
flux; WA: Wounding assay; APA: Apoptosis assay; WB: Western blot; IF: Immunofluorescece staining; miR: miRNA assay; LUC: Dual luciferase reporter
assay.

[47]

miR-21 down-regulates CCL20 gene expression in
three miR-21 transfected CRC cell lines, namely CaCo,
[42]
SW480 and SW620 .
[43]
A study performed by Dellacasagrande et al
demonstrated that small CRC liver metastases
express higher amounts of CCR6 compared to the
surrounding tissue hypothesizing a role for CCR6 in
the development of liver metastasis. CCR6 expression
was also shown to be lower in large established liver
metastases compared to the corresponding primary
CRC tumours, which could be due to the fact that
CCR6 expression may not be necessary for CRC
cells that have already formed large established
[33,34]
metastases
.
While the connection between inflammation
and tumourigenesis is well established, the exact
mechanisms linking these conditions have remained
elusive. Successful evasion of the host´s immune
response is thought to be the main mechanism
[44]
responsible for cancer development . Furthermore,
communication between tumour cells and their
microenvironment is widely thought to be crucial for
tumour growth. Particularly, the interactions between
tumour cells and infiltrating lymphocytes represent
a powerful relationship that influences disease
[45]
progression and patient prognosis . Therefore, the
types of tumour-infiltrating lymphocytes are believed
[46]
to affect the prognosis of CRC . Accumulating
evidence indicates that although cancer patients
exhibit a generalized immunosuppressive status,
the inflammatory reaction at tumour site can foster
tumour growth and progression. The perpetuation
of chronic inflammation is largely achieved through
positive feedback loops, which include inflammatory
cells producing cytokines that induce chemokine
synthesis in malignant and stromal cells leading to
prolonged recruitment of inflammatory cells into
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the tumour environment . The newly described
+
IL-17 secreting subset of CD4 T helper cells (Th17)
are on of most critical immune cell subsets in this
respect and thus have tumour-promoting effect. In
[48]
patients with hepatocellular carcinoma , esophageal
[49]
[50]
[51]
carcinoma , prostate cancer and CRC high levels
of intratumoural Th17 cells were found to be positively
associated with poor prognosis. Also it has been
[51]
suggested by Liu et al
that the expression of IL-17
in Th17 cells and macrophages is involved in VEGF
production and angiogenesis and is associated with
poor survival in patients with colorectal carcinoma.
[52]
Chen et al
demonstrated that the distribution of
helper T-lymphocytes is significantly different between
colorectal tumour tissues and the peritumoural tissues.
They reported that the percentage of infiltrating
regulatory Th1 cells was significantly decreased,
while the percentage of infiltrating suppressive
Tregs-, type 1 regulatory T (Tr1)-, and IL-17-positive
cells were significantly increased in tumour tissues
compared to peritumoural tissues. Likewise the ratio
of suppressive T-helper (Tregs-, Tr1-, IL-17-positive
cells) to regulatory Th1 cells was significantly higher in
tumour tissues than in peritumoural tissues. It is well
known, that the migration of T cells is tightly regulated
[6]
by chemokine/chemokine receptor interaction .
Previous studies showed that recruitment of Th17 cells
is governed by multiple pathways, including CCR2/
[53-56]
CCL2, CCR4/CCL17/CCL22 and CCR6/CCL20
. In a
[57]
recent study Yu et al
showed that the CCR6/CCL20
pathway is the preferential chemoattractant for the
trafficking of circulating Th17 cells into tumour tissue
of cervical cancer.
[58]
Chin et al
demonstrated in vitro that IL-17
treatment induces an increase of CCR6 expression
in CRC HCT-116 cells and that IL-17 induced cell
migration is mediated through the ERK and p38
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intracellular cascades and through the transcription
factor NF-κB.
It is also accepted that tumour-associated macro
phages (TAMs) contribute to the increased production
+
of CCL20 that recruits CCR6 regulatory Tregs cells and
[59]
promotes CRC in mice . Another study demonstrated
in a CCR6 mice knock out model that intestinal
tumourigenesis driven by CCL20/CCR6 interactions
may be driven by macrophage recruitment into the
intestine as well as proliferation of neoplastic epithelial
[39]
cells .
It is also well known that immune cell subsets,
when chronically activated, directly foster tumour
[60,61]
development and promote cancer progression
.
[62]
Kryczek et al
focused on the interaction between
+
IL-22 secreting (IL-22 ) immune cells and cancer
+
+
(stem) cells. They demonstrated that IL-22 CD4 T
cells promote CRC stemness via STAT3 transkription
factor activation and induction of the methyltransferase
DOT1L and that is relevant for outcome in patients
with CRC.

metastatic process. The EMT phenotype in cancer has
been associated with a decrease in tumour growth,
increased resistance to apoptosis, increased motility
[70]
and invasiveness and enhanced metastatic ability .
As these phenotypic transitions are reversible it is
hypothesized that tumour cells may transform back
into an epithelial phenotype once they have reached
their destination thus facilitating tumour growth in the
[71]
secondary site .
The “homing theory” proposes that different organs
produce chemotactic factors which can attract the
corresponding chemokine receptor bearing cancers
cells so that they migrate into distinct organs towards
[72-74]
the chemokine gradient
. Thus, various publications
support the involvement of chemokine/chemokine
[75-81]
receptor interactions in tumourmetastasis
and
demonstrated that blockade of the respective chemo
kine/chemokine receptor interaction leads to a
[82-84]
reduction of metastasis development in vivo
.
CRC is a tumour with a high propensity for
metastatic spread, mostly affecting liver and lungs.
Liver metastases develop in approximately 50% of CRC
patients at some point in the course of their disease and
[64]
worsen the prognosis for patient survival dramatically .
With respect to colorectal liver metastasis CCR6 is of
special importance as well as its unique chemokine
ligand CCL20, which is predominantly expressed in
mucosa-associated and lymphoid tissues and in the
[11]
liver . Within the liver, the CCL20 expression profile is
not random, but predominantly limited to the periportal
area. Such local designation may be explained by
the fact, that the periportal area is the physiological
entry site of the blood draining from most of the
lower gastrointestinal tract. Also potential invading
microorganisms are likely to use this mode of entry.
Therefore, the periportal expression of CCL20 may be
important for recruiting CCR6-expressing dendritic cells
as a response to encounter with microorganisms. In
addition, the periportal area is also the presumed initial
entry site for cancer cells, which originate from cancers
of the colon or proximal rectum, which have gained
[10,11,20]
access to the portal bloodstream
.
Recent studied explored the question, if there was
any physiological example of CCL20/CCR6 interaction
resulting in recruitment of CCR6-expressing cells to
the liver. Indeed, CCL20 is weakly expressed in normal
liver, but after an inflammatory stimulus CCL20 is
strongly up-regulated and this results in the chemoattraction of CCR6 bearing T-lymphocytes into the liver
[20,85]
in vitro and in vivo
.
If you assemble all these pieces of evidence, you
may hypothesize, that the expression of CCL20 within
the periportal area of the liver may be “the soil” for
CCR6 expressing CRC cells, which detached from the
primary tumour, “the seed”. If micrometastases are
present, the autocrine mechanism of CCL20/CCR6
interactions might contribute to enhanced tumour
growth. On the other hand, the tumour itself may
provide support for tumour growth in a paracrine

CCL20 AND CCR6 IN TUMOUR
METASTASIS
The morbidity and mortality of patients with cancer
[63]
is mainly attributed to distant tumour metastasis .
For instance, the 5-year survival rate for patients
with tumours restricted only to the colon decreases
dramatically from 90% to 10% in the presence of
[64,65]
distant metastasis
. The current understanding
of the metastatic process is far from sufficient, but
various experimental and clinical findings support the
thesis that metastatic dissemination is a result of a
complex multistep molecular machinery which does not
occur randomly, but as a result of different coordinated
[66]
organ-specific processes . Thus, some organs, such
as liver, lung, brain and bones are frequently involved
in tumour metastasis, while other organs like muscle
and mucosal membranes of the gastrointestinal tract
are seldomly affected by metastasis. Such differences
cannot solely be explained by anatomic differences in
blood and lymphatic supply.
In the last decades different concepts were
postulated trying to explain the metastatic behaviour
of different tumour entities. The most central of these
theories is the “seed and soil” theory of metastasis,
[67]
first proposed in 1889 by Stephen Paget . Paget
predicted that cancer cells (the “seed”) can survive
and proliferate only in secondary sites (the “soil”)
that produce growth factors appropriate to that type
of cell, and this theory has largely withstood the test
[68]
of time . According to the “adhesion theory” cancer
cell extravasation is triggered by certain adhesion
molecules that are expressed on endothelial cells in
[69]
an organ specific manner . Another theory gaining
popularity in recent years suggests that epithelialmesenchymal transition (EMT) may contribute to the
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manner by triggering CCL20 production in the sur
rounding liver tissue.
Two independent studies performed by Ghadjar
[34]
[38]
et al
and Hu et al
demonstrated in concordance
with the hypothesis stated above that increased CCR6
expression on primary CRCs are an independent risk
factor for distant metastasis. Furthermore, multivariate
analysis showed that along with the expression of
CCR6 also CXCR2 expression and the preoperative
serum carcinoembryonic antigen (CEA) level were
the major independent factors affecting distant
[38]
metastasis .
[34]
Moreover, Ghadjar et al demonstrated a significant
up-regulation of CCR6 in CRC compared to the colonic
mucosa. Interestingly, the CCR6 expression in liver
metastatic tissue was significantly down-regulated as
compared to the primary tumour. In a parallel study,
[36]
we were able to confirm the finding by Ghadjar et al
namely the up-regulation of CCR6 from colonic mucosa
to CRC. Further, we could demonstrate that patients
with CRC who experienced liver metastasis, express
significantly higher amounts of CCL20 in their liver
compared to controls without metastases, suggesting
an association between CCL20/CCR6 expression in
human CRC and the promotion of colorectal liver
metastasis. Moreover we demonstrated that CCL20
expression correlates clinicopathologically with the
transition of an inflammatory disease to the adenoma
and adenocarcinoma sequence. Likely, serum CCL20
was recently suggested as an independent predictive
factor for liver metastasis correlating high levels of
[86]
serum CCL20 with poor prognosis .
Taken together, these data strongly support the
hypothesis that up-regulation of CCR6 expression and
high amounts of CCL20 in the organ of metastatic
spread, are correlated with liver metastasis, suggesting
that the chemokine/chemokine receptor CCL20/CCR6
system plays a central role in tumour progression and
metastasis.
However, this hypothesis needs to be further
validated by functional studies.
The identification of key targets promoting meta
stasis is important for the development of new
treatments and inhibiting metastasis development by
interfering with the chemokine/chemokine receptor is
[87,88]
a promising strategy for adjuvant treatments
.
Moreover, it would be important to investigate if
a neutralizing antibody against CCR6 can block the
influence of CCL20 on proliferation and migration in
vitro. Subsequently, the concept of liver metastasis
facilitated by CCL20/CCR6 interactions should also be
validated in vivo by knock-out animal models.

Moreover, the formation of colorectal liver metastasis
might be advantaged by CCL20/CCR6 interactions.
The identification of key targets promoting disease
progression and metastasis is of great interest for
the development of specific treatment strategies.
Attempts to inhibit metastasis by interfering with
chemokine/chemokine receptor interactions is a
promising new therapeutic strategy. Various smallmolecule chemokine receptor antagonists compounds
are currently undergoing development in phase I to
Ⅲ studies in infectious and autoimmune diseases and
more recently also in cancer.

REFERENCES
1
2
3
4

5

6
7
8

9

10

11
12
13

14

CONCLUSION
The chemokine/chemokine receptor pair CCL20/
CCR6 is involved in CRC leading to proliferation and
migration via autocrine and/or paracrine mechanisms.

WJG|www.wjgnet.com

15

838

Yoshie O, Imai T, Nomiyama H. Chemokines in immunity. Adv
Immunol 2001; 78: 57-110 [PMID: 11432208]
Zlotnik A, Yoshie O. Chemokines: a new classification system
and their role in immunity. Immunity 2000; 12: 121-127 [PMID:
10714678]
Murphy PM. The molecular biology of leukocyte chemoattractant
receptors. Annu Rev Immunol 1994; 12: 593-633 [PMID: 8011292]
Yoshimura T, Matsushima K, Tanaka S, Robinson EA, Appella
E, Oppenheim JJ, Leonard EJ. Purification of a human monocytederived neutrophil chemotactic factor that has peptide sequence
similarity to other host defense cytokines. Proc Natl Acad Sci USA
1987; 84: 9233-9237 [PMID: 3480540]
Walz A, Peveri P, Aschauer H, Baggiolini M. Purification and
amino acid sequencing of NAF, a novel neutrophil-activating factor
produced by monocytes. Biochem Biophys Res Commun 1987;
149: 755-761 [PMID: 3322281]
Moser B, Loetscher P. Lymphocyte traffic control by chemokines.
Nat Immunol 2001; 2: 123-128 [PMID: 11175804]
Allen SJ, Crown SE, Handel TM. Chemokine: receptor structure,
interactions, and antagonism. Annu Rev Immunol 2007; 25:
787-820 [PMID: 17291188]
Rossi DL, Vicari AP, Franz-Bacon K, McClanahan TK, Zlotnik
A. Identification through bioinformatics of two new macrophage
proinflammatory human chemokines: MIP-3alpha and MIP-3beta.
J Immunol 1997; 158: 1033-1036 [PMID: 9013939]
Hromas R, Gray PW, Chantry D, Godiska R, Krathwohl M, Fife
K, Bell GI, Takeda J, Aronica S, Gordon M, Cooper S, Broxmeyer
HE, Klemsz MJ. Cloning and characterization of exodus, a novel
beta-chemokine. Blood 1997; 89: 3315-3322 [PMID: 9129037]
Hieshima K, Imai T, Opdenakker G, Van Damme J, Kusuda J, Tei H,
Sakaki Y, Takatsuki K, Miura R, Yoshie O, Nomiyama H. Molecular
cloning of a novel human CC chemokine liver and activationregulated chemokine (LARC) expressed in liver. Chemotactic
activity for lymphocytes and gene localization on chromosome 2. J
Biol Chem 1997; 272: 5846-5853 [PMID: 9038201]
Schutyser E, Struyf S, Van Damme J. The CC chemokine CCL20
and its receptor CCR6. Cytokine Growth Factor Rev 2003; 14:
409-426 [PMID: 12948524]
Yoshie O, Imai T, Nomiyama H. Novel lymphocyte-specific CC
chemokines and their receptors. J Leukoc Biol 1997; 62: 634-644
[PMID: 9365118]
Hromas R, Kim CH, Klemsz M, Krathwohl M, Fife K, Cooper S,
Schnizlein-Bick C, Broxmeyer HE. Isolation and characterization
of Exodus-2, a novel C-C chemokine with a unique 37-amino acid
carboxyl-terminal extension. J Immunol 1997; 159: 2554-2558
[PMID: 9300671]
Meissner A, Zilles O, Varona R, Jozefowski K, Ritter U, Marquez
G, Hallmann R, Korner H. CC chemokine ligand 20 partially
controls adhesion of naive B cells to activated endothelial cells
under shear stress. Blood 2003; 102: 2724-2727 [PMID: 12816871]
Kriehuber E, Breiteneder-Geleff S, Groeger M, Soleiman A,
Schoppmann SF, Stingl G, Kerjaschki D, Maurer D. Isolation

January 14, 2016|Volume 22|Issue 2|

Frick VO et al . CCL20/CCR6 in colorectal cancer

16

17

18

19

20

21
22

23

24

25

26

27

28

29

and characterization of dermal lymphatic and blood endothelial
cells reveal stable and functionally specialized cell lineages. J
Exp Med 2001; 194: 797-808 [PMID: 11560995 DOI: 10.1084/
jem.194.6.797]
Scapini P, Laudanna C, Pinardi C, Allavena P, Mantovani A,
Sozzani S, Cassatella MA. Neutrophils produce biologically active
macrophage inflammatory protein-3alpha (MIP-3alpha)/CCL20
and MIP-3beta/CCL19. Eur J Immunol 2001; 31: 1981-1988
[PMID: 11449350]
Cella M, Fuchs A, Vermi W, Facchetti F, Otero K, Lennerz JK,
Doherty JM, Mills JC, Colonna M. A human natural killer cell subset
provides an innate source of IL-22 for mucosal immunity. Nature
2009; 457: 722-725 [PMID: 18978771 DOI: 10.1038/nature07537]
Yamazaki T, Yang XO, Chung Y, Fukunaga A, Nurieva R, Pappu
B, Martin-Orozco N, Kang HS, Ma L, Panopoulos AD, Craig S,
Watowich SS, Jetten AM, Tian Q, Dong C. CCR6 regulates the
migration of inflammatory and regulatory T cells. J Immunol 2008;
181: 8391-8401 [PMID: 19050256]
Bowman EP, Campbell JJ, Soler D, Dong Z, Manlongat N,
Picarella D, Hardy RR, Butcher EC. Developmental switches
in chemokine response profiles during B cell differentiation and
maturation. J Exp Med 2000; 191: 1303-1318 [PMID: 10770798]
Shimizu Y, Murata H, Kashii Y, Hirano K, Kunitani H, Higuchi K,
Watanabe A. CC-chemokine receptor 6 and its ligand macrophage
inflammatory protein 3alpha might be involved in the amplification
of local necroinflammatory response in the liver. Hepatology 2001;
34: 311-319 [PMID: 11481616]
Ito T, Carson WF, Cavassani KA, Connett JM, Kunkel SL. CCR6
as a mediator of immunity in the lung and gut. Exp Cell Res 2011;
317: 613-619 [PMID: 21376174 DOI: 10.1016/j.yexcr.2010.12.018]
Lee AY, Eri R, Lyons AB, Grimm MC, Korner H. CC Chemokine
Ligand 20 and Its Cognate Receptor CCR6 in Mucosal T Cell
Immunology and Inflammatory Bowel Disease: Odd Couple or
Axis of Evil? Front Immunol 2013; 4: 194 [PMID: 23874340 DOI:
10.3389/fimmu.2013.00194]
Dieu MC, Vanbervliet B, Vicari A, Bridon JM, Oldham E, AïtYahia S, Brière F, Zlotnik A, Lebecque S, Caux C. Selective
recruitment of immature and mature dendritic cells by distinct
chemokines expressed in different anatomic sites. J Exp Med 1998;
188: 373-386 [PMID: 9670049]
Sallusto F, Schaerli P, Loetscher P, Schaniel C, Lenig D, Mackay
CR, Qin S, Lanzavecchia A. Rapid and coordinated switch in
chemokine receptor expression during dendritic cell maturation.
Eur J Immunol 1998; 28: 2760-2769 [PMID: 9754563]
Caux C, Ait-Yahia S, Chemin K, de Bouteiller O, Dieu-Nosjean
MC, Homey B, Massacrier C, Vanbervliet B, Zlotnik A, Vicari A.
Dendritic cell biology and regulation of dendritic cell trafficking
by chemokines. Springer Semin Immunopathol 2000; 22: 345-369
[PMID: 11155441]
Comerford I, Bunting M, Fenix K, Haylock-Jacobs S, Litchfield
W, Harata-Lee Y, Turvey M, Brazzatti J, Gregor C, Nguyen P, Kara
E, McColl SR. An immune paradox: how can the same chemokine
axis regulate both immune tolerance and activation?: CCR6/
CCL20: a chemokine axis balancing immunological tolerance
and inflammation in autoimmune disease. Bioessays 2010; 32:
1067-1076 [PMID: 20954179 DOI: 10.1002/bies.201000063]
Izadpanah A, Dwinell MB, Eckmann L, Varki NM, Kagnoff MF.
Regulated MIP-3alpha/CCL20 production by human intestinal
epithelium: mechanism for modulating mucosal immunity. Am J
Physiol Gastrointest Liver Physiol 2001; 280: G710-G719 [PMID:
11254498]
Fujiie S, Hieshima K, Izawa D, Nakayama T, Fujisawa R,
Ohyanagi H, Yoshie O. Proinflammatory cytokines induce liver and
activation-regulated chemokine/macrophage inflammatory protein3alpha/CCL20 in mucosal epithelial cells through NF-kappaB
[correction of NK-kappaB]. Int Immunol 2001; 13: 1255-1263
[PMID: 11581170]
Kwon JH, Keates S, Bassani L, Mayer LF, Keates AC. Colonic
epithelial cells are a major site of macrophage inflammatory protein
3alpha (MIP-3alpha) production in normal colon and inflammatory

WJG|www.wjgnet.com

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44
45

839

bowel disease. Gut 2002; 51: 818-826 [PMID: 12427784]
Cook DN, Prosser DM, Forster R, Zhang J, Kuklin NA,
Abbondanzo SJ, Niu XD, Chen SC, Manfra DJ, Wiekowski MT,
Sullivan LM, Smith SR, Greenberg HB, Narula SK, Lipp M,
Lira SA. CCR6 mediates dendritic cell localization, lymphocyte
homeostasis, and immune responses in mucosal tissue. Immunity
2000; 12: 495-503 [PMID: 10843382]
Kucharzik T, Hudson JT, Waikel RL, Martin WD, Williams IR.
CCR6 expression distinguishes mouse myeloid and lymphoid
dendritic cell subsets: demonstration using a CCR6 EGFP knock-in
mouse. Eur J Immunol 2002; 32: 104-112 [PMID: 11754009]
Yang CC, Ogawa H, Dwinell MB, McCole DF, Eckmann L,
Kagnoff MF. Chemokine receptor CCR6 transduces signals that
activate p130Cas and alter cAMP-stimulated ion transport in
human intestinal epithelial cells. Am J Physiol Cell Physiol 2005;
288: C321-C328 [PMID: 15483227]
Brand S, Olszak T, Beigel F, Diebold J, Otte JM, Eichhorst ST,
Göke B, Dambacher J. Cell differentiation dependent expressed
CCR6 mediates ERK-1/2, SAPK/JNK, and Akt signaling resulting
in proliferation and migration of colorectal cancer cells. J Cell
Biochem 2006; 97: 709-723 [PMID: 16215992]
Ghadjar P, Coupland SE, Na IK, Noutsias M, Letsch A, Stroux
A, Bauer S, Buhr HJ, Thiel E, Scheibenbogen C, Keilholz U.
Chemokine receptor CCR6 expression level and liver metastases
in colorectal cancer. J Clin Oncol 2006; 24: 1910-1916 [PMID:
16622267]
Rubie C, Oliveira V, Kempf K, Wagner M, Tilton B, Rau B, Kruse
B, Konig J, Schilling M. Involvement of chemokine receptor
CCR6 in colorectal cancer metastasis. Tumour Biol 2006; 27:
166-174 [PMID: 16641550]
Ghadjar P, Rubie C, Aebersold DM, Keilholz U. The chemokine
CCL20 and its receptor CCR6 in human malignancy with focus
on colorectal cancer. Int J Cancer 2009; 125: 741-745 [PMID:
19480006 DOI: 10.1002/ijc.24468]
Rubie C, Frick VO, Ghadjar P, Wagner M, Justinger C, Graeber
S, Sperling J, Kollmar O, Schilling MK. Effect of preoperative
FOLFOX chemotherapy on CCL20/CCR6 expression in colorectal
liver metastases. World J Gastroenterol 2011; 17: 3109-3116
[PMID: 21912453 DOI: 10.3748/wjg.v17.i26.3109]
Hu D, Du C, Xue W, Dou F, Yao Y, Gu J. The expression of
chemokine receptors CCR6, CXCR2 and CXCR4 is not organspecific for distant metastasis in colorectal cancer: a comparative
study. Histopathology 2013; 63: 167-173 [PMID: 23758411 DOI:
10.1111/his.12127]
Nandi B, Pai C, Huang Q, Prabhala RH, Munshi NC, Gold JS.
CCR6, the sole receptor for the chemokine CCL20, promotes
spontaneous intestinal tumorigenesis. PLoS One 2014; 9: e97566
[PMID: 24866282 DOI: 10.1371/journal.pone.0097566]
Frick VO, Rubie C, Kölsch K, Wagner M, Ghadjar P, Graeber
S, Glanemann M. CCR6/CCL20 chemokine expression profile
in distinct colorectal malignancies. Scand J Immunol 2013; 78:
298-305 [PMID: 23790181 DOI: 10.1111/sji.12087]
Vicinus B, Rubie C, Stegmaier N, Frick VO, Kölsch K, Kauffels A,
Ghadjar P, Wagner M, Glanemann M. miR-21 and its target gene
CCL20 are both highly overexpressed in the microenvironment of
colorectal tumors: significance of their regulation. Oncol Rep 2013;
30: 1285-1292 [PMID: 23817679 DOI: 10.3892/or.2013.2580]
Vicinus B, Rubie C, Faust SK, Frick VO, Ghadjar P, Wagner M,
Graeber S, Schilling MK. miR-21 functionally interacts with the 3’
UTR of chemokine CCL20 and down-regulates CCL20 expression
in miR-21 transfected colorectal cancer cells. Cancer Lett 2012;
316: 105-112 [PMID: 22099878 DOI: 10.1016/j.canlet.2011.10.031]
Dellacasagrande J, Schreurs OJ, Hofgaard PO, Omholt H,
Steinsvoll S, Schenck K, Bogen B, Dembic Z. Liver metastasis of
cancer facilitated by chemokine receptor CCR6. Scand J Immunol
2003; 57: 534-544 [PMID: 12791091]
Swann JB, Smyth MJ. Immune surveillance of tumors. J Clin
Invest 2007; 117: 1137-1146 [PMID: 17476343]
Quail DF, Joyce JA. Microenvironmental regulation of tumor
progression and metastasis. Nat Med 2013; 19: 1423-1437 [PMID:

January 14, 2016|Volume 22|Issue 2|

Frick VO et al . CCL20/CCR6 in colorectal cancer

46

47
48

49

50

51

52
53
54

55

56

57
58

59

60
61

62

24202395 DOI: 10.1038/nm.3394]
de la Cruz-Merino L, Henao Carrasco F, Vicente Baz D, Nogales
Fernández E, Reina Zoilo JJ, Codes Manuel de Villena M, Pulido
EG. Immune microenvironment in colorectal cancer: a new
hallmark to change old paradigms. Clin Dev Immunol 2011; 2011:
174149 [PMID: 22162710 DOI: 10.1155/2011/174149]
Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and
cancer. Cell 2010; 140: 883-899 [PMID: 20303878 DOI: 10.1016/
j.cell.2010.01.025]
Liao R, Sun J, Wu H, Yi Y, Wang JX, He HW, Cai XY, Zhou J, Cheng
YF, Fan J, Qiu SJ. High expression of IL-17 and IL-17RE associate
with poor prognosis of hepatocellular carcinoma. J Exp Clin Cancer
Res 2013; 32: 3 [PMID: 23305119 DOI: 10.1186/1756-9966-32-3]
Chen D, Jiang R, Mao C, Shi L, Wang S, Yu L, Hu Q, Dai D, Xu
H. Chemokine/chemokine receptor interactions contribute to the
accumulation of Th17 cells in patients with esophageal squamous
cell carcinoma. Hum Immunol 2012; 73: 1068-1072 [PMID:
22863447 DOI: 10.1016/j.humimm.2012.07.333]
Zhang Q, Liu S, Ge D, Zhang Q, Xue Y, Xiong Z, Abdel-Mageed
AB, Myers L, Hill SM, Rowan BG, Sartor O, Melamed J, Chen Z,
You Z. Interleukin-17 promotes formation and growth of prostate
adenocarcinoma in mouse models. Cancer Res 2012; 72: 2589-2599
[PMID: 22461511 DOI: 10.1158/0008-5472.CAN-11-3795]
Liu J, Duan Y, Cheng X, Chen X, Xie W, Long H, Lin Z, Zhu B.
IL-17 is associated with poor prognosis and promotes angiogenesis
via stimulating VEGF production of cancer cells in colorectal
carcinoma. Biochem Biophys Res Commun 2011; 407: 348-354
[PMID: 21396350 DOI: 10.1016/j.bbrc.2011.03.021]
Chen J, Chen Z. The effect of immune microenvironment on the
progression and prognosis of colorectal cancer. Med Oncol 2014;
31: 82 [PMID: 25034363 DOI: 10.1007/s12032-014-0082-9]
Sato W, Aranami T, Yamamura T. Cutting edge: Human Th17 cells
are identified as bearing CCR2+CCR5- phenotype. J Immunol
2007; 178: 7525-7529 [PMID: 17548586]
Acosta-Rodriguez EV, Rivino L, Geginat J, Jarrossay D, Gattorno
M, Lanzavecchia A, Sallusto F, Napolitani G. Surface phenotype
and antigenic specificity of human interleukin 17-producing T
helper memory cells. Nat Immunol 2007; 8: 639-646 [PMID:
17486092]
Hirata T, Osuga Y, Takamura M, Kodama A, Hirota Y, Koga
K, Yoshino O, Harada M, Takemura Y, Yano T, Taketani Y.
Recruitment of CCR6-expressing Th17 cells by CCL 20 secreted
from IL-1 beta-, TNF-alpha-, and IL-17A-stimulated endometriotic
stromal cells. Endocrinology 2010; 151: 5468-5476 [PMID:
20881253 DOI: 10.1210/en.2010-0398]
Hirota K, Yoshitomi H, Hashimoto M, Maeda S, Teradaira
S, Sugimoto N, Yamaguchi T, Nomura T, Ito H, Nakamura T,
Sakaguchi N, Sakaguchi S. Preferential recruitment of CCR6expressing Th17 cells to inflamed joints via CCL20 in rheumatoid
arthritis and its animal model. J Exp Med 2007; 204: 2803-2812
[PMID: 18025126]
Yu Q, Lou XM, He Y. Preferential recruitment of Th17 cells to
cervical cancer via CCR6-CCL20 pathway. PLoS One 2015; 10:
e0120855 [PMID: 25768730 DOI: 10.1371/journal.pone.0120855]
Chin CC, Chen CN, Kuo HC, Shi CS, Hsieh MC, Kuo YH, Tung
SY, Lee KF, Huang WS. Interleukin-17 induces CC chemokine
receptor 6 expression and cell migration in colorectal cancer cells.
J Cell Physiol 2015; 230: 1430-1437 [PMID: 25201147 DOI:
10.1002/jcp.24796]
Liu J, Zhang N, Li Q, Zhang W, Ke F, Leng Q, Wang H, Chen J,
Wang H. Tumor-associated macrophages recruit CCR6+ regulatory
T cells and promote the development of colorectal cancer via
enhancing CCL20 production in mice. PLoS One 2011; 6: e19495
[PMID: 21559338 DOI: 10.1371/journal.pone.0019495]
Ben-Neriah Y, Karin M. Inflammation meets cancer, with NFκB as the matchmaker. Nat Immunol 2011; 12: 715-723 [PMID:
21772280 DOI: 10.1038/ni.2060]
Coussens LM, Zitvogel L, Palucka AK. Neutralizing tumorpromoting chronic inflammation: a magic bullet? Science 2013;
339: 286-291 [PMID: 23329041 DOI: 10.1126/science.1232227]

WJG|www.wjgnet.com

63
64
65
66
67
68
69

70
71
72
73

74

75

76

77

78

79

80

840

Kryczek I, Lin Y, Nagarsheth N, Peng D, Zhao L, Zhao E, Vatan L,
Szeliga W, Dou Y, Owens S, Zgodzinski W, Majewski M, Wallner
G, Fang J, Huang E, Zou W. IL-22(+)CD4(+) T cells promote
colorectal cancer stemness via STAT3 transcription factor activation
and induction of the methyltransferase DOT1L. Immunity 2014; 40:
772-784 [PMID: 24816405 DOI: 10.1016/j.immuni.2014.03.010]
Murphy PM. Chemokines and the molecular basis of cancer
metastasis. N Engl J Med 2001; 345: 833-835 [PMID: 11556308]
Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ.
Cancer statistics, 2008. CA Cancer J Clin 2008; 58: 71-96 [PMID:
18287387 DOI: 10.3322/CA.2007.0010]
Booth RA. Minimally invasive biomarkers for detection and
staging of colorectal cancer. Cancer Lett 2007; 249: 87-96 [PMID:
17275174]
Nicolson GL. Cancer progression and growth: relationship of
paracrine and autocrine growth mechanisms to organ preference of
metastasis. Exp Cell Res 1993; 204: 171-180 [PMID: 8382620]
Paget S. The distribution of secondary growths in cancer of the
breast. 1889. Cancer Metastasis Rev 1989; 8: 98-101 [PMID:
2673568]
Fidler IJ. Seed and soil revisited: contribution of the organ
microenvironment to cancer metastasis. Surg Oncol Clin N Am
2001; 10: 257-269, vii-viiii [PMID: 11382586]
Qian F, Hanahan D, Weissman IL. L-selectin can facilitate
metastasis to lymph nodes in a transgenic mouse model of
carcinogenesis. Proc Natl Acad Sci USA 2001; 98: 3976-3981
[PMID: 11274419]
Kang Y, Massagué J. Epithelial-mesenchymal transitions: twist
in development and metastasis. Cell 2004; 118: 277-279 [PMID:
15294153]
Stover DG, Bierie B, Moses HL. A delicate balance: TGF-beta and
the tumor microenvironment. J Cell Biochem 2007; 101: 851-861
[PMID: 17486574]
Homey B, Müller A, Zlotnik A. Chemokines: agents for the
immunotherapy of cancer? Nat Rev Immunol 2002; 2: 175-184
[PMID: 11913068]
Ratajczak MZ, Zuba-Surma E, Kucia M, Reca R, Wojakowski W,
Ratajczak J. The pleiotropic effects of the SDF-1-CXCR4 axis in
organogenesis, regeneration and tumorigenesis. Leukemia 2006;
20: 1915-1924 [PMID: 16900209]
Kucia M, Reca R, Miekus K, Wanzeck J, Wojakowski W,
Janowska-Wieczorek A, Ratajczak J, Ratajczak MZ. Trafficking
of normal stem cells and metastasis of cancer stem cells involve
similar mechanisms: pivotal role of the SDF-1-CXCR4 axis. Stem
Cells 2005; 23: 879-894 [PMID: 15888687]
Müller A, Homey B, Soto H, Ge N, Catron D, Buchanan ME,
McClanahan T, Murphy E, Yuan W, Wagner SN, Barrera JL,
Mohar A, Verástegui E, Zlotnik A. Involvement of chemokine
receptors in breast cancer metastasis. Nature 2001; 410: 50-56
[PMID: 11242036]
Wiley HE, Gonzalez EB, Maki W, Wu MT, Hwang ST. Expression
of CC chemokine receptor-7 and regional lymph node metastasis
of B16 murine melanoma. J Natl Cancer Inst 2001; 93: 1638-1643
[PMID: 11698568]
Murakami T, Maki W, Cardones AR, Fang H, Tun Kyi A, Nestle
FO, Hwang ST. Expression of CXC chemokine receptor-4 enhances
the pulmonary metastatic potential of murine B16 melanoma cells.
Cancer Res 2002; 62: 7328-7334 [PMID: 12499276]
Mashino K, Sadanaga N, Yamaguchi H, Tanaka F, Ohta M,
Shibuta K, Inoue H, Mori M. Expression of chemokine receptor
CCR7 is associated with lymph node metastasis of gastric
carcinoma. Cancer Res 2002; 62: 2937-2941 [PMID: 12019175]
Ding Y, Shimada Y, Maeda M, Kawabe A, Kaganoi J, Komoto
I, Hashimoto Y, Miyake M, Hashida H, Imamura M. Association
of CC chemokine receptor 7 with lymph node metastasis of
esophageal squamous cell carcinoma. Clin Cancer Res 2003; 9:
3406-3412 [PMID: 12960129]
Taichman RS, Cooper C, Keller ET, Pienta KJ, Taichman NS,
McCauley LK. Use of the stromal cell-derived factor-1/CXCR4
pathway in prostate cancer metastasis to bone. Cancer Res 2002;

January 14, 2016|Volume 22|Issue 2|

Frick VO et al . CCL20/CCR6 in colorectal cancer

81

82

83

84

62: 1832-1837 [PMID: 11912162]
Letsch A, Keilholz U, Schadendorf D, Assfalg G, Asemissen
AM, Thiel E, Scheibenbogen C. Functional CCR9 expression is
associated with small intestinal metastasis. J Invest Dermatol 2004;
122: 685-690 [PMID: 15086554]
Takenaga M, Tamamura H, Hiramatsu K, Nakamura N,
Yamaguchi Y, Kitagawa A, Kawai S, Nakashima H, Fujii N,
Igarashi R. A single treatment with microcapsules containing a
CXCR4 antagonist suppresses pulmonary metastasis of murine
melanoma. Biochem Biophys Res Commun 2004; 320: 226-232
[PMID: 15207725]
Tamamura H, Hori A, Kanzaki N, Hiramatsu K, Mizumoto M,
Nakashima H, Yamamoto N, Otaka A, Fujii N. T140 analogs as
CXCR4 antagonists identified as anti-metastatic agents in the
treatment of breast cancer. FEBS Lett 2003; 550: 79-83 [PMID:
12935890]
Zeelenberg IS, Ruuls-Van Stalle L, Roos E. The chemokine
receptor CXCR4 is required for outgrowth of colon carcinoma
micrometastases. Cancer Res 2003; 63: 3833-3839 [PMID:

85
86

87

88

12839981]
Varona R, Cadenas V, Gómez L, Martínez-A C, Márquez G.
CCR6 regulates CD4+ T-cell-mediated acute graft-versus-host
disease responses. Blood 2005; 106: 18-26 [PMID: 15774622]
Iwata T, Tanaka K, Inoue Y, Toiyama Y, Hiro J, Fujikawa H,
Okugawa Y, Uchida K, Mohri Y, Kusunoki M. Macrophage
inflammatory protein-3 alpha (MIP-3a) is a novel serum prognostic
marker in patients with colorectal cancer. J Surg Oncol 2013; 107:
160-166 [PMID: 22926691 DOI: 10.1002/jso.23247]
Cambien B, Karimdjee BF, Richard-Fiardo P, Bziouech H, Barthel R,
Millet MA, Martini V, Birnbaum D, Scoazec JY, Abello J, Al Saati T,
Johnson MG, Sullivan TJ, Medina JC, Collins TL, Schmid-Alliana
A, Schmid-Antomarchi H. Organ-specific inhibition of metastatic
colon carcinoma by CXCR3 antagonism. Br J Cancer 2009; 100:
1755-1764 [PMID: 19436305 DOI: 10.1038/sj.bjc.6605078]
Varney ML, Singh S, Li A, Mayer-Ezell R, Bond R, Singh RK.
Small molecule antagonists for CXCR2 and CXCR1 inhibit human
colon cancer liver metastases. Cancer Lett 2011; 300: 180-188
[PMID: 21035946 DOI: 10.1016/j.canlet.2010.10.004]
P- Reviewer: Gernot Z, Laubach VE S- Editor: Yu J L- Editor: A
E- Editor: Liu XM

WJG|www.wjgnet.com

841

January 14, 2016|Volume 22|Issue 2|

World J Gastroenterol 2016 January 14; 22(2): 842-852
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i2.842

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Stents for colorectal obstruction: Past, present, and future
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and new designs has expanded the indications for
enteral SEMS. At present, enteral stents are considered
the first-line modality for palliative care, and numerous
types of enteral stents are under development for
extended clinical usage, beyond a merely palliative
purpose. Herein, we will discuss the current status and
the future development of lower enteral stents.

Eui Joo Kim, Yoon Jae Kim, Department of Internal Medicine,
Gachon University Gil Medical Center, Incheon 405-760, South
Korea
Author contributions: Kim EJ and Kim YJ solely contributed
to this paper.
Supported by Basic Science Research Program through the
National Research Foundation of Korea funded by the Ministry of
Science, ICT and Future Planning, No. 2014R1A1A1A05008202.

Key words: Colon; Obstruction; Stent; Self-expanding
metal stents; Self-expanding metal stents

Conflict-of-interest statement: The authors have no potential
conflict of interest to declare.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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INTRODUCTION
Since the development and experimental use of
uncovered self-expanding metal stents (SEMS) in the
1990s, endoscopic stents have evolved dramatically.
Enteral stents have been developed mainly for the
palliation of inoperable gastrointestinal malignancy.
In cases with malignant colorectal obstruction, which
requires urgent intervention, the traditional solution
was surgical diversion and stoma formation. However,
the morbidity and mortality rates of this surgical
modality were high, and thus a new therapeutic
[1]
modality for malignant GI obstruction was sought .
Today, an enteral stent is considered the first-line

Abstract
Since the development of uncovered self-expanding
metal stents (SEMS) in the 1990s, endoscopic stents
have evolved dramatically. Application of new materials
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Covered vs uncovered SEMS

modality for palliative care, and numerous types of
enteral stents are under development for extended
clinical usage beyond a merely palliative purpose.
Herein, we will discuss the current status of and the
future for lower enteral stents.

Although plastic stents are still used for biliary and
pancreatic stenting, most of the stents used in the
gastrointestinal tract are SEMS. SEMS are composed
of a radiopaque, woven, metal mesh with a cylindrical
shape that exerts self-expansion forces. Unexpanded
SEMS are small enough to fit into the channel of the
endoscope. Following delivery to the desired location,
they expand through a deployment device and are
placed against the luminal surface of interest. Although
the basic delivery system and deployment mechanism
are identical, several types of stents are available to
overcome the limitations of the SEMS, each with its
own characteristics.

Enteral stents can be divided into two types: uncovered
and covered. Uncovered stents have bare wires, while
covered stents have a silicone membrane over the
bare wires. The covered form can be subdivided into
fully and partially covered stents. Although covered
stents reduce the risk of tumor ingrowth and can be
used to seal fistulas, fully covered stents have less
anchoring power and an increased risk of migration
compared with uncovered stents. To overcome this
problem, partially covered stents with flared uncovered
segments at both ends have been developed. However,
these three stent types-fully covered, partially covered,
and uncovered-show no significant differences in
overall technical success rates, clinical success rates,
[2-4]
complication rates or patency duration . However,
tumor ingrowth occurs more frequently with uncovered
SEMS, and migration occurs more frequently with
[5]
covered SEMS . The efficacies and complication rates
of each stent type (as determined by a previous metaanalysis) are summarized in Table 1.

Stainless steel stent

Stent selection

MATERIALS

SEMS are usually manufactured from stainless steel
or other alloys. Z-stent® (Cook Medical, Bloomington,
IN, United States) is a representative example of a
stainless steel SEMS. The Z-stent was the first SEMS
and is still available in both covered and uncovered
forms. However, stainless steel SEMS are relatively stiff
and adversely affect the quality of magnetic resonance
images.

Because many types of stents with unique features, in
terms of their material, design, diameter, length, radial
force, flexibility, foreshortening ratio, and delivery
system, are available, selection of the appropriate
stent for a specific patient is important clinically.
However, there is no evidence to indicate which stent
type is superior, and whether the unique features of
[10-15]
enteral stents affect clinical outcomes is unknown
.
Although further large-scale studies are needed to
obtain objective evidence, currently, operators must
select the type of enteral stent on a clinical basis.
Moreover, operators should be aware of the unique
features of each type of enteral stent (Table 2).

Elgiloy stent

Elgiloy is an alloy of cobalt, chromium and nickel.
The Wallstent (Boston Scientific, Natick, MA, United
States) is a stent of this type. In contrast to stainless
steel stents, this type of stent has no hazard or risk
associated with magnetic resonance imaging (MRI).
Moreover, Elgiloy itself can be reduced to very thin
wires with good elasticity and flexibility.

INDICATION
Stenting in malignancy

The majority of experience with stenting in lower
gastrointestinal malignancy is for left-sided colonic
lesions. This is probably because obstruction com
plicated by proximal colon cancer is not as severe as
that by left-sided colon cancer due to the relatively
small amount of retained fecal material. Indeed, many
proximal colon cancers are managed primarily by onestage surgery without bowel preparation or stoma
formation. Although some studies have shown that
SEMS could be a good therapeutic option for proximal
[16-19]
colonic lesions
, others have reported conflicting
[20-24]
results
. A recent study reported high technical
and clinical success rates with new through-the-scope
[25]
stents (not over-the-wire stents) . However, because
of conflicting data from previous studies, the current
consensus regarding the treatment of choice for right-

Nitinol stent

Nitinol, also known as nickel-titanium, is an alloy
of nickel and titanium. Good examples of this type
of stent are the Ultraflex (Boston Scientific, Natick,
MA, United States) and Alimaxx E stents (Alveolus,
Charlotte, NC, United States). Most of these types of
stents have poorer fluoroscopic visibility compared
with Elgiloy stents. To compensate for this weakness,
they are usually used in conjunction with radiopaque
markers composed of other materials, such as gold
and silver. However, because nitinol has a characteristic
shape memory and super-elasticity, nitinol stents are
more flexible than stainless steel or Elgiloy stents.
Because of these characteristics, nitinol stents are
used widely.
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Table 1 Comparison of efficacy and complication of stent by type (covered stent vs uncovered stent)
Study

No. of
patients

Stent

Indication

Mean age

Covering material

Patency duration
between stent types

Complication

Kang et al[6]

26

Not reported

58.0

74

Choo stent™

Lee et al[2]

80

Niti-S™

63.3

Park et al[3]

151

WallFlex™
Comvi™

Palliation/
BTS
Palliation/
BTS

Fully/Partially
(polyurethane)
Fully/Partially
(polyurethane)
Partially
(polyurethane)
Partially
(polytetrafluoroethylene)

No difference

Choi et al[7]

Palliation/
BTS
Palliation

More migration in fully covered
stent group
More migration in covered
stent group
More migration in covered
stent group
More tumor ingrowth in
uncovered stent group/more
migration in covered stent
group

Moon et al[4]

68

Niti-S™ D-type
Comvi™

Palliation/
BTS

65.8

Partially
(polytetrafluoroethylene)

No difference

More migration in covered
stent group

Park et al[8]

103

Palliation

67.3

Partially
(polytetrafluoroethylene
or silicon)

No difference

No difference between stent
types/variable migration rates
between manufacturers

Choi et al[9]

152

Wallstent™
Niti-S™
Bonastent™
Hanarostent™
Niti-S™
Hanarostent™
Choo stent™
Bonastent™

Palliation/
BTS

70.0

Not reported

No difference

More migration and perforation
in covered stent group

60.0

61.4

No difference
No difference
No difference

BTS: Bridge to surgery; No: Number; PS: Prospective study; RS: Retrospective study.

Table 2 Commercially available colorectal stents
Name

Material

Diameter
(mm)

Flare Flare diameter
(mm)

Length (mm)

Covered/
uncovered

Feature

Manufacturer

Colonic Z-stent™
Evolution™

Stainless steel
Nitinol

25
25
20

A
A
A

35
30
22

40, 60, 80, 100, 120
60, 80, 100
80, 100, 125, 150

No foreshortening
Controlled-release
delivery system

Cook
Cook

A
NA

23, 25
NA

80, 100, 120
60, 90, 120

Uncovered
Uncovered
Partially
covered
Fully covered
Uncovered

Wallstent™
Endoprosthesis
Wallstent™ Enteral

Stainless steel

18, 20
20, 22

Reconstrainable

20, 22

NA

NA

60, 90

Uncovered

Reconstrainable

Nitinol

22, 25

A

27, 30

60, 90, 120

Uncovered

Reconstrainable

Ultraflex™ colonic

Nitinol

25

A

30

57, 87, 117

Uncovered

Hanarostent™
colorectal

Nitinol

22

A

28

Covered

NonReconstrainable
Reconstrainable

Boston
Scientific
Boston
Scientific
Boston
Scientific
Boston
Scientific
MI tech

Elgiloy

Wallflex™ Colonic

24

A

30

Uncovered

Covered
Uncovered

Non-foreshortening

EndoChoice
Taewoong
medical
Taewoong
medical
Taewoong
medical

Bonastent™

Nitinol

22, 24, 26

NA

NA

60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 160,
170
60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 160,
170
60, 80, 100, 120, 140, 160

Niti-S™ D-Enteral
colonic stent
Comvi™ Colonic
stent
Niti-S™ S-enteral
colonic stent

Nitinol

18, 20, 22, 24

NA

NA

60, 80, 100, 120, 140, 150

Uncovered

Reconstrainable

Nitinol

18, 20, 22

NA

NA

60, 80, 100, 120

Triple layered

Reconstrainable

Nitinol

18, 20

A

24

60, 80, 100, 120, 140, 150

Covered

Reconstrainable

A: Available; NA: Not available.

Palliative purpose

sided obstructing colon cancer is surgical resection. If
SEMS placement for right-sided colon obstructions is
considered because of other co-morbidities, the patient
should be carefully selected on a clinical basis.
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option for colorectal obstruction. The role of palliative
stenting in patients who are operative candidates
is unclear; however, several studies have shown
that SEMS placement in patients with unresectable
malignant colorectal obstruction was effective in the
[26]
short term . In a retrospective study comparing
SEMS and palliative surgery, there was no difference
in early success rates, and there were fewer com
[27]
plications in the SEMS group . In one case-control
study that compared SEMS placement with a surgical
method in patients with left-sided unresectable colon
cancer, survival was not significantly different between
the two groups, but hospital durations were shorter
[28]
in the SEMS group . Other studies that compared
SEMS with surgical methods in patients with surgically
incurable colorectal cancer also reported that the
survival rate was not significantly different, and that
morbidity and mortality were better in the SEMS
[29,30]
group
.
However, because the risk of tumor perforation
in patients who received chemotherapy is well
known-especially the risk of perforation caused by
bevacizumab-based chemotherapy-palliative SEMS
placement in patients undergoing chemotherapy
[21,31,32]
remains a matter of debate
. One study reported
a significant survival difference between palliative
surgery and SEMS placement in patients with incurable
[33]
colorectal cancer . In that study, the SEMS placement
group showed superior outcomes in terms of early
morbidity and hospital stay, while the palliative surgery
group showed a survival advantages in patients
undergoing chemotherapy, but not in those who were
not candidates for chemotherapy. According to these
studies, SEMS placement represents a good therapeutic
option in patients who do not receive chemotherapy
for a palliative purpose; an alternative modality should
therefore be considered for patients undergoing
chemotherapy.
Since the introduction of SEMS in the 1990s, and
despite many case reports and case control studies, the
short-term and long-term outcomes of SEMS placement
for palliation remain a matter of debate. Several recent
studies have reported the long-term outcomes of SEMS
placement. In a study that compared the long-term
outcomes of SEMS placement with those of palliative
surgery in patients with incurable obstructive colorectal
cancer, early success rates were not different, and
the SEMS group showed fewer early complications.
Although the patency duration of the first stent was
shorter, that of the second SEMS was comparable in
[27]
the SEMS group compared with the surgery group .
However, in a study that involved 168 patients who
underwent SEMS placement for palliation or as a
bridge to surgery, 41 patients (24.4%) in the palliative
group experienced complications, including perforation,
occlusion, migration, and ulcer, and the mean stent
[21]
patency was 145 d . In another study investigating
the complications and long-term clinical outcomes of
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SEMS placement, long-term clinical failure occurred
in 21 (51%) patients due to late complications of
SEMS, such as migration, occlusion, perforation and
[34]
tenesmus .
Consequently, in patients with incurable malignant
colorectal obstruction, SEMS placement for palliation
can improve quality of life with a relatively low risk
of early complications. However, because long-term
outcomes of SEMS placement remain a matter of
debate, an alternative modality can be considered
in patients eligible for chemotherapy or with a long
life expectancy. If SEMS placement is considered in
patients with long life expectancy, a plan to address the
possible long-term complications of SEMS placement
(e.g., second SEMS placement for occlusion) should be
formulated.

Bridge to surgery

Although definitive treatment for colorectal cancer
is achieved by traditional surgical methods, which
are usually planned after staging evaluation, up
to 10%-30% of patients with colon cancer initially
[35]
present with acute colonic obstruction . In those
cases, traditionally, emergency surgery proceeded
without any staging work up, despite the fact that
the patients had other comorbidities. Emergency
decompressive surgery on an unprepared basis carries
significant risks of morbidity (32%-64%) and mortality
[36,37]
(15%-34%)
. In these cases, colorectal SEMS can
be a good option for the treatment of acute malignant
colonic obstruction as a bridge to surgery, allowing
time for a preoperative evaluation and for the patient’s
medical condition to improve.
In some reports, when SEMS was applied as
a bridge to surgery, success rates for single-stage
[10,11,21,38]
elective surgery were 60%-85%
. A systematic
review comparing elective surgery after SEMS inter
vention as a bridge therapy with emergency surgery
showed that elective surgery after SEMS insertion
had a higher primary anastomosis rate. Hospital
stay was shorter in the elective surgery group after
SEMS insertion, and colostomy rates were higher in
[39]
the emergency surgery group . In a meta-analysis
that also compared SEMS bridge therapy with open
surgery, shorter hospital stay durations, lower rates
of stoma formation, and fewer medical complications
[40]
were noted in the SEMS bridge therapy group . In a
meta-analysis of randomized, controlled trials, SEMS
bridge therapy showed higher primary anastomosis
and lower stoma rates. However, permanent stoma
rates, hospital mortality and complication rates were
not significantly different between the two treatment
[41,42]
modalities
.
Although some studies have shown that SEMS
insertion as a bridge therapy may be a better choice
than traditional emergency surgical decompression,
[43-46]
others have reported conflicting data
. One study
analyzed 181 patients to identify risk factors for
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surgical failure after SEMS insertion as a bridge to
surgery in left-sided colonic obstruction, and the use
of multiple SEMS was identified as a risk factor for
[47]
surgical failure . In another study of the long-term
outcomes of SEMS as a bridge to elective curative
surgery vs emergency resection, the local recurrence
[46]
rate was higher in the SEMS group . Colonic SEMS
insertion as a bridge to elective surgery might be a
useful treatment option. However, conflicting data are
also available, and the definitive indication remains a
matter of debate, especially in patients who require
multiple SEMS for decompression. Thus, candidates for
SEMS insertion as a bridge to elective surgery should
be selected carefully and planned on a clinical basis.

with benign obstructive disease treated with SEMS
placement, the clinical success rate was 95%, but the
major complication rate was 38%; the complications
included migration, re-obstruction, and perforation.
These results demonstrated that SEMS could effec
tively decompress benign colonic obstructions but is
[58]
associated with a high rate of complications .
A case series including 21 patients who had surgical
anastomosis, anastomotic strictures due to Crohn’s disease,
diverticular disease, and stricture due to radiation
therapy reported that the clinical success rate was 76%
and the complication rate 43%; the majority of the
[59]
complications were due to diverticular strictures .
SEMS for benign lesions remains a matter of
debate. However, based on the current data, SEMS
can be a good option for the management of benign
colorectal obstructive lesions as a bridge to surgery to
avoid emergency surgery or as a treatment in patients
at risk for surgery.

Cancer recurrence after surgery at the anastomosis site

The incidence of recurrence at the colonic anastomotic
site after curative resection of colorectal cancer is
[48]
low . In patients with colorectal anastomosis site
obstruction due to cancer recurrence, treatment
options are still under debate because of the low
incidence of anastomosis site recurrence. However,
strictures at the anastomosis site usually occur in the
presence of cancer recurrence at the anastomosis
site; few of these patients experience obstructive
[49]
symptoms . Several modalities are available for
patients with anastomotic obstruction. Surgical
revision, balloon dilation, and laxatives could be
appropriate treatments, depending on the severity of
[50,51]
the symptoms
.
In a recent case series, SEMS was reported to be a
good treatment option for benign strictures, including
[52-55]
those at the anastomotic site
. In one retrospective
study that included five patients who underwent
endoscopic stenting for obstructions caused by cancer
recurrence at the anastomotic site, 100% technical
and clinical success rates and a 60% overall success
[56]
rate were reported .
Although further large-scale studies are required,
because of the low incidence of anastomosis site recur
rence of malignancy, the current evidence suggests
that SEMS is a good therapeutic option for patients
with obstructed colonic anastomosis sites due to
cancer recurrence.

Extrinsic compression

Enteral stenting can also be used in some patients with
[61]
obstruction due to extracolonic tumors . The majority
of colonic obstructions result from intrinsic factors,
including colorectal cancer or stenosis. However,
malignancies of extracolonic origin can also disrupt
colorectal patency.
Several studies have analyzed the success rates
of SEMS placement for colorectal obstruction due to
extrinsic malignancies. The overall success rates of
SEMS placement in extrinsic compression vary among
reports, with technical success rates of 42%-100%
[62-67]
and clinical success rates of 25%-87.5%
. One
study reported that technical failure in colonic SEMS
placement was related to female sex and colonic
obstruction due to extrinsic compression. Additionally,
SEMS placed in patients with extracolonic malignancies
showed lower patency compared with those with
[68]
intrinsic malignancies . In one retrospective study,
the efficacy of SEMS for colorectal obstruction by noncolonic malignancy with peritoneal carcinomatosis was
evaluated in 20 patients. The technical success rate
[65]
was 90%, and the mean event-free survival was 119 d .
Based on these results, the clinical outcome of
SEMS placement for colorectal obstruction with an
extracolonic cause might be less favorable than that
of SEMS placement in colorectal cancer patients.
Therefore, SEMS placement may be a useful option in
selected patients.

Stenting in benign lesions

The role of enteral stents for benign colonic lesions
is unclear; the majority of studies are case reports
[57-60]
or case series
. In a case series of 10 patients,
SEMS were inserted for diverticulitis with complicated
pelvic abscess (two cases), colonic fistula (four cases),
and post-surgical anastomotic stricture (four cases).
The complicated abscess was resolved, but fistulae
developed in both cases. Of the cases with colonic
fistulae, two resolved after SEMS placement, and
SEMS relieved the symptoms of obstruction in all of
[57]
the post-surgical anastomotic stricture cases .
In another case series that included 23 patients
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COMPLICATIONS
Although SEMS placement is a relatively low-risk
[69,70]
procedure with a mortality rate of less than 1%
,
SEMS placement for colorectal obstruction can be
associated with various complications, such as per
foration, migration, tumor ingrowth, stool impaction,
bleeding, and pain. According to a study of SEMS
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Table 3 Comparison of clinical guidelines

ESGE
ASGE
KSGE

BTS

Proximal colonic lesions

Palliative

Extra colonic obstruction

Benign lesions

Covered vs uncovered

Δ
○
Δ

Δ
Δ
Δ

○
○
○

Δ
Δ
Δ

X
Δ
Δ

=
<
=

ESGE: European Society of Gastrointestinal Endoscopy; ASGE: American Society of Gastrointestinal Endoscopy; KSGE: Korean Society of Gastrointestinal
Endoscopy; BTS: Bridge to surgery; SEMS: self-expanding metal stents; ○: Recommended; Δ: Consider stent based on clinical situation; X: Not
recommended; >: Covered type is preferred; <: Uncovered type is preferred; =: Same effectiveness.

safety, the overall complication rate associated with
[71]
the procedure can reach 25% .

perforation or micro-perforation can be treated with
[78]
bowel rest and antibiotics .
High perforation rates have been reported in
patients receiving bevacizumab. Colorectal stenting
should be avoided as much as possible in patients
[21,32,79]
undergoing bevacizumab-based chemotherapy
.

Decompression failure

In some patients, stent placement does not imme
diately resolve colonic obstruction despite successful
deployment. Failure to achieve decompression could
be a result of incomplete stenting of the entire
length of the stricture, additional sites of intestinal
obstruction (e.g., synchronous lesions), early stent
migration, incomplete expansion of the stent, or fecal
[72]
impaction . In these cases, a radiographic contrast
study (e.g., a water soluble enema examination)
[73]
before SEMS placement might be useful . However,
in patients with decompression failure despite SEMS
placement, secondary SEMS placement can achieve
decompression. In a study of the clinical outcomes of
patients who underwent stent re-insertion vs palliative
surgery as a second intervention, although the median
lumen patency in the stent re-insertion group was
shorter than that in the surgery group, the stent re[74]
insertion group had a lower mortality rate .

Tumor ingrowth or overgrowth

Late stent obstruction or occlusion can be caused
by tumor ingrowth or outgrowth. Because colorectal
cancers are proliferative and progressively invade local
tissues, stent occlusion may occur over time if the
cancer is not removed surgically.
Treatment options for stent occlusion include a
surgical approach and repeat stenting within a stent.
In one study of the long-term outcomes of palliative
therapy using endoscopic stenting and surgery, tumor
ingrowth-related stent occlusion occurred in 15%
of patients. However, in that study, all patients with
tumor ingrowth-related stent occlusion were managed
successfully with additional SEMS, and the median
patency duration after a second stent was comparable
[27]
to that of the surgery group .
Covered stents are associated with less tumor
ingrowth and could be considered a prophylactic
treatment for tumor ingrowth. However, in some
studies, covered stents have a higher risk of stent
migration and show no significant difference in overall
[3,4]
stent patency duration . Because of these results
of studies, there are slightly inconsistent recommen
dations between clinical guidelines (Table 3).

Perforation

Perforation is the most serious complication of
colorectal stenting. Although in one systematic review
perforation rates ranged from 0 to 83%, the overall
risk of perforation was about 5%, which is a relatively
[39]
low risk . However, the mortality rate of patients with
[69]
perforations was 16% .
Perforation can be divided into two categories:
immediate and delayed. Technical problems related
to wire or catheter misplacement are frequently
responsible for immediate perforation, while stent
quality is an important factor affecting delayed
[75,76]
perforation
. Patients in whom a SEMS was placed
at the recto-sigmoid junction with sharp angulation are
at high risk of delayed perforation. In patients with a
dilated and thin-walled cecum, because the amount of
air inflation can be a factor in perforation, restriction of
air inflation during the endoscopic procedure can help
[77]
avoid cecal perforation .
Upon confirmation of stent-related perforation,
emergency management is needed. An emergency
surgery is required in up to two-thirds of patients with
stent-related perforation; only patients with minor
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Stent migration

The incidence of migration is affected by many factors,
one of the most important and well-known being
SEMS type. Migration rates of covered stents exceed
those of uncovered stents (8%-50% and 3%-36%,
[2,4,21,78,80,81]
respectively)
.
One of the factors that might affect stent migration
risk is the relationship between the characteristics of
SEMS and those of the obstructing lesion. Migrations
might occur if stents are too narrow in diameter or too
[82]
short in length in relation to the obstructing lesion ,
or if the tumor shrinks after oncologic therapy.
However, stent migration can be managed by second
[76]
stent placement even if colonic obstruction remains .
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Minor complications

randomized control studies are needed.

Minor complications, such as bleeding, fecal incon
tinence, and pain, following SEMS placement are
encountered frequently in the clinic. Post-SEMS
placement bleeding is usually minor and likely due to
superficial mucosal injury or the friable tumor itself.
Most of the bleeding resolves spontaneously or can
[19]
be managed conservatively . Fecal incontinence can
occur if the stent is placed within 2 cm proximal to the
[77]
anal verge . To avoid fecal incontinence, rectal stents
should be deployed at least 2 cm proximal to the upper
end of the anal canal. Pain or tenesmus is another
frequent minor complication. SEMS insertion within 5
cm of the anal verge is considered a contraindication
because of the possibility of pain. In one retrospective
study that investigated the safety of SEMS placement
in patients with rectal obstruction within 5 cm of the
anal verge, the pain disappeared spontaneously in 3
of the 10 patients who underwent SEMS placement
within 5 cm of the anal verge; the remaining patients
[83]
required analgesics . Retrievable stents can be a
good treatment option for patients who have rectal
obstruction within 5 cm of the anal verge.

Drug-eluting stents

Drug-eluting stents are actively used in the cardio
vascular field; however, they might also be useful in
the gastrointestinal tract for reducing stent ingrowth or
overgrowth. To date, several animal studies and a few
clinical studies of the use of drug-eluting or drug-coated
stents in gastrointestinal tract have been performed.
Most of the reports evaluated the usefulness of drugeluting stents in biliary stenosis, and many of these
[95-100]
were animal studies
. The usefulness of drugeluting stents in the lower gastrointestinal tract is
vague; limited data are available. In one animal study
that validated the usefulness of 5-fluorouracil-loaded
polydioxanone stent for the treatment of colorectal
cancer, in-stent re-stenosis was reduced by use of
[101]
a drug-loaded stent
. The uncovered SEMS used
currently is at risk for stent ingrowth or overgrowth.
Although covered SEMS are estimated to have a low
risk of ingrowth, covered SEMS are at high risk of
migration. As new stent designs and materials are
developed, drug-eluting stents could be the next
generation of stents for use in the lower gastrointestinal
tract. However, further well-designed clinical in
vestigations are needed. With continued development
and innovation in endoscopic techniques and devices,
use of gastrointestinal stenting with drug-eluting stents
will result in expansion beyond the current indications
and improve clinical outcomes.

FUTURE FOR STENTS
Biodegradable stents in benign lesions

Due to recent important advances in materials science,
new materials for biodegradable stents are being
developed and investigated. Several clinical studies
have evaluated the usefulness of biodegradable stents
in refractory benign esophageal strictures, including
stenosis due to corrosive agents or post-operative
[84-88]
stenosis
. However, the usefulness of biodegradable
stents in benign upper gastrointestinal lesions is still
vague. In one pilot, randomized controlled trial of
biodegradable stents for benign esophageal strictures,
compared with the balloon-only group, the stenting
group exhibited greater dysphagia, need for co[84]
medication and adverse events . Moreover, information
about the usefulness of biodegradable stents in the
lower gastrointestinal tract is limited. Only case reports
and a small case series about biodegradable colorectal
stent application for benign lesions of the lower
[53,89-92]
gastrointestinal tract have been published
. In
one case report, a biodegradable stent was applied for
a colonic stricture in Crohn’s disease, and no recurrence
of obstructive symptoms occurred during the 16-mo
[93]
follow up . In another case series that included three
patients with Crohn’s disease, representing the initial
experience in the Czech Republic, balloon dilatation of
the stenosis followed by biodegradable stent placement
showed favorable results, with no stent migration or
[94]
major complications . However, current biodegradable
stents, which are made of poly-dioxanone, can lose
their radial force overtime as the material degrades.
For further clinical use of biodegradable stents in lower
gastrointestinal lesions, long-term data and adequate
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CONCLUSION
Currently, colorectal stenting using SEMS can be
performed for the management of colorectal malignant
obstructions as a palliative therapy or bridge to
surgery. SEMS also can be used for benign lesions such
as fistulae, benign colorectal strictures, and extrinsic
compression.
Although endoscopic colorectal stenting is relatively
safe and has a low incidence of complications, the
endoscopist should be familiar with the features,
material, design, and characteristics of the stents to
reduce the risk of complications.
Self-expanding metal stents are increasing in use
and their indications extending. Because new materials
such as biodegradable and drug-eluting stents are
being developed, new indications and novel techniques
[100,102,103]
will likely soon become available
. As a novel
technology, an evidence-based approach will be
needed to establish the role of these new stents in
clinical practice.
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REVIEW

Nonampullary duodenal adenoma: Current understanding
of its diagnosis, pathogenesis, and clinical management
Chul-Hyun Lim, Young-Seok Cho
are rare. Emerging evidence shows that duodenal
adenomas, regardless of their anatomic location
and whether they are sporadic or FAP-related, share
morphologic and molecular features with colorectal
adenomas. The available data suggest that duodenal
adenomas develop to duodenal adenocarcinomas
via similar mechanisms. The optimal approach for
management of duodenal adenomas remains to be
determined. The techniques for endoscopic resection
of duodenal adenoma include snare polypectomy,
endoscopic mucosal resection (EMR), endoscopic
submucosal dissection (ESD), and argon plasma
coagulation ablation. EMR may facilitate removal
of large duodenal polyps. Although several studies
have reported cases of successful ESD for duodenal
adenomas, the procedure is technically difficult to
perform safely because of the anatomical properties
of the duodenum. Although current clinical practice
recommends endoscopic resection of al l large
duodenal adenomas in patients with FAP, endoscopic
treatment is usually insufficient to guarantee a polypfree duodenum. Surgery is indicated for FAP patients
with severe polyposis or nonampullary SDAs or FAPrelated polyps not amenable to endoscopic resec
tion. Further studies are needed to develop newer
endoscopic techniques to guide diagnostic and thera
peutic decisions for future management of nonam
pullary duodenal adenomas.
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Core tip: Nonampullary duodenal adenomas are
thought to progress to duodenal adenocarcinomas
in a stepwise manner, with accumulation of genetic
mutations, including those in APC , KRAS , and p53 .
Recently, using magnifying endoscopy with narrow

Abstract
Nonampullary duodenal adenomas are relatively
common in familial adenomatous polyposis (FAP), but
nonampullary sporadic duodenal adenomas (SDAs)
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band imaging, a novel diagnostic algorithm for realtime diagnosis of nonampullary superficial duodenal
epithelial tumors was developed. Endoscopic mucosal
resection may facilitate removal of large duodenal
polyps. Although several studies have reported cases
of successful endoscopic submucosal dissection for
duodenal adenomas, the procedure is technically
difficult to perform safely. Further studies are needed
to develop newer endoscopic techniques for the
diagnosis and treatment of nonampullary duodenal
adenomas.

PREVALENCE AND NATURAL HISTORY
OF NONAMPULLARY DUODENAL
ADENOMAS
Sporadic duodenal adenomas

In a large retrospective endoscopic series con
ducted in Germany, 378 duodenal polyps were
identified in the course of more than 25000 esopha
gogastroduodenoscopy (EGD) procedures, corres
[6]
ponding to an incidence of 1.5% . That study showed
that 6.9% of 378 patients had duodenal adenomas.
A prospective study from Denmark reported that the
prevalence of duodenal polyps was 4.6% (27/584)
in patients referred for diagnostic EGD, and two of
[7]
the polyps were adenomas (0.4%) . Our group
demonstrated that the prevalence of duodenal polyps
was 1.02% (510/50114), and 14 of the polyps were
[8]
adenomas (0.03%) . With the increasingly wide
spread use of endoscopy, these tumors are being
diagnosed more frequently. These lesions are of
particular interest because of the acceptance of the
adenoma to carcinoma progression sequence of
colorectal tumors, which has also been postulated to
[9]
be associated with those of the small bowel . Because
30%-85% of duodenal adenomas undergo malignant
transformation, their surgical or endoscopic excision is
[10-14]
mandatory
.
[15]
Okada et al evaluated the risk of adenocarcinoma
posed by nonampullary SDAs with an initial diagnosis
of low-grade dysplasia (LGD) or high-grade dysplasia
(HGD), based on the results of subsequent endoscopic
observations and histological assessments. In this
study, 46 SDAs (43 LGD lesions, 3 HGD lesions) were
followed up for ≥ 6 mo without treatment. Among 43
LGD lesions, 34 (79.1%) showed no histopathological
changes during follow-up, whereas the remaining
9 (20.9%) showed progression to HGD, including 2
(4.7%) that eventually progressed to noninvasive
carcinoma. All three HGD lesions remained unchanged
histologically, based on biopsy, although one of
the three lesions resected endoscopically revealed
evidence of noninvasive carcinoma. Among 11 lesions
initially diagnosed as HGD from biopsy samples, nine
were resected immediately or during follow-up. A
high percentage of the cancers (54.5%, 6 of 11) were
diagnosed from resected specimens. A multivariate
analysis identified HGD diagnosed at first biopsy and
a lesion diameter of ≥ 20 mm as being significantly
predictive of progression to adenocarcinoma. The
authors concluded that LGD lesions show a low risk
of progression to adenocarcinoma, but some risk of
progression to HGD, which warrants careful follow-up
biopsy. However, HGD lesions and large nonampullary
SDAs ≥ 20 mm in diameter show a high risk of
progression to adenocarcinoma and therefore, they
should be treated immediately.
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INTRODUCTION
Sporadic duodenal polyps are uncommon, found
in up to only 5% of patients referred for upper gas
[1]
trointestinal endoscopy . Sporadic duodenal polyps
can be classified according to their histopathological
subtype and location, as follows: nonampullary
sporadic adenoma, ampullary sporadic adenoma,
Brunner’s gland adenoma or harmatoma, gastric
heterotopia/metaplasia, inflammatory fibroid polyp,
lipoma, leiomyoma, carcinoid, gastrointestinal stromal
tumors, lymphoma, and solitary Peutz-Jeghers
[1]
polyps . Nonampullary duodenal adenoma is relatively
common in patients with familial adenomatous
polyposis (FAP), but sporadic duodenal adenoma (SDA)
is rare. Approximately 40% of duodenal adenomas are
sporadic, and the remaining 60% present in patients
[2]
with FAP .
The options for endoscopic resection of duodenal
adenomas include snare polypectomy, endoscopic
mucosal resection (EMR), endoscopic submucosal
dissection (ESD), and argon plasma coagulation (APC)
[3]
ablation . EMR of duodenal neoplasms was first
[4]
performed in 1992 . Endoscopic resection represents an
attractive alternative to surgical resection in appropriately
selected patients, with lower morbidity and mortality
[5]
rates . Surgical options include laparoscopic-assisted
endoluminal surgery, laparoscopic polyp excision,
[1]
duodenectomy, and pancreaticoduodenectomy .
The morbidity and mortality of these procedures are
dependent on patient co-morbidities, together with
[1]
operator experience and case volume . These tech
niques are usually reserved for malignant lesions.
In this review, we will discuss the clinicopathological
characteristics and management of sporadic and FAPrelated nonampullary duodenal adenomas.
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Duodenal adenomas in FAP

[26]

develop via similar mechanisms. Rubio
reviewed
a cohort of 306 FAP-related or sporadic duodenal
adenomas and found gastric duodenal metaplasia
(GMD) covering portion of the adenomas in 31.7%
(66/208) of the duodenal FAP adenomas and in
59.5% (58/98) of the duodenal sporadic adenomas
(P < 0.05). This result suggests that a subset of GMD
of unknown cause might be present in the duodenal
mucosa before adenomatous transformation, with
neoplastic proclivity similar to that of other metaplasias
of the gastrointestinal tract (intestinal metaplasia of
the esophagus and of the stomach and metaplastichyperplastic polyposis of the colon). Adenomatous
neoplastic transformation in these patients may
be due to the carcinogenic effect of the high con
centrations of bile acids and pancreatic juices in the
duodenum. Similar to colonic tumors, small intestinal
adenocarcinomas are usually preceded by noninvasive
precursor lesions such as adenomas, as evidenced
by the occurrence of invasive adenocarcinoma within
small bowel adenomas, and the presence of residual
adenomatous tissue adjacent to, or within, most
[9,10]
[27]
carcinomas
. Sun et al
evaluated the CpG island
methylator phenotype (CIMP) in ampullary and
nonampullary SDAs and determined a correlation
between CIMP and MLH1 and p16 methylation, as
well as KRAS and BRAF mutations. They showed
that CIMP+ (more than two markers methylated)
was found in 33.3% of duodenal adenomas; 61% of
these CIMP+ adenomas were CIMP-high (more than
three markers methylated). In addition, CIMP+ status
significantly correlated with older patient age, larger
size and villous type of tumor, coexistent dysplasia and
periampullary location, MLH1 methylation and KRAS
mutation in duodenal adenomas. These results suggest
that patients with CIMP+ duodenal adenomas have a
higher risk of developing malignancy and may require
more aggressive management and surveillance.

Duodenal cancer is a leading cause of death in FAP
[16,17]
patients with previous colectomy
. It develops
from pre-existing adenomas with a cumulative risk
[16,18-20]
of almost 100% in patients with FAP
. The
[19,21]
cumulative risk of duodenal cancer is 3%-10%
.
Duodenal adenomas usually are multiple, sessile,
and predominantly located in the mucosal folds of
[16]
the descending duodenum . In 1989, Spigelman
[17]
et al
developed a staging system for evaluation
of the severity of duodenal adenomatosis. Using
this system, classification is determined by a fivegrade scale (stage 0-Ⅳ) based on adenoma number
(1-4, 5-20, or > 20), size (< 5, 5-10, or > 10 mm),
histologic type (tubular, tubulovillous, or villous) and
severity of dysplasia (mild, moderate, or severe). This
system allowed evaluation of the duodenal adenoma
burden in patients with FAP and estimation of the risk
of developing duodenal cancer, which was confirmed in
[20,22]
subsequent studies
. The risk of duodenal cancer
increases with age and with progressive adenoma
[16,22]
stage
. It is lowest at 0.7% in stage 0-Ⅲ disease
and greatest in stage Ⅳ disease, with rates of 7%-36%
[21,22]
over follow-up periods of 7.6-10 years
. The risk of
developing stage Ⅳ duodenal polyposis is estimated to
[19-21]
be 20%-50% at age 70 years
.

MOLECULAR FEATURES OF
NONAMPULLARY DUODENAL
ADENOMAS
Duodenal adenomas are thought to progress to
duodenal adenocarcinoma in a stepwise manner,
with the accumulation of genetic mutations, including
[23]
those in APC, KRAS, and p53 . Despite epidemiologic
and histologic evidence suggesting an adenomacarcinoma sequence analogous to that proposed
for most colorectal adenomas, the pathogenesis of
small intestinal adenomas and adenocarcinomas is
[24]
poorly characterized . Nonampullary SDAs show a
[24,25]
[24]
tubular architecture in all cases
. Wagner et al
evaluated the molecular characteristics of a series of
nonampullary SDAs (n = 22) that developed distal to
the ampulla, and compared them with the features of
sporadic ampullary adenoma (n = 9) and FAP-related
polyps (n = 12). Regardless of their anatomic location
and whether they were sporadic or FAP-related,
approximately 75% of the duodenal adenomas
showed Wnt signaling pathway abnormalities, which
probably reflect underlying APC, rather than β-catenin,
mutations. KRAS mutations were infrequent in
nonampullary SDAs (18%), and FAP-related adenomas
(9%), moderatley frequent in ampullary adenomas
(44%). None of the cases harbored BRAF mutations.
In addition, p53 alterations and DNA mismatch repair
were rare. These results indicate that duodenal
adenomas share morphologic and molecular features
with colorectal adenomas, suggesting that they
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ENDOSCOPIC DIAGNOSIS
Certain ampullary neoplasms may present early with
obstructive jaundice or pancreatitis, as small lesions
can cause obstruction of the ampullary orifice, whereas
almost all nonampullary neoplasms are incidentally
[28]
discovered during routine endoscopy. Kiesslich et al
demonstrated that conventional chromoendoscopy
with indigocarmine detected a significantly greater
number of lesions in the duodenum than did standard
high-resolution white-light endoscopy (98 vs 28,
P = 0.0042). However, the dye spray technique is
considered cumbersome, and, no study on adenoma
[29]
differentiation has been published to date . In 2006,
[30]
Uchiyama et al reported narrow band imaging (NBI)
findings of ampullary polyps classified as type I, ovalshaped villi, type Ⅱ, pinecone/leaf-shaped villi, or type
Ⅲ, irregular/non-structured. They showed a perfect
correlation (100%) of type Ⅱ and/or type Ⅲ surface
structures with histological findings of adenoma and
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adenocarcinoma. However, there were a few positive
lesions in their study. A recent study involving a large
number of patients applied NBI endoscopy in 65
gastric and duodenal polyps using the same criteria,
and revealed that NBI had 80% accuracy for the
[31]
detection of adenoma . In a recent study, probebased confocal laser endomicroscopy (pCLE) was
used together with NBI (GIF H-180; Olympus) for
duodenal adenoma diagnosis. It was concluded that
pCLE provided greater sensitivity than NBI (92% vs
[31]
83%, P = 0.8) . Of note, the criteria for duodenal
adenoma diagnosis of pCLE and NBI in this study were
adopted from those for Barrett’s esophagus. More
recently, a Japanese researcher developed a novel
diagnostic algorithm for magnifying endoscopy with
NBI (ME-NBI) for nonampullary superficial duodenal
[32]
epithelial tumors . Lesions displaying a single surface
pattern were classified as monotype, and those
displaying multiple surface patterns as mixed type.
Surface pattern was classified as preserved, micrified,
or absent. In addition, vascular pattern was classified
as absent, network, intrastructural vascular (ISV),
or unclassified. The results showed that all mixedtype lesions (23/23) were category 4 (mucosal highgrade neoplasia) or category 5 (submucosal invasion
by carcinoma) tumors according to the revised Vienna
[33]
classification . Approximately 50% (10/23) of
monotype lesions were category 3 (mucosal low grade
neoplasia) tumors. Among the monotype lesions, the
probability of category 4/5 tumor was 100% (2/2) in
lesions with an unclassified vascular pattern, 64.3%
(9/14) in lesions with an ISV pattern, 33.3% (1/3)
in lesions with an absent pattern, and 25.5% (1/4)
in lesions with a network pattern. Taken together,
these findings suggest that detailed observation of
both the surface and vascular pattern is necessary for
monotype lesions, and ME-NBI classification can be
used to perform histological diagnosis of nonampullary
superficial duodenal epithelial tumors. However,
further study is needed to accumulate a greater
number of cases and to conduct careful comparisons
with pathological findings. A Japanese multicenter
study including 364 patients with 396 nonampullary
superficial duodenal epithelial tumors showed that a
significantly greater number of high-grade dysplasia
or superficial adenocarcinomas compared with lowgrade dysplasia was found in tumors with a diameter
> 5 mm as well as solely or predominantly red
[34]
coloration .

resection is considered in cases of adenoma ≥ 2
cm, with severe dysplasia, suspicious carcinomatous
infiltration, or recurrence after complete endoscopic
[1]
resection .

Endoscopic treatment

Endoscopic resection for the treatment of nonam
pullary SDAs has the advantages of being less
invasiveness. However, the endoscopic techniques
are not standardized and most studies regarding
endoscopic resection have been of retrospective
design or a case series. Several endoscopic resection
techniques-including snare polypectomy (Figure 1),
EMR (Figure 2), ESD (Figure 3), and APC ablative
methods-for management of nonampullary SDAs
are available. Endoscopic resection is feasibe as a
treatment method for nonampullary SDAs, but it also
has limitations regarding complications and recurrence.
The extensive second-order arterial blood supply and
thin wall of the duodenum contribute to the occurrence
of immediate/delayed bleeding and transmural thermal
injury causing perforation.
An endoscope that enables optimal enface access
to the lesion should be used. A side-viewing endoscope
is optimal for lesions on the anterior or medial wall,
particularly within 5 cm of the major papilla, and a
pediatric colonoscope is preferable for lesions on the
[3]
posterior or lateral wall . Double balloon endoscopy
was reported to enable stable manipulation and
successful resection, even in the deep portion of the
[36,37]
duodenum
. Snare polypectomy was reported
to be effective, with an 85% eradication rate, in 20
duodenal adenoma cases, but it required repetitive
intervention, combined or additional APC ablation,
and follow-up due to incomplete resection or tumor
[38]
recurrence . EMR has been used in the majority
of studies on endoscopic adenoma treatment of
nonampullary SDAs. A flat or sessile morphology
is most common in duodenal adenomas, and
submucosal injection of lifting solution raises the
lesion on a cushion of submucosal fluid, separating
the mucosal and muscle layers. EMR has shown
[5,39-50]
complete resection rates ranging 59% to 100%
.
Other modified EMR methods, such as cap-assisted
[51]
[3]
EMR , underwater EMR , and the band-and-slough
[52]
technique , were reported to be effective endoscopic
treatments for adenoma. The extent of the luminal
circumference involved by the tumor was reported
as the strongest predictor of successful eradication
[42]
of nonampullary SDAs by endoscopic treatment .
The en bloc resection rate of EMR was reported to
be 38.1% to 100%, and multiple resections or APC
ablation are frequently required due to piecemeal
[40,42-48,50]
resection
. The adenoma recurrence rate after
[5,39-41,43-50]
EMR has been reported to be 0%-37%
.
The majority of recurrent adenomas after EMR have
been treated by endoscopic resection or ablation
[40,41,47,48]
techniques
. Adenomas of > 2 cm are asso
[41]
ciated with a higher incidence of recurrence .

MANAGEMENT OF NONAMPULARRY
DUODENAL ADENOMAS
As mentioned previously, endoscopic or surgical
resection is recommended for nonampullary SDAs
[15,35]
because of malignant potential of this lesion
. The
method of resection depends on the size, location
morphology, and pathology of the adenoma. Surgical
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A

B

Figure 1 Snare polypectomy. A: A approximately 10 mm peduculated adenoma in the second portion of the duodenum; B: Snare polypectomy procedure.

A

B

C

D

Figure 2 Endoscopic mucosal resection. A: An approximately 20 mm polypoid mass in the second portion of the duodenum; B: Injection of submucosal saline
solution with indigocarmine; C: Endoscopic mucosal resection (EMR) procedure; D: A clear, post-EMR ulcer.

Adenomas with a villous nature were also reported
[48]
to have a higher rate of recurrence . The following
complications after EMR have been reported: an
intraprocedural bleeding rate of 0%-29.2%, delayed
bleeding rate of 0%-16.7% and perforation rate of
[37,39,43,44,46,49,51,53]
0%-4.3%
. There have been fewer
reports on ESD for the treatment of nonampullary
SDAs, involving a limited number of cases, compared
with EMR. ESD has been reported to be an effective
method, with a complete resection rate of 80%-100%
for nonampullary SDAs; moreover, no recurrence was
[5,36,37,54-56]
reported
. However, duodenal ESD has been
reported to have high rates of perforation (6%-50%)
and bleeding (0%-7%). Duodenal ESD should be
performed with caution in selected patients to avoid
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serious complications. Endoscopic APC ablation
has been applied as both primary and adjunctive
treatment for nonampullary SDAs. Entire pathologic
evaluation is impossible in APC ablation. Two studies
on APC ablation as primary treatment involving limited
numbers of patients have been performed, with
[46,57]
reported recurrence rates of 10% and 39%
. APC
ablation has been used mainly as an adjunct modality
with EMR for removal of remnant or locally recurrent
[38-42,46,48,50-52]
nonampullary SDAs
.
Following successful endoscopic resection of
nonampullary SDA, follow-up endoscopy at 3-6 mo is
recommended to check for recurrence. If recurrence
is not detected, endoscopic surveillance at 6-12 mo
[38,58]
is required
. Annual follow-up endoscopy should
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A

B

C

D

Figure 3 Endoscopic submucosal dissection. A: A 12 mm sized superficial elevated type (Ⅱa) lesion in the second portion of the duodenum; B: Circumferential
mucosal incision and submucosal dissedtion; C: The lesion successfully removed en bloc without complications; D: A 27 mm resected specimen with adenoma.

endoscopic surveillance is highly recommended. To
provide adequate visualization of the entire duodenal
mucosa, a forward- and side-viewing endoscope should
[53]
be used . Although recommendations concerning
patient age for initiation of upper GI surveillance are
not uniform, performance of the first endoscopy in
patients with FAP is recommended at 25-30 years
[16,66]
of age
. Continued endoscopic surveillance after
baseline endoscopy is usually performed according to
the Spigelman stage. In general, patients with stage 0
receive repeat surveillance endoscopy every 4 years,
those with stage Ⅰ and Ⅱ every 2-3 years, those
with stage Ⅲ every 6-12 mo with consideration for
surgery, and those with stage Ⅳ should be referred
to a pancreato-biliary surgeon for consideration of
[22,66]
surgery
. Despite routine endoscopic surveillance,
a considerable percentage of advanced ampullary
[19]
neoplasias may not be detected . In addition,
several authors report that random biopsy samples
from the ampullary region are needed because
12%-54% of normal-appearing papilla may harbor
[16,19-22,67]
adenoma
. The use of chromoendoscopy
leads to a marked increase in the number and size of
duodenal adenomas detected in patients with FAP and
[68,69]
an upgrade of the Spigelman stage
. A recent study
showed that the use of NBI resulted in detection of a
greater number of duodenal adenomas, resulting in
[70]
upgrade of the Spigelman stage in 4.4% of patients .
However, NBI did not improve the detection of gastric

be performed for at least 2 years after complete
[41]
resection .

Surgical treatment

Surgery remains as the standard treatment for large
and complex nonampullary SDAs which are technically
impossible to remove using endoscopic techniques. The
optimal surgical treatment of nonampullary SDAs has
not been established. Four major surgical procedures
[2,12,14,59-61]
exist for the removal of duodenal tumors
;
namely, transduodenal excision (transduodenal
[62]
submucosal excision) , local full-thickness resection
(wedge resection), pancreas-sparing segmental
[63]
duodenectomy , and pancreaticoduodenectomy. The
first three are the so-called “limited resections” and
are usually indicated for selected tumors not amenable
to endoscopic resection that have no or negligible risk
[59-61]
of nodal metastasis
. The local recurrence rates
for these surgical managements of nonampullary
[2,14]
SDAs are reportedly low
. The endoscopy-assissted
laparoscopic technique for nonampullary SDAs has
been reported to be a safe and minimally invasive
[64,65]
treatment option
.

Surveillance and management of duodenal adenomas in
patients with FAP

Considering the high incidence of duodenal adenomas
with severe dysplasia in FAP and the increased risk of
developing duodenal cancer, upper gastrointestinal (GI)
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polyps in comparison with high-resolution endoscopy.
The management of duodenal adenoma in pa
tients with FAP remains a major challenge. It is at
present clear whether medical or endoscopic therapies
significantly alter long-term cancer risk or improve
survival or quality of life in patients with a significant
[53,66]
duodenal burden
. Nonsteroidal anti-inflammatory
drugs (NSAIDs) can lead to regression of colorectal
adenomas in patients with FAP. One study compared
the effect of sulindac with placebo on the number of
[71]
duodenal polyps . Treatment with sulindac resulted
in regressed small ( ≤ 2 mm) duodenal polyps,
whereas larger (≥ 3 mm) duodenal polyps were
unaffected. However, most studies regarding the
effects of NASIDs and other compounds on prevention
or regression of duodenal adenomas in FAP have
[66]
reported disappointing results . Current endoscopic
treatment options for duodenal polyps in patients with
FAP include snare polypectomy, EMR, thermal ablation,
[53,66]
APC ablation, and photodynamic therapy
. Most
studies indicate the complete resection of non-polypoid
flat lesions by snare polypectomy is difficult. EMR
may facilitate removal of large flat duodenal polyps
in FAP. Endoscopic treatment has been proposed
[22]
for patients with stage Ⅱ or Ⅲ disease . Although
current clinical practice recommends endoscopic
resection of all large duodenal adenomas unless there
is suspicion of advanced histology and submucosal
invasion, endoscopic treatment is usually insufficient
to guarantee a polyp-free duodenum and should be
individualized based on the patient’s overall polyp
[53,66]
burden, size and location, and comorbidities
.
Surgical management includes local surgical treatment
(duodenotomy with polypectomy), pancreas- or
pylorus-preserving duodenectomy and pancrea
[2,66]
ticoduodenectomy
. Duodenotomy and polypectomy
have proven ineffective in FAP patients with severe
duodenal adenomatosis, as evidenced by high
[72]
recurrence rates . Definitive resection in the form
of pancreaticoduodenectomy (standard or pylorus
preserving) or pancreas-preserving duodenectomy has
been indicated for patients with severe polyposis (stage
Ⅳ) or polyps that are not amenable to endoscopic
[2,66]
resection
. Recurrence rates are low after these
operations, but the risks of morbidity and mortality are
[66]
relatively high .

throughout the gastrointestinal tract was made during
the last decade, endoscopic techniques to remove
nonampullary duodenal adenomas have not yet been
standardized. Compared with EMR, ESD has a superior
complete resection rate with no recurrence. However,
duodenal ESD remains challenging due to the high risk
of immediate or delayed perforation and bleeding. The
use of classical surgery for nonampullary duodenal
adenomas that are not amenable to endoscopic
resection has decreased with the development of
minimally invasive surgery. Current treatment options
for duodenal adenomatosis in patients with FAP
include frequent endoscopic surveillance and targeted
endoscopic treatment or surgical management
according to the severity of duodenal lesions. Further
studies should be focus on developing new endoscopic
techniques to guide diagnostic and therapeutic
decisions for future management of nonampullary
duodenal adenomas.
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REVIEW

Status of hepatitis C virus vaccination: Recent update
Kouka Saadeldin Abdelwahab, Zeinab Nabil Ahmed Said
immune response is triggered in the form of activated
coordinated interaction of NK cells, dendritic cells
and interferon α. The acquired immune response is
then developed in the form of the antibody-mediated
immune response (ABIR) and the cell-mediated immune
response (CMIR). Both are responsible for clearance
of HCV infection in about 15% of infected patients.
However, HCV has several mechanisms to evade these
antivirus immune reactions. The current review gives an
overview of HCV structure, immune response and viral
evasion mechanisms. It also evaluates the available
preventive and therapeutic vaccines that induce
innate, ABIR, CMIR. Moreover, this review highlights
the progress in recent HCV vaccination studies either
in preclinical or clinical phases. The unsatisfactory
identification of HCV infection by the current screening
system and the limitations of currently available
treatments, including the ineligibility of some chronic
HCV patients to such antiviral agents, mandate the
development of an effective HCV vaccine.
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Core tip: Hepatitis C virus (HCV) is a major global public
health problem. Chronic HCV infection affected around
130-150 million of the world’s population. The current
treatment is expensive, showed some restrictions and
is not efficient for all patients. No licensed vaccine
is available for clinical use, however, researches
on developing a preventive and therapeutic safe
vaccine, are evolving. This review gives an overview
of HCV structure, immune response and viral evasion
mechanisms. It also evaluates the available preventive
and therapeutic vaccines that induce innate, antibodymediated immune response, cell-mediated immune
response and interferon, and highlights the progress in
recent HCV vaccination studies either in preclinical or

Abstract
Hepatitis C virus (HCV) infection is still a major public
health problem worldwide since its first identification in
1989. At the start, HCV infection was post-transfusion
viral infection, particularly in developing countries.
Recently, due to iv drug abuse, HCV infection became
number one health problem in well-developed countries
as well. Following acute HCV infection, the innate
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clinical phases.

is not essential for viral entry/infection ; however,
it has been implicated in virus neutralization and
[16]
persistence . HCV attachment then entry into
hepatocytes is a complex multistep process which
involves interaction with CD81, scavenger receptor
[17]
class B type Ⅰ (SR-B1)
that has prominent role in
[18]
cell-to-cell transmission of the virus . Furthermore,
[19]
tight junction proteins claudin-1 and occludin , low
[20]
density lipoprotein receptor, EGFR, EphA2 , fusins,
[21]
and transferrin receptor 1
have also pivotal roles in
[13]
the lateral transmission of HCV .
HCV is mainly transmitted by parenteral routes
through blood transfusions, drug abuse, unsafe injec
[22]
tions, and healthcare-related procedures . The virus
replication in liver cells is not cytolytic, but it causes
hepatitis secondary to antiviral immunopathology and
inflammation of hepatocytes. Acute HCV infections
[23]
self-resolve in 15% and progress to chronic infection
with persistent viremia in 85% of HCV infected
subjects with consequent development of liver fibrosis,
cirrhosis, liver cell failure and eventually hepatocellular
[24]
carcinoma (HCC) in about 30% of patients .
Acute HCV infection often goes unrecognized and
the infected subject becomes a rich source for HCV
transmission via high-risk behavior, IV drug abuse,
and blood transfusion or organ donations. Chronic
[10,25]
HCV infections affect 170 million people globally
.
The World Health Organization (WHO) announced
in 2014 that chronic HCV infection affected around
[26]
130-150 million of the world’s population . Center for
disease control and prevention (CDC) has estimated
that in United States 18000 new HCV infections occur
[6]
yearly corresponding to one new case every 30 min .
Decompensating chronic HCV infection is considered as
the most common indication for liver transplantation,
[27]
accounting for 40%-50% of liver transplants .
Several antiviral drugs were developed for
treatment of HCV infection and showed high cure rate
[22]
especially in combination . Introduction of directly
acting antivirals (DAA) overcame the problems of
low efficacy and side effects demonstrated for the
current standard of care therapy (SOC), i.e., interferon
(IFN)-α and ribavirin. Eradication of infection and
decreasing the impact of chronic HCV-related diseases
at affordable costs are currently an area of great hope.
It is well recognized that a strong and broad
cytotoxic T lymphocyte (CTL) response is important
[28]
for HCV clearance . Currently, there is no available
vaccine for the prevention of chronic HCV; however,
several vaccines are being developed for prophylaxis
and therapy. An effective affordable preventive vaccine
should be able to induce strong neutralizing antibodies
as well as powerful cellular immune responses to
provide the best long-term goal for controlling the HCV
[29]
infection globally . In addition, therapeutic vaccines
may be used with DAAs and thus providing IFN-free

Abdelwahab KS, Ahmed Said ZN. Status of hepatitis C virus
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22(2): 862-873 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Hepatitis C virus (HCV) is an enveloped icosahedral
virus of 55-65 nm size. The virus is distantly related
genetically to both the pestiviruses and flaviviruses.
Within the family Flaviviridae, HCV is the only known
member of genus Hepacivirus that affects man as the
[1]
primary host . HCV is enveloped and has a positive
[2]
sense, single-stranded RNA (+ ssRNA) genome .
The genome is of 9.600 kb length that is divided into
four regions. It is flanked at its 5’ and 3’ ends by two
highly conserved untranslated regions involved in
[1]
the translation and replication process of the virus .
HCV RNA encodes a unique polyprotein of about 3000
amino acids. The polyprotein encodes at least 10
proteins that are cleaved by host and viral proteases
to produce three structural proteins: core protein
(core) and two envelope glycoproteins (E1 and E2).
E1 and E2 were found to be responsible for fusion
and virus entry by receptor-mediated endocytosis
into hepatocytes and are the primary targets of the
[3,4]
humoral immune response . The seven nonstructural
(NS) proteins include p7 ion channel, NS2-3protease,
NS3 serine protease and RNA helicase, NS4A
polypeptide, NS4BandNS5A proteins and NS5B RNA[5-7]
dependent RNA polymerase .
HCV replication is highly dynamic with viral half life
[8]
12
of 2-3 h with production and clearance of 10 virions
[9]
particles per day . Like RNA viruses, there is lack of
proof reading function of the NS5B viral polymerase
(used by HCV during replication) which contributes
[10]
to the high genetic variability
that generates an
-5
-4
estimated 10 -10 errors/nucleotide/replication
[11,12]
cycle
, which also creates diverse population
of viral variants or quasispecies within the infected
[13]
subject overtime . There are seven major HCV
genotypes that differ from each other by 30%-35%,
[10,14]
and also over 100 subtypes
. The hepatitis disease
severity and the response to antiviral drugs are related
to HCV genotypes. Infection with one genotype does
not prevent infection with the other types. Concurrent
infection with two strains is possible. The envelope
glycoprotein genes display some of the highest levels
of genetic heterogenicity within E2 (named the first
[13]
hypervariable region-HVR1)
that show greater
variability than E1. HVR1 is highly immunogenic, but
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treatment protocols

.

It was well recognized that this initial vigorous T-cell
responses decrease and disappear in patients who
+
progress to chronicity. There is loss of CD4 T-cell help,
a switch to a regulatory T cell profile, ongoing viral
replication with antigenemia, viral epitope escape, with
chronic circulating antigen stimulation resulting in T-cell
[39]
exhaustion .
Emerging evidence supports the protective role
of virus neutralizing antibodies, and the ability of the
[4]
B cell response to modify the course of infection . B
cells and rapid induction of cross-reactive neutralizing
antibodies (nAbs) responses play an active role in
[19,40-42]
the spontaneous recovery of HCV infection
,
where nAbs target epitopes within the HCV envelope
glycoproteins E1 and E2, or the E1E2 heterodimer.
Studies demonstrated that most of the identified
[13]
nAbs target regions were found within E2 , including
[4]
the “hyper-variable region 1” . It was shown that
[43]
the HVR1 region (amino acids 384-410)
encodes
immunodominant epitopes that elicit neutralizing
antibodies, which have a role in recovery from acute
infection. However, these epitopes tend to be isolatespecific and therefore are of limited utility in vaccine
[4]
development . Using an infectious retroviral HCV
pseudoparticle model system, antibodies targeting
the HCV envelope glycoproteins have been shown to
[44]
neutralize infection in vitro . It was recognized that
host neutralizing responses in HCV-infected patients
target viral entry after HCV binding most likely related
to HCV-CD81, and HCV-SR-BI interactions, as well as
[45,46]
membrane fusion
. In vivo, transfusion of human
monoclonal antibody (HCV1) mapping to E2 amino
acids 412-423 protected a naïve chimpanzee from HCV
challenge and reduced viral RNA levels in an acutely
[47]
infected animal . In humans, it was shown that
control of HCV infection is associated with more rapid
development of a broad nAb response, independent of
[42]
the infection viral genotype . The majority of these
antibodies with broad neutralizing activities recognized
[48]
conformational epitopes on E2
Moreover, it was
demonstrated that spontaneous clearance of chronic
HCV infection is associated with the appearance
of neutralizing antibodies and a reversal of T-cell
[49]
exhaustion . However, it was previously suggested
that neutralizing antibodies identified in chronic
HCV patients are not able to control chronic HCV
infection, where, the neutralizing antibody response
of the host lags behind the fast emerging HCV
envelope glycoprotein sequences of the quasispecies
[50]
population .
On the other hand, HCV has several viral strategies
directed to delay the onset of immune responses.
The virus develops different mechanisms to evade
antibody-mediated clearance, mutational escape is the
[32]
most widely used mechanism of viral evasion ; Other
mechanisms include: (1) viral decoy epitopes; (2)
epitope masking, by shielding of neutralizing epitopes
by glycosylation of defined amino acids of envelope
[51]
glycoproteins ; furthermore, (3) lipid shielding,

IMMUNE RESPONSE TO HCV
Since its discovery, HCV has shown a very restricted
host range, limited to humans and non-human
primates. The most physiological suitable model
for studying both the innate and adaptive immune
[31]
responses following HCV infection is chimpanzee ,
[2]
but, its use is restricted and has ethical constrains .
Acute HCV infection is mainly asymptomatic, making
it difficult to identify and study patient’s immune
[32]
response in the early phase of infection . Both, innate
and adaptive immune responses are essential for the
[30]
control of HCV infection . It is well recognized that
the virus itself does not kill hepatocytes. Secondary
inflammatory immune responses to the virus antigens
expressed on the surface of HCV-infected hepatocytes
and to the presence of virus core proteins cause
hepatocytes damage.
Following HCV infection, an early antibodymediated immune response (ABIR) with neutralizing
activity acts by binding to circulating HCV particles
followed by cascade of events that destroy the
virus. Simultaneously, the coordinated interaction
+
+
of CD4 and CD8 cell-mediated immune response
(CMIR), natural killer (NK) cells, dendritic cells and
INF g sterilizes the body from HCV and virus-infected
hepatocytes. However, HCV shows several mechanisms
to evade these antivirus immune reactions. There is
interplay between viral strategies directed to delay
the onset of antiviral immune responses and host
[33]
strategies that limit or even eradicate infection . The
virus envelope proteins E1 and E2 are the virus tools.
The virus - hepatocyte interaction begins at the step
of virus attachment to hepatocyte receptors, where
E2 acts as the primary mediator for virus attachment.
Several molecules then join, including E1 and E2
[13]
heterodimer that mediates viral cell entry . The
major receptor for viral entry into hepatocytes is CD81
molecule on the hepatocyte surface. Mature dendritic
cells have an essential role in presenting viral antigen
thus activates T-cells to initiate anti-viral cell-mediated
immune response. Basically, NK cells is the first line
of host defense against invading viruses by recruiting
virus-specific T-cells and inducing circulating antiviral
[34]
immunity in liver . The relative T-cell populations
evolved with consequent release of different cytokines
ultimately determine the HCV clearance or persistence
in infected patient. Spontaneous HCV clearance is
associated with potent, broadly directed, multispecific,
[35-37]
and long-lasting anti-HCV T cell responses
. T cell
depletion experiments in chimpanzees confirmed the
essential role of cellular immunity in controlling HCV
[38]
+
+
infection . In hepatocytes, both CD4 and CD8 T-cell
responses have an active role in the outcome of HCV
+
infection, where, CD8 T-cells limit viral replication
by cytolytic and non-cytolytic immune mechanisms
+
[13]
that are greatly dependent on CD4 T-cell function .
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where HCV RNA circulates in the blood of persistently
infected patients in lipoviroparticles (LVPs), which are
heterogeneous in density and associated with host
[52]
lipoproteins and antibodies ; as well as (4) induction
[53]
of antibodies interfering with neutralizing antibodies ;
(5) the interplay of HCV glycoproteins and SR-BI with
human serum factors of which high-density lipoprotein
[54]
(HDL) is a major component ; and (6) the ability
of HCV particles to move from one cell to another
[1,13]
in a neutralization-resistant fashion
. In vitro and
in vivo data suggest that HCV can spread by cell[55,56]
to-cell transmission
, enabling HCV to bypass
extracellular fluids, thereby denying nAbs access to
[18]
viral particles . Initial studies demonstrated that
neutralizing antibodies do not inhibit cell-to-cell spread;
however, it was shown that antibodies to SR-B1 and
[18,55]
to HVR1 do inhibit this route of transmission
. It
has been recently reported that a nanobody targeting
the E2-CD81 binding site efficiently inhibits cell-to-cell
transmission, suggesting that transmitting virus is not
located in a synapse that is inaccessible to antibodies
and that the lower molecular weight of the nanobody
[57]
may promote access to cell-tethered virus . Further
more, it was demonstrated that viruses lacking
HVR1 are more susceptible to neutralization by a
panel of human mAbs and patient sera, suggesting
[16]
that the HVR1 masks the E2-CD81 binding site .
HCV also proved to inhibit intracellular IFN signaling
pathways, impairs the activation of dendritic cells,
+
+
CD8 and CD4 T cell responses, elicits a state of T-cell
exhaustion and selects escape variants with mutations
+
[30]
of CD8 T cell epitopes . Also, it was shown that
HCV suppresses early innate immune responses
by multiple mechanisms, most notably, evasion of
complement mediated lysis, via down-regulation of
[58,59]
complement factors
, and incorporation of host
[32,60]
CD55 and CD59 into virus particles
, by alteration
of the downstream effects of IFNα expression or by
blocking its production, and by down-regulation of NK
[61]
activity .

for vaccine development from the perspective of target
antigens and the potential for escape from vaccine[7]
induced immune responses . Immune escape has
been demonstrated directly and indirectly for natural
[64,65]
[50]
infections in both T cell
and B cell
epitopes,
thus a successful vaccine should contain virus epitopes
with minimum risk of immune escape; (2) Designing
a vaccine targeted at inducing broad T cell responses
in spite of the fact that the quality of a successful T
[1]
cell response is not completely understood ; (3) The
+
long term maintenance of long-lived memory CD4
+
and CD8 T cells responses generated by a successful
[1]
HCV vaccine . Experimentally, an essential role for
+
memory CD8 T cells in long-term protection from
chronic hepatitis C was previously demonstrated in
[38]
chimpanzees . Multi-epitope vaccines containing
conserved epitopes of the virus are considered a
promising tool to overcome this obstacle; and (4)
Narrow species tropism for HCV, as no widely accepted
small animal model is available. Most HCV vaccine
trials have been conducted in chimpanzees, being the
[13]
best model permitting challenge with infectious HCV .
Meta-analysis of HCV vaccine efficacy in chimpanzees
has shown that an effective vaccine contained part or
all of the HCV envelope region inducing nAb responses,
[7]
or both humoral and cellular immune responses .
HCV vaccine should induce a multi-specific and
+
vigorous cellular immune response, including both CD4
+
and CD8 T cells, and a strong and cross-neutralizing
[1,30]
antibody response against the HCV envelope
. The
immunogenicity and potency of multi-epitope DNAor peptide-based vaccines in HCV infection in mice
models has proven the capability of these vaccines to
[66]
elicit strong cellular immune responses .
An ideal HCV vaccine should induce potent
antibody and cellular immune responses, recognizing
diverse HCV genotypes and inhibit cell-to-cell viral
[25]
transmission . For an effective preventive vaccine,
it should be able to elicit nAbs to block viral access
to target cells, and to stimulate the T-cell responses
[67]
targeting infected cells . Thus it is suggested to
include epitopes from HCV structural proteins (core,
E1, E2) in their correct three-dimensional confor
mations, to elicit the production of high titers of broad
nAbs, together with HCV-specific T-cell epitopes from
HCV nonstructural proteins (NS3, NS4, NS5), to
[68]
induce strong cellular responses . Over the last few
years, numerous HCV vaccine approaches have been
assessed in mice and primates, but only few vaccines
[22]
have progressed to human trials . Several problems
have been encountered: restricted humoral and cellmediated responses, the low delivery of potentially
protective viral epitopes, and the low effectiveness of
[69]
the adjuvants used in the different protocols .

HCV VACCINES
Currently, no available vaccines for HCV are licensed
or in use; however research in this area is ongoing.
The main goal of developing a prophylactic or
therapeutic HCV vaccine depends on the development
of an efficient cell culture system that can support
[62]
HCV replication
and can lead to production of
commercially available vaccine containing all the major
HCV antigenic epitopes.
The development of an effective HCV vaccine
is challenged by several factors including: (1) the
characteristics of the virus itself, since several viral
genotypes with sequence dissimilarity of 30%-50%
[63]
are recognized . Hypervariability of HCV proteins is
an important constraint, however multi-epitope type
vaccine production is a promising strategy in vaccine
[5]
development for HCV . Genetic diversity poses threats
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+

viral particles for vaccine production have resulted in
the use of HCV genes and proteins formulated in novel
[70]
vaccine modalities . Neutralizing antibodies to highly
conserved conformational and linear epitopes have
[4]
[3]
been identified . E2 crystal structure has provided
an essential framework to delineate the molecular
interactions with CD81 and broadly neutralizing
antibodies, confirming many of the salient points
concluded from earlier receptor and antibody epitope
[30]
mapping experiments . Different strategies have been
developed in order to enhance the immunogenicity
of multi-epitope DNA and peptide vaccines. Among
these strategies: (1) using the proper adjuvant, where
combining vectored vaccines with protein antigen as
adjuvant represent a valuable vaccine platform for
infectious diseases where both T and B cells are crucial
[25,71,72]
for protection
; (2) improvement of delivery, where
in vivo electroporation (EP), induce an efficient uptake
of DNA by cells, significantly enhance T-cell responses,
[73]
and increase expression of desirable gene ; and (3)
application of different vaccination regimens as DNA
[5]
prime-peptide boost immunization regimen . Current
approaches for the vaccine against HCV include the use
of recombinant E1 and E2 proteins, synthetic peptides,
virus-like particles (VLPs), recombinant nonpathogenic
live vectors , DNA vaccines, dendritic cells, and prime[69,74]
boost strategies
.

Synthetic peptides vaccines

These are viral peptides coupled with adjuvants
that are able to induce humoral as well as cellular
immunity. In mice, potential HCV multi-epitope peptide
vaccine was evaluated, where vaccination with VAL-44
synthesized from nonstructural proteins of the HCV
NS5A, NS4B and core proteins induced strong cellular
[66]
immune responses . Hepatitis B virus (HBV) subviral particles have been used as carriers for various
transmembrane proteins and produced using the same
industrial procedures that are established for the HBV
vaccine. The N-terminal transmembrane domain (TMD)
of HBV S protein can be replaced by the TMDs of
HCV envelope proteins E1 and E2, to generate fusion
proteins containing the entire HCV E1 or E2 sequence
that are efficiently coassembled with the HBV S into
[82]
particles . Recently, a recombinant E1E2 vaccine
(derived from HCV 1a) induced protective humoral
immune responses in chimpanzees challenged with
[76]
homologous or heterologous HCV 1a strains .

Recombinant protein vaccines

Innate and adaptive immunity have been shown to
be induced by HCV protein(s) expressed in bacteria,
[63]
yeast or mammalian cells . Simply, the genes
encoding HCV viral proteins have been cloned into
yeast and the recombinant protein expressed is
then purified for use in HCV vaccine production.
The advantage of recombinant protein vaccines is
that they do not contain the pathogen or its genetic
material and they do not require cultivation of the
[61]
organism . Recombinant HCV E1E2 glycoproteins
have been shown to be capable of eliciting crossneutralizing antibody responses against heterologous
HCV genotypes in guinea pigs, rodents, chimpanzees,
[75-78]
and healthy human volunteers
. Also, recombinant
HCV E1E2 protein formulated with adjuvant MF59
was shown to induce protective antibody responses in
[25,76]
chimpanzees and was immunogenic in humans
.

DNA vaccines

DNA vaccines are naked plasmid DNA molecules that
express HCV proteins capable to induce a viral-specific
immune response. DNA vaccines are able to induce
strong CTL responses. Moreover, their production is
feasible, inexpensive, and they are safe in animals
[28,83]
and humans
. Plasmids encoding HCV NS3/4a
(ChronVac-c) have been recognized as potential
[84]
therapeutic vaccines for HCV in mice .

Virus vector vaccines

Viral vectors able to express foreign antigens are
an effective tool to induce T cell immunity and
are promising for the induction of strong humoral
responses against infectious diseases. Adenovirus,
MVA, alphavirus or paramyxovirus vectors are
[63]
examples of vectors for developing HCV vaccine .
Adenovirus (Ad) is considered to be one of the most
+
potent vectors for eliciting CD8 T cell and antibody
[85]
responses in humans . It was well recognized that
combining adenovirus vector with protein antigen
can induce in experimental animals strong antibody
and T cell responses that surpass immune responses
[25]
achieved by either vaccine alone . Furthermore, the

Cell culture based vaccines

The development of an infectious cell culture system
[62,79]
for HCV in 2005
aided much in HCV vaccine
[63]
research . The choice of the cell culture is controlled
by its permissiveness for HCV replication and its
compliance with WHO criteria of cell cultures to be used
by manufacturers of human vaccines. The choice of
virus strains for this purpose should consider the use of
multiple strains with conserved epitopes of part or all of
the HCV envelope region that induce both neutralizing
Ab and multispecific cellular immune responses
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implicating both CD4 and CD8 cells. A system for
cell culture of infectious HCV particles (HCVcc) has
recently been established. Retroviral HCV pseudotypes
(HCVpp) and recombinant cell culture-derived HCV
(HCVcc) have been successfully used to study viral
[46]
entry and antibody-mediated neutralization . In
vitro HCV was proven to be controlled by antibody[20]
mediated neutralization targeting viral envelope .
Recently, experimental studies in mice demonstrated
that immunization with cell-culture-derived HCV elicit
HCV neutralizing antibodies and thus providing new
[80,81]
insight for HCV vaccine production
.
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[1]

authors showed that recombinant antigen can induce
polyclonal responses that partially limit cell-to-cell HCV
[25]
transmission . However, adenovirus immunogenicity
may be unachievable due to anti-Ad preexisting
immunity, since preexisting high-titer anti-vector NAbs
may interfere with the immunological potency of such
[86]
vaccines . Chimpanzee adenoviruses were shown to
be safe, highly immunogenic in humans, and insensitive
[87]
to human adenovirus (HAdV) preexisting immunity .
A recent study demonstrated that adenoviral vectors
expressing HCV nonstructural proteins induced
protective T cell responses in chimpanzees and were
[25]
immunogenic in healthy volunteers . A study con
[88]
ducted by Garrone et al reported a weaker induction
of immune responses by a measles virus vector
encoding HCV E1 compared to adenovirus vector
[88]
encoding E1E2 . Furthermore, replication-defective,
recombinant Sindbis virus vector expressing the gene
for HCV glycoproteins E2 and E1 in combination with
Freund’s incomplete adjuvant was shown to induce
effective humoral and cellular responses against HCV
[71]
in vaccinated mice . On the other hand, virus-like
particles (VLPs) are attractive vectors for gene delivery
as they mimic the properties of native virions, being
[61]
safe, and easily manufactured .

control ones . Even more, vaccinated chimpanzees
produced high titers of nAbs against HCV genotype 1a
that can neutralize the in vitro infectivity of HCVpp and
HCVcc containing E1 and E2 envelope proteins derived
[88]
from various genotypes . This high-titer anti-E2
and/or anti-E1 antibodies, was also demonstrated in
[88]
both mouse and macaque .
Meta-analysis of the efficiency of HCV vaccines in
chimpanzees showed that the inclusion of all or part
of the HCV envelope glycoproteins in vaccines leads to
significantly more protective immune responses than
are obtained with vaccines based on nonstructural
[7]
proteins . Trials to develop an HCV vaccine capable of
inducing both T cell and antibody responses showed
that rodents primed with the adenovirus anti-HCV
vaccine targeting the E1E2 viral envelope glycoproteins
and boosted with the adjuvanted protein were able to
develop cross-neutralizing antibodies and potent T cell
responses that surpassed immune responses achieved
[25]
with either vaccine component alone .
Passive administration of neutralizing monoclonal
antibodies as therapeutic or prophylactic approaches in
mouse models have been previously evaluated, where
[91]
polyclonal anti-HCV Ig
and anti-E2 neutralizing
[48]
monoclonal antibodies
were capable of preventing
HCV infection. Recently, a study was conducted in
BALB/c mice to evaluate cellular and humoral immune
responses against multi-epitope DNA and peptide,
it was found that immunization of mice with multiepitope peptide formulated with M720 as an adjuvant
developed higher HCV-specific levels of total IgG,
IgG1 and IgG2a than those immunized with multi[5]
epitope DNA vaccine . Rhesus macaques were
used to study the immunogenicity of DNA plasmids
encoding consensus sequences of HCV genotypes 1a
and 1b non-structural proteins NS3/4a, NS4b, NS5a,
and NS5b. Broad immune responses to multiple HCV
nonstructural antigens were detected 2 wk following
[28]
[92]
immunization . Beaumont et al described chimeric
HBV-HCV subviral envelope particles produced by
industrial procedures adapted from those established
for the HBV vaccine and showed that pre-existing
immunity acquired through HBV vaccination does not
influence the immunogenicity of the HCV E2 protein
presented by these chimeric particles in an animal
model.

Dendritic cell-based vaccination strategies

Recently, dendritic cell (DC)-based vaccines against
HCV have been developed by a lot of researchers.
Infusion of ex vivo stimulated DCs loaded with HCV
[64]
antigens has been reported . Induction of T cellmediated immune responses by DC vaccination is
highly dependent on efficient antigen loading of the
[89]
DCs . An experimental study was conducted in mice
to evaluate the efficacy of immunization with the
NS5a-loaded DCs in comparison to plasmid encoding
NS5a and NS5a protein. Vaccination with NS5a
mRNA-transfected DCs or NS5a protein-pulsed DCs,
+
+
induced significantly stronger CD4 and CD8 T-cell
responses and protection from challenge with vaccinia
virus expressing NS3/NS4/NS5, in comparison to
vaccination with NS5a DNA-transfected DCs, plasmid
encoding NS5 or rNS5a protein formulated with
[89]
alum . Also, a recent experimental study in mice
showed that multi-epitope-based HCV vaccine that
targets DCs offers an effective approach to inducing a
broad immune response and viral clearance in chronic,
[90]
HCV-infected patients . No active human clinical trials
[63]
regarding this type of vaccines have been reported .

CLINICAL STUDIES
Only a few HCV vaccines have progressed to the
clinical phase trials, yet the published data on both the
efficacy and safety of these vaccines is still scarce, due
[86]
to many scientific, logistic and bioethics challenges .
Recently, several human monoclonal neutralizing
[63]
antibodies were identified . Vaccines in clinical trials
include recombinant proteins, synthetic peptides,
virosome based vaccines, tarmogens, modified
vaccinia Ankara based vaccines, and DNA based

PRECLINICAL STUDIES
Several preclinical vaccines, including recombinant
adenoviral vaccines, virus like particles, and synthetic
[30]
peptide vaccines are being developed . It was shown
that HCV carrier rate in chimpanzees that have been
vaccinated with E1E2 and challenged with heterologous
virus was significantly lower than in unimmunized
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Table 1 Hepatitis C virus proteins, their function, role in immune response and position in different hepatitis C virus vaccines
HCV proteins

Genetic
stability

Function

Role in immune responses

HCV vaccines

Stable

Major component of
viral nucleocapsid
Binds viral RNA during
assembly

Target for neutralizing Ab and CMI

Receptor binding and
HCV entry into target
cells

Target for nAbs

Synthetic peptides vaccines; e.g., VAL-44 in
mice[66]
Recombinant yeast cells (GI-5005) that produce an
HCV NS3-Core fusion protein in mice[70]
DNA vaccine: CIGB-230 in humans[100]
The primary immunogen for vaccinology[8,78]

Structural proteins
Core (C): P22

E1: gp 35 envelope
High
glycoproteins
degree of
E2: gp 70 envelope genetic
glycoproteins
diversity

Non-structural proteins
NS1: p7 small
Stable
polypeptide
NS2: p23
HCV Proteins

Genetic
stability

NS3: p70

NS4A: p8

Stable

NS4B: p27

Stable

NS5A:p56/58

Stable

NS5B: p68

Stable

Ion channel localized to
plasma membrane
Protease
transmembrane protein
Function
Bifunctional serine
protease and RNA
helicase
Protease cofactor

Proteins
Components of the
viral replicase complex
Cofactor for NS5B
Regulate response to
INF-α treatment

RNA dependent
polymerase

Block the innate immune response

Continuous variation allowing viral escape
Recombinant HCV E1E2 glycoproteins in
of HCV specific CD8 T cells and nAb and chimpanzees/humans -core/E1/E2 (CIGB-230) in
exhaustion of CD8 cell in chronic HCV
human[13,96,100]
[101]
infection
Target for pan-genotypic drug therapy
Fusion proteins containing the entire HCV E1 or
E2 sequence that is efficiently co-assembled with
the HBV S into particles[82]
E1E2MF59 HCV DNA vaccine in human[8]
No assigned role

-

NS2/3 cleavage is required for persistent
viral infection in chimpanzees
Role in immune responses

Full-length HCV NS2 protein DNA vaccine in
mice[102]
HCV vaccines

Act as a critical immune regulator during
HCV infection[102]

Recombinant yeast cells (GI-5005) that produce an
HCV NS3-Core fusion protein in mice[70]

Block the innate immune response[103]

Ad vector vaccine ( NS3-NS5B in chimpanzees/
humans[25,87]
DNA vaccine: e.g.,
Chron Vac-c in mice with multiple epitopes; NS3/
4a, NS4b, NS5a, and NS5b in Rhesus macaques[84]
ChronVac-C- NS3/4A-expressing DNA vaccine in
human in human[73]
DNA plasmid vaccine encoding NS3/4a, NS4b,
NS5a, and NS5b in Rhesus macaques[28]
Block the innate immune response[103]
Synthetic peptides vaccines; e.g., VAL-44[66]
DNA vaccine with multiple epitopes; NS3/4a,
NS4b, NS5a, and NS5b in Rhesus macaques[28]
Block the innate immune response[103]
In mice:
Modulate the cellular environment to favor
Synthetic peptides vaccines; e.g., VAL-44[67]
virus replication and persistence[104]
-NS5a-loaded DCs[89]
Protects cells from TNF-α-mediated
in Rhesus macaques:
apoptotic death[104]
DNA vaccine with multiple epitopes; NS3/4a,
NS4b, NS5a, and NS5b[28]
No assigned role
DNA vaccine with multiple epitopes; NS3/4a,
NS4b, NS5a, and NS5b in Rhesus macaques[28]
Ad vector vaccine
(NS3-NS5B in chimpanzees/humans)[97]

HCV: Hepatitis C virus.

[30]

vaccines . Prophylactic HCV vaccines are approaching
[93]
phase Ⅲ clinical trial readiness .
It has been shown that the synthetic peptide
vaccine IC41 [containing 7 relevant HCV T-cell
epitopes and the T helper cell (Th) 1/Tc1 adjuvant
poly-L-arginine] can induce HCV-specific IFNg secreting
+
+
CD4 and CD8 T cells in healthy volunteers and
in subset of difficult to treat chronic HCV infected
[94]
patients . Moreover, it enhances sustained virologic
response rates obtained with SOC treatment of chronic
[95]
HCV infected patients . Also, recombinant E1E2
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vaccine (derived from HCV 1a) was approved for
[13]
phase Ⅰ clinical trial in human beings . It was found
to induce antibody and cellular immune responses
[96]
in healthy volunteers
as well as in combination
with new antiviral treatment for chronic hepatitis C
[8]
patients .
Phase Ⅰ human clinical trials in healthy volunteers
also include usage of Ad vectors based on human
adeno virus rare serotype 6 (HADV6) and chimpanzee
Ad 3 (ChAd3) expressing the HCV nonstructural
proteins, where it was found to induce potent, durable,
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and protective T cell responses in chimpanzees. T cell
responses targeted multiple proteins and were capable
of recognizing heterologous strains. HCV-specific T
+
+
cells consisted of both CD4 and CD8 T cell subsets;
secreted interleukin-2, IFN-γ, and tumor necrosis
factor-α could be sustained for at least a year after
[97]
boosting with the heterologous adenoviral vector .
Also, vaccination of healthy volunteers with HCV-1
E1E2 structural glycoproteins from a single strain of
HCV elicited broad cross-neutralizing serum antibodies
[77,98]
against all known major genotypes of HCV
.
For better management of chronic HCV infection,
combination approach of vaccination or immune
modulation together with antiviral therapy is currently
evaluated by a lot of researchers using structural or
nonstructural HCV proteins. Cohort and vaccine-based
preclinical studies have indicated the importance of
[99]
T cell-based immunity in controlling viral infection .
Therapeutic vaccines like viral-vector-based vaccine
TG4040 proved to induce HCV-specific cellular immune
responses, and reduced viral load in chronic HCV
[99]
infected patients in phase Ⅰ clinical trial . Therapeutic
vaccination in combination with SOC treatment was
recently evaluated in Swedish study. ChronVac-C
[plasmid DNA encoding NS3/NS4A under the control of
cytomegalovirus (CMV) immediate-early promoter] was
analyzed in a clinical Phase Ⅰ/Ⅱa trial for treatment of
naive HCV genotype 1 patients. Patients had received
four monthly vaccinations in the deltoid muscles with
167, 500, or 1500 μg codon-optimized HCV NS3/4Aexpressing DNA vaccine. The vaccine was delivered by
in vivo electroporation (EP). Treatment was proved to
be safe and well tolerated and vaccinations significantly
[73]
improved IFN-γ-producing responses to HCV NS3 .
CIGB-230 DNA vaccine containing core/E1/E2 is one of
the DNA vaccines that reached the clinical evaluation.
Its immunogenicity as a therapeutic vaccine candidate
has been evaluated in non-responders to treatment
with IFN plus ribavirin in phase one clinical trial. The
vaccine was proved to enhance the immune response in
[100]
such patients . Also, E1E2MF59 HCV DNA therapeutic
vaccine was analyzed in phase 1b study in 100 μg/0.5
mL IM in eight doses at 4-wk interval in chronic HCV
infected patients who were under SOC therapy. The
vaccine was proved to be safe and a SVR was achieved
in the form of E1E2 neutralizing antibodies and specific
+
[8]
CD4 cell proliferation . ChronVac-C, TG4040 (MVAbased), and GI-5005 (whole yeast-based) are the most
promising HCV vaccines to be approved in combination
with SOC therapy in the near future to inhibit or treat
[70]
the chronic HCV infection . Table 1 summarizes the
structure, function, role in immune response and
position of all HCV proteins in available HCV vaccines.

progresses to immune mediated hepatocyte damage,
resulting in fibrosis, chronic liver disease, cirrhosis, or
hepatocellular carcinoma. The virus develops different
strategies to evade the immune responses and the
host has different immune responses to stop the acute
infection or to tolerate chronic infection to be overtaken
by virus induced hepatocyte damage. Vaccination
is the best policy in combating virus infections.
Development of prophylactic or therapeutic vaccine for
HCV is of great medical priority. Several HCV vaccine
approaches were developed including recombinant
protein, synthetic peptide, plasmid DNA, vector-based
vaccines and dendritic cell-based vaccination. Phase Ⅰ
/Ⅱ human clinical trials, for most of them showed
promising and encouraging data on the different types
of these vaccines are continuously evolving. Different
types of HCV vaccines are currently evaluated and
proposals to improve each regarding the design, the
selection of immunogens, safety, tolerability and the
proper administration regimens are in progress.
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Abstract

Maria José Gómez-Lechón, José Vicente Castell, CIBERehd,
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This review aims to share the lessons we learned
over time during the setting of the hepatocyte tran
splantation (HT) program at the Hepatic Cell Therapy
Unit at Hospital La Fe in Valencia. New sources of liver
tissue for hepatocyte isolation have been explored. The
hepatocyte isolation and cryopreservation procedures
have been optimized and quality criteria for assessment
of functionality of hepatocyte preparations and
suitability for HT have been established. The results
indicate that: (1) Only highly viable and functional
hepatocytes allow to recover those functions lacking
in the native liver; (2) Organs with steatosis ( ≥
40%) and from elderly donors are declined since
low hepatocyte yields, viability and cell survival
after cryopreservation, are obtained; (3) Neonatal
hepatocytes are cryopreserved without significant loss
of viability or function representing high-quality cells
to improve human HT; (4) Cryopreservation has the
advantage of providing hepatocytes constantly available
and of allowing the quality evaluation and suitability
for transplantation; and (5) Our results from 5 adults
with acute liver failure and 4 from children with inborn
metabolic diseases, indicate that HT could be a very
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useful and safe cell therapy, as long as viable and
metabolically functional human hepatocytes are used.

tation, identification of potential candidates for this
treatment and the acquisition, processing, preservation
and finally, implantation of the isolated hepatocytes
into the subsidiary patients are all necessary steps
for this type of treatment. Since the first HT was
performed in 1998 in a 10-year-old child with Crigler[9]
Najjar disease type Ⅰ , the indications and technical
aspects of this treatment have been subjected to
changes; however, the supply of good quality livers for
hepatocyte isolation is the major challenge.
To perform this state-of-the-art therapy, the
Hepatic Cell Therapy Unit (HCTU) was created in our
hospital in 2007. Since then until now, we have come
a long way, gaining more experience and tailoring the
protocols according to the results obtained.
Since the HT program started in La Fe Hospital in
Valencia on May 2008, 9 HT have been performed, 5
[6,7]
in adults and 4 in children .
The aim of this paper is to share the lessons learned
over time during the HT procedure and to envisage
[6,7,10-31]
future strategies
. The results from HT indicate
that it could be a very useful and safe technique,
as long as viable and high-quality, metabolically
functioning human hepatocytes are available.

Key words: Hepatocyte transplantation; Hepatocyte
isolation; Cell therapy; Inborn errors of metabolism;
Neonatal hepatocytes; Cryopreservation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our aim is to share the lessons learned
over time during the establishment of the hepatocyte
transplantation (HT) program at our hospital and to
envisage future strategies. The hepatocyte isolation
and cryopreservation procedures have been optimized
and, fast and sensitive criteria for assessment of
functionality of hepatocyte preparations and suitability
for transplantation have been set up. Neonatal
hepatocytes show high-functional quality and could
improve cell therapy applicability. Our results (patients
with acute liver failure and inborn metabolic diseases)
indicate that HT could be a safe and efficient therapy,
as long as viable and high-quality, metabolically
functional human hepatocytes are available.
Ibars EP, Cortes M, Tolosa L, Gómez-Lechón MJ, López S,
Castell JV, Mir J. Hepatocyte transplantation program: Lessons
learned and future strategies. World J Gastroenterol 2016;
22(2): 874-886 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i2/874.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.874

INDICATIONS FOR HT
The use of HT as an alternative to conventional LT
has been investigated during the last 30 years. The
[32]
first studies were performed by Howard
in 1967
using animal models with metabolic liver diseases,
which resulted in improved biochemistry following
[33]
HT . Subsequently, experimental models have been
[13,34,35]
[35,36]
described for acute
, chronic liver failure
and
[37,38]
inborn hepatic metabolic disorders
.
Clinical tests have been performed in patients with
[21,39-42]
ALF
or with acute on chronic liver disease as a
[1,7,39,43-45]
bridge to LT
and in children with congenital
[6,9,46-52]
metabolic errors
. Over the years, the indication
for HT has mainly focused on children with congenital
metabolic errors, for whom the best results have been
achieved. A program of adult and pediatric HT was
set in our Unit obtaining poor results in the former
[6,7]
compared to the children
and in agreement with the
[21,39-45]
results published in the literature
. This, together
with a considerable amount of hepatocytes required in
the adults and the scarcity of hepatocytes sources, are
the reason for our Unit to have restricted the indication
for this treatment to children with metabolic disorders.
In the HCTU, the indications for HT in children
have been established according to the severity, the
prognosis of the metabolic disorder and the expected
[6]
benefits from this therapy .

INTRODUCTION
Liver transplantation (LT) is the treatment of choice
for end-stage liver diseases. The principal limitation of
this procedure lies in the imbalance between patients
requiring transplantation and organ donors, resulting
in a long waiting list and increased morbidity and
mortality. As a result, there is a need to find strategies
that could serve as temporary or definitive alternatives
to LT.
Cell-based therapies have been a particularly active
research field in recent years. In particular, hepatocyte
transplantation (HT) is being evaluated worldwide as a
promising alternative to LT for a variety of indications,
including acute liver failure (ALF) and metabolic liver
[1-7]
diseases .
The principle behind hepatic cell therapy is based
on the hypothesis that transplanted hepatocytes, when
implanted into the host liver, can undertake hepatic
metabolic functions, which are lacking or perform
[2-4]
poorly in some patients
. For this purpose, only
hepatocytes are used, which are totally differentiated
cells capable of developing hepatic functions based on
[8]
the regenerative capacity of the liver .
The procurement of organs donated for implan
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isolation, the necessary infrastructure to carry out this
isolation, the conservation and lability of hepatocytes’
maintenance.
Hepatocyte isolation and cryopreservation pro
cesses are performed in the HCTU at Hospital La Fe,
Valencia, whose installations are accredited under the
European standards EN-ISO 14.644 on clean rooms
and adjoining premises; the clean rooms are classified
as ISO class 6, and the adjoining rooms as ISO class
7. The isolation, characterization, and cryopreservation
of human hepatic cells are performed under good
manufacturing practices, in a way that the hepatocytes
obtained are safe and qualified to be used in human.
The main purpose of the HCTU is to transfer
[22-24]
basic science to the clinical practice
. Our Unit
consists of a multidisciplinary team formed by the
Pediatric Hepatology Unit, Liver Transplant Unit and
Experimental Hepatology Unit.
The experience acquired by our research team as
a result of hepatocyte isolation from surgical hepatic
biopsies helped to develop a standardized protocol
which has been optimized and adapted for large
scale isolations from organs unsuitable for wholeorgan transplantation or for liver fragments from
[10,11,13-20,22]
hepatectomies
.
Over the years, we have optimized the isolation
procedures in order to obtain high functional quality
human hepatocytes which are characterized according
to well established quality criteria. Then, hepatocytes
are cryopreserved and stored until use. Cryopreserved
cells are ready to use and, additionally, extensive quality
testing can be performed to determine suitability for
transplantation, which are important advantages over
fresh cells.

Most of the organs for hepatocyte isolation have
been discarded for transplantation due to steatosis
[7,27]
greater than 40%-50%
, prolonged ischaemia time,
[47]
[47,54]
traumatic damage to the graft , capsular tear
[9]
blood group incompatibility and vascular or biliary
lesions. Occasionally, fetal hepatocytes have been used
[43]
for infusion .
New sources for hepatocyte isolation include liver
tissue resulting from hepatic reductions, split liver
grafts and segment 4 after a split-liver graft for two
patients, grafts from donors after circulatory death,
[48,49,54]
and donors with severe arteriosclerosis
.
Steatotic donor livers are becoming more common
with the increasing incidence of obesity in our population.
For this reason, at the beginning of the program, the
HCTU used to accept most of the organs discarded
for transplantation, regardless of the percentage of
steatosis, in order to not waste any possible source
[16,17,22,27,30,31]
of hepatocytes
. However, based on the
poor results, we decided to refuse steatotic liver grafts
discarded for transplantation as a source for HT.
Most of the criteria to accept a liver for cellular
isolation are similar to those required for LT donation.
Appropriate liver donors for HT are all those grafts
rejected for LT, with no age limit, that show no signs of
sepsis or history of neoplasia, with negative serology
for hepatitis C and B, HIV, HTLV, and syphilis, family
consent for research purposes, steatosis less than
50%, no hepatic illnesses (cirrhosis, cholestasis, or
haemophilia), and a cold ischaemia time less than 12
h when possible.
Neonatal donor: Our experience shows that this is
not enough and new sources of human liver tissue
for hepatocyte isolation need to be explored. An
interesting alternative to adult liver is the use of
unsuitable neonatal livers for LT as a potential source
of differentiated hepatic cells which, to our knowledge,
[3,56,57]
has been poorly explored to date
.
In the HCTU neonatal donors are considered a
[29]
potential source of hepatocytes . In 2010, a program
for neonatal liver donation was set up in our center as
a new source for hepatocytes after a national approval
by the NTO and the ethic committee. These livers are
not usually suitable for LT due to low weight, immature
liver function and the technical difficulties related to
the size of the vessels and the biliary tree (Figure 2).
However, a high yield of good-quality hepatocytes can
[29]
be isolated from neonatal liver tissue .
In neonatal donors, brain death certification is
very difficult to verify. Despite the brain stem test
in newborns, toddlers, and children being similar to
that in adults, there are some differences as to the
duration of the observation period and also with the
instrumental tests performed, which make it much
more difficult to diagnose. This inconvenience led us
to consider another type of donation, such as donation
after circulatory death. According to the Maastrich

METHODOLOGY FOR HT
Basically, HT is made up of three phases: hepatocyte
isolation from donated livers that had been rejected
for whole-organ transplantation, preparation of cell
suspensions, and implantation into the recipient.
Following isolation, the cells can be frozen and stored
(cell cryopreservation); simultaneously, these cells
are analyzed for bacteriology and quality control. The
implantation of the hepatocytes into the recipient is
performed by infusion in the portal vein or splenic
artery, with the advantage of planning this procedure if
[10,31,53-55]
cryopreserved cells are used
(Figure 1).

Hepatocyte source

As mentioned above, the main concern in HT is
the lack of adequate sources for viable human
hepatocytes. Current sources of liver tissue are mainly
adult organs considered unsuitable for whole LT, often
of marginal quality. The HCTU collaborates closely with
the National Transplant Organization (NTO) to recover
donated organs that have been deemed unsuitable for
transplantation.
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Livers discarded for transplantation

Cannulation of the portal vein and hepatic veins

Perfusion with buffer solution and collagenase at 37 ℃ to
digest extracellular matrix and to isolate the cells

Hepatocyte
isolation

Hepatocyte purification

Washing with buffer solution by repeated selective centrifugation

Hepatocytes
Cell number and viability evaluation.

Fresh/cryopreserved in liquid nitrogen and
banked for future use

Storage and
assessment

Functional quality:
(viability, cell attachment, ureogenic and drug metabolising capacity)

Microbiological control

Hepatocyte thawing
Hepatocyte
transplantation

Suspension in infusion medium

Hepatocyte transplantation

Figure 1 Scheme of human hepatocyte isolation from unused donor liver.

congenital anomalies, intracranial intraventricular
hemorrhage grades Ⅲ-Ⅳ, congenital disorders of the
central nervous system with no activity in the electroen
cephalography (EEG), surgical pathology not amenable
to treatment and incompatible with life, anencephalic,
cranioencephalic trauma, premature newborns with
pathologies that do not respond to therapeutic maneu
vers, surgery patients with postoperative cerebral
[58]
anoxia . Patients with HIV-1 and 2, HBV, HCV, and
sepsis with multiorgan failure were excluded.

Organ preparation for perfusion

Our laboratory works from a standardized protocol
for hepatocyte isolation from surgical hepatic
biopsies, which has been optimized and adapted for
large scale isolations from organs unfit for wholeorgan transplantation or from liver fragments from
[10,13,15]
hepatectomies
. At the early stage of isolation,
we perfused the entire organ resulting in an incomplete
[22]
digestion of the hepatic tissue .
Another difficulty was to avoid digestion of the
vessel cannulated to infuse the collagenase before
the digestion of the parenchyma has been achieved.

Figure 2 Liver from a neonatal donor to be used for hepatocyte isolation.

classification, types Ⅲ and Ⅳ donors are an important
source of grafts for transplantation, especially type
Ⅲ, in which asystole happens after the controlled
[58,59]
withdrawal of all the therapeutic measures
.
The newborn period includes the first 28 d of life.
Our inclusion criteria for organ donation were patients
whose pathologies did not respond to medical and/or
surgical treatment and with life incompatibility:
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A

B

Figure 3 Optimization of the process of hepatocyte isolation. When livers weighing 1.5-3.5 kg are available, a better recovery was achieved by dividing the
hepatic parenchyma (0.5-1 kg) and perfusing each lobe.

A

B

Figure 4 Split liver sutured the arterial, portal and suprahepatic branches in the cut surface. A: The application TachoSil®, a hemostatic sealant, avoids leakage
of the collagenase; B: Cannulation of the hepatic veins allows using bigger calibre cannulas increasing the flow of the perfusates.
[25]

This spurred a modification of the perfusion system,
and we divided the hepatic parenchyma into left and
right lobes, performing a separate perfusion of each
[22,25]
lobe
(Figure 3). Similar situations were described
[55]
by Mitry et al , suggesting the use of one donor for
three recipients, proposing segment Ⅳ obtained from
a split, as a cellular isolation source.
In general, during the disgregation process of the
liver or its lobes, a better output of the lightest samples
(one lobe) was noticeable. However, splitting the liver
prolonged the procedure affecting the viability and the
functionality of the hepatocytes isolated due to longer
cold ischaemia time. To prevent this, we performed the
digestion of both lobes simultaneously in two different
laminar flow hoods.
Splitting the liver created new problems in the
process for hepatocytes isolation. By performing an
ex situ division of the hepatic graft in right lobe and
left lobe, we had to suture all the arterial, portal and
suprahepatic branches in the cut surface to avoid
leakage of the collagenase, leading to a tedious
process due to the large amount of ligatures and
stitches used, increasing graft preparation time for
®
more than 3 h. To prevent this, we applied TachoSil , a
hemostatic sealant used during hepatectomies to stop
small bleeding points and small bile leaks in the cut

WJG|www.wjgnet.com

surface (Figure 4A).
®
Before using the TachoSil , we tried different
biological glues, regularly used in surgical practice to
seal blood vessels from the hepatic transection margin.
However, the results showed that these glues were not
able to tolerate collagenase pressure from the infusion
pump, leading to leakage from multiple openings. As
a result, we observed an incomplete digestion, which
conditioned a decrease in cellular output. Moreover,
we verified the presence of glue residues in the cell
solution, being impossible to separate them from the
cells, which disabled them for their infusion. The use of
®
TachoSil in human hepatocytes isolation provides us
great advantages: avoids suture and ligation of arterial
and venous branches with reduction in preparation
time, as well as cold ischemia time of the graft, crucial
factor of cellular viability and performance. Moreover,
by pointing out the leak of the recirculating solution,
it enables an ideal collagenase perfusion of the graft,
vital step in the hepatic parenchyma digestion and,
[25]
therefore, in the hepatocytes isolation . In contrast
®
with other haemostatic agents and sealants, TachoSil
has not been detected in the cell suspension infusion.
Apart from the cannulation of the portal vein,
another modification was to cannulate the hepatic veins,
which allowed using bigger calibre cannulas increasing

878

January 14, 2016|Volume 22|Issue 2|

Ibars EP et al . Hepatocyte transplantation: Lessons learned

A

B

C

D

E

F

G

H

I

Figure 5 Hepatocyte isolation and transplantation process. A: Perfusion of the liver at 37 ℃; B: Liver after digestion by collagenase perfusion; C: Purification of
hepatocytes by low-speed centrifugation; D and E: Hepatocyte suspension is washed twice and pelleted by low-speed centrifugation; F: Freshly isolated hepatocyte
suspension; G: Cell thawing by immersing the bags in a fixed-temperature bath at 37 ℃; H: Hepatocyte suspension in infusion medium ready to be transplanted; I:
Infusion of hepatocytes to the receptor patient.

Hepatocyte isolation

the flow of the collagenase. This also contributed to a
better digestion of segment 7 and 8 due to its proximity
to the hepatic veins. With all these modifications, a
better digestion of the liver parenchyma was achieved,
improving the efficiency and the viability of the isolated
hepatocytes (Figure 4B).
In the case of neonatal livers, a super rapid tech
nique was used to procure them due to the reduced
size of these organs. The hepatic veins, portal vein or
umbilical vein within the umbilical cord were identified
and were therefore cannulated according to vessel
size. This cannula was then connected to the tissue
®
preservation solution (Celsior solution; Genzyme,
Madrid, Spain), and liver perfusion started. The
liver was placed into two or three sterile bags and
transported to the laboratory while being maintained
®
[24,29]
in ice-cold Celsior solution until cell isolation
. The
digestion process in these livers is usually faster (10-15
min) and uniform, with a better efficiency and viability
[29]
when comparing to adult livers .

WJG|www.wjgnet.com

A standardized collagenase perfusion technique is
used to digest liver tissue to obtain human hepato
[3,6,10,16,22,44,60]
cytes
. Briefly, major liver vessels are
cannulated and perfused using a peristaltic pump with
buffered salt solution containing chelating agent EGTA,
which removes calcium and disrupts desmosomes; the
liver is subsequently perfused with collagenase solution
[3,10,24,59]
to digest the extracellular matrix
. Initially,
enzymatic perfusion is performed following cannulation
of the hepatic artery and the portal vein from the
donated liver tissue (Figure 5A). When feasible, we
[22]
also cannulate the biliary duct . During the perfusion
procedure, the liver and solutions are kept at 37 ℃
to allow optimal enzyme activity. After digestion,
the liver tissue is disrupted, and the suspended
hepatocytes are purified by filtration and low-speed
centrifugation (Figure 5B-F). The average hepatocyte
6
6
yield is 3 × 10 -20 × 10 hepatocytes per gram of liver
[6,13,14,22]
tissue
and the conditions for tissue isolation
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Table 1 Hepatocyte isolation from whole organs or split liver grafts unsuitable for conventional liver transplantation for severity of
the steatosis
Sample
LL
WL
WL
WL
RL
WL
WL
WL

6

Weight (g)

Age (yr)

Sex

Ischemia time (h)

Steatosis (%)

Viability (%)

Yield (× 10 cells/g)

350
3500
1142
2200
1200
2032
1550
2354

80
65
69
75
32
26
58
67

F
F
F
M
M
M
M
M

12
16
13
9
11
17
15
6

< 30
40-50
30
40
< 30
50
40
10

73
85
85
53
86
20
20
20

2.8
1.6
2.6
1.0
2.6
Discarded
0.11
Discarded

LL: Left lobe; RL: Right lobe; WL: Whole liver.

[61]

influence the procedure results .
Different concerns have arised over the years in the
digestion process. The first concern was to reach 37 ℃
in a uniform manner throughout the liver, especially
in the thickest part of the right lobe corresponding
to segments 7 and 8. This resulted in an incomplete
digestion of the liver parenchyma on the right lobe
while the left lobe was already digested. To resolve this
problem, the temperature of the bath was increased
up to 42 ℃ with the liver submerge and contained
with three organ bags, which helped to preserve the
sterility of the procedure and also to reach the target
temperature for the collagenase to work properly.

livers rejected for transplantation with the background
of steatosis as a source for HT.
Livers from elderly donors showed tendencies
of reduced viability (Table 1). In general, the disinte
gration process of the liver in this case, gives lower
yields than those obtained through surgical biopsies of
fatty liver tissue, although in some cases higher yields
were observed. For this reason, livers form elderly
donors are also discarded as a source of hepatocytes.
Initially, the HCTU recovered 13 donor organs
deemed unsuitable for LT, but fit for HT. The hepato
cytes were isolated from donors with arteriosclerosis,
doubtful viral serology, donors after circulatory death,
[22]
split liver grafts, fibrotic and steatotic livers . All
®
grafts were irrigated with Celsior preservation solution
during the procurement, because in our experience,
its use produces a better cell viability in the human
[14,15]
hepatocytes isolation process
, compared with
[15]
other preservation fluids .
Of the 13 donor livers (8 women, 5 men), the
isolation was performed in 3 split lobes, 2 whole organs,
and in the remaining 8 donor livers, the organ was
divided into 2 lobes, left and right lobes to improve
the digestion. The percentage of steatosis was deter
mined by pathology studies. The cold ischaemia time
remained under 4 h in all cases and the resulting cell
viability was between 70% and 89% with a yield of 1
6
6
[22]
× 10 -17 × 10 cells/g (Table 2) .
In general, the disintegration process of the whole
liver or split lobes gives lower yields than those
obtained through surgical biopsies from fatty liver
tissue, although we must also highlight higher yields
from livers with lower weight.
As a result of this work, we created a biobank of
cryopreserved hepatocytes functionally characterized
and ready to be used for HT. The first HT by HCTU was
performed in our hospital on May 2008 in a girl with
urea cycle defect.

The experience of the HCTU on hepatocyte isolation

Based on our studies with liver biopsies from surgical
resections, the protocol was optimized and updated to
perform hepatocytes isolation on a large scale using
those livers discarded for transplantation or bigger
[10,13,14]
portions of liver specimens from hepatectomies
.
The experience gained with the results of the first
hepatocyte isolation from steatotic grafts, helped us
to optimize the process of hepatocyte isolation and
cultivation culture from whole livers (1.5-3.5 kg) or
complete lobes (0.5-1 kg) unused for transplantation
(Figure 3).
We performed 8 isolations from livers discarded for
[16,17,22]
transplantation because of the severe steatosis
(Table 1). Hepatic steatosis has become a common
problem in our populations with an increased incidence
of obesity. It affects about 25% of liver transplant
donors and most of the steatotic donor liver are
[27,30,62,63]
rejected for organ transplantation
.
Organs with advanced steatosis (≥ 40%) showed
lower cell yields during isolation (viable hepatocytes
obtained/g of tissue processed). Our experience
has allowed us to demonstrate that the hepatocytes
isolated from these livers are usually of low cell
viability and poor function. Steatotic hepatocytes do
not tolerate cryopreservation well, leading to greater
cell loss, impaired metabolic function and the chances
of a successful engraftment are lower, compared to cell
[13,14,17,22,44]
from nonsteatotic livers
. According to Sagias
[63]
et al and based on the results, we decided to decline
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Hepatocyte quality assesment

The clinical outcome after HT depends very much on
the quality of the hepatocytes used, which depends
to a large extent on the nature of the tissue utilized
for cell isolation, donor factors such as age, and cell
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Table 2 Hepatocyte isolation from organs unsuitable for liver transplantation
Liver number
1
2
3
4
5

6
7
8
9
10
11
12
13

1

6

Sample

Weight (g)

Blood type

Age (yr)

Sex

Viability (%)

Yield (× 10 cells/g)

V (%)

Non-valid

LL
WL
RL
LL
LL
RL
IV
LL
RL
LL
RL
LL
LL
RL
LL
RL
RL
WL
RL
LL

420
420
774
260
350
832
676
376
1154
460
1162
444
325
782
488
1140
1292
238
998
306

O
O
O
O
O

53
1
14
83
32

F
M
F
M
F

67
68.5
74.7
63.3
50

1.3
6
6
6.7
4.9

78
75
75
89
79.3

Split
DS
Split
Liver fibrosis
Liver fibrosis

A

52

M

37.8

9.9

87.5

DCD

O

15

F

63.8

5.75

86.5

DCD

AB
A

73
76

M
F

NA
NA

3.3
5.25

70
88.5

Liver fibrosis
AE

O

82

M

41.7

4.95

80.5

AE

O
A
O

15
4d
53

F
F
F

71
74
67

8.7
17
6.58

87
100
95

Trauma,split
No recipient
CAA

1

Viability after thawing. AE: Arteriosclerosis; CAA: Coeliac artery aneurism; DCD: Donation after circulatory death; DS: Doubt ful serology; LL: Left lobe;
RL: Right lobe; V: Viability; WL: Whole liver.

[16-18,20,24,30,31,64]

harvesting procedures
.
In addition, from the surgical removal of tissue to
the final obtaining of cell suspensions, hepatocytes
are subjected to a number of factors [i.e., warm
ischemia and hypoxia during surgical liver resection,
cold ischemia during transportation, the cell isolation
®
procedure, the perfusion liquid (Celsior /University
of Wisconsin (UW) solution] that can influence their
[14,17,31]
viability and functionality
. For instance, it seems
to be a negative correlation between hepatocyte
viability and the duration of both warm and cold
[60]
ischemia .
The trypan blue assay is quick and easy to perform
and is the most frequently used test to evaluate cell
[20,31]
number and viability
. However, this assay cannot
detect early apoptotic cells or evaluate the metabolic
function of the cell. In general, viability greater than
50%-60% is considered the minimum for clinical
[3,20,59]
transplantation
. Simple viability measurements
are not conclusive enough to predict the long-term HT
outcome, and a correlation between in vitro hepatocyte
viability and the graft function after transplantation is
[20,59]
lacking
. In our experience, the hepatocytes with a
initial viability below 70% generally decrease 20% of
viability after cryopreservation/thawing. This does not
happen in those hepatocytes isolated from neonatal
[29]
donors .
Hepatocytes should not only be highly viable but
also functionally active to support those functions
lacking in the recipient liver. Therefore, other assess
ment criteria are needed for a better estimation of
the quality of hepatocytes and to provide an objective
basis for decision making.
Because we encounter frequently donor livers of
poor quality, fast and sensitive procedures to evaluate
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the functional performance of hepatocyte preparation
have been sit up in order to determine their suitability
[18,59]
for HT
. To this end, reliable assays have been
developed to assess the functional capacity of cells in
the course of the isolation procedure or shortly after
thawing. Key hepatic functions, such as the synthesis
of plasmatic proteins, urea synthesis or ammonia
removal, and drug-metabolizing capacity, have been
[3,18,59,65]
assessed for this purpose
. In fact, a rapid quality
assessment of freshly isolated hepatocytes could help
to estimate their potential susceptibility to freezing/
thawing-induced cell damage and the convenience of
banking a particular hepatocyte preparation.
We measured cell yield and functionality through
metabonomic studies of phase Ⅰ and Ⅱ biotransfor
mation enzymes, ureogenesis capabilities, and total
[11,12]
number of cells
(Figure 1).
In the HCTU we have established specific criteria
for functional quality control of the hepatocytes (fresh
or cryopreserved) so that we can establish their
suitability for cell transplantation in a reasonable time
frame (1 h). The activity of 5 major P450 cytochrome
isoenzymes (CYP1A2, CYP2A6, CYP3A4, CYP2C9
and CYP2E1) is determined along with phase Ⅱ
conjugation enzymes [UDP, glucuronosyltranferase
(UGT) and sulfotransferease] by incubation with a
specific substrate cocktail recently developed in our
laboratory, high performance liquid chromatography/
[6,18-20]
mass spectrometry analysis
. In the future, we
hope to use metabonomic studies and establish a
useful number of cellular metabolites to characterize
the quality of hepatocytes.
Innovative methods to improve cell quality have
been a focal point of research. Hepatocytes perform a
wide range of functions that can be individually tested
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[66]

after isolation. We aimed to assess the functionality
of hepatocyte preparations with a view to promote
customized cell preparation for each receptor to fit the
[6,17,24]
metabolic defect of the recipient
.

times involved in procuring the liver . However,
hepatocytes isolated from fetal or neonatal livers can
be cryopreserved without significant loss of viability or
[3,29]
function
.
Another major factor is the speed of freezing, if
the velocity is too slow, the hepatocyte can suffer
dehydration, but if it is too fast, the intracellular liquid
fails to exit and freezes. The consequence of this
process is the formation of crystals that, together with
fluctuations in cellular volume, cause damage to the
cellular membrane and rupture of the cell, causing
[67]
cellular necrosis . In recent studies, the different
steps involved in the hepatocyte cryopreservation
and thawing process were systematically investigated
and included cell density, addition of cryoprotectants,
[26,68,69]
freezing temperature program, and thawing method
.
However, no consensus has been reached on
the use of fresh or cryopreserved hepatocytes, and
some centers prefer transplanting fresh hepatocytes
because of better viability and function as compared
[6,7,41,43,45,46]
to cryopreserved cells
. Despite these limi
tations, cryopreserved hepatocytes are often used for
clinical transplantation in some patients and yield a
[6,7,16,46]
good metabolic effect
.
Another approach involves developing methods for
the cold storage of hepatocytes. This has been recently
demonstrated to be possible for up to two weeks using
[61]
new organ preservation solutions .
Our protocol to cryopreserve hepatocytes has
been submitted to substantial modifications over time.
Cryopreservation is accomplished by controlling the
freezing rate in a solution containing a permeable
cytoprotectant dimethyl sulfoxide (DMSO). According
to current protocols, hepatocytes are frozen in a
mixture of UW solution with DMSO (10%-15%). The
suspension is frozen in 250 mL bags containing only
50 mL in each with a cell density of 20 million cells/ml
using a programmed temperature reduction biological
freezer (CM- 2000, Metal Carbides) until reaching
-140 ℃. The cells are then stored in liquid nitrogen at
-196 ℃. For each bag prepared, 4 criovials are frozen
in order to characterize the functionality of the cells
before thawing the bags for infusion.
Cell thawing is performed by immersing the bags in
a fixed-temperature bath at 37 ℃. The cryopreservation
solution is then diluted using the appropriate medium,
centrifuged at 4 ℃ for 5 min, and the supernatant
is discarded. The cellular pellet is resuspended in an
appropriate volume of the medium for infusion into the
[22,26,31]
patient, and cellular viability is assessed
(Figures
1 and 5G).
[22]
From the 13 isolations performed at the HCTU ,
cell viability, which reached 78%-89% following isola
tion, significantly decreased in all cases after prolonged
[20,31]
cryopreservation storage and thawing (Table 2)
.

Neonatal hepatocytes: In our experience, neonatal
hepatocytes showed better post-thawing recovery
compared with adult hepatocytes, as shown by the
viability values that did not differ significantly from
freshly isolated cells, a higher expression of adhesion
molecules (b1-integrin, b-catenin, and E-cadherin),
better attachment efficiency, cell survival, and a lower
number of apoptotic cells. The metabolic performance of
thawed hepatocytes has been assessed by ureogenesis
and drug metabolizing capability (cytochrome P450 and
UGT enzymes). CYP2A6, CYP2C9, CYP2E1, and CYP3A4
activities were found in all cell preparations, while
CYP1A2, CYP2B6, CYP2C19, and CYP2D6 activities
were detected only in hepatocytes from a few neonatal
donors. The expression of UGT1A1 and UGT1A9
(transcripts and protein) was detected in all hepatocyte
preparations, while activity was measured only in some
preparations, probably due to lack of maturity of the
enzymes. However, isoforms UGT1A6 and UGT2B7
[27]
showed considerable activity in all preparations .
Compared to adult liver, the hepatocyte isolation
procedure in neonatal livers also provides thawed
cell suspensions with a higher proportion of hepatic
progenitor cells (EpCAM+ staining), which could also
participate in regeneration of liver parenchyma after
[8,27]
transplantation
. These results could imply important
advantages of neonatal hepatocytes as a source of
[29]
high-quality cells to improve human HT applicability .

Cryopreservation and cell banking

The time lag between the isolation of hepatocytes and
their use causes heavy losses of many resources due to
the lack of a method for conservation during prolonged
periods of time. Cryopreserved cells have the
advantages that they are constantly available and that
extensive quality testing can be performed, whereas
rapid assays are necessary for fresh cells in order to
[4,6,22,25,65,66]
determine suitability for transplantation
.
Another advantage of cryopreservation is that it
allows a more effective quarantining of cells against
bacterial or fungal contamination as compared with
using fresh cells. For this reason, only cryopreserved
cells are used in our Unit. This provides a biobank of
cryopreserved cells which allows us to perform semielective HT with previous microbiological and functional
[6,7,22]
assessment
.
However, cryopreservation has detrimental effects
on the viability and metabolic function of hepatocytes,
and therefore, on thawed cells, they are often not
[3,6,24,66]
suitable for clinical use
. Thawed cell viability
and function are related to the nature of the liver
tissue from which hepatocytes were isolated, including
factors such as the donor’s age or condition, liver
steatosis, and the duration of cold and warm ischemia
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HT

At present, there are three generally used routes for
cell transplantation: portal vein, splenic vein, and
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intraperitoneal duct. Injection through the portal vein
(Figure 5I) should be reserved for correcting inborn
metabolic errors, while the splenic artery should be
considered for patients with a fibrotic liver.
Cells are most often delivered by the catheterization
of the portal or inferior mesenteric vein by laparoscopic
[29]
surgery and infusion . The spleen can be used as an
alternative transplantation site, especially in patients
with liver cirrhosis. The spleen can be accessed
by direct injection into the splenic artery through
a catheter inserted through the femoral artery for
implantation in the spleen. Cells are manually infused.
Thus, during the cell infusion, a Doppler portal vein
ultrasound and intraportal pressure and a repeated
Doppler ultrasound after cell infusion are essential to
exclude thrombosis formation.
The hepatocyte mass required to cure a liver-based
metabolic disease is expected to vary according to the
specific metabolic deficiency. Transplanted hepatocytes
are ABO compatible with the recipient.
The hypothetical aim is to perform repeated
cell infusions in order to provide an approximate
total number of cells representing 5%-10% of the
theoretical liver mass. This also depends on the use of
[3,9,29,30,47]
fresh vs cryopreserved cells
. It is still unclear
what constitutes the maximum number of liver cells
that can be infused each time and how many infusions
can be performed in all. As the average adult liver
11
contains 2.8 × 10 hepatocytes, no more than 1%-2%
of liver mass can be transplanted in each single-cell
[2,70]
infusion
. Nevertheless, repeated infusions can
be undertaken at time intervals by monitoring portal
8
pressure. In children, cells (up to hepatocytes 10 /kg
of body weight) are infused slowly (5-10 mL/kg per
hour) based on the original considerations of Fox et
[9]
[50]
al and Horslen et al
for the purpose of replacing
about 5% of the liver cell mass. Furthermore, cell
dose and infusion rate are adjusted to patient size and
clinical situation.

the scarcity of suitable liver tissue for high-quality
hepatocyte isolation is one of its main limitations. This
emphasizes the need to explore other sources of tissue
for hepatocyte isolation.
Hepatocytes are currently obtained from discarded
organs for LT, but experience shows that what is
not valid for transplanting is not suitable enough to
isolate cells. Therefore, new sources for obtaining
hepatocytes, such as donors after cardiac death,
patients undergoing LT for metabolic disorders and the
option of a domino transplant with the cells obtained
have been proposed. In our Unit the use of neonatal
livers as a potential source alternative to adult liver to
obtain good-performing hepatic cells for HT is being
successfully explored.
Cell-based therapies, including those based on
stem cells or more differentiated progenitor cells, may
represent the future of cell transplantation to treat
metabolic liver disease. Therefore, the research of
our Unit focuses on identifying alternative and reliable
cell sources for transplantation that can be derived
by reproducible methods. Our research interest deals
with obtaining progenitor liver cells and our rationales
is that the administration of mature hepatocytes
with progenitor cells would combine the short-term
metabolic effects of the differentiated hepatocytes with
the long-term survival of the progenitor cells in the
host liver.
Another related research line in our Unit is obtaining
hepatocytes derived from pluripotent embryonic stem
cells, mesenchymal stem cells, fat/core and from
induced pluripotent stem cells which have the potential
to be expanded and maintained in cell cultures. At
present, remain unresolved safety issues, especially
risk of neoplasia and immunogenicity, as to raise its
use. Ideally, these cell lines would be highly viable
preparations with a robust hepatic function and engraft
ment capacity, and well-characterized.
A limiting factor in hepatic cell therapy is the
conservation and storage of isolated hepatic cells. It
is necessary to improve hepatocytes storage both for
longer periods in the cold so that they can be used as
fresh material after a number of days. Therefore, one
of our main goals is to create a bank of cryopreserved
cells, which allows to use them in an emergency
situation, and at the same time provides flexibility to
scheduled this treatment. Since cryopreservation has
harmful effects on the viability and metabolic function
of the cells, improvements cell cryopreservation
protocols are mandatory.
The general positive effect of this kind of therapy in
the published reports warrants continues development
of tools and technology to improve this therapy.

FUTURE PERSPECTIVES
Cell-based therapies have been a particularly active
research area in recent years. In particular, HT is
being evaluated worldwide as a promising alternative
to LT for a variety of indications, including ALF and
metabolic liver diseases. It offers a number of potential
advantages if compared with LT; the procedure is
considerably less invasive with less risk of morbidity
and mortality, and it can be performed repeatedly.
Moreover, HT has been demonstrated to be a safe
therapeutic option to improve the clinical outcome of
patients with acute and chronic hepatic liver diseases,
especially children with inborn metabolic-diseases.
However, the clinical effectiveness of this process
likely relies on the functional performance of the
transplanted hepatocytes and their capability to engraft
and survive in the host liver. Although considerable
progress has been made in bringing HT to the bedside,
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MINIREVIEWS

Biomarkers of skin toxicity induced by anti-epidermal growth
factor receptor antibody treatment in colorectal cancer
Akiko Kubo, Hironobu Hashimoto, Naoki Takahashi, Yasuhide Yamada
growth factor receptor (EGFR) antibody treatment and
is also a predictive marker of its efficacy in colorectal
cancer patients. However, severe skin disorders induced
by such antibodies negatively impact on the quality
of life of patients and decreases drug compliance
during treatment. If we can predict the high-risk group
susceptible to severe skin toxicity before treatment, we
can undertake the early management of any arising
skin disorders and formulate a more accurate prognosis
for anti-EGFR antibody treatment. Previous studies have
identified molecular markers of skin toxicity induced
by anti-EGFR antibody, such as EGFR polymorphisms,
the expression of inflammatory chemokines and serum
levels of EGFR ligands. A clinical trial was undertaken
involving the escalation of cetuximab doses, guided
by the grade of skin toxicity observed, such as no
or low-grade, in metastatic colorectal cancer (the
EVEREST study). The dose escalation of cetuximab was
confirmed by a safety profile and had the tendency
to achieve a higher response rate in KRAS wild-type
patients. A large, prospective randomized trial is now
ongoing (EVEREST 2) and the results of this trial may
contribute to personalized medicine in KRAS wild-type
colorectal cancer patients.
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Core tip: Skin toxicity is a well-known biomarker used in
the prognosis of anti-epidermal growth factor receptor
(EGFR) antibody treatment of colorectal cancer
patients. Previous retrospective studies indicated
a change of the polymorphism of EGFR intron-1,
chemokines and ligands were predictive markers of
skin toxicity induced by anti-EGFR antibody. Such
biomarkers used in predicting skin toxicity will enable
the earlier management of skin toxicity as well as

Abstract
Skin toxicity is a common symptom of anti-epidermal
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improve patients’ quality of life; however, further valida
tions of prospective studies are needed. For patients
with no/mild skin toxicity, a clinical trial of a dose
escalation strategy is under evaluation and ongoing in
the form of the EVEREST 2 study.

effect of anti-EGFR antibodies and causes various
types of cutaneous changes, such as acneiform
eruptions, dry skin and paronychia, during treatment.
Although severe skin toxicity is associated with a better
response to anti-EGFR antibodies, it negatively affects
the quality of life (QOL) of patients and decreases
drug compliance. Prophylaxis for skin toxicity, such
as moisturizers, sunscreen, topical steroids, and oral
doxycycline, is known to decrease the frequency of
cutaneous disorders due to anti-EGFR antibodies
[17]
and to improve the QOL of patients . Molecular
biomarkers for predicting the subgroup that will have
severe skin toxicity due to anti-EGFR antibodies before
treatment have been investigated, but there are no
established markers for use in clinical practice.
In this review, we describe previous findings
concerning the mechanism of skin toxicity in EGFR
inhibition, biomarkers of skin toxicity for anti-EGFR
antibodies, and treatment approaches guided by the
severity of skin toxicity of anti-EGFR antibodies in
colorectal cancer.

Kubo A, Hashimoto H, Takahashi N, Yamada Y. Biomarkers of
skin toxicity induced by anti-epidermal growth factor receptor
antibody treatment in colorectal cancer. World J Gastroenterol
2016; 22(2): 887-894 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i2/887.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i2.887

INTRODUCTION
Colorectal cancer is one of the most common causes
of death from cancer, in both men and women, around
[1]
the world . Owing to the development of diagnostic
skills and chemotherapeutic drugs, prognoses con
cerning colorectal cancer patients have improved in
the last decade. Although patients with early-stage
colorectal cancer can undergo curative resection by
endoscopy or surgery to achieve long survival after
treatment, the 5-year survival rate of advanced
colorectal cancer patients continues to be low because
of a high rate of recurrence after surgical treatment.
For the treatment of patients with metastatic or
recurrent colorectal cancer, a variety of agents,
including anti-vascular endothelial growth factor (VEGF)
antibody, anti-epithelial growth factor receptor (EGFR)
antibody, regorafenib and TAS-102 have recently been
[2-7]
approved in Japan . Unfortunately, most patients
eventually acquire resistance to these drugs, leading
to poor survival times.
®
Cetuximab (Erbitax , Merck Serono) and panitu
®
mmab (Vectibix , Amgen) are anti-EGFR antibodies,
which were initially approved for KRAS exon 2 wildtype patients with metastatic or recurrent colorectal
cancer. Recently, genomic analyses of the EGFR
downstream signal pathway, such as minor KRAS (exon
3 and 4), NRAS (exon 3, 4 and 5), BRAF V600E and
PIK3CA (exon 9, 20) were performed and it was found
that these genomic alterations were associated with
a poor prognosis in KRAS exon2 wild-type patients
[8-10]
treated with anti-EGFR antibodies
. Retrospective
analyses of several prospective trials indicated that
the RAS mutation, which consists of KRAS (exon 2,
3, 4) and NRAS (exon 2, 3, 4) mutations, is a newly
predictive biomarker. The BRAF V600E mutation is also
considered a prognostic factor in anti-EGFR antibody
treatment of patients with metastatic colorectal
[11-13]
cancer
.
Besides the genomic mutations of the EGFR down
stream pathway, several studies have indicated that
the grade of skin toxicity is a biomarker for predicting
the efficacy of anti-EGFR antibody treatment for
[14-16]
several cancers
. Skin toxicity is a typical side

WJG|www.wjgnet.com

MECHANISM OF SKIN TOXICITY
INDUCED BY EGFR INHIBITION
EGFR inhibition induces various symptoms of skin
disorders and an acneiform rash is commonly observed
on the scalp and face, particularly the cheeks, nose,
nasolabial folds, chin, perioral regions, and the
[18,19]
forehead, within the first 2-4 wk of treatment
.
The EGFR is normally expressed in proliferating
keratinocytes in the basal and supra-basal layers of the
epidermis, outer layers of the hair follicle, sebaceous
and eccrine sweat glands. It is believed that the EGFR
plays a significant role in several processes of skin
homeostasis, such as the regulation of cell survival,
keratinocyte proliferation, differentiation and migration,
[20]
wound healing and carcinogenesis . Inhibition of the
EGFR leads to the impairment of epidermal thickness
and barrier function, and to the abnormal proliferation
and differentiation of cells that express the EGFR in
[21,22]
the skin and follicular epithelium
. Intracellular
signaling pathway and mechanism of EGFR inhibition
are shown in Figure 1.
According to previous reports, several ligands of
EGFR as well as chemokines play significant roles
in the skin inflammatory reaction caused by EGFR
inhibition. Keratinocytes in cutaneous tissues are a
rich source of EGFR ligands, such as transforming
growth factor-alpha, epiregulin (EREG), amphiregulin
[23]
(AREG) and heparin-binding EGF . These ligands
are known to stimulate the EGFR and maintain the
cutaneous cell cycle of wound healing and EGFR-driven
[24]
inflammatory reactions in keratinocytes . EREG
is known as an autocrine growth factor in normal
human keratinocytes, and organizes the epidermal
structure by regulating keratinocyte proliferation
[25]
and differentiation . The expression of AREG is
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Figure 1 Homeostasis and epidermal growth factor receptor downstream signaling pathway in keratinocyte. EGFR: Epidermal growth factor receptor; TGF-α:
Transforming growth factor-alpha; AREG: Amphiregulin; HB-EGF: Heparin-binding epithelial growth factor.

developmentally regulated in the epithelium and
[26]
mesenchyme of human skin during morphogenesis .
In addition, the EGFR is also activated by hepatocyte
growth factor (HGF) stimulation in human epidermal
keratinocytes. Transactivation of the EGFR by HGFinduced stimulation is associated with wound healing
[27,28]
and mortality in epithelial cells
. EGFR inhibition
causes an imbalance of cutaneous homeostasis,
which is controlled by several ligands, and a skin
inflammatory reaction induced by several chemokines.
An EGFR inhibitor decreases the activity of EGFR
downstream signals and induces the expression of
several chemokines, which enhance the skin’s inflam
[29,30]
matory and immune response
. Previous reports
indicated that the inhibition of EGFR induces tumor
necrosis factor-alpha and interleukin-1 (IL-1) during the
[31]
development of skin rash in mice . These chemokines
induce IL-8 secretion by fibroblasts and keratinocytes,
which activate neutrophil migration in cutaneous
[32-34]
[35]
tissues
. Bangsgaard et al
revealed that the
neutralization of IL-8 by HuMab-10F8 prevented the
skin toxicity induced by an EGFR inhibitor. In addition,
EGFR blockage is known to increase CC-chemokine
ligand 2 (CCL2), CCL5, and C-X-C motif chemokine
10 (CXCL10), and reduce CXCL8 expression in
[36]
[37]
keratinocytes . Recently, Paul et al
reported that
increased CCL2, CCL5 and decreased IL-8 or CXCL8
expression was observed in keratinocytes treated by
EGFR inhibitor. In patients treated with EGFR inhibitor,
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a low level of serum CXCL8, corresponding to stronger
EGFR inhibition, was associated with a higher grade of
skin toxicity.

PREDICTIVE MARKERS OF SKIN
TOXICITY INDUCED BY ANTI-EGFR
ANTIBODY IN ADVANCED COLORECTAL
CANCER PATIENTS
Most patients treated with anti-EGFR antibodies have
an increased risk of skin toxicity. If we could predict the
development of skin toxicities before the initiation of
anti-EGFR antibody treatment, we could manage skin
toxicity early and improve the patient’s QOL. Previous
reports which evaluated the predictive factors of skin
toxicity of anti-EGFR antibody treatment in patients
with colorectal cancer are summarized in Table 1.
A North Central Cancer Treatment Group N0147
trial, which was a randomized phase Ⅲ trial of
oxaliplatin plus 5-fluorouracil/leucovorin, with or
without cetuximab, after curative resection of stage Ⅲ
colon cancer, investigated the risk factors for severe
[38,39]
rash (≥ grade 3) in 933 patients
. More men (OR
= 2.12, P = 0.017) and younger patients (< 70-yearold; OR = 0.21, P = 0.032) developed a severe rash
compared with women and older patients.
Pharmacogenomic analyses of EGFR polymorphisms
and several genomic mutations have been undertaken
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Table 1 Previous studies which evaluated the predictive biomarker of severity of skin toxicity induced by anti- epidermal growth
factor receptor antibody treatment in colorectal cancer
Ref.

Methods

Predictive markers

Risk factors of severe skin toxicity

Jatoi et al[39] (2009)

Patient's backgrounds

Graziano et al[40] (2008)
Vallböhmer et al[42] (2005)
Takahashi et al[43,44] (2014, 2015)

EGFR polymorphism
mRNA expression
Serum levels of ligands

Age
Gender
CA repeat in EGFR intron-1
Cox-2
AREG, EREG, HGF

Younger
Men
EGFR intron-1 S/S variant
Low expression
Low levels of ligands at pre-treatment

EGFR: Epidermal growth factor receptor; Cox-2: Cyclo-oxygenase 2; AREG: Amphilegulin; EREG: Epiregulin; HGF: Hepatocyte growth factor.

to determine their predictive value in the development
of skin toxicity after anti-EGFR antibody treatment.
A previous study indicated that a polymorphism of
the EGFR intron-1 (CA single sequence repeat; short
[S]/long [L] variant) was associated with the severity
of skin toxicity (grade 0-1 vs 2-3) in colorectal cancer
patients treated with irinotecan plus cetuximab as
[40]
second-line chemotherapy . EGFR intron-1 S/S
carriers showed significantly more frequent grade 2-3
skin toxicity (P = 0.001) and a treatment response (P
= 0.008) than EGFR intron-1 L/L carriers. The EGFR
intron-1 S/S genotype was also associated with better
survival in patients treated with cetuximab. Other
polymorphisms of EGF and EGFR, such as EGF 61A>G,
EGFR 216G>T and EGFR 497G>A were not associated
with the severity of skin toxicity after cetuximab
treatment in this study. On the other hand, prognostic
analyses of a randomized phase Ⅱ trial of first-line
chemotherapy with cetuximab in the AIO CRC Study
Group indicated that the LL variant of the CA repeat in
the EGFR intron-1 had a significant tendency to predict
the severity of skin toxicity compared with the SS
[41]
variant (P = 0.07) . A heterogeneity in results was
apparent in terms of polymorphisms of the CA repeat
in the EGFR intron-1 because these studies were
relatively small-sized and the optimized cut-off values
for the CA repeat were not determined in colorectal
cancer. Further validation by other translational
analyses in a large prospective study is required to
solve the heterogeneity of biomarkers.
As well as the above, a small scale analysis was
conducted that measured the mRNA expression of
cyclo-oxygenase 2 (Cox-2), cyclin D1, IL-8 and VEGF,
and evaluated their predictive role in skin toxicity
by cetuximab in patients of a phase Ⅱ open-label
multicenter study (IMCL-0144). Of these genes, the
low expression of Cox-2 was associated with a high
[42]
grade of skin toxicity . There was no association
between the expression level of other genes and the
severity of skin toxicity.
EGFR ligands have been considered significant
modulators of cutaneous homeostasis and the inflam
matory reaction in cutaneous tissues according to
previous reports. As alterative markers of skin toxicity,
we focused on the serum levels of ligands, which
were associated with the EGFR signaling pathway. We
evaluated the relationship between serum levels of
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EGFR ligands and the severity of skin toxicity, and the
prognostic roles of these serum ligands in metastatic
colorectal cancer patients who received anti-EGFR
[43,44]
antibodies
. Our study indicated that low pretreatment levels of serum AREG, EREG and HGF were
associated with severe skin toxicity induced by antiEGFR antibodies and a better prognosis in KRAS wildtype patients with metastatic colorectal cancer.
Molecular markers predicting skin toxicity, such as
the CA repeat variant of the EGFR intron-1 and serum
levels of particular ligands, are associated with the
efficacy of the anti-EGFR antibody. Unfortunately, these
potent findings were evaluated in small-scale studies
and have not been validated as yet by other research
studies; therefore the role of these biomarkers for
clinical use is, at the moment, inconclusive.

DOSE ESCALATING STRATEGY OF
CETUXIMAB GUIDED BY THE SEVERITY
OF SKIN TOXICITY IN METASTATIC
COLORECTAL CANCER PATIENTS
WITHOUT HIGH-GRADE SKIN TOXICITY
Several prospective studies of colorectal cancer have
described the severity and frequency of acneiform
skin toxicity as a significant signature of the activity
of anti-EGFR antibody, and are summarized in Table
[4,41,45-48]
2
. These reports on the treatment of colorectal
cancer with anti-EGFR antibody indicated that severe
skin toxicity was associated with a higher response to
antibody and a better prognosis, compared with no or
mild skin toxicity. For patients with genetic alterations
in the EGFR downstream pathway such as a RAS
mutation, dose escalation of cetuximab for those
without a high-grade skin reaction may be inefficient
because of the permanent activation of the EGFR
downstream pathway by such genetic alterations. On
the other hand, in patients without genetic alterations
of the EGFR downstream pathway, a dose escalation
of anti-EGFR antibody may be effective and improve
patient survival, especially for patients with tumor
tissues not saturated with anti-EGFR antibodies. Skin
toxicity may be a significant signature that affects the
saturation of the anti-EGFR antibody in tumor tissues.
Two prospective studies have evaluated the dose
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200
218
111
648

169

149

Van Cutsem et al[46] (2007)
Cunningham et al[4] (2004)

Bokemeyer et al[48] (2009)

Stintzing et al[41] (2013)
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CAPIRI/CapOX + cetuximab (1st-line)

FOLFOX + cetuximab (1st-line)

Panitumumab + BSC
IRI + cetuximab
Cetuximab
IRI + cetuximab (2nd-line)

Cetuximab

Treatment

Phase Ⅱ

Phase Ⅱ

Phase Ⅲ

Phase Ⅲ
Phase Ⅲ

Phase Ⅲ

Clinical trial

13.0 vs 43.2% vs 53.2% vs 66.7%
(grade 0 vs 1 vs 2 vs 3)
41% vs 62% (grade 0-1 vs grade 2-3)

14% vs 86% (grade 1 vs grade 2-3)
6.3% vs 25.8% (grade 0 vs any grade)
0% vs 13.0% (grade 0 vs any grade)
-

-

Grade of skin toxicity

Objective response rate

0.021

-

-

0.005

-

P value

[49]

2

18.0 vs 30.3 (grade 0-1 vs grade 2-3)

2.6 vs 4.8 vs 8.4
(grade 0 vs grade 1 vs ≥ grade 2)
ND
3.0 vs 9.1 (grade 0 vs any grade)
2.5 vs 8.1 (grade 0 vs any grade)
5.8 vs 11.7 vs 15.6
(grade 0 vs grade 1-2 vs ≥ grade 3)
0.161

-

-

< 0.001

P value

0.75 (0.50-1.12)

-

0.59 (0.42-0.85)
-

-

HR (95%CI)

891

Although several studies have investigated the predictive markers of skin toxicity induced by anti-EGFR antibody in colorectal cancer patients, potent markers such
as polymorphisms of EREG intron1, the expression of Cox-2 and serum levels of several ligands, such as HGF, EREG and AREG, have already been identified. Further

CONCLUSION

escalation of anti-EGFR antibodies in colorectal cancer
. Fora et al
reported on a phase Ⅱ trial of high-dose cetuximab (500 mg/m ) plus irinotecan in KRAS
wild-type patients after progression of standard-dose cetuximab plus irinotecan. This study was small-scale, but nine out of twenty patients who received high-dose
cetuximab plus irinotecan achieved disease control lasting more than 12 wk; the toxicity profile was also tolerable, except for grade 3/4 hypomagnesemia (25%). The
efficacy of dose escalation of cetuximab after progression of a standard dose of cetuximab was limited and further selection of patients, such as those with low-grade
skin toxicity or a response to a previous standard dose of cetuximab, may have been necessary in this study.
2
The EVEREST study was a prospective randomized study to evaluate the efficacy of dose escalation of cetuximab, compared with the 250 mg/m per week standard
[50]
2
regimen, in patients who had developed no or a mild skin reaction in the first three weeks . This study revealed that a dose escalation of cetuximab up to 500 mg/m
2
achieved a safety profile comparable to a standard dose of cetuximab (250 mg/m ). Among KRAS mutant-type patients, there was no efficacy such as an increased
objective response rate (ORR) and overall survival (OS) by the dose escalation of cetuximab. Among KRAS wild-type patients, the results of an ORR, for this subgroup,
of a dose escalation of cetuximab were better than that for the subgroup with a standard dose of cetuximab (ORR: 43% vs 30%). However, the OS was similar between
the two subgroups. The reasons for these results were considered, such as the small sample size of each group and the effects of negative genomic biomarkers such as
NRAS, BRAF and other mutations. Data was not presented in this study on the difference in the change of severity of skin toxicity after dose escalation of cetuximab in
KRAS wild-type and mutant-type patients.
Another EVEREST study has not drawn a conclusion on the efficacy of a dose escalation strategy for anti-EGFR antibody in a large-scale phase Ⅱ trial (EVEREST 2),
which was designed to compare the efficacy of dose escalation of a cetuximab plus 5-fluorouracil/leucovorin/irinotecan (FOLFIRI) regimen, as first-line chemotherapy,
with a standard dose of FOLFIRI plus cetuximab in KRAS wild-type patients with metastatic colorectal cancer; this study is ongoing (NCT01251536) and the schema
of this trial is shown in Figure 2. If such a dose escalation of anti-EGFR antibody achieves favorable results, a therapeutic decision on anti-EGFR antibody treatment for
RAS wild-type patients with a low-grade skin toxicity may change dramatically and contribute to personalized treatment for this target population in future.

[49,50]

Overall survival
Grade of skin toxicity (mo)

IRI: Irinotecan; ND: Not described; FOLFOX: 5-fluorouracil/leucovorin/oxaliplatin; CAPIRI: Capecitabine/irinotecan; CapeOX: Capecitabine/oxaliplatin; BSC: Best supportive care.

Sobrero et al[47] (2008)

283

Number

Jonker et al[45] (2007)

Ref.

Table 2 Skin toxicity as a biomarker of predicting the efficacy of anti-epidermal growth factor receptor antibody treatment in prospective phase Ⅱ-Ⅲ trial of unresectable colorectal cancer
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Major eligibility
Unresectable colorectal cancer
KRAS wild-type
Age ≥ 18-year-old
PS: 0-1
No prior treatment

arm A (experimenta arm)
FOLFIRI + dose escalation of cetuximab
Patients with skin toxicity grade 0 will follow an increasing
2
dose schedule: on days 22 and 29 they will receive 350 mg/m
2
and from day 36 onwards, 500 mg/m weekly

n = 375
Primary endpoint
Progression-free survival (PFS)
(dose escalation arm)
Secondary endpoint
Safety, PFS, overall survival,
Response rate, disease control rate
Pharmacokinetic data, biomarker

arm B (standard arm)
FOLFIRI + cetuximab (standard dose)

Figure 2 Schema of EVEREST Ⅱ trial (a non-randomized phase Ⅱ study). FOLFIRI: 5-fluorouracil/leucovorin/irinotecan.

validation of these biomarkers by other, larger studies,
and translational research of novel markers to predict
the skin toxicity of anti-EGFR antibody, are presently
required.
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EDITORIAL

Diet and nutritional factors in inflammatory bowel diseases
Danuta Owczarek, Tomasz Rodacki, Renata Domagała-Rodacka, Dorota Cibor, Tomasz Mach

Abstract

Danuta Owczarek, Renata Domagała-Rodacka, Dorota
Cibor, Tomasz Mach, Department of Gastroenterology,
Hepatology and Infectious Diseases, Jagiellonian University
Medical College, 31-531 Cracow, Poland

Inflammatory bowel disease (IBD) development
is affected by complex interactions between envi
ronmental factors, changes in intestinal flora, various
predisposing genetic properties and changes in the
immune system. Dietary factors seem to play an
underestimated role in the etiopathogenesis and
course of the disease. However, research about food
and IBD is conflicting. An excessive consumption of
sugar, animal fat and linoleic acid is considered a risk
factor for IBD development, whereas a high fiber diet
and citrus fruit consumption may play a protective
role. Also, appropriate nutrition in particular periods
of the disease may facilitate achieving or prolonging
remissions and most of all, improve the quality of
life for patients. During disease exacerbation, a low
fiber diet is recommended for most patients. In the
remission time, an excessive consumption of alcohol
and sulfur products may have a negative effect on the
disease course. Attempts are also made at employing
diets composed in detail in order to supplement
IBD therapy. A diet with a modified carbohydrate
composition, a semi-vegetarian diet and a diet low
in fermentable oligosaccharides, disaccharides,
monosaccharides and polyols are under investigation.
Due to chronic inflammation as well as side effects of
chronically used medications, patients with IBD are
also at increased risk of nutritional factor deficiencies,
including iron, calcium, vitamin D, vitamin B12, folic
acid, zinc, magnesium and vitamin A. It should also
be remembered that there is no single common diet
suitable for all IBD patients; each of them is unique
and dietary recommendations must be individually
developed for each patient, depending on the course
of the disease, past surgical procedures and type of
pharmacotherapy.
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Such a high percentage of IBD patients employing
dietary restrictions during remission has not been
confirmed by the recommendations formulated by
[8-11]
various gastroenterology organizations
. In their
recommendations for CD patients, the National Clinical
Guideline Center advise a diversified and well balanced
[11]
diet, without addressing a detailed composition .
Patients with IBD should follow a diet that supplies
an appropriate amount of energy, iron, calcium,
[12]
zinc, folic acid and vitamins D and B12 . Vitamin
D deficiency is of particular importance as it may
exacerbate the course of IBD and is additionally
[13,14]
associated with an increased morbidity rate
.
Studies have also investigated diets of different
compositions aimed to supplement therapy during
periods of exacerbation, such as a modified car
bohydrate diet (SCD) or a low fermentable oligo
saccharides, disaccharides, monosaccharides and
[15,16]
polyols diet (FODMAP)
.
Additional supplementation with probiotics or
unsaturated omega-3 fatty acids has been also assessed
with respect to its effect on shortening exacerbation
[17,18]
periods or prolonging remission duration
.
Numerous studies have attempted to demonstrate
an association between IBD occurrence and dietary
[4]
excess or deficiency of given foods . Dietary factors
that may increase the risk of developing UC and
CD include a high consumption of saturated fat and
[5,19,20]
monosaccharides and a low consumption of fiber
.
The objective of this paper is to present the effects
of diet on IBD course and morbidity, as well as to
explore the effect of IBD on the nutritional status
of patients. The presented results may be helpful in
planning a diet for IBD patients.

Core tip: The role of dietary factors in inflammatory
bowel diseases (IBD) development seems to be
underestimated although approximately 70% of
IBD patients are known to employ elimination diets
while in remission, affecting their social and family
life. We would like to draw attention to this growing
problem. The objective of our paper is to present up
to date information regarding the effect of diet on IBD
morbidity and course, together with the effect of IBD
on the nutritional status of patients.
Owczarek D, Rodacki T, Domagała-Rodacka R, Cibor D, Mach
T. Diet and nutritional factors in inflammatory bowel diseases.
World J Gastroenterol 2016; 22(3): 895-905 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i3/895.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i3.895

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD)
are types of inflammatory bowel diseases (IBD).
IBD constitutes chronic conditions, the etiology of
which is not yet fully understood, and their course
is characterized by periods of exacerbation and
[1-3]
remission
. In spite of their similar properties,
UC and CD differ in their risk factors and genetic
predispositions, and in their clinical, endoscopic
[2]
and histological images . In UC, the inflammatory
process solely involves the mucosa and extends by
continuity, starting from the rectum. A characteristic
symptom of UC is bloody diarrhea that may be
[2]
accompanied by abdominal pain or fever . Moreover,
patients in whom the inflammatory process is seen
in the rectum only may develop constipation during
the exacerbation periods of the disease. In CD, the
inflammatory process involves the entire wall of the
gastrointestinal tract and it is propagated segmentally,
[4]
not by continuity, from the oral cavity to the rectum .
Characteristic symptoms of CD are abdominal pain,
[5]
fever, loss of body mass, anemization and diarrhea .
While both conditions affect the gastrointestinal
system, the role of diet in their course is often
underestimated. Specifically, a literature analysis
of the importance of environmental factors in the
etiopathogenesis of IBD concluded that nutrition is an
undervalued factor affecting IBD development.
During IBD exacerbation periods, recommending
[6]
a low fiber diet is unquestionable . However,
recommendations addressing the nutrition of patients
in IBD remission remain controversial. As many as
70% of IBD patients are known to employ elimination
diets during remission to avoid exacerbation of the
[7]
disease, which affects both their social and family life .

WJG|www.wjgnet.com

Environmental factors and
incidence of IBD
The incidence of IBD depends on numerous factors
that are not fully understood. IBD development is
affected by complex interactions between environ
mental factors, changes in intestinal flora, various
predisposing genetic properties and changes in the
[2,4]
immune system .
The contribution of environmental factors is
supported by an increased incidence of IBD in deve
loped countries and urban populations, as opposed
[2]
to developing countries and rural populations . In
addition, some authors have drawn attention to an
increased IBD incidence in countries with previously
lower morbidity rates, such as countries in Asia. The
investigators associate this effect with changes in the
lifestyles of such populations.
Moreover, the effect of tobacco smoking on IBD
[1,4,21]
development is well documented
. Active smoking
is an environmental factor that affects IBD incidence
in two ways. It may exert a protective effect against
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[22,23]

[30]

UC, while it increases the risk of CD development
.
[24]
However, in their meta-analysis, Jones et al
did not
observe a correlation between passive smoking in
childhood and IBD incidence.
Interesting reports address the importance of
breastfeeding in IBD development. According to
[25]
the meta-analysis performed by Klement et al ,
breastfeeding may be a protective factor in IBD
morbidity. The authors suggest the necessity of
performing further studies in order to confirm this
hypothesis. Nevertheless, encouraging breastfeeding,
especially in families affected by IBD, is warranted.
A literature analysis assessing the role of envi
ronmental factors in the etiopathogenesis of IBD
highlights that diet is an underestimated factor
affecting its development.

of which exhibit pro-inflammatory properties . AA
consumption may also increase UC risk, while an
increased supply of oleic acid, a monounsaturated
[31]
fatty acid, is a preventive factor . Based on a study
of 25639 participants that completed a 7 d food
[32]
diary, John et al
demonstrated a protective effect
of unsaturated omega-3 fatty acid consumption on
UC incidence; specifically, dietary intake of doco
sahexaenoic acid exerted beneficial effects. These
observations have since been confirmed in publications
[29]
by other authors . Based on studies carried out in
[20]
Japan, Sakamoto et al indicated a negative effect of
total consumption of fats and unsaturated fatty acids
on the risk of IBD development.

Fiber

Fiber consumption exerts a protective effect on IBD
development as a high fiber diet decreases the risk
[26]
of developing IBD . According to Ananthakrishnan
[33]
et al , a diet with a fiber content of 24.3 g/d may
decrease the risk of CD development by 40%. A
particularly positive effect was noted with fiber
originating from fruit sources. However, the authors
did not observe any protective effect against UC
development. In a study of 130 individuals under
[34]
30 years of age, Amre et al
confirmed the role of
dietary fiber consumption on the prevention of CD.

NUTRITIONAL FACTORS IN THE
ETIOLOGY OF IBD
Many attempts have been made at associating the
incidence of IBD with dietary excess or deficit of
[4]
various foods . Indeed, a high intake of saturated fats
and monosaccharides and a low intake of fiber are
[19]
linked with increased risk of CD development .

Monosaccharides and sweets

Numerous studies have emphasized the effect of an
excessive consumption of dietary monosaccharides
on IBD development. In retrospective studies,
patients with CD showed an increased consumption
[5,26]
of monosaccharides prior to feeling ill
. Russel et
[27]
al
emphasized the effect of consuming cola-type
drinks and chocolate on increasing IBD incidence.
Their observations were confirmed by Sakamoto et
[20]
al , who demonstrated a negative effect of sweets
and artificial sweeteners on the risk of developing both
[28]
UC and CD. However, in 2014, Chan et al presented
results of a large prospective study of over 400000
men and women that demonstrated no association
between total intake of carbohydrates, sugar or starch
and incidence of UC or CD.
It should be stressed that lactose consumption
[26]
does not increase the risk of IBD .

Proteins and fats

Vitamins and minerals

Vitamin D deficiency is a common phenomenon in
patients with IBD. As such, some authors regard this
deficiency as a dietary factor that may increase the
[13]
[26]
risk of IBD development . Reif et al
pointed to the
protective effect of diets rich in fluids, magnesium and
vitamin C on IBD risk; on the other hand, retinol-rich
products may facilitate IBD development. It should
be emphasized that fruit consumption, in view of the
fiber and vitamin C content, may constitute a separate
nutritional factor that decreases the risk of developing
[26,33,34]
IBD
. Fruit juices may also be recommended
due to their anti-inflammatory and anti-oxidative
[35]
[27]
activity . Russel et al
focused particularly on the
beneficial effect of consuming citrus fruits.

Alcohol

Some studies have demonstrated a protective effect of
alcohol consumption with respect to UC development.
Nevertheless, this effect is negated when drinking
[36]
alcohol is combined with cigarette smoking . No
significant differences were observed in CD deve
lopment between individuals consuming alcohol at
[37]
least four times a week and teetotalers .

[26]

According to Reif et al , an increased consumption of
animal protein may result in a low degree of increased
risk of IBD development. The same authors also
demonstrated that a high fat diet, particularly one
rich in cholesterol and animal fats, may increase IBD
[26]
[29]
incidence . In their study, Ananthakrishnan et al
confirmed the effect of an increased consumption of
trans fatty acids on the risk of UC development. The
effect of consumption of linoleic acid, a polyunsaturated
omega-6 fatty acid, on the risk of UC development
has been also demonstrated. This fatty acid is a
precursor of arachidonic acid (AA), the metabolites
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Diet during periods of disease
exacerbation
Recommendations for low fiber intake are un
questionable in patients with exacerbated IBD,
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[6]

diarrhea or abdominal pain . However, this does
not apply to patients with UC and rectal involvement
only who may develop constipation. Such patients
are advised to be on a fiber rich diet, in keeping with
the recommendations of the World Gastroenterology
[6]
Organization . According to the recommendations
of the European Crohn’s and Colitis Organization
(ECCO), pediatric patients with exacerbated UC of mild
to moderate intensity are advised to be on a normal
[10]
diet . Patients with inadequate nutritional supply
may be recommended to remain on exclusive enteral
nutrition (EEN) with liquid preparations containing all
[10,38]
the necessary nutrients
. In keeping with the ECCO
recommendations, in case of UC, EEN does not play a
[10]
therapeutic role . On the other hand, EEN may result
in CD remission. In a review of studies addressing EEN
employment in children, its effectiveness in achieving
remission was equal to that of glucocorticosteroid
[39]
therapy . In adult patients, the results were
somewhat less encouraging. The meta-analysis per
[40]
formed by Zachos et al
indicated the advantage
of glucocorticosteroids over EEN in achieving CD
remission. The authors did not demonstrate any
differences between the effectiveness of elemental and
[40]
polymeric diets . EEN was also shown to accelerate
gastrointestinal mucosal healing in pediatric patients
[41]
with CD . It is important to gradually introduce a
normal diet after 8 wk of EEN feeding. The introduction
of a normal diet should span approximately 7-10 d,
[38]
with one meal introduced every 3-4 d .

advise the use of any special diets and supplements
[10]
due to their lack of effect on the disease course .
However, the recommendations for nutritional manage
ment of CD from the National Clinical Guideline Center
advise patients in remission to be on a diversified
and well-balanced diet, but do not address a detailed
[11]
composition .

Results of other publications

DIET DURING REMISSION PERIODS
The nutritional model presented above for patients
with exacerbated IBD remains undisputed. However,
recommendations addressing the diet of patients
in remission are not unambiguous. According to
[7]
Zallot et al , as many as 2/3 of IBD patients employ
an elimination diet to avoid disease exacerbation.
Such behavior affects their social life by limiting the
occasions when meals are eaten outside the home
or in eating different meals to other household
members. In spite of such phenomena, numerous
official recommendations do not address the subject
of nutrition of IBD patients. This is additionally
complicated by the fact that investigations carried out
by various authors present contradictory results. The
next section of this report discusses recommendations
presented by various scientific societies as well as the
results of studies that may be helpful in planning a diet
for IBD patients.

Recommendations of scientific associations

The body of recommendations of the American
College of Gastroenterology addressing UC do not
[8]
include dietary recommendations and only address
[9]
nutrition during CD exacerbation periods . For the
management of pediatric UC patients, ECCO does not

WJG|www.wjgnet.com

[42]

In a review, Akobeng et al
pointed to the role of
enteral nutrition in prolonging periods of remission in
patients with CD. Beneficial effects were achieved by
providing 35%-50% of calorie requirements by means
of enteral nutrition, compared to a normal diet. The
authors suggested the necessity of conducting further
[42]
larger studies to confirm this hypothesis . Other
authors pointed to a negative effect of sulfur products
[43]
on UC course . Sulfur and its compounds exert
a negative effect on colonocytes by increasing the
intestinal concentration of hydrogen sulfide. Sources
of dietary sulfur include high protein products due to
the presence of sulfur-containing amino acids and
include red meat, cheese, eggs and nuts. Foods rich
in inorganic sulfur compounds include the cruciferous
vegetables and preserved products. According to
[43]
Jowett et al , restricting dietary red meat intake
(for reasons described above) may prolong periods
of remission. In the same report, the authors did not
find a negative effect of dairy product consumption
on the course of the disease or a protective effect of a
[43]
high fiber diet . Contradictory results were obtained
[44]
by Fernández-Bañares et al . In the course of their
study, they administered 10 g of psyllium seeds twice
a day to UC patients and compared the effectiveness
of such treatment with patients receiving 500 mg
of mesalazine administered three times a day and
with a third group of patients receiving fiber and
mesalazine. After 12 mo, recurrent disease was noted
in 40% of patients in the fiber group, 35% in the
mesalazine group, and 30% in the combined group.
Based on these results, the authors concluded that a
high fiber diet may prevent recurrent UC in a manner
[44]
comparable to mesalazine . The above conclusion
[45]
was confirmed by Hallert et al who also pointed to a
beneficial effect of psyllium seed husks on amelioration
of UC symptoms in patients in remission. Based on a
[46]
review, Wedlake et al
indicated a mildly beneficial
effect of fiber on the course of UC. The results
obtained for CD patients did not indicate a positive
[46]
role for a high fiber diet in improving clinical status .
On the other hand, other studies demonstrated a
beneficial effect of a high fiber diet on gastrointestinal
function in CD patients, which was based on the
Inflammatory Bowel Disease Questionnaire and the
[47]
Harvey Bradshaw Index . This nutritional model
did not result in adverse effects; however, it did not
affect inflammatory markers (no differences were
noted between C-reactive protein levels in the study
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diet in a larger group of patients.
[54]
Chiba et al
investigated the effect of a semivegetarian diet (SVD) on maintaining CD remission.
Sixteen patients continued the recommended diet
after discharge from hospital. The percentage of
remission achieved in the study group was 100% after
one year of starting the SVD and 92% after two years.
Based on these observations, the authors recognized
the SVD as a highly effective diet in maintaining CD
[54]
remission .
Another type of diet employed for IBD therapy
is the FODMAP diet, which is low in fermentable
oligosaccharides, disaccharides, monosaccharides
[16]
and polyols . This nutritional model is based on a
theory suggesting that poorly absorbed carbohydrates
become a medium for bacteria and may cause
excessive growth of intestinal flora, and was originally
recommended for use in irritable bowel syndrome
[16]
patients. Gearry et al assessed the effect of the diet
on the course of IBD; the study included 52 patients
with CD and 20 individuals with UC. Approximately
50% of patients noted a decrease in abdominal pain,
flatulence and diarrhea. Thus, the FODMAP diet is
recognized to be helpful for patients with IBD with
[16]
concomitant functional intestinal symptoms .
In these studies, the investigators evaluated the
effect of various nutrients and detailed diets on the
course of IBD. Despite the lack of tangible dietary
recommendations for patients suffering from UC
and CD, it is important to take into account the
possibility of developing deficiencies associated with
gastrointestinal status, administered medications,
[12]
past surgical procedures or limited appetite . While
planning a diet, it is necessary to pay particular
attention to key nutrients.

and control groups), which may suggest its limited
[47]
importance in the course of CD .
Germinated barley foodstuff (GBF) is a source of
fiber and glutamine-rich protein. GBF is a prebiotic
product that increases butyrate production by
intestinal bacteria. These compounds may affect the
[48]
repair and restoration of function of colonocytes .
[49]
In their limited study, Bamba et al
administered
20-30 g of GBF to patients with mild or moderate
UC exacerbation. After 4 wk of therapy, the patients
demonstrated clinical and endoscopic improvements,
thus indicating that GBF may play an important role in
[49]
[50]
IBD therapy . Hanai et al
confirmed these results
by demonstrating a beneficial effect of supplementing
a standard therapy with 20 g of GBF. Patients
receiving prebiotic supplementation demonstrated an
improvement of clinical status as well as prolonged
remission. The above results require confirmation in a
large scale study.
Some studies pointed to a negative effect of alcohol
consumption on the course of IBD. According to
[51]
Swanson et al , in patients with non-active UC and
CD, alcohol resulted in exacerbation of gastrointestinal
[43]
symptoms. Moreover, Jowett et al
indicated that
alcohol consumption increased the risk of disease
exacerbation in patients with UC.
Attempts have also been made at implementing
detailed diets to supplement IBD therapy. Olendzki et
[52]
al
used a specially developed menu low in refined
sugars, rich in prebiotic and probiotic products and
characterized by an appropriate ratio of fatty acids.
Of 40 patients included in the study, 13 abandoned
the diet early and 24 demonstrated a very good or
good response to the diet based on self-assessment
of disease symptoms and adherence to the principles
of the diet. Three patients showed an ambiguous or
negative response. Of all the participants, the case
histories of 11 patients for whom complete data were
available were analyzed. In these patients, when the
diet was employed for 4 wk or longer, IBD symptom
reduction was noted based on the Harvey Bradshaw
Index and the Modified Truelove and Witts Severity
Index. All patients were able to discontinue at least
one of their previously used IBD medications. This
example indicates the possibility of deriving additional
benefits from supplementing pharmacotherapy by an
[52]
appropriately composed diet . Moreover, Cohen et
[15]
al , prescribed pediatric patients with a SCD diet.
The patients restricted refined sugar and complex
carbohydrate consumption and those that followed the
diet for 12-52 wk showed an improved clinical status.
[53]
A similar problem was addressed by Suskind et al
when they analyzed the effect of the SCD diet on CD
course in pediatric patients for 5-30 mo. Improvements
in clinical status were seen in the patients following the
[53]
SDC diet . The results of these two studies require
confirmation of the effectiveness and safety of the SCD
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Key nutrients in the diet of IBD
patients
When recommending a given diet to an IBD patient,
emphasis should be placed on adequate caloric supply
as well as the content of iron, calcium, vitamins D, B12
[12]
and A, folic acid and zinc .

Energy

[55]

Malnutrition may affect 20%-85% of CD patients .
Therefore it is important that their diet be appro
priately planned. Of significance is an appropriate
supply of energy, vitamins and minerals as deficiencies
in these may develop during the course of the
disease. Loss of appetite may hinder the consumption
of an adequate amount of food. For this reason, the
European Society for Clinical Nutrition and Metabolism
recommends an intake of up to 600 kcal/d in the
[55]
form of oral nutritional supplements
since the
consequences of nutritional deficiencies may include
anemia, osteomalacia, osteoporosis and problems
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[55]

with mesopic vision

[63]

.

an intervention exerted on the disease course . In
[63]
their study, Jørgensen et al
administered vitamin
D at a dose of 1200 IU to CD patients. After three
months of treatment, recurrent disease was noted in
13% (6/46) of the study group patients as opposed
to 29% (14/48) of the subjects in the control group.
The authors stressed the necessity of confirming
[64]
their results in a larger study. In turn, Pappa et al
administered different doses of vitamin D to two
groups of pediatric patients aged 8-18 years. Group
A received 400 IU daily, all year long and, depending
on the season of the year, Group B received 1000 IU
(summer/autumn) or 2000 IU (winter/spring). The
doses were selected in a way that allowed the target
serum vitamin concentration value (> 32 ng/ml) to
be achieved in only 3% of patients in both groups.
The authors observed lower C-reactive protein and
interleukin-6 levels in the patients receiving higher
doses of the vitamin. These results may indicate a
beneficial effect of vitamin D supplementation on IBDassociated inflammatory processes; however, these
[65]
observations require confirmation. Dadaei et al
administered vitamin D at a dose of 50000 IU per
week for 12 wk, resulting in increased serum levels
and decreased levels of tumor necrosis factor (TNF-α).
However, the decrease in TNF-α levels did not reach
statistical significance.
Other studies have observed an increased risk of
Clostridium difficile infections and development of
cancers (especially colon cancer) in IBD patients with
[66,67]
decreased vitamin D levels
. In view of the growing
number of publications on the role of vitamin D in
IBD and continued doubts surrounding the selection
of an appropriate dose, further studies on vitamin D
supplementation are warranted.

Iron

Anemia often coexists with IBD, affecting 21%-88%
[4,55-57]
of IBD patients
. The principal cause of anemia is
iron deficiency (approximately 57%) but it may also
be caused by a chronic inflammatory state or be due
[56]
to vitamin B12 deficiency . According to the World
Health Organization recommendations, excessively
low hemoglobin (Hb) concentrations occur when Hb
levels drop below 11-13 g/dl (depending on sex
and age group). Determining the changes in ferritin
levels allows for differentiating between various types
of anemia. Decreased concentrations of the protein
are observed in anemia caused by iron deficiency,
while in patients with inflammatory states, ferritin
concentrations are elevated. Due to a poor tolerance
of oral iron preparations and the risk of exacerbation
of the gastrointestinal inflammatory state, intravenous
preparations are administered for anemia treatment in
[56,57]
patients with IBD
.

Calcium

Patients with IBD are at risk of developing oste
oporosis. This is related to malnutrition which is
common in this group and to problems with absorption
[55]
of nutrients , also due to the administration of
glucocorticosteroids. For the above reasons, it is
important that an adequate dietary calcium supply
of 1000-1500 mg/d is attained. Patients with IBD
often give up milk and dairy products for fear of
lactose consumption. It should be emphasized that
intolerance of the disaccharide is not more common in
this patient population compared to healthy subjects
and its occurrence is affected by age and ethnic factors
[12,58-60]
rather than by IBD alone
. In cases of lactose
intolerance or problems with dietary calcium supply,
calcium supplementation should be considered.

B vitamins

B vitamin deficiencies in patients with CD are
also frequent (B 12 : 28%-48% and folic acid:
[19,55]
4.3%-54%)
. Problems with cyanocobalamin ab
sorption may occur after resection of the distal part
of the intestine or with particularly intensified disease
involving the distal gastrointestinal tract. The risk of
folic acid deficiency increases in patients treated with
[19]
sulphasalazine . Deficiencies of B vitamins may
facilitate the development of macrocytic anemia and
hyperhomocysteinemia. For this reason, the level of
cyanocobalamin should be monitored and vitamin B12
preparations should be administered parenterally if
needed in order to treat the deficiency. Patients who
are at risk for folate deficiency should supplement with
[19,55]
folic acid when necessary
.

Vitamin D

Vitamin D is a fat-soluble vitamin whose role in the
development of IBD has long been underestimated; its
levels are associated with IBD morbidity and course.
Vitamin D deficiency facilitates the development of CD
[13,14]
and UC and may worsen their course
. Jørgensen
[14]
et al
examined patients with CD and demonstrated
an inverse relationship between serum vitamin D
[61]
levels and disease activity. Hlavaty et al
carried out
a study among patients with IBD using a questionnaire
evaluating “health-related quality of life”. They
demonstrated a decrease in the evaluated parameters
in the winter/spring period, which correlated with
a decreased serum vitamin D concentration. CD
patients may develop vitamin D deficiency due to
[55]
malabsorption . Such a deficiency, as demonstrated
[62]
by Abraham et al , facilitates the loss of bone
mineral density. Vitamin D supplementation may be
introduced; studies point to a positive effect of such
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Deficiencies of other vitamins and minerals

Patients with CD may also present with zinc (70% of
[11,19]
males) and magnesium deficiencies
. Moreover,
vitamin A deficiency may occur during phases of active
[19]
disease . A well planned diet should include foods
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Streptococcus thermophilus (VSL#3) during active
[17]
and inactive phases of UC . Additionally, a meta[70]
[71]
analysis by Shen et al
and a study by Miele et al
indicated a beneficial effect of supplementation with
VSL#3 on achieving and maintaining UC remission.
Other probiotic strains that fostered the interest of
investigators include Lactobacillus GG (LGG) and
[72]
Saccharomyces boulardii (SB) . A study administered
a dose of 1 g/d of Saccharomyces boulardii to patients
in CD remission; however, no beneficial effects were
found on the course of CD compared with placebo.
Differences in the response to supplementation were
shown solely in non-smoking patients; an effect
[72]
that requires future investigation . Guslandi et
[73,74]
al
performed two small scale studies (32 and
25 individuals) that found a beneficial effect of SB
supplementation in maintaining remission of CD
and UC. In both studies, the probiotic was given
[75]
in addition to mesalazine therapy. Gupta et al
administered LGG to four children with CD at a dose
10
of 10 colony forming units, twice a day, for six
months. Based on the decrease in the initial values
of the Pediatric Crohn’s Disease Activity Index, the
investigators found a decrease in disease activity in
their patients. Additionally, a reduction in the dose
of glucocorticosteroids given was achieved in three
participants. On the other hand, a study by Bousvaros
[76]
et al
employing the same strain in a group of 75
children with CD found no effect of supplementation on
prolonging remission. Similar results indicating lack of
effectiveness of LGG in CD were obtained by Prantera
[77]
et al .
To date, despite solid theoretical foundations,
no beneficial effects of probiotic supplementation
on the course of IBD have been unambiguously
demonstrated. The most promising results have been
achieved when probiotic preparations containing the
[17,69-71]
given bacterial strains were employed in UC
.

Table 1 Foods and particular nutrients affecting inflammatory
bowel diseases incidence
Protective factors

Nutrients increasing IBD morbidity

Breastfeeding
Fiber
Vitamin D
Appropriate fluid supply

Cholesterol
Animal fats
Linoleic and arachidonic acids
Monosaccharides (ambiguous study
results)

Vitamin C
Fruits (especially citrus fruits)
Magnesium
IBD: Inflammatory bowel diseases.

Table 2 Diet to be employed during disease exacerbation
periods
Beneficial effect
Solely enteral feeding (EEN) (in
case of Crohn's disease, especially
in pediatric patients)

Negative effect
Fiber (exception - patients
with ulcerative proctitis with
concomitant constipation)

that are rich in these components, such as β-carotenecontaining vegetables (carrots, red peppers), nuts,
[68]
groats and wholegrain products .

ADDITIONAL SUPPLEMENTATION IN IBD
Numerous reports have investigated employing
additional supplementation with components that may
shorten the duration of exacerbated disease periods or
that prolong phases of remission. Particular attention
has been given to preparations containing probiotics
and unsaturated omega-3 fatty acids.

Probiotics

IBD morbidity may be related to gastrointestinal
bacterial flora abnormalities and to an abnormal
[4,69]
immune response to physiological flora
. For these
reasons, investigations were carried out to determine
the effects of probiotic supplementation on the course
of UC and CD. Specifically, the effects of various
probiotics on achieving and maintaining IBD remission
were studied. The results differed depending on the
bacterial strain and type of disease and contradictory
results were obtained for some probiotics. In their
[17]
review paper, Jonkers et al
demonstrated a lack
of sufficient evidence in support of the beneficial
effects of probiotic supplementation in CD. At the
same time, the authors emphasized promising
results of studies on the Escherichia coli strain Nissle
1917 for the prevention of disease exacerbation and
on a multi-strain product containing Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus
casei, Lactobacillus bulgaricus, Bifidobacterium breve,
Bifidobacterium longum, Bifidobacterium infantis and
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Unsaturated omega-3 fatty acids

Other nutritional components that may affect the
course of IBD are polyunsaturated omega-3 fatty
acids (n-3 PUFA). These fatty acids have been studied
[18]
for their anti-inflammatory activity . In a review,
Farrukh and Mayberry described a slight beneficial
effect of PUFA supplementation during active disease.
The results of various studies have pointed to a
faster achievement of remission and the possibility
of reducing the dose of glucocorticosteroids with n-3
PUFA supplementation. However, the majority of
studies have not confirmed the effects of PUFA on
maintaining IBD remission. Less convincing results
were obtained of the effects of n-3 PUFA on CD.
Nevertheless, supplementation did achieve positive
results in some studies. Further trials are warranted to
determine the beneficial effects of omega-3 fatty acids
[18,55]
on the disease course of IBD
.
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developed for each patient, depending on the course
of the disease, past surgical procedures and type of
pharmacotherapy used.
For the above reasons, dietary recommendations
should be treated as supplementation of pharma
cotherapy in IBD.

Table 3 Diet to be employed during remissions
Beneficial effect

Negative effect

Prolonged partial enteral nutrition

Fiber
Psyllium seeds (especially in UC, a poorer
effect in CD)
Germinated barley foodstuff (GBF)
Special types of diet
Anti-inflammatory diet - Olendzki et al[52]
Semi-vegetarian diet (SVD)
Diet with specialty modified carbohydrate
composition (SCD)
Diet low in fermentable oligosaccharides,
disaccharides, monosaccharides and polyols
(FODMAP)

Sulfur products (dietary
sulfur sources - red meat,
cheese, eggs, nuts)
Alcohol
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Bisphosphonates as potential adjuvants for patients with
cancers of the digestive system
Celina Ang, Erin Doyle, Andrea Branch

Abstract

Celina Ang, Department of Medicine, Division of Hematology/
Oncology, Icahn School of Medicine at Mount Sinai, New York,
NY 10029, United States

Best known for their anti-resorptive activity in bone,
bisphosphonates (BPs) have generated interest as
potential antineoplastic agents given their pleiotropic
biological effects which include antiproliferative,
antiangiogenic and immune-modulating properties.
Clinical studies in multiple malignancies suggest that
BPs may be active in the prevention or treatment of
cancer. Digestive tract malignancies represent a large
and heterogeneous disease group, and the activity
of BPs in these cancers has not been extensively
studied. Recent data showing that some BPs inhibit
human epidermal growth factor receptor (HER)
signaling highlight a potential therapeutic opportunity
in digestive cancers, many of which have alterations in
the HER axis. Herein, we review the available evidence
providing a rationale for the repurposing of BPs as
a therapeutic adjunct in the treatment of digestive
malignancies, especially in HER-driven subgroups.
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Core tip: Bisphosphonates demonstrate antineoplastic
activity in various malignancies but have received
little attention in cancers of the digestive tract. We
review the preclinical and clinical experience with
bisphosphonates in digestive cancers and discuss
their potential therapeutic application in this disease
group, particularly in the context of recent data on
bisphosphonate-induced inhibition of human epidermal
growth factor receptor signaling.
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activity of BPs in patients with digestive tract cancers
are limited, however.
BPs, especially nitrogen-containing bisphosphonates
(NBPs), have antiproliferative, antimotility, proapoptotic, antiangiogenic and immunomodulatory
[5,18,19]
properties
. Many of these activities are attributed
to inhibition of the mevalonate synthesis pathway by
[20,21]
NBPs
. Recently, NBPs have been shown to bind to
and inhibit signaling by the human epidermal growth
factor receptor (human EGFR/HER), causing apoptosis
in HER-driven cancer cell lines and synergizing with
[22,23]
HER tyrosine kinase inhibitors
. Many digestive
cancers have alterations in the HER axis, highlighting
an actionable target for NBPs. In this review, we
summarize the preclinical and clinical experience with
BPs in digestive malignancies and discuss how BPs
might be integrated into current treatment strategies.

INTRODUCTION
Cancers of the digestive system, including eso
phagogastric, hepatocellular, pancreatobiliary, small
and large bowel carcinomas were projected to
comprise about 17% of the 1.6 million new cancer
[1]
diagnoses made in the United States during 2014 .
Systemic therapy with cytotoxic chemotherapy
and/or molecularly targeted agents is the mainstay
of treatment for these cancers when they are
at an advanced stage. Despite advances in drug
development and improved insights into the molecular
pathobiology of these diseases, median survival for
most stage Ⅳ digestive cancers is less than 12 mo,
the exceptions being small bowel and colorectal
adenocarcinoma. These sobering facts underscore the
chasm between theoretical knowledge and clinical
application, and highlight the urgent need for novel
therapeutic approaches.
In recent years, there has been a growing recog
nition that some drugs that are effective in treating
one type of disease can be “repurposed” for treatment
of an unrelated condition. Repurposing is a particularly
attractive option because the therapeutic agents have
known safety profiles.
Bisphosphonates (BPs) inhibit osteoclast-induced
bone resorption which is a property that underlies
their use in the treatment of bone resorption dis
orders such as osteoporosis and Paget’s disease. In
patients with advanced cancer, BPs are used in the
supportive management of complications such as
hypercalcemia of malignancy, and the prevention of
skeletal-related complications in patients with bone
metastases. Indications that BPs might have direct
antineoplastic effects came from randomized clinical
trials of adjuvant estrogen suppression therapy in
women with resected breast cancer which revealed
that the addition of BPs not only decreased bone
density loss but also decreased the risk of contralateral
[2-4]
breast cancer and improved disease-free survival .
The beneficial effects of BPs on clinical outcomes
were most pronounced in postmenopausal women in
[4]
whom systemic estrogen levels are low . Subsequent
randomized trials in patients with multiple myeloma
and other advanced solid tumors such as lung and
prostate cancer provided additional evidence that BPs
improve oncologic outcomes including overall survival
[5-10]
and prevention of bone metastases
. In addition,
a number of observational studies have reported
decreases in risk of breast and colorectal cancer
[11-17]
among BP users
. Collectively, these data suggest
that BPs may be clinically active in the prevention as
well as treatment of cancer. Studies focusing on the
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BISPHOSPHONATE STRUCTURE,
FUNCTION AND MECHANISM OF
ACTION
BPs are inorganic pyrophosphate derivatives with a
central nonhydrolyzable carbon atom, a hydroxyl group,
and two flanking phosphate groups (Figure 1). The
chemical structure of BPs confers a strong affinity for
the mineral component of bone, which facilitates their
[24]
uptake by osteoclasts . Bone resorption is inhibited
by BPs due to osteoclast growth arrest and apoptosis.
The addition of a nitrogen group increases the
[21,24]
antiresorptive potency of BPs by up to 10000 fold
.
NBPs currently used in clinical practice include the oral
agents alendronate, ibandronate and risedronate, and
intravenous formulations such as pamidronate and
zoledronic acid (ZA).
The molecular mechanisms of action differ
between BPs and NBPs. Early generation BPs, such
as etidronate and clodronate, induce osteoclast death
by generating cytotoxic ATP analogs, which impair
[25]
mitochondrial oxygen consumption . As previously
mentioned, many of the biological effects of NBPs are
attributed to their interactions with the mevalonate
synthesis pathway. Among the key components of
this pathway are farnesyl pyrophosphate synthase
and geranylgeranyl pyrophosphate synthase, which
mediate the posttranslational prenylation and activation
of small signaling GTPases (e.g., Rab, Rac, Rho,
Rap1A and Ras), promoting cell growth, proliferation,
[18-21,26,27]
migration and survival (Figure 1)
. Suppression
of the mevalonate synthesis pathway inhibits protein
prenylation, arresting these processes in osteoclasts
as well as other cell types. In breast cancer cells,
ZA inhibits farnesylation of centromere protein-F,
preventing assembly of the mitotic spindle apparatus
and halting cell cycle progression. The addition of
farnesol reverses this process, allowing mitosis to
[28]
resume . Interestingly, dendritic cells treated with
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Figure 1 Chemical structure of nitrogen-containing bisphosphonates and effects on the mevalonate synthesis pathway.

ZA have an enhanced ability to stimulate expansion
of γδ T cells, which are cytotoxic against a variety of
[29,30]
solid tumor cell lines
. These events are associated
with the accumulation of isopentenyl pyrophosphate,
a potent chemoattractant and stimulator of γδ T
cells. Increased isopentenyl pyrophosphate also
promotes formation of cytotoxic ATP analogs, which
disable mitochondrial adenine nuclear translocase,
[31]
causing apoptosis . Furthermore, tumor cells
treated with NBPs show increased sensitivity to
[32]
γδ T cell-mediated cytotoxicity . BPs also target
angiogenesis and cell invasion by countering hypoxiainducible factor-1α, vascular endothelial growth factor,
tumor associated macrophages (TAMs) and matrix
[33-35]
metalloproteinases
. These findings illustrate the
pleiotropic effects of BPs on cancer cells and the tumor
microenvironment (Figure 2).
A novel mechanism of action of NBPs involving
the HER pathway has recently been described. Using
protein thermal shift, cell-free kinase assays and
computational modeling, NBPs have been shown
to bind to the tyrosine kinase domain of HER1/2.
Binding leads to global inhibition of HER signaling
and decreased viability of HER-driven breast and
[22]
lung cancer cell lines . The growth inhibitory effects
persist despite knockdown of farnesyl pyrophosphate
synthase, but are completely abrogated by knockdown
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of HER, indicating that they are dependent on HER and
not the mevalonate synthesis pathway. ZA enhances
the antineoplastic efficacy of HER1 tyrosine kinase
inhibitor, erlotinib, in lung cancer cells, and inhibits
tumor growth and viability in cells that have become
[23]
erlotinib-resistant . These findings highlight the
therapeutic potential of co-targeting HER with both
NBPs and anti-HER agents, particularly in patients with
HER-driven cancers.
It is important to note the unique toxicities of
BPs stemming from their mechanism of action.
Osteonecrosis of the jaw is one of the most
serious side effects BPs, with a reported incidence
[36]
ranging from 0.85%-18.6% . The use of BPs for
malignant vs benign indications, intravenous vs
oral BP formulations, prolonged duration and high
cumulative dose of therapy, recent dental procedure,
and concurrent therapy (e.g., glucocorticoids, antiangiogenic agents) are variables that may increase
the risk of developing osteonecrosis of the jaw.
Atypical femoral fractures are another unusual side
effect of BPs, the reported incidence ranging from
[37]
0.3 to 11 per 100000 person years . Patients with
a prior history of low-energy fracture, glucocorticoid
exposure, long duration of BP therapy, pre-existing
rheumatoid arthritis or collagen disease and low
serum vitamin D levels may be at higher risk. Other
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cisplatin is synergistic whereas it is additive in cells
with low centromere protein F levels. In another
study, a synthetic BP analog induced cell cycle arrest,
apoptosis and inhibited growth of well, moderate
and poorly-differentiated human gastric cancer cell
[42]
lines in vitro, and in a mouse xenograft model .
The induction of apoptosis appeared to be linked to
activation of ERK1/2, though activation of MEK and
Raf-1 was also observed (Table 1).
HER-2 overexpression in 15%-20% of gastric
and gastroesophageal junction adenocarcinomas
highlights a patient subgroup who might be par
ticularly responsive to the antineoplastic effects of
BPs. Patients with HER-2-positive disease experience
improved response rates and survival outcomes with
the addition of the anti-HER-2 antibody, trastuzumab,
[43]
to chemotherapy with 5-fluorouracil and cisplatin .
In light of recent data showing that NBPs bind to
[22]
and inhibit HER1/2 signaling , there is rationale for
evaluating combination therapy with ZA, trastuzumab
and chemotherapy in HER-2-positive gastric and
gastroesophageal junction adenocarcinomas. There are,
however, currently no trials assessing the combination
of BPs and trastuzumab in these cancers. The only
clinical study evaluating BPs in gastroesophageal
cancers is a phase Ⅰ trial of ZA, IL-2 and IMAB 362 in
patients with Claudin-18.2-expressing cancers (PILOT

reported adverse events include nephrotoxicity, flulike symptoms, ocular inflammation, atrial fibrillation
[38]
and hypocalcemia .

BISPHOSPHONATES IN DIGESTIVE
CANCERS
Esophagogastric cancers

Studies assessing activity of BPs in esophagogastric
cancers are in early stages, but have yielded
promising results. In vitro chemosensitivity testing
performed on the bone marrow aspirate of a patient
with metastatic signet ring gastric adenocarcinoma
demonstrated synergy with the combination of
[39]
gemcitabine, oxaliplatin and ZA . The patient was
treated with this combination and experienced a
durable complete response that included clearance
of cancer cells from the bone marrow. In another
study, an alendronate-fluoropyrimidine conjugate
showed cytostatic activity in gastric adenocarcinoma
[40]
cell lines . In esophageal squamous cell carcinoma,
high centromere protein F expression has been
associated with decreased survival, but confers an
increased sensitivity to the combination of ZA and
[41]
cisplatin . In cells that overexpress centromere
protein F, the antiproliferative activity of ZA and
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Table 1 Summary of selected clinical studies of bisphosphonates in digestive cancers
Study Design

Cancer type

Population

Therapy

Main Findings

Prospective studies
Phase Ⅰ pilot
(NCT01671774)
Phase Ⅰ

Esophagus,
gastric
Pancreas

Advanced disease
Claudin 18.2 expression+
n = 23 with resectable disease

IMAB362 + ZA +/- IL-2

Ongoing

ZA once pre-op, and twice
post-op

HCC

Advanced disease

Sorafenib + ZA

Median/1 yr/2 yr OS:
18 mo/86%/33%
Median/1 yr/2 yr PFS:
12 mo/27%/9%
No improvement
Ongoing

Colorectal

Region: Denmark
30505 postmenopausal female BP
users matched 1:4 BP non-users

Alendronate

Colorectal

Country: various

Phase Ⅱ
(NCT01259193)
Observational studies
Restricted open cohort
study[15]

Systematic review and metaanalysis[16]

Case control[17]

Colorectal

Case control[46]

Esophagus,
gastric

20001 cancer cases
392106 patients total
Country: Israel
Postmenopausal women
933 cancer cases matched 1:1
with controls without cancer
Country: United Kingdom

Alendronate associated with decreased
incidence (HR = 0.69, 95%CI: 0.6-0.79), risk
of death (HR = 0.62, 95%CI: 0.52-0.72) and
longer survival (HR = 0.82, 95%CI: 0.7-0.97,
P < 0.05)1
Alendronate,
Significant decrease in cancer incidence (HR
pamidronate, etidronate,
= 0.83, 95%CI: 0.76-0.90)
ibandronate, risedronate,
ZA
Any oral BP (95%
BP use > 1 yr associated with significant
alendronate)
decrease in cancer risk (RR = 0.5, 95%CI:I
0.35-0.71)2
Any BP except
pamidronate and
ibandronate

8636 cancer cases matched 1:4
with controls without cancer
Nested case control[47]

Esophagus cancer risk significantly higher
in female BP users than non-users (OR = 1.43,
95%CI: 1.18-1.72)3
Higher risk with alendronate
No difference in gastric cancer risk

Esophagus,
gastric,
colorectal

Country: United Kingdom
15613 cancer cases matched 1:5
with controls without cancer

Matched cohort[48]

Esophagus,
gastric

Country: Denmark
History of fracture
13678 cases who filled BP Rx
matched 1:2 with controls who
did not fill BP Rx

Matched cohort[49]

Esophagus,
gastric

Country: United Kingdom
41826 cases Rx BP matched 1:1
with controls not Rx BP

Nested matched case
control[50]

Esophagus

Country: United States

Nested case control using 2
datasets[51]

Esophagus,
gastric,
colorectal

Case control[52]

Esophagus

Meta-analysis observational
data[53]

Esophagus
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Any oral BP
Rx for BP associated with significant
increase in risk of esophagus (RR = 1.3,
95%CI: 1.02-1.66, P = 0.02) but not gastric or
colorectal cancer4
Highest risk: ≥ 10 Rx, ≥ 3 yr
Any oral BP
85 cancer cases total
(alendronate >
BP use associated with significantly
etidronate > ibandronate, decreased risk of esophagus cancer (HR =
risedronate, clodronate)
0.35, 95%CI: 0.14-0.85, P = 0.02)5
No effect on gastric cancer risk
Any oral BP
207 cancer cases total
No increase in risk of esophagus or gastric
cancer. Risk not affected by NBP vs nonNBP, duration of use, history of GERD6
Etidronate, tiludronate,
< 2% of cases and controls filled Rx for BP

History of Barrett’s esophagus alendronate, ibandronate,
Non-significant association between BP
116 with cancer matched 1:6 with
use and esophagus cancer risk (incidence
risedronate
controls without cancer
density ratio 0.92, 95%CI: 0.21-4.15)7
Country: United Kingdom
Alendronate, etidronate, BP use not associated with risk of esophagus
55952 cancer cases matched 1:5 ibandronate, risedronate
or colorectal cancer
with controls without cancer
Short but not long term alendronate
associated with increased risk of gastric
cancer (OR = 1.91, 95%CI: 1.34-2.72, P <
0.001) in one dataset8
Country: Taiwan
Alendronate, risedronate,
No relationship between BP use and
esophagus cancer risk
16204 cancer cases matched 1:4
clodronate, etidronate
Inverse relationship between esophagus
with controls without cancer
cancer risk and BP duration and frequency
of use
Country: various
Ibandronate, etidronate,
No association between BP use and
3778 cancer cases
clodronate, zoledronate,
esophagus cancer risk
173612 BP users
pamidronate, alendronate
483797 BP non-users
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Cohort study[55]

Esophagus,
gastric

Meta-analysis of
observational data[56]

Esophagus,
gastric,
colorectal
Colorectal

Meta-analysis of
observational data[61]

Case series[70]

HCC

Retrospective cohort study[73]

HCC

Country: United States
1.64 million patients > 68 yr old
with history of osteoporosis and/
or BP use
2308 cancer cases
624840 BP users
Country: various
16662 cancer cases
79379 controls without cancer
Country: various
63363 cancer cases
200047 BP users
1038526 BP non-users
Country: Italy
n = 15 patients with bone
metastases, heavily pre-treated
Country: Japan
n = 31 patients with bone
metastases treated with radiation,
12 also received ZA

Any oral BP

No association between BP use and
esophagogastric cancer risk9

Any oral BP

No significant association between BP use
and overall digestive cancer risk

Any oral BP

No significant change or borderline
significant decrease in risk of colorectal
cancer

ZA

Decreased pain score and analgesic
requirements
Median OS 10 mo
Significant decrease in 6-mo time to pain
progression of radiated (0% vs 34%, P =
0.045) and non-irradiated (20% vs 66%, P =
0.005) bone metastases
Significant decrease in 3-mo radiographic
progression rate of non-irradiated bone
metastases (29% vs 91%, P = 0.009)

ZA

1

Adjusted for age, colon cancer risk factors, hormone replacement therapy (HRT), non-steroidal anti-inflammatory drugs (NSAIDs)/prednisolone/acetylsalicylic acid (ASA) use in the past 12 mo; 2Controlled for alcohol consumption, body mass index; 3Adjusted for smoking, alcohol intake, dyspepsia, proton
pump inhibitor (PPI) use, BMI, H. pylori status; 4Adjusted for smoking status, alcohol intake, BMI; 5Adjusted for Charlson index, concomitant medications;
6
Adjusted for smoking, alcohol consumption, BMI, use of HRT/NSAIDs/PPI/H2-receptor antagonists, history of Barrett’s esophagus, gastroesophageal
reflux disease (GERD); 7Adjusted for race, noncancer disease comorbidity index, use of PPI/NSAIDsPPI, H2-receptor antagonist; 8Adjusted for BMI,
smoking status, alcohol consumption, ethnicity, history of osteoporosis, use of systemic corticosteroids, acid suppressive therapy, anti-inflammatory drugs,
vitamin D use, comorbidities (rheumatoid arthritis, diabetes), gastrointestinal disease; 9Adjusted for age, gender, race, Medicare Part D low-income subsidy,
comorbidities (Barrett’s esophagus, gastroesophageal disease, alcohol abuse, smoking status and/or chronic obstructive pulmonary disease, obesity, acidsuppressive therapy, bone density testing, diagnosis of fragility fracture, receipt of institutional care, NSAID use. OS: Overall survival; PFS: Progressionfree survival; ZA: Zoledronic acid; HCC: Hepatocellular carcinoma.

trial; NCT01671774).
The potential benefits need to be balanced against
potential risks, keeping in mind that BP use in patients
with a diagnosis of advanced esophagogastric cancers
might be of relatively short duration so side effects could
be less of a limitation. Severe esophagitis has been
[44]
reported in users of oral BPs, especially alendronate .
Decreasing the dosing frequency of oral BPs, and use
of intravenous BPs like ZA which do not come into
direct contact the esophageal mucosa have helped to
[38]
decrease the incidence of esophagitis . Concerns of
a potential carcinogenic effect of BPs were raised with
reports of esophageal cancer among relatively shortterm users (median duration of exposure 1-2 years) of
[45]
oral BPs . Results of several population-based studies
evaluating esophageal cancer risk among BP users and
non-users have been inconsistent. Some studies have
reported a significantly increased risk among female
[46,47]
and long term users of BPs
, while others have
[48]
reported a decreased risk
or no increase in the risk
of esophageal cancer among BP users compared to
non-users, including those with a history of Barrett’s
[49-53]
esophagus
. At this time, the FDA has not concluded
that oral BPs increase the risk of esophageal cancer, nor
does it endorse endoscopic screening of patients taking
[54]
oral BPs who do not have symptoms of esophagitis .
Concerning the risk of gastric cancer, studies have
reported either a decreased risk or no association with
[46,47,50,53,55,56]
oral BP use
. Additional studies are needed
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to clarify the risk/benefit ratio.

Colorectal carcinoma

NBPs may exert a protective effect on intestinal
mucosa. Several observational population-based studies
have reported a decreased incidence of colorectal
cancer as well as increased post-cancer-diagnosis
[15-17,57]
.
survival among long-term users of oral NBPs
Mechanisms underlying the chemoprotective properties
of NBPs on the intestine have not been well defined,
but direct effects on intestinal epithelial cells as well
as the stromal compartment are considered likely
possibilities. Macrophage activation by intestinal
commensal bacteria can precipitate intestinal epithelial
inflammation, genetic abnormalities and malignant
transformation. Administration of encapsulated
liposomal clodronate was shown to deplete colonic
macrophages, inhibit inflammation, Wnt/β-catenin
signaling and carcinogenesis in IL-10 knockout mice
[58]
colonized with Enterococcus faecalis .
NBPs demonstrate antineoplastic activity in
colorectal cancer. ZA induces apoptosis and decreases
[59]
growth of colon cancer cells in vitro . ZA also
promotes colon cancer cell death through adoptive
immunotherapy. Colon cancer stem cells exposed to
ZA demonstrate an enhanced capacity to expand and
activate s Vγ9Vδ2 T cells and are, in turn, rendered
[60]
more susceptible to cytolysis by Vγ9Vδ2 T cells .
Upregulation of the HER pathway is pathogenic in
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colorectal cancer. Anti-HER1 monoclonal antibodies
cetuximab and panitumumab are useful in the treat
ment of patients with metastatic colorectal cancer
whose tumors lack activating KRAS mutations. Growth
of HER-driven colon cancer cells, but not cells with
[22]
low EGFR expression, is inhibited by NBPs . Since
KRAS-mutated colorectal cancers are resistant to the
antineoplastic effects of anti-HER1 antibodies, it would
be interesting to test whether NBPs sensitize tumors to
these agents via dual inhibition of HER and RAS.
Despite the strong preclinical rationale and bene
ficial effects reported by observational studies,
composite data from 6 cohort and 4 case-control
studies suggest the preventive effect of BPs on the
[61]
risk of colorectal cancer, if any, is small . Prospective
studies are clearly needed to determine the effect of
BPs on colorectal cancer outcomes. While it is unlikely
that a randomized study of BPs as chemoprevention
will be performed, the utility of BPs as adjuncts to
standard therapy in patients diagnosed with colorectal
cancer warrants investigation. There are no ongoing
clinical trials of BPs in colorectal carcinoma currently
posted on ClinicalTrials.gov.

BPs may also act upon the stromal compartment in
pancreas cancer. TAMs and myeloid derived suppressor
cells promote pancreas cancer cell progression by
secreting growth factors and impairing host adaptive
immune response. In murine pancreatic cancer
models, BPs diminish both of these macrophage
populations, causing decreases in tumor growth and
neoangiogenesis, increased T cell recruitment and
[67,68]
improved survival
.
Results of a phase Ⅰ clinical trial of perioperative
ZA in patients with resectable pancreas cancer were
[69]
recently reported . Treatment with ZA was safe but
did not significantly improve overall survival compared
to historical institutional data (18 mo vs 17.7 mo, P =
0.9404), and there was no decrease in granulocytemyeloid-derived suppressor cells in peripheral blood
[69]
or bone marrow as had been observed in vitro .
Potential explanations for the absence of an observed
benefit include small sample size (n = 23) and
heterogeneity in the use of adjuvant chemotherapy
and/or radiotherapy following surgery.

Hepatocellular carcinoma

Several case reports and small single institutional
series have reported improvements in symptoms
and disease control among hepatocellular carcinoma
[70-74]
(HCC) patients treated with NBPs
. Benefits
include alleviation of pain and hypercalcemia from
bone metastases and improved survival. A patient
with HCC and bone metastases experienced a durable
complete response with the combination of ZA and
sorafenib that persisted for 12 mo after treatment
[71]
discontinuation . In hepatoma cells BPs activate
pro-apoptotic cascades, induce cell cycle arrest and
inhibit signaling pathways responsible cell proliferation,
[75-79]
survival, adhesion, motility and differentiation
.
ZA also suppresses HCC progression through its
effects on several immune cell populations. TAMs
enable angiogenesis and are associated with increased
tumor microvessel density and disease recurrence
[80,81]
after surgery or radiofrequency ablation in HCC
.
Treatment with sorafenib strongly induces peripheral
blood recruitment and tumor infiltration by TAMs,
and suppresses IL-12b, which stimulates natural killer
cells. The addition of ZA restores IL-12b levels and
depletes TAMs, causing tumor shrinkage, decreased
angiogenesis and lung metastases in HCC mouse
[82,83]
models
. ZA-induced amplification of cytotoxic γδ
[84,85]
T cells also enhances hepatoma cell lysis
. These
observations suggest that ZA can enhance the activity
of sorafenib or rescue sorafenib-resistant HCC.
The human EGFR pathway has been implicated
in the progression of liver fibrosis to cirrhosis and
[86]
hepatocarcinogenesis . Increased EGF expression
is part of a 186-gene signature associated with
an increased risk of recurrence and poor survival
[87]
following resection . In mouse and rat models with
chemically or surgically induced liver injury, erlotinib

Pancreas carcinoma

Activating mutations in RAS and HER overexpression
are among the most common molecular alterations
in pancreas cancer and are actionable targets
for NBPs. ZA-induced inhibition of RAS and its
dependent downstream signal transduction cascades
prevents migration and causes growth suppression
and apoptosis of human pancreatic cancer cells in
[62,63]
vitro
. Erlotinib is FDA approved for metastatic
pancreas cancer in combination with gemcitabine
based on a phase Ⅲ trial demonstrating a statistically
significant, though clinically modest increase (6.24
mo vs 5.91 mo, HR = 0.82, P = 0.038) in overall
[64]
survival compared to gemcitabine alone . Low
doses of gemcitabine and ZA demonstrate synergy in
inhibiting pancreatic cancer cell growth, invasion and
[65]
metastases in vitro and in vivo . Given the enhanced
antiproliferative activity observed with the addition of
[23]
ZA to erlotinib , it would be interesting to assess the
effects of combining chemotherapy with RAS inhibition
and dual HER inhibition using ZA and erlotinib in
advanced pancreas cancer.
BPs promote pancreatic cancer cell death through
other mechanisms. Pancreatic cancer cells cultured
in ZA are significantly more susceptible to γδ T cell
[63]
cytotoxicity than non-cultured cells . BPs may also
improve the radiosensitivity of pancreas cancer.
Genes involved in cholesterol synthesis, including
farnesyl diphosphate synthase have been implicated
[66]
in pancreatic cancer radioresistance . Inhibition of
farnesyl disphosphate synthase by ZA was shown to
radiosensitize pancreatic cancer cells in vitro and in
vivo in an allograft mouse model.
In addition to their direct effects on tumor cells,
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decreased and even reversed fibrosis in some animals,
inhibited hepatic stellate cell activation, and prevented
[86]
hepatocarcinogenesis . These physiological changes
were associated with upregulation and downregulation
of good and poor-prognosis genes, respectively, thus
reversing the poor risk gene signature. A study of
erlotinib for the chemoprevention of HCC is currently
underway (NCT02273362). Given the inhibitory
effects of ZA on HER, it would be interesting to assess
combination therapy with erlotinib and ZA in primary
as well as secondary prevention of HCC. A phase Ⅱ
clinical trial of sorafenib and ZA for advanced HCC was
initiated in 2010 (NCT01259193), but results have not
been reported yet.
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TOPIC HIGHLIGHT
2016 Inflammatory Bowel Disease: Global view

Inflammatory bowel disease imaging: current practice and
future directions
Aoife Kilcoyne, Jess L Kaplan, Michael S Gee
of imaging in inflammatory bowel disease (IBD),
including detection of extraluminal complications and
extraintestinal manifestations of IBD, assessment
of disease activity and treatment response, and
discrimination of inflammatory from fibrotic strictures.
IBD is a chronic idiopathic disease affecting the
gastrointestinal tract that is comprised of two separate,
but related intestinal disorders; Crohn’s disease and
ulcerative colitis. The paper discusses, in detail the
pros and cons of the different IBD imaging modalities
that need to be considered in order to optimize the
imaging and clinical evaluation of patients with IBD.
Historically, IBD evaluation of the bowel has included
imaging to assess the portions of the small bowel that
are inaccessible to optical endoscopic visualization. This
traditionally was performed using barium fluoroscopic
techniques; however, cross-sectional imaging tech
niques (computed tomography and magnetic re
sonance imaging) are being increasingly utilized for
IBD evaluation because they can simultaneously assess
mural and extramural IBD manifestations. Recent
advances in imaging technology, that continue to
improve the ability of imaging to noninvasively follow
disease activity and treatment response, are also
discussed. This review article summarizes the current
imaging approach in inflammatory bowel disease as
well as the role of emerging imaging modalities.
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Core tip: This is an up-to-date review of the current
approach to the imaging evaluation of inflammatory
bowel disease. We have reviewed the conventional
approach to the imaging of inflammatory bowel
disease as well as identified some of the newer

Abstract
The purpose of this paper is to evaluate the role
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imaging modalities and algorithms that have been
employed in recent years.

of IBD-U tend to mirror those of UC.

DISCUSSION
Kilcoyne A, Kaplan JL, Gee MS. Inflammatory bowel disease
imaging: current practice and future directions. World J
Gastroenterol 2016; 22(3): 917-932 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i3/917.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i3.917

IBD clinical manifestations and treatment strategies

Clinical manifestations of UC include diarrhea, with or
without blood, abdominal pain, tenesmus, and fecal
urgency while the manifestations of CD are more
variable depending on the extent and location of
the GI inflammation. CD with predominantly colonic
involvement often presents in similar fashion to UC
whereas in small bowel CD, diarrhea and rectal bleeding
are seen less frequently and symptoms such as fever,
[8]
fatigue and weight loss are common . Symptoms
of IBD often wax and wane, defining periods of
“flare” and “remission”, respectively. Extraintestinal
manifestations, such as arthritis/arthralgias, skin and
ocular involvement and hepatobiliary conditions like
primary sclerosing cholangitis, occur in more than
[9]
1/3 of IBD patients . Linear growth attenuation
and pubertal delay are common among children
with IBD. Up to 30% of children with CD have linear
[10]
growth failure
and decreased height velocity often
[11]
precedes the onset of GI symptoms , highlighting the
importance of prompt diagnosis and close monitoring
of growth in patients with established disease as
losses in linear growth are not always recoverable
and can result in permanent stunting. Additionally,
malabsorption of calories and micronutrients can lead
to malnutrition and vitamin and mineral deficiencies,
which can exacerbate IBD symptoms.
The diagnosis of IBD is most commonly made
on the basis of clinical features mentioned above
in combination with findings on endoscopy and
histopathology. Laboratory abnormalities such as
anemia, hypoalbuminemia and elevation in erythrocyte
sedimentation rate and C-reactive protein (CRP) can
be supportive but are not specific for IBD and are
normal in up to 50% of IBD patients at the time of
[12,13]
diagnosis
. Small bowel imaging modalities like
upper GI series with small bowel follow through (UGISBFT), computed tomography (CT) and magnetic
resonance enterography (MRE), as well as wireless
capsule endoscopy are able to assess for active
inflammation in areas of the GI tract not reached by
traditional upper endoscopy and ileocolonoscopy and
can be helpful in distinguishing CD from UC.
There is no medical cure for CD or UC, but medical
therapy is effective in many cases, both at reducing
symptoms and at reducing intestinal inflammation.
The classes of medications most commonly used to
treat IBD include corticosteroids, antibiotics, antiinflammatory agents (5-aminosalicylates), immuno
modulators (6-mercaptopurine, azathioprine and
methotrexate) and newer biologic therapies. Specific
treatment depends on disease location, severity and
phenotype with consideration of potential benefits
and risks of both specific therapies and of inadequate

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic
idiopathic disease affecting the gastrointestinal (GI)
tract that is comprised of two separate, but related
intestinal disorders; Crohn’s disease (CD) and
ulcerative colitis (UC). IBD is thought to result from
an exaggerated and inappropriate immune response
to gut luminal microbes in genetically susceptible
individuals who are exposed to environmental risk
[1]
factors . While recent advances have shed much light
into its molecular pathogenesis, the exact cause(s) of
IBD remains elusive.
IBD is most common in North America and western
and northern Europe, where incidence rates for UC
and CD range from 2.2-24.3 per 100000 person
[2,3]
years . It is estimated that more than 1.4 million
Americans and as many as 2.5-3 million Europeans
[1,2]
have IBD . While some westernized nations continue
to see a modest rise in incidence, recent epidemiologic
studies clearly support a rapid globalization of IBD with
the largest increases occurring in developing nations
and regions such as East Asia, India, Latin America
and the Middle East, where IBD prevalence had
[3]
been traditionally low . Although the reason for the
rapid rise in incidence in these regions is not entirely
clear, it is hypothesized that environmental factors
like urbanization, improved sanitation, increased use
of antibiotics and changes towards a more Western
[4]
diet may play a role . There is no major gender
predominance in IBD, with peak age of onset between
[5]
15-30 years of age but affecting people of all ages.
It is estimated that up to 20% of people with IBD are
[6]
diagnosed during childhood and the incidence and
[7]
prevalence of pediatric IBD are increasing worldwide .
While UC and CD share some clinical and phy
siologic features, the diseases are distinct. Perhaps
the most important differences are that while the
chronic inflammation seen in UC is limited to the large
intestine and affects only the intestinal mucosa, the
inflammation in CD can occur at any location(s) along
the GI tract and is often transmural, predisposing
patients with CD to the development of penetrating
(fistulizing) and fibrostenotic (stricturing) phenotypes
that are not typically seen in UC. In some cases, UC
and CD are not distinguishable and a diagnosis of IBD
unclassified (IBD-U) is made although clinical features
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treatment of active disease which can lead to disease
progression and complications. Surgery in IBD is
typically reserved for medically refractory cases. In
UC, total colectomy with ileal pouch-anal anastomosis
is often performed for medically refractory cases or for
patients with IBD-associated dysplasia or colorectal
cancer but is associated with complications including
pouchitis and pouch malfunction/dysfunction. Intestinal
resections in CD are also frequently performed in
medically refractory cases but disease recurrence is
common if not nearly universal.
While treatment goals in practice have traditionally
focused on an improvement in clinical symptoms,
this improvement alone may not predict underlying
disease activity. In CD in particular, the discrepancy
between clinical symptoms and active inflammation
can potentially lead to unnecessary treatments for
patients whose symptoms are not due to active
inflammation and to asymptomatic progression of
disease and disease-related complications in patients
who are without clinical symptoms despite active
inflammation. This discordance has led to a search for
additional targets that can be used in combination with
clinical symptoms to help guide treatment decisions.
Candidate targets include CRP, fecal calprotectin,
intestinal appearance on cross-sectional imaging
modalities like CT enterography (CTE) and MRE, and
mucosal healing based on endoscopic findings, which
is becoming a preferred objective measure of disease
activity as it correlates well with improved clinical
[14]
outcomes . In both clinical practice and in clinical
trials, mucosal healing is now frequently being included
[15]
and at times required as an efficacy endpoint . More
effective and validated non-invasive biomarkers that
can accurately predict mucosal healing are needed
and may help obviate the need for repeated invasive
procedures in the future.
The natural history of IBD is highly variable. The
majority of UC patients are able to achieve clinical
remission with medications and often receive inter
mittent corticosteroid treatment for exacerbations of
symptoms that occur at varying intervals. A subset
of UC patients never enter remission, even with
immunosuppressive therapy, and up to 20%-30%
will require colectomy for exacerbation of symptoms
[16]
during their lifetime . Uncontrolled GI inflammation
in UC can lead to chronic complications such as
stricture, and dysplasia and colorectal cancer, which
occur in up to 16.5% of patients who have had UC for
[17]
30 years . Fewer patients with CD achieve lasting
[18]
remission
and there is an increased requirement
for immunosuppressive agents, which are a mainstay
of therapy. Uncontrolled inflammation in CD can lead
to the development of fibrostenotic strictures and
penetrating disease (enteric fistulae), which often
require surgical intervention. A population based
cohort of IBD patients in southeastern Norway recently
showed that within the first 10 years of diagnosis,

WJG|www.wjgnet.com

90% of CD patients had a relapse after a period of
remission, 53% developed stricturing or penetrating
[19]
disease and 38% required surgery .
Classic treatment paradigms for IBD have pre
viously been based on a step-up approach, where
medicines with lower efficacy but fewer perceived
side effect profiles were used first, followed by more
effective treatment only if needed. Currently, there
is debate over the expanding use of a top-down
approach, where more effective medications, that
also have more potential side effects, are used earlier
in an attempt to induce a more sustained response
and mucosal healing particularly in patients with
risk factors that may predispose them to a more
[20]
aggressive phenotype . It is not yet entirely clear
who would benefit most from this approach or if a topdown strategy significantly changes the natural history
and course of the disease for an individual with IBD.

Current role of imaging in IBD evaluation

Historically, IBD evaluation of the bowel has included
imaging to assess the portions of the small bowel that
are inaccessible to optical endoscopic visualization. This
traditionally was performed using barium fluoroscopic
techniques; however, cross-sectional imaging tech
niques (CT and MRI) are being increasingly utilized
for IBD evaluation because they can simultaneously
assess mural and extramural IBD manifestations.
Current roles of imaging in IBD patients include: (1) at
the time of initial diagnosis to distinguish UC from CD;
(2) to assess and track progression of extraintestinal
IBD manifestations; (3) to visualize penetrating
complications of disease that extend outside the bowel
wall; and (4) to assess disease activity in patients with
known IBD during symptomatic recurrence,
Defining extent of disease: Disease extent is
important to define at the time of initial diagnosis of
IBD in order to classify patients as having UC or CD.
Small bowel involvement, most commonly of the
terminal ileum, is diagnostic of CD. Imaging plays an
important role in defining overall disease extent as
patients with distal ileal disease on colonoscopy can
have more proximal involvement in areas that are not
accessible to endoscopic visualization. CD involvement
of the proximal small bowel is important to recognize
because it can be associated with symptoms related
to malabsorption (vitamin deficiencies, weight loss,
steatorrhea) and is associated with increased risk of
[21]
stricturing behavior and multiple bowel surgeries .
In addition, imaging is helpful for determining overall
length of bowel involvement in CD, which can impact
the decision whether to perform surgical resection of
bowel that is refractory to medical therapy and the
[22]
potential risk of short gut syndrome .
Extraintestinal IBD manifestations: IBD is
associated with a wide range of extraintestinal
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Figure 1 Extraintestinal and extraluminal manifestations of inflammatory bowel disease depicted on imaging. A: Primary sclerosing cholangitis depicted
on magnetic resonance cholangio-pancreatography evidenced as intermittent beading and structuring of the intrahepatic bile ducts; B: Penetrating Crohn’s disease
depicted on computed tomography as enhancing fistulous tracks (arrows) of an enterocolonic fistula, with associated abscess formation (asterisk) in the adjacent
iliacus musculature.

manifestations, a detailed description of which is
[23]
beyond the scope of this review . Knowledge
of some of the more common IBD extraintestinal
manifestations is helpful because they can be a source
of symptoms and long-term complications. Among the
extraintestinal IBD manifestations visible on imaging
is primary sclerosis cholangitis (PSC), a progressive
inflammatory disease of the biliary tree that affects up
[24]
to 10% of IBD patients . On CT or MRI, PSC typically
appears as multifocal areas of bile duct narrowing and
dilation (Figure 1A), with long-term PSC complications
including cholangitis, cirrhosis, end-stage liver
disease, and an increased risk of cholangioarcinoma.
Nephrolithiasis is the most common IBD genitourinary
[25]
manifestation, occurring in 10%-30% of patients .
Nephrolithiasis is common in IBD, particularly in CD
with distal ileal involvement or after ileal resection and
frequently causes abdominal symptoms, associated
with intense flank pain and fever from associated
urinary tract infection. Sacroiliitis in IBD patients
typically occurs in a bilateral symmetric distribution
[26]
and can be the source of lower back or pelvic pain .

symptoms and serum inflammatory markers that have
[12]
inadequate sensitivity and specificity . Endoscopy
based indices of IBD activity are the current gold
standard for assessing efficacy of therapeutics in IBD
clinical trials, but are difficult to implement in routine
clinical practice because of the invasiveness of serial
endoscopic examinations and lack of uniformity in
[14]
their application . Imaging can provide a noninvasive
alternative for assessing IBD activity and response to
treatment. The features of active disease observed on
different IBD imaging modalities are listed below.
Differentiation from tuberculosis: Tuberculosis
is a mimicker of many diseases and thus can prove
to be clinically challenging to diagnose and may
be confused with many other conditions, including
inflammatory bowel disease. Although abdominal
tuberculosis is an uncommon form of extrapulmonary
tuberculosis, the ileocecal region is the most common
area of involvement in the gastrointestinal tract. This is
thought to be due to the abundance of lymphoid tissue
[29]
in this region . The natural course of gastrointestinal
tuberculosis may be ulcerative, hypertrophic or
[30,31]
ulcerohypertrophic
. CT may demonstrate cir
cumferential wall thickening of the cecum and
terminal ileum associated with adjacent mesenteric
lymphadenopathy. Characteristic CT features include
asymmetric thickening of the ileocecal valve, exophytic
extension engulfing the terminal ileum and massive
[32-34]
lymphadenopathy
. The differential diagnosis
for ileocecal tuberculosis includes CD, amebiasis
and primary cecal malignancy. When ileocecal wall
thickening is observed, mucosal hyperenhancement
and associated prominence of the mesenteric
vasculature are ancillary imaging features that may
be more suggestive of IBD rather than tuberculosis
involvement of bowel.
Lymphadenopathy is commonly observed in
[35]
both IBD and TB . The most common involvement
of lymph node chains (mesenteric, celiac, porta
hepatis, and peripancreatic lymph nodes) is shared

Extraluminal disease complications: Imaging
provides information regarding extraluminal com
plications of penetrating CD including focal bowel
perforation, sinus and/or fistula formation between
bowel loops and between bowel and other visceral
[27]
organs (Figure 1B), and abdominopelvic abscesses .
Penetrating complications are important to diagnose
because they can be the cause of systemic infection
via dissemination of intestinal flora and require urgent
intervention. In addition, the presence of penetrating
[28]
disease can influence the choice of medical therapy .
Determination of disease activity: In patients
with established IBD, assessment of disease activity
is important in order to evaluate adequacy of therapy
and potential need for treatment modification.
Laboratory and clinical based indices of activity are
imperfect due to subjectivity in patient-reported
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by both diseases and follows the lymphatic drainage
of the ileocecal, jejunal, ileal and right colonic
regions following active bowel inflammation (IBD)
[36]
or ingestion of infected material (TB) . Enlarged
lymph nodes that demonstrate a necrotic (fluid
density and hypoenhancement on either CT or MRI)
center would be much more typical for caseating
[37]
necrosis associated with TB rather than IBD .
Abdominal lymphadenopathy secondary to lymphoma,
metastasis, pyogenic infection and Whipple’s disease
[29,36]
may also demonstrate a similar appearance
.
Involvement of abdominal solid organs in TB occurs
[38]
in 15%-20% of all patients with abdominal TB . The
genitourinary system is the most commonly involved,
followed by liver, spleen and pancreas. The mode of
spread is via the haematogenous route. Only 15% of
[39]
patients have concomitant pulmonary tuberculosis .
The presence of abdominal visceral organ lesions
is much more suggestive of TB than IBD, in which
the more common extraintestinal manifestations
include primary sclerosing cholangitis, stones in the
gallbladder or kidneys, or ankylosing spondylitis.
Granulomatous lesions in the abdominal organs would
be extremely unlikely in the setting of IBD but may
suggest opportunistic infection in an IBD patient being
[9]
treated with immunosuppressive medical therapy .
Peritoneal involvement is another imaging feature
much more suggestive of TB than IBD, and may
account for 30% of all nonpulmonary tuberculosis in
[37]
Asia and developing countries .

Disease features - Fluoroscopic imaging of UC,
which predominantly involves the large bowel, has
been largely replaced by colonoscopy. Some patients
with severe UC may exhibit “backwash” ileitis. In
these cases, fluoroscopy can demonstrate a patulous,
incompetent ileocecal valve with nodular mucosal
pattern of the terminal ileum. This finding is in contrast
to CD which is characterized by a stenotic ileocecal
valve with luminal narrowing and ulceration of the
terminal ileum. The radiological features of CD on
fluoroscopy are well described. They include irregular
thickening and distortion of the valvulae conniventes,
mesenteric and mural thickening causing bowel loop
separation and loop adhesions resulting in mass
[43]
effect . Severe disease produces a “cobblestone”
appearance with deep transverse and longitudinal
ulcerations bordered by areas of edema creating a
checkered mucosal relief pattern. Chronic cd leads to
circumferential bowel wall thickening and can progress
to fibrotic strictures, in which irreversible deposition
of extracellular matrix in the bowel causes impaired
peristalsis, fixed luminal narrowing, and bowel
obstruction.

Comparison with other modalities

Although conventional enteroclysis offers excellent
depiction of small bowel CD due to its uniform small
bowel distention, its ability to evaluate disease is
limited by intraluminal localization of contrast and
patient compliance with nasojejunal intubation. SBFT
has similar limitations in evaluation of extraluminal
and extraintestinal disease manifestations, but also is
limited by the patient’s ability to ingest oral contrast,
which can lead to reduced detection of strictures
and diseased segments in symptomatic patients.
Fluoroscopic small bowel studies in general are
also limited by long exam times and poor off-hours
availability. These studies have mostly been replaced
by cross sectional modalities such as CT and MR, which
are available after hours in most emergency rooms
and offer mural, extraluminal, and extraintestinal IBD
[44-46]
evaluation
.

Overview of IBD imaging modalities

Fluoroscopic imaging: Background/technique
- Fluoroscopic evaluation of the small bowel with
barium has traditionally been the method for
assessing IBD involvement in the small bowel. This
is particularly important in patients with suspected
or newly diagnosed IBD, where small bowel in
volvement is highly suggestive of CD. In recent
years, fluoroscopic small bowel evaluation has largely
been replaced by CT and MRI in the established
IBD population for evaluation of disease activity.
Historically, small bowel enteroclysis was used to
evaluate the small bowel, which consists of using
a nasojejunal catheter placed under fluoroscopic
[40]
guidance , insufflating the small bowel with barium
and air or methylcellulose to create a double contrast,
distended view of the small bowel. Double contrast
SBE performed using this protocol has high accuracy
[41,42]
for detecting mucosal inflammatory changes
;
however, SBE is limited by invasiveness of the
nasojejunal catheter often requiring patient sedation.
In recent years, SBE has been replaced by barium
SBFT, which consists of oral administration of barium
over a period of time followed by intermittent spot
radiographs tracking passage of contrast through the
bowel, with subsequent compression views of the
small bowel once contrast has reached the cecum.
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CT, CT enterography, and CT enteroclysis:
Background/technique - CT has become the
primary imaging modality for evaluating IBD and
its complications in the US for the last 15 years,
owing to a combination of rapid scan time, highresolution evaluation of intestinal and extra-intestinal
disease manifestations and 24-h availability in most
[47]
hospitals . The development of helical multidetector
row CT scanners allows high spatial resolution imaging
of the entire abdomen and pelvis in just a few seconds,
generating isotropic images that can be reconstructed
in multiple planes to facilitate visualization of subtle
abnormalities. CT scans are typically performed for
IBD evaluation following administration of both oral
and Ⅳ contrast to detect bowel wall abnormalities
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Disease features - As previously discussed,
colonoscopy is the primary modality for diagnosing
and determining extent of disease in UC. However,
complications of UC, for example, toxic megacolon,
are an important indication for CT. CT findings include
thinning of the colonic wall, luminal distension and
pneumatosis. Severe cases can lead to perforation and
free air. Common signs of active or inflammatory CD
on CTE include bowel wall thickening, increased mural
enhancement with hyperenhacing mucosa (Figure
3A), and haziness of the surrounding mesenteric
fat. The “comb sign” in CD reflects hypervascularity
involving the distal tier of mesenteric arterial arcades
and vasa recta of affected segments of small bowel
and ascending colon. These changes likely represent
increased blood flow and the fibrofatty proliferation
[50]
in the mesentery and serosa of the affected bowel .
Chronic transmural CD, possibly due to chronic inflam
matory stimulation, produces a fibrofatty proliferation
of the mesenteric fat, also known as the creeping fat
sign.

B

*

*

Figure 2 computed tomography enteroclysis depiction of small bowel
stricture. Fluoroscopic (A) and computed tomography (B) images from an
enteroclysis demonstrating a 9 cm stricture in the mid small bowel (arrows)
with proximal small bowel dilation (asterisks), which was confirmed during
subsequent surgical resection.
[48]

and abnormal enhancement . Patients are kept NPO
for several hours before the study. Conventional CT
uses positive enteral contrast agents, usually barium
containing solutions, which increase the attenuation
of the bowel lumen and conspicuity of bowel wall
abnormalities and extraluminal fluid collections.
Positive enteric contrast, can, however, obscure Ⅳ
contrast enhancement of the bowel wall. In addition,
positive oral contrast agents opacify but do not always
well distend the bowel. Ⅳ contrast is administered and
images are acquired in the portal venous phase, which
is optimized for visceral organ evaluation.
Adequate enteric distension is the primary goal of
CT imaging of the small bowel to optimize detection
of small bowel disease. CT enterography combines
large volume enteral contrast distension of small bowel
with intravenous contrast administration. Patients
are typically kept NPO for several hours prior to the
study. Neutral enteral contrast agents are used which
distend but do not opacify the bowel lumen. Using
these agents mucosal enhancement patterns are
well seen, as are areas of non distensibility such as
strictures (Figure 1). In our institution, patients drink
1350 ml of contrast over approximately 45-60 min,
with decreased volume required for pediatric patients
based on weight. As opposed to conventional CT,
CT enterography images are acquired during enteric
(45-60 s post-injection) phase which is optimized to
evaluate small bowel enhancement.
CT enteroclysis is a provocative study similar
to conventional enteroclysis to detect small bowel
strictures in intermittently symptomatic IBD patients
that might be missed on enterography due to limited
[49]
patient oral contrast intake . A naso-jejunal catheter
is usually placed in the fluoroscopy suite, followed
by catheter-directed administration of dilute positive
enteric contrast under fluoroscopic guidance until
either the small bowel is uniformly distended or the
patient’s symptoms are reproduced. The patient is
then brought to CT for cross-sectional imaging (Figure
2).
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Comparison with other modalities

CTE confers several advantages over fluoroscopic
small-bowel follow through studies, as outlined above.
CTE is highly sensitive and specific for active small
intestinal inflammation with better interobserver
agreement and more reproducible image quality
(improved spatial and contrast resolution) compared
[51,52]
with MRE
. Other advantages over MRE include
much more rapid image acquisition (seconds), ability
to assess patients with MR-incompatible hardware,
and ability to image young patients without the
need for sedation. The major drawback of CT is the
ionizing radiation exposure to patients, which has
received much attention in recent years given that the
IBD population (CD in particular) is likely to require
multiple imaging studies over the course of their
[53]
disease . It is important to point out the CT radiation
doses continue to decrease due to innovations in CT
hardware and image reconstruction technology, and
that the potential risk associated with abdominal CT
for individual patients is extremely low compared with
[54]
other activities related to daily living .

Assessment of disease activity

A CTE based index of inflammatory severity for CD
has been proposed but not widely used, based on
the presence of wall thickening, mucosal or mural
enhancement, mural stratification, comb sign and
[55]
involvement of regional nodes . The Lémann score,
which uses either CTE or MRE, aims to quantify
long term cumulative bowel damage over time. It
comprises of extent and severity of bowel damage,
including stricturing and penetrating lesions, as well as
[56]
previous surgery .
MRE, MR enteroclysis, and MR fistulography:
Background/technique - MRE is a minimally invasive,
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Figure 3 Active Crohn’s terminal ileitis depicted on computed tomography enterography and magnetic resonance enterography in the same patient. Serial
computed tomography enterography (A) and magnetic resonance enterography (B) studies demonstrate marked wall thickening and hyperenhancement (arrows) just
proximal to the ileocecal valve consistent with active disease, as confirmed by endoscopy.

non-ionizing radiation diagnostic technique with the
ability to obtain multiplanar diagnostic information
about intra and extra mural involvement of the small
[57]
bowel in IBD . Because of the need for frequent reevaluation of disease activity in patients with IBD
as well as concern regarding cumulative ionizing
radiation of imaging studies, MRE is increasingly
[58]
utilized over CTE , especially in children and young
adults. MRE combines large volume oral contrast
bowel distention with T2-weighted, balanced steady
state free precession, and multiphase T1-weighted fat
suppressed contrast-enhanced sequences to optimize
detection of bowel wall abnormalities. A multi-channel
phased array body coil is used, with imaging field of
view extending from the transverse colon superiorly
to the bottom of the anal sphincter complex inferiorly.
The most commonly used class of MR contrast agents
are of the biphasic type, which are hypointense on T1weighted images and hyperintense on T2-weighted
images (e.g., dilute barium with sorbitol, polyethylene
glycol, mannitol, water). With these agents one can
readily assess the pattern of bowel wall folds on T2
weighted images without losing mucosal enhancement
[59]
data on T1 weighted images . Nonabsorbable enteric
contrast agents are preferred to maintain uniform
contrast opacification of small bowel for the duration
of the exam (30-45 min). Ingestion of adequate
enteric contrast is of the utmost importance for MR
enterography. Unlike CT, where underdistended bowel
loops can still generally be evaluated, the relative
diminished spatial resolution of MRI renders collapsed
bowel difficult to assess for disease. Additionally,
enteric contrast is needed to displace intraluminal
air which can lead to significant susceptibility artifact
on gradient echo post-contrast sequences. The total
volume of enteric contrast needed to distend the
small bowel in adults is similar to CTE and ranges
from 1-2 L administered over 45-60 min, with a
lower volume given to pediatric patients based on
weight. Some institutions administer an anti-peristaltic
agent (glucagon or hyoscine butylbromide) to reduce
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bowel peristalsis and motion artifact, although this
[60,61]
can produce nausea in some patients
. Patient
positioning during MRE also varies by institution, with
many institutions favoring the supine position for
patient comfort and others preferring prone position
positioning to compress the bowel and decrease scan
times.
Typical MRE pulse sequences include: single shot
T2-weighted images and balanced steady state free
precession (bSSFP) sequences in the coronal plane
to provide motion-free assessment of the bowel wall
(Figure 3), mesentery, and extraintestinal regions;
cinematic thick slab coronal bSSFP images to
evaluate peristalsis and distinguish underdistended
from inflamed bowel loops; axial T2-weighted fat
suppressed images to assess for bowel well edema and
intra-abdominal fluid collections; coronal multiphase
3D T1-weighted fat suppressed images post-contrast
to evaluate bowel wall enhancement and mesenteric
vascularity; and delayed axial T1-weighted fat sup
pressed images to evaluate for penetrating disease
complications including fistulae and abscesses.
MR enteroclysis is performed in a similar manner
to CT enteroclysis with placement of a naso-jejunal
catheter and catheter-directed infusion of enteric
contrast to facilitate uniform bowel distention. However,
with the advent of dynamic thick slab MRI techniques,
contrast is now routinely distilled under real-time
MR guidance until adequate small bowel distension
[62]
is achieved . A number of studies have compared
MR enterography versus enteroclysis in the detection
[63-67]
[66,67]
of Crohn disease
. In two of these studies
MR enteroclysis was superior to MR enterography
for detecting CD abnormalities, particularly of milder
superficial pathology and jejunal disease.
Disease features - The features consistently
related to disease activity in inflammatory bowel
disease are wall thickness, mural T2 signal intensity
[68,69]
and post-contrast enhancement
. T2 signal
intensity of the intestinal wall is directly related
to the degree of edema in the submucosal layer
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Comparison with other modalities

B

MRE has gained much more widespread application
over MR enteroclysis because of its noninvasiveness
and shorter patient time in the scanner. Multiple
studies have demonstrated excellent accuracy of
MRE compared to CTE and colonoscopy for detection
[51,63,72]
of active disease in IBD patients
. The main
advantages of MRE include lack of ionizing radiation,
ability to image the bowel repeatedly over time
(e.g., cinematic SSFP and multiphase post-contrast
imaging) to assess enhancement and function, as well
as superior soft tissue contrast for assessing disease
activity and penetrating disease complications. The
main limitations of MRE are long scan time, which
often necessitates sedation for young or neurologically
impaired patients, as well as inability to perform in
patients with MRI-incompatible devices or metallic
foreign bodies.

Figure 4 Abnormal bowel peristalsis visualized by cinematic magnetic
resonance enterography imaging. Two static images from a cinematic steady
state free precession image series demonstrate multiple normally peristalsing
small bowel loops (A, B: arrowheads) as well as a fixed hypoperistaltic loop of
inflamed small bowel (B; arrows). This loop also demonstrates wall thickening
and mesenteric hypervascularity consistent with active inflammation.

as well dilation of submucosal lymphatic vessels,
with hyperintensity compared with skeletal muscle
considered a sign of active inflammation. MRE, unlike
CTE, includes multiphase post-contrast T1-weighted
fat suppressed imaging, and the presence of mucosal
hyperenhancement on enteric phase images (45-60
s post-contrast injection) followed by progressive
transmural enhancement on delayed images is also
an MRE sign of active inflammation (Figure 3B). Other
MRE signs are similar to CTE and include bowel wall
thickening and ulceration, prominent vasa recta (comb
[63]
sign), and mesenteric fat stranding . Cinematic SSFP
images can also be helpful for distinguishing diseased
bowel, which exhibits reduced peristalsis, from normal
underdistended bowel (Figure 4).
The availability of T2-weighted and multiphase
T1-weighted post-contrast images has also led to
the use of MRE for distinguishing inflammatory
from fibrotic strictures. A common complication of
longstanding CD is the development of strictures
that produce obstructive symptoms. The distinction
between inflammatory and fibrotic strictures is
important clinically because of its impact on clinical
[70]
decision making . Inflammatory strictures are
due to active transmural inflammation and typically
are treated with anti-inflammatory medications. In
contrast, fibrotic strictures are caused by chronic mural
deposition of extracellular matrix proteins and are
treated mechanically (surgical resection or endoscopic
dilation). Both types of strictures appear as focal areas
of luminal narrowing with proximal bowel dilation.
MRE features associated with intestinal fibrosis include
wall thickening, T2 hypointense signal in comparison
to skeletal muscle, as well as minimal (no more than
mild) mural enhancement on multiphase post-contrast
images. MRE has been shown in prospective studies
to be superior to CTE for detection of fibrotic bowel
[71]
strictures in CD .
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Assessment of disease activity

The MaRIA (Magnetic Resonance Index of Activity)
score was validated for assessing inflammatory
activity using MRE in ileocolonic CD based on logistic
[73-77]
regression of MRE imaging features of disease
.
Studies have shown good agreement between MaRIA
and endoscopic indices of CD activity and treatment
response. It is the best validated MRE index of activity;
however, the multiparametric nature of the MaRIA
scoring system can be labor intensive and, because
of this, it currently is not routinely utilized in clinical
practice at most institutions.

MR fistulography/MR evaluation of perianal CD

The lifetime risk of perianal fistula formation in CD
[78]
ranges from 30%-50% , with the presence of a
fistula leading to significant morbidity due to cutaneous
drainage or perianal abscess formation. MRI of the
pelvis is the gold standard examination for evaluation
of the perianal disease, providing the highest contrast
resolution and details of the perianal and sphincter
[79,80]
anatomy to help guide management
. In general,
there is no bowel preparation, oral contrast or sedation
required; only Ⅳ contrast is administered, assuming
no contraindications. This study can be performed
alone as a pelvic exam or can be combined with
an MRE examination. The MRI is performed using
a phased array coil with the patient in the supine
position. Based on recent pediatric publications and the
authors’ experience the following are pulse sequences
commonly utilized in a perianal MRI protocol: (1) T2weighted FSE imaging in the axial and coronal planes
to visualize the anal sphincter complex, with the fat
in the ischioanal fossae and perirectal space providing
intrinsic contrast against the T2-weighted hypointense
sphincter complex musculature; (2) T2 -weighted
FSE fat suppressed or short tau inversion recovery
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Figure 5 Perianal fistulizing Crohn’s disease depicted
on magnetic resonance fistulography. Axial short tau
inversion recovery (A) and coronal (B) T2-weighted (B) images
demonstrate a complex perianal fistula at the 6 o’clock position
(A; arrow) with an intersphincteric component (A; asterisks) as
well as a transphincteric track extending to the skin to the right of
midline (B; arrow).

B

*

*

[87-90]

(STIR) imaging in the axial and coronal planes to
visualize fluid-filled fistulous tracks or abscesses;
and (3) T1-weighted 2D or 3D gradient echo imaging
pre- and post-gadolinium imaging in the axial and
coronal planes to visualize perianal inflammatory
changes and subtle fistulous tracks that might be
[80,81]
missed on fluid-sensitive sequences
. The T2 fatsuppressed/STIR and T1 fat-suppressed post-contrast
images are typically acquired with a smaller field of
view (16-22 cm) to increase spatial resolution for
identifying fistulous tracks and their relationship to the
anal sphincter complex. The coronal plane is especially
useful for identifying the anatomic relationship of
perianal fistulae with the levator ani complex. Some
authors advocate using STIR instead of T2-weighted
sequences with frequency-selective fat suppression
because of more homogeneous reduction in fat signal
[82]
intensity in the pelvis .
The Parks classification system is commonly
[83]
used to describe perianal fistulae . This system
classifies fistulae as intersphincteric, transsphincteric,
suprasphincteric or extrasphincteric based on their
anatomical relationship to the anal sphincter complex
[84]
and levator ani musculature . The St. James
classification system is a modified version of the Parks
system based on MRI that subclassifies intersphincteric
and transsphicteric fistulae based on the presence or
[85]
absence of associated abscess . Imaging findings
range from simple sinus tracts that do not extend to
the skin, to simple fistulae without abscess (Figure 5),
to complex multiple fistulae communicating with the
skin at multiple sites with associated abscess. Perianal
fistulae can also communicate with other pelvic organs
such as the bladder, vagina, and pelvic small bowel
loops. The importance of MR imaging lies in its ability
to demonstrate hidden areas of sepsis and secondary
extensions, both of which contribute to the high rate of
[86]
recurrence after surgery . Furthermore, MR imaging
can be used to define the anatomic relationships of the
fistula to predict the likelihood of postoperative fecal
incontinence. MR imaging has been used in monitoring
the response of fistulous tracks to medical treatment
in patients with Crohn disease, including evaluating
the response of perianal Crohn disease to infliximab
therapy and determining the extent of obliteration of
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fistula tracks in patients following treatment
.
[82]
A recent publication by Shenoy-Bhangle et al
studying MRI predictors of treatment response in
pediatric CD patients with perianal disease identified
fistula length to be the most significant predictor of
response on follow-up pelvic MR. The type of fistula by
Parks classification and the presence of an associated
abscess both impacted the treatment modality
selected but did not significantly affect overall res
ponse on MRI.
Ultrasound: Background/technique - The use
of ultrasound in the assessment of patients with
inflammatory bowel disease is becoming more wide
spread. Ultrasound is advantageous in that it is
low cost, widely available, non-ionizing and allows
[91]
real time imaging . However, there are several
limitations of ultrasound to be considered including the
relatively long scan duration that is highly dependent
on sonographer/radiologist skill and experience.
Ultrasound is also more effective when imaging
a patient with known distribution of disease (i.e.,
with prior MR or CT enterography studies), as it can
be difficult to follow the small bowel in its entirety.
Patients typically are NPO for several hours prior to
the examination and are asked to drink water before
the scan to reduce bowel gas that might obscure
visualization and to push bowel loops out of the pelvis
for easy compression. The current technique employs
using anterior and posterior compression with a high
resolution (12-18 mHz transducer) probe with graded
[48]
compression of bowel .
Disease features - Normal bowel wall consists of
five concentric alternating hyper and hypoechoic layers.
Normal bowel wall thickness is 2-5 mm, measured
in transverse section from the central hyperechoic
[92]
line to the outer margin of the edematous wall .
Inflammatory bowel disease is manifest on ultrasound
as abnormal bowel wall thickening, defined as greater
than 3 mm, and loss of definition of the discrete
bowel wall layers. Both UC and CD lead to bowel wall
thickening. In UC, the sonographic appearance of the
deeper bowel wall layers is preserved, unlike in CD,
where the sonographic distinction among bowel layers
is usually lost. With cd, there may be loss of the
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Figure 6 Dual energy computed tomography enterography in inflammatory bowel disease. Standard (A) and Iodine monochromatic (B) images from a dual
energy computed tomography enterography demonstrate a polypoid lesion in the distal ileum (arrow) that was only appreciated on the Iodine images and found to
represent an inflammatory pseudopolyp at endoscopy.

Assessment of disease activity

bowel wall signature of alternating layers due to fatty
infiltration, oedema or fibrosis. The bowel appears
diffusely hypoechoic with a central hyperechoic line
representing the stenotic lumen. These segments
can be angulated, aperistaltic, rigid, incompressible
[93]
and lack the normal haustrae . Chronic disease can
also be identified by sacculations forming on the antimesenteric border on US Strictures appear as focal
areas of mucosal thickening with proximal dilatation.

Ultrasound has been used to assess disease activity.
Characteristics used for ultrasonography-based
indexes include wall thickening, vascularization, loss
of bowel wall stratification and reduced peristalsis
[101]
or compressibility
. A sonographic lesion index for
CD (SLIC) has been developed for assessment and
standardization of disease activity but is not widely
[102]
utilized
. The index takes into account both the
extent and severity of small bowel damage, including
structuring and penetrating lesions measured by
contrast enhanced ultrasonography (CEUS). SLIC
has the potential to evaluate the progression of small
bowel disease following treatment and over time.

Comparison with other modalities

Generally, changes on ultrasound correlate well
with endoscopic and histologic changes but have
a weak correlation with clinical activity indices or
[94-97]
biomarkers
. The sensitivity and accuracy of
ultrasonography in CD depends on disease location,
with the highest values found when easily accessed
bowel segments (for example the terminal ileum or
left colon) are affected by the disease. In contrast,
diagnostic accuracy is lowest in the upper small bowel
[98]
and the rectum . The sensitivity of ultrasonography
for diagnosing fistulising lesions ranges from 67% to
[99]
87% with a specificity of 90%-100% . The sensitivity
of ultrasonography for diagnosing abdominal abscesses
is 81%-100% with specificity of 90%-100%. The
diagnostic accuracy of ultrasonography for abscesses is
[100]
lower than for CT or MRI
because of false negative
cases mainly in the retroperitoneum, or posterior to
air-distended bowel loops which limits visualization.
Other limitations of US include the ability to evaluate
bowel loops deep in the body due to acoustic
absorbance in tissues, as well as operator dependence
and ability to reproduce images of the entire bowel
and compare them with prior studies. In general, US
performs best when there is a defined distribution
of disease and the patient is thin. CT and MRI are
preferred to US at most institutions for evaluating the
bowel in larger patients and those in whom the entire
bowel needs to be assessed.
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New and emerging directions

Dual energy CT: Dual energy CT (DECT) is an
evolving modality with specific capacities beyond
single-energy (SE) CT that can translate into improved
evaluation in abdominal imaging. The 2 different CT
energy spectra are applied to the same tissue, which
enables differentiation of tissue composition based
on energy-related attenuation characteristics and
has the potential to provide better lesion detection,
[103]
characterization, and monitoring than SECT
.
The iodine images created represent the amount of
iodine present in the tissue and have unique benefit
in comparison with single energy conventional
acquisition. Iodine images can be a surrogate marker
of tissue contrast uptake and may be more sensitive
to subtle areas of bowel wall hyperenhancement
[104]
compared with traditional SECT
. Iodine maps
acquired from DECT as part of CTE may have a role to
play in evaluation of inflammatory lesions in CD (Figure
6). Further research into this is necessary.
MR diffusion weighted imaging: Diffusion weighted
imaging is an evolving technique in the imaging of
IBD. DWI employs the motion of water at a cellular
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and subcellular level to provide image contrast. The
ability of DWI to image microscopic inflammatory
changes offers potential for enhancing detection of
diseased bowel segments and assessing response
[105,106]
to treatment
. Apparent diffusion coefficient
could potentially be used to help assess the degree
[105]
of inflammation in CD strictures
. A prospective
study of 96 patients with CD and UC demonstrated
DWI hyperintensity correlated well with endoscopic
[107]
inflammation in CD . The correlation was less than
that for UC. This held true for unprepared bowel
segments (i.e., no oral or Ⅳ preparation) and suggests
that there may be a role for DWI in the imaging
of patients in whom Ⅳ contrast administration is
contraindicated.

and fibrosis. Motility imaging of the small bowel can
be performed with fast cinematic balanced steady
state free precession sequences, which allow repeated
acquisition of images in a single thick slab over time.
These sequences allow qualitative and quantitative
[112]
assessment of bowel motility
One study iden
tified 40 patients and compared the detection of
abnormalities with and without cine MRI. Overall, cine
MRI depicted 35 more CD related findings than MRI
performed with the standard protocol. Quantitative,
reproducible methods for assessing bowel peristalsis
are currently lacking, and peristalsis on cinematic
MRE images at the present time is evaluated on a
qualitative basis, with segments of visual evidence of
abnormal motility correlated with other MRE findings
of inflammation.

MR magnetization transfer imaging: Emerging
imaging techniques are currently being developed
and tested for detecting intestinal fibrosis. Generally,
T2 weighted MR imaging reflects the amount of fluid
within the pathological wall with better sensitivity and
specificity than other imaging modalities, including
[108]
ultrasonography and CT
. T2 hypointense signal of
the bowel wall has been shown to correlate with the
[109]
presence of fibrosis
, with the amount of collagen
and fibroblasts in the submucosal and muscularis
propria layers associated with shorter T2 relaxation
[108]
times exhibited by the bowel wall
. However,
many fibrotic strictures contain superimposed active
inflammation, with the active inflammatory changes
[70]
masking the fibrosis on imaging . Magnetization
transfer imaging may have a role in the imaging of
fibrosis in CD. Magnetization transfer imaging reflects
the transfer of energy from protons in free water
molecules to those associated with large molecules
such as collagen, by calculating a ratio of signal
intensities based on MR pulse sequences performed
with and without an off-resonance saturation pulse.
Fibrotic tissues containing collagen demonstrate a
high magnetization transfer effect. When applied
to rats with peptidoglycan polysaccharide induced
fibrosis, the mean magnetization ratio in rats with late
phase fibrosis was higher than that of animals with
early inflammation and correlated with the amount
[110]
of tissue fibrosis
. In a prospective study of 31
patients, normal bowel wall segments demonstrated
an intermediate magnetization transfer ratio of
25.4% ± 3.4%. This ratio was significantly increased
in bowel wall segments with fibrotic scarring, while
in segments with acute inflammation, the mean
magnetization transfer ratio was slightly lower than
[111]
normal
. Further studies will be needed to validate
this technique in IBD patients and investigate whether
fibrotic strictures can still be imaged when there is
superimposed active inflammation.

MR as a biomarker of therapeutic response:
An emerging application of MRI in inflammatory
bowel disease is its use as a biomarker of therapeutic
[62]
response . Recently, treatment of IBD has been
revolutionized due to the introduction of biologic
therapies. These therapies target molecular pathways
thought to contribute to bowel inflammation, such
as the proinflammatory cytokine TNF-α, lymphocyte
signaling molecules CTLA-4 and CD20, and the α4
integrin adhesion molecule mediating leukocyte
[113,114]
migration
. These agents are more specific for
the inflammatory pathways underlying IBD compared
with traditional corticosteroids or immunomodulatory
agents and are associated with high rates of primary
response lasting for a variable duration depending
on the patient. The biologic agents currently in
clinical practice are either recombinant peptides or
chimeric antibodies, which are more expensive to
produce compared with traditional compound-based
[114]
drugs
. Therefore, therapy with these agents can
be associated with high financial costs to patients
and the healthcare system as a whole. A noninvasive
biomarker of treatment response/resistance potentially
would be of financial benefit to patients undergoing
biologic therapy, by ensuring that patients who are
refractory to treatment do not remain on medication
for longer than necessary. Additionally, such a
biomarker would help to minimize toxicities associated
with prolonged treatment with biologic agents that
include increased risk of serious infections, as well as
more rare side effects such as neurologic disorders,
CHF, and hematologic malignancies. Finally, the
current standard biomarker for treatment response
[14]
is mucosal healing seen on serial endoscopy
and a
noninvasive imaging alternative would be preferred
by many patients. MRI is particularly well-suited to
serve as an imaging biomarker of therapeutic efficacy
because of its lack of ionizing radiation, rendering it
an ideal modality for repeated assessment before and
during treatment. Recent evidence suggests that the
MaRIA index of activity correlates well with mucosal
[115]
healing on endoscopy
and future research is aimed

MR motility imaging: In patients with CD, abnormal
bowel segments have decreased motility related to
impaired peristalsis from bowel wall thickening, edema,
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at identifying novel MRI biomarkers of microscopic
bowel inflammation.
4

CEUS: CEUS is based on intravenous injection of a
microbubble contrast agent that increases echogenic
conspicuity of the vascular space, followed by visual
assessment with contrast-specific imaging software
to evaluate the microcirculation and macrocirculation
[116]
of the targeted organ
. With microbubble contrast
agents, it is possible to depict perfusion of the
[117]
gastrointestinal wall
. Using this technology, the
percentage of maximal enhancement and the area
under the time-intensity curve are substantially
[118]
reduced in fibrotic ileal loops . Correlation between
MRI and CEUS for assessing disease activity is good;
however, MRI currently is considered superior to CEUS
due to the high number of false-positive results for
ultrasonography. High correlation was found between
these two techniques when assessing thickness of
the small bowel wall, lymph nodes and comb sign;
good correlation was depicted in assessing layered
wall appearance, disease extension and fibroadipose
[119]
proliferation
. CEUS has similar limitations to
standard bowel US, including evaluation of patients
with large body habitus and difficulty of following
the bowel in its entirety. The emergence of targeted
US microbubble contrast agents with increased
predilection for neovascularization may help to improve
its performance for IBD activity evaluation.

5
6

7
8
9
10
11
12

13

CONCLUSION
Imaging plays a critical role in the initial diagnosis
and ongoing evaluation of IBD patients. Although
the primary role of imaging over the years has been
to evaluate small bowel segments inaccessible to
endoscopic visualization and to discriminate CD
from UC, its role has expanded to include detection
of extraluminal complications and extraintestinal
manifestations of IBD, assessment of disease activity
and treatment response, and discrimination of inflam
matory from fibrotic strictures. Understanding the
pros and cons of the different IBD imaging modalities
is essential for optimal clinical evaluation of patients
with IBD. In addition, continuing advances in imaging
technology are leading to ongoing improvements in
the ability of imaging to noninvasively monitor disease
activity and treatment response.
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Protective links between vitamin D, inflammatory bowel
disease and colon cancer
Stacey Meeker, Audrey Seamons, Lillian Maggio-Price, Jisun Paik

Abstract

Stacey Meeker, Audrey Seamons, Lillian Maggio-Price,
Jisun Paik, Department of Comparative Medicine, University of
Washington, Seattle, WA 98195, United States

Vitamin D deficiency has been associated with a
wide range of diseases and multiple forms of cancer
including breast, colon, and prostate cancers.
Relatively recent work has demonstrated vitamin D to
be critical in immune function and therefore important
in inflammatory diseases such as inflammatory
bowel disease (IBD). Because vitamin D deficiency
or insufficiency is increasingly prevalent around the
world, with an estimated 30%-50% of children and
adults at risk for vitamin D deficiency worldwide, it
could have a significant impact on IBD. Epidemiologic
studies suggest that low serum vitamin D levels are
a risk factor for IBD and colon cancer, and vitamin
D supplementation is associated with decreased
colitis disease activity and/or alleviated symptoms.
Patients diagnosed with IBD have a higher incidence
of colorectal cancer than the general population,
which supports the notion that inflammation plays a
key role in cancer development and underscores the
importance of understanding how vitamin D influences
inflammation and its cancer-promoting effects. In
addition to human epidemiological data, studies
utilizing mouse models of colitis have shown that
vitamin D is beneficial in preventing or ameliorating
inflammation and clinical disease. The precise role of
vitamin D on colitis is unknown; however, vitamin D
regulates immune cell trafficking and differentiation,
gut barrier function and antimicrobial peptide syn
thesis, all of which may be protective from IBD and
colon cancer. Here we focus on effects of vitamin D
on inflammation and inflammation-associated colon
cancer and discuss the potential use of vitamin D for
protection and treatment of IBD and colon cancer.
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OVERVIEW OF IBD, CAC AND
VITAMIN D

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

IBD is a group of diseases characterized as chronic
remittent or progressive inflammation of the gastro
intestinal tract. The two primary conditions in humans
are Crohn’s disease (CD) and ulcerative colitis (UC),
and the prevalence of both conditions have been
increasing in western countries over the past 50
years with CD affecting 50-200/100000 people and
[29]
UC affecting 120-200/100000 people per year .
Though the precise etiology underlying IBD remains
unclear, dysregulation of the mucosal immune system
in response to enteric antigens is believed to be one of
[30]
the initiators of the chronic inflammation . Patients
diagnosed with IBD are at increased risk for developing
CAC compared to the general population, especially
[30-32]
if the colitis is not well controlled
. Inflammation
is believed to play a role in the development of CAC
through promotion of angiogenesis, tumor-promoting
cytokine production, tumor cell invasive behavior,
cellular proliferation and alterations in immune res
[33]
ponses . Treatments to limit inflammation may be
beneficial in reducing the incidence of CAC in these
[34]
high-risk populations . Because vitamin D has been
shown to alter many of the pathways involved in
inflammation as well as tumorigenesis, the potential to
use vitamin D supplementation as an adjunct therapy
[35-38]
in IBD patients is being explored
.
We have recently shown that dietary vitamin D
supplementation provides protection against IBD
and subsequent inflammation-induced colon cancer
-/[39]
in the Smad3 mouse model of CAC . Our data
suggest that the chemoprotective effect of vitamin
D is likely due to decreased colitis prior to tumor
development. Our findings are consistent with other
studies demonstrating association between vitamin D
supplementation and decreased colitis, disease activity
[39-42]
and/or alleviated symptoms of IBD in both mice
[21,36,37]
and humans
. Additionally, both our work and
others have demonstrated that vitamin D decreases
the incidence of dysplasia, a precursor to cancer, in
[39,42,43]
models of IBD-associated colon cancer
. These
data support the notion that vitamin D may be a
beneficial adjunct therapy for IBD and CAC. Because
there is currently no cure for IBD, patients typically
require long-term immunomodulatory drug therapy
to manage their symptoms with substantial economic
[44]
costs over their lifetime . The use of vitamin D as
a treatment in patients with IBD would be simple
and inexpensive to implement. However, the specific
mechanisms through which vitamin D ameliorates
colitis remain unknown though vitamin D has been
shown to regulate immune cell trafficking and
differentiation, gut barrier function, and antimicrobial
peptide synthesis, all of which may play a role in
[45-47]
mediating protection from disease
. Thus, addi
tional studies are needed to determine the patient

Core tip: Vitamin D is inversely related to inflammationassociated diseases such as inflammatory bowel disease
(IBD) and colon cancer. As vitamin D deficiency and
insufficiency are prevalent worldwide, it can significantly
impact risk and progression of these diseases. Here
we provide an overview of human epidemiologic and
animal studies linking vitamin D, IBD and colon cancer.
We also review potential mechanisms of vitamin D
action that were elucidated by using animal models.
Finally, we address current knowledge gaps in this field
of research to help determine the potential benefits and
risks of using vitamin D to prevent and/or treat IBD
and cancer.
Meeker S, Seamons A, Maggio-Price L, Paik J. Protective links
between vitamin D, inflammatory bowel disease and colon
cancer. World J Gastroenterol 2016; 22(3): 933-948 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i3/933.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.933

INTRODUCTION
Vitamin D is primarily known for its role in regulation
of bone metabolism by controlling intestinal calcium
[1-3]
[4]
absorption
and bone remodeling , the importance
of which is demonstrated by prolonged vitamin D
deficiency resulting in delayed growth and rickets in
[1]
children as well as osteoporosis and osteopenia in
[5]
adults . In addition to its role in bone metabolism,
it has become increasingly apparent that vitamin
D participates in a variety of other physiological
functions, including immune responses. Consequently,
vitamin D deficiency is also associated with a wide
[6]
range of diseases including: asthma , multiple
[7]
[8]
[9,10]
sclerosis , rheumatoid arthritis , type 1 diabetes
,
[11,12]
[13,14]
[15]
heart disease
, depression
, and tuberculosis .
For our interests, epidemiologic studies link low
serum vitamin D levels with an increased risk of
developing inflammatory bowel disease (IBD) and colon
[16-22]
cancer
. As vitamin D deficiency or insufficiency
is increasingly prevalent around the world, with esti
mates of 30%-50% of children and adults at risk of
[3]
vitamin D deficiency worldwide , it could significantly
influence incidence and progression of IBD and colon
cancer. In this paper, we will review current evidence
linking vitamin D, IBD, and colitis-associated colon
cancer (CAC) and summarize the potential benefits
and risks of using vitamin D to prevent or treat these
diseases. Several reviews have been published recently
[18,23-26]
concerning vitamin D and the immune system
[19,27,28]
and cancer
.
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Figure 1 Vitamin D metabolism. Vitamin D can be obtained either through exposure to sunlight where ultraviolet b (UVB) interaction in the skin converts
7-dehydrocholesterol to vitamin D or through absorption from the diet. Vitamin D must undergo several hydroxylation steps to become an active metabolite,
1,25-dihydroxyvitamin D. The first hydroxylation step occurring mainly in liver by 25-hydroxylase produces 25-hydroxyvitamin D, the main circulating form of vitamin D.
The second hydroxylation step catalyzed by 1α-hydroxylase occurs in many target tissues including kidney, intestinal epithelial cells and immune cells and generates
the active form of vitamin D, 1,25-dihydroxyvitamin D. This latter form of vitamin D is a ligand for a transcription factor, vitamin D receptor (VDR), which is present in
most cell types. VDR bound with 1,25-dihydroxyvitamin D translocates to the nucleus where it dimerizes with retinoid X receptor (RXR). The dimers have the ability
to activate transcription of various genes containing a specific promoter region known as vitamin D response elements (VDRE) by binding to the region and recruiting
transcriptional machinery.

populations that might benefit from vitamin D therapy.

can significantly impact vitamin D status in some
[2,49]
individuals
.
Vitamin D, synthesized in the skin or taken up
from the diet, undergoes two hydroxylation steps
to become biologically active 1,25-dihydroxyvitamin
D (1,25(OH)2D) (Figure 1). The first hydroxylation
step occurs in the liver where a 25-hydroxylase
(Cyp2R1 and possibly other enzymes) produces
[50,51]
25-hydroxyvitamin D (25(OH)D)
. This is the main
circulating form of vitamin D and is most often used
as an indicator of nutritional vitamin D status, both in
humans and animals, as it is highly stable and has a
[3]
long half-life . The majority of 25-hydroxyvitamin D
circulates in blood bound to either vitamin D binding
protein (DBP; 85%-90% bound) or albumin (10%-15%
[45]
bound) with < 1% unbound as free vitamin D .
The second hydroxylation step occurs primarily in
the kidney by 1α-hydroxylase (Cyp27b1) to produce
active 1,25-dihydroxyvitamin D (1,25(OH)2D) (Figure
1). The active form of vitamin D can also be measured
in the serum, although its concentrations do not
reflect nutritional vitamin D status as the half-life is
relatively short (4-20 h) and its production is highly

VITAMIN D METABOLISM AND
SIGNALING
To explain mechanisms by which vitamin D might
influence IBD and colon cancer, we will briefly review
the metabolism and actions of vitamin D. More
thorough reviews on this topic can be found in recent
[3,48]
publications
.
Humans obtain the majority of their vitamin D from
exposure to sunlight as UVB radiation is able to convert
7-dehydrocholesterol to vitamin D3 (cholecalciferol)
in the skin (Figure 1). Diet, however, becomes an
important means of obtaining vitamin D in individuals
with limited exposure to sunlight, such as might occur
due to insufficient exposure to natural sunlight because
of residing at higher latitudes or limited amounts of
time spent outdoors, or increased protection against
sun exposure through clothing and/or sunscreen.
Therefore, inadequate intake of foods rich in vitamin D
such as oily fish, beef liver, and fortified milk products
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regulated by serum levels of calcium and phosphorus
as well as activities of parathyroid hormone and
[3]
fibroblast-like growth factor-23 . Both 25(OH)D and
1,25(OH)2D can also be inactivated through further
hydroxylation by 24-hydroxylase (Cyp24a1), which
is induced by vitamin D signaling in almost all target
[3]
tissues of vitamin D . More detailed information on
the synthesis, uptake, and metabolism of vitamin D
[3,52]
is reviewed in other recent publications
. Although
the majority of vitamin D hydroxylation occurs in the
liver (25-hydroxylation) and kidney (1α-hydroxylation),
other tissues, including intestinal epithelial cells and
immune cells (T and B cells, macrophages, dendritic
cells), express vitamin D hydroxylase enzymes
[53,54]
(Cyp27b1, Cyp24a1)
, suggesting that these cells
can regulate levels of the active hormone locally.
1,25(OH)2D elicits its effects through binding to the
vitamin D receptor (VDR), a transcription factor for
genes with promoters containing vitamin D response
[55]
elements (VDREs)
(Figure 1). VDR bound by
1,25(OH)2D can recruit transcription machinery to
activate a plethora of down-stream genes. Through
chromatin precipitation parallel DNA sequencing studies
(CHIP-seq) more than 2776 VDR binding sites have
[56]
been identified throughout the human genome .
Interestingly, this study noted that VDR binding sites
were significantly enriched near genes known to be
associated with autoimmune disease and cancer,
including PTPN2, a gene that has been implicated in
CD and UC due to its important role in maintaining
[56]
epithelial barrier function . This suggests that
expression of these genes may be decreased in people
with inadequate levels of vitamin D due to reduced
VDR ligand. More in-depth reviews on VDR and gene
[57-59]
expression have been previously published
.
Multiple VDR polymorphisms have been reported
in humans and are associated with various diseases
[60-62]
including IBD, cancer, asthma and obesity
.
However, many of these polymorphisms occur in noncoding regions of the VDR gene and appear to have no
direct consequence to the VDR protein itself, except for
one polymorphism where the transcription start site is
[60]
changed resulting in a shorter and more active VDR .
More frequently, VDR gene polymorphisms affect
VDR transcription due to changes in the promoter
region or 3’UTR, but the functional consequence(s) of
[60]
these changes is not well defined . Loss of function
mutations in the VDR result in vitamin D deficiency
[63]
symptoms including rickets . When mutations affect
VDR’s binding to its ligand, 1,25(OH)2D, symptoms are
similar to vitamin D nutritional deficiency. However,
when mutations affect VDR’s binding to DNA (via
VDREs), alopecia can occur in addition to symptoms of
vitamin D deficiency, suggesting that VDR has ligand[63]
independent functions . These types of mutations
[64,65]
have been replicated in murine models
, and
studies using these animal models revealed that VDR
can actively suppress down-stream genes when bound
to VDREs without its ligand. Thus, mice with VDR
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mutations affecting ligand binding but maintaining
DNA binding ability have more severe skeletal defects
than mice with vitamin D deficiency or mice with VDR
[64]
null mutations . The mutated VDR, VDRgem, does
not respond to endogenous VDR ligand 1,25(OH)2D
but can be activated by synthetic analogs, gemini
ligands. Hence, the VDRgem model may be useful in
deciphering ligand-dependent and -independent roles
[64]
of VDR . For our interests, this mouse model could
be used to determine if ligand-independent VDR
function influences immune responses and thus the
development of IBD/CAC and to develop drugs to
[64]
target these specific functions .

HUMAN EPIDEMIOLOGIC DATA
ASSOCIATING SERUM VITAMIN D
LEVELS, IBD, AND CAC
It has been observed that the incidence of IBD
is higher in people residing at northern latitudes
compared to those at more southern latitudes both in
[66]
[67-69]
the United States
and in Europe
, suggesting
that limited exposure to UVB and resultant decreased
vitamin D levels may influence risk of IBD. In addition,
lower UVB exposure and vitamin D deficiency has
[16]
been associated with onset of IBD , increased clinical
[70-73]
disease activity
, greater rates of hospitalization,
prolonged hospitalization and an increased need for
[74,75]
bowel surgery in patients with IBD
, and risk
[22]
of malignant transformation . Along similar lines,
results from a questionnaire assessing the overall
quality of life of IBD patients (141 CD and 79 UC)
noted that increased serum vitamin D levels correlated
with increased health-related quality of life in both
[76]
CD and UC patients during winter/spring months .
Interestingly, VDR expression was significantly
decreased in intestinal epithelial cells from IBD patients
compared to healthy controls. In addition, intestinal
VDR expression was lower in patients with active CD
compared to those with quiescent disease despite
one cohort of patients studied having “adequate”
[77]
serum levels of vitamin D , suggesting that epithelial
responses to vitamin D may be diminished during
active IBD and this may not be altered by increasing
serum vitamin D alone.
Similar to the findings in IBD patients, epidemiologic
data demonstrate a significant north/south gradient
associated with colon cancer with increasing incidence
and mortality associated with reduced exposure to
[17,20,78]
natural light
. Prospective cohort studies have
demonstrated an inverse association between serum
vitamin D levels [25(OH)D] and cancer development
[28,79,80]
(colon, breast and prostate)
. Interestingly,
[22]
Ananthakrishnan et al
demonstrated that within
a cohort of 2809 IBD patients almost a third of the
patients were vitamin D deficient. Over an elevenyear follow up period, 7% of those patients went on
to develop cancer. Strikingly, the patients that went
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on to develop cancer had significantly lower vitamin D
levels than those who did not develop cancer. It was
estimated that for every 1 ng/ml increase in plasma
25(OH)D concentration, there was a 6% reduction in
[22]
colorectal cancer risk .
Although there is a strong inverse association
between serum levels of 25(OH)D and the risk for IBD/
CAC, there is no consensus about what the adequate
serum vitamin D concentration should be to prevent
these diseases. Historically, adequate levels of vitamin
D were defined based on maintenance of calcium
homeostasis without causing bone disease. However, as
our knowledge of the impacts of vitamin D on human
health and disease become broader, experts have
sought to re-define the levels of vitamin D to provide
the most protective health benefits. Unfortunately, this
is much more difficult to determine as “health benefit”
is hard to define. According to the Institute of Medicine,
vitamin D sufficiency was determined to be ≥ 50 nmol/
L serum 25(OH)D, while serum vitamin D levels of
25-50 nmol/L were classified as insufficient and < 25
[52]
nmol/L deficient . In contrast, the Endocrine Society
defined vitamin D sufficiency as ≥ 75 nmol/L serum
[81]
25(OH)D and deficiency as < 50 nmol/L . At this
time, further research investigating how varied serum
levels of vitamin D are related to health and disease
are needed in order to better define “adequate” serum
vitamin D levels.
Though the epidemiologic data suggest a link
between circulating vitamin D levels and disease
outcome, these studies cannot address the question
as to whether vitamin D deficiency is a cause of or
sequela of the disease. For these questions, animal
models have been useful to address mechanisms
through which vitamin D influences inflammation and
cancer development.

Tables 1 and 2.

Vitamin D - Impact on immune responses

One mechanism through which vitamin D may impact
IBD development and progression is through altering
[18,26,82,83]
immune responses
. Multiple studies have
demonstrated that T cells are both direct and indirect
[84-87]
+
targets of vitamin D
. CD4 effector T cells that
lack VDR or CYP27B1 express higher concentrations
of the inflammatory cytokines interleukin (IL)-17 and
interferon gamma (IFNγ), proliferate more rapidly,
and induce more severe colitis following adoptive
transfer into naïve recipient mice, compared to WT
-/cells. In addition, Vdr mice fail to develop iNKT and
CD8αα T cell populations, both of which are important
regulatory T cell subsets necessary in the resolution
[88-90]
of inflammation
. Treatment of T cells or mice
with active vitamin D both in vitro and in vivo results
+
+
in decreased proliferation of both CD4 and CD8
subsets as well as decreased secretion of IL-2 and
IFNγ, resulting in decreased Th1 and Th17 responses
[85,88]
and an overall dampening of inflammation
. In
addition to affecting T cells directly, vitamin D alters
inflammation by affecting antigen-presenting cells.
Macrophages and dendritic cells treated with vitamin
D have decreased secretion of proinflammatory
[91,92]
cytokines following activation
. In addition, vitamin
D treatment modulates dendritic cell differentiation and
maturation: vitamin D-treated dendritic cells express
fewer maturation markers including CD80, CD86, and
MHCII and secrete less IL-12. This results in decreased
dendritic cell-mediated activation and proliferation
of T cells and an increase in T cells with regulatory
[92-94]
phenotypes
. The effects of vitamin D on NK
cell responses are understudied considering the role
these cells have been shown to have in autoimmune
[95]
disease
as well as their role in interacting with
[96]
dendritic and T cells and modulating their responses .
Vitamin D has been shown to enhance cytotoxic
[97,98]
function of human NK cell lines
and may also
impair NK cell development and inflammatory cytokine
[99]
expression in vitro .

POTENTIAL MECHANISMS OF ACTION
OF VITAMIN D IN IBD DEVELOPMENT
AND PROGRESSION
Animal models are an important and necessary tool
for studying the effects of vitamin D deficiency and/or
supplementation on IBD and cancer. Mouse models
permit modulation of vitamin D levels while controlling
for other environmental and genetic factors that
may influence disease development. Tables 1 and 2
provide summaries of animal models of IBD (Table
1) and CAC (Table 2) in which the role of vitamin D
with regard to disease has been addressed. Mouse
models of IBD and CAC have been categorized into
vitamin D supplementation, vitamin D deficiency,
and animals with genetically altered VDR. Categories
have been further broken down to highlight studies
that show amelioration vs exacerbation of disease.
In the following section, we briefly discuss some of
the important mechanisms through which vitamin D
impacts IBD and CAC using the models outlined in
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Vitamin D - Effects on intestinal barrier function

Another mechanism through which vitamin D may
protect against IBD is by improving intestinal epithelial
barrier function. Patients with CD have increased
intestinal barrier permeability which has been
[100]
associated with inflammation and dysbiosis
as it
results in increased exposure of the immune system
to intestinal microbiota. In vitro studies demonstrate
that vitamin D signaling is imperative for the main
tenance of epithelial barrier integrity by increasing
the expression of tight junction proteins including
Occludin, Zo-1, Zo-2, Vinculin, and Claudin, and
[101-104]
altering transepithelial resistance
. Interestingly,
[102]
Kong et al
have demonstrated that mice lacking
VDR have decreased transepithelial electric resistance
and disruption of the epithelial cell tight junctions
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Table 1 Vitamin D and mouse models of inflammatory bowel disease
Strain

Model

Vitamin D Supplementation
Protection
Il10-/Spontaneous

Vitamin D
metabolite/
analog

Dose, route

Treatment window
and duration

Serum vit D
measure

Outcome

Ref.

1,25(OH)2D3
and D3

0.005 μg
1,25(OH)2D3/d or 5
μg D3/d, diet
0.2 μg 1,25(OH)2D3/
d, diet

3 wk of age;
maintained
throughout study
At the first sign
of IBD (diarrhea),
lasted for 2 wk

ND

Ameliorated IBD

[40]

Il10-/-

Spontaneous

1,25(OH)2D3

20 ng/d, diet

4 wk of age;
maintained
throughout study

ND

C57BL/6

DSS
(0.5-3.5%), 5 d

1,25(OH)2D3

50 ng/d, diet or 10
ng, intrarectally

ND

Balb/c

DSS (3%), 7 d

ZK191784
(1,25(OH)2D3
analog)

100 μg/kg per day,
orally

C57BL/6

DSS (3%), 7 d

1,25(OH)2D3

0.5 μg/kg, IP

Diet given 1
wk prior to
DSS treatment;
maintained
throughout
study. Intrarectal
administration
given 1 d prior to
DSS; given every
other day
3 d prior or at
the start of DSS
treatment; given
daily
1 d prior to DSS
treatment; given
daily up to 11 d

C57BL/6

DSS (2%), 7 d

1,25(OH)2D3

Cyp27b1-/and Vdr-/-

DSS (3.5%), 5
d

1,25(OH)2D3

50 ng/d, diet

2 wk prior to
DSS treatment;
maintained
throughout study

ND

C57BL/6

DSS (3%), 7 d

NA

Adoptive transfer
of CYP27B1
over-expressing
monocytes

Adoptive transfer
on 5th day of DSS
treatment

ND

C57BL/6

DSS (2%), 5 d
of treatment
followed
by 2 d of
regular water
throughout
study

1,25(OH)2D3
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0.2 μg/25 g BW/d, After DSS treatment
oral gavage

0.2 μg/25 g BW/d, 2 wk after initiation
oral gavage
of DSS treatment;
maintained
throughout study

938

Effective at blocking
the progression and
ameliorating the
symptoms in established
disease
Significantly reduced
spontaneous colitis. More
effective protection with
combined treatment with
calcium
Decreased DSS-induced
colitis. Intrarectal
administration more
effective than dietary
delivery

[113]

[106]

ND

Significantly decreased
DSS-induced colitis

[115]

ND

Decreased inflammation
and tissue damage
following DSS treatment;
Increased weight
loss likely due to
hypercalcemia
Decreased clinical disease,
colonic inflammation and
intestinal permeability
following DSS treatment

[41]

ND

ND

Cyp27b1-/- mice more
susceptible to DSS-induced
colitis; supplementation
with 1,25(OH)2D3 partially
ameliorated disease
CD11b+/Gr1+ monocytes
overexpressing CYP27B1
trafficked to the inflamed
colon and ameliorated
DSS-induced colitis
Vitamin D decreased
clinical disease and colonic
inflammation following
DSS treatment. Vitamin
D treatment significantly
decreased mononuclear
cell infiltrates present in
the spleen and mesenteric
lymph node following DSS

[117]

[91]

[114]

[139]
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Smad3-/-

Helicobacter
bilis

2 wk prior to H.
bilis infection;
maintained
throughout study
Given 2 h before and
3 d post (acute) or 3,
4 and 5 d post TNBS
(interventional)
Given 30 min before
and 1, 3 and 5 d
post TNBS

25(OH)D

Higher vitamin D
significantly decrease
colonic inflammation

[39]

ND

Significantly reduced
colitis; greater protection
with concurrent treatment
with dexamethasone
Ameliorated TNBS
colitis and protected
against epithelial barrier
disruption

[140]

25 IU or 5000 IU per Before conception;
kg diet, diet
maintained
throughout study
1000 IU or 5000 IU
After peroxicam
per kg diet, diet
treatment ends; for
12 d

25(OH)D

No significant difference
in inflammation score

[109]

1,25(OH)2D,
25(OH)D

Vitamin D
supplementation during
active colitis did not alter
colonic inflammation;
increased trabecular bone
deterioration

[108]

1 d prior to
treatment; daily

ND

Increased colonic
ulceration and bacterial
burdens compared to
controls

[41]

Vit D deficient diet

Maintain
throughout study

ND

[40]

NA

Vit D deficient diet

AOM + DSS
(2%), 7 d

NA

Vit D deficient diet

Helicobacter
bilis

NA

Vit D deficient diet

DSS (2%), 9
days or E. coli

NA

Vit D deficient diet

6 wk prior to
25(OH)D
DSS treatment;
maintained
throughout study
3 wk of age;
25(OH)D
maintained
throughout study
2 wk prior to
25(OH)D
infection; maintain
throughout study
Maintain
1,25OH)2D
throughout
and 25(OH)D
experiment

Increased mortality
and more rapid disease
development compared
to vitamin D sufficient
animals
Exacerbated DSS colitis
and increased bacterial
loads within the colonic
tissue
Increased mortality and
disease severity in AOM/
DSS colitis
Did not alter IBD
development or severity

NA

NA

NA

ND

Spontaneous

NA

NA

NA

ND

DSS
(0.5%-3.5%), 5 d

NA

NA

NA

ND

D3

1000 IU or 5000 IU
per kg diet, diet

1,25(OH)2D3

0.2 μg/kg, IP

TNBS (100
mg/kg)

Paracalitriol
(1,25(OH)2D3
analog)

0.5 μg/kg, IP

Spontaneous
colitis

D3

Adoptive
transfer of
Il10-/- T cells +
piroxicam (7
d)

D3

Citrobacter
rodentium

1,25(OH)2D3

0.5 μg/kg, IP

Vitamin D Deficiency
Il10-/Spontaneous

NA

C57BL/6

DSS (2.5%), 6
d

Il10-/-

Smad3-/-

Balb/c

TNBS (100
mg/kg)

C57BL/6

Neutral
Il10-/-

Rag-/-

Exacerbation
C57BL/6

Il10-/-

Other (genetically altered VDR)
hVDR Tg
TNBS, DSS,
and adoptive
T cell transfer

hVDR Tg
Il10-/-

Vdr-/-
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ND

[116]

[105]

[141]

[39]

Decreased survival and
increased intestinal
permeability following
DSS treatment; increased
susceptibility to infection
with invasive E. coli

[103]

Overexpression of VDR
in the intestinal epithelial
cells protected against
TNBS, DSS and adoptive
T cell transfer -induced
colitis
Overexpression of VDR
in the intestinal epithelial
cells protected against
spontaneous disease in
Il10-/- mice
Increased sensitivity,
mortality and disease
severity in response to DSS

[77]

[142]

[107]
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Vdr-/-

DSS
(2%-2.5%), 7 d

NA

NA

NA

ND

Vdr-/-

Salmonella
typhimurium

NA

NA

NA

ND

VDRΔIEC

DSS (5%), 7 d

NA

NA

NA

ND

Vdr-/- and
Il10-/-/Vdr-/-

Adoptive
T Cell
Transfer and
Spontaneous

NA

NA

NA

ND

Il10-/-/Vdr-/-

Spontaneous

NA

NA

NA

ND

Il10-/-/Vdr-/-

Spontaneous
and Adoptive
T cell Transfer

NA

NA

NA

ND

Vdr-/- Il10-/-/
Vdr-/-, and
Rag-/-

Adoptive T
Cell Transfer

NA

NA

NA

ND

More sensitive to DSS
inducted colitis resulting
in severe mucosal
ulcerations, impaired
mucosal wound healing,
decreased epithelial barrier
function and increased
mortality
Administration of
probiotics (Lactobacillus
rhamnosus and Lactobacillus
plantarum) increased VDR
protein expression in colon
epithelial cells. Probiotic
administration protected
against Salmonella-induced
colitis in wild type but not
Vdr-/- mice
Loss of intestinal epithelial
VDR exacerbated DSS
colitis, altered paneth
cell development and
changed autophagy gene
expression
Il10-/-/Vdr-/- mice developed
more severe IBD and
increased mortality
compared to Il10-/- mice.
Adoptive transfer of Vdr-/CD4 T cells into Rag-/- mice
induced severe IBD
Il10-/-/Vdr-/- mice developed
more severe IBD compared
to IL10-/- mice
Adoptive transfer of
Il10-/-/Vdr-/- CD4 T cells
into Rag-/- mice induced
severe colitis. Loss of
VDR results in decreased
T cell homing to the gut
and decreased CD4/
CD8αα intraepithelial
lymphocytes
Adoptive transfer of
Il10-/-/Vdr-/- CD8 T cells
into Rag-/- mice induces
severe colitis. Vdr-/- CD8
T cells exacerbate CD4/
CD45RBhigh cell-induced
colitis

[102]

[138]

[137]

[143]

[106]

[89]

[144]

AOM: Azoxymethane; BW: body weight; Cyp27b1: 1α-hydroxylase; D3: Vitamin D3; DSS: dextran sodium sulfate; IBD: Inflammatory bowel disease; IP:
Intraperitoneal; NA: not applicable; ND: not done; TNBS: 2,4,6-Trinitrobenzenesulfonic acid; Vit: Vitamin; VDR: vitamin D receptor.

resulting in an increased susceptibility to dextran
sodium sulfate (DSS)-induced colitis. Conversely, Liu
[77]
et al have demonstrated that overexpression of VDR
within the colonic epithelial cells is protective in several
different mouse models of colitis, including DSS and
the adoptive transfer of T cells into naïve mice, by
preserving epithelial tight junctions and attenuating
epithelial cell apoptosis thus preserving the gut
epithelial barrier function.

models. Mice fed a vitamin D deficient diet are more
susceptible to DSS-induced colitis compared to those
[105]
fed a vitamin D sufficient diet . Similarly, vitamin D
-/deficient Il10 mice, which develop colitis in response
to enteric flora, develop more severe disease compared
[106]
to vitamin D sufficient animals
. In addition, mice
lacking VDR or CYP27B1 develop more severe IBD
following treatment with DSS compared to wild type
[84,91,102]
controls
, again supporting the epidemiologic
evidence that vitamin D deficiency may play a role in
IBD development and progression. Conversely, vitamin
D supplementation ameliorates symptoms of colitis in
[77,107]
vitamin D deficient animals
. However, in mice,

Vitamin D deficiency

In agreement with the epidemiologic human data,
vitamin D deficiency exacerbates IBD in mouse
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Table 2 Vitamin D and mouse models of colitis-associated colon cancer
Strain

Model

Vitamin D Supplementation
A/J
AOM + DSS (3%), 7
d

CF1

Vitamin D
metabolite/
analog

Dose, route

Treatment window
and duration

Serum
vit D
measure

Ro26-2198
(analog)

0.01 μg/kg per day,
subcutaneous pump

1 wk prior to AOM

ND

AOM + DSS (2.5%) D3, 25(OH)D,
×7d
1,25(OH)2D3
and
1,25(OH)2D5

500 μg D3/kg diet , - 500
μg 25(OH)D/kg diet, 2.5
μg 1,25(OH)2D3/kg diet
and 25 μg 1,25(OH)2D5/
kg diet

C57BL/6 AOM + DSS (2%), 4
d × 3 cycles

D3

100, 400, 1000, 2500 or
5000 IU/kg diet, diet

Smad3-/-

Helicobacter bilis

D3

1000 IU or 5000 IU/kg
diet, diet

Vitamin D Deficiency
Smad3-/Helicobacter bilis

NA

Vit D deficient diet

NA

NA

Other (VDR Knockout)
Vdr-/AOM + DSS (1.5%),
5 d × 3 cycles

Outcome

Ref.

Delayed onset of clinical colitis,
[43]
decreased cellular proliferation
and decreased dysplasia following
AOM/DSS
1 wk prior to AOM
ND
D3, 25(OH)D, and 1,25(OH)2D5
[118]
+ DSS treatment
significantly decreased tumor
and maintained
incidence. 1,25(OH)2D3 induced
throughout study
significant weight loss compared
to other treatments; not included in
final analysis
2.5 wk prior to
25(OH)D
Vitamin D supplementation
[42]
AOM + DSS
significantly decreased dysplasia in a
treatment
dose dependent manner
1 wk prior to
25(OH)D
Higher vitamin D significantly
[39]
infection; maintain
decreased tumor incidence
throughout study
2 wk prior to
25(OH)D
infection; maintain
throughout study
NA

ND

No change in dysplasia score or
tumor incidence

[39]

Increased inflammation and tumor
burdens; increased activation of
EGFR and ErbB2 signaling

[145]

AOM: Azoxymethane; D3: Vitamin D3; DSS: dextran sodium sulfate; EGFR: Epidermal growth factor receptor; ErbB2: Receptor tyrosine-protein kinase
erbB-2; NA: not applicable; ND: not done; Vit: vitamin.

[108]

vitamin D deficiency does not always worsen IBD and
CAC. While increased dietary vitamin D protected
-/Smad3 mice from developing IBD and CAC induced
by Helicobacter, a vitamin D-deficient diet did not
increase colitis and CAC in these mice compared to a
[39]
control group fed normal levels of dietary vitamin D .
Mice fed a vitamin D deficient diet had significantly
lower levels of serum 25(OH)D compared to controls.
Interestingly, while high vitamin D diet suppressed
early inflammation, the vitamin D deficient diet did
not cause more severe inflammation compared to
controls, suggesting that high levels of vitamin D
may inhibit inflammation but lack of vitamin D does
not accelerate or exacerbate the process. Another
possible explanation for this observation is that the
severity of the deficiency may be important to disease
susceptibility in this mouse model: in this study,
although serum levels of vitamin D were significantly
decreased at the time of disease initiation, mice were
not completely vitamin D deficient as they had only
been on diet for two weeks prior to infection with
Helicobacter.

yielded variable results (Table 1). Larmonier et al
used supplemental dietary vitamin D to ameliorate
IBD in an adoptive T cell transfer model of colitis. In
this study, animals were placed on increased dietary
vitamin D supplementation after the onset of colitis
but there was no difference in colitis or expression in
proinflammatory cytokines in vitamin D supplemented
[108]
[109]
animals
. In a study performed by Glenn et al
,
-/Il10 mice were fed either 25 IU or 5000 IU vitamin
D per kg diet in the food throughout life until 3 mo of
age, when the animals were necropsied. While animals
fed low levels of dietary vitamin D had decreased VDR
expression in proximal colon, there were no differences
in incidence or severity of IBD nor were there
differences in gene expression by microarray between
[109]
[41]
the groups
. Ryz et al
demonstrated that while
daily treatment with active vitamin D was sufficient
to protect against DSS-induced colitis, it exacerbated
colitis induced by infection with Citrobacter rodentium.
Our group showed protection with supplemental
vitamin D using a bacterially-induced colitis model. In
-/Smad3 mice, increased dietary vitamin D resulted
in decreased inflammation, dysplasia, and colon
[39]
cancer incidence . We also demonstrated dietary
supplementation of vitamin D was a convenient and
effective way to improve vitamin D nutritional status
as evidenced by a significant increase in serum vitamin
D in mice fed increased vitamin D compared to those
fed control diet. Importantly, we showed that dietary

EFFICACY OF VITAMIN D TREATMENT
IN IBD
Despite the majority of studies showing a strong
inverse association between vitamin D levels and IBD,
studies that use vitamin D to treat IBD have as of yet,
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vitamin D levels that were 5-10 times that of control
diet levels did not alter serum calcium levels. These
studies as well as others are summarized in Table 1.
One of the conundrums of vitamin D therapy has
been how to achieve effective concentrations of the
active form of vitamin D within the target tissues
without inducing hypercalcemia and vitamin D toxicity.
Although effective as an anti-inflammatory or antitumor agent, administering metabolically active
1,25(OH)2D3 to animals and humans has resulted
[40,110-113]
[114]
in hypercalcemia
. Interestingly, Li et al
attempted to avoid vitamin D toxicity by genetically
engineering intestinal macrophages to upregulate
expression of Cyp27b1 (1α-hydroxylase) specifically
in the intestinal tissue following an inflammatory
trigger. Using this strategy, they were able to protect
mice against DSS-induced colitis and decrease the
expression of proinflammatory cytokines without
altering serum calcium levels by localizing the active
[114]
vitamin D to the colon . Other investigators including
[115]
[116]
Strauch et al
and Zhu et al
have administered
1,25(OH)2D analogs and shown protection against IBD
in mouse models while avoiding hypercalcemic effects
of active vitamin D.

address, and one that can be addressed, using this
animal model. While these studies suggest that
vitamin D supplementation may be a useful therapy
in a subset of patients with IBD and/or CAC, further
research is needed to understand the mechanisms
through which vitamin D is working in order to better
predict the timing of when patients should be treated
with supplemental vitamin D and which populations
would benefit the most. In addition, research of
vitamin D analogs that do not cause hypercalcemia
would be useful in the treatment of IBD/CAC without
[119]
significant vitamin D toxicity. Lu et al
and Klampfer
[120]
et al
provide additional comprehensive reviews of
vitamin D signaling pathways and how they might be
involved in carcinogenesis.

GUT MICROBIOTA, IBD, AND VITAMIN D
Aberrant immune responses to intestinal microbiota
have been implicated in the etiology of IBD in
[121]
humans
. Similarly, the role of gut bacteria in IBD
development is well documented in animal models
[122,123]
of IBD
. While no specific bacteria have been
identified as a causative pathogen for IBD, general
[119,124-126]
dysbiosis
as well as an overall decrease in
[22,127]
microbial diversity
has been observed in IBD
patients compared to healthy controls. In addition,
UC patients had lower microbial diversity during
active disease periods compared to periods of
[47,127]
disease remission
, demonstrating the fluidity
of the microbial composition even within the same
individual. Studies using twin pairs discordant for
IBD also show that microbial diversity is reduced in
[128]
twins with IBD compared to healthy counterparts .
Interestingly, the twin pairs discordant for UC had
not only lower microbial diversity but also reduced
host gene transcripts in colonic mucosa compared to
healthy twin pairs, suggesting that cross-talk between
host and microbiota might also be reduced in UC
[128]
patients
. Antibiotics are part of the treatment
armamentarium for IBD patients with active and/or
[36]
fistulizing disease , indicating that manipulation of
the microbiome can affect the disease process. In
addition, studies are underway to examine the benefit
of fecal transplantation for therapy and/or cure of
[23,27,37,48,129]
IBD
.
The gut microbiome is not only strongly linked
to IBD, but also linked to the development of colon
[130]
cancer in humans and mice
. The microbiota
of colorectal cancer patients has been found to
be enriched in bacteria that reflect an overall pro[131]
inflammatory configuration
. Although the asso
ciation between an altered gut microbiome and IBD
appears to be strong, it is currently unknown whether
this is a cause or a consequence of the disease.
Recently, the bacterial driver-passenger model has
[132]
been proposed by Tjalsma et al
as a hypothesis
that could explain microbial changes observed during

VITAMIN D AND INFLAMMATIONASSOCIATED COLON CANCER
Chronic inflammation is believed to play a key role in
[33]
carcinogenesis . Links between inflammation and
cancer have been observed in colon cancer in human
[30]
patients with IBD
as well as in liver, pancreatic,
[33]
stomach, esophageal, and prostate cancers . As
discussed above, both human and animal studies
suggest that vitamin D can be beneficial in preventing
or ameliorating inflammation and clinical disease in
[40,41,117]
IBD
; however, few of these studies further
evaluate how these changes in inflammation impact
subsequent tumor development. Our laboratory
has demonstrated that increased dietary vitamin D
significantly decreases the incidence and severity of
-/IBD in Smad3 mice, which resulted in significant
[39]
decreases in resultant tumor formation . Consistent
with these results, other investigators have demon
strated that increased concentrations of dietary
vitamin D are protective against preneoplastic lesions
in another model of inflammation-associated cancer,
DSS/azoxymethane (AOM), in a dose-dependent
[42,118]
manner
. Results of animal studies performed
evaluating the effects of vitamin D on CAC are
summarized in Table 2. Based on our data and that of
others, we believe that vitamin D is protective against
inflammation-associated cancer at least in part by
altering key inflammatory pathways and dampening
inflammation that precedes cancer development.
However, we have not yet determined whether vitamin
D is protective against CAC after the onset of inflam
-/mation in Smad3 mice, an important question to
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colon tumorigenesis. In this model, specific bacterial
populations with pro-carcinogenic features (driver
bacteria) contribute to tumor initiation through the
induction of epithelial cell damage, DNA damage,
and inciting of inflammation. Then as the tumor
progresses, other bacterial populations (passenger
bacteria) gain growth advantage with changes in
the tumor microenvironment, slowly replacing the
[131]
“driver” bacteria. Candela et al
delve further into
the potential role of gut microbiota in colon cancer
carcinogenesis in their recent review.
Recent studies indicate that diet plays a role in
[128]
regulating the microbiome
and that the interaction
between the gut microbiota and diet may significantly
[133,134]
affect IBD development
. However, mechanistic
studies evaluating the impact of individual dietary
nutrients on disease and microbiota are not feasible to
perform in human populations and therefore, animal
models are crucial for answering these questions.
As vitamin D plays a significant role in host
immune responses, it has the potential to influence
the gut microbiome. Although the role of vitamin D
in shaping the microbiome has not been explored,
studies indicate several mechanisms through which
vitamin D may influence microbiota. Vitamin D
can affect both immune cells and colonic epithelial
cells; via modulating immune cell differentiation and
maturation, colon barrier function, and the secretion
of antimicrobial peptides, mucins, and cytokines,
all of which have the potential to modulate the gut
[91,101,135]
bacteria
. Vitamin D deficient mice have
decreased expression of Angiogenin-4 (an antimicrobial
peptide) within the colon and consequently have an
increased bacterial load with decreases in Lactobacillus
species and increases in Clostridium and Bacteroides
species within the colon, suggesting that vitamin D
[105,136]
deficiency may impair microbial homeostasis
.
Similarly, mice lacking VDR in the colonic epithelial
cells have increased bacterial loads within the colonic
mucosa, an increased concentration of Bacteroides
fragilis, a bacterial species that has been associated
with IBD in humans, and an increased susceptibility
[137]
to colitis
. In addition, mice lacking the ability to
respond to vitamin D (due to lack of VDR or CYP27B1)
have distinct differences in their gut microbiome
compared to wild-type littermates with intact vitamin
[91,137]
D signaling
, demonstrating that host responses
to vitamin D impact the microbiome. Conversely, Wu
[138]
et al
have demonstrated that specific gut bacteria
such as Lactobacillus rhamnosus and Lactobacillus
plantarum, two bacteria commonly found in probiotics,
are associated with increased VDR expression in
colon epithelial cells and ameliorate colitis in a VDRdependent manner. Interestingly, when the VDR
mutant animals are co-housed with wild type animals,
the wild type mice exhibit an increase in susceptibility
to DSS colitis, indicating that the susceptibility-inducing
microbiota is transferrable and directly influences
[137]
clinical disease .
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While these studies suggest that vitamin D signaling
can influence the microbiome and vice versa, further
studies are needed to better understand specifically
how vitamin D is altering the composition of the
microbiome and what role this could play in disease
development. Recent technical advancements in germfree animal research and microbiome research provide
opportunities to address whether microbiota play a
causative role on IBD/CAC as well as whether nutrients
such as vitamin D can influence disease by modulating
the microbiome.

CONCLUSION
Both human epidemiologic and animal studies suggest
that vitamin D plays a role in the development of
[16-22]
inflammatory bowel disease as well as colon cancer
.
While vitamin D has been shown to regulate immune
cell trafficking and differentiation, cellular proliferation,
gut barrier function and antimicrobial peptide syn
[45-47]
thesis
, the specific mechanisms through which
vitamin D ameliorates colitis remain unknown. The
majority of evidence demonstrates protective links
between vitamin D, colitis, and colitis-associated colon
cancer, although studies attempting to demonstrate
the usefulness of vitamin D as a therapy for these
diseases in animal models have yielded mixed results,
likely due to our lack of complete understanding of
the model systems as well as the role of vitamin D
in inflammation and gut homeostasis. As the use of
vitamin D as a treatment in patients with IBD would be
simple and inexpensive to implement, it is important
that we continue to gain additional insights into its
mechanisms of action to determine which patient
populations may best benefit from this potential
adjunctive therapy.
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Application of computational methods in genetic study of
inflammatory bowel disease
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Abstract

Jin Li, Hakon Hakonarson, Center for Applied Genomics,
Abramson Research Center, Children’s Hospital of Philadelphia,
Philadelphia, PA 19104, United States

Genetic factors play an important role in the etiology
of inflammatory bowel disease (IBD). The launch of
genome-wide association study (GWAS) represents
a landmark in the genetic study of human complex
disease. Concurrently, computational methods have
undergone rapid development during the past a few
years, which led to the identification of numerous
disease susceptibility loci. IBD is one of the successful
examples of GWAS and related analyses. A total of
163 genetic loci and multiple signaling pathways have
been identified to be associated with IBD. Pleiotropic
effects were found for many of these loci; and risk
prediction models were built based on a broad
spectrum of genetic variants. Important gene-gene,
gene-environment interactions and key contributions
of gut microbiome are being discovered. Here we will
review the different types of analyses that have been
applied to IBD genetic study, discuss the computational
methods for each type of analysis, and summarize the
discoveries made in IBD research with the application
of these methods.
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Core tip: C o m p u t a t i o n a l m e t h o d s h ave ra p i d l y
progressed during the last a few years, which ren
dered us the ability to analyze genotype data on a
genome-wide level. The application of these methods
in inflammatory bowel disease (IBD) genetic study
yielded productive results. We discuss the major types
of analyses in genome-wide study, and the different
computational methods used in each type of analysis.
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We also show how these computation methods were
used in the IBD genetic study and the major findings
achieved.

of such a tremendously large number of genetic
determinants. Multiple software tools have been
developed for the GWAS studies, among which, PLINK
[7]
is the most popular one . PLINK provides a compact,
comprehensive tool-box for GWAS from basic quality
control filtering, SNP association testing to advanced
features including gene based analysis, annotation and
epistasis test. PLINK has been used as the primary
GWAS analytical tool in the vast majority of the IBD
genetic studies, from the early finding of loci IL10,
[8]
[9]
ARPC2 , HNF4A, CDH1, CDH3, LAMB1 to the more
[6]
recent identification of 163 IBD loci . In GWAS,
sample structure, which includes both population stra
[10]
tification and hidden relatedness , is a common issue
resulting in inflation of statistics and false positive
results. Sample structure is usually estimated using
identical-by-descent analysis implemented in PLINK
and principal component analysis implemented in
[11,12]
EIGENSTRAT
. During the recent years, linear
mixed model (LMM), which captures both fixed and
random effects, has been applied to GWAS. Software
[10]
[13]
based on LMM includes EMMAX , FaST , and
[14]
GEMMA . They simultaneously correct for population
stratification and hidden relatedness. GEMMA can also
be used to analyze multiple correlated phenotypes.
Advance in methodology development of imputation
and meta-analysis renders GWAS more power for the
identification of genome-wide significant genetic loci.
Imputation is to infer genotypes of un-genotyped SNPs
based on the SNPs that have been assayed for a group
of samples and the haplotype information from a
reference population set. The aims of using imputation
are to fine-map the associated regions, to boost study
power by examining more SNPs, and to meta-analyze
[15]
cohorts which are genotyped on different platforms .
The common practice of applying imputation in GWAS
mainly involves three steps: haplotype estimation
(pre-phasing), genotype imputation and association
testing. The first step pre-phasing is to estimate
underlying haplotypes from SNP genotype data.
Among several existing methods, software packages
[16]
[17]
[18]
[19]
fastPHASE , IMPUTE2 , MACH , BEAGLE
and
[20]
SHAPEIT
all employ coalescent-based methods and
[21]
hidden Markov models . MACH and IMPUTE2 utilize
[17,18,21]
the hidden states as “template haplotypes”
;
fastPHASE employs parsimonious haplotype-clustering
[16]
for a certain number of clusters , and BEAGLE
[19]
adopts a localized haplotype clustering . SHAPEIT
further improves by collapsing haplotypes into a graph
[20]
structure . Several of these software packages also
contain the application of imputation, such as IMPUTE
[21]
V2, MACH, fastPHASE and BEAGLE . They are the
most commonly used software for imputation. For
example, IMPUTE V2 carries out haploid imputation for
the SNPs that are not genotyped but in the reference
panel by conditioning on the haplotypes estimated
[17]
from the genotyped SNPs . BEAGLE iteratively
fits the localized haplotype clustering model to the
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INTRODUCTION
Inflammatory bowel disease (IBD) consists of two
major subtypes: Crohn’s disease (CD) and ulcerative
colitis (UC) according to the diseases’ clinical features.
It is a complex disease, the determinants of which
involve both genetic factors and environmental
influences. The genetic contribution of IBD was first
demonstrated by family studies and twin studies.
The occurrence of the disease was observed as being
aggregated in families, with a relative risk of 13-36 for
[1]
CD patients’ siblings and 7-17 for UC . Several studies
found a significantly higher proband concordance
rate in monozygotic twins (38.5%-63.6%) than that
[2]
in dizygotic twins (0%-6.7%) . The difference is
less pronounced among UC patients, 6.6%-27.9%
in monozygotic twins vs 0%-8.0% in dizygotic
[2]
twins . Similar to other complex diseases, IBD is not
a monogenetic disease and does not strictly follow
the Mendelian inheritance pattern. Instead, it clearly
demonstrates the features of polygenic disease.
Linkage based genome-wide scanning studies among
IBD families led to the discovery of IBD susceptibility
[1,3-5]
loci IBD1-9
, which constitute the early stage of
IBD molecular genetics study.

Genome-wide association studies
The launch of genome-wide association studies
(GWAS) focusing on single nucleotide polymorphism
(SNP) then resulted in the discovery of numerous
susceptibility loci for complex diseases including
IBD. In most IBD GWAS designs, the effect allele
frequency of each SNP was compared between cases
and controls. In this type of case/control study design,
the underlying basic statistical test at each SNP is
χ 2 test or Fisher’s exact test, and logistic regression
which allows for the adjustment of various covariates.
IBD is one of the successful examples in utilizing
GWAS for revealing of its genetic architecture. A total
of 163 genetic loci have been found to be genome[6]
wide significantly associated with IBD . Certainly
the rapid development of genotyping technology has
made it possible to simultaneously examine millions
of SNPs. The advance of computation methods also
has made essential contributions to the discovery
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estimated haplotypes and resamples haplotypes
conditional on the genotype and diploid HMM model to
[19]
derive the probability of the un-genotyped SNP . The
review by Marchini J. and Howie B. provides a good
[15]
summary of the pros and cons of each method .
For step 3, association testing, one approach is to
convert the genotype probability to the bi-allelic
format by specifying a probability threshold. Another
more commonly used approach is to take imputation
uncertainty into account by frequentist tests such as
[22]
the score test in SNPTEST . A novel approach of
Bayesian method to derive Bayes factor has also been
[23]
incorporated into SNPTEST and BIMBAM . Software
has been developed to work seamlessly for the above
three steps, for instance, using SHAPEIT for prephasing, and then IMPUTE2 for imputation, which was
followed by SNPTEST for association testing. Each of
the imputation method discussed above has its own
advantage. In the two large cohort studies of IBD,
BEAGLE was used as the imputation tool, but other
methods have also been widely used in the GWAS
[6,24]
study of IBD
.
As another popular approach in GWAS to increase
statistical power, meta-analysis combines results
from individual studies. Identifications of many IBD
genome-wide significant loci have benefited from
[24-26]
meta-analysis
, with around 30 susceptibility loci
being discovered from each of these large scale metaanalyses. In all these three studies, Z-score based
inverse variance weighted meta-analysis was carried
out, with the assumption of fixed effects. Other popular
approaches include traditional P value based method
[27]
with sample size as weight , random effect method
[28]
and Bayesian approach . Popular software packages
[27]
[22,29]
for GWAS meta-analysis include METAL , META
,
[30]
[31]
MetABEL , GWAMA ; PLINK also has its own metaanalysis option. All these software packages have
a fixed effects model implemented, but some also
[32]
contain random-effect models . When conducting
meta-analysis, practitioners should consider the
direction of effects and heterogeneity between studies.

pathway dysregulation. From the statistical point of
view, examining the joint effect of a group of genes
will allow the identification of those in which each
gene member make only a modest contribution. By
collapsing SNP statistics to gene level and further
pathway level, the number of multiple testing will be
reduced. Though challenges and arguments persist in
the field of pathway analysis, advance in methodology
development has been rapid. The major steps involved
in pathway/network analysis are mapping SNPs to
genes, aggregating SNPs statistics to gene level,
and then assessing the enrichment of pathways or
projection of genes into protein-protein interaction
(PPI) network. Different methods have been evolved
handling the tasks at each step differently. Over
50 pathway analysis software packages have been
[33]
developed . CD has been used as a common example
for the development and application of GWAS-based
[34]
pathway software. For example, Wang et al applied
their software GenGen to the study of the Wellcome
Trust Case Control Consortium CD dataset and un
covered the significant associations of pathway IL12/
IL23 with CD status in several cohorts genotyped on
[35]
different SNP chips and of different ethnicities . This
is one of the earliest GWAS-based pathway analyses
[36]
of IBD. Another study by Torkamani et al , revealed
another interleukin association with CD - IL3 activation
and signaling pathway. The software that they used,
MetaCore, is a commercial one which is developed by
GeneGo. Significant enrichment of “JAK-STAT signaling
pathway”, “Cytokine-cytokine receptor interaction” was
[37]
found by Peng et al
using statistical method Simes/
FDR. Similar findings of several cytokine signaling
pathways were made by Carbonetto and Stephens
[38]
using a model based approach . In addition to IL/
cytokine signaling, the involvement of MHC genes was
[39]
found by Holmans et al
using software ALIGATOR.
Similarly, when searching for enrichment of canonical
pathways or Gene Ontology (GO) terms, Jostins et
[6]
al found the highly significant enrichment of GO
terms regulation of cytokine production, lymphocyte
activation, and pathway JAK-STAT signaling pathway
in the largest IBD GWAS so far. Though being
common in that these pathways were all interleukin/
immune related pathways, the non-overlapping of
top significant pathways between different methods
could be attributed to different statistical methods
and/or the different pathway databases used in their
studies. Several non-immune pathways were also
found to be significantly associated, such as “calcium
signaling”, “ChREBP regulation pathway” identified by
[36]
Torkamani et al ; “ABC transporters” and “Extracellular
[37]
matrix-receptor interaction” found by Peng et al
by
Fisher’s exact test. It would be interesting to further
experimentally test the biological contributions of
genes in these pathways to IBD. A lot of convenient
online software tools have been developed for pathway
[40]
analysis based on GWAS data, such as i-GSEA4GWAS
[41]
and GSEA-SNP . In addition to the methods dis

PATHWAY ANALYSIS
Though a large number of susceptibility loci have been
identified by SNP based GWAS, the disease variance
explained by these loci was still limited: 13.6% for CD
[6]
and 7.5% for ulcerative colitis . At least part of the
missing heritability may reside in those genetic loci of
moderate effect, which did not reach genome-wide
significance due to the limited power in most genetic
studies. If genes in these loci function collaboratively,
they could make significant contributions to the
disease etiology. Pathway studies, which jointly assess
the statistical significance of a group of genes, can
be applied to identify such loci. From a biological
point of view, gene products work cooperatively to
carry out certain molecular and cellular functions;
and disease etiology is more likely the result of
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cussed above, other pathway analysis tools that were
originally designed for gene expression data have
also been used after concatenating SNP statistics to
[42]
[43]
gene statistics, such as DAVID , GeneTrail , and
[44]
WebGestalt .
As an alternative to pathway analysis, another way
to assess genes’ joint effect is PPI network, in which
the nodes represent the protein products of the genes,
and the edges connecting the nodes represent the
biochemical interactions between a pair of proteins.
After mapping significant genes to PPI networks in
various databases, the resulting nodes, edges and
the size of the largest connected component was
[45]
then computed. Cytoscape
is the most commonly
used comprehensive toolkits for network analysis and
[46]
visualization. Other online tools include DAPPLE ,
[47]
[48]
STRINGS , and FUNCOUP . Pathway and net
work analyses can also be combined, which yield
significantly enriched pathways within the network.
Such pathway analyses are implemented in software
like STRINGS and FUNCOUP; and can be integrated
into Cytoscape. Network analysis tools, such as
DAPPLE, have been used for prioritization of candidate
[6]
genes in IBD analysis .

interactions in either hypothesis free or hypothesis
driven setting is the regression-based methods by
comparing the statistical model with interaction terms
(saturated model) and the one without (reduced
[49]
model) . Logistic regression has been commonly
used in epistasis testing among candidate genes,
[50]
such as interactions between CARD8 and NALP3 .
This is relatively easy for testing interactions between
a small number of SNPs of interest. For genomewide epistasis testing, with the rapid development
of modern computational technology, this is not an
impossible task anymore. Epistasis test implemented
in PLINK is a typical example of using regression
[7]
based method on SNP alleles . Proper application
of approximation methods further speeds up the
computing time for initial screening purpose. For
example, software package “BOOST” employed the
[51]
Kirkwood superposition approximation
at the initial
genome-wide screening stage for epistasis interactions
[52]
involved in disease traits , followed by the classical
likelihood ratio test only at the testing stage after
eliminating the many non-significant interactions first.
In addition to the two-step design and utilization of
approximation approach, BOOST also transformed
genotype data to Boolean representation which
[52]
allows for fast logic computing . Now together with
[53]
joint effect tests , BOOST algorithm has been incor
porated into PLINK 1.9 (http://pngu.mgh.harvard.
edu/~purcell/plink2/epistasis.html). Other algorithms
have also been introduced into the field of epistasis
testing, such as decision tree learning which is a
predictive modeling method of machine-learning and
[54]
data mining ; as well as multifactor dimensionality
[55,56]
reduction (MDR)
. These methods also allow for
the identification of higher order interactions. Such
methods have been used in epistasis analysis for IBD.
Most recent publications in this regard include the
[57]
one by Wang et al
using regression tree to search
for models that contain logical SNP interactions that
better explain UC disease compared to single SNP
combinations. However, their study was limited to the
known genome-wide significant 133 UC loci. MDR is a
non-parametric method that select and combine highdimensional genotypic data into a one-dimensional
[55]
model with a variable of high and low risk classes .
[58]
By MDR analysis, Okazaki et al
found suggestive
evidence for high-order interactions between genes
IL23R, IBD5 and ATG16L1 variants in a CD casecontrol cohort.
Here the epistasis testing that we have discussed
refers to its mathematic meaning. The epistasis
interactions captured in statistical model often are
hard to investigate for its biological mechanism in
experimental settings.

Gene-gene interaction
In addition to pathway analysis in general, gene-gene
interaction is also an important topic in IBD research.
Gene-gene interaction is often referred to as “epistasis”,
for which there are its mathematical definition and its
biological interpretation. Simplistically, it implicates
a departure from independent effect of each gene
per se, but we need to be aware that epistasis in
mathematical meaning and biological context are
not often interchangeable. Mathematically, epistasis
testing for complex human diseases including IBDs,
was carried out in two ways - hypothesis driven and
hypothesis free. In the former, particular groups
of genetic variants were selected and tested; and
in the later especially in the context of GWASs,
pairs of interactions between all SNPs studied were
[49]
exhaustively searched . Most traditional studies in
the IBD research field, which were limited by sample
size and resources, focused on epistasis testing
2
between specific candidate genes, using χ test or
logistic regression. Because of the huge number of
combinations n(n-1)/2 needed to be tested for n SNPs,
one can image the tremendous computational burden
created to carry out the hypothesis free search. In
recent years, the methodology developments have
made it possible in human genetics study, which has
been summarized in detail in review article by Wei
[49]
et al . They classified the common methods into
several classes, such as regression-based methods,
LD- and haplotype-based methods, Bayesian methods,
machine-learning and data-mining methods, and
[49]
data filtering methods . Among these methods,
the most commonly used one to detect epistasis
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Gene-environment interaction is another hot topic
in IBD research. A broad range of environmental
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factors have been studied in IBD genetics, including
environment factors in traditional definition such as
smoking, diet, physical activity, medication, infection
[59,60]
and other life style factors
; and the newly defined
“in-vironment” factors, like the microbiome in the
gut. In fact, the gut “in-vironment” is affected by
[61]
environment factors like diet . It has been well
recognized that the development of IBD is the result of
interplaying between individual’s genetic composition
and his/her environmental exposure. To study the
2
gene-environment interactions, the χ test and logistic
regression methods can be similarly used, just by
introducing environmental factors into the regression.
Important findings include the interactions between
smoking and polymorphisms of important IBD risk
[62,63]
genes, NOD2, CYP2A6 and GSTP1
. New methods
have been adopted in this regard too, such as the logic
[64,65]
regression
, which fits the regression model with
Boolean expression of the predictor variables, similarly
as we discussed above for gene-gene interactions.
[57]
In the work by Wang et al , they not only found
gene-gene interactions but also identified interactions
between genes and smoking in UC cohorts by logic
regression. The same group has also applied this
method to a similar study of genetic and environmental
[66]
factors for CD . By far, smoking is the most studied
environmental factors for IBD.
It has long been suggested that the interaction
between the intestinal immune system and its microbe
environment plays key roles in the pathogenesis of
IBD. The highly significant enrichment of pathway
“response to molecules of bacterial origin” among the
significant IBD GWAS loci reinforced such concept
[6]
in the largest IBD GWAS study to date . Dysbiosis,
which refers to the reduction of gut microbiota diversity
or abnormal change of composition, has been known
[67]
to play a major pathological role in IBD etiology .
The Dysbiosis of microbiota in IBD patients was
investigated using different experimental methods.
Two approaches are commonly used in the microbiome
investigation. A traditional approach is the targeted
amplicon approach in which the taxonomy and the
phylogeny of the microbiota were examined by using
[68]
several marker genes . One most commonly used
marker is ribosomal small subunit --16S ribosomal
DNA (rDNA) because of its universal existence across
species and its composition of both slowly evolving
[68]
sequences and fast evolving sequences . A more
recent approach is the metagenomics approach which
is high-throughput sequencing based microbiota
[68]
genomic DNA profiling . Many computational tools
have been developed for analyzing sequencing data
from either approach. The major analytical tools for
16S rDNA data include QIIME (quantitative insights
[69]
into microbial ecology)
established using PyCogent
[70]
toolkit , mothur, which incorporates algorithms in
[71]
[72]
several other tools and new features , and VAMPS .
For metagenomics data analysis, common software
[73]
[74]
packages, including PhymmBL
and MEGAN ,
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compare high-throughput sequencing reads to known
microbiome genome sequences; while others, such
[75]
[76]
as PhyIOTU
and MLtreemap , derive phylogenetic
origin based on marker genes from the large amounts
of sequencing data. Both approaches have been
used in microbiome study of IBD pathogenesis. Gut
microbiota are shaped by various factors including
both host genetic factors, and environment factors, like
diet, medication and others. Information from research
in this field is emerging. A reduction in diversity of
fecal microbiome has been reported for CD patients
when compared to healthy controls, which is the result
[77]
of studying 16S rRNA genes , and similar results
[78]
were found for UC patients . Another microarray
study using 16S rDNA from CD patients and healthy
controls specifically observed a reduction in bacterial
[79]
populations within the phylum Firmicutes . Reduced
diversity has also been reported when comparing fully
inflamed tissue to non-flamed tissue for the same CD
[80]
or UC patient . On the other hand, increased fungal
diversity has been found in CD patients compared with
[81]
controls . A recent large pediatric treatment-naïve
CD cohort examining microbiome indicates increase
and reduction of abundance in different bacteria
species; and also suggests the influence of antibiotic
[82]
on such changes . Several studies implicate that host
genetics, like NOD2, ATG16L1 variants have an impact
[83,84]
on abundance of mucosal microbiota abundance
.
A study focusing on bacterial and metaproteomic
analysis of the mucosal-luminal interface has em
phasized the host-microbe interactions as one of the
[85]
important underlying factors for IBD .

Pleiotropy
IBD is a type of auto-immune disease (AID) and
genetic studies have found it shares susceptibility loci,
signaling pathways with other immune diseases and
non-immune diseases, despite their distinct clinical
[86]
features. Lees et al
provided a good summary of
susceptibility loci common to IBD and other diseases.
Pleiotropy is a common phenomenon among autoimmune diseases. Signaling pathways like cytokine
signaling and innate immunity have been linked to
[87-89]
[90,91]
several AIDs
, including IBD
. Results from
more recent studies of cohorts genotyped on the
immunochip provide further evidence for the genetic
sharing among different types of immune-related
diseases. Traditionally, when a cohort comprising
patients of multiple related diseases were studied,
pooled analysis or meta-analysis is employed, including
both fixed effects meta-analysis and random effects
meta-analysis. However, inherent heterogeneity in
these cohorts makes it loose power to find subtypes
specific signals or signals that are of opposite di
rections of effect in related diseases. To compensate
for these disadvantages, several methods have been
[92]
developed. Cotsapas et al
developed the crossphenotype meta-analysis method which tests for the
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Table 1 Commonly used publically available software for each step in genomic studies
Analysis

Software

GWAS

PLINK
EMMAX
FaST

Imputation

Meta-analysis

Pathway analysis

Network analysis

Gene-gene interaction

Microbiome

Pleiotropy

URL

Ref.

http://pngu.mgh.harvard.edu/~purcell/plink/
http://genetics.cs.ucla.edu/emmax/
http://research.microsoft.com/en-us/um/redmond/projects/MSCompBio/
Fastlmm/
GEMMA
http://www.xzlab.org/software.html
SHAPEIT (pre-phasing)
https://mathgen.stats.ox.ac.uk/genetics_software/shapeit/shapeit.html
IMPUTE2 (pre-phasing and imputation)
https://mathgen.stats.ox.ac.uk/impute/impute_v2.html
MACH (pre-phasing and imputation)
http://csg.sph.umich.edu//abecasis/MACH/tour/imputation.html
fastPHASE (pre-phasing and imputation)
https://els.comotion.uw.edu/express_license_technologies/fastphase
BEAGLE (pre-phasing and imputation)
http://faculty.washington.edu/browning/beagle/beagle.html
SNPTEST (association testing)
https://mathgen.stats.ox.ac.uk/genetics_software/snptest/old/snptest.html
METAL
http://csg.sph.umich.edu//abecasis/Metal/
META
https://mathgen.stats.ox.ac.uk/genetics_software/meta/meta.html
MetABEL
http://www.genabel.org/packages/MetABEL
GWAMA
http://www.well.ox.ac.uk/gwama/download.shtml
PLINK
http://pngu.mgh.harvard.edu/~purcell/plink/metaanal.shtml
GenGen
http://gengen.openbioinformatics.org/en/latest/tutorial/pathway/
ALIGATOR
http://x004.psycm.uwcm.ac.uk/~peter/
i-GSEA4GWAS
http://gsea4gwas.psych.ac.cn/
GSEA-SNP
https://www.nr.no/en/projects/software-genomics
DAVID
http://david.ncifcrf.gov/summary.jsp
GeneTrail
http://genetrail.bioinf.uni-sb.de/
WebGestalt
http://bioinfo.vanderbilt.edu/webgestalt/
Cytoscape
http://www.cytoscape.org/
DAPPLE
http://www.broadinstitute.org/mpg/dapple/dappleTMP.php
STRINGS
http://string-db.org/
FUNCOUP
http://funcoup.sbc.su.se/search/
PLINK
http://pngu.mgh.harvard.edu/~purcell/plink/epi.shtml
BOOST
http://bioinformatics.ust.hk/BOOST.html
MDR
https://ritchielab.psu.edu/mdr-downloads
QIIME
http://qiime.org/
mothur
http://www.mothur.org/wiki/Main_Page
VAMPS
https://vamps.mbl.edu/portals/hmp/hmp.php
PhymmBL
http://ccb.jhu.edu/software/phymmbl/index.shtml
MEGAN5
http://ab.inf.uni-tuebingen.de/software/megan5/
PhyIOTU
https://github.com/sharpton/PhylOTU
MLTreeMap
http://mltreemap.org/
CPMA
http://coruscant.itmat.upenn.edu/software.html
ASSET
http://www.bioconductor.org/packages/release/bioc/html/ASSET.html
GPA
https://github.com/dongjunchung/GPA
SMAT
http://www.hsph.harvard.edu/xlin/software.html

[14]
[20]
[17]
[18]
[16]
[19]
[22]
[27]
[22]
[30]
[31]
[7]
[34]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[7]
[52]
[55]
[69]
[71]
[72]
[73]
[74]
[75]
[76]
[92]
[93]
[98]
[101]

[98]

deviation from the null hypothesis that there is no
additional association beyond the known ones; and the
alternative hypothesis involves associations with two
or more phenotypes. They applied this method for the
test of pleiotropic effects of 107 SNPs which are known
for immune-disease association among 7 diseases
including CD; and found evidence of association with
more than one disease for 47 SNPs. Bhattacharjee et
[93]
al
presented a subset-based meta-analysis, which
exhaustively investigates combinations of diseases
subsets against the shared control set or the rest of
all the samples; logistic regression was iteratively
applied for each combination to find the best subset
combination that would yield strongest association for
[94]
each SNP; and the discrete local maxima method
was used to get the estimation of P value upper
boundary. Other methods made extensions to the
[95]
weighted sum of the univariate test statistics ,
[96,97]
reflecting effect heterogeneity among phenotypes
.
Newly proposed methods like GPA (Genetic analysis
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[7]
[10]
[13]

incorporating Pleiotropy and Annotation) employed a
[99]
two-groups model and an Expectation-Maximization
[100]
(EM) algorithm
for estimation of parameters in
the GPA model. They also incorporated annotation
enrichment into the analysis to prioritize identification
[101]
of functional signals. Schifano et al
developed a
novel approach SMAT for evaluating shared effect
of genetic variants on several secondary continuous
phenotypes in a case-control cohort by ways of a
scaled marginal model.

Risk prediction
Genetics study is aimed to identify high-risk popu
lations for early prevention and future targeted
treatment. Comparing to numerous GWAS on IBD,
the number of risk prediction studies using genetic
[102]
markers is limited. Recently, Wei et al
used an
advanced machine-learning technique and the large
IBD Genetic Consortium’s cohort of more than 60000
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Host

Genotype

In-vironment

Environment

Microbiome
investigation

Phenotype

Environment
factors

GWAS

Imputation

Meta-analysis

Pleiotropy

Risk
prediction

Pathway/
Network
analysis

Gene-gene
interaction

Geneenvironment
interaction

Figure 1 Different analyses for genomic studies of inflammatory bowel disease and other complex human diseases. Multiple different analyses can be
carried out based on the disease phenotype, genotype and relationship with other factors. GWAS: Genome-wide association study.

samples. They developed a step-wise risk assessment
model. The model achieved the highest areas under
the curve (AUCs) so far for CD and UC, which are 0.86
and 0.83 respectively. Compared to previous studies,
[103]
this is a large improvement. Li et al
proposed a
risk prediction method integrating pleiotropic effects
between diseases by using a bivariate ridge regression
method. They demonstrated improved prediction
accuracy when CD and UC datasets were jointly
analyzed.
We listed the commonly used software package
for each type of analysis in Table 1 and Figure 1 and
summarized the major points of our discussion above
into the Table 2 as take-home messages.

much remains to be explored and investigated.
As a successful example of GWAS, 163 suscep
[6]
tibility loci have been discovered for IBD , however,
much remains unknown how these loci contribute to
IBD etiology, especially the majority of these loci were
not in the coding region of any gene. Many questions
in this regard need to be addressed, for example,
whether these SNPs directly affect gene expression
level or gene function, whether they tag for any
other SNP. More resources are becoming available for
functional annotation of genetic variants, even those
[104]
in the gene desert regions, such as the ENCODE
,
[105]
Epigenome Roadmap
for chromatin markers,
[106]
and GTEx
for eQTL. It is expected that integrated
analysis of genetic, epigenetic and eQTL data will
provide more insight into the understanding of these
genetic variants, and will help to prioritize the genetic
variants for experimental studies.
In addition to common variants, rare variants
can also contribute to IBD susceptibility. The current
methods for rare variants identification include exome
array, whole exome sequencing and whole genome
sequencing. Compared to the well-established pipeline
for GWAS and commonly accepted threshold standards
to determine GWAS significant loci, much remains to
be explored in the field of rare variants study. Rare
variants were thought to confer larger effects than
common variants, based on experience from Mendelian
disease and early findings of complex disease such as
variants I1307K and E1317Q in gene APC associated
[107,108]
with colorectal tumors
, and rare variants in gene
[109]
PCSK9 associated with coronary heart disease
.

CONCLUSION
Genome-wide genotyping results provide a huge
reservoir of genetic data to explore. From single
variant to gene and to pathway, analyses can be
carried out at multiple levels. How host factors interact
with environment is another important aspect to
consider, especially for IBD. The ultimate goal of
genetic studies is to translate discoveries to clinical
applications. Thus it is important to develop good
methods for risk prediction so as to identify patients
at high risk for early prevention. Other applications
should also be considered to maximize the value of
discoveries from genetic studies.
Through the rapid development of computation
methods and other technologies, tremendous advance
has been made in the field IBD genetic studies; yet
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Table 2 Take home messages from our discussion on the application of computational methods in genetic study of inflammatory
bowel disease
Take home messages
GWAS is an unbiased method to identify common genetic variants that are significantly associated with complex human diseases. Sample structure
needs to be carefully handled to avoid false positive results
Imputation is often employed to infer un-genotyped SNPs based on those genotyped ones, followed by meta-analysis to combine results from multiple
studies, in order to increase the power in GWAS
Pathway analyses help to identify genetic variants that have modest individual effect but jointly make significant contribution to disease susceptibility
Both gene-gene interactions and gene-environment interactions are important underlying factors for IBD
Pleiotropy studies aim to identify genetic loci shared by IBD and other immune diseases
Risk prediction is one of the ways to translate GWAS discoveries to clinics - to identify patients at high risk
GWAS: Genome-wide association study; IBD: Inflammatory bowel disease.

More studies revealed that the genetic risks attributed
to many rare variants are also modest which makes
large sample size a necessary factor for such studies,
and the effects of rare variants may need to be
aggregated for analysis at the gene level to conquer
[110]
the low power in rare variant analysis
. Another
feature of rare variants is population specificity, which
makes population stratification an outstanding issue
[110]
in rare variant studies . Because of these features,
assumptions in analytical methods for common
variants may not hold true for rare variants. Cautions
need to be taken when utilizing existing methods that
were used for common variants; and new statistical
and computational methods development need to
meet such demands from the studies of rare variants.
With the combined study for both common variants
and rare variants, and integrated functional annotation,
more susceptibility and causality loci will be identified
for IBD, which will pave the way for the development
of suitable treatments for each patient.

7
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Inflammatory bowel disease associated neoplasia: A
surgeon’s perspective
Azah A Althumairi, Mark G Lazarev, Susan L Gearhart

Abstract

Azah A Althumairi, Susan L Gearhart, Division of Colorectal
Surgery, Department of Surgery, Johns Hopkins University
School of Medicine, Baltimore, MD 21287, United States

Inflammatory bowel disease (IBD) is associated
with increased risk of colorectal cancer (CRC). The
risk is known to increase with longer duration of the
disease, family history of CRC, and history of primary
sclerosing cholangitis. The diagnosis of the neoplastic
changes associated with IBD is difficult owing to the
heterogeneous endoscopic appearance and interobserver variability of the pathological diagnosis.
Screening and surveillance guidelines have been
established which aim for early detection of neoplasia.
Several surgical options are available for the treatment
of IBD-associated neoplasia. Patients’ morbidities, risk
factors for CRC, degree and the extent of neoplasia
must be considered in choosing the surgical treatment.
A multidisciplinary team including the surgeon,
gastroenterologist, pathologist, and the patient who
has a clear understanding of the nature of their
disease is needed to optimize outcomes.
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disease specific surgical options. Finally, it summarizes
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prognosis following surgery for inflammatory bowel
disease associated neoplasia.

IBD-ASSOCIATED DYSPLASIA
As defined by the inflammatory bowel disease-dysplasia
morphology study group in 1983, IBD-associated
dysplasia is an unequivocal neoplastic change of the
intestinal mucosa without invasion of the epithelium
[14]
in the setting of IBD . In contrast to the adenoma to
carcinoma sequence seen in sporadic CRC patients, IBD
patients develop carcinoma through an inflammation
[15,16]
to carcinoma sequence
. IBD-associated neoplasia
[17,18]
develops in areas of active or chronic inflammation
.
Dysplasia may occur in any part of the colon, can be
unifocal or multifocal, and cancer is often detected in
[19,20]
the same area as the dysplasia
.
IBD patients are at 2 to 5 times higher risk of CRC
[21]
than the general population in the same age group .
Moreover, IBD-CRC has a higher rate of synchronous
[22]
and metachronous tumors. Ali et al used the national
cancer registry in Ireland to compare patients who
developed sporadic CRC and IBD-CRC over 11 years.
Twenty-two thousand three hundred and thirty-five
patients had sporadic CRC and 170 patients had IBDCRC. Patients in IBD-CRC group were on average 7.7
years younger (P = 0.001), less likely to be smokers (P
= 0.002), and less likely to have metastatic disease at
the time of diagnosis (12% vs 22%, P < 0.001).

Althumairi AA, Lazarev MG, Gearhart SL. Inflammatory bowel
disease associated neoplasia: A surgeon’s perspective. World J
Gastroenterol 2016; 22(3): 961-973 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i3/961.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i3.961

INTRODUCTION
Inflammatory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease (CD), is a life-long
immune-mediated chronic inflammatory disorder
of the gastrointestinal tract. Both types of IBD are
characterized by chronic inflammation with episodes
[1,2]
of remission and exacerbation . Clinical courses can
vary from mild to severe and debilitating and often
exert a major impact on an individual’s quality of life
[3]
and consume a large share of health care resources .
In recent years, there has been an emphasis on
intensive medical therapy and close disease monitoring
with the use of imaging and biomarkers to reduce
[4]
disease activity . The greatest impact has been the
development of biological therapy which has proven to
have efficacy for both UC and CD with remission rates
[5,6]
that approach 40% at one year . With the use of
newer medical therapies, surgical resection rates have
been reported to be as low as 13% at one year for CD
[7]
and 2% at one year for UC .
In 1952, Crohn and Rosenberg reported the
association between IBD and colorectal cancer
[8]
(CRC) . The risk of CRC in patients with IBD is driven
by the extent, duration, and severity of the colonic
[9]
inflammation . Currently, IBD associated CRC (IBDCRC) accounts for 1%-2% of all cases of CRC, which
[10]
accounts for 10%-15% of all deaths in IBD patients .
Previous studies have suggested an excess risk of
CRC at a rate of 1% per year increase beginning after
[11]
8 years of disease . However, more recent studies
have shown that with better control of intestinal
[12]
inflammation, this excess risk has declined . In
contrast to sporadic CRC, IBD-CRC may arise from
dysplasia in flat mucosa which may be difficult to
identify during endoscopic examination. Furthermore,
since the peak incidence for the diagnosis of IBD is
among young people, IBD-CRC frequently develops at
a younger age compared to sporadic CRC (40-50 year
[13]
vs 60 year) . This review will include a discussion
on the natural history of IBD-associated neoplasia
(dysplasia and cancer), the special risk factors for CRC
in IBD patients, screening and prevention methods,
management options, long-term surveillance program,
and the importance of the patients understanding of
the complex nature of their disease.

WJG|www.wjgnet.com

Histological classification of dysplasia
[14]

In 1983 Riddell et al
established the standard
microscopic classification of dysplasia in the setting
of IBD and divided them into four categories which
are still in use today: negative for dysplasia, indefinite
for dysplasia, low grade dysplasia (LGD) and high
grade dysplasia (HGD). The definition of dysplasia
in IBD has been modified as newer methods of
detection have been developed. Historically, dysplasia
has been classified into flat or raised based on the
macroscopic endoscopic findings. Raised lesions were
further classified as Dysplasia Associated Lesion or
[23]
Mass or Adenoma Like Lesion . However, these
terms were often considered confusing. In 2015, an
international consensus statement was published by
the American Gastrointestinal Association and the
American Society for Gastrointestinal Endoscopy which
provided current guidelines for the classification of
[24]
dysplasia in IBD (SCENIC) . Currently, detection of
dysplasia in IBD has increased with the use of high
[25]
definition endoscopes . Therefore, dysplasia should
be first characterized as visible or invisible. Invisible
dysplasia is only found on random biopsies. Visible
dysplasia is then subdivided into polypoid and nonpolypoid. Polypoid and non-polypoid lesions are
considered endoscopically resectable or not resectable.
For a lesion to be considered resectable, it must have
the following characteristics: (1) identifiable distinct
margins; (2) the lesion appears to be completely
removed after resection on visible endoscopic
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RISK FACTORS FOR IBD-CRC

Table 1 Risk factors for the development of inflammatory
bowel disease associated colorectal cancer

Age of onset

Some small studies have shown an increase risk of
[33,34]
IBD-CRC in patients diagnosed at a younger age
.
However, a nationwide, long-term survey from
Netherland included 251 patients with IBD-CRC, found
that the median age at diagnosis of IBD was 40.1
years (IQR = 24-28), and the median age at diagnosis
of IBD-CRC was 56.4 years (IQR = 44-65), they found
that the mean time from IBD diagnosis to CRC was 12
years, and IBD diagnosis at an older age was a risk
factor for the development of CRC earlier (HR for 10
[35]
years older 2.25; 95%CI: 1.29-2.63) .

Risk Factors for IBD-CRC
Older age of onset of IBD
Duration of disease
Extent of disease
Severity of inflammation
Primary Sclerosing cholangitis
Family History of CRC
CRC: Colorectal cancer; IBD: Inflammatory bowel disease.

inspection; (3) histological inspection of the lesion
is consistent with complete removal; and (4) biopsy
specimens taken from the mucosa immediately
adjacent to the resection site are free of dysplasia on
[24]
histological examination .

Duration of disease

The most important risk factor for IBD-CRC is the
disease duration (Table 1). Most studies define the
disease duration from the endoscopic and pathological
diagnosis. However, the consensus on CRC screening
and surveillance in inflammatory bowel disease
published by the Crohn’s and Colitis Foundation of
America Colon Cancer in IBD Study Group defined
the duration of disease from the onset of symptoms
[34]
not from the date of establishing the diagnosis .
Historically, the pooled cumulative incidence of IBD[11]
CRC in a meta-analysis by Eaden et al
was 2% at
10 years, 8% at 20 years, and 18% after 30 years
of disease. Others have suggested that the incidence
[36]
is lower. Choi et al , in a study from St Mark’
s Hospital analyzed their results on an endoscopic
surveillance program for CRC in patients with long
standing IBD. A total of 1375 UC patients were
followed up for a median of 11 year per patient, the
cumulative incidence of CRC was 0.7% at 10 years,
2.9% at 20 years, 6.7% at 30 years, 10.0% at 40
years, and 13.6% at 50 years of disease. Winther et
[37]
al , in a population based study of 1160 patients
with UC in Denmark followed for 19 years. This study
demonstrated that the cumulative probability of
developing CRC in this cohort was 0.4% at 10 years,
1.1% at 20 years, and 2.1% at 30 years. The authors
suggested that this lower rate could be attributed to
aggressive surgical intervention and the long-term
maintenance use of 5-ASA medications.

Natural history of IBD-associated neoplasia

Dysplasia is present in 75%-90% of patients with IBD[26]
CRC , however IBD-CRC can develop without prior
[27]
history of dysplasia . It was historically assumed
that dysplasia progressed in a step-wise fashion:
no dysplasia, indefinite dysplasia, LGD, HGD, and
cancer. However, recent data suggests that sequential
progression from inflammation to LGD, HGD, then
[26,28]
CRC does not always occur
, and it is also not
clear whether dysplasia will progress or regress once
[2,29]
developed
. Furthermore, the absence of dysplasia
on follow up surveillance colonoscopy does not negate
[26]
the risk of IBD-CRC .

Pathological evaluation of IBD-associated neoplasia

During pathological evaluation of IBD-associated
neoplasia, several problems may be encountered.
Sampling error with under sampling of the colonic
mucosa during the surveillance colonoscopy has
[30]
been reported . There is great variability in the
interpretation of the grade of dysplasia even among
expert gastrointestinal pathologist with particular
difficulties in the differentiation between regenerative
changes from indefinite or LGD, and between HGD
[14,31,32]
[31]
and cancer
. Odze et al
assessed the intraobserver variation in diagnosing dysplasia. Thirtyeight UC cases with the diagnosis of dysplasia were
evaluated by four expert gastrointestinal pathologists,
the overall degree of agreement was fair (k = 0.40)
among the four reviewing pathologists. The poorest
level of agreement was in the indefinite (k = 0.18)
and LGD (k = 0.36) categories, and it was fair to good
in HGD (k = 0.54). Due to this great variability, the
current recommendation is to confirm the diagnosis of
any degree of dysplasia by two expert gastrointestinal
pathologists.

WJG|www.wjgnet.com

Anatomic extent of disease

With greater extent of the disease the risk of de
[38]
veloping cancer increases . Patients with pancolitis
have increased risk of CRC compared to patients
[39,40]
[41]
with limited colitis
. Söderlund et al
examined
the impact of the extent of the disease on the risk of
developing CRC. The relative risk (RR) of CRC was 5.6
for pancolitis, as compared to 1.7 for proctitis only.
In a large cohort study from three centers in England
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and Sweden which included 823 patients, the RR of
CRC in patients with pancolitis was 19 fold greater
than the general population, as compared to a RR of
[42]
3.6 in patients with left-sided colitis . Furthermore,
[43]
Beaugerie et al prospectively followed 2841 patients
characterized with having long-standing extensive
colitis (involving > 50% of the colon for > 10 years).
In this cohort of patients, the incidence ratio for the
development of CRC was 7.0 as compared to 1.1 ratio
in patients without long-standing inflammation.

advanced endoscopic techniques such as highresolution endoscopy and chromoendoscopy have
improved neoplasia detection. These newer techniques
allow for more targeted biopsies of any abnormal
appearing epithelium which is more easily visible with
these new techniques.
Screening guidelines have been established by
many societies. Recently, an international consensus
statement was published to clarify best practices
on surveillance and the management of dysplasia
[24]
in IBD . Historically, most gastroenterologists
would take minimum of 32 random biopsies as
well as targeted biopsies in areas where abnormal
epithelium appeared. According to the SCENIC
international consensus statement, high-definition
and chromoendoscopy is superior to traditional white
light endoscopy. If surveillance is performed with
traditional white light endoscopy, chromoendoscopy
[24]
with targeted biopsies should also be performed .
However, there are some concerns regarding the
use of chromoendoscopy which could be a potential
barrier to the initiation of these guidelines. These
concerns include the need for advanced training in
this technique and the development of quality metrics
to assess performance after training. Furthermore,
chromoendoscopy requires additional preparation and
procedure time. Finally, there is an increased facility
and provider cost with no procedure specific code for
[24]
reimbursement .
With improvements in endoscopic imaging, more
dysplasia will be visible. According to the SCENIC
guidelines, continued surveillance colonoscopy is
recommended rather than colectomy following
complete removal of both polypoid and non-polypoid
dysplastic lesions. It is expected that the threshold
for colectomy will increase from both patients
and physicians perspectives. Of note, in a survey
to evaluate patient preferences for colectomy or
[49]
surveillance in the presence of dysplasia, Siegel et al
found that 60% of the patients will refuse colectomy if
they were told that the CRC risk is 20%. On average,
patients would agree on colectomy if their risk of CRC
was 73%.

Degree of endoscopic and histologic activity

Severity of inflammation identified both on endoscopic
evaluation and histologically is associated with
[38]
increased risk of neoplastic changes. Rutter et al
examined the relationship between the endoscopic
and histological severity of inflammation and risk of
CRC. They found a greater risk of CRC in endoscopic
(OR = 2.5, P < 0.001) and histological (OR = 5.1, P
< 0.001) active inflammation. The increased risk of
CRC associated with histological active inflammation
remained significant in a multivariable analysis of other
associated risk factors including duration and extent
of disease, family history, and a history of primary
[38]
sclerosing cholangitis (OR = 4.7, P < 0.001) .

Primary sclerosing cholangitis

Both UC and CD patients are at risk of developing
primary sclerosing cholangitis (PSC). IBD patients
who have PSC are at increased risk of developing
[44]
neoplasia . All patients presented with PSC who were
not known to have IBD need to undergo screening
colonoscopy with random biopsies of the mucosa
[34]
[45]
looking for inflammatory changes . Soetikno et al
in a meta-analysis that included 11 studies found that
patients who have concomitant US and PSC have
increased risk of IBD-associated neoplasia (OR = 4.7,
[46]
95%CI: 3.58-6.41). Kornfeld et al
found that the
cumulative risk of CRC was higher in patients with IBD
and PSC, 33% at 20 years, and 40% at 30 years.

Family history of CRC

A positive family history of CRC has been shown to
increase the risk of developing IBD-CRC. Askling et
[47]
al
conducted a population-based study of 19876
IBD patients and found that a positive family history of
CRC was associated with more than 2-fold risk of CRC
(adjusted RR = 2.5, 95%CI: 1.4-4.4). Patients with
a first-degree relative diagnosed with CRC before 50
years of age had a higher RR of 9.2, (95%CI: 3.7-23)
and the highest absolute risk (29%).

Magnification (high-resolution endoscopy)

High resolution endoscopy allows for the magnification
of the camera lens to increase up to 150 fold compared
to conventional endoscopy. Several complementary
techniques have been developed along with highresolution endoscopy which allows the endoscopist
to obtain a virtual histology at the time of endoscopy.
One of these techniques is confocal Laser Endoscopy
(CLE). This technique provides real-time microscopic
[43]
imaging and histological evaluation of the mucosa .
It illuminates tissue with low power laser and it uses
either reflected white light or reflected fluorescent
light, after injection of 10% fluorescein, to generate
magnified images which allows visualization of cell
[50-52]
structures at the organelle level
.

METHODS OF DETECTION-SCREENING
Early detection of neoplastic changes in IBD patients
is crucial to decrease the morbidity and mortality
associated with the development of CRC. Currently,
this is best achieved by screening and surveillance
[48]
colonoscopy during disease remission . Newer
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degree of dysplasia, whether the dysplasia is visible
endoscopically or not, whether it is unifocal or
multifocal, and on patient’s factors. The management
decision requires a multidisciplinary team approach
involving the surgeon, the gastroenterologist, the
pathologist, and the patient. Furthermore, the patients’
understanding of the nature of their disease and their
involvement in the management decision is crucial.

Table 2 Kudo criteria
Pit type
Ⅰ
Ⅱ
Ⅲs
ⅢL
Ⅳ
Ⅴ(a)

Ⅰ

Description

Pit size (mm)

Associated histological
findings

Round (normal)
Papillary/Stella
Round or tubular
(small)
Round or tubular
(large)
Gyrus-like
Amorphous
structure/irregular
arrangement

0.07 (0.02)
0.09 (0.02)
0.03 (0.01)

Non-neoplastic
Hyperplastic
Neoplastic

0.22 (0.09)

Neoplastic

0.93 (0.32)
NA

Neoplastic
Invasive cancer

Ⅱ

Ⅲs

ⅢL

Ⅳ

Raised or endoscopically visible IBD-associated dysplasia

With the advanced endoscopic techniques, raised
or polypoid lesions can be identified and managed
endoscopically. If raised lesions are identified during
endoscopic surveillance, endoscopic resection is
performed with biopsy of the surrounding mucosa.
When polyp removal occurs, the area should be
tattooed for further reference. In the absence of
dysplasia in the mucosa surrounding the polyp or
elsewhere in the colon, endoscopic resection of the
[58]
polyp is adequate. Vieth et al
followed 87 patients
with UC and a sporadic adenoma for 53 mo following
polypectomy. The risk of colitis-associated neoplasia
developing in this group was 4.6%. Importantly, all
new neoplastic changes developed distant to the
original polypectomy. He concluded that the risk of
continued neoplasia is low but that close follow up in
mandated. A recent systematic review demonstrated
that the risk of CRC after resection of a dysplastic
polyp in IBD is low (5.3 cases/1000 years). However,
patients with a history of a dysplastic polyp have a
10-fold greater risk of developing further dysplasia
[59]
and should undergo close endoscopic follow up . If
a dysplastic polyp has evidence of dysplasia in the
surrounding mucosa, is found in an area of active
colitis, or is not resectable; colectomy is recommended
[60-62]
.
due to high risk of associated CRC

Ⅴ(a)

Figure 1 Kudo criteria appearance.

Dye-based chromoendoscopy

Chromoendoscopy is an enhanced imaging technique
to detect mucosal abnormalities by using various dyes
that are sprayed on the colonic mucosa by means
of a catheter which is passed through the working
channel of the endoscope. The frequently used dyes
[53-55]
are indigo carmine and methylene blue
. This
technique can be performed using a high resolution
magnifying endoscope. The ability to differentiate
between neoplastic and non-neoplastic lesions using
chromoendoscopy has been well studied using the
[56]
Kudo criteria (Table 2 and Figure 1) . Use of the Kudo
criteria has been shown to assist in the differentiation
between neoplastic and non-neoplastic lesions with a
98% sensitivity and a 92% specificity. Subramanian et
[57]
al
performed a meta-analysis of published studies
to compare the use of chromoendoscopy against
standard white light endoscopy in patients with IBD
undergoing surveillance. In this meta-analysis, 6
studies were identified which included a total of 1277
patients. In this group of patients, there was noted
to be a 7% difference in the detection of dysplasia
that favored chromoendoscopy over standard white
light endoscopy. The study concluded that 14 patients
were needed to treat in order to identify one patient
that would benefit from the use of chromoendoscopy.
For this reason, the study recommended that any
high risk patient should undergo surveillance with
chromoendoscopy.

Endoscopically invisible IBD-associated dysplasia

If dysplasia is identified in random biopsies during
screening and surveillance endoscopies, the diagnosis
must be confirmed by two expert gastrointestinal
pathologists. If the presence of dysplasia is confirmed;
then the histological degree (LGD or HGD) and whether
it is unifocal or multifocal needs to be determined.
There are controversies in the management of
invisible LGD due to the reported variability in the
[63,64]
risk of progression to HGD or cancer (0%-50%)
.
The decision to undergo colectomy or surveillance
is challenging and cases should be discussed in a
multidisciplinary IBD clinic, and joint decision with the
patient after a thorough discussion about the risk and
benefits of surgery vs continued surveillance is made.
Consideration should be given to the risk of progression
to CRC, patient age, presence of other risk factors
of CRC, and comorbidities. In the presence of repeat
unifocal LGD on follow up endoscopy, or the presence
of multifocal LGD, patient should be counseled about

MANAGEMENT OF IBD-ASSOCIATED
NEOPLASIA
The management of IBD-associated neoplasia is
complex and is often based on the histological
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assess the sphincter function and tumor distance from
the anal verge in case of rectal cancer. Imaging to
assess cancer stage is performed to assess the extent
of the tumor, nodal involvement, and presence of
distant metastasis. Endorectal ultrasound or magnetic
resonance imaging (MRI) are frequently used to assess
for local tumor extension and nodal involvement in the
[69,70]
case of rectal cancer
. Computerized tomography
(CT) is performed to assess the presence of distant
metastasis to decide which treatment plan is best for
[71]
the patient . Following the complete preoperative
assessment and staging, management options,
expected outcomes, and prognosis are discussed with
the patient.

Table 3 Recommended procedures for patients with
inflammatory bowel disease-associated neoplasia
Procedure type
Total
proctocolectomy
with end ileostomy
Restorative
proctocolectomy
(RP) with Ileoanal
pouch
Subtotal colectomy
with ileorectal
anastomosis
Segmental resection

Diverting ostomy

Indications

Relative
contraindications

UC, CD refractory disease
or neoplasia

None

UC

Fecal incontinence
Direct sphincter
invasion by tumor
Stage Ⅳ CRC
Rectal neoplasia
Active rectal
inflammation
Acute or
chronic colonic
inflammation

UC or CD with
contraindication for RP
UC or CD with Unifocal
dysplasia or cancer and no
active disease
CRC with comorbidity and
age > 65 yr
UC or CD with Stage Ⅳ
CRC with obstruction and/
or severe comorbidity

SURGICAL OPTIONS
Surgical management varies by the diagnosis of UC or
CD, the location of the neoplasia, and by the patient’
s comorbidities (Table 3). All options follow the same
oncological principles for removal of the neoplasia and
associated lymph nodes. In order to offer the best
surgical option, complete assessment of the patient’s
medical condition is performed; this includes medical
comorbidities, previous surgery, tumor stage, and
sphincter function. The goal of surgical intervention
in IBD-associated neoplasia is achieving oncological
resection with preservation of the quality of life.
Surgical options in UC-associated neoplasia are
broadly classified into: (1) total proctocolectomy with
end ileostomy; (2) restorative proctocolectomy (RP)or
total proctocolectomy with ileal pouch anal anastomosis;
(3) subtotal colectomy with ileorectal anastomosis
(IRA); (4) segmental resection; and (5) and palliative
procedures such as diverting colostomy or ileostomy.
Surgical options in CD are dependent upon the location
of the cancer. In small bowel adenocarcinoma, radical
resection of the diseased segment with adequate
lymphadenectomy is recommended. However, in CRC,
similarities between UC and CD exist and the utility of
more extensive resections is being evaluated.

None

RP: Restorative proctocolectomy; UC: Ulcerative colitis; CD: Crohn’s
disease.

the risk of progression to cancer and colectomy should
strongly be considered. If endoscopically invisible HGD
is detected, the rate of presence of synchronous CRC
range from 32% to 42% and therefore colectomy
[63-65]
should be performed
.

Strictures

With the chronic inflammatory process, finding of
colonic strictures is not uncommon. In CD, they
are usually benign and commonly occur at the
terminal ileum, ileocolic valve, and at the ileocolic
anastomosis. It is also not uncommon for patients with
CD to have chronic anal strictures that also require
surveillance. In UC, stricture formation is believed
to result from contraction and hypertrophy of the
[66]
muscularis mucosa . Regardless, if the strictures
are symptomatic, in the setting of UC, endoscopy
and biopsy should be performed to evaluate for
[53]
neoplasia . Strictures in the presence of UC are
associated with 30-fold risk of CRC and in the presence
[67]
of CD, a 3-fold increased risk of CRC . To evaluate a
stricture, it must be fully traversed by the endoscope
[68]
and adequately biopsied . If complete evaluation
cannot be performed by endoscopy and biopsy,
[53]
surgery should be strongly recommended .

Surgical options for UC-associated neoplasia

Historically, total proctocolectomy with mesenteric
lymphadenectomy and mesorectal excision with an
end ileostomy that removes all at risk colonic mucosa
has been the procedure of choice for IBD-associated
neoplasia. This procedure is considered the least likely
to compromise oncological resection, avoids the issues
of chemoradiation and poor pouch function, and is a
single stage operation. However, up to 25% of patients
may require stoma revision and 50% of patients may
develop stoma related complications including leakage
[72]
and skin irritation . Furthermore, one must also
consider the psychological impact of permanent stoma
and that most patients would prefer to maintain their
intestinal continuity. For these reasons, restorative
procedures for patient with colitis-associated neoplasia

IBD-CRC

If colon or rectal cancer is found during screening or
surveillance colonoscopy, preoperative assessment
of patient and staging are performed to decide the
best surgical option. This includes a detailed history
of symptoms, previous history of IBD-associated
neoplasia, comorbidities, and family history of CRC.
Physical examination including digital rectal exam to
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developed cuffitis had rectal bleeding. All patients
responded to 2-wk medical treatment with topical
mesalamine or hydrocortisone without the need for
[80]
surgical intervention . Patients with cuffitis will
have an inflamed rectal cuff seen on endoscopy with
ulceration and neutrophil infiltration in biopsy, the
pouch mucosa is typically normal with no signs of
[80]
inflammation .
Following these guidelines, patients can expect
a similar survival to patients with sporadic non-IBD
associated CRC and a similar quality of life to those
[68]
patients who underwent RP for refractory disease .
Included in careful consideration of an RP is a
discussion with the patient and the patient’s family
regarding the known associated complications with
the procedure and their likelihood of occurrence. It is
well-known that pelvic sepsis and anastomotic failure
have been reported to occur in up to 5%-10% of all
patients undergoing an RP and this risk may increase
[81,82]
2 fold in patients who receive radiation
. Associated
with these complications are long-term incontinence
and difficulty with evacuation due to anastomotic
strictures. There is also a risk of postoperative sexual
dysfunction with a reported incidence of 3.4%. Longterm complications include pouchitis which can occur
[81,82]
in 19%-26% of patients
(Table 4).
In patients with unifocal neoplasia, with medical
comorbidities, with stage Ⅳ CRC, or for patients
who find the risks of a RP unacceptable, alternative
[68,72]
surgical options may be considered
. The most
common alternative is the total colectomy with
ileorectalanastomosis (IRA). The advantage of this
procedure is that it is a less extensive procedure which
avoids a pelvic dissection and its’ associated risks
of neural injury or subsequent sexual and bladder
dysfunction. Patients with minimal rectal involvement
by their disease and no rectal dysplasia can be
considered for IRA. As with the RP, it is important to
ascertain anal sphincter function prior to surgery to
determine if there would be good continence of stool.
However, the IRA does carry a risk of anastomotic leak
[72]
with sepsis with reported rates up to 9% . da Luz
[83]
Moreira et al
reported long term outcomes on 86
patients who underwent IRA at the Cleveland Clinic.
The majority of these patients had a diagnosis of UC
and there was a median follow up of 11 years. Rectal
dysplasia and cancer developed in 15 (17%) and 7
(8%) of 86 patients, respectively. The cumulative
probability of developing dysplasia or cancer in the
rectum at 5, 10, 15, and 20 years was 7%, 9%, 20%
and 25% for dysplasia, respectively and 0%, 2%,
5%, and 14% for rectal cancer, respectively. There
were 22 patients available for follow up telephone
surveys that were matched with 66 RP patients. The
patients with an IRA reported significant fewer bowel
movements per day and less night-time seepage, but
often greater urgency. Although, the quality of life
was similar among the IRA and RP patients, the IRA
patients reported more dietary restrictions and work

Table 4 Complications of restorative proctocolectomy
Anastomotic failure
Pelvic abscess
Perianal abscess and perianal fistula
Pouch fistula
Anastomotic strictures
Sexual dysfunction
Pouchitis
Cuffitis

5%-10%[81,82]
4.8%-8%[101,102]
7%[103]
4%[104]
10%-40%[104,105]
3.4%[81]
19%-26%[81,82]
15%[79]

are the preferred procedure of choice.
As experience has increased and complications
decreased with the RP, utilization of this procedure
in patients with IBD related dysplasia and CRC has
become more accepted. RP preserves the intestinal
continuity and this option can be offered to patients
[73]
with colitis associated neoplasia . Technical
recommendations and the justifications regarding
the necessity of each technique are outlined below.
First, high ligation of the major colonic vessels as well
as a total mesorectal excision should be performed
for all patients with dysplasia or cancer so that an
[74]
appropriate lymphadenectomy can be performed .
In the treatment of CRC, at least 12 peritumor lymph
nodes should be removed at the time of surgery
[75]
to allow for adequate tumor staging . Second,
mucosectomy with removal of all at risk mucosa can
be selectively performed based upon oncological
principles of at least a 1-2 cm resection margin.
Historically, preservation of the 2-3 cm of anal
mucosa was considered contraindicated in patients
with UC-associated dysplasia or CRC. However,
[76]
more recently, Al-Sukhni et al
demonstrated in a
retrospective review of 81 patients that performing
a stapled anastomosis did not increase the risk
of the development of adenocarcinoma in the
retained rectum, in fact, there were 2 patients with
adenocarcinoma in the anal area following RP and
both of these patients had undergone a mucosectomy.
Third, patients who require pelvic radiation or who
have stage Ⅳ disease may be better served with
[74]
proctocolectomy and end ileostomy. Snelgrove et al
demonstrated 100% pouch failure rates in patients
with IBD and rectal cancer who had an RP and
underwent postoperative radiation for local control.
[77]
Furthermore, Wu et al
demonstrated an increased
risk of long-term pouchitis leading to pouch failure in
patients who underwent neoadjuvant radiation prior
to RP. The effects of ongoing chemotherapy on pouch
function has not been well studied, however, there is
a concern for increased bowel frequency. Moreover,
inflammation of the retained rectal mucosa (cuffitis)
can occur following surgery in about 15% of patients.
Only a small number of patients become symptomatic
with symptoms of increased bowel movement,
[78,79]
abdominal pain, tenesmus, and rectal bleeding
.
In a series of 61 patients who underwent RP for UC,
[80]
Shen et al
found that only 4 (6.5%) patients who
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restrictions.
The use of segmental resection in UC-associated
neoplasia has been restricted secondary to the concern
for the development of secondary malignancies
[36]
in other areas of the colon. Choi et al
reported
that IBD-CRC is accompanied by a synchronous or
metachronous CRC or spatially distinct dysplasia in
at least 30% of patients. However, we have shown
using the Surveillance, Epidemiology, and End Results
Medicare database, that patients with IBD-CRC over
the age of 65 had similar survival independent of the
surgical procedure performed (segmental vs total
[84]
proctocolectomy) . We concluded that consideration
could be given if quality of life mandates it, to a
segmental resection for IBD-CRC in patients over
the age of 65. Other palliative procedures such as
diverting colostomy or ileostomy can be considered
in very high surgical risk patients who are not fit to
undergo colectomy, or in patients who present with a
very advanced stage disease to relive their symptoms.

POSTOPERATIVE SURVEILLANCE
Pouch neoplasia

RP for colitis associated neoplasia, preserves the
intestinal continuity and eliminates the diseased colon
at risk of neoplasia. However, this procedure does not
abolish the risk of IBD-associated neoplasia at the
anal transitional zone and pouch body. In a study that
used the Dutch Pathology Registry, 1200 patients were
identified with IBD and had undergone a RP with a
median follow up of 6.5 years. In these 1200 patients,
25 (1.83%) developed pouch neoplasia, with 16
adenocarcinomas. The cumulative incidences at 5, 10,
15, and 20 years for overall pouch dysplasia were 0.3%,
0.5%, 1.6%, and 3.7%, respectively, and for pouch
[89]
carcinoma were 0.6%, 1.4%, 2.1%, and 3.3% .
These results are similar to what has been reported
[90]
from the Cleveland Clinic . In their review of 3202
patients, the cumulative incidences for pouch neoplasia
at 5, 10, 15, and 20 years were 0.9%, 1.3%, 1.9%,
and 4.2%. In their series, only 11 (0.36%) patients
developed adenocarcinoma of the anal canal or pouch.
The only independent risk factor for pouch neoplasia
was a history of dysplasia or CRC prior to RP.
To date there are no consensus on whether and
when to perform surveillance pouchoscopy. Liu et
[91]
al
preformed a review to determine the prevalence
of pouch neoplasia, its risk factors, and to establish
guidelines for surveillance. Seventy-seven cases of
pouch dysplasia were included in this review that
have been reported in the literature; 6 with DNA
aneuploidy of the pouch, 7 with both DNA aneuploidy
and dysplasia, 49 with LGD, 8 with HGD, and 7 with
dysplasia of unspecified grade. The pooled prevalence
of dysplasia was 1.9% at the anal transitional zone
and 4.2% at the pouch body. In the same review, 50
cases of pouch cancer have been reported, of which
42 were adenocarcinoma, 2 lymphoma, 3 squamous
cell cancer, and 3 non-specified cancer. In regards to
the location of pouch adenocarcinoma, 27 (64%) had
cancer of the anal transitional zone, 8 (19%) in the
pouch body, 2 (5%) in the anal transitional zone and
pouch body, 1 (2%) in the afferent limb and proximal
pouch, and an unspecified location in 4 patients (10%).
Risk factors for pouch neoplasia included in their
review were: history of preoperative or intraoperative
diagnosis of UC-associated dysplasia or cancer, the
presence of type C mucosa of the pouch, concurrent
PSC, a family history of colon cancer, long duration of
UC, and history of chronic pouchitis. They concluded
that high risk patient for pouch neoplasia should
undergo pouchoscopy with biopsy every 1 to 3 years
(Table 5).
Similar to the surveillance of colonic dysplasia,
there is no consensus on the management of

Surgical options for CD-associated neoplasia

Intestinal neoplasia in CD is rare. von Roon et
[85]
al
determined the incidence of small bowel
adenocarcinoma was 1.55 per 100000 patients
and the mean duration of disease before the onset
of carcinoma was 9 years. However, the incidence
[86]
of CRC in CD is higher. Lovasz et al
reported
the probability of developing CRC in patients with
CD to be 5.5% at 5 years and 7.5% at 10 years.
Historically, segmental resection is generally indicated
in CD patients whether the neoplasia is found in the
[68,72]
small or large intestine
. In the small intestine,
neoplasia frequently occurs in the ileocecal area, and
it is commonly undiagnosed at the time of surgical
[87]
exploration . There is more likely to be neoplasia
in areas in the colon and small bowel where long[86]
standing stenosis or strictures are found . This
includes the perianal area where frequently strictures
are found. Unfortunately, since the diagnosis of
adenocarcinoma is not known at the time of resection,
an appropriate oncological resection is not performed
as the surgeon’s goal is to preserve bowel length. If
cancer is suspected due to risk factors or preoperative
biopsies indicating any neoplasia, performance of
an adequate lymphadenectomy with removal of
wide margins is necessary. Furthermore, recent
retrospective reviews and histological analysis have
indicated that neoplasia in Crohn’s colitis behaves
[88]
similar to UC . This determination is based upon
the findings that the incidence of dysplasia distant to
the CRC in both UC and CD is similar (39% vs 37.5%
retrospectively). Therefore, if the diagnosis of cancer
is suspected at the time of surgery, consideration for a
more extensive resection should be given.
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the 5-year survival rates are similar in sporadic and
IBD-CRC, while others have shown that IBD-CRC is
[95-98]
associated with lower 5-year survival rate
(Table
6). A study from Ireland used the National Cancer
Registry data from 1994 to 2005 to compare the
survival between IBD-CRC and sporadic-CRC, the
analysis included 170 patients with IBD-CRC and
22155 patients with sporadic-CRC. They found that
patients with IBD-CRC had 3 years longer median
survival time (P < 0.001), however, after adjusting
for comorbidities and tumor stage, the apparent
advantage in survival in patients with IBD-CRC was
[22]
deemed non-significant (P = 0.097) . Another
nationwide study from Denmark that used the Danish
Medical Registry data from 1977 to 2009 included
653 patients with UC-CRC, 238 patients with CDCRC, and 107024 patients with sporadic-CRC. The
5-year adjusted mortality rate ratio was 1.14 (95%CI:
1.03-1.27) for patients with UC-CRC, and 1.26 (95%CI:
1.07-1.49) for patients with CD-CRC compared with
[97]
patients with sporadic-CRC . In 2006, a study from
Mayo Clinic compared the survival between 290
patients with IBD-CRC and 290 patients with sporadicCRC who were evaluated between 1976 and 1996.
The 5-year survival rates were 54% in IBD-CRC and
[99]
53% in sporadic-CRC (P = 0.94) . A recent study
[98]
by Adams et al
used Colon Cancer Family Registry
data between 1997 and 2009 to compare the survival
between IBD-CRC and sporadic-CRC. Patients with
IBD-CRC had worse prognosis with adjusted hazard
ratio of (aHR = 1.36, 95%CI: 1.05-1.76). With the
adherence to the surveillance programs and the use
of newer endoscopic methods of screening, IBDassociated neoplasia is most likely to be detected in an
earlier stage which may results in better prognosis.

Table 5 Risk Factors for pouch neoplasia
History of preoperative or intraoperative diagnosis of UC-associated
dysplasia or cancer
Presence of type C mucosa of the pouch
Concurrent PSC
Family history of colon cancer
Long duration of UC
History of chronic pouchitis
PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis.

Table 6 Prognosis and long-term outcomes of inflammatory
bowel disease - colorectal cancer
Ref.
Hrabe et al[106]
Renz et al[107]
Delaunoit et al[99]
Kiran et al[108]

Cancer type

n

IBD-CRC
Sporadic-CRC
IBD-CRC
Sporadic-CRC
IBD-CRC
Sporadic-CRC
IBD-CRC
Sporadic-CRC

55
109
33
165
290
290
240
480

5-yr overall survival
54.5%
62.2%
49%
67%
54%
53%
77%
72%

CRC: Colorectal cancer; IBD: Inflammatory bowel disease.

pouch dysplasia. The finding of HGD in the pouch is
concerning for the presence of synchronous cancer
[92]
and is considered an indication for pouch excision .
The management of LGD in the pouch is controversial,
the current recommendations consist of surgical
intervention for multifocal or persistent LGD, and
[91]
endoscopic surveillance for unifocal LGD .
Following subtotal or segmental resection for IBDneoplasia, there is risk of local and distant recurrence,
which is highest during the first 3 to 5 years following
[93]
surgery . A strict surveillance program should
be followed to detect recurrent disease at an early
stage in order to provide optimum patient care and
improve the oncological outcomes. The interval of
follow up surveillance depends on any new neoplastic
endoscopic findings. In general, history and physical
examination is performed every 3 to 6 mo in the first
th
th
3 years following surgery, every 6 mo in the 4 and 5
year, and annually afterward. Serum carcinoembryonic
antigen (CEA) is obtained every 3 mo in the first
th
3 years, then every 6 mo to one year up to the 5
year postoperatively. CT of chest/abdomen/pelvis is
performed annually for the first 5 years in patients with
high risk for recurrence. Positron emission tomography
(PET) and/or MRI may be performed in patients with
[93-95]
rising CEA and equivocal CT
.

COUNSELING AND EDUCATION
Clearly, the management of IBD-associated neoplasia is
complex and requires collaborative effort of surgeons,
gastroenterologist, pathologists, and the patients
themselves to optimize outcomes. In order for patients
to be actively involved in the management of their
disease, they need to gain understanding about the
nature and the complexity of IBD-associated neoplasia
so that appropriate informed decisions can be made
regarding treatment plans. One important example
how we can improve understanding is to share with
patients what the expected final pathological outcome
will be once their colon is removed for IBD-associated
neoplasia. We have previously shown that the final
pathological diagnosis on the specimen of colon
that is surgically removed poorly correlates with the
[100]
preoperative endoscopic pathological diagnosis
.
In this study of 81 patients with preoperative biopsy
confirmed IBD-associated neoplasia, overall agreement
between preoperative biopsies and final wholespecimen pathology was 41% and no dysplasia was
identified in 16 (20%) patients. The poorest agreement

PROGNOSIS AND LONG-TERM
OUTCOMES
In both sporadic and IBD associated CRC, the
prognosis and survival depend on the pathological
stage at diagnosis. Some studies have shown that
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was seen among patients with polypoid LGD. It was
noted that a repeat endoscopic exam at our institution
was associated more commonly with the findings
[100]
of neoplasia
. These diagnostic issues must be
effectively explained to the patients by their health care
providers, along with addressing other concerns such
as social, psychological, and financial concerns.

12

13

CONCLUSION
IBD- associated neoplasia is a very complex disease
and is very challenging for both patients and surgeons.
Understanding of the nature of the disease and
its progression is crucial to provide the optimum
oncological care. Adherence with the screening and
surveillance programs along with the use of new
endoscopic methods will help in the identification of
the neoplastic changes in early stages. Surgical options
should follow standard oncological principles regardless
of the procedure type. Effort in patients’ education
about the disease nature and the need of continued
surveillance is vital as it will help in engaging them in
management decision making.
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In the gut, where billions of non-self-antigens from
the food and the microbiota are present, the immune
response must be tightly regulated to ensure both
host protection against pathogenic microorganisms
and the absence of immune-related pathologies. It
has been well documented that regulatory T cells
(Tregs) play a pivotal role in this context. Indeed,
Tregs are able to prevent excessive inflammation,
which can lead to the rupture of intestinal homeostasis
observed in inflammatory bowel diseases (IBDs).
Both the worldwide incidence and prevalence of such
diseases have increased throughout the latter part of
th
the 20 century. Therefore, it is crucial to understand
how Tregs suppress the colitogenic immune cells
to establish new treatments for patients suffering
from IBDs. In this review, we will first summarize
the results obtained in animal model studies that
highlight the importance of Tregs in maintaining
intestinal homeostasis and describe the specific
suppressive mechanisms involved. Next, our current
knowledge about Tregs contribution to human IBDs
will be reviewed, as well as the current therapeutic
perspective on using Tregs for clinical IBD treatment
and the challenges that remain to be resolved to
ensure both the safety and effectiveness of these
therapies in targeting this critical immune-regulatory
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cell population.

understand and dissect the immuno-pathophysiology
of IBDs. They indicate that chronic inflammation may
be the result of excessive inflammatory responses
or deficiencies in key negative regulatory pathways.
In particular, regulatory T cells (Tregs) have been
pinpointed as a key immunosuppressive population
that is critically involved in the maintenance of the
intestinal homeostasis. Here, we will first review
the key features of Tregs before exploring their
contribution to mouse models of IBDs. Then, we will
focus on the implications of Tregs in human IBDs and
discuss the current therapeutic perspectives based on
the use of this immunosuppressive cell population.

Key words: Regulatory T cells; Foxp3; Gut; Inflam
matory bowel disease; Colitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mucosal immune system must be very
well-controlled to avoid immune responses against both
microbial and innocuous food antigens. Regulatory T
cells (Tregs) constitute a key mechanism to ensure
gut homeostasis. In this review, both Treg biology and
the suppressive mechanisms that have been identified
using animal models of intestinal inflammation are first
summarized. Then, we discuss the current knowledge
concerning their contribution to human inflammatory
bowel diseases (IBDs). Interestingly, these relatively
recent advances have led to new therapeutic per
spectives for IBD treatment by targeting this potent
immunosuppressive cell population.

GENERAL FEATURES OF REGULATORY T
CELLS
Phenotypic characterization of regulatory T cells

The idea that a specific T cell population with regulatory
capacities was able to control the immune system
homeostasis and ensure tolerance emerged in the early
seventies from experiments showing that neonatal
thymectomy leads to the development of autoimmune
[1]
manifestations that can be prevented by adoptive
[2,3]
transfer of T cells . Since then, many studies have
been performed to precisely define specific phenotypic
markers of these suppressor CD4 T cells to analyze
their key role in immune tolerance. The differential
[3]
[4,5]
[6]
expression of CD5 , CD45RB
and CD25 has
been successively used to define this potent regu
latory population. It is now well-documented that
several Treg subsets regulate the immune system,
but the best-characterized Treg population is the
+
+
CD4 CD25 phenotype. This subset expresses the
transcription factor Foxp3 and plays a central role in
preventing pathological immune responses, including
autoimmunity, intestinal inflammation and allergy.
Thus, Tregs ensure dominant tolerance to self and
innocuous environmental antigens. The first and most
convincing observation that Tregs play a major role in
immune homeostasis was the dramatic autoimmune
phenotype observed in the Scurfy mice that bear a
[7,8]
mutation in the Foxp3 gene
and the analogous
fatal immune dysregulation, polyendocrinopathy,
enteropathy and X-linked inheritance (IPEX) seen
[9]
in humans with mutations in the Foxp3 gene . The
mutations in Foxp3 in Scurfy mice and IPEX patients
+
+
result in the specific absence of functional CD4 CD25
Tregs. Following these seminal observations, the use
of genetically modified mice that allow to visualize or
ablate Tregs in vivo have rejuvenated the field of T
cell-mediated suppression and formally demonstrated
[10]
that Foxp3 acts in Treg lineage specification .
Functional studies require the isolation of a pure
Treg population. Tregs are currently defined by the
constitutive expression of CD25, but this molecule is
also up-regulated by activated effector T cells (Teff).
Additionally, although Foxp3 remains the best Treg

Pedros C, Duguet F, Saoudi A, Chabod M. Disrupted regulatory
T cell homeostasis in inflammatory bowel diseases. World J
Gastroenterol 2016; 22(3): 974-995 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v22/i3/974.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i3.974

INTRODUCTION
Immune responses in the digestive tract are tightly
regulated to ensure host protective immunity and
prevent the development of immune-mediated
pathology. The host immune system must efficiently
respond to invading pathogenic microorganisms,
while simultaneously and specifically blocking
these mechanisms in response to antigens derived
from the abundant commensal gut flora and the
alimentation. The integrity of the intestinal mucosa
is crucial and acts as a physical barrier, but additional
tolerance mechanisms are required to prevent the
excessive inflammation that can lead to the rupture
of intestinal homeostasis observed in inflammatory
bowel diseases (IBDs). IBDs are a group of chronic
intestinal inflammatory disorders that include Crohn’s
disease (CD) and ulcerative colitis (UC). CD generally
affects the entire gastrointestinal tract, whereas
UC mainly affects the colon and the rectum. IBDs
are complex diseases whose aetiology is currently
incompletely understood. The current and most
accepted hypothesis is that IBDs occur as a result
of the complex interactions between genetic and
environmental factors, leading to a breakdown in
intestinal homeostasis and the development of
aberrant inflammatory responses to the intestinal
flora. Mouse models of IBDs that mimic features of
the human pathology have been useful to better
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marker in mice, its intracellular location precludes the
use of this marker for the isolation of live human cells.
Furthermore, Foxp3 can be expressed by activated
[11,12]
human Teff
. Tregs also constitutively express
[13,14]
[15]
CTLA-4
and GITR , but those markers are also
impacted by T cell activation and do not provide more
specificity than CD25. The lack of Treg-specific surface
markers can be overcome by the use of Foxp3-reporter
mice, but the identification of highly specific markers to
distinguish Tregs from activated Teff remains a critical
hurdle to studies in humans. The CD127 and CD27
markers have been proposed to increase the specificity
of Treg identification. The level of CD127 expression is
+
+
[16]
lower in CD25 Foxp3 Tregs than in Teffs . However,
CD127 expression is also downregulated following Teff
[17]
activation
and, therefore, is only useful to identify
Tregs in non-inflammatory conditions. However,
most of the current studies rely on Treg identification
+
low
through the CD25 CD127 phenotype. The CD27
expression level in Tregs is higher than that in Teffs
and identifies human Tregs under certain inflammatory
[18,19]
conditions
.

the lamina propria and the gut-associated lymphoid
tissues), where tolerogenic conditions are combined.
Indeed, in addition to the relatively high concentration
of active TGF-β1, the continuous presence of antigens
derived from the commensal microbiota and aliments,
+
together with the presence of tolerogenic CD103
dendritic cells (DCs), is a favorable environment
[28,29]
for pTreg differentiation
. This conversion of
Tconv to Tregs is also mediated in part by retinoic
[29,30]
acid (RA)
. Finally, DCs are able to generate the
active form of vitamin D, 1,25-dihydroxyvitamin
D3 (1,25(OH)2D3), a potent immunomodulatory
molecule. Indeed, stimulation of Tconv with both
1,25(OH)2D3 and IL-2 induces both CTLA-4 and Foxp3
expression, conferring immunoregulatory functions to
[31]
these cells . In addition, the literature describes the
importance of the PD-1/PD-L1 signaling pathway for
+
the generation, maintenance and plasticity of Foxp3
[32-34]
pTreg
. It has been suggested that the exhausted
colitogenic Teffs cells can lose their effector functions
and acquire regulatory properties. These suppressor
cells are characterized by the expression of PD-1, low
[35,36]
expression of CD25
and constitutive expression
of Foxp3 and CTLA-4. This subpopulation of pTregs
+
is able to suppress the proliferation of CD4 CD25
PD-1 Tconv in vitro and inhibits the development
of intestinal inflammation in the transfer model of
colitis. These data suggest that the PD-1 and PD-L1
pathway could be one way to generate pTregs cells
during IBDs. The butyrate produced by the commensal
microorganisms during starch fermentation has been
shown to induce pTreg differentiation in the intestinal
mucosa and to reduce the disease severity in the T
[37]
cell transfer model of colitis . In agreement with
these data, another study revealed that, in addition to
butyrate, propionate, another metabolite generated
[38]
by the microbiota, exhibits the same function .
The composition of the microbiota is crucial for Treg
[39]
accumulation . Indeed, oral administration of a
mix of 17 different gut bacteria strains is sufficient to
promote Treg accumulation in the colon of germ-free
(GF) mice. Further studies are required to investigate
whether these Tregs derive from pre-existing Tregs
that have migrated and/or proliferated or from the
peripheral differentiation of naive Tconv. Strikingly,
this treatment with the bacteria mixture protects the
GF mice from developing disease in the T cell transfer
model of colitis and in an allergic diarrhea model. In
addition, modification of the gut microbiota by oral
administration of intestinal Clostridium bacteria strains
improves Treg function, indicating that the microbial
environment in the colonic mucosa influences Treg
[39,40]
function
. The proposed mechanism is that DCs,
and likely intestinal epithelial cells, would lead to the
+
high
accumulation of IL-10 CTLA4
pTregs through their
production of TGF-β and other Treg-inducing factors.
Moreover, the oral administration of Clostridium early
in life results in resistance to colitis and systemic

Thymic and peripheral regulatory T cell subpopulations
+

Foxp3 Tregs can be divided into two main subsets:
thymus-derived Tregs (tTregs), which are generated in
the thymus, and peripherally-induced Tregs (pTregs),
which can be induced from naive CD4 T cells in the
periphery. We will briefly review the similarities and
differences between these populations and discuss the
relative contribution of tTregs and pTregs to intestinal
homeostasis maintenance.
Tregs are generated in the thymus and represent
+
less than 5% of the CD4 T cell population. Inter
estingly, tTregs develop from precursors expressing
TCRs with high affinity for self-antigens. As a con
sequence, the TCR affinity of tTregs for self-antigens
is higher than that of Teffs. Thus, although a partial
overlap exists, the Treg and Teff TCR repertoires are
[20]
distinct . The actual model of tTreg differentiation
[21,22]
consists of 2 steps
. A strong TCR signal associated
with the engagement of costimulatory molecules
leads to the upregulation of CD25 at the CD4 single
positive stage. Then, signals through CD25, also
known as the IL-2 receptor, lead to the expression of
Foxp3. Indeed, the transcription factor STAT-5, which
is activated downstream of the IL-2 receptor, binds
a regulatory sequence in the Foxp3 gene and thus
promotes its expression. Several mouse models of
IL-2 deficiency demonstrate that IL-2 is a key cytokine
for the development and the peripheral maintenance
[23-26]
of tTregs
. Interestingly, the lack of IL-2 in mice
[27]
promotes colitis .
+
It is assumed that most of the Foxp3 Tregs
recirculating in the lymphoid organs of healthy
mice originate from the thymus. However, a large
proportion of pTregs derived from conventional T
cells (Tconv) are present in the gut (particularly in
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immunoglobulin E responses in adult mice. In addition,
IBD patients exhibit some shifts in the composition
[41,42]
of their intestinal microbiota
. This observation
suggests that the equilibrium of the gut flora is
important to prevent IBD development and opens new
therapeutic windows. Together, these data strongly
imply that the intestinal bacteria promote tolerance
by producing molecules that improve Treg-mediated
immunosuppression, thus allowing symbiosis between
the intestinal flora and the host.
In addition to these two Treg subsets, a third
subset of Tregs, referred to as type 1 regulatory T
(Tr1) cells, expresses only low and transient levels
[43-45]
of Foxp3 and produces high levels of IL-10
. Tr1
cells have been described as particularly important for
maintaining intestinal tolerance. Indeed, the transfer of
+
Tr1 cells can prevent IBDs induced by pathogenic CD4
high
[43]
CD45RB
T cells . The coexpression of CD49b and
LAG-3 enables the isolation of a highly suppressive
[46]
Tr1 population . However, the biology of this Treg
population is still poorly understood.
The TCR repertoires of tTregs and pTregs are
different. Indeed, tTregs are enriched in autospecific
cells compared to the pTregs that are generated from
naive T cells that have not been negatively selected in
[20,47]
the thymus
. Therefore, pTregs are thought to be
mainly responsible for tolerance to non-self-antigens,
[48]
such as allergens, diet and fetal antigens , whereas
tTregs would be preferentially involved in the control of
[49]
autospecific responses .
Because both pTregs and tTregs express CD25
and the key Treg lineage transcription factor Foxp3,
the distinction between these 2 populations in the
peripheral organs remains challenging. Currently,
Nrp-1 and Helios are two candidates for this dis
crimination. However, these markers do not permit
a strict distinction between Teffs, pTregs and tTregs.
Higher expression of the transcription factor Helios on
tTregs has been proposed to distinguish them from
[50]
pTregs ; however, recent studies have revealed that
[51]
Helios could also be expressed by pTregs in vivo .
Furthermore, a fraction of human tTregs does not
[52]
express Helios . Nrp-1 expression by tTregs and its
absence in pTregs distinguishes these 2 populations
[53,54]
under non-inflammatory conditions
. However, in
humans, Nrp-1 expression can be induced in activated
[55]
Teffs . Thus, the lack of clear markers limits our
understanding of the relative contribution of tTregs and
pTregs to the disease pathophysiology, particularly in
humans.
In the context of IBDs, the relative contribution of
tTregs and pTregs is difficult to assess for the reasons
described above. The inhibition of pTreg differentiation
(by preventing TGF-β-dependent induction of Foxp3)
demonstrated that pTregs are necessary to prevent
[56]
Th2 type pathologies at mucosal sites . In addition,
the lack of pTregs modified the composition of the
intestinal microbiota. Thus, this study suggested
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that tTregs are primarily responsible for the control
of autoimmune responses, whereas the main role
of pTregs would be to prevent immune responses
against commensal and dietary antigens. This idea
is further supported by another study analyzing the
[57]
TCR repertoire of colonic Tregs . The comparison
of the TCR repertoire of Tregs from this site with
other locations revealed that gut antigens shape the
Treg TCR repertoire in the intestine. Indeed, a large
proportion of colonic Tregs are specific for bacterial
antigens, suggesting that pTregs compose a major
proportion of the gut Tregs. However, another recent
study revealed that the TCR repertoires of intestinal
and thymic Tregs are highly similar, suggesting that
tTregs also contribute significantly to the intestinal
[58]
Treg pool . Therefore, both pTregs and tTregs are
likely to contribute to the maintenance of intestinal
homeostasis, and it remains to be elucidated which
population plays a major role.

Heterogeneity of regulatory T cells
+

Effector CD4 T helper (Th) cells are heterogeneous
and differentiate into at least 4 subsets (Th1, Th2,
Th17 and Tfh) that differ in their cytokine production
and functions. For instance, Th1 cells are defined
as producing IFN-γ and expressing the transcription
factor T-bet. Th1 cells can enhance the killing potential
of macrophages and CD8 T cells. Th2 cells produce
IL-4, IL-5 and IL-13, express the transcription factor
GATA3 and contribute to eosinophilic inflammation
and allergic reactions. Th17 cells release IL-17A, IL-21
and IL-22, express the transcription-factor RORγt
and are involved in the activation and recruitment
of neutrophils. Follicular helper T cells (Tfh) are
characterized by the expression of CXCR5 and the
transcription factor Bcl-6. This subpopulation plays a
key role in humoral responses by promoting germinal
center reactions and providing critical signals that
shape the B cell responses. There is now a large
+
body of evidence indicating that Foxp3 Tregs are
also heterogeneous and could be further subdivided
into highly specialized subpopulations with different
functions. The expression of distinct effector molecules,
chemokine receptors and transcription factors varies
+
within Foxp3 Tregs isolated from distinct anatomical
[59]
sites . This differential expression of specific
molecules endows Tregs with the ability to specifically
control the various types of immune responses in
different anatomical locations. The mechanisms
involved in Treg specialization to control the Th1/Th2/
Th17/Tfh responses have been recently elucidated.
Expression of the Th1 transcription factor T-bet by a
subtype of Tregs controls the expression of CXCR3
and allows Tregs to accumulate at Th1 inflammation
[60]
sites . The acquisition of T-bet expression by Tregs
depends on STAT1 activation. Both IFN-γ and IL-27
are involved in this differentiation by acting in different
anatomical sites, and these 2 cytokines also induce
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[60-62]

[78]

distinct gene expression profiles
. Treg expression
of miR-146a, which is involved in the control of STAT1
expression, is also critical for their ability to control
[63]
the Th1 responses . Treg expression of the Th2
transcription factor IRF4 allows Tregs, in cooperation
with Foxp3, to specifically control the Th2 responses.
+
Indeed, specific deletion of IRF4 in Foxp3 T cells leads
to the spontaneous development of a deregulated
Th2 response, lymphoproliferation associated with a
+
selective increase in IL-4/IL-5-producing CD4 T cells,
[64]
the aberrant production of IgE and tissue lesions .
IRF4 physically interacts with Foxp3. Moreover,
expression of the protein kinase CK2 is also involved
in the Treg-mediated control of the Th2 responses. A
Treg-specific CK2 deficiency induces the expression
of the ILT3 receptor by a discrete population of
+
+
Foxp3 Tregs. These ILT3 Tregs retain the ability to
control the Th1 responses but favor the emergence
+
+
of Th2-promoting PD-L2 IRF4 DCs, leading to a
[65]
Th2 lymphoproliferative disease . Tregs ability to
suppress Th17 responses relies on their expression of
STAT3, a key Th17 differentiation factor. Treg-specific
ablation of STAT3 induces specific Th17 activation
[66]
and an intestinal pathology . STAT3 expression by
Tregs is involved in the expression of the chemokine
receptor CCR6, thus impacting their intestinal location.
STAT3 also controls IL-1R and IL-6R expression.
Expression of these cytokine receptors is likely to
impact Teff polarization by depriving them of the
cytokines important for Th17 differentiation. However,
this phenomenon has only be demonstrated in vitro.
Finally, the expression of the Tfh differentiation factor
BCL6 by Tregs induces CXCR5 expression, promoting
Treg migration into the germinal center (GC), where
they become T follicular regulatory T cells (Tfr). The
absence of BCL6 or CXCR5 expression by Tregs leads
[67]
to increased GC activity . Finally, Tregs can also be
separated into subsets of naive and antigen-primed/
memory Tregs. These populations are defined by the
expression of CD45RA and CD45RO, respectively, and
[68-72]
are both suppressive but functionally distinct
.
Naive Tregs have the ability to recirculate between
lymphoid tissues and are believed to function at the
priming site, where their activation endows them with
the ability to migrate into inflamed sites.

expression can occur without generating tTregs
or by transient expression of Foxp3 in non-Treg
[79]
cells . Thus, these results support the view that the
differentiated Tregs are ultimately a plastic, but stable
lineage. Foxp3 controls the activation or repression
of genes and plays a key role in the development
[80]
and suppressive function of Tregs . However, the
expression of Foxp3 alone is not sufficient to establish
a complete and stable regulatory T cell phenotype.
Indeed, ectopic expression of Foxp3 in Teffs induced
[80-82]
only one-third of the Treg genetic signature
.
Retroviral transduction of Foxp3 does not induce the
activation of the endogenous Foxp3 locus, indicating
[81,83]
that Foxp3 cannot activate its own transcription
.
Furthermore, an analysis of the genetic signature of
Tregs in Foxp3-GFP-KO mice, where the Foxp3 gene is
deleted and replaced by GFP under control of the same
+
promotor, shows that the GFP Foxp3 cells express
[83]
some genes of the Treg signature , revealing that if
Foxp3 is essential for Treg development, it is not the
only factor involved in the acquisition of a complete
regulatory T cell phenotype.
The key role of epigenetic modifications in the
regulation of cellular differentiation processes and
lineage stabilization has been recently revealed in
[84-86]
many cell types
. These epigenetic modifications
regulate transcriptional activity and are transmitted
[86]
during cell division . A specific methylation profile
of Tregs has been established. Compared to Teffs,
Tregs exhibit hypomethylation of genes coding for key
proteins involved in their functions, such as Foxp3,
[87-89]
CTLA-4, and GITR
. In parallel, the Teff-specific
genes that are repressed in Tregs are hypermethylated.
These epigenetic modifications are initiated in Tregs
during tTreg development in the thymus. A partial
+
demethylation profile is indeed found in thymic Foxp3
[87,88]
cells
. The establishment of the hypomethylation
[88,90]
profile is independent of Foxp3 expression
.
Epigenetic modifications affect the DNA structure and
increase the accessibility to Foxp3 binding sites in
specific gene promotors involved in Treg functions,
thus modifying the transcriptional activity of these
[90]
genes in a Foxp3-dependent manner . The epigenetic
modifications differ between the thymus-derived
[87,88]
tTregs and the induced Tregs (iTregs) in vitro
. The
incomplete methylation profile of iTregs compared to
tTregs explains the reduced stability of this population,
which loses its Foxp3 expression and suppressive
functions when restimulated in the absence of
[87]
TGF-β . Furthermore, iTregs do not express all of
the genes of the Treg-specific signature and show
different capacities to control the effector responses
[81]
in vivo . Therefore, the Treg instability and loss of
Foxp3 expression observed in inflammatory settings is
thought to occur through pTreg conversion rather than
through the tTreg population.
In addition to the epigenetic modifications that
control Treg stability, numerous other mechanisms are

Stability of regulatory T cells

The fine-tuning of gene expression is critical for Treg
specialization and optimal control of various immune
responses, and it has been suggested that Tregs can
lose Foxp3 expression and their suppressive function
to be reprogrammed into a phenotype resembling
effector cells, particularly under inflammatory
conditions where these ex-Tregs could contribute to
[73-77]
disease development
. Other studies revealed
that these “ex-Tregs”, which are initially found at a
[73]
high frequency, even in homeostatic conditions , are
mainly generated in the thymus where transient Foxp3
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involved, such as the repression of SATB1 transcription
[91]
factor expression by Foxp3 , which is essential
for maintaining Treg function and preventing the
expression of effector cytokines, or the expression
of the transcription factors BACH2 and Eos, which
[92,93]
ensure the repression of the effector program
.
The miRNAs expressed by Tregs also play a key role
[94,95]
in preserving the stability of the Treg program
.
Likewise, the expression of the phosphatase PTEN is
critical for maintaining Treg stability, given that PTENdeficient Tregs can lose Foxp3 expression and up[96,97]
regulate molecules of the Th1 and Tfh lineages
.
In the context of IBDs, the inflammatory envi
ronment might influence Treg stability. Indeed, in
mouse models of autoimmunity, Treg functions may
be directly influenced by multiple pro-inflammatory
[98-101]
cytokines, such as TNF-α, IL-6 and IL-21
. Of
these cytokines, TNF-α is the best example because it
has a negative effect on Treg functions in the context
[102]
of rheumatoid arthritis . It is worth noting that many
researchers believe that anti-TNF antibody treatment
in patients suffering from autoimmune diseases is so
successful because it promotes the recovery of Treg
suppressive functions. By contrast, the IL-33 cytokine
has been described as positively modulating Treg
[103]
biology during gut inflammation
. Indeed, IL-33
signaling can both potentiate TGF-β1 signaling to favor
pTreg differentiation and improve Treg functions in vivo
during intestinal inflammation. In the T cell transfer
model of colitis, signals through the receptors for the
C3a and C5a complement molecules also decrease
[104]
Treg suppressive functions . The specific suppressive
functions of Tregs that are impaired have not been
studied, although decreased expression of Foxp3 and
CTLA-4 is documented.

has been further confirmed in a study that restricted
[111]
this defect in TCR signaling to the Treg population .
Similarly, the LAT-PLC-γ1 interaction in Tregs is
necessary for their suppressive functions in vivo, as
disruption of this interaction leads to the development
of a lymphoproliferative syndrome. Specific mutations
resulting in an impaired scaffolding function of
ZAP-70 also result in a lymphopenia, a loss of the
Treg suppressive functions and the development of
rheumatoid factor autoantibodies, but it is not known
[112]
whether those mice develop intestinal lesions
.
Interestingly, mutations affecting the catalytic domain
[113]
of ZAP-70 have no impact on Treg functions
.
Lck inactivation in Tregs also compromised their
homeostatic proliferation in vivo and their regulatory
functions in vitro, but it remains to be determined
whether this defect in TCR signaling impairs the Treg
[114]
functions in a colitis model . Moreover, rats deficient
in Themis1, a molecule involved in the TCR proximal
signaling hub, exhibit CD4 T cell lymphopenia, which
affects both the Tconv and Treg cell numbers. This
phenotype has been associated with a defect in
Treg functions and the spontaneous development
[115]
of intestinal inflammation
. Furthermore, we
reported that an epistatic interaction between
Themis1 and Vav1 controls regulatory T cell function
and IBD development in Themis1-deficient BN
[116]
rats by modulating TCR signaling strength
. It
would be interesting to analyze the consequences
of a conditional deletion of Themis1 in Treg cells
to investigate its role in Treg biology and disease
development independently of the defect in thymic T
cell development and subsequent lymphopenia.

Suppressive mechanisms of regulatory T cells

Tregs are equipped with several different suppressor
mechanisms that allow them to control both
the innate and adaptive immune cells in various
pathophysiological contexts. Tregs can modulate the
activation of diverse cellular populations, including
+
+
[117]
[118]
[119]
CD4 and CD8 T cells , NK cells , NK-T cells , B
[120]
[121,122]
cells
and macrophages
. Tregs can exert their
functions by directly acting on effector populations
or through indirect mechanisms that modulate the
[123]
antigen presenting cell (APC) phenotype
. Tregs
suppressive activities can be divided into two main
categories, contact-dependent or contact-independent
mechanisms, through the secretion of soluble
mediators or metabolic disruption (Figure 1). Briefly,
Tregs can modulate APC functions by controlling their
expression of major histocompatibility complex (MHC)
and costimulatory molecules, thereby limiting the
APC-Teff contacts and inducing the production of the
immunosuppressive molecule IDO. The expression of
CTLA-4, Nrp-1 and LAG-3 in Tregs has been shown
to mediate this contact-dependent APC modulation.
Tregs are also able to produce immunosuppressive
molecules, such as IL-10, IL-35 and TGF-β, that can

TCR signaling defects impact regulatory T cell functions

TCR signals are absolutely required for thymic deve
[105-107]
lopment and the suppressive function of Tregs
. In
mice, Ly-6C expression is inversely correlated with the
strength of the TCR signals received and divides the
[108]
Tregs into two subpopulations . Ly-6C Tregs exhibit
better survival and suppressive functions in vitro and
in the T cell transfer model of colitis in vivo. These data
highlight the requirement for a minimal TCR signal for
Treg survival and their suppressive functions, which is
consistent with the fact that they recognize self-ligands
during their recirculation in the secondary lymphoid
organs.
T cell-specific defects in genes of the proximal
TCR signaling cascade (such as PLC-γ1 and LAT) lead
[109,110]
to a partial block in thymic T cell development
.
As a consequence, the number of both peripheral
Tconv and Tregs is reduced and is associated with
the development of autoimmune manifestations,
particularly those affecting the gut. The deletion of LAT
in T cells reduces the expression of Foxp3, CTLA-4, and
[110]
CD25 in Tregs and impairs their function . This data
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Figure 1 Regulatory T cells control immune responses through a large panel of suppressive mechanisms. In order to control Teff functions, regulatory T cells
(Tregs) can use diverse immunosuppressive strategies: A: Treg suppression can be mediated through the inhibitory cytokines IL-10, IL-35, and TGF-b; B: Tregs can
modulate DC maturation or function through the interaction of CTLA-4, LAG-3 and Nrp1 expressed by Tregs and the CD80/86 costimulatory molecules, MHC class
II and Sema4a expressed by DC, respectively leading to IDO production and preventing DC maturation and Teff activation; C: Tregs can disrupt metabolic functions
through the expression of the ectoenzymes CD39/73 allowing adenosine generation, or by IL-2 deprivation; D: Tregs can also induce direct killing of Teff through the
production of granzyme B (GZB) or via the interaction between Gal-9 expressed by Tregs and Tim-3 expressed by Teff.

act directly on Teffs to inhibit their activation or via
APCs. The expression of the CD39/CD73 ectoenzymes
by Tregs can mediate the conversion of extracellular
ATP to adenosine, a metabolite that modulates the
functions of Teffs and innate immune cells. Tregs are
even able to directly kill their target cells. There is
some redundancy among those mechanisms because
a deficiency in only one does not recapitulate the
dramatic phenotype of the Foxp3-deficient mice. The
mechanisms that are employed in specific situations
and pathologies constitute an active area of research.

immune-deficient mice, which is the most widely
used experimental model of IBD. In the last, colitis is
+
high
induced by an injection of naive (CD4 CD45RB )
T cells into syngeneic immune-deficient (e.g., SCID
[5]
or RAG-deficient) mice . As a consequence, these
animals develop Th1/Th17-mediated colitis that shares
[124-127]
some features with human IBDs
. This intestinal
pathology is characterized by severe mononuclear
cell infiltration into the colon, which is associated with
[5,128]
epithelial hyperplasia and goblet cell depletion
. In
this model, gut inflammation would be driven by the
resident commensal bacteria, given that the immunedeficient recipients that have been transferred with
naive T cells but raised under a germ-free environment
or flora-restricted conditions are partially protected
from colitis development. This experiment suggests
that T cells specific for enteric bacteria are present
high
+
in the inoculated CD45RB
CD4 T cells and are
most likely responsible for the pathogenesis of the
[129]
disease
. Interestingly, the transfer of Tregs can
[130-132]
prevent disease development
, providing a model
to discover the factors that control the accumulation

REGULATORY T CELLS IN ANIMAL
MODELS OF IBDS
Murine models of IBDs are useful tools for the study
of the pathogenesis and regulation of intestinal
inflammation. They can be divided into 4 relatively
distinct categories: chemically induced barrier
disruption models, spontaneous models (due to
genetic mutations), intestinal pathogen-induced
models and the model of naive T cell transfer in
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and functions of colitogenic T cells as well as Tregs in
vivo. Importantly, from a clinical perspective, Tregs can
[4,133]
also cure established colitis
. Thus, in contrast to
the in vitro reductionist Treg/Teff coculture model, this
mouse model of intestinal inflammation is a potent tool
to dissect the Treg immunosuppressive mechanisms in
vivo.

dominant immunoregulatory mechanism. In addition,
the ability of Tregs to activate TGF-β is crucial in the
regulation of TGF-β1 production, particularly in the
gut. Indeed, furin-deficient Tregs exhibit impaired
regulatory function in the T cell transfer model of
[137]
colitis
. Likewise, myeloid cells (particularly DCs)
participate in intestinal homeostasis by promoting
pTreg differentiation, in part, by activating TGF-β1 in
the intestinal mucosa through the expression of the αv
[147,148]
integrin
.

Role of Treg suppressive cytokines in IBDs

TGF-β: The TGF-β family consists of three members,
TGF-β1, TGF-β2, and TGF-β3, which all have similar
roles in the regulation of immune cells. TGF-β1 is
a pleiotropic cytokine that has been described for
its broad immunoregulatory effects. This cytokine
influences the biology of many different immune
[134,135]
cells
. TGF-β1 can be secreted or expressed
at the cell surface by different non-immune and
immune cells, including Tregs. Its bioavailability is
tightly regulated; to be functional, TGF-β1, which is
secreted as an inactive precursor molecule [combined
with latency-associated peptide (LAP)], needs to be
cleaved by enzymes (such as furin) or modified by
[136,137]
integrins (such as avβ8 and avβ6)
. DCs, which
express avβ8 integrins, and Tregs, which express
furin, are able to perform this post-translational
modification of TGF-β1, again highlighting their potent
immunosuppressive function.
TGF-β1 is present in large quantities in the
intestine. TGF-β1 is critical for the maintenance of gut
homeostasis, because TGF-β1-deficient mice develop
lethal multiorgan lymphoproliferative disease, which
particularly affects the gut. Of note, this pathology
is similar to the one observed in the Foxp3-deficient
[138,139]
+
mice
. CD4 T cells are responsible for the
phenotype of the TGF-β1-deficient mice, because
[140,141]
their depletion improves the animal survival
.
The administration of TGF-β1 blocking antibodies
is sufficient to inhibit the Treg control of colitogenic
[13]
Teffs in the T cell transfer model of colitis . Activated
TGF-β1 acts on Teffs rather than on Tregs because the
expression of a dominant negative TGF-β-receptor
(TGF-βR) type Ⅱ or overexpression of an endogenous
inhibitor of TGF-β1, Smad7, in Teffs impairs Treg[142,143]
mediated suppression
. Surprisingly, TGF-β1deficient Tregs are still able to prevent colitis, unless
TGF-β blocking antibodies are administered along with
high
+
[142]
the colitogenic CD45RB
CD4 T lymphocytes
.
This data highlights the relevance of TGF-β production
by cells other than Tregs and even raises the question
of the relevance of TGF-β secretion by Tregs. TGF-β1
[144]
signaling seems to be important for Treg survival ,
[145]
for extra-thymic induction in pTregs
and for the
[146]
inhibition of Th17 cell differentiation
. Therefore,
these data suggest that TGF-β1 would inhibit
Teff functions in the context of IBD development,
but would also drive the conversion of Teffs into
pTregs. Therefore, further investigation is required
to determine whether either of these effects is a
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IL-10: IL-10 is a potent anti-inflammatory cytokine
that is produced by both immune and non-immune
cells. This cytokine exhibits a broad range of target
cell types. IL-10 signaling inhibits T cell proliferation
[149-152]
and cytokine secretion
. A Treg-specific IL10-deficient mouse demonstrated the key role of
[153]
this cytokine in mucosal homeostasis
, and its
neutralization abolished the Tregs impact on feto[154]
maternal tolerance . The first evidence that IL-10 is
a major immunosuppressive cytokine in the gut comes
[155]
from a study using IL-10-deficient mice
. These
mice spontaneously develop chronic enterocolitis
if they are not housed in a specific pathogen-free
environment. This data highlights the importance
of IL-10 in maintaining the symbiosis between the
gut microbiota and the organism. Additional studies
confirmed the critical role of IL-10 in intestinal
homeostasis by showing that the administration
of recombinant IL-10 or intestinal bacteria able to
produce IL-10 can dampen an established intestinal
[124,156]
inflammation in mice
. IL-10 secretion is one of
the key Treg suppressive mechanisms responsible for
immunological tolerance to self and environmental
antigens at environmental interfaces, particularly in
[153]
+
the colon, lung and skin
. Indeed, Foxp3 Tregspecific IL-10-deficient mice spontaneously exhibit
signs of inflammation in the colon, lung and skin. In
the colon, most of the IL-10-producing Tregs express
[157]
Foxp3
. According to these data, in this model,
+
Foxp3 Tregs, rather than Tr1 cells, would constitute
the main IL-10 source, preventing colitis. Moreover, the
secretion of IL-10 by Tregs and other cells also controls
the activation of proinflammatory macrophages in an
[121,122]
IBD mouse model
. IL-10 can directly suppress
[158]
the Th1 and Th1+Th17 colitogenic T cells
, and,
interestingly, IL-10 signaling in Tregs is necessary for
[159]
colitogenic Th17 Teff control . Thus, IL-10 secretion
by Tregs might amplify the negative regulatory
mechanisms, because IL-10 secretion by Tregs directly
inhibits colitogenic cell activation, and IL-10 signaling
in Tregs is required for Treg suppressive functions.
Taken together, these data demonstrate a crucial role
for IL-10 in Treg activation and suppressive functions.
IL-35: IL-35, a member of the heterodimeric IL-12
cytokine family, has been described as a suppressive
cytokine produced by Tregs. In T cells, IL-35 signals
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Induction of effector T cell apoptosis by regulatory T
cells in IBDs

through the homodimers of the IL-12Rβ2 or gp130
molecules or through IL-12Rβ2-gp130 heterodimers,
[160,161]
leading to STAT1 and STAT4 phosphorylation
.
IL-35 is critical for Treg-mediated control of the
inflammatory responses in the gut. Indeed, in the
T cell transfer model of colitis, mice receiving Tregs
from animals deficient in one subunit of the IL-35
receptor were less protected than mice transferred
[160]
with wild-type (WT) Tregs
. It has been proposed
that IL-35 exerts its regulatory effects by inducing the
+
conversion of Tconv to pTregs. Indeed, CD4 T cell
activation, which is induced by both IL-35 and TCR
signals, promotes the generation of a stable pTreg
[162]
population
. Interestingly, these Foxp3 pTregs are
very efficient in controlling inflammation, including
colitis, in vivo in an IL-10- and TGF-β1-independent
manner.

In addition to immunoregulatory cytokine production,
Tregs may suppress immune responses by killing
effector T cells. Tregs are able to induce Teff apoptosis
using the granzyme machinery. Indeed, granzyme
B is expressed by activated Tregs and promotes
immunosuppression by directly killing effector cells
[177,178]
or APCs
. This suppressive mechanism might
[179]
[180]
be implicated in transplantation
and tumor
models in vivo, but its role in IBDs is still unknown.
The constitutive expression of CD25 by Tregs not only
promotes their peripheral maintenance but can also
permit them to preferentially bind IL-2 and deprive
the effector cells of this critical cytokine for T cell
[181]
proliferation, inducing apoptosis
. This mechanism
of Teff control has been demonstrated in vitro, but the
direct proof that Tregs increase Teff apoptosis though
cytokine deprivation in the T cell transfer model of
colitis in vivo is lacking and difficult to obtain. Finally,
Gal-9 might also be involved in this mechanism.
Indeed, Gal-9 is highly expressed in pTregs but not
[182]
tTregs
. Gal-9 deficiency impairs pTreg regulatory
functions both in vitro and in vivo; this deficiency
also impairs pTreg stability, a feature associated with
[182]
decreased Foxp3 expression and Smad3 activation .
Interestingly, Gal-9-deficient pTregs are unable to
control intestinal inflammation in the T cell transfer
model of colitis. Gal-9 may function in vivo by
[183,184]
regulating Teff apoptosis or exhaustion
.

Regulatory T cell-mediated metabolic disruption in IBDs

Tregs highly express the ectoenzymes CD39 and CD73.
These two molecules can metabolize extracellular ATP
[163,164]
to ADP, 5’-AMP, and eventually adenosine
. Thus,
Tregs are able to generate adenosine, which is an
immunomodulatory molecule. Adenosine nucleosides
signal through four different receptor subtypes (A2A),
which are expressed by diverse cells, particularly
[165,166]
immune cells (APC, Teff and Tregs)
. Thus,
Tregs can also moderate inflammatory responses
by consuming ATP, a well-described inflammatory
molecule, or by generating adenosine, which positively
impacts Treg activation but also decreases Teff
[167-169]
functions
. Adenosine can not only inhibit the
+
in vivo development of both Th1 and Th17 CD4 T
responses but may also act on DCs, neutrophils and
[170]
macrophages . In addition, adenosine signaling can
+
[171]
induce the generation of LAG-3 pTregs
, allowing
Tregs to inhibit DC maturation after interactions with
[172]
their MHC class Ⅱ molecules
. Because adenosine
is widely expressed by diverse cell types, the specific
role of the Treg-generated adenosine remains to be
determined. In the context of IBDs, the administration
of the highly selective A2A adenosine receptor agonist
ATL-146e decreases the disease severity in both
[173]
acute and chronic colitis models
. Moreover, the
expression of A2A adenosine receptor by colitogenic
Teffs is crucial because A2A adenosine receptor-deficient
[174]
Teffs are resistant to Treg-mediated suppression
.
Interestingly, it has been shown that CD39 deficiency
[175]
exacerbates murine intestinal inflammation
, but
to date, it has not been directly shown that CD39
expression by Tregs is absolutely required for them to
exert their suppressive functions in this inflammatory
context. In contrast, CD73 expression by Tregs
plays a nonredundant role in their regulatory effects
because CD73-deficient Tregs are unable to control WT
+
high
colitogenic CD4 CD45RB
Teffs in the T cell transfer
[176]
model of colitis .
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Modulation of antigen presenting cell biology by
regulatory T cells in IBDs

The maturation of APCs, particularly DCs, is necessary
to fully activate Teffs in both physiological and
pathological conditions. A key mechanism used by
Tregs to suppress immune responses is interference
with the DC maturation process. Indeed, in vivo
two-photon real-time experiments nicely showed
that Teffs and Tregs directly interact with DCs in
[185-189]
different contexts
. Tregs are able to modulate
DC maturation and promote the immunosuppressive
function of APCs through diverse mechanisms.
The CTLA-4 and CD28 glycoproteins share the
CD80 and CD86 ligands expressed by activated
APCs (such as DCs and B cells). The CD80 and CD86
molecules are recognized by CTLA-4 with a higher
affinity than CD28, allowing CTLA-4 to limit CD28dependent costimulation and consequently limit
[190]
T cell activation
. Therefore, CTLA-4 is a potent
negative regulator of T cell activation. Indeed, the
disruption of the CTLA-4 gene in mice results in fatal
multiorgan inflammation very early in life, which
[191,192]
particularly affects the gut
. The constitutive
expression of CTLA-4 by Tregs plays a key role in their
immunosuppressive function. Treg-specific CTLA-4deficient mice develop a fatal multiorgan pathology
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characterized by an exacerbated Th1/Th2 response
[193]
and autoantibody production
. CTLA4 expression
by Tregs confers at least two main functions to
Tregs: the modulation of APC maturation and the
induction of indoleamine 2,3-dioxygenase (IDO) in
APCs. The engagement of CTLA-4 has been shown to
deplete CD80 and CD86 expression on DCs by trans[194]
endocytosis
. Given that CTLA-4 and CD28 share
the costimulatory CD80 and CD86 ligands expressed
by APCs, CTLA-4 engagement reduces the activation
potential of DCs by inhibiting costimulation of Teffs
[193,194]
through CD28 engagement
. In addition, CTLA-4
engagement with its ligands expressed on DCs also
represents a major regulatory mechanism through
[195]
the induction of IDO production . The IDO produced
by DCs inhibits Teff proliferation by depriving them
of IDO-catabolized tryptophan. Furthermore, the
metabolites generated during tryptophan catabolism
[195]
can also induce T cell apoptosis
. In the T cell
transfer model of colitis, the administration of CTLA-4
blocking antibodies is sufficient to inhibit the control
[13]
of colitogenic Teffs by Tregs . Interestingly, CTLA4-deficient Tregs exhibit an impaired ability to inhibit
both Teff proliferation and activation in vitro and in
[193,196]
vivo in models of gastrointestinal inflammation
.
Moreover, Treg-specific CTLA-4-deficient mice develop
systemic lymphoproliferation and fatal T cell-mediated
autoimmune disease, pathologies similar to those
developed by CTLA-4-deficient mice that also affect
the intestine. Together, these data identify the major
role of CTLA-4 in Treg function and, more importantly,
in the maintenance of immune homeostasis. Of
note, a recent study showed that CTLA-4 expression
promotes pTreg production and Treg accumulation in
[197]
the intestine .
Neuropilin 1 (Nrp-1) is involved in the physical
interaction between Tregs and DCs. Nrp-1 inhibition
decreases the interaction time between Tregs and
immature DCs, whereas Nrp-1 overexpression in Teffs
[198]
increases their interactions with APCs
. Therefore,
Treg-specific Nrp-1 expression enhances their
capacities to respond to the low antigen quantities
presented in the absence of inflammatory signals and
potentially modulates their functions. Nrp-1 expression
by Tregs promotes their inhibition of anti-tumor
[199,200]
responses
. Likewise, the interaction between
neuropilin expressed by Tregs with semaphorin-4a
expressed by the DCs allows the Tregs to modulate DC
[200]
activation . This mechanism is particularly important
for the Treg suppressive functions in the T cell transfer
model of colitis because neuropilin-deficient Tregs
are unable to cure an established colitis. Tregs can
also exert their suppressive function by controlling
DC homeostasis, a model of particular interest in the
[201]
context of IBDs .

fficking is crucial for Tregs to be in the right place at
the right time, but several studies also argue that
this well-regulated Treg trafficking is necessary for
the generation of a tailored phenotype to efficiently
address the situation. This trafficking has been
extensively studied in the intestine. Both β7 integrin
and CCR9 expression play a role in T cell trafficking
[202-204]
in the gut
. The expression of these molecules
can be induced by RA secretion by intestinal DCs
[205-207]
and non-hematopoietic stromal cells
. In the
intestinal context of oral tolerance, RA is also involved
[208]
in the conversion of Tconv cells to pTreg cells
.
Ex vivo pretreatment of Tregs with RA enhances
Treg suppressive functions in a model of acute but
[209]
not chronic colitis
. Thus, RA has critical roles
in regulating T cell migration towards intestinal
inflammatory sites and in promoting pTreg production
in the gut. Interestingly, β7 integrin-deficient Tregs
retain their ability to suppress colitis, even if they
may not populate the intestine, suggesting that, in
this model, migration to the mesenteric draining
lymph nodes is sufficient to control intestinal inflam
[210]
mation
. In agreement with these data, in the T
cell transfer model of colitis, the transferred CCR4or CCR7-deficient Tregs are unable to reach the
mesenteric lymph nodes, leading to impaired control of
[211,212]
colitogenic Teffs and the development of colitis
.
Taken together, these data indicate that Tregs must
enter the mesenteric lymph nodes to exert their
suppressive function and prevent IBD development
but do not necessarily need to migrate into the
intestinal mucosa. However, one study contradicts
this hypothesis. Indeed, in the T cell transfer model of
colitis, the transferred CCR6-deficient Tregs are less
efficient in their migration to the colonic mucosa but
not to the mesenteric lymph nodes, and they are also
unable to control colitis development compared to
[213]
WT Tregs . CCR6 is the receptor for the chemokine
CCL20. Because CCL20 is highly expressed in the
inflamed colon of humans and mice suffering from
IBDs, CCR6 expression by Tregs may be mandatory
for their migration into the inflamed gut. Thus, it is still
an open question whether Tregs need to be present at
the inflammatory sites in the context of IBDs.

REGULATORY T CELLS IN HUMAN IBDS
Experimental models have clearly shown that
Tregs can not only prevent the development of
[5]
intestinal inflammation , but they can also control
[133]
an established IBD
. In humans, Tregs also play
a key role in controlling intestinal homeostasis and
therefore represent an attractive therapeutic target
for clinical treatments. The most striking evidence
of Treg involvement in the control of intestinal
homeostasis is that intestinal inflammation is the most
prominent feature of human immune dysregulation,
polyendocrinopathy, enteropathy, and X-linked (IPEX)

Regulatory T cell migration defects and IBDs

It seems evident that highly coordinated Treg tra
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syndrome, which is caused by mutations of the Foxp3
[214]
gene .
Numerous studies investigating Tregs in human
IBDs show that patients exhibit decreased Treg
numbers in the blood and increased Treg numbers
in the inflamed intestinal mucosa compared to the
[215-218]
uninflamed tissues
. The disease activity has
a differential impact on the circulating and mucosal
[215,218]
Treg numbers
. The circulating Treg percentages
[215,219]
inversely correlate with disease activity
, and a
concomitant increase in the mucosal Treg numbers
is associated with a reduction of the circulating
[220]
Treg population in active disease
. The increased
Treg localization in the inflamed mucosa could be
due to an active recruitment and expansion of this
population in inflamed areas in an attempt to regulate
the inflammation. Mucosal Treg recruitment could
be responsible for the reduction of circulating Tregs.
However, Treg accumulation in the inflamed intestines
is also observed in other inflammatory conditions,
[215,221]
such as diverticulitis or CMV-induced colitis
,
where it does not correlate with a reduction in the
number of circulatory Tregs. The Treg increase in the
inflamed bowel mucosa is not as strong in IBD patients
[215]
as in other intestinal inflammatory diseases
.
This suggests that although they are recruited to
the inflamed areas, Tregs may still be present in
insufficient numbers in IBD lesions to efficiently
control the inflammation, or that they exert their
immunoregulatory functions in a different location,
such as the mesenteric lymph nodes. This question
remains unresolved due to obvious limitations in
studying the cells from patient and healthy control
mesenteric lymph nodes. Increased caspase activation
and PARP cleavage is observed in blood Tregs as
[222]
well as mucosal Tregs in UC and CD patients
,
suggesting that their anti-inflammatory effect might
be limited due to increased apoptosis. A more recent
study in patients with Crohn’s disease corroborated
these findings and also revealed that the apoptosis
of circulating Tregs was higher in female than in male
[223]
patients . Although no causal link can be established
from the current knowledge, this increased Treg
apoptosis is correlated with the increased prevalence
and severity of the disease in females. Retrospective
studies examining the evolution of the circulating Treg
counts before disease onset and during the disease
would be of great interest to determine whether a
decreased Treg count precedes the disease occurrence
or is secondary to the appearance of symptoms.
In many studies, the Tregs from IBD patients were
functional in in vitro suppression assays. This has been
[215]
shown for both the peripheral blood
and mucosal
[217,218,220,224]
Tregs
of CD and UC patients. A potential
reason for the development of a deleterious immune
response, despite the presence of functional Tregs
in the inflamed mucosa, could be the resistance of
Teffs to the immunosuppressive effects of TGF-β. The
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upregulation of SMAD7 in the intestinal mucosa of IBD
[225]
patients renders the cells resistant to Treg inhibition .
However, other studies have reported different results,
showing that IBDs can be associated with functional
[226,227]
defects of Tregs
. It is impossible to determine
whether these defects are initially responsible for the
disease development in those patients or is secondary
to the excessive inflammation triggered by other
mechanisms. A whole exome sequencing study in a
genetic familial case of IBDs identified a mutation in
the Foxp3 gene linked to impaired Treg suppressive
[227]
activity in vitro
, suggesting that a Treg defect
can be a key cofactor for disease development. In
addition, human genetic studies have pinpointed
that mutations in the IL-10R genes that abrogate
IL-10 signaling can lead to inflammatory disease
[228]
development
, demonstrating the relevance of this
key immunosuppressive cytokine to human pathology.
Because IL-10 production by Tregs is critical in mouse
colitis models, IL-10 production in human Tregs may
also represent a central mechanism for intestinal
homeostasis maintenance. Interestingly, disruption
of the Themis1 gene in rats leads to a functional
Treg defect that is associated with spontaneous IBD
[115]
development
, and a Themis1 polymorphism has
[229]
been linked to Crohn’s disease in humans . It is not
known whether any qualitative or quantitative Treg
defects caused by Themis1 polymorphisms contribute
to disease development in those patients. IBDs are
complex, multifactorial diseases that depend on an
intricate interplay between genetic and environmental
factors. Although genetic Treg defects may not occur
in the majority of cases as the primary cause of IBD,
the association of Treg defects with other genetic
or environmental variables is likely to contribute to
disease development and/or severity.
An increase in the number of circulating T cells coexpressing the Treg transcription factor Foxp3 and
the Th17 cytokine IL-17 is observed in CD and UC
[226]
+
+
patients . These Foxp3 IL-17 T cells also express
the Th17 transcription factor RORγt, revealing an
intermediate or transitional phenotype between the
+
+
Treg and Th17 subsets. Foxp3 IL-17 T cells can
be found in the mucosa of IBD patients. One study
+
+
identified Foxp3 IL-17 double positive T cells in
[230]
the intestinal mucosa of CD but not UC patients
,
whereas another study reported their presence in UC
[231]
+
+
patients
. The Foxp3 IL-17 T cells are likely to
represent a transitional stage between Tregs and Th17
cells. They would be induced by the inflammatory
microenvironment or would come from incompletely
differentiated Tregs. Whether these cells retain their
suppressive activity remains controversial. A significant
decrease in the Tregs ability to suppress autologous
T-cell proliferation in vitro was associated with an
+
increased proportion of IL-17 T cells among the
+
[226]
Foxp3 Tregs
, while another study concluded that
+
+
the mucosal Foxp3 IL-17 T cells from UC patients
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[231]

[240]

showed suppressor capacities in vitro . Interestingly,
+
+
additional investigations of the mucosal Foxp3 IL-17
T cells functional capacities in the latter study revealed
that they increased IL-1 and IL-6 inflammatory
cytokine production by colonic tissue cultures in an IL[231]
17-dependent manner . Thus, the acquisition of proinflammatory capacities by Tregs, concomitant with
the loss of suppressive activity is likely to contribute to
the uncontrolled inflammation in vivo.
One major caveat for understanding Treg function
in IBD pathogenesis is the lack of reliable markers
for identifying Tregs. The classical CD25 and Foxp3
markers, which are used in many studies, can also be
[232]
expressed by activated Teffs
. Therefore, drawing
firm conclusions will require revisiting those studies
using a more refined phenotype for Treg identification.
Currently, the identification of human Tregs under
non-inflammatory conditions is based on their
high CD25 expression and low CD127 expression.
However, in rheumatoid arthritis patients, CD127 is
also downregulated on activated effector T cells under
[17]
inflammatory conditions .

promising results in patients with type-1 diabetes .
A clinical trial investigating the impact of low dose IL-2
treatment in several autoimmune and inflammatory
diseases including UC and CD is currently ongoing
(TRANSREG, NCT01988506).
Treg transfer can cure intestinal pathology in
[133]
mice
. This prompted the scientific community to
use Tregs as a therapeutic modality for IBD treatment.
The generation of new protocols allowing the largescale expansion of Tregs from a small initial population
has made possible the use of autologous Treg therapy
to treat the disease in humans. This strategy has
already been successfully applied to graft-versus-host
[241]
[242]
disease
and type-1 diabetes
and has shown
promising clinical efficiency.
In a first escalating dose phase Ⅰ and Ⅱa clinical
trial, autologous ovalbumin-specific Tregs (OVA-Tregs)
were expanded in vitro and injected back into 20
[243]
patients with refractory CD
. Although ovalbumin
is not implicated in intestinal inflammation in animal
models or in patients with CD, this common diet
antigen was chosen to ensure OVA-Treg antigenspecific activation in the gut. A reduction of CD
disease activity was observed in 40% of the patients.
This promising study has led to the development of
a larger, ongoing, placebo-controlled clinical trial to
evaluate the impact of autologous Treg cell therapy in
patients with active Crohn’s disease who are refractory
to conventional treatments (NCT02327221 Ovasafe).
Treg-based therapies present the risk of adverse
effects, such as increased sensibility to infections or
cancer development caused by immunosuppression.
These off-target effects are likely to be reduced
by controlling the antigen specificity of the Tregs.
Additionally, the phenotype of the starting population
and the culture conditions are critical to obtain the
maximal purity of the therapeutic Tregs and ensure
phenotypic stability. In this regard, a recent study
+
+
low
+
suggested that CD4 CD25 CD127 CD45RA Tregs
might be the most appropriate population from which
to expand Tregs for autologous Treg therapy for CD
to reduce the potential deleterious effects of Th17
[244]
conversion .

REGULATORY T CELLS AS THERAPEUTIC
TOOLS FOR IBD TREATMENT
Some treatments that were not designed to specifically
target Tregs exert beneficial effects on the disease
and a concomitant impact on Tregs. Lymphocytoplasmapheresis and Granulocyte/monocyte apheresis
(GMA), therapies that deplete the circulating immune
cells in patients with active UC so they cannot reach
the target organ and promote inflammation, have
showed positive clinical results. The clear clinical
efficacy of GMA in UC patients with severe disease
who are refractory to conventional treatments is
associated with a significant increase in the circulating
[233]
Treg numbers
. Furthermore, this increase was
[234,235]
specifically observed in responder patients
.
The numbers of mucosal Tregs were concomitantly
decreased in the responders, likely because of the
reduced inflammation. Together with depletion of
the pathogenic populations, this increased circulating
Treg ratio is likely to exert a beneficial impact. An
anti-TNF treatment associated with clinical benefits
also increases the circulating Treg numbers and
decreases the mucosal Treg infiltrates of IBD patients,
[219,236,237]
particularly the responders
. The anti-TNF
treatment can reverse the increased Treg apoptosis
[222]
observed in UC patients , increase their suppressive
[237]
functions in vitro
and increase the seric levels
[238]
of TGF-β and IL-10 in responder CD patients
.
Combined with the neutralization of this important
proinflammatory cytokine, the impact of the anti-TNF
treatment on Tregs is highly likely to also contribute
to its clinical benefits. A low dose IL-2 treatment that
selectively targets Treg expansion, likely because of
[239]
their high expression of IL2Rα (CD25) , has shown
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CONCLUSION
There is little doubt that Tregs represent one of the
major research areas in immunology. Their critical
role in intestinal homeostasis maintenance is now
well established because defects affecting Treg
development or suppressive functions have clearly
been associated with IBD development, and Tregs
can be used to cure an established IBD. This has led
to an increasing interest in the possibility of using
Tregs as targets for therapy to preserve intestinal
integrity. However, although substantial progress in
understanding Treg biology has been achieved in the
past 10 years, currently, no phenotypic marker can
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be used to isolate pure Tregs for cellular therapy.
The identification of such markers, together with
developing a better understanding of the extrinsic
factors that impact Treg stability and function,
represents a great challenge. The recent discovery
of the critical role of epigenetic modifications that
affect Treg stability constitute an important advance
in our understanding of Treg lineage specification. The
identification of factors that control these modifications
and their maintenance in peripheral Tregs will hopefully
pave the way for the design of new strategies aimed at
improving Treg stability and functions in the context of
Treg transfer therapies.
In addition, when developing new strategies to
improve Treg function, we also need to consider
the fact that excessive Treg activity could lead to
adverse effects by coincidently impairing protective
immunity towards pathogens and tumors. Therefore,
investigations of how Tregs function, how they are
activated/inactivated, and the effector mechanisms
that are required for the control of various immune
responses are critical to specifically target some
disease-specific mechanisms and limit the potential
negative side effects.
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Inflammatory bowel diseases (IBD) such as Crohn’s
disease and ulcerative colitis are chronic-remittent
inflammatory disorders of the gastrointestinal tract still
evoking challenging clinical diagnostic and therapeutic
situations. Murine models of experimental colitis are a
vital component of research into human IBD concerning
questions of its complex pathogenesis or the evaluation
of potential new drugs. To monitor the course of
colitis, to the present day, classical parameters like
histological tissue alterations or analysis of mucosal
cytokine/chemokine expression often require euthanasia
of animals. Recent advances mean revolutionary noninvasive imaging techniques for in vivo murine colitis
diagnostics are increasingly available. These novel and
emerging imaging techniques not only allow direct
visualization of intestinal inflammation, but also enable
molecular imaging and targeting of specific alterations of
the inflamed murine mucosa. For the first time, in vivo
imaging techniques allow for longitudinal examinations
and evaluation of intra-individual therapeutic response.
This review discusses the latest developments in the
different fields of ultrasound, molecularly targeted
contrast agent ultrasound, fluorescence endoscopy,
confocal laser endomicroscopy as well as tomographic
imaging with magnetic resonance imaging, computed
tomography and fluorescence-mediated tomography,
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discussing their individual limitations and potential
future diagnostic applications in the management of
human patients with IBD.

potentially serious side effects including the increased
risk of opportunistic infections and bone marrow
[14]
suppression as well as limited long-term efficacy .
Furthermore, over 50% of CD patients still need
[15,16]
surgery after 10 years of disease
. Therefore, novel
therapeutic approaches are needed.
Evaluation of potential new drugs is usually
performed in experimental models of colitis since
sophisticated models are needed to mimic the complex
pathogenesis of human IBD. Due to the abundant
genetic and genomic information known and its
availability in transgenic and knockout strains, the
laboratory mouse mus musculus is the preferred
[17]
animal for colitis research models . These models are
frequently used for evaluation of drug candidates as
well as characterization of novel preclinical diagnostic or
[18,19]
therapeutic approaches
.
Daily monitoring of the murine body weight or
determination of disease activity by appropriate
[20,21]
indices
are classical indirect indicators for the
severity of colitis and therapeutic response in vivo.
As measurement of faecal and serum markers of
[22-24]
inflammation
may not exactly reflect the course
of the colitis, in humans or mice, histological analysis
of the inflamed colon still remains the most valid
[25]
approach for determining the severity of colitis .
Unfortunately, in mice, histological analysis of the colon
commonly requires post mortem analyses, requiring
death of the animal, and therefore do not allow for
longitudinal observations at repetitive time points.
Non-invasive and imaging-based methods to assess
the course of experimental colitis are a promising
approach to overcome this limitation.
This review summarises current crucial advances
of promising imaging techniques to monitor disease
activity in murine models of colitis in vivo. Recent
developments in ultrasound- and endoscopy-based
modalities as well as cross-sectional imaging are
presented here. We also highlight the potential of
these advances in diagnostic imaging in murine models
of colitis to improve diagnosis in human IBD patients
whilst also discussing their limitations.

Key words: confocal laser endomicroscopy; contrast
enhanced ultrasound; Dextran Sodium Sulphate colitis;
experimental colitis; fluorescence imaging; endoscopy;
Imaging; Inflammatory bowel disease; Tomography
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Murine models of experimental colitis are a
vital component of research into human inflammatory
bowel disease (IBD). Recent advances mean revolu
tionary non-invasive imaging techniques for in vivo
murine colitis diagnostics are increasingly available.
These techniques not only allow direct visualization of
intestinal inflammation and enable molecular imaging
of the inflamed mucosa but also allow for longitudinal
evaluation of intra-individual therapeutic response.
This review discusses the latest developments in the
different fields of (molecularly targeted) contrast
agent ultrasound, fluorescence endoscopy, confocal
laser endomicroscopy as well as tomographic imaging
with fluorescence-mediated tomography, discussing
their potential future diagnostic applications in human
IBD.
Brückner M, Lenz P, Mücke MM, Gohar F, Willeke P, Domagk D,
Bettenworth D. Diagnostic imaging advances in murine models
of colitis. World J Gastroenterol 2016; 22(3): 996-1007 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i3/996.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.996

INTRODUCTION
Inflammatory bowel diseases (IBD) such as Crohn’s
disease (CD) and ulcerative colitis (UC) are chronicremittent inflammatory disorders of the gastrointestinal
tract characterized by symptoms such as diarrhoea,
[1-3]
abdominal pain or anaemia . The course of IBD can
be complicated and relapsing, involving challenging
clinical diagnostic and therapeutic situations, which
[4,5]
may often lead to hospitalization or surgery . As the
pathogenesis of IBD is still incompletely understood,
current therapeutic regimes often are aimed at unspeci
[6,7]
fic suppression of the adaptive immune system . The
therapeutic armamentarium of IBD was significantly
advanced by the advent of antibodies directed towards
[8-10]
tumor necrosis factor-α (TNF-α)
. Subsequently,
various novel molecular targets have been identified
and antibodies including anti-integrins and antiinterleukins have been tested for the treatment of
[11-13]
IBD patients in clinical trials
. However, despite
scientific advances in medical treatment, the success
of such anti-inflammatory drugs remains hampered by
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ULTRASOUND
The quality of small animal high-frequency ultrasound
and transducer techniques has dramatically improved
with emerging research concerning interdependent
sonographic criteria resolution, frequency and pene
[26-28]
tration
. Advanced linear transducer array technology
with around 15 to over 50 MHz allowing B-mode,
Doppler-mode, sophisticated contrast-agent and 3D
[29]
ultrasound was broadly available since 2009 . As
this technique facilitates imaging of small anatomical
[26]
structures of about 50 µm , it enables the visualisation
and examination of murine intestine, meeting criteria
[30]
of guideline-directed human bowel ultrasound .
Key sonographic features of human IBD detected in
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[49]

B-mode are increased bowel wall thickness and loss of
[31,32]
bowel wall stratification
. These features are also
detected with ultrasound of the colon of mice suffering
from chemically induced Dextran Sodium Sulphate
(DSS)-colitis and correlate strongly with established
[33]
clinical parameters like weight loss . Standardised
examination protocols concerning comparable posi
tioning of the animal, the transducer, anatomic land
marks and preparation of the colon with enema, help
to reliably assess the course of murine colitis in vivo
both intra-animal by longitudinal time course and inter[34]
animal .
High-frequency power Doppler provides an addi
tional in vivo ultrasonographic examination method,
enabling examination of the murine vascular system.
Moreover, high-frequency power Doppler in native
small-animal ultrasound has already been used in
[35]
inflammatory disorders
and can detect colorectal
[36]
intraluminal tumours , quantify tumour volume and
[37,38]
proportion of vascularisation
and may furthermore
[39]
assess blood flow velocity .
As an advancement of classical B-mode technique,
[27,40]
nonlinear contrast enhanced ultrasound (CEUS)
has further improved the sensitivity and specificity of
small animal ultrasound, for instance in the detection
and quantification of pathological vascular growth in
[41]
tumour angiogenesis . Ultrasound contrast agents
are gas-liquid emulsions consisting of a biocompatible
protein or lipidic shell and are filled with gas (perfluo
[42,43]
rocarbon, sulfur hexafluoride, or nitrogen)
which
further enhance ultrasonic signal strength by displaying
different acoustic properties than tissue or blood. With
their micron size (usual diameter between 1-4 µm) and
well-engineered technical features, microbubbles (MBs)
can pass through microcapillaries like the pulmonary
capillary bed and transiently persist in the blood
[44,45]
stream
. Sophisticated ultrasound-based molecular
imaging can therefore be used as a targeted modality,
for example with the application of small molecules
such as peptides or antibodies bound to the outer shell
[46]
of MBs used as molecular contrast agents . By using
special software programmes, the ultrasound signals
of contrast agent targeting molecular structures such
as endothelial cells or intravascular blood cells of
interest can be selectively enhanced in tissues or cells
[42,47]
expressing the target molecules
.
Regarding ultrasound assessment of experimental
murine colitis at a molecular level, various endothelial
cell adhesion molecules critically involved in leukocyte
homing in intestinal inflammation have been evaluated
as promising targets for contrast agents. Deshpande
[48]
et al
showed in vivo the ultrasound signal in mice
suffering from 2,4,6-trinitrobenzene sulphonic acid
(TNBA)-induced colitis to be significantly higher using
anti-P-selectin-targeted MBs than using control MBs,
which was corroborated by measurement of mucosal
P-selectin expression levels ex vivo. Additionally,
expression of tissue- and disease-specific adhesion
molecule mucosal addressin cellular adhesion molecule-1
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(MAdCAM-1) used as a target molecule
is massively
increased in the inflamed small bowel and colon of
[50]
human IBD patients
and in murine experimental
[51,52]
colitis
. Our group has also demonstrated earlier
CEUS with anti-MAdCAM-1-labelled MBs to accurately
measure the course and severity of DSS-colitis over
time. Furthermore, MAdCAM-1 expression as assessed
by CEUS correlated strongly with clinical parameters of
[53]
colitis such as weight loss .
A benefit of ultrasound-based molecular imaging
is that MBs directed against molecular targets are
delivered direct to highly localized anatomical regions
[54]
using small molecules or plasmids . Different
methods of attaching drugs to MBs have been
[55]
reviewed in detail elsewhere . With the method of
sonoporation for example, high-pressure ultrasound
can lead to destruction of MBs with local release of
encapsulated drugs into the microcirculation, however
on the other hand, ultrasound itself increases cell
permeability enhancing transmembrane transport of
[56,57]
therapeutic molecules
. In this context, Tlaxca et
[58]
al report about successful specific luciferase plasmid
delivery to mesenteric vasculature via MBs targeting
MAdCAM-1 and vascular cell adhesion protein-1 in a
murine model of CD.
For the future, the evaluation of optoacoustic
imaging or multispectral optoacoustic imaging (MSOT)
as a novel imaging tool to diagnose murine colitis is
desirable. This technique is based on the absorption
of ultra short light pulses that lead to the generation
of acoustic waves, which in MSOT have extended the
spectral identification of chromophoric molecules in
tissues, and shows good results for depth resolution,
[59]
accuracy and visualisation of biochemical processes .
Other applications reported are the detection of
pancreatic lesions via upregulated epidermal growth
[60]
factor
or imaging of pharmacokinetics in multiple
[61]
different organs .
While ultrasound allows visualization and serial
follow-up examinations in animals with colitis, it cannot
confirm the complete absence of mucosal inflammation.
However, so-called “mucosal healing” is shown to be
predictive of a beneficial disease course in human IBD
[62,63]
[64]
patients
and has emerged as a goal of treatment .
Therefore, endoscopy-based approaches, which may
facilitate a direct assessment of the murine mucosa,
represent an adjunct imaging modality.

ENDOSCOPY-BASED APPROACHES
In vivo endoscopic imaging in murine models of
colitis has the potential to merge both the pathogenic
understanding of human IBD by continuous monitoring
of the course of disease and the specific diagnostic
imaging of the mucosa. White-light colonoscopy allows
repeated examination, including biopsy sampling, of
one mouse following the course of disease. Becker
[65,66]
et al
first described a high-resolution chromo
endoscopic system, which enables monitoring of DSS-
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colitis and also colitis-associated cancerogenesis. An
objective score has also been established to describe
intestinal inflammation in murine models of IBD - the
[67]
MEICS-Score . Parameters included in this score,
are: thickening of the intestinal wall, vascular pattern,
presence of fibrin, granularity of the mucosal surface
[67]
and also stool consistency .
By allowing repeated examinations and intraindividual follow up, white light endoscopy allows
examination of the effect of therapeutic substances on
colitis activity and may lead to further clinical studies in
[68-71]
humans
.
Additionally, white-light endoscopy in murine colitis
may also be used to evaluate intestinal wound healing,
administer diagnostic or therapeutic agents and obtain
[72]
mucosal biopsies . There has been great progress in
[73]
the development of novel endoscopic techniques .
Video-endoscopy including magnification and high[74]
[75]
resolution endoscopy , chromo-endoscopy ,
[76]
[77]
narrow-band imaging , auto-fluorescence imaging ,
[78,79]
confocal laser endomicroscopy (CLE)
and optical
[80]
coherence tomography
are some of the recent
advances that have shown promise in surveillance
examinations. Regarding small animal imaging
and its translation from basic science into clinical
application, fluorescence imaging, fluorescence
endoscopy (FE) and CLE are the most promising
candidates. The latter, CLE, has been established as
a new imaging technique and virtual histopathology
[81-83]
in vivo has also now been realized
. In addition to
[84,85]
morphological characterization
, CLE also allows
immunohistochemistry to be performed in vivo.
[86]
Foersch et al
have demonstrated the feasibility
of specifically targeting vascular endothelial growth
factor expression in gastrointestinal tumors in vivo
with labeled antibodies and CLE. Similarly, Goetz et
[87]
al
were able to use fluorescently labeled epidermal
growth factor receptor (EGFR) antibodies to examine
EGFR expression patterns and consequently diagnose
colorectal cancer and predict response to targeted
therapy. Visualization of EGFR expression in vivo may
also help to identify promising drug candidates for antiangiogenic treatment. In experimental colitis, CLE has
been successfully applied to identify intra-mucosal
[88]
[89]
bacteria in vivo , to monitor the course of disease
and to determine the presence of intestinal cancer stem
[90]
cells in colitis associated tumorigenesis . Moreover,
nanoparticles such as avidin-nucleic acid nanoassembly have also been used to define chronically
inflamed intestinal mucosa and to characterize murine
[91]
models of IBD in vivo. Buda et al
characterized
the mucosal surface with CLE and nanoparticles
demonstrating them to be only observable in the
inflamed and not healthy mucosa. Confirming the
significant potential of CLE for characterizing intestinal
[92]
inflammation in human IBD patients, Atreya et al
recently used fluorescently-labeled antibodies to
quantify membrane-bound TNF-α positive intestinal
immune cells and were able to predict treatment
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response towards an anti-TNF-α therapy in CD patients.
FE of specific molecular targets with near-infrared
light allows in vivo molecular imaging with simple
[93,94]
photographic methods
. This method employs the
topical application of fluorescein-labeled monoclonal
antibodies. For example, by the use of antibodies
directed against carcinoembryonic antigen on the
mucosal surface, colorectal carcinoma detection
during conventional colonoscopy was possible with a
[95]
specificity of 100% in human patients . Confirming
it’s high diagnostic potential, local sensitization with
hexaminolevulinate, a selective photosensitive precursor,
FE enables early detection of colonic premalignant
conditions during conventional colonoscopy in patients
[96]
with a reported specificity of 72% . In a murine model
of colon carcinogenesis, fluorescently-labeled biomarkers
were used to observe the tumor microenvironment by
[97]
FE over time . Furthermore, a cypate-labeled cyclic
peptide sequence detected flat colorectal lesions by FE in
[98]
colitis-associated cancer . Other groups have developed
fluorescently labeled peptides to mark colitis-induced
[99,100]
adenoma
.
As a “red flag technique” FE may allow screening of
the large mucosal surface for early colorectal cancer,
which may be especially helpful in UC patients who are
[101]
at an increased risk of colitis-associated cancer . An
overview of different antibodies used in FE and CLE,
their mode of application and target murine model is
provided in Table 1.
Nevertheless, since the diagnostic capacity of
endoscopy is restricted to endoluminal findings and
assessment of single molecular targets of the colonic
wall, assessment of colon wall thickness or even extraintestinal findings, cross-sectional imaging techniques
including magnetic resonance imaging (MRI) and
computed tomography (CT) can provide additional
information.

MRI AND CT
In human patients with IBD, colonoscopy represents
the gold standard to assess luminal colonic inflam
mation. However, MRI has been established as a non[30]
invasive imaging technique . While possessing a
limited sensitivity and specificity for the detection of
[102,103]
colonic inflammation
, it can detect extramural
lesions as well as IBD-related complications (e.g.,
stenosis abscesses and fistula). In contrast to
endoscopic procedures, MRI imaging does not confer
a risk of endoscopy-associated complications such as
[104-106]
infection, perforation or hemorrhage
.
In experimental colitis, MRI was first described
to be as useful to assess disease activity in TNBA[107]
[108]
treated rabbits
. Subsequently, Larsson et al
established MRI to investigate experimental colitis in
the DSS-colitis model, using colonic wall thickness,
[109]
contrast media-enhanced T1-weighted (T1W)
as
well as T2-weighted (T2W) signals to detect intestinal
inflammation in accordance to the diagnostic approach
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Table 1 Tracer-antibodies used in fluorescence endoscopy and confocal laser endomicroscopy
Publication
Charanya et al[98], 2014
Gounaris et al[157], 2013
Joshi et al[99], 2012
Miller et al[100], 2011
Urano et al[158], 2011
Foersch et al[86], 2010

Tracer

Application

Method

Mouse model

Cypate- cyclic peptide sequence,
D-Cys-Gly-Arg-Asp-Ser-Pro-Cys-Lys [c(DCGRDSPC)K]
ProSense 680

Topical

FE

AOM-CRC, mice

Intravenous

IL-10-/- mice, mice

Cy5.5-AKPGYLS peptide multimer
FITC-Ahx-QPIHPNNM peptide
gGlu-HMRG
VEGF-Ab

Topical
Topical
Topical
Topical

FE and Fluorescence
Reflectance Imaging
FE
FE
Laparoscopy + FE
Colonoscopy + CLE

EGFR-Ab

Intravenous

CLE

Cy5.5 nano particle u.
AF750-Beacon

Intravenous

Colonoscopy + FE

Goetz et al[87], 2010
Funovics et al[159], 2006

CPC; Apc mice
CPC; Apc mice
diss. Ovarial-Ca, mice
APCmin mice,
Stomach cancer
Balb/c nu/nu mice,
CRC-cells implanted
APCmin mice,
CT26 (CRC) in nu/nu

FE: Fluorescence endoscopy; AOM: Azoxymethane; CRC: Colorectal cancer; IL-10: Interleukin 10; Cy5.5: Cyanine 5.5; CPC: Cdx2-Cre transgene; Apc:
Adenomatous polyposis coli; FITC: Fluoresceinisothiocyanat; Ahx: Aminohexanoic acid, HMRG: Hydroxymethylrhodamine green; VEGF: Vascular
endothelial growth factor; CLE: Confocal laser endomicroscopy; EGFR: Epidermal growth factor receptor; Balb: Albino laboratory-bred mouse strain;
AF750: Alexa fluor 750; CT26: Cancer cell line.
[110-113]

[20,108,122]

used in human patients with IBD
. Strong
correlations between MRI measurements and clinical
and histological disease activity were found. Michael
[114]
et al
proposed to quantify colonic inflammation
by assessment of colon wall thickness and tissue
density factor. However, to achieve this, the 3D MRI
with respiratory triggering required administration
of spasmolytic substances to inhibit breathing and
intestinal motility which was a complex and timeconsuming procedure, resulting in a complete MRI
[108]
examination requiring 20-30 min per animal
.
[115]
Consequently, Melgar et al
established a 2D
rapid T2w MRI protocol to provide characterization of
the intestinal inflammation in under seven minutes
which also avoided the need for respiratory triggering
or antispasmodics. Whilst this protocol accurately
detected inflammation in colonic segments below the
bladder, in proximal colonic segments the MRI findings
and inflammatory parameters only correlated weakly,
limiting the applicability. An additional limitation of
2D acquired data sets is their prerequisite for perfect
[115]
alignment of the colon along the coronal plane .
However, recently there is a growing body of
evidence supporting the utility of MRI for the assessment
of intestinal inflammation, using colon wall thickness,
[78,116-121]
contrast enhancement and T2w sequences
. Novel
[117,118]
parameters like dynamic contrast enhancement
are also being included and advanced criteria including
target sign patterns and intramural hemorrhage
detection have been introduced to characterize
[119]
experimental colonic inflammation
. Pohlmann et
[78]
al
were able to follow the course of TNBS-induced
colitis in rats and the therapeutic response after
anti-inflammatory treatment with sulfasalazine with
repeated measurements of colonic wall thickness
and T2 w sequences. Colitis is characterized by
inflammation-mediated edema occurring by immune
cell infiltration, vasodilatation and increased capillary
permeability, which eventually result in thickening of
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the colonic wall
. Therefore, MRI measurements
of colon wall thickness and T2 w signal intensity
reflecting edema can be very sensitive for murine colon
inflammation, however, these parameters are also
unspecific biomarkers of inflammation. To improve the
[123]
specificity, Frericks et al
administered ultra-small
superparamagnetic iron oxide particles intravenously
which accumulate in the reticuloendothelial system,
differentiating IBD from unspecific causes of edema.
Bowel wall thickening and increased T2w signal
intensity are also core features of intestinal fibrosis
[124]
and partly correlate with the degree of fibrosis
.
Therefore, MRI may also be used to detect fibrosis in
murine models as well as inflammation. However, it
remains challenging to accurately distinguish between
persisting inflammation and fibrosis, a problem
exacerbated by the fact that both are frequently
[125-127]
[126]
simultaneously observed
. Adler et al
proposed
a possible solution to this involving the application of
magnetization transfer ratios in MRI not only to detect
intestinal fibrosis, but also to show fibrotic progression
over time. These results have been similarly reproduced
[128]
in a different rat model of colitis , and the technique
has also been used to monitor therapeutic response of
[129]
anti-fibrotic therapy in rats . Furthermore, Breynaert
[127]
et al
found a regression in MRI T2 relaxometry over
the course of several DSS-cycles that might be used to
differentiate early inflammation from fibrosis.
According to current guidelines, CT has high accuracy
for the assessment of specific clinical questions,
for example, to confirm the presence of suspected
penetrating complications or abscesses in human
[30]
patients with IBD . Interestingly, only a few studies
solely evaluate CT for the assessment of intestinal
inflammation in experimental colitis. Recently, Fredin et
[130]
al
demonstrated the diagnostic potential of micro-CT
(µCT) to detect and monitor the course of inflammation
and also therapeutic response by assessing colonic
wall thickness. Moreover, based on the CT findings, the
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authors were able to differentiate between responders
and non-responders of anti-inflammatory treatment
in early acute colitis. However, since the thickness of
the colonic wall remains unchanged during the healing
phase of colitis, the applicability of this read-out is
restricted to the early stages of colitis. Furthermore, to
obtain an image of sufficiently good quality during small
animal CT-examinations, 10-fold higher dosages are
[131]
required for animals compared to human CT-studies ,
which could potentially interfere with the inflammatory
[132]
model being examined , especially when imaging is
performed longitudinally for disease monitoring. Several
clinical studies in human patients have confirmed CT
enterography for detecting inflammation in the small
[133-136]
[137]
bowel during CD is highly accurate
. Bodily et al
showed a strong correlation of mural enhancement
and wall thickness indicating active small-bowel
inflammation, which could be confirmed by histological
analysis. However, to date no studies have been
[138-140]
performed in experimental colitis
.
Recently, to utilise the favourable spatial resolution
of CT with a functional imaging modality to more
specifically detect intestinal inflammation, µCT with
positron emission tomography (PET) was introduced.
18
Activated leukocytes accumulate F-fluorodeoxyglucose
[141] 18
(FDG), which can be traced by PET . F-FDG PET/CT
has shown promising results for clinical assessment
[142-145]
of IBD patients in preliminary studies
. Since
[146]
acute DSS-colitis is neutrophil-mediated , our group
18
have employed F-FDG PET/CT for detecting and
monitoring DSS-induced intestinal inflammation which
had a strong correlation with established inflammatory
parameters, endoscopic findings and histological
[147,148]
[149,150]
analysis
. Furthermore, Brewer et al
demonstrated increased CD4+ T cell uptake of either
18
18
F-FDG or F-1-(2’-deoxy-2’-arabinofuranosyl)cytosine
(D-FAC) in chronic intestinal inflammation, a method
which could be utilized for the detection of colitis.
In line with those findings, another transfer colitis
model was successfully used for monitoring intestinal
[151]
inflammation . Most recently, PET/CT was performed
on a large scale in 70 mice and the findings compared
to those using contrast agent-guided ultrasound for
[152]
detection of intestinal inflammation . One limitation
of imaging colitis by PET/µCT is an obscured pelvic
region because of tracer accumulation in the bladder.
However, these artefacts can be minimised by
emptying the bladder of the animal manually using
[149,150]
gentle pressure
or with use of continuous bladder
[153]
flushing . Further studies are needed to evaluate the
possible influence of radiation during the monitoring
[132]
of inflammatory disease
and to improve limited
[142,148]
detection rates of minor mucosal alteration
.
In addition to MRI and CT, FMT can be used to
characterize biological processes in experimental
colitis. With the use of labelled antibodies that
specifically target mucosal colitis markers or distinct
cell populations on a molecular level, use of FMT to
quantify protein expression and localization in vivo
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and to continuously monitor disease progression and
[154,155]
therapeutic effects has been promising
. We could
show that FMT targeting mucosal myeloid-related
protein-14 expression, allows specifically detection
of intestinal inflammation at early stages of DSS[156]
colitis . Tomography with fluorescent light currently
yields images with a resolution of 1-2 mm. Of
particular importance for potential future use in human
IBD is that FMT does not require radioactive labelling.
Future studies are warranted to further elucidate the
full diagnostic potential of FMT.

CONCLUSION
Ultrasound diagnostics in murine colitis requires a pro
found and analogous preparation of the examination
to reliably assess classical sonographic parameters of
inflammation of the colon wall. Notably, ultrasound
provides high spatial resolution, allows serial real-time
examination and with the use of molecularly targeted
contrast agent, tissue- and disease-specific molecular
imaging can be assessed.
White light colonoscopy is an indispensable tool
for direct visualization of murine mucosa in colitis
models. Sophisticated advancement such as CLE and
FE allow further characterization of colorectal lesion
on a molecular level, may improve the understanding
of the pathogenesis of colorectal disease in general
and intestinal carcinogenesis in particular and may
facilitate early detection of colitis-associated cancer.
Finally, MRI using T2W sequences or contrast
enhancement has been successfully established for
intestinal inflammation detection and monitoring
of disease course and may additionally be used to
evaluate intestinal fibrosis. Due to its low specificity,
µCT alone remains insufficient for the diagnostic in
experimental colitis; however, µCT combined with
PET becomes a valuable tool for the assessment and
monitoring of intestinal inflammation.
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Assessment of stricturing Crohn's disease: Current clinical
practice and future avenues
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Abstract

Dominik Bettenworth, Tobias M Nowacki, Friederike
Cordes, Frank Lenze, Department of Medicine B, University
Hospital of Muenster, 48149 Muenster, Germany

Crohn’s disease (CD) is a chronic remittent idiopathic
disease. Although the early phase of the disease
is commonly characterized by inflammation-driven
symptoms, such as diarrhea, the frequency of
fibrostenotic complications in patients with CD increases
over the long-term course of the disease. This review
presents the current diagnostic options for assessing
CD-associated strictures. In addition to the endoscopic
evaluation of CD strictures, this review summarizes
the currently available imaging modalities, including
ultrasound and cross-sectional imaging techniques.
In addition to stricture detection, differentiating
between the primarily inflammatory strictures and the
predominantly fibrotic ones is essential for selecting
the appropriate treatment strategy (anti-inflammatory
medical treatment vs endoscopical or surgical
approaches). Therefore, recent imaging advances,
such as contrast-enhanced ultrasound and ultrasound
elastography, contribute to the development of noninvasive non-radiating imaging of CD-associated
strictures. Finally, novel magnetic resonance imaging
techniques, such as diffusion-weighted, motility and
18
magnetization transfer imaging, as well as F-FDG
PET/CT, molecular imaging approaches and biomarkers,
are critically reviewed with regard to their potential role
in assessing stricturing CD.
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Core tip: Stricturing Crohn’s disease (CD) significantly
decreases patients’ quality of life and often represents
a challenging treatment situation that may lead to
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hospitalization and surgery. Differentiating between
the predominantly inflammatory strictures and the
primarily fibrotic strictures is essential for selecting the
appropriate treatment approach (anti-inflammatory
medical treatment vs endoscopic or surgery-based
interventions). This review summarizes the available
diagnostic procedures and emphasizes the use of
endoscopy and imaging modalities, including ultrasound
and cross-sectional imaging. Finally, promising recent
imaging advances that might enable a more specific
characterization of CD-associated strictures in the
future are presented.

matory and mixed types . Accordingly, inflammatory
strictures can benefit from an anti-inflammatory treat
ment approach, causing a reduction in the inflammation[13]
mediated edema . In contrast, predominantly
fibrotic intestinal strictures do not benefit from antiinflammatory agents and must be treated using either
endoscopic approaches, such as endoscopic balloon
dilation, or surgical interventions, e.g., strictureplasty
[14-16]
or intestinal resection
.
Altogether, the high frequency of intestinal stric
tures in patients with CD and the opposed treatment
approaches indicate the necessity of accurately diag
nosing stricturing CD and differentiating predominantly
inflammatory strictures from primarily fibrotic strictures.
This review presents various diagnostic approaches for
stricturing CD, discusses the current limitations and
describes novel attempts to improve the assessment of
CD-associated strictures.

Bettenworth D, Nowacki TM, Cordes F, Buerke B, Lenze F.
Assessment of stricturing Crohn’s disease: Current clinical
practice and future avenues. World J Gastroenterol 2016;
22(3): 1008-1016 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i3/1008.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i3.1008

CURRENT CLINICAL PRACTICE
Endoscopy

In general, CD strictures should be classified into
(predominantly) inflammatory or fibromatous stric
tures. In the case of a fibrostenotic stricture, medical
treatment would be ineffective, and therefore,
surgical resection or endoscopic dilation therapy is a
[17]
reasonable treatment option . The term stricture is
not defined uniformly with respect to the presence
[14,18-20]
of luminal narrowing and prestenotic dilation
.
The European Crohn’s and Colitis Organization
(ECCO) guidelines on endoscopy in inflammatory
bowel disease have defined a CD stricture as a
[21]
narrowing of the intestinal lumen . From the clinical
perspective, strictures should be subdivided by the
number of strictures (single vs multiple) and whether
they are endoscopically passable or non-passable
strictures (using a standard adult endoscope) but
traversable upon dilation. Strictures in the anastomotic
region can occur de novo or after surgery and are
primarily localized at the ileocecum. Therefore,
CD-associated strictures are commonly accessible
[22]
during colonoscopy . In contrast, single- or doubleballoon enteroscopy is required to reach small bowel
[23]
strictures . In the case of a passable stricture,
the length can be easily assessed, and intestinal
pathologies that are proximal to the stricture, e.g.,
additional strictures, should be evaluated. Before
endoscopic dilation therapy, the length and angulation
of the stricture should be considered, and any fistulas
or ulcers located within the stricture should be avoided.
The endoscopic criteria predictive of clinical efficacy
are as follows: a stricture length of < 4 cm and the
[15,21,24]
absence of ulcers within the stricture
. In addition
to the macroscopic evaluation, endoscopy facilitates
[21,25-28]
obtaining biopsy samples to rule out malignancy
.
In the case of an impassable stricture, the stricture
length can be assessed by applying iodine contrast

INTRODUCTION
Intestinal strictures represent a frequent complica
[1]
tion of Crohn’s disease (CD) . More specifically,
approximately 40% of CD patients with ileal disease
[2]
develop clinically apparent strictures . In patients
with CD, intestinal fibrosis can be present at the
time of the diagnosis; however, more frequently, a
stricturing phenotype and intestinal stenosis develop
[3,4]
during the long-term course of the disease . Two
decades ago, there was hope that the advent of
novel immunosuppressive agents, such as anti-TNF
antibodies, might reduce the frequency of fibrotic
complications in patients with CD. However, recent
epidemiological data have revealed that despite the
establishment of early immunosuppressive therapy
in CD patients at risk for a disabling disease course,
the frequency of fibrostenosing complications did not
[5]
significantly decrease .
In recent years, the pathogenetic understanding
of intestinal fibrosis has significantly advanced, and
common core features of fibrosis in different organs
[6]
have been identified . Nevertheless, to date, no antifibrotic agents for treating intestinal fibrosis in CD
[7]
have been evaluated in clinical trials . The clinical
relevance of intestinal strictures for patients with CD
is emphasized by the fact that in population-based
studies, approximately 60% of patients require surgery
[8]
within 20 years after diagnosis . The clinical challenge
of managing stricturing CD is further aggravated by the
high rate of recurrent stenosis at the surgical site, which
larger studies have determined to be approximately
[9-11]
50%
. Therefore, a significant number of patients
must undergo multiple surgeries associated with the
risk of developing short bowel syndrome.
Strictures may be subdivided into fibrotic, inflam
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advantage of ultrasound is its ubiquitous availability
and non-invasive nature, which simultaneously
allow direct interaction with the patient during the
examination and the ability to focus on areas of
abdominal discomfort. Despite these advantages,
ultrasound remains underutilized in many parts of the
[36]
world . In experienced hands, intestinal ultrasound
is a cost-effective, risk-free procedure for monitoring
disease activity and assessing complications, especially
when evaluating the terminal ileum and the colon,
although the proximal ileum, jejunum, transverse
colon and the rectum may be difficult to assess due to
[37]
gas-filled bowel or obesity . Ultrasound examinations
primarily focus on detecting bowel wall thickening
and increased vascularization on Doppler US, as well
as strictures, loss of stratification, haustra coli and
conglomeration of intestinal loops and extramural
[38]
lesions. A systematic review by Panés et al
found
85% sensitivity and 91% specificity rates for US in
assessing disease activity in patients with CD.
However, despite the introduction of novel ultra
sound techniques, such as contrast-enhanced US or
real-time elastography, the detection of intramural
[39,40]
fibrosis in CD remains challenging
.

Table 1 Classification system of Crohn’s disease-associated
[30]
strictures developed by Paine and Shen
Criteria

Classification

Etiology
Number
Degree
Shape
Length
Location

Primary vs secondary (anastomotic); benign vs malignant
Single vs multiple
High grade vs low grade
Web like vs spindle shaped; circumferential vs asymmetric
Short vs long
Esophagus, pylorus, small bowel, ileocecal valve,
anastomosis, colon, rectum, anus
Fibrosis, edema, proximal dilation, ulceration, fistula with
or without abscess, angulated, prior strictureplasty

Associated
conditions

agents, which are administered into the stricture
ostium during endoscopy. Using fluoroscopy, the
length and configuration of the stricture can then
[29]
be determined . Paine and Shen proposed a
comprehensive classification system for strictures that
[30]
includes seven criteria (Table 1) .
[31]
To assess the inflammatory
activity in luminal
CD, several endoscopic scores are available. The
CDEIS (CD endoscopic index of severity) and the SES[21]
CD (simple endoscopic score for CD)
are commonly
used in clinical trials, are validated and have prognostic
[31,32]
value
. However, they are not routinely used
in clinical practice. To evaluate the postoperative
recurrence of CD, the Rutgeerts score is the most
commonly used score for assessing endoscopic disease
[9,33]
activity after ileocecal resection
. However, the
Rutgeerts score has not been validated.
None of these scores has been validated with
regard to differentiating the strictures into inflam
matory and fibromatous types. In fact, to the best of
our knowledge, there is no validated endoscopy CD
stricture score for this purpose. Our group defined
a combined endoscopic and histological score to
differentiate CD strictures into inflammatory, mixed
[12]
and fibromatous types . Thus far, our score has not
been validated by other groups.
Because the available endoscopic approaches
are limited to endoluminal findings, cross-sectional
imaging can be used as a complementary technique,
contributing significant information regarding the
bowel wall and the involvement of adjacent tissues,
especially when endoscopic modalities are impractical
or contraindicated (e.g., capsule endoscopy in the
suspected strictures).

Computed tomography

Although computed tomography (enterography) (CT-E)
scans are readily available and enable the detection
of strictures with or without proximal dilation, as
well as signs of penetrating disease, such as fistula
and extraluminal abscess formation (Figure 1),
this technique inevitably leads to significant patient
radiation exposure. Recent data have demonstrated
that a significant number of patients with inflammatory
bowel disease (IBD) are exposed to a high cumulative
[41]
effective dose . High radiation exposure and
age at the time of exposure both increase the risk
[37,42]
of radiation-induced cancer
. Therefore, it is
recommended to monitor the use of CT, particularly in
young patients, especially when alternative modalities
[37,43,44]
with acceptable accuracy are available
. Because
CT-E has been shown to be equally accurate in
[45]
depicting active inflammation as MR enterography ,
CT scanning should be restricted to emergency
evaluations of patients with new abdominal complaints
or a change in their pre-existing condition, whereas in
all other settings, radiation-free cross-sectional exams,
such as MRI or ultrasound, should be used.

CROSS-SECTIONAL IMAGING

Magnetic resonance imaging

Ultrasonography

MRI has played a major role in the diagnostic
evaluation of CD. It is a radiation-free method with
different acquisition protocols, such as unenhanced
T2-weighted and gadolinium-enhanced T1-weighted
sequences, as well as protocols requiring the
intravenous application of contrast medium or the
administration of enteric contrast agents (either orally,
i.e., MR enterography, or through a nasojejunal tube,

Ultrasonography (US) has gained wide acceptance
[34]
in the diagnostic work-up of patients with CD ,
especially because recent works have shown detection
rates for strictures similar to those of magnetic
resonance (MR) enterography or fluorine-18-2-fluoro2-deoxy-D-glucose positron emission tomography and
[12,35]
computed tomography (FDG-PET/CT)
. The major
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A

B

C

Figure 1 Examples of ileal strictures. A, B: MR-enteroclysis of an ileal stricture (A: T2-weighted gradient echo sequence with fat saturation showing thickening of
the affected segment. The inner lumen is reduced; B: T1-weighted sequence with intravenous gadolinium application and fat saturation. The Crohn’s disease (CD)
-affected segment is thickened and shows increased contrast enhancement. Additionally, the intestinal vessels are extended); C: Computed tomography-enteroclysis
of ileal strictures. The vascular “injection” in the CD-affected area is depicted (“comb sign”).

microbial peptides have been proposed to be bio
marker candidates for stricturing CD. For example,
we found the association between the presence of
anti-Saccharomyces cerevisiae antibodies and the
stricturing disease course in cohorts of pediatric and
[59-61]
adult patients with CD
. Nevertheless, the routine
use of antimicrobial antibody measurements cannot
currently be recommended for the daily clinical
[62]
management of patients with IBD . Furthermore, no
extracellular matrix proteins, including collagens and
derived peptides, have been found to be specifically
[63,64]
predictive of stricturing CD
. However, it was
found that NOD2 exhibited insufficient specificity for
the fibrostenotic phenotype in CD and that NOD2
[57]
was also linked to other complications . Similarly,
the combination of biomarkers was tested to identify
fibrotic complications in CD but was also found to
[56,65]
possess low specificity
.
Nevertheless, because biomarkers, such as tissue
inhibitor of metalloproteinase-1, connective tissue
growth factor and others, were found to be predictive
[66,67]
of fibrotic alterations in organs other than the gut
,
future studies are warranted to identify gut-specific
biomarkers of fibrosis.

i.e., MR enteroclysis), which allow for a quantitative
and qualitative diagnostic evaluation of disease
[46,47]
activity and severity (Figure 1)
. In a recently
published observational study correlating MRI findings
based on enhancement pattern with the pathological
analysis of surgically resected intestinal lesions,
Rimola and colleagues found that MRI was highly
sensitive and specific for detecting severe fibrosis in
[48]
CD lesions . Various scoring systems have been
proposed to improve the interobserver reproducibility
of imaging results, and MRI sequences have been
[49-51]
used in treatment monitoring by various groups
.
Gadolinum enhancement patterns facilitated detecting
the inflammatory activity in patients with CD, but
[52]
they were unable to exclude the underlying fibrosis .
Because inflammation and fibrosis are closely and
positively related, the distinction between them and
the exclusion of one or the other remains challenging
[45,53]
because both conditions may frequently coexist
.

FUTURE AVENUES
Serological markers and biomarkers

Well-established risk factors for the development of
a complicated course of CD include “young age at
diagnosis,” “need for steroids at first presentation,”
[54]
“perianal disease manifestation,” “elevated CRP levels”
[54,55]
and “deep colonic ulcers”
. However, these factors
are not exclusively associated with intestinal strictures,
although they are generally linked to disabling courses
of the disease. The genetic markers, which are stable
over time, appear to be promising for predicting
[56]
fibrotic complications . For example, the nucleotidebinding oligomerization domain-containing 2 (NOD2)
gene was evaluated to predict intestinal fibrosis in
[57]
patients with CD . The IBDchip project, a large
multicenter approach, recently assessed more than 70
single nucleotide polymorphisms in 1528 patients with
CD and identified NOD2 to be the strongest predictor
[58]
for a stricturing phenotype . Additionally, JAK2 and
ATG16L1 were found to be strongly associated with
[58]
intestinal stenosis .
In addition to genes, antibodies directed against
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NEW IMAGING TECHNIQUES
Non-invasive imaging techniques in patients with
CD include MRI-, CT- and US-based techniques. In
particular, CTE and MRE have improved the diagnosis
of CD. However, these techniques are hampered by
the fact that the quantification of inflammation or
fibrosis in detected strictures is weak. Consequently,
alternative MRI-, CT- and US-based approaches
have been investigated to improve the diagnosis of
structuring CD.

Contrast-enhanced ultrasound/US elastography

Contrast-enhanced ultrasound (CEUS) is a nonradiating ultrasound technique for identifying and
characterizing strictures. In 2002, a small study
described the ability of CEUS to differentiate hyperfrom hypovascularized intestinal obstructions, thereby
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facilitating the identification of cicatricial and inflam
[68]
matory stenosis . Several recent studies have
[69,70]
characterized CEUS
and demonstrated its
potential for distinguishing inflammatory from fibro
[71,72]
stenotic lesions in patients with CD
. A study by
[71]
Ripollés et al
compared the efficacy of preoperative
CEUS to characterize intestinal inflammation with
postoperative histopathological analysis of the gut
segments in patients with CD. CEUS correctly differ
entiated between the inflammatory and fibrostenotic
alterations in 23 of 28 intestinal segments, showing a
strong correlation between the sonographic findings
and the histological evaluation of inflammation and
[68]
fibrosis. As described by Kratzer et al , there was
a significantly negative association between color
Doppler vascularization grade and the pathologic
fibrostenotic score.
Transabdominal ultrasound elasticity imaging
(UEI) investigates the elastic properties of tissue
by measuring the strain, which is the extent of
[73]
deformation of a material upon a given applied force .
UEI is an established procedure for investigating liver
diseases because the lower strain indicates fibrotic or
[74]
steatotic remodeling . UEI has also been established
[75]
to assess other diseases, including prostate cancer
[76]
and the rejection of renal transplants . Recently,
UEI has been investigated in CD to identify intestinal
fibrotic tissue. In a CD rat model, ultrasound
elastography accurately acutely differentiated inflamed
[77]
from fibrotic colonic segments . In a second study,
the same authors showed that in ex vivo human
intestinal specimens, UEI helped discriminate lowgrade from high-grade bowel fibrosis in inflammatory
[78]
[39]
bowel disease . Baumgart et al
first investigated
ultrasound-based real-time elastography (RTE) in
patients with stricturing CD. This study demonstrated
a significant higher strain measured by RTE in fibrotic
than with unaffected intestinal segments. Interestingly,
RTE was not associated with the conventional USbased Limberg score, which describes the grade of
[79,80]
intestinal wall vascularity in CD
. This observation
might indicate that RTE can evaluate the mechanical
properties of the gut in terms of various bowel
characteristics, thereby indicating the degree of
fibrosis. Nevertheless, there are limitations to this
procedure. For example, obesity in patients with IBD
might impair the applicability of UEI in these patients
by causing inadequate penetration of the high[79]
frequency transducers . However, to date, no clinical
trial has been conducted to investigate the diagnostic
potential of UEI for stricture differentiation.
Regarding current US techniques, both UEI
and CEUS represent promising, non-invasive, nonradiating imaging tools with the potential to improve
the diagnostic accuracy of the differentiation of CD
strictures. Altogether, the degree of vascularization
and the strain appear to be helpful in distinguishing
between inflammatory and fibrotic lesions in patients
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with CD. Although cross-sectional imaging tech
niques, such as MRI and CT, remain the most accurate
noninvasive imaging method for evaluating disease
activity in small bowel CD compared to standard US
[72]
techniques , a combination of both US imaging
techniques could improve the diagnosis and charac
terization of stenotic lesions, although such a technique
has not yet been investigated.

MRI

MRI has become a standard imaging technique in
patients with CD, especially when many follow-up
examinations are required, and MRI-based treatment
monitoring in the evaluation of transmural healing is a
promising new alternative approach to endoscopically
determined mucosal healing. The hallmark of CD
is transmural inflammation, and the persistence
of mural inflammation, even in cases of mucosal
[81]
healing, has been reported . However, the exact
distinction between the inflammatory and fibrotic
patterns is difficult to determine. Dynamic contrast
enhanced (DCE)-MRI quantifies the perfusion by
measuring the signal increase in the intestinal wall
[82,83]
after the administration of gadolinium
. Recently,
other imaging techniques that provide contrast based
on endogenous tissue characteristics have been
proposed, especially because achieving imaging
contrast by intravenously administered contrast
agents, such as gadolinium chelates, increases the
cost of the examination and is associated with the
risk of nephrogenic systemic fibrosis (NSF) in patients
with substantially impaired renal function. Among
these techniques are diffusion-weighted, motility and
magnetization transfer imaging, which have been
employed to enhance the assessment of disease
[84]
activity and severity in CD . Diffusion weighted
imaging (DWI)-MRI provides information regarding
tissue perfusion, vascular leakage and water diffusion
[82,85]
by quantifying changes in water mobility
. In a
[82]
study by Tielbeek et al , DWI-MRI and DCE-MRI
showed good correlations regarding inflammation
and fibrosis to the histopathological scores of surgical
CD specimens. Dillmann and colleagues successfully
applied magnetization transfer MRI in a rodent model
of colonic inflammation and fibrosis to detect bowel
wall fibrosis. This method, which generates contrast
based on the interaction between the protons of
free water and those of fixed macromolecules in the
tissue, such as collagen, in addition to T2-weighted
sequences, facilitates sufficient detection of bowel wall
[86]
fibrosis in the setting of superimposed inflammation .
In this study, MT-MRI and T2-weighted signal intensity
ratios were determined and compared in two groups of
rats with either experimentally induced acute colonic
inflammation or colonic inflammation and fibrosis. The
highly significant results regarding the detection of
fibrosis suggest that this approach has great promise.
However, the data thus far are limited to experimental
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+

studies, and additional studies are required to optimize
the detection rates for fibrotic strictures and elucidate
the clinical utility. Presumably, no single technique
will be sufficient for this distinction; however, a
combination of different imaging modalities, together
with biochemical markers and experienced clinical
judgment, could be useful.
18

a high amount of mTNF intestinal cells detected by
confocal laser endomicroscopy showed significantly
increased response rates to anti-TNF therapy at week
+
12 compared to patients with low amounts of mTNF
intestinal cells. Although this study demonstrated that
molecular imaging using fluorescent antibodies showed
promise as a diagnostic tool, the use of endomicroscopic
imaging has not been broadly established. This study
assesses the ability to endoscopically detect mucosal
targets to identify the markers of fibrotic tissues,
such as collagen, connective tissue growth factor, or
transforming growth factor beta.

F-FDG PET/CT

18

F-FDG PET/CT represents a modern diagnostic
technique in CD and has been investigated in several
studies that reported high sensitivity (54%-94%) and
specificity rates (55%-81%) for the detection of active
[87]
[88]
CD . According to Louis et al , severe endoscopic
lesions, such as strictures and deep ulcerations, were
18
detected with a sensitivity of up to 100% using F-FDG
PET/CT, whereas mild inflammation with superficial
and erosive lesions was difficult to determine and
had a detection rate of only 7%. These findings
were corroborated by a study from our group, which
reported high detection rates of advanced inflammatory
[89]
lesions in patients with colonic CD . Although
18
F-FDG PET/CT imaging seems to be able to detect
severe colonic inflammation in patients with CD, the
discrimination between predominantly inflammatory,
fibrotic lesions and muscle hypertrophy in the bowel
[12,87]
[87]
wall is weak
. Jacene et al
examined the FDG
uptake in CD patients with obstructive symptoms and
compared the PET/CT findings with the postoperative
histopathological analyses of these lesions. They found
that FDG accumulates not only in acute inflammatory
lesions but also in fibrotic strictures and muscle
hypertrophy, indicating the inability of quantitative
PET interpretation to further characterize obstructive
lesions. Nevertheless, the same study revealed that
an additional semiquantitative analysis of the FDG
uptake, using the maximum lean standardized uptake
value [SUL (max)], allowed the identification patients
with predominantly active inflammation. Similarly,
a prospective study from our group comparing the
diagnostic accuracy of MRI, FDG-PET/CT and US did
not identify a single, superior imaging technique for
stricture detection and differentiation in 30 CD patients
[12]
with a total of 37 CD-associated strictures . Notably,
in our study, a combined diagnostic approach using
FDG PET/CT or MRE and ultrasound resulted in a 100%
detection rate of symptomatic strictures requiring
[12]
interventions . However, additional studies are
18
warranted to investigate F-FDG PET/CT and the ability
of semiquantitative FDG uptake analyses to distinguish
between inflammatory and non-inflammatory ob
structive lesions.

CONCLUSION
The current guidelines do not provide a standardized
approach for evaluating stricturing CD and readily
differentiating fibrosis from inflammation in intestinal
strictures. In clinical practice, strictures are evaluated
using endoscopy combined with imaging techniques.
Transabdominal US and MRI represent radiationfree procedures and should, therefore, be preferred
for screening examinations. In experienced hands,
transabdominal US may be the first imaging procedure
used to evaluate patients with CD-associated strictures
because of its ubiquitous availability. Additionally,
especially in cases of non-conclusive findings or
suspected complications (e.g., fistula or abscess),
MR-enteroclysis can be performed. Nevertheless,
the discrimination of inflammatory and fibromatous
strictures remains the most challenging step in the
diagnosis of stricturing CD. Because new US-based
techniques, such as CEUS and UEI, have shown promise
for distinguishing inflammatory from non-inflammatory
stenosis because of their advantageous rapid and noninvasive, non-radiating performance, a combination of
US-based techniques with established CT-or MR-based
techniques could facilitate characterizing stricturing CD
and improving the subsequent therapy.
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How to predict clinical relapse in inflammatory bowel
disease patients
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Abstract

Elisa Liverani, Eleonora Scaioli, Matteo Bellanova, Andrea
Belluzzi, Department of Medical and Surgical Sciences,
University of Bologna, 40138 Bologna, Italy

Inflammatory bowel diseases have a natural course
characterized by alternating periods of remission
and relapse. Disease flares occur in a random way
and are currently unpredictable for the most part.
Predictors of benign or unfavourable clinical course
are required to facilitate treatment decisions and to
avoid overtreatment. The present article provides a
literature review of the current evidence on the main
clinical, genetic, endoscopic, histologic, serologic and
fecal markers to predict aggressiveness of inflammatory
bowel disease and discuss their prognostic role, both
in Crohn’s disease and ulcerative colitis. No single
marker seems to be reliable alone as a flare predictor,
even in light of promising evidence regarding the role
of fecal markers, in particular fecal calprotectin, which
has reported good results recently. In order to improve
our daily clinical practice, validated prognostic scores
should be elaborated, integrating clinical and biological
markers of prognosis. Finally, we propose an algorithm
considering clinical history and biological markers to
intercept patients with high risk of clinical relapse.
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Core tip: Natural course of inflammatory bowel diseases
(IBD) is mostly unpredictable so far. Predictors of
benign or unfavourable clinical course are required to
facilitate treatment strategies. Our aim is to review
current evidence on the main clinical and biological
markers to predict the aggressiveness of IBD and
to discuss their prognostic role. No single marker
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is reliable as a flare predictor but a combination of
clinical and biological indicators better serves our
requirements; we propose an algorithm applicable in
our daily practice, arising from a combination of clinical
history and biological markers.

Table 1 Clinical and environmental predictors of relapse in
inflammatory bowel diseases patients

Clinical factors
Age

Liverani E, Scaioli E, Digby RJ, Bellanova M, Belluzzi A. How
to predict clinical relapse in inflammatory bowel disease patients.
World J Gastroenterol 2016; 22(3): 1017-1033 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i3/1017.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1017

Sex

UC

Young age at diagnosis[6-8,10]
→ Disabling chronic disease

Young age at
diagnosis[11,14,15]
→ Rate of relapse
Female[11,14]
→ Rate of relapse
Extensive colitis[8,14,16]
→ risk of colectomy,
CRC, mortality

Perianal disease[7,9]
→ Poor outcome
Terminal ileal location[8,9]
→ Predictor of stricturing/
penetrating disease; risk of
surgical resection
Proximal small bowel/
upper gastro-intestinal
tract[10,11]
→ risk of relapse; risk of
surgical resection
Colonic disease[6]
→ risk of develop perianal
disease
No. prior relapses Short period of remission
Greater number of
before relapse[5,6]
prior relapse
→ poor prognosis
→ shorter time to relapse
EIM
NS[12]
NS[12]
Environmental factors
Smoke
Disease severity[19,20]
↓ disease severity[21]
Appendectomy
Risk of surgical resection[24] ↓ risk of colectomy[22,26]
Drugs
NSAIDs/
Contrasting evidences[28]
Contrasting
COX-2 selective
evidences[28]
OCPs
Risk of relapse[20]
NS[15]
HRT
↓ disease severity[29]
↓ disease severity[29]
Antibiotics
↓ risk of relapse[30]
NS[30]
Stress
Risk of relapse[32]
Risk of relapse[31]
Disease location

INTRODUCTION
Inflammatory bowel diseases (IBD) are characterized
by a relapsing and remitting course. Aim of therapy
is both to induce and maintain an enduring remission
and to avoid disease progression. Disease flares occur
in a random way and are mostly unpredictable, and
persistent inflammatory activity negatively affects the
patient’s physical and psychological well-being, social
performance and working capacity.
Despite an effective medical therapy that could
guarantee clinic remission, a degree of subclinical
inflammation may persist within the mucosa of the
gut, contributing to a risk of “symptomatic” relapse,
which occurs when the inflammatory process reaches
[1]
a critical intensity . Identifying objective markers able
to reveal such subclinical inflammation could represent
an important advance in clinical practice, allowing the
gastroenterologist to select patients and plan a tailored
treatment. Clinical, genetic, endoscopic, histologic,
serologic and fecal markers have been studied over
many years, but we have not yet found an ideal tool to
be used for prognostic purposes. Several authors have
focused their efforts on this matter, but studies show
conflicting and variable results.

CD: Crohn’s disease; UC: Ulcerative colitis; CRC: Colon-rectal cancer;
EIM: Extraintestinal manifestation; NS: No significant; NSAIDs: Nonsteroidal anti inflammatory drugs; COX-2: Cyclooxygenase-2; OPCs: Oral
contraceptive pills; HRT: Hormone replacement therapy.

a short interval since the previous relapse (< 6 mo)
and colonic involvement were associated with a
poor prognosis. In this study neither the presence of
anoperineal lesions nor a history previous intestinal
resection was found to be of prognostic value.
Population-based studies with a fixed 5-year or
10-year study period after diagnosis of IBD have
confirmed that young age at onset, but also disease
location, are associated most strikingly with disease
course, both in CD and in ulcerative colitis (UC). As
regards CD, some authors assumed that the need for
steroid treatment at the first presentation, together
with perianal disease and young age at onset could be
[7]
factors associated with a poor outcome . In particular,
patients younger than 40 years at diagnosis have been
proven to experience a debilitating chronic disease (OR
[7]
= 2.1, 95%CI: 1.3-3.6) . Terminal ileal location seems
to be a strong predictor of stricturing and internal
penetrating behaviour (including perianal fistulas
[8,9]
and abscesses) and an increased rate of surgery .

CLINICAL PREDICTORS
Clinical predictors of IBD recurrence have probably
been the most widely studied and have been received
[2-4]
recently
(Table 1).
[5]
Brignola et al first found in a cohort of Crohn’s disea
se (CD) patients, that when comparing the clinical
features of patients relapsing within 18 mo with those
of non-relapsing patients in persistent remission, a
shorter period of remission before relapse seemed to
have prognostic relevance.
[6]
This observation was confirmed by GETAID group
a few years later in a retrospective study; the authors,
considering 178 quiescent CD patients not induced by
surgery (CDAI < 150) within a median follow up of 23
mo, found that a young age (< 25 years) whether at
first symptoms, at diagnosis or at consultation, was
related to a high risk of clinical relapse. Furthermore,
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Proximal small bowel and upper gastrointestinal
tract location are associated with increased risk of
[10,11]
recurrence and surgery
. As regards extraintestinal
manifestations, the presence of erythema nodosum
and pyoderma gangrenosum at diagnosis or later have
been demonstrated to be unable to predict a more
[12]
severe CD course .
Looking at the same issue but from a reverse
perspective, we could define a “non severe” evolution
of the disease as a clinically inactive disease for longer
than 12 years with less than one intestinal resection
without a permanent stoma. The factors independently
associated with a “non-severe” 15 years clinical course
were non smoking status, rectal sparing, high edu
[13]
cational levels, older age and longer disease duration .
In UC, young age at diagnosis and female gender
[11,14]
are associated with more frequent relapses
. In a
[15]
study by Bitton et al , UC patients with a younger
age at onset, particularly the age group between
20-30 years, had a shorter time to relapse (P = 0.003).
A greater number of prior flares was associated with
a shorter time to relapse in women but not in men.
Extensive colitis at presentation consistently appears
as an independent predictor of colectomy within 10
years after diagnosis. Furthermore, extensive colitis is
associated with increased risk of colon cancer as well
[14,16,17]
as a slight increase in mortality
. A high level
of systemic clinical symptoms at presentation (fever,
weight loss) was linked to a trend toward infrequent
relapses and chronic disease, but a higher risk of
[16]
colectomy .

of disease, but these data need to be validated with
[28]
further randomized controlled trials . Generally,
guidelines suggest a prudent use of NSAIDs in IBD
patients.
As regards estrogens, a quite old prospective
investigation showed that the current or former use
of oral contraceptive (OC) pills leads to an increase
risk for CD relapse (HR = 3.0, 95%CI: 1.5-5.9, P <
[20]
0.001) . In contrast, no evidence of a connection
between prior or current usage of OC was found for UC
patients in the only literature-reported study that has
[15]
assessed this association . For hormone replacement
therapy, an inverse association with IBD activity as
a whole has been reported (HR = 0.18, 95%CI:
[29]
0.04-0-72, P = 0.001) . However, these results have
not been validated by other studies and could suffer
from bias due to patients’ age, different dosages and
estrogen formulations.
Antibiotics could rationally play a role in defining the
risk of relapse according to the way they influence the
composition of intestinal microbiota. General antibiotic
use has been documented to prevent CD relapse when
compared with placebo (RR of relapse = 0.62, 95%CI:
0.46-0.84); all antibiotic combinations studied had
some antimycobacterial properties. On the contrary,
antibiotic administration in order to prevent UC relapse
[30]
did not influence long-term relapse rates .
In both UC and CD, patients under conditions of low
stress and with good coping strategies (the capacity
to modulate the effects of life stressors on illness
[31,32]
experience) were least likely to suffer relapse
.
Particularly, relapse was positively associated with
both stress (HR = 4.5, 95%CI: 1.9-10.7, P < 0.001)
and coping strategies (HR = 1.9, 95%CI: 1.2-2.8,
[32]
P = 0.004) . On the contrary, no association was
found between disease relapse and depression in UC
[31]
patients .

Environmental factors
It has been argued that environmental factors might
play a role in precipitating clinical relapse, with
particular reference to some medications and lifestyle
[18]
factors
(Table 1). Smoking is considered one of
the stronger predictors of disease course: it globally
[19,20]
increases disease severity in CD
, while an inverse
association has been surprisingly documented for
[21]
UC . As with smoking, appendectomy is another
environmental factor that seems to have opposite
effects based on the disease. It is still debated whether
[22,23]
appendectomy can increase the risk of CD onset
.
Appendectomy has been supposed to increase the
[24]
risk of surgical resection in CD , while some authors
failed to find an association with an increased disease
[25]
severity . In UC, appendectomy not only decreases
the risk of developing disease, but it also seems a
protective factor against developing severe disease
[22,26]
and reduces the need for colectomy
.
The tolerability and safety of nonsteroidal antiinflammatory drugs (NSAIDs) in an IBD setting have
been reviewed recently. Conventional NSAIDs may
cause clinical relapse in about 20% of patients with
[27]
quiescent disease . Some studies suggest that
cyclooxygenase-2-selective NSAIDs, in particular
celecoxib and etoricoxib, do not lead to exacerbations
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MICROBIOTA
Intestinal microbiota seems to play a role in the patho
genesis of IBD. The currently accepted hypothesis is
that a disruption of tolerance towards the commensal
microbiota is produced in an individual with genetic
[33]
vulnerability . Dysbiosis, defined as a reduction in
bacterial biodiversity resulting in fewer bacteria with
anti-inflammatory properties compared with healthy
[34]
controls, has been observed in IBD . Potentially,
gut microbiota can drive pathogenicity throughout
an expansion of “pro-inflammatory” species or
a reduction in the protective compounds of the
[35]
microbiota . Several studies have reported that
members of the Bacteroidetes and Firmicutes phyla
[36]
were reduced in IBD ; in contrast, a greater relative
abundance in Enterobacteria, mostly Escherichia coli
[37]
was observed . Among Firmicutes, Faecalibacterium
prausnitzii, a butyrate-producing bacteria, seems to
have anti-inflammatory properties and several reports
have demonstrated a decrease in population of this

1019

January 21, 2016|Volume 22|Issue 3|

Liverani E et al . Predictors of clinical relapse in IBD
[36,38]

bacteria in patients with CD
.
Only a small number of studies have evaluated the
role of gut microbiota in predicting clinical relapse in
IBD. It has been demonstrated that a low proportion
of F. prausnitzii in resected ileal mucosa from CD
patients was associated with higher risk of post[38]
[39]
operative recurrence . Furthermore, Rajca et al
have recently analysed fecal microbiota of 33 CD
patients and found that a decrease in Firmicutes (in
particular in F. prausnitzii) correlated with the time
to relapse after infliximab withdrawal, so a deficit
in some bacterial group, such as F. prausnitzii, may
represent a predictive factor for relapse. Also, in UC
patients, quantitative variations in different species of
Lactobacillus have been identified between patients
[40]
with relapse and patients in remission . In particular,
[41]
Varela et al analysed a wide cohort of UC patients in
remission and demonstrated a consistent decrease of
F. prausnitzii; a subsequent subanalysis of the cohort
showed a more significant decrease in that bacterial
species when patients had suffered a relapse in the
previous 12 mo. The authors found that low levels of F.
prausnitzii could be associated with a four-fold increase
in the risk of relapse.
These findings underscore the interest of testing
whether increasing the F. prausnitzii population in
the gut microbiota would be a useful strategy for
maintaining remission in IBD patients. In that case,
restoring normobiosis in IBD patients could be a new
goal for optimal management.

partecipates in autophagy, have been associated both
with stricturing disease and perianal involvement in
[47]
CD . Polymorphisms in multidrug resistance 1 gene
(MDR1) were supposed to determine a more severe
IBD and influence refractoriness/sensitiveness to
[48]
medical therapy .

LABORATORY MARKERS
Serological antibody markers

Several immune-mediated antibodies have been
described in IBD. Anti-Saccharomyces cerevisiae
antibodies (ASCA) and perinuclear anti-neutrophil
cytoplasmic antibodies (pANCA) can help to diffe
rentiate CD from UC, particularly when used in
combination, as ASCA are mainly associated to CD,
[49,50]
while pANCA are linked to UC
. Reactivity to ASCA
was predictive of an aggressive disease phenotype; in
particular it has been associated with early CD onset,
fibrostenosing/penetrating CD behaviour and a need
[51,52]
for CD-related surgery
. In CD patients, pANCA
has been linked to less severe disease, UC-like disease
[53]
and minor risk of small bowel complications . In UC,
pANCA are associated with a more severe disease
course and need for surgery. In patients who undergo
total proctocolectomy, higher levels of p-ANCA in
the pre-surgical situation predict an increased risk of
[54]
[15]
chronic pouchitis after IPAA . Bitton et al
reported
that higher pANCA titres (P = 0.02) and total ANCA
titers (P = 0.03) were significantly predictive of
relapse only in univariate time-dependent analysis;
no significance was observed in multivariate analysis.
However, reliability of these antibodies in assessment
of disease activity has not been found, and the entity
of immune response to ASCA or pANCA has an
[50]
inconsistent role in predicting disease relapse . In
last years, the role of serum granulocyte macrophage
colony-stimulating factor auto-antibody (GM-CSF Ab)
in identifying IBD patients at risk of disease relapse
at an early stage has been investigated, showing
[55]
promising results both in UC and in CD .
More recently, in addition to ANCA and ASCA,
antibodies against specific bacterial wall products
have gained increasing interest for their ability to help
gastroenterologists in diagnosis, disease stratification
and behaviour in IBD (antibodies to the Escherichia coli
outer-membrane porin C - OmpC, anti-Pseudomonas
associated sequence I2 and anti-bacterial Cbir1
flagellin). In particular, reactivity to ASCA, OmpC,
anti-I2 and Cbir1 has been associated with with early
CD onset, fibrostenosing and penetrating CD and need
[52]
for early small bowel surgery .
New anti-glycan antibodies, including antichitobioside IgA, anti-mannobioside IgG, antilaminaribioside IgG, anti laminarin (anti-L) and antichitine (anti-C) have been recently added to the
armamentarium of serologic markers in IBD. Antiglycan antibodies are associated with a progression

GENETIC PREDICTORS
No differences in disease behaviour have been
observed when comparing familial IBD (that is, having
a first-degree relative with the disease) and sporadic
IBD. As such, disease severity is unaffected by family
[42]
history . Despite this, familial cases are usually
diagnosed at younger age and have an increased
risk of extraintestinal manifestations and proving
[43,44]
refractory to medical therapy
. A family history of
CD increases the risk of subsequent CD after ileo-pouch
[45]
anal anastomosis (IPAA) .
With the arrival of the genome-wide association
study era, the ambition of identifying genetic prognostic
factors in IBD has become somewhat attractive. The
main quality of these markers is their long-term
stability and the fact that they are already present not
only at disease onset, but even earlier. The presence of
the NOD-2/CARD15 polymorphism has been linked to
more aggressive clinical course of CD; i.e., higher risk
of intestinal strictures, earlier need for surgery, reduced
[46]
postoperative disease-free interval . Individuals
carrying an increasing number of risk alleles in NOD2,
IBD5 locus, DLG5, ATG16L1 and IL23R genes are
more likely to experience a severe disease course.
In particular, mutations in the ATG16L1 (autophagyrelated 16-like 1) gene, encoding for a protein that
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Table 2 C-reactive protein as predictor of relapse in inflammatory bowel diseases patients

Brignola et al[5], 1986
CD
Tibble et al[66], 2000
CD
UC
Bitton et al[15], 2001
UC
Costa et al[67], 2005
CD
UC
D'Incà et al[65], 2008
CD
UC
García-Sánchez et al[69], 2010
CD
UC
Kallel et al[62], 2010
CD1
Naismith et al[70], 2014
CD

No. Pt

No. R

Relapse rate

41

17

41%

43
37

25
19

58%
51%

74

27

36.5%

38
41

15
19

65
97

Mean CRP values R

Mean CRP values NR

2.2 mg/dL
13.1 mg/L
3 mg/L

P value

0.7 mg/dL

0.010

9.1 mg/L
9.7 mg/L

0.100
0.400

0.08 mg/dL

0.25 mg/dL

39%
46%

8 mg/L
5 mg/L

6 mg/L
4.5 mg/L

0.373
0.450

20
37

31%
38%

5.49 mg/L
3.15 mg/L

3.13 mg/L
3.08 mg/L

0.050
0.690

66
69

18
21

27%
31%

4.6 mg/L
3.8 mg/L

5.6 mg/L
1.7 mg/L

0.790
0.060

53

10

18.9%

34 mg/L

4 mg/L

< 0.001

45

5

11%

2

2.1

NS

0.539

1

Small bowel CD patients excluded. R: Relapsers; NR: Non relapsers; CRP: C reactive protein; CD: Crohn’s disease; UC: Ulcerative Colitis; IBD:
Inflammatory bowel diseases.

Table 3 Erythrocyte sedimentation rate as predictors of relapse in inflammatory bowel diseases patients

Brignola et al[5], 1986
CD
Tibble et al[66], 2000
CD
UC
Bitton et al[15], 2001
UC
Costa et al[67], 2005
CD
UC
D'Incà et al[65], 2008
CD
UC
García-Sánchez et al[69], 2010
CD
UC

Mean ESR values R (mm/h)

Mean ESR values NR (mm/h)

P value

41%

24

9

0.0006

25
19

58%
51%

21
13

13
20

0.200
0.200

74

27

36.5%

13.8

11

NS

38
41

15
19

39%
46%

20
15

15
11

0.077
0.056

65
97

20
37

31%
38%

25
14

15
11

0.005
0.690

66
69

18
21

27%
31%

17.5
14.1

16.2
7.6

0.230
0.180

No. Pt

No. R

41

17

43
37

Relapse rate

R: Relapsers; NR: Non relapsers; ESR: Erythrocyte sedimentation rate; CD: Crohn’s disease; UC: Ulcerative Colitis; IBD: Inflammatory bowel diseases.

to a more aggressive disease course and a higher risk
[56,57]
for IBD-related surgery
. Similarly to ANCA and
ASCA, these promising biomarkers may help clinicians
to identify certain IBD patient subgroups according to
disease phenotype and risk of complications, but so
far they are not suitable for prediction of relapse in
the routine clinical practice.

glycoprotein, fibrinogen, lactoferrin, β2-microglobulin,
α2-globulin, α1-antitrypsin have been studied less
extensively, showing less consistent results as a whole.
[58]
Brignola et al observed that acid α1-glycoprotein,
CRP, ESR, α1-antitrypsin and white blood cell count,
as well as being altered during clinically active
phases, may also be abnormal in about 50% of CD
patients in remission. On the basis of these findings,
they assumed that altered laboratory parameters in
patients in apparent clinical remission - in particular,
higher levels of α1-glycoprotein, α2-globulin, ESR,
CRP and α1-antitrypsin - may reflect the early stage
of subclinical inflammation of disease. Thus, these
patients in remission phase might run a greater risk of
clinical relapse within one-/two-year period than those

Serological inflammatory markers

The potential role of inflammatory markers in
predicting IBD relapse has been widely investigated,
with special reference to C reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) (Tables 2 and
3). Other laboratory markers, including leucocyte
and platelet count, haemoglobin, albumin, α1-acid
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[5]

in clinical remission with normal laboratory findings .
A simplified prognostic index (“New Index”) was
developed with the aim of predicting CD relapse within
18 mo, finding a relapse rate of 75% in those patients
with at least one of the laboratory tests deranged
(i.e., α1-glycoprotein > 130 mg/dL, α2-globulins >
9.0 gm/L or ESR > 40 mm/h) vs 13% in those with
[59]
[60]
normal test results . Another study confirmed that
serum CRP is a valid marker in aiding prediction of CD
course and in contributing to risk stratification among
subgroups of patients. The likelihood of relapse after
2 years of participation was higher in the subgroup
of patients who presented increased CRP levels
compared with those with normal CRP at baseline.
[61]
Many years later, the GETAID group
proposed a
simple binary biological score for predicting shortterm relapse in CD patients. They selected only two
predictive inflammatory markers of relapse: CRP > 20
mg/L and ESR > 15 mm/h. A positive score (at least
one of the two markers raised) was associated with
8-fold increase risk in relapse compared with patients
negative for both markers (95%CI: 2.8-22.9; score
sensitivity and specificity: 89% and 43% respectively).
Assuming a 10% relapse rate every 6 wk, they
observed negative and positive predictive values of
97% and 15%, respectively, suggesting that normal
CRP and ESR could almost certainly rule out relapse in
the next six weeks.
[62]
Kallel et al
reported that CRP at baseline is a
predictive factor for CD relapse (cut off levels 34 mg/L,
risk of relapse 7.6). High-sensitivity (hs)-CRP was able
to predict short- and medium-term relapse during the
follow up, in patients hs-CRP positive at diagnosis. The
predictive potential of hs-CRP was limited to those
[63]
patients hs-CRP-positive at diagnosis .
CRP levels were also found to be an independent
risk factor both for colectomy in extensive UC at
diagnosis (when above 23 mg/L) and for intestinal
resection in CD involving the terminal ileum (when
above 53 mg/L); however, in the same study, no
association was found between the risk of relapse
and CRP levels at diagnosis in patients with UC or CD
as a whole, or in any subgroup according to disease
[64]
localization . Another negative study comes from
[65]
the results by D'Incà et al , where the predictive role
of CRP seemed inconsistent for both UC and for CD
patients. These authors postulated that ESR (and not
CRP) could have a significant role in predicting clinical
relapse in CD patients only, with a 72% sensitivity and
an 85% specificity (cut-off 25 mm/h).
Nevertheless, neither ESR nor CRP values were
found to be useful in predicting relapse in IBD as a
whole in several studies primarily focusing on the
[66-70]
prognostic value of fecal markers
. In the pro
spective, single-centre study by García-Sánchez et
[69]
al , median ESR (17.5 mm/h) and CRP (4.6 mg/L) in
the CD relapsed group did not differ significantly (P =
0.23 for ESR, P = 0.79 for CRP) from that in the nonrelapsed group (ESR 16.2 mm/h, CRP 5.6 mg/L), nor
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there was a significant difference in the median ESR
or CRP values (P = 0.18 for ESR; P = 0.06 for CRP) in
the relapsed and non-relapsed UC patients (ESR 14.1
mm/h vs 7.6 mm/h; CRP 3.8 mg/L vs 1.7 mg/L). In
[68]
agreement with these results, Gisbert et al
found
that mean ESR and CRP in the IBD relapse group did
not differ significantly from that in the non-relapse
group.
The explanations for this conflicting data regarding
the role of CRP in predicting IBD relapse may be its
short “half life” and a known genetic CRP polymorphism
[71]
in the general population that can reach a 20% rate .
Other laboratory indices, including plasma cytokines
- interleukin (IL)-1β, IL-2, IL-6, IL-8, IL-10, IL-16, IL-2
soluble receptor, tumor necrosis factor-α (TNF-α),
TNF-α soluble receptor, INF-γ - have been analysed,
examining their potential predictive role. High soluble
IL-2 receptor serum level was found to be strongly
[72]
predictive of CD relapse . The same group showed
that IL-6 serum level had great potential to predict the
time-to-relapse in quiescent CD patients, alone or in
association with other biological parameters such as
α1-glycoprotein or soluble IL-2 receptor serum level. In
particular, patient with an IL-6 serum level above 20
pg/mL had a 17-fold chance of relapse within 1-year
[73]
period (P < 0.001) .
In UC patients, higher IL-8 levels in the rectal
mucosa were significantly associated with relapse,
while no correlation was found for IL-1β, IL-6 and
TNF-α levels in rectal mucosa, conventional blood
markers or for plasma cytokines (IL-1β, IL-6, IL-8
and TNF-α). Thus, local IL-8 has been proposed as an
[74]
additional objective tool for assessment of relapse .
In contrast with the previous works, other authors
failed to demonstrate a connection between detection/
concentration levels of cytokines and the risk of IBD
relapse, concluding that these systemic cytokines have
[15,75]
little predictive value both in UC and CD patients
.
[15]
Bitton et al found no evidence that serum IL-1β, IL-6
and IL-15 predict relapse in UC (P = NS). The detection
and baseline concentrations of the various cytokines
tested (TNF-α, TNF-α-R1 and R2, IL-16, IL-1β, IL 2,
IL-R2, IL-6, IL-10, and IFN-γ) in a prospective study
including 135 patients in clinical remission (66 CD and
69 UC patients; relapse rate: 30%) were not shown
[75]
to be associated with the risk of relapse . Since the
results are conflicting, no valid reasons exist to refer
to these plasma cytokines, instead of cheaper serum
markers such as CRP and ESR.

INTESTINAL PERMEABILITY
Increased intestinal permeability (IP) has been docu
mented in IBD patients. It remains unclear whether
barrier dysfunction precedes disease or results from
active inflammation, however it is assumed that the
intestinal tight-junction barrier is dynamically regulated
by cytokines and pathogens.
The lactulose/mannitol test is frequently used
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for investigating small intestinal permeability. The
permeability index is calculated as the ratio of relative
51
lactulose/relative mannitol urinary excretion. Cr-EDTA
is another common compound used to test small
bowel permeability.
Elevated IP has also been found in clinically inactive
CD patients. Consequently, permeability testing has
been proposed as a non-invasive indicator of subclinical
disease, preceding overt clinical relapse. Permeability
testing with lactulose/mannitol has been demonstrated
to be reliable in predicting relapses of CD within 1 year,
[76]
with a PPV > 60% . In particular, the vast majority
of studies that focused on IP as a predictor of disease
relapse showed an increase in relative risk (RR) of
relapse within 1 year for patients with increased sugar
[66,77-80]
permeability (3.1 < RR < 18)
. Only the study
with 51Cr-EDTA failed in revealing IP to be a useful
predictor of relapse in patients with small intestinal
[81]
CD .
Permeability testing is not recommended in patients
with isolated colonic involvement, consequently its
application as a predictor tool is not feasible in the UC
setting. It should be considered that permeability test is
rather unspecific, as several non-IBD related conditions
could increase IP (infection, NSAIDs or alcohol),
resulting in a decrease of the positive predictive value.

Magnifying colonoscopy (MCS) examinations
seems superior to conventional endoscopy in eval
uating the inflammatory activity of UC, because it
[88,89]
better correlates with histopathological grade
.
Moreover, altered mucosal pattern as defined by highresolution video-magnifying examination may predict
[89]
exacerbations in UC patients in clinical remission .
[89]
Fujiya et al
reported that UC patients showing
minute defects of epithelium during clinical remission
frequently had a relapse within a short period (6 mo),
compared with those without these findings (P =
[90]
0.02). Data published by Watanabe et al
confirmed
[91]
these findings. In another study by Ando et al ,
112 UC patients in remission were followed up until
relapse, or a maximum of 12 mo. MCS was shown
to be a significant predictor of future flares and the
rate of relapse within 12 mo was found to increase
with increasing MCS grade (0% for grade 1, 19% for
grade 2, 43% for grade 3). They suggested a greater
accuracy of MCS grading in predicting disease relapse
compared to histological grade. Indeed, while biopsy
specimens refer to a specific and limited mucosal
portion, magnifying colonoscopy allows the observation
of a more extended and representative area. In
contrast with these findings, other authors reject
the role of advanced endoscopy in predicting relapse
over a 1-year period in patients with quiescent UC.
Seventeen (27%) out of 64 UC patients with sustained
clinical remission experienced a flare during the follow
up period. Neither the mucosal pit pattern nor vascular
pattern assessed through chromoendoscopy (CE) and
narrow band imaging (NBI) was significantly different
between relapsers and non-relapsers (P = 0.69 for CE
pit pattern; P = 0.57 for NBI pit pattern; P = 0.72 for
[92]
NBI vascular intensity) .
Confocal laser endomicroscopy (CLE) with intra
venous fluorescein has been proven to accurately
detect and quantify in vivo intramucosal changes
during the clinical and endoscopic remission phase.
These changes are potentially predictive of disease
relapse, making CLE an attractive tool in IBD
[93-95]
[93]
management
. Kiesslich et al
devised a simple
endomicroscopic grading system for in vivo localization
of local barrier dysfunction, defined as a discontinuity
in the epithelium due to epithelial cell shedding (Watson
grade). They prospectively followed up 58 IBD
patients in clinical remission (47 UC, 11 CD; CAI ≤
1, CDAI ≤ 150) within a 12-mo period. Local barrier
dysfunction in the small intestine of IBD patients, that
is fluorescein leakage and microerosions (functional
or structural defects identified as Watson grade Ⅱ
or Ⅲ), was significantly associated with a higher
rate of relapse (P < 0.001) compared with Watson
grade Ⅰ (normal, physiological cell shedding into the
lumen). The sensitivity, specificity and accuracy of this
grading system to predict relapse were 62.5%, 91.2%
and 79%, respectively. Similarly, other researchers
found that UC patients in clinical remission with active
inflammation at CLE (grade C or D) were more likely

endoscopy
In a retrospective study, during a median follow-up
period of 52 mo, the rate of colonic resection among
the 102 patients included with active colonic or ileocolonic CD was significantly higher in patients who
exhibited deep and extensive ulcerations at colonoscopy
than in those without such severe endoscopic lesions
[82,83]
(RR = 5.43, 95%CI: 2.64-11.18)
. In UC patients
affected with severe acute attacks, the presence of
deep ulcerations and extensive disease seems to
be predictive of more aggressive disease, failure of
[84]
medical treatment and a higher rate of colectomy .
The achievement of mucosal healing (MH) after
induction therapy has been supposed to have a good
prognostic value both in UC and CD. MH is thought
to be associated with a generally favourable outcome
of disease, including sustained clinical remission,
treatment efficacy, reduced rate of surgery and
[85]
hospitalizations . Documented MH obtained with
immunosuppressant or anti-TNFα agents is predictive
of sustained clinical remission in patients with early
stage CD and it is linked to a decreased risk of surgery
[86]
in the long term .
Also, for UC, MH is associated with a better outcome,
with a decreased rate of relapse and a reduced risk of
[85,87]
major surgery
.
Although suggestive for remission, normal mucosal
appearance at routine colonoscopy might not reveal
persistence of microscopic mucosal abnormalities,
smouldering histopathological inflammation responsible
[1]
for later relapse .
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to suffer a flare than those with a lower grade (normal
or chronic inflammation; grade A or B respectively).
Grade C and D (i.e., acute inflammation) have a
sensitivity of 64%, specificity of 88.9% and accuracy
[95]
74.4%, in predicting relapse .

have been evaluated for their potential in the IBD
scenario (fecal calprotectin, lactoferrin, S100A12,
Indium 111-labeled leukocytes, α1-antitrypsin, α2macroglobulin, myeloperoxidase, PMN-elastase).
Their utility has been studied in relation to diag
nosing, establishing the activity of the disease,
monitoring treatment response and predicting clinical
[101,102]
relapse
. Fecal tests have further advantages
of being cheap, easy to perform, safe, simple for the
patient and therefore very useful in clinical practice.
Moreover, they have excellent stability in feces being
resistant to bacterial degradation and stable in stool at
[103]
room temperature for up to 7 d . Most of them have
only a low diagnostic performance, so their clinical
role is doubtful. As regards the utility in prediction of
clinical relapse, the accuracy of fecal calprotectin (FC),
lactoferrin and S100A12 has been evaluated.

HISTOLOGY
In CD, studies investigating the association between
histological features and the risk of relapse are
[96,97]
limited to the post-operative setting
. Literature is
[1]
focused mainly on UC. Riley et al showed that acute
inflammatory indicators are associated with a two- to
three-fold increased risk of UC relapse during a 12 mo
follow up. Specifically, six histological features were
assessed in this study: acute inflammatory cell infiltrate
(polymorphonuclear cells in the lamina propria), crypt
abscesses, mucin depletion, surface epithelial integrity,
chronic inflammatory cell infiltrate (round cells in the
lamina propria), and crypt architectural irregularities.
They reported a relapse rate of 52% among patients
showing an acute inflammatory cell infiltrate on rectal
biopsy specimens, while in the absence of such an
infiltrate only 25% of the patients experienced a flare
(P = 0.02). Similarly, relapse rates were considerably
higher in the presence than in the absence of crypt
abscesses (78% vs 27%, P < 0.005), mucin depletion
(56% vs 26%, P < 0.02), and breaches in the surface
epithelium (75% vs 31%, P = 0.01). On the other
hand, neither a chronic inflammatory cell infiltrate nor
crypt architectural abnormalities were of prognostic
[15]
importance on subsequent relapse rate. Bitton et al ,
reported data taking into account basal plasmacytosis,
that is a dense infiltration of plasma cells extending
into the lower one third of the lamina propria, an area
where these cells are usually absent or barely present.
The evidence of basal plasmacytosis on rectal biopsy
specimens lead to a greater short-term relapse risk
in UC patients (P = 0.003, HR = 4.5) even if patients
receiving rectal enemas or suppositories were allowed
to participate in this study.
The presence of basal plasmacytosis (P = 0.0007,
[98]
≥ 3.1 (P =
OR = 5.13) and Geboes Index (GI)
0.007) predicted relapse in UC patients with endo
[99]
scopically inactive disease . Data recently published
[100]
by Popp et al
confirmed these findings.
In contrast, baseline histology features evaluated
[1]
with Riley classification were not statistically different
between relapsing and non-relapsing UC patients in a
[92]
and basal
recent study by Jauregui-Amezaga et al
plasmacytosis did not appear as a predictor of relapse
(P = 0.07). It was found in 38 (59%) patients but only
7 of these relapsed (18%), while 10 of the 24 (38%)
patients without basal plasmacytosis relapsed.

Fecal calprotectin

FC is a calcium-binding protein derived from neu
[104]
trophils, monocytes and reactive macrophages
.
The FC test has been shown to correlate with both
endoscopic and microscopic evidence of gastro
[102]
intestinal inflammation in IBD
, reflecting the
migration of neutrophils through the inflamed bowel
wall to the colonic/rectal mucosa.
In several clinical studies with both adults and
children, elevated FC concentrations were found
[66,105-107]
despite clinical remission
. It appears that FC
can detect subclinical mucosal inflammation and thus
may identify patients at risk of relapse (Table 4).
As shown in the STORI study, elevated FC seemed
to predict relapse after stopping infliximab therapy in
patients with CD. A FC concentration of over 300 µg/g
was an independent risk factor associated with disease
[108]
relapse
. A recently published meta-analysis of six
prospective studies showed a pooled sensitivity of
78% and a specificity of 73% for FC in predicting IBD
[109]
relapse . The test results were comparable between
[110]
UC and CD .
[67]
Previously, Costa et al
reported a twofold and
14-fold increased risk of relapse in CD and UC patients
respectively, who had a baseline level of FC higher
than 150 µg/g at inclusion. Sensitivity was high for
both CD (87%) and UC (89%), but specificity was
much lower in the case of CD (43%) compared with
UC (82%).
FC appears to be less useful in predicting relapse in
patients with ileal CD compared with colonic/ileocolonic
[65,68,69]
CD or UC
. For this reason, some authors stress
the need of stratification of CD patients according to
phenotypical pattern to improve the predictive capacity
[68,69]
of FC in CD
. The good predictive value of FC was
confirmed when CD patients with only small bowel
involvement were excluded, with the aim to obtain
a more homogeneous group. Patients with colonic
or ileo-colonic CD in remission and FC levels above
340 µg/g presented an almost 19-fold greater risk of

FECAL MARKERS
In recent decades, a number of stool biomarkers
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Table 4 Fecal calprotectin as a predictor of relapse in inflammatory bowel disease patients
IBD type

Criteria for
defining relapse

Tibble et al[66], 2000
CD
CDAI > 150
ΔCDAI > 100
UC
HBI > 4 ΔHBI > 2
IBD
Costa et al[67], 2005
CD
CDAI > 150
UC
UCAI > 4
IBD
D'Incà et al[65], 2008
CD
CDA ≥ 150
ΔCDAI > 50
Colonic CD
UC
ET > 4
IBD
Gisbert et al[68], 2009
CD
CDAI > 150
UC
TW > 11
IBD
García-Sánchez et al[69], 2010
CD
CDAI ≥ 150
UC
TW ≥ 11
IBD
Kallel et al[62], 2010
CD1
CDAI > 150
ΔCDAI > 100
Naismith et al[70], 2014
CD
Treatment
Colonic CD
modification,
Ileal CD
progression
disease phenotype,
hospitalization,
surgery
Yamamoto et al[74], 2014
UC
Scaioli et al[111]
UC
SCCAI > 3
Mayo > 1

No. Pt No. R Relapse
rate

Mean FC
values R

Mean FC
values NR

P value

122 mg/L
(610 μg/g)
123 mg/L
123 mg/L

41.5 mg/L
(220 μg/g)
29 mg/L
32 mg/L

< 0.0001

FC cut off

Se

Spe

50 mg/L
(250 μg/g)

90

83

PPV

NPV

HR7

43

25

58%

37
80

19
44

51%
55%

38
41
79

15
19
34

39.5%
46.3%
43%

220.1 μg/g
220.6 μg/g

220.5 μg/g
67 μg/g

0.395
< 0.0001

150 μg/g
150 μg/g

87
89

43
82

50
81

83
90

2.20
14.40

65

20

31%

207 mg/kg

88 mg/kg

0.055

130 mg/kg

65

62

44

80

1.70

97
162

37
57

38%
35.2%

176.7 mg/kg
190 mg/kg

75.1 mg/kg
49 mg/kg

0.041
0.001

130 mg/kg
130 mg/kg

70
68

70
67

60
52

79
79

2.40

89
74
163

13
13
26

14.6%
16%

266 μg/g
213 μg/g
239 μg/g

145 μg/g
126 μg/g
136 μg/g

0.002
0.030
< 0.001

169 μg/g
164 μg/g
167 μg/g

69
69
69

76
74
75

35

93

2.80

66
69
135

18
21
39

27%
31%
30%

524 μg/g
298 μg/g
444 μg/g

123 μg/g
105 μg/g
112 μg/g

< 0.010
< 0.010
< 0.010

200 μg/g
120 μg/g
150 μg/g

80
81
75

65
63
68

46
49
49

88
88
68

4.35
6.48

53

10

18.9%

380.5 μg/g

155 μg/g

< 0.001

340 μg/g

80

90.7

92
35
16

10
4
3

11%

414 μg/g
424 μg/g
371 μg/g

96 μg/g
187
57

0.005
0.160
0.057

240 μg/g

80

74.4

80

21

26%

173.7 μg/g

135.5 μg/g

0.020

170 μg/g

76

76

74

20

27%

218 μg/g

48 μg/g

< 0.010

193 μg/g

65

98

< 0.0001
< 0.0001

18.80

27.6

96.8 12.18

7.23
92

88

1

Small bowel CD patients excluded. 12-mo follow-up period in all the studies cited; FC assay was Calprest for all the studies cited, except in the study
by Tibble et al[66] (Roseth). R: Relapsers; NR: Non relapsers; FC: Fecal calprotectin; Se: Sensibility; Spe: Specificity; PPV: Positive predictive value; NPV:
Negative predictive value; HR: Hazard ratio; CD: Crohn’s disease; UC: Ulcerative Colitis; IBD: Inflammatory bowel diseases; HBI: Harvey Bradshaw Index;
CDAI: Crohn’s disease activity index; CAI: Colitis activity index; TW: Modified Truelove-Witt; SCCAI: Simple Clinical Colitis Activity.

[62]

relapse than those with lower concentrations .
A large prospective study of 92 CD patients
provides evidence that adults with quiescent CD with
an FC level below 240 µg/g were unlikely to relapse
within 12 mo (NPV 96.8%), while those with a FC level
of 240 µg/g or above were associated with greater
likelihood of relapse within 12 mo, 12.28 times higher
[70]
than lower values (P = 0.002) .
As regards the performance of FC in UC populations,
several authors identified cut off values ranging from
120 µg/g to 250 µg/g as being able to predict clinical
[65-69,110]
relapse with good accuracy
.
In parallel with this data, we have recently reported
that an FC cut off value of 193 µg/g is able to predict
clinical relapse in 74 UC patients in clinical remission
with a Mayo endoscopic sub-score ≤ 1 followed up
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for one year (89% accuracy, 65% sensitivity, 98%
[111]
specificity) .
[66]
Tibble et al
found that FC levels in patients with
an early relapse (< 1 mo) were somewhat higher
than those in patients who relapsed later, but no
statistically significant difference was noticed. No
differences were found in the predictive capacity of this
marker according to disease extent (distal or extensive
[69]
colitis) .
FC has been evaluated also as a predictor of
relapse in IBD patients under maintenance Infliximab
[112]
therapy
finding a cut off of 160 µg/g able to
predict clinical relapse with a sensitivity of 91.7% and
[113]
a specificity of 82.9%. Previously Molander et al
reported that a normal FC after induction therapy
with Infliximab or Adalimumab is a good predictor of
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clinical response to the scheduled therapy. Recently,
[114]
in a prospective multicenter study, De Vos et al
found in eighty-seven UC patients in clinical remission
after Infliximab maintenance therapy, that patients
who flared had FC median > 300 mg/kg already
three months before the flare. Two consecutive FC
measurements of > 300 mg/kg with 1-mo interval
were identified as the best predictor of a flare,
increasing the specificity greater than that of a single
measurement (specificity of 100% vs 93%).
[115,116]
Due to the FC variability in a day to day
and
[117,118]
also during the same day
two measurements are
suggested; the variation seems to be higher in patients
[119]
with elevated concentration of FC .

serum S100A12 levels between relapsers and non[127]
relapsers .

POST-OPERATIVE RECURRENCE IN CD
Surgical resection of the diseased bowel in CD is not
curative, and approximately half of the patients require
surgery within 10 years after diagnosis, despite the
wide availability of immunosuppressive and anti-TNFα
[128]
treatments .
Active smoking status is a strong predictor of
post-operative recurrence. In particular, patients who
continue smoking after surgery have a 2-fold increased
risk of clinical relapse, with a further increase in the
risk according to the number of cigarettes smoked
[19,129]
per day
. History of repeated intestinal resection
(more than twice) appears to be another undisputed
[130]
predictor of postoperative recurrence
. Penetrating
disease behaviour, perianal disease, extensive bowel
resection, short disease duration prior to surgery, noncolonic disease location and long duration are other
established risk factors for postoperative recurrence,
but their predictive value has been shown to be less
[130]
consistent . The roles of young age at diagnosis and
[2]
family history remain controversial .
It has been demonstrated that low proportion of F.
prausnitzii in resected ileal mucosa from CD patients
was associated with higher risk of post-operative
[38]
recurrence .
Endoscopic findings with biopsy are unanimously
considered a reliable predictor of subsequent clinical
course and an ileocolonoscopy during the first post[131]
operative year is highly recommended .
As regards histological features, an “active disease”
at the margin of resection, characterized by myenteric
[96]
plexitis , lymphatic vessel density in the proximal
margin of resection and morphological analysis of
[98]
Paneth cells, may predict post-operative recurrence .
On the contrary, granulomas and chronic inflammation
at the margin of resection seems to be less relevant as
[97]
a predicting value .
Since conventional endoscopy does not allow
access to the small gut, wireless capsule enteroscopy
is proposed but not widely used in this setting.
Ionising radiation exposure limits the use of computed
tomography enteroclysis, while magnetic resonance,
perhaps the gold standard for imaging, remains of
[132]
limited access .
Fecal markers have been recently proposed,
although “false positives” due to, for example, bile salt
malabsorption may occur. Indeed, patients with low
levels of FC and lactoferrin after resection are unlikely
to have mucosal inflammation and cut-off values of
> 50 µg/g and > 7.25 µg/g for FC and lactoferrin
respectively have been considered to diagnose clinical
[133]
post-operative CD recurrence
. This evidence is
[134]
supported by Orlando et al
who showed that FC at
a concentration of > 200 mg/L at three months after

Lactoferrin

Lactoferrin is an iron-binding glycoprotein and a major
component of the secondary granules of polymor
phonuclear neutrophils. The excretion of lactoferrin
in stool increases during intestinal inflammation,
[119,120]
as leucocytes invade the mucosa
. Similarly
to FC, it is stable in stool for up to 4 d, thanks to its
[121]
antibacterial activity and resistance to proteolysis
.
Results on the potential utility of fecal lactoferrin
measurements at remission to predict clinical flares
seem promising, both in CD and UC patients. It has
been shown that fecal lactoferrin may rise significantly
[122]
prior to a clinically evident relapse .
A positive lactoferrin test was more frequent in
relapsing than in non-relapsing IBD patients (62%
vs 35%, P < 0.05). From another perspective, 10%
of the patients with negative fecal lactoferrin test
relapsed during follow-up, while this occurred in 25%
[68]
of those having a positive test result (P < 0.05) .
Limited to UC, assuming a cut-off value of 140 µg/g,
lactoferrin showed lower sensitivity and specificity than
FC in predicting UC relapse (67% and 68% vs 76%
[110]
and 76%, respectively) .
Patients with IBD experiencing clinical relapse
within the next 2 mo showed significantly higher
[123]
[68]
lactoferrin levels
. In the study by Gisbert et al ,
lactoferrin had a 46% sensitivity and 61% specificity
to predict relapses in UC and of 77% sensitivity and
68% specificity in CD.

S100A12

Neutrophil-derived S100A12, also known as calgranulin
C, is a protein expressed by activated neutrophils.
Several studies have demonstrated a correlation
between mucosal inflammation and S100A12 levels
[124-126]
in blood and feces
. The role of S100A12 as a
marker of future relapse in pediatric and adult IBD
patients has been investigated in only one prospective
study so far. A baseline fecal S100A12 level of > 0.5
mg/kg was significantly associated with clinical IBD
relapse within 18 mo. Fecal S100A12 levels seemed
to be already increased up to 6 mo before clinical
relapse. In contrast, no differences were observed in
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mation at a pre-symptomatic stage, and at the same
time, it should be easy and rapid to perform, cheap,
as minimally invasive as possible and reproducible
between patients and laboratories.
Clinical variables, serological, fecal markers and
genetic tests are available, but no single one of them
is highly predictive when used alone. Of course, data
obtained from endoscopy and histology are of great
value, but their utilization as predictors of clinical
relapse are strongly limited by their invasiveness.
An overview of the “probing items” available for the
clinicians is reported in Figure 1.
In the 80s, Brignola first understood the need of
stratifying patients in remission on the basis of their risk
of relapse, for improving the therapeutic management
of patients, and a “New Index” containing a mixture
of serological markers demonstrated its ability to
predict clinical relapse in a reasonably long period of
time. Also, he stressed the concept that inflammatory
markers need to be coupled to clinical history as a
complementary predictor of flare up risk.
The GETAID group embraced this idea and showed
that clinical course of the disease can tell us a great
deal of information, such as that a short interval
since the previous relapse is associated with a poor
prognosis and also that a biological predictive score
can predict short-term maintenance of remission
in patients with clinically inactive CD after recent
weaning off steroids. The downside of this approach
is that serological markers are not always displayed
by patients, and also that they could be influenced by
several extra-intestinal diseases; on the other hand,
clinical manifestations suffer from subjectivity.
This tricky situation has been recently ameliorated
by a new fecal marker, namely fecal calprotectin;
an increasing body of evidence states its ability in
mirroring mucosal inflammatory activity. A validated
cut off value of FC for predicting IBD relapse in not
yet well defined, however authors agree that different
cut-offs should be considered according to the type of
IBD and, among CD, subcategories of patients have
to be distinguished according to disease location and
extension. In general, higher cut off points have been
noticed in CD than in UC.
Both in CD and in UC, we prefer to observe at least
two measurements of FC above the cut-off point, as
day-to-day variability in FC levels has been described.
In our opinion, in our daily clinical practice, validated
prognostic scores should be elaborate, including a
combination of the most promising markers, either
clinical and biological. For that reason we propose an
algorithm of current use in our daily practice, including
both blood tests and faecal markers, enhanced by
characteristics of the clinical history.
In CD setting, the presence of at least 2 among:
young age at onset, extensive disease, perianal
involvement, steroid requirement at the onset, short
previous remission and history of previous more

Clinical factors

Serological markers

Endoscopy

Histological
features

Fecal
markers

Figure 1 “Probing items” available for the clinicians to predict clinical
relapse in inflammatory bowel diseases.

surgery can be an indication for colonoscopy in order
to detect early endoscopic recurrence (sensitivity of
63% and specificity of 75%). A recent meta-analysis
showed that FC is a useful marker in evaluating
clinical and endoscopic recurrence in CD patients
[135]
who had undergone previous surgical resection
.
The authors evaluated ten articles, finding a pooled
sensitivity of 0.82 and specificity of 0.61 for assessing
endoscopic recurrence and a pooled sensitivity of
0.59 and specificity of 0.88 for evaluating clinical
[136]
relapse. Wright et al
in a large (135 patients),
prospective, randomized, controlled trial evaluated
the utility of serial measurements (month 6, 12 and
18 postoperatively) of FC, CRP and CDAI in predicting
endoscopic recurrence after CD resection. Combined
6- and 18-mo FC levels correlated significantly with
presence and severity of endoscopic recurrence,
whereas CRP and the CDAI did not. A cut-off of FC >
100 µg/g identified patients with endoscopic recurrence
with 89% sensitivity and 58% specificity (NPV 91%).
Non-invasive biomarkers have substantial appeal in
this setting because they can be repeated much more
frequently than colonoscopy. Future studies should
gather additional information to help to understand the
optimal frequency to measure FC.

CONCLUSION
IBDs have a natural course characterized by relapsing
and remitting phases. Disease flares occur in a random
way and are mostly unpredictable. Prediction of relapse
is a longstanding ambition of gastroenterologists, since
it could have pivotal implications for future therapeutic
strategies.
A “predictive” ideal marker should reveal inflam
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Clinical history and disease phenotype
young age at onset
disease extension
short previous remission
perianal localization
steroid need at the onset
history of > one surgery event

+

Inflammatory markers:
CRP
FC (repeated determinations)

CRP > 20 mL/L
and/or
1
FC > 250 µg/g

At least 2

Closing monitoring
Aggressive treatment

Figure 2 Algorithm to identify Crohn’s disease patients with high risk of clinical relapse. 1In at least 2 determinations. CRP: C reactive protein; FC: Fecal
calprotectin.

Clinical history and disease phenotype:
age at onset
extensive colitis
number of previous relapses

+

FC
(repeated determinations)

1

At least 1

FC > 190 µg/g

Closing monitoring
Aggressive treatment

Figure 3 Algorithm to identify ulcerative colitis patients with high risk of clinical relapse. 1In at least 2 determinations. FC: Fecal calprotectin.

than one surgery event, together with the presence
of CRP > 20 mL/L and/or FC above 250 µg/g in
at least two determinations, make a CD patients
deserving aggressive treatment (Figure 2). Similarly,
clinical history and disease extent have to be kept in
mind when evaluating a patient affected by UC. We
consider young age at onset, extensive colitis and the
number of previous relapses as fundamental elements
of clinical history that should be evaluated. The
presence of at least one of the previous items and the
measurement of an FC above 190 µg/g in at least two
determinations, legitimize more aggressive therapy
and close monitoring (Figure 3).

6

7
8

9

REFERENCES
1
2

3
4

5

10

Riley SA, Mani V, Goodman MJ, Dutt S, Herd ME. Microscopic
activity in ulcerative colitis: what does it mean? Gut 1991; 32:
174-178 [PMID: 1864537]
Beaugerie L, Sokol H. Clinical, serological and genetic predictors
of inflammatory bowel disease course. World J Gastroenterol
2012; 18: 3806-3813 [PMID: 22876031 DOI: 10.3748/wjg.v18.
i29.3806]
Yarur AJ, Strobel SG, Deshpande AR, Abreu MT. Predictors of
aggressive inflammatory bowel disease. Gastroenterol Hepatol (N
Y) 2011; 7: 652-659 [PMID: 22298958]
Louis E, Belaiche J, Reenaers C. Do clinical factors help to
predict disease course in inflammatory bowel disease? World
J Gastroenterol 2010; 16: 2600-2603 [PMID: 20518080 DOI:
10.3748/wjg.v16.i21.2600]
Brignola C, Campieri M, Bazzocchi G, Farruggia P, Tragnone

WJG|www.wjgnet.com

11

12

13

1028

A, Lanfranchi GA. A laboratory index for predicting relapse in
asymptomatic patients with Crohn’s disease. Gastroenterology
1986; 91: 1490-1494 [PMID: 3770373]
Sahmoud T, Hoctin-Boes G, Modigliani R, Bitoun A, Colombel
JF, Soule JC, Florent C, Gendre JP, Lerebours E, Sylvester R.
Identifying patients with a high risk of relapse in quiescent Crohn’s
disease. The GETAID Group. The Groupe d’Etudes Thérapeutiques
des Affections Inflammatoires Digestives. Gut 1995; 37: 811-818
[PMID: 8537053]
Beaugerie L, Seksik P, Nion-Larmurier I, Gendre JP, Cosnes
J. Predictors of Crohn’s disease. Gastroenterology 2006; 130:
650-656 [PMID: 16530505]
Solberg IC, Vatn MH, Høie O, Stray N, Sauar J, Jahnsen J,
Moum B, Lygren I. Clinical course in Crohn’s disease: results
of a Norwegian population-based ten-year follow-up study. Clin
Gastroenterol Hepatol 2007; 5: 1430-1438 [PMID: 18054751]
Loly C, Belaiche J, Louis E. Predictors of severe Crohn’s disease.
Scand J Gastroenterol 2008; 43: 948-954 [PMID: 19086165]
Wolters FL, Russel MG, Sijbrandij J, Ambergen T, Odes S, Riis
L, Langholz E, Politi P, Qasim A, Koutroubakis I, Tsianos E,
Vermeire S, Freitas J, van Zeijl G, Hoie O, Bernklev T, Beltrami
M, Rodriguez D, Stockbrügger RW, Moum B. Phenotype at
diagnosis predicts recurrence rates in Crohn’s disease. Gut 2006;
55: 1124-1130 [PMID: 16361306]
Henriksen M, Jahnsen J, Lygren I, Aadland E, Schulz T, Vatn
MH, Moum B. Clinical course in Crohn’s disease: results of a fiveyear population-based follow-up study (the IBSEN study). Scand J
Gastroenterol 2007; 42: 602-610 [PMID: 17454881]
Farhi D, Cosnes J, Zizi N, Chosidow O, Seksik P, Beaugerie L,
Aractingi S, Khosrotehrani K. Significance of erythema nodosum
and pyoderma gangrenosum in inflammatory bowel diseases: a
cohort study of 2402 patients. Medicine (Baltimore) 2008; 87:
281-293 [PMID: 18794711 DOI: 10.1097/MD.0b013e318187cc9c]
Cosnes J, Gower-Rousseau C, Seksik P, Cortot A. Epidemiology

January 21, 2016|Volume 22|Issue 3|

Liverani E et al . Predictors of clinical relapse in IBD

14

15

16
17

18

19

20

21
22

23

24

25

26
27

28

29

and natural history of inflammatory bowel diseases. Gastro
enterology 2011; 140: 1785-1794 [PMID: 21530745 DOI: 10.1053/
j.gastro.2011.01.055]
Hoie O, Wolters FL, Riis L, Bernklev T, Aamodt G, Clofent
J, Tsianos E, Beltrami M, Odes S, Munkholm P, Vatn M,
Stockbrügger RW, Moum B. Low colectomy rates in ulcerative
colitis in an unselected European cohort followed for 10 years.
Gastroenterology 2007; 132: 507-515 [PMID: 17258717]
Bitton A, Peppercorn MA, Antonioli DA, Niles JL, Shah S,
Bousvaros A, Ransil B, Wild G, Cohen A, Edwardes MD, Stevens
AC. Clinical, biological, and histologic parameters as predictors
of relapse in ulcerative colitis. Gastroenterology 2001; 120: 13-20
[PMID: 11208709]
Langholz E, Munkholm P, Davidsen M, Binder V. Course of
ulcerative colitis: analysis of changes in disease activity over years.
Gastroenterology 1994; 107: 3-11 [PMID: 8020674]
Solberg IC, Lygren I, Jahnsen J, Aadland E, Høie O, Cvancarova
M, Bernklev T, Henriksen M, Sauar J, Vatn MH, Moum B. Clinical
course during the first 10 years of ulcerative colitis: results from
a population-based inception cohort (IBSEN Study). Scand J
Gastroenterol 2009; 44: 431-440 [PMID: 19101844 DOI: 10.1080/
00365520802600961]
Martin TD, Chan SS, Hart AR. Environmental factors in the
relapse and recurrence of inflammatory bowel disease: a review of
the literature. Dig Dis Sci 2015; 60: 1396-1405 [PMID: 25407806
DOI: 10.1007/s10620-014-3437-3]
Reese GE, Nanidis T, Borysiewicz C, Yamamoto T, Orchard
T, Tekkis PP. The effect of smoking after surgery for Crohn’s
disease: a meta-analysis of observational studies. Int J Colorectal
Dis 2008; 23: 1213-1221 [PMID: 18762954 DOI: 10.1007/
s00384-008-0542-9]
Timmer A, Sutherland LR, Martin F. Oral contraceptive use
and smoking are risk factors for relapse in Crohn’s disease. The
Canadian Mesalamine for Remission of Crohn’s Disease Study
Group. Gastroenterology 1998; 114: 1143-1150 [PMID: 9618650]
Beaugerie L, Massot N, Carbonnel F, Cattan S, Gendre JP, Cosnes J.
Impact of cessation of smoking on the course of ulcerative colitis.
Am J Gastroenterol 2001; 96: 2113-2116 [PMID: 11467641]
Radford-Smith GL, Edwards JE, Purdie DM, Pandeya N, Watson
M, Martin NG, Green A, Newman B, Florin TH. Protective role
of appendicectomy on onset and severity of ulcerative colitis and
Crohn’s disease. Gut 2002; 51: 808-813 [PMID: 12427781]
Kaplan GG, Pedersen BV, Andersson RE, Sands BE, Korzenik
J, Frisch M. The risk of developing Crohn’s disease after an
appendectomy: a population-based cohort study in Sweden and
Denmark. Gut 2007; 56: 1387-1392 [PMID: 17494106]
Riegler G, Caserta L, Esposito I, De Filippo FR, Bossa F, Esposito
P, Russo MI, Carratù R. Worse clinical course of disease in Crohn’s
patients with previous appendectomy. Eur J Gastroenterol Hepatol
2005; 17: 623-627 [PMID: 15879724]
Cosnes J, Seksik P, Nion-Larmurier I, Beaugerie L, Gendre JP.
Prior appendectomy and the phenotype and course of Crohn’
s disease. World J Gastroenterol 2006; 12: 1235-1242 [PMID:
16534877 DOI: 10.3748/wjg.v12.i8.1235]
Cosnes J, Carbonnel F, Beaugerie L, Blain A, Reijasse D, Gendre
JP. Effects of appendicectomy on the course of ulcerative colitis.
Gut 2002; 51: 803-807 [PMID: 12427780]
Kvasnovsky CL, Aujla U, Bjarnason I. Nonsteroidal antiinflammatory drugs and exacerbations of inflammatory bowel
disease. Scand J Gastroenterol 2015; 50: 255-263 [PMID:
25314574 DOI: 10.3109/00365521.2014.966753]
Miao XP, Li JS, Ouyang Q, Hu RW, Zhang Y, Li HY. Tolerability
of selective cyclooxygenase 2 inhibitors used for the treatment of
rheumatological manifestations of inflammatory bowel disease.
Cochrane Database Syst Rev 2014; 10: CD007744 [PMID:
25340915 DOI: 10.1002/14651858.CD007744.pub2]
Kane SV, Reddy D. Hormonal replacement therapy after menopause
is protective of disease activity in women with inflammatory
bowel disease. Am J Gastroenterol 2008; 103: 1193-1196 [PMID:
18177456 DOI: 10.1111/j.1572-0241.2007.01700.x]

WJG|www.wjgnet.com

30

31

32

33
34

35
36

37

38

39

40

41

42

43

44

1029

Khan KJ, Ullman TA, Ford AC, Abreu MT, Abadir A, Marshall
JK, Talley NJ, Moayyedi P. Antibiotic therapy in inflammatory
bowel disease: a systematic review and meta-analysis. Am J
Gastroenterol 2011; 106: 661-673 [PMID: 21407187 DOI:
10.1038/ajg.2011.72]
Levenstein S, Prantera C, Varvo V, Scribano ML, Andreoli A,
Luzi C, Arcà M, Berto E, Milite G, Marcheggiano A. Stress and
exacerbation in ulcerative colitis: a prospective study of patients
enrolled in remission. Am J Gastroenterol 2000; 95: 1213-1220
[PMID: 10811330]
Bitton A, Dobkin PL, Edwardes MD, Sewitch MJ, Meddings
JB, Rawal S, Cohen A, Vermeire S, Dufresne L, Franchimont D,
Wild GE. Predicting relapse in Crohn’s disease: a biopsychosocial
model. Gut 2008; 57: 1386-1392 [PMID: 18390994 DOI: 10.1136/
gut.2007.134817]
Sartor RB. Microbial influences in inflammatory bowel diseases.
Gastroenterology 2008; 134: 577-594 [PMID: 18242222 DOI:
10.1053/j.gastro.2007.11.059]
Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N,
Pace NR. Molecular-phylogenetic characterization of microbial
community imbalances in human inflammatory bowel diseases. Proc
Natl Acad Sci USA 2007; 104: 13780-13785 [PMID: 17699621]
Seksik P. [Gut microbiota and IBD]. Gastroenterol Clin Biol
2010; 34 Suppl 1: S44-S51 [PMID: 20889004 DOI: 10.1016/
So399-8320(10)70020-8]
Sokol H, Seksik P, Furet JP, Firmesse O, Nion-Larmurier I,
Beaugerie L, Cosnes J, Corthier G, Marteau P, Doré J. Low counts
of Faecalibacterium prausnitzii in colitis microbiota. Inflamm
Bowel Dis 2009; 15: 1183-1189 [PMID: 19235886 DOI: 10.1002/
ibd.20903]
Darfeuille-Michaud A, Boudeau J, Bulois P, Neut C, Glasser AL,
Barnich N, Bringer MA, Swidsinski A, Beaugerie L, Colombel JF.
High prevalence of adherent-invasive Escherichia coli associated
with ileal mucosa in Crohn’s disease. Gastroenterology 2004; 127:
412-421 [PMID: 15300573]
Sokol H, Pigneur B, Watterlot L, Lakhdari O, BermúdezHumarán LG, Gratadoux JJ, Blugeon S, Bridonneau C, Furet
JP, Corthier G, Grangette C, Vasquez N, Pochart P, Trugnan G,
Thomas G, Blottière HM, Doré J, Marteau P, Seksik P, Langella P.
Faecalibacterium prausnitzii is an anti-inflammatory commensal
bacterium identified by gut microbiota analysis of Crohn disease
patients. Proc Natl Acad Sci USA 2008; 105: 16731-16736 [PMID:
18936492 DOI: 10.1073/pnas.0804812105]
Rajca S, Grondin V, Louis E, Vernier-Massouille G, Grimaud
JC, Bouhnik Y, Laharie D, Dupas JL, Pillant H, Picon L, Veyrac
M, Flamant M, Savoye G, Jian R, Devos M, Paintaud G, Piver E,
Allez M, Mary JY, Sokol H, Colombel JF, Seksik P. Alterations
in the intestinal microbiome (dysbiosis) as a predictor of relapse
after infliximab withdrawal in Crohn’s disease. Inflamm Bowel
Dis 2014; 20: 978-986 [PMID: 24788220 DOI: 10.1097/
MIB0000000000000036]
Bullock NR, Booth JC, Gibson GR. Comparative composition
of bacteria in the human intestinal microflora during remission
and active ulcerative colitis. Curr Issues Intest Microbiol 2004; 5:
59-64 [PMID: 15460067]
Varela E, Manichanh C, Gallart M, Torrejón A, Borruel N,
Casellas F, Guarner F, Antolin M. Colonisation by Faecalibacterium
prausnitzii and maintenance of clinical remission in patients with
ulcerative colitis. Aliment Pharmacol Ther 2013; 38: 151-161
[PMID: 23725320 DOI: 10.1111/apt.12365]
Henriksen M, Jahnsen J, Lygren I, Vatn MH, Moum B. Are there
any differences in phenotype or disease course between familial
and sporadic cases of inflammatory bowel disease? Results of a
population-based follow-up study. Am J Gastroenterol 2007; 102:
1955-1963 [PMID: 17573793]
Halme L, Paavola-Sakki P, Turunen U, Lappalainen M, Farkkila M,
Kontula K. Family and twin studies in inflammatory bowel disease.
World J Gastroenterol 2006; 12: 3668-3672 [PMID: 16773682
DOI: 10.3748/wjg.v12.i23.3668]
Haritunians T, Taylor KD, Targan SR, Dubinsky M, Ippoliti A,

January 21, 2016|Volume 22|Issue 3|

Liverani E et al . Predictors of clinical relapse in IBD

45

46

47

48

49
50

51

52
53
54

55

56

57

58

Kwon S, Guo X, Melmed GY, Berel D, Mengesha E, Psaty BM,
Glazer NL, Vasiliauskas EA, Rotter JI, Fleshner PR, McGovern
DP. Genetic predictors of medically refractory ulcerative colitis.
Inflamm Bowel Dis 2010; 16: 1830-1840 [PMID: 20848476 DOI:
10.1002/ibd.21293]
Shen B, Remzi FH, Hammel JP, Lashner BA, Bevins CL, Lavery
IC, Wehkamp J, Fazio VW. Family history of Crohn’s disease is
associated with an increased risk for Crohn’s disease of the pouch.
Inflamm Bowel Dis 2009; 15: 163-170 [PMID: 18798573 DOI:
10.1002/ibd.20646]
Alvarez-Lobos M, Arostegui JI, Sans M, Tassies D, Plaza S,
Delgado S, Lacy AM, Pique JM, Yagüe J, Panés J. Crohn’s disease
patients carrying Nod2/CARD15 gene variants have an increased
and early need for first surgery due to stricturing disease and higher
rate of surgical recurrence. Ann Surg 2005; 242: 693-700 [PMID:
16244543]
Weersma RK, Stokkers PC, van Bodegraven AA, van Hogezand
RA, Verspaget HW, de Jong DJ, van der Woude CJ, Oldenburg B,
Linskens RK, Festen EA, van der Steege G, Hommes DW, Crusius
JB, Wijmenga C, Nolte IM, Dijkstra G. Molecular prediction
of disease risk and severity in a large Dutch Crohn’s disease
cohort. Gut 2009; 58: 388-395 [PMID: 18824555 DOI: 10.1136/
gut.2007.144865]
Potocnik U, Ferkolj I, Glavac D, Dean M. Polymorphisms in
multidrug resistance 1 (MDR1) gene are associated with refractory
Crohn disease and ulcerative colitis. Genes Immun 2004; 5:
530-539 [PMID: 15505619]
Dotan I. New serologic markers for inflammatory bowel disease
diagnosis. Dig Dis 2010; 28: 418-423 [PMID: 20926866 DOI:
10.1159/000320396]
Rieder F, Kugathasan S. Circulating antibodies against bacterial
wall products: are there arguments for early immunosuppression?
Dig Dis 2012; 30 Suppl 3: 55-66 [PMID: 23295693 DOI:
10.1159/000342603]
Arnott ID, Landers CJ, Nimmo EJ, Drummond HE, Smith BK,
Targan SR, Satsangi J. Sero-reactivity to microbial components in
Crohn’s disease is associated with disease severity and progression,
but not NOD2/CARD15 genotype. Am J Gastroenterol 2004; 99:
2376-2384 [PMID: 15571586]
Dubinsky MC. What is the role of serological markers in
the diagnosis of IBD? Inflamm Bowel Dis 2008; 14 Suppl 2:
S185-S186 [PMID: 18816787 DOI: 10.1002/ibd.20585]
Dubinsky M. What is the role of serological markers in IBD?
Pediatric and adult data. Dig Dis 2009; 27: 259-268 [PMID:
19786750 DOI: 10.1159/000228559]
Fleshner PR, Vasiliauskas EA, Kam LY, Fleshner NE, Gaiennie
J, Abreu-Martin MT, Targan SR. High level perinuclear
antineutrophil cytoplasmic antibody (pANCA) in ulcerative colitis
patients before colectomy predicts the development of chronic
pouchitis after ileal pouch-anal anastomosis. Gut 2001; 49:
671-677 [PMID: 11600470]
Däbritz J, Bonkowski E, Chalk C, Trapnell BC, Langhorst J,
Denson LA, Foell D. Granulocyte macrophage colony-stimulating
factor auto-antibodies and disease relapse in inflammatory bowel
disease. Am J Gastroenterol 2013; 108: 1901-1910 [PMID:
24145675 DOI: 10.1038/ajg.2013.360]
Bonneau J, Dumestre-Perard C, Rinaudo-Gaujous M, Genin C,
Sparrow M, Roblin X, Paul S. Systematic review: new serological
markers (anti-glycan, anti-GP2, anti-GM-CSF Ab) in the prediction
of IBD patient outcomes. Autoimmun Rev 2015; 14: 231-245
[PMID: 25462578 DOI: 10.1016/j.autrev.2014.11.004]
Paul S, Boschetti G, Rinaudo-Gaujous M, Moreau A, Del Tedesco
E, Bonneau J, Presles E, Mounsef F, Clavel L, Genin C, Flourié
B, Phelip JM, Nancey S, Roblin X. Association of Anti-glycan
Antibodies and Inflammatory Bowel Disease Course. J Crohns
Colitis 2015; 9: 445-451 [PMID: 25895876 DOI: 10.1093/eccojcc/jjv063]
Brignola C, Lanfranchi GA, Campieri M, Bazzocchi G, Devoto
M, Boni P, Farruggia P, Veggetti S, Tragnone A. Importance of
laboratory parameters in the evaluation of Crohn’s disease activity.

WJG|www.wjgnet.com

59

60

61

62

63

64

65

66

67

68

69

70

71

72

1030

J Clin Gastroenterol 1986; 8: 245-248 [PMID: 3734355]
Brignola C, Iannone P, Belloli C, De Simone G, Bassein L,
Gionchetti P, Belluzzi A, Campieri M, Barbara L. Prediction of
relapse in patients with Crohn’s disease in remission: a simplified
index using laboratory tests, enhanced by clinical characteristics.
Eur J Gastroenterol Hepatol 1994; 6: 955-961
Boirivant M, Leoni M, Tariciotti D, Fais S, Squarcia O, Pallone
F. The clinical significance of serum C reactive protein levels in
Crohn’s disease. Results of a prospective longitudinal study. J Clin
Gastroenterol 1988; 10: 401-405 [PMID: 3418087]
Consigny Y, Modigliani R, Colombel JF, Dupas JL, Lémann M,
Mary JY. A simple biological score for predicting low risk of shortterm relapse in Crohn’s disease. Inflamm Bowel Dis 2006; 12:
551-557 [PMID: 16804391]
Kallel L, Ayadi I, Matri S, Fekih M, Mahmoud NB, Feki M,
Karoui S, Zouari B, Boubaker J, Kaabachi N, Filali A. Fecal
calprotectin is a predictive marker of relapse in Crohn’s disease
involving the colon: a prospective study. Eur J Gastroenterol
Hepatol 2010; 22: 340-345 [PMID: 19581809 DOI: 10.1097/
MEG.0b013e32832bab49]
Kiss LS, Papp M, Lovasz BD, Vegh Z, Golovics PA, Janka E,
Varga E, Szathmari M, Lakatos PL. High-sensitivity C-reactive
protein for identification of disease phenotype, active disease,
and clinical relapses in Crohn’s disease: a marker for patient
classification? Inflamm Bowel Dis 2012; 18: 1647-1654 [PMID:
22081542 DOI: 10.1002/ibd.21933]
Henriksen M, Jahnsen J, Lygren I, Stray N, Sauar J, Vatn MH,
Moum B. C-reactive protein: a predictive factor and marker of
inflammation in inflammatory bowel disease. Results from a
prospective population-based study. Gut 2008; 57: 1518-1523
[PMID: 18566104 DOI: 10.1136/gut.2007.146357]
D’Incà R, Dal Pont E, Di Leo V, Benazzato L, Martinato M,
Lamboglia F, Oliva L, Sturniolo GC. Can calprotectin predict
relapse risk in inflammatory bowel disease? Am J Gastroenterol
2008; 103: 2007-2014 [PMID: 18802997]
Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, Bjarnason
I. Surrogate markers of intestinal inflammation are predictive
of relapse in patients with inflammatory bowel disease.
Gastroenterology 2000; 119: 15-22 [PMID: 10889150]
Costa F, Mumolo MG, Ceccarelli L, Bellini M, Romano MR,
Sterpi C, Ricchiuti A, Marchi S, Bottai M. Calprotectin is a
stronger predictive marker of relapse in ulcerative colitis than in
Crohn’s disease. Gut 2005; 54: 364-368 [PMID: 15710984]
Gisbert JP, Bermejo F, Pérez-Calle JL, Taxonera C, Vera I,
McNicholl AG, Algaba A, López P, López-Palacios N, Calvo
M, González-Lama Y, Carneros JA, Velasco M, Maté J. Fecal
calprotectin and lactoferrin for the prediction of inflammatory
bowel disease relapse. Inflamm Bowel Dis 2009; 15: 1190-1198
[PMID: 19291780 DOI: 10.1002/ibd.20933]
García-Sánchez V, Iglesias-Flores E, González R, Gisbert JP,
Gallardo-Valverde JM, González-Galilea A, Naranjo-Rodríguez
A, de Dios-Vega JF, Muntané J, Gómez-Camacho F. Does fecal
calprotectin predict relapse in patients with Crohn’s disease and
ulcerative colitis? J Crohns Colitis 2010; 4: 144-152 [PMID:
21122498 DOI: 10.1016/j.crohns.2009.09.008]
Naismith GD, Smith LA, Barry SJ, Munro JI, Laird S, Rankin K,
Morris AJ, Winter JW, Gaya DR. A prospective evaluation of the
predictive value of faecal calprotectin in quiescent Crohn’s disease.
J Crohns Colitis 2014; 8: 1022-1029 [PMID: 24566170 DOI:
10.1016/j.crohns.2014.01.029]
Willot S, Vermeire S, Ohresser M, Rutgeerts P, Paintaud G,
Belaiche J, De Vos M, Van Gossum A, Franchimont D, Colombel
JF, Watier H, Louis E. No association between C-reactive protein
gene polymorphisms and decrease of C-reactive protein serum
concentration after infliximab treatment in Crohn’s disease.
Pharmacogenet Genomics 2006; 16: 37-42 [PMID: 16344720]
Louis E, Belaiche J, Van Kemseke C, Schaaf N, Mahieu P, Mary
JY. Soluble interleukin-2 receptor in Crohn’s disease. Assessment
of disease activity and prediction of relapse. Dig Dis Sci 1995; 40:
1750-1756 [PMID: 7648975]

January 21, 2016|Volume 22|Issue 3|

Liverani E et al . Predictors of clinical relapse in IBD
73

74

75

76
77
78

79

80
81

82

83
84

85

86

87

88

89

90

Louis E, Belaiche J, van Kemseke C, Franchimont D, de Groote D,
Gueenen V, Mary JY. A high serum concentration of interleukin-6
is predictive of relapse in quiescent Crohn’s disease. Eur J
Gastroenterol Hepatol 1997; 9: 939-944 [PMID: 9391781]
Yamamoto T, Umegae S, Kitagawa T, Matsumoto K. Systemic
and local cytokine production in quiescent ulcerative colitis and
its relationship to future relapse: a prospective pilot study. Inflamm
Bowel Dis 2005; 11: 589-596 [PMID: 15905707]
García-Sánchez V, González R, Iglesias-Flores E, Gisbert JP,
Angel-Rey JM, Soto-Escribano P, Gálvez-Calderón C, ReyesLópez A, Pérez-Jiménez F, de Dios-Vega JF, Muntané J,
Gómez-Camacho F. Can systemic cytokines predict relapse of
inflammatory bowel disease? Hepatogastroenterology 2011; 57:
524-530 [PMID: 20698221]
Vogelsang H. Do changes in intestinal permeability predict disease
relapse in Crohn’s disease? Inflamm Bowel Dis 2008; 14 Suppl 2:
S162-S163 [PMID: 18816766 DOI: 10.1002/ibd.20617]
Wyatt J, Vogelsang H, Hübl W, Waldhöer T, Lochs H. Intestinal
permeability and the prediction of relapse in Crohn’s disease.
Lancet 1993; 341: 1437-1439 [PMID: 8099141]
Hilsden RJ, Meddings JB, Hardin J, Gall DG, Sutherland LR.
Intestinal permeability and postheparin plasma diamine oxidase
activity in the prediction of Crohn’s disease relapse. Inflamm Bowel
Dis 1999; 5: 85-91 [PMID: 10338376]
D’Incà R, Di Leo V, Corrao G, Martines D, D’Odorico A, Mestriner
C, Venturi C, Longo G, Sturniolo GC. Intestinal permeability test as
a predictor of clinical course in Crohn’s disease. Am J Gastroenterol
1999; 94: 2956-2960 [PMID: 10520851]
Arnott ID, Kingstone K, Ghosh S. Abnormal intestinal perme
ability predicts relapse in inactive Crohn disease. Scand J
Gastroenterol 2000; 35: 1163-1169 [PMID: 11145287]
Jørgensen J, Ranløv PJ, Bjerrum PJ, Diemer H, Bisgaard K,
Elsborg L. Is an increased intestinal permeability a valid predictor
of relapse in Crohn disease? Scand J Gastroenterol 2001; 36:
521-527 [PMID: 11346207]
Allez M, Lemann M, Bonnet J, Cattan P, Jian R, Modigliani
R. Long term outcome of patients with active Crohn’s disease
exhibiting extensive and deep ulcerations at colonoscopy. Am J
Gastroenterol 2002; 97: 947-953 [PMID: 12003431]
Allez M, Lémann M. Role of endoscopy in predicting the disease
course in inflammatory bowel disease. World J Gastroenterol 2010;
16: 2626-2632 [PMID: 20518084 DOI: 10.3748/wjg.v16.i21.2626]
Carbonnel F, Lavergne A, Lémann M, Bitoun A, Valleur P,
Hautefeuille P, Galian A, Modigliani R, Rambaud JC. Colonoscopy
of acute colitis. A safe and reliable tool for assessment of severity.
Dig Dis Sci 1994; 39: 1550-1557 [PMID: 8026269]
Frøslie KF, Jahnsen J, Moum BA, Vatn MH. Mucosal healing in
inflammatory bowel disease: results from a Norwegian populationbased cohort. Gastroenterology 2007; 133: 412-422 [PMID:
17681162]
Baert F, Moortgat L, Van Assche G, Caenepeel P, Vergauwe P, De
Vos M, Stokkers P, Hommes D, Rutgeerts P, Vermeire S, D’
Haens G; Belgian Inflammatory Bowel Disease Research Group;
North-Holland Gut Club. Mucosal healing predicts sustained
clinical remission in patients with early-stage Crohn’s disease.
Gastroenterology 2010; 138: 463-468; quiz e10-e11 [PMID:
19818785 DOI: 10.1053/j.gastro.2009.09.056]
Ardizzone S, Maconi G, Russo A, Imbesi V, Colombo E,
Bianchi Porro G. Randomised controlled trial of azathioprine and
5-aminosalicylic acid for treatment of steroid dependent ulcerative
colitis. Gut 2006; 55: 47-53 [PMID: 15972298]
Matsumoto T, Kuroki F, Mizuno M, Nakamura S, Iida M.
Application of magnifying chromoscopy for the assessment
of severity in patients with mild to moderate ulcerative colitis.
Gastrointest Endosc 1997; 46: 400-405 [PMID: 9402112]
Fujiya M, Saitoh Y, Nomura M, Maemoto A, Fujiya K, Watari
J, Ashida T, Ayabe T, Obara T, Kohgo Y. Minute findings by
magnifying colonoscopy are useful for the evaluation of ulcerative
colitis. Gastrointest Endosc 2002; 56: 535-542 [PMID: 12297770]
Watanabe C, Sumioka M, Hiramoto T, Noda I, Oba S, Akagi M,

WJG|www.wjgnet.com

91

92

93

94

95

96

97
98

99

100

101

102

103

104

105

1031

Kitamoto M, Yamada H, Imagawa M. Magnifying colonoscopy
used to predict disease relapse in patients with quiescent ulcerative
colitis. Inflamm Bowel Dis 2009; 15: 1663-1669 [PMID: 19504617
DOI: 10.1002/ibd.20949]
Ando T, Nishio Y, Watanabe O, Takahashi H, Maeda O, Ishiguro
K, Ishikawa D, Ohmiya N, Niwa Y, Goto H. Value of colonoscopy
for prediction of prognosis in patients with ulcerative colitis. World
J Gastroenterol 2008; 14: 2133-2138 [PMID: 18407585 DOI:
10.3748/wjg.14.2133]
Jauregui-Amezaga A, López-Cerón M, Aceituno M, Jimeno
M, Rodríguez de Miguel C, Pinó-Donnay S, Zabalza M, Sans
M, Ricart E, Ordás I, González-Suárez B, Cuatrecasas M, Llach
J, Panés J, Pellise M. Accuracy of advanced endoscopy and
fecal calprotectin for prediction of relapse in ulcerative colitis: a
prospective study. Inflamm Bowel Dis 2014; 20: 1187-1193 [PMID:
24874457 DOI: 10.1097/MIB.0000000000000069]
Kiesslich R, Duckworth CA, Moussata D, Gloeckner A, Lim LG,
Goetz M, Pritchard DM, Galle PR, Neurath MF, Watson AJ. Local
barrier dysfunction identified by confocal laser endomicroscopy
predicts relapse in inflammatory bowel disease. Gut 2012; 61:
1146-1153 [PMID: 22115910 DOI: 10.1136/gutjnl-2011-300695]
Buda A, Hatem G, Neumann H, D’Incà R, Mescoli C, Piselli P,
Jackson J, Bruno M, Sturniolo GC. Confocal laser endomicroscopy
for prediction of disease relapse in ulcerative colitis: a pilot study. J
Crohns Colitis 2014; 8: 304-311 [PMID: 24094597 DOI: 10.1016/
j.crohns.2013.09.005]
Li CQ, Liu J, Ji R, Li Z, Xie XJ, Li YQ. Use of confocal laser
endomicroscopy to predict relapse of ulcerative colitis. BMC
Gastroenterol 2014; 14: 45 [PMID: 24618122 DOI: 10.1186/1471230X-14-45]
Misteli H, Koh CE, Wang LM, Mortensen NJ, George B, Guy R.
Myenteric plexitis at the proximal resection margin is a predictive
marker for surgical recurrence of ileocaecal Crohn’s disease.
Colorectal Dis 2015; 17: 304-310 [PMID: 25581299 DOI:
10.1111/codi.12896]
Bressenot A, Peyrin-Biroulet L. Histologic features predicting
postoperative Crohn’s disease recurrence. Inflamm Bowel Dis 2015; 21:
468-475 [PMID: 25437814 DOI: 10.1097/MIB.0000000000000224]
Geboes K, Riddell R, Ost A, Jensfelt B, Persson T, Löfberg
R. A reproducible grading scale for histological assessment of
inflammation in ulcerative colitis. Gut 2000; 47: 404-409 [PMID:
10940279]
Bessissow T, Lemmens B, Ferrante M, Bisschops R, Van Steen K,
Geboes K, Van Assche G, Vermeire S, Rutgeerts P, De Hertogh G.
Prognostic value of serologic and histologic markers on clinical
relapse in ulcerative colitis patients with mucosal healing. Am
J Gastroenterol 2012; 107: 1684-1692 [PMID: 23147523 DOI:
10.1038/ajg.2012.301]
Popp C, Stăniceanu F, Micu G, Nichita L, Cioplea M, Mateescu
RB, Voiosu T, Sticlaru L. Evaluation of histologic features with
potential prognostic value in ulcerative colitis. Rom J Intern Med
2014; 52: 256-262 [PMID: 25726628]
Sipponen T, Kolho KL. Fecal calprotectin in diagnosis and clinical
assessment of inflammatory bowel disease. Scand J Gastroenterol
2015; 50: 74-80 [PMID: 25523558 DOI: 10.3109/00365521.2014.
987809]
Lehmann FS, Burri E, Beglinger C. The role and utility of faecal
markers in inflammatory bowel disease. Therap Adv Gastroenterol
2015; 8: 23-36 [PMID: 25553077 DOI: 10.1177/1756283X145533
84]
Røseth AG, Fagerhol MK, Aadland E, Schjønsby H. Assessment
of the neutrophil dominating protein calprotectin in feces. A
methodologic study. Scand J Gastroenterol 1992; 27: 793-798
[PMID: 1411288]
Fagerhol MK, Dale I, Andersson T. A radioimmunoassay for a
granulocyte protein as a marker in studies on the turnover of such
cells. Bull Eur Physiopathol Respir 1980; 16 Suppl: 273-282
[PMID: 7225633]
Costa F, Mumolo MG, Bellini M, Romano MR, Ceccarelli L,
Arpe P, Sterpi C, Marchi S, Maltinti G. Role of faecal calprotectin

January 21, 2016|Volume 22|Issue 3|

Liverani E et al . Predictors of clinical relapse in IBD

106

107

108

109

110

111

112

113

114

115

116
117

118

as non-invasive marker of intestinal inflammation. Dig Liver Dis
2003; 35: 642-647 [PMID: 14563186]
Thjodleifsson B, Sigthorsson G, Cariglia N, Reynisdottir I,
Gudbjartsson DF, Kristjansson K, Meddings JB, Gudnason V,
Wandall JH, Andersen LP, Sherwood R, Kjeld M, Oddsson E,
Gudjonsson H, Bjarnason I. Subclinical intestinal inflammation:
an inherited abnormality in Crohn’s disease relatives? Gastro
enterology 2003; 124: 1728-1737 [PMID: 12806605]
Walkiewicz D, Werlin SL, Fish D, Scanlon M, Hanaway P,
Kugathasan S. Fecal calprotectin is useful in predicting disease
relapse in pediatric inflammatory bowel disease. Inflamm Bowel
Dis 2008; 14: 669-673 [PMID: 18240279 DOI: 10.1002/ibd.20376]
Louis E, Mary JY, Vernier-Massouille G, Grimaud JC, Bouhnik
Y, Laharie D, Dupas JL, Pillant H, Picon L, Veyrac M, Flamant
M, Savoye G, Jian R, Devos M, Porcher R, Paintaud G, Piver
E, Colombel JF, Lemann M. Maintenance of remission among
patients with Crohn’s disease on antimetabolite therapy after
infliximab therapy is stopped. Gastroenterology 2012; 142: 63-70.
e5; quiz e31 [PMID: 21945953 DOI: 10.1053/j.gastro.2011.09.034]
Mao R, Xiao YL, Gao X, Chen BL, He Y, Yang L, Hu PJ, Chen
MH. Fecal calprotectin in predicting relapse of inflammatory
bowel diseases: a meta-analysis of prospective studies. Inflamm
Bowel Dis 2012; 18: 1894-1899 [PMID: 22238138 DOI: 10.1002/
ibd.22861]
Yamamoto T, Shiraki M, Bamba T, Umegae S, Matsumoto
K. Fecal calprotectin and lactoferrin as predictors of relapse in
patients with quiescent ulcerative colitis during maintenance
therapy. Int J Colorectal Dis 2014; 29: 485-491 [PMID: 24343276
DOI: 10.1007/s00384-013-1817-3]
Scaioli E, Scagliarini M, Cardamone C, Liverani E, Ugolini
G, Festi D, Bazzoli F, Belluzzi A. Clinical application of faecal
calprotectin in ulcerative colitis patients. Eur J Gastroenterol
Hepatol 2015; 27: 1418-1424 [PMID: 26308711 DOI: 10.1097/
MEG.0000000000000461]
Ferreiro-Iglesias R, Barreiro-de Acosta M, Otero Santiago M,
Lorenzo Gonzalez A, Alonso de la Peña C, Benitez Estevez AJ,
Dominguez-Muñoz JE. Fecal Calprotectin as Predictor of Relapse
in Patients With Inflammatory Bowel Disease Under Maintenance
Infliximab Therapy. J Clin Gastroenterol 2015; Epub ahead of
print [PMID: 25811118]
Molander P, af Björkesten CG, Mustonen H, Haapamäki
J, Vauhkonen M, Kolho KL, Färkkilä M, Sipponen T. Fecal
calprotectin concentration predicts outcome in inflammatory
bowel disease after induction therapy with TNFα blocking agents.
Inflamm Bowel Dis 2012; 18: 2011-2017 [PMID: 22223566 DOI:
10.1002/ibd.22863]
De Vos M, Louis EJ, Jahnsen J, Vandervoort JG, Noman M, Dewit
O, D’haens GR, Franchimont D, Baert FJ, Torp RA, Henriksen
M, Potvin PM, Van Hootegem PP, Hindryckx PM, Moreels TG,
Collard A, Karlsen LN, Kittang E, Lambrecht G, Grimstad T, Koch
J, Lygren I, Coche JC, Mana F, Van Gossum A, Belaiche J, Cool
MR, Fontaine F, Maisin JM, Muls V, Neuville B, Staessen DA, Van
Assche GA, de Lange T, Solberg IC, Vander Cruyssen BJ, Vermeire
SA. Consecutive fecal calprotectin measurements to predict relapse
in patients with ulcerative colitis receiving infliximab maintenance
therapy. Inflamm Bowel Dis 2013; 19: 2111-2117 [PMID:
23883959 DOI: 10.1097/MIB.0b013e31829b2a37]
Tibble J, Teahon K, Thjodleifsson B, Roseth A, Sigthorsson G,
Bridger S, Foster R, Sherwood R, Fagerhol M, Bjarnason I. A
simple method for assessing intestinal inflammation in Crohn’s
disease. Gut 2000; 47: 506-513 [PMID: 10986210]
Moum B, Jahnsen J, Bernklev T. Fecal calprotectin variability in
Crohn’s disease. Inflamm Bowel Dis 2010; 16: 1091-1092 [PMID:
19834972 DOI: 10.1002/ibd.21136]
Calafat M, Cabré E, Mañosa M, Lobatón T, Marín L, Domènech
E. High within-day variability of fecal calprotectin levels in
patients with active ulcerative colitis: what is the best timing for
stool sampling? Inflamm Bowel Dis 2015; 21: 1072-1076 [PMID:
25793326 DOI: 10.1097/MIB.0000000000000349]
Lasson A, Stotzer PO, Öhman L, Isaksson S, Sapnara M, Strid H.

WJG|www.wjgnet.com

119
120

121

122

123

124

125

126
127

128

129
130

131

132

133

1032

The intra-individual variability of faecal calprotectin: a prospective
study in patients with active ulcerative colitis. J Crohns Colitis 2015;
9: 26-32 [PMID: 25008478 DOI: 10.1016/j.crohns.2014.06.002]
Buderus S, Boone J, Lyerly D, Lentze MJ. Fecal lactoferrin: a new
parameter to monitor infliximab therapy. Dig Dis Sci 2004; 49:
1036-1039 [PMID: 15309897]
Sugi K, Saitoh O, Hirata I, Katsu K. Fecal lactoferrin as a marker
for disease activity in inflammatory bowel disease: comparison
with other neutrophil-derived proteins. Am J Gastroenterol 1996;
91: 927-934 [PMID: 8633583]
Angriman I, Scarpa M, D’Incà R, Basso D, Ruffolo C, Polese L,
Sturniolo GC, D’Amico DF, Plebani M. Enzymes in feces: useful
markers of chronic inflammatory bowel disease. Clin Chim Acta
2007; 381: 63-68 [PMID: 17368600]
Walker TR, Land ML, Kartashov A, Saslowsky TM, Lyerly DM,
Boone JH, Rufo PA. Fecal lactoferrin is a sensitive and specific
marker of disease activity in children and young adults with
inflammatory bowel disease. J Pediatr Gastroenterol Nutr 2007;
44: 414-422 [PMID: 17414136]
Sipponen T, Björkesten CG, Färkkilä M, Nuutinen H, Savilahti E,
Kolho KL. Faecal calprotectin and lactoferrin are reliable surrogate
markers of endoscopic response during Crohn’s disease treatment.
Scand J Gastroenterol 2010; 45: 325-331 [PMID: 20034360 DOI:
10.3109/00365520903483650]
Foell D, Wittkowski H, Ren Z, Turton J, Pang G, Daebritz J,
Ehrchen J, Heidemann J, Borody T, Roth J, Clancy R. Phagocytespecific S100 proteins are released from affected mucosa and
promote immune responses during inflammatory bowel disease.
J Pathol 2008; 216: 183-192 [PMID: 18729068 DOI: 10.1002/
path.2394]
Kaiser T, Langhorst J, Wittkowski H, Becker K, Friedrich AW,
Rueffer A, Dobos GJ, Roth J, Foell D. Faecal S100A12 as a noninvasive marker distinguishing inflammatory bowel disease from
irritable bowel syndrome. Gut 2007; 56: 1706-1713 [PMID:
17675327]
Sidler MA, Leach ST, Day AS. Fecal S100A12 and fecal calprotectin
as noninvasive markers for inflammatory bowel disease in children.
Inflamm Bowel Dis 2008; 14: 359-366 [PMID: 18050298]
Däbritz J, Langhorst J, Lügering A, Heidemann J, Mohr M,
Wittkowski H, Krummenerl T, Foell D. Improving relapse
prediction in inflammatory bowel disease by neutrophil-derived
S100A12. Inflamm Bowel Dis 2013; 19: 1130-1138 [PMID:
23377171 DOI: 10.1097/MIB.0b013e318280b1cd]
Peyrin-Biroulet L, Loftus EV, Colombel JF, Sandborn WJ.
The natural history of adult Crohn’s disease in population-based
cohorts. Am J Gastroenterol 2010; 105: 289-297 [PMID: 19861953
DOI: 10.1038/ajg.2009.579]
Yamamoto T, Keighley MR. Smoking and disease recurrence after
operation for Crohn’s disease. Br J Surg 2000; 87: 398-404 [PMID:
10759731]
Spinelli A, Sacchi M, Fiorino G, Danese S, Montorsi M. Risk of
postoperative recurrence and postoperative management of Crohn’
s disease. World J Gastroenterol 2011; 17: 3213-3219 [PMID:
21912470 DOI: 10.3748/wjg.v17.i27.3213]
Van Assche G, Dignass A, Reinisch W, van der Woude CJ, Sturm
A, De Vos M, Guslandi M, Oldenburg B, Dotan I, Marteau P,
Ardizzone A, Baumgart DC, D’Haens G, Gionchetti P, Portela F,
Vucelic B, Söderholm J, Escher J, Koletzko S, Kolho KL, Lukas
M, Mottet C, Tilg H, Vermeire S, Carbonnel F, Cole A, Novacek G,
Reinshagen M, Tsianos E, Herrlinger K, Oldenburg B, Bouhnik Y,
Kiesslich R, Stange E, Travis S, Lindsay J. The second European
evidence-based Consensus on the diagnosis and management
of Crohn’s disease: Special situations. J Crohns Colitis 2010; 4:
63-101 [PMID: 21122490 DOI: 10.1016/j.crohns.2009.09.009]
Buisson A, Chevaux JB, Bommelaer G, Peyrin-Biroulet L.
Diagnosis, prevention and treatment of postoperative Crohn’s disease
recurrence. Dig Liver Dis 2012; 44: 453-460 [PMID: 22265329
DOI: 10.1016/j.dld.2011.12.018]
Lamb CA, Mohiuddin MK, Gicquel J, Neely D, Bergin FG,
Hanson JM, Mansfield JC. Faecal calprotectin or lactoferrin can

January 21, 2016|Volume 22|Issue 3|

Liverani E et al . Predictors of clinical relapse in IBD
studies. Inflamm Bowel Dis 2015; 21: 315-322 [PMID: 25569739
DOI: 10.1097/MIB.0000000000000262]
136 Wright EK, Kamm MA, De Cruz P, Hamilton AL, Ritchie KJ,
Krejany EO, Leach S, Gorelik A, Liew D, Prideaux L, Lawrance
IC, Andrews JM, Bampton PA, Jakobovits SL, Florin TH, Gibson
PR, Debinski H, Macrae FA, Samuel D, Kronborg I, Radford-Smith
G, Selby W, Johnston MJ, Woods R, Elliott PR, Bell SJ, Brown SJ,
Connell WR, Day AS, Desmond PV, Gearry RB. Measurement of
fecal calprotectin improves monitoring and detection of recurrence
of Crohn’s disease after surgery. Gastroenterology 2015; 148:
938-947.e1 [PMID: 25620670 DOI: 10.1053/j.gastro.2015.01.026]

identify postoperative recurrence in Crohn’s disease. Br J Surg
2009; 96: 663-674 [PMID: 19384912 DOI: 10.1002/bjs.6593]
134 Orlando A, Modesto I, Castiglione F, Scala L, Scimeca D, Rispo
A, Teresi S, Mocciaro F, Criscuoli V, Marrone C, Platania P, De
Falco T, Maisano S, Nicoli N, Cottone M. The role of calprotectin
in predicting endoscopic post-surgical recurrence in asymptomatic
Crohn’s disease: a comparison with ultrasound. Eur Rev Med
Pharmacol Sci 2006; 10: 17-22 [PMID: 16494106]
135 Qiu Y, Mao R, Chen BL, He Y, Zeng ZR, Xue L, Song XM, Li
ZP, Chen MH. Fecal calprotectin for evaluating postoperative
recurrence of Crohn’s disease: a meta-analysis of prospective

P- Reviewer: Gerova VA, Malickova K S- Editor: Yu J
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

1033

January 21, 2016|Volume 22|Issue 3|

World J Gastroenterol 2016 January 21; 22(3): 1034-1044
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i3.1034

© 2016 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2016 Inflammatory Bowel Disease: Global view

Protein tyrosine phosphatase non-receptor type 2 and
inflammatory bowel disease
Marianne R Spalinger, Declan F McCole, Gerhard Rogler, Michael Scharl
Accepted: November 19, 2015
Article in press: November 19, 2015
Published online: January 21, 2016

Marianne R Spalinger, Gerhard Rogler, Michael Scharl,
Division of Gastroenterology and Hepatology, University
Hospital Zurich, 8091 Zurich, Switzerland
Declan F McCole, Division of Biomedical Sciences, University
of California, Riverside (UCR), Riverside, CA 92521, United
States

Abstract
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Genome wide association studies have associated
single nucleotide polymorphisms within the gene locus
encoding protein tyrosine phosphatase non-receptor
type 2 (PTPN2) with the onset of inflammatory bowel
disease (IBD) and other inflammatory disorders.
Expression of PTPN2 is enhanced in actively inflamed
intestinal tissue featuring a marked up-regulation in
intestinal epithelial cells. PTPN2 deficient mice suffer
from severe intestinal and systemic inflammation
and display aberrant innate and adaptive immune
responses. In particular, PTPN2 is involved in the
regulation of inflammatory signalling cascades, and
critical for protecting intestinal epithelial barrier
function, regulating innate and adaptive immune
responses, and finally for maintaining intestinal
homeostasis. On one hand, dysfunction of PTPN2 has
drastic effects on innate host defence mechanisms,
including increased secretion of pro-inflammatory
cytokines, limited autophagosome formation in
response to invading pathogens, and disruption of
the intestinal epithelial barrier. On the other hand,
PTPN2 function is crucial for controlling adaptive
immune functions, by regulating T cell proliferation and
differentiation as well as maintaining T cell tolerance.
In this way, dysfunction of PTPN2 contributes to the
manifestation of IBD. The aim of this review is to
present an overview of recent findings on the role of
PTPN2 in intestinal homeostasis and the impact of
dysfunctional PTPN2 on intestinal inflammation.
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responses . Protein tyrosine phosphatases remove
phosphate groups from tyrosine residues of their
target proteins. As (tyrosine) phosphorylation is a
fundamental mechanism of activation or deactivation
of cell signalling molecules, tyrosine phosphatases
regulate the functional activity of their targets. PTPN2
in particular, is capable of dephosphorylating many
protein tyrosine kinase-targets such as the insulin
receptor, epidermal growth factor receptor (EGFR),
Src family kinases as well as several Janus kinases
and signal transducer and activator of transcription
[9-15]
(STAT) family members
. Subsequently, PTPN2
not only influences proliferation, differentiation and
[16]
cell survival , but also partially determines how cells
[6,7]
respond to inflammatory conditions .
In this review we will summarize the most recent
knowledge about the role of PTPN2 in the pathogenesis
of chronic intestinal inflammation, in particular IBD.

Core tip: Genetic variants and subsequently aberrant
function of protein tyrosine phosphatase nonreceptor type 2 (PTPN2) have been associated with
inflammatory bowel disease (IBD). Protein levels of
PTPN2 are increased in the mucosa of IBD patients and
PTPN2-deficient mice suffer from severe intestinal as
well as systemic inflammation and feature alterations
in innate and adaptive immune responses. In the
innate immune system, dysfunction of PTPN2 results
in increased secretion of pro-inflammatory cytokines,
impairs autophagosome formation, and mediates
disruption of epithelial barrier function. In the adaptive
immune system, PTPN2 is involved in controlling T-cell
proliferation, differentiation and promoting T-cell
tolerance. Consequently, variants in PTPN2 importantly
affect intestinal homeostasis and contribute to IBD
pathogenesis.

GENETIC VARIANTS WITHIN THE PTPN2
GENE ARE ASSOCIATED WITH IBD

Spalinger MR, McCole DF, Rogler G, Scharl M. Protein tyrosine
phosphatase non-receptor type 2 and inflammatory bowel disease.
World J Gastroenterol 2016; 22(3): 1034-1044 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i3/1034.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1034

The gene locus encoding PTPN2 has emerged as a site
of important clinical significance due to the association
of a number of SNPs in the PTPN2 locus (18p11) with
chronic inflammatory conditions such as CD, UC, type
[17-19]
1 diabetes and celiac disease
. The rs2542151
SNP is the most widely identified and best analysed
PTPN2 SNP associated with IBD. The Welcome Trust
Case Control Consortium (WTCCC) study published
the initial findings of a genetic association between the
6
rs2542151 SNP in PTPN2 and CD (P = 4.6 × 10 ; OR
[20]
= 1.3) . Follow-up studies confirmed this association
and also identified links between the rs2542151 SNP
[18,21-25]
with CD and UC
. Additional SNPs in the PTPN2
gene locus have also been associated with IBD and
disease outcomes. This includes the rs7234029 SNP
that has a potential association with a stricturing
-3
disease phenotype in CD subjects (P = 6.62 × 10 ),
and may be linked to early onset CD [P = 1.30 ×
-3
10 ; OR = 1.35 (1.13-1.62)] and UC [P = 7.53 ×
-2
[26]
10 ; OR = 1.26 (0.98-1.62)] . The rs1893217 SNP
was originally reported to be associated with type 1
diabetes, however it has emerged as a candidate SNP
-14
in both adult [P = 1.29 × 10 ; OR = 1.25 (1.18-1.32)]
and early-onset pediatric CD (P = 0.005) as well as UC
-5
[4.78 × 10 ; OR = 1.12 (1.06-1.18)], although the
effect of this SNP on PTPN2 gene and protein function
[17,18,27]
remains to be determined
. Nevertheless, a first
study points towards the presence of a loss-of-function
[28]
PTPN2 protein in variant carrying cells .

INTRODUCTION
Inflammatory bowel disease (IBD) with its sub-forms
Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic inflammatory disorders of the gastrointestinal
tract of multi-factorial aetiology. The current hypo
thesis suggests that an intestinal epithelial barrier
defect coupled with a dysfunctional immune response
of the innate as well as the acquired immune system
to the commensal microbiota results in dysregulation
of inflammatory events, and subsequent development
[1]
of chronic intestinal inflammation . This indicates
that the regulation of intestinal epithelial barrier
function, as well as of factors that regulate innate as
well as adaptive immune responses, are crucial for
maintaining intestinal homeostasis. The predisposition
to develop IBD is partially genetically determined and
genome wide association studies (GWAS) identified
variations in more than 160 gene loci being associated
[2]
with IBD that contribute about 30% of disease
aetiology. Many of the identified risk genes for IBD are
critically involved in bacterial recognition, induction
of antimicrobial factors, activation and modulation of
innate as well as adaptive immune responses and in
the maintenance of intestinal epithelial barrier function.
Among IBD risk genes, the gene locus encoding
protein tyrosine phosphatase non-receptor type 2
(PTPN2) is of distinct interest, as several studies
demonstrated a pivotal role for PTPN2 in the regulation
of epithelial barrier properties and inflammatory
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PROTEIN STRUCTURE AND SPLICING
VARIANTS OF PTPN2
PTPN2 - also known as T-cell protein tyrosine pho
sphatase (TCPTP) as it was originally cloned from a
T-cell cDNA library - is almost ubiquitously expressed in
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Figure 1 Effect of loss of protein tyrosine phosphatase non-receptor type 2 on innate immune functions in the intestine. When protein tyrosine phosphatase
non-receptor type 2 (PTPN2) is lost either by genetic deletion in the mouse or due to genetic variants in inflammatory bowel disease (IBD) patients, several aspects
of innate immunity are affected, ultimately resulting in inflammation. Depicted are mechanisms that play pivotal roles in intestinal homeostasis. B: B cell; DC: Dendritic
cell; IFN: Interferon; M: Macrophage; NO: Nitric oxide; T: T cell; TNF: Tumour necrosis factor; IL: Interleukin.
[29,30]

-/-

embryonic and adult tissues
. PTPN2 is a cytosolic
tyrosine phosphatase that, in addition to an N-terminal
phosphatase domain, harbours a nuclear localization
[31]
sequence (NLS) . As a consequence, PTPN2 is able to
dephosphorylate and thereby inactivate its targets not
only in the cytosol, but also after translocation to the
nucleus. This is of interest, as among the substrates of
[13]
PTPN2 are the STAT family of transcription factors ,
which are found in the nucleus after activation.
In humans two functional variants of PTPN2 exist,
which originate from alternative splicing. The larger 48
kD form is restricted to the endoplasmic reticulum (ER)
by a hydrophobic C-terminus that masks the NLS.
The enzymatically more active 45 kD variant lacks the
hydrophobic C-terminus and can transit to the nucleus
via the NLS and is thus regarded as the mobile form of
[32,33]
PTPN2
. In response to an appropriate stimulus the
45 kD form can exit the nucleus and dephosphorylate
target substrates in the cytoplasm and at the plasma
[15]
membrane .

in vivo, and in vitro cultured macrophages from Ptpn2
[4]
mice are hypersensitive to (LPS) . Further, loss of
PTPN2 results in pronounced IFN-g mediated barrier
[8]
disruption in epithelial cell cultures . Taken together,
this demonstrates a crucial role of PTPN2 in innate
immune functions (Figure 1).

PTPN2 regulates inflammatory responses

An important function of PTPN2 is to dephosphorylate
[13]
STAT1 leading to its inactivation . Upon ligand
binding, cytokine-receptor associated kinases
phosphorylate STAT molecules, which subsequently
dimerize and translocate to the nucleus, where
they act as transcription factors. PTPN2 counteracts
the activity of receptor-associated kinases by dephosphorylation of STAT molecules, ultimately
[14]
repressing cytokine signalling . One inflammatory
molecule that crucially depends on STAT activation is
IFN-γ. Not surprisingly, recent data have demonstrated
that PTPN2 regulates IFN-γ-induced signalling and
effects in cell models of inflammation. Treatment of
human intestinal epithelial cells with IFN-γ increases
PTPN2 mRNA and protein levels, elevates enzymatic
PTPN2 activity, and causes cytoplasmic accumulation
of PTPN2. These effects are mediated via the
cellular energy sensor, adenosine-monophosphate
activated protein kinase. In these cells, knockdown
of PTPN2 resulted in increased STAT1 and STAT3
[8]
phosphorylation upon IFN-γ treatment . Further, in
PTPN2 deficient human THP-1 monocytic cells, IFNg-induced activity of the mitogen-activated protein
kinase (MAPK) family member, p38, and secretion of

PTPN2 controls innate host defence mechanisms

Studies with mice demonstrated that PTPN2 is a key
-/negative regulator of cytokine signalling. Ptpn2 animals
develop progressive systemic inflammatory disease as
indicated by chronic myocarditis, gastritis, nephritis,
and sialadenitis as well as elevated serum levels of
interferon-gamma (IFN-g) IL-12, tumour necrosis factor
(TNF) and nitric oxide. These inflammatory mediators
are mainly produced by mononuclear cells. Interestingly,
-/Ptpn2 mice also exhibit increased sensitivity to the
bacterial cell wall component lipopolysaccharide (LPS)
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monocyte chemo-attractant protein and interleukin
[6]
(IL)-6 were enhanced . Additionally, PTPN2 regulates
signalling responses to the bacterial cell wall com
ponent muramyl-dipeptide (MDP), which is a NOD2
ligand in human monocytes, both in intestinal epithelial
cells and monocytic cells. Loss of PTPN2 results in
enhanced IFN-γ, but reduced IL-8 and TNF secretion in
MDP-treated THP-1 cells. This might be due to the fact
that dysfunction of PTPN2 in human monocytes causes
enhanced MAPK signalling in response to MDP. Of note,
PTPN2 dysfunction also resulted in enhanced cleavage
of caspase-1 and increased IL-1β secretion, indicative
of increased inflammasome activation in response
[28]
to MDP . TNF induces PTPN2 protein and mRNA
levels in human intestinal epithelial cells via an NF-κBdependent mechanism. PTPN2 in turn regulates TNFinduced ERK- and p38-MAPK activity as well as IL-6
[7]
and IL-8 secretion . Further studies also demonstrated
that PTPN2 controls TNF-induced IL-6 secretion in
[12]
mouse embryonic fibroblasts , and in synovial
[34]
fibroblasts from rheumatoid arthritis patients .
Additionally, PTPN2 has also been demonstrated to
play a critical role in regulating ER stress responses in
intestinal epithelial cells and monocytes, while it also
controls cytokine secretion in response to ER stress
[35,36]
triggers
. These findings strongly suggest that
PTPN2 is crucial for controlling cytokine secretion from
intestinal epithelial cells, fibroblasts and mononuclear
cells. Figure 2 gives an overview on cellular pathways
that are regulated by PTPN2.

of cytoplasmic compartments, damaged organelles,
and/or misfolded proteins. In autophagosomes,
target proteins/organelles are sequestered into
double-membrane-enclosed vesicles and delivered
[37-39]
to lysosomes for final degradation
. Stress
conditions, such as starvation or hypoxia, enhance
autophagy, and numerous pathologies, including
cancer or neurodegeneration have been linked with
[40]
aberrant autophagy function . Of note for intestinal
homeostasis, autophagy is also critically involved in host
defence against intracellular pathogens such as Listeria
[41-43]
monocytogenes (LM) or Salmonella typhimurium
.
Previous data have clearly demonstrated that the
presence of genetic variations within autophagy genes
results in defective bacterial handling, prolonged
intracellular survival of pathogenic bacteria and an
[41-43]
elevated inflammatory response
.
Recent data demonstrated that PTPN2 not only
regulates cytokine-induced activation and expression
of autophagy-related molecules, but is also involved
in the regulation of autophagosome formation in
[44]
intestinal epithelial cells . siRNA-induced knockdown of PTPN2 in intestinal epithelial cells inhibits the
expression of several autophagy-associated molecules,
including beclin-1, ATG5, ATG7, ATG12, ATG16L1 and
IRGM in response to IFN-γ and TNF treatment. Of
note, reduced protein levels of all of these autophagy
markers have also been observed in intestinal tissue
samples derived from patients with active CD when
compared to tissue samples from non-IBD control
[44]
patients .
On a functional level, loss of PTPN2 in human
intestinal epithelial cells reduced autophagosome

PTPN2 regulates autophagosome formation

Autophagy is a fundamental process for bulk degradation
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formation in response to TNF and IFN-γ co-treatment.
PTPN2-deficient cells featured only a small number of
+
LC3B vesicles and TNF+IFN-γ co-treatment caused
+
the formation of fewer, but larger LC3B vacuoles that
[44]
were localized close to cell borders . The appearance
of such abnormal, large autophagic vacuoles has been
regarded as a marker of an ineffective formation of
dysfunctional autophagosomes due to a defective
[45]
autophagy process in these cells . Similar findings
[28]
were observed in MDP-treated human monocytes .
Interestingly, the effects of PTPN2 on autophagosome
formation seem to be mediated by controlling the
phosphorylation status of the EGF receptor and
[44]
subsequently of PI3K, Akt and mTOR activity .
More recent data found a role for STAT3 in inhibition
[46]
of autophagy (summarized in ), hence increased
STAT3 activation upon loss of PTPN2 might provide
an additional mechanism how loss of PTPN2 affects
autophagy.
In primary colonic lamina propria fibroblasts (CLPF)
isolated from CD patients, presence of a diseaseassociated PTPN2 variant exerts similar effects to siRNA[44]
induced loss of PTPN2 expression . In particular, CLPFs
featuring the CD-associated PTPN2 variant revealed
reduced basal levels of PTPN2 protein when compared
to PTPN2-WT fibroblasts and the TNF+IFN-γ-induced
increase in PTPN2 protein was absent. As in intestinal
epithelial cells, PTPN2 dysfunction also prevented
the cytokine-induced increase in the expression of
autophagy markers, such as IRGM, and also resulted
in diminished formation of autophagosomes in PTPN2[44]
variant carrying CLPF .
Impaired autophagy has been described to
[42,43]
result in defective handling of invading bacteria
and defective handling of luminal and/or invading
bacteria might critically contribute to the onset of IBD.
Studies using GFP-labelled Listeria monocytogenes
have demonstrated that loss, or genetically-caused
dysfunction of PTPN2, results in impaired auto
phagosome formation and defective clearance of
invading bacteria. Collectively, these data suggest
that the presence of the CD-associated PTPN2 variant
within intestinal cells could critically contribute to the
onset of IBD by causing a defective innate immune
[44]
response to invading bacteria .

their own signalling in an apparent negative feedback
loop. While expression of PTPN2 is increased in CD,
the impact of non-coding SNPs appears to manifest
[28]
in a loss of enzymatic activity or efficacy . Loss of
PTPN2 expression has been shown to have dramatic
consequences for intestinal epithelial cells and their
ability to form an effective barrier. Knockdown of PTPN2
in intestinal epithelial cells resulted in a pronounced
decrease in trans-epithelial resistance in response to
IFN-γ coupled with a higher increase in expression of
[8]
the cation-selective pore-forming molecule, claudin-2 .
Claudin-2 expression is elevated in colonic tissues in
IBD patients, especially in UC, and functionally this
could contribute to symptoms of disease by permitting
increased paracellular passage of sodium ions into
the intestinal lumen, thus leading to intestinal fluid
[47-49]
loss associated with IBD
. In addition, PTPN2deficient cells also displayed increased macromolecule
permeability following IFN-g treatment as determined
by increased apical-to-basolateral passage of FITCdextran across polarized intestinal epithelial cell
[8]
monolayers . Due to the width of the pore size
generated by claudin-2 being insufficient to permit
passage of FITC-dextran (10 kD), this strongly suggests
that additional mechanisms capable of modifying tight
junction components responsible for regulation of
macromolecule permeability are recruited by IFN-γ in
[5]
cells lacking PTPN2 . Conclusive evidence of this has
not yet been achieved: PTPN2 knockdown did not cause
further decreases in expression of the tight junction
proteins occludin or ZO-1 by IFN-γ. On the other hand,
a possible influence of PTPN2 on re-localization of
[8]
tight junction proteins has not been investigated .
These data suggest that PTPN2 plays an important
role in protecting intestinal epithelial barrier function. A
protective role for PTPN2 in intestinal barrier function
has also been indicated in vivo. Ptpn2 knockout mice
suffer from systemic inflammation, hematopoietic
defects, increased levels of pro-inflammatory cytokines,
splenomegaly and diarrhea, and die within 3-5 wk
[50,51]
after birth
. Murine bone marrow chimeric studies
indicated that the inflammation and mortality were
governed by loss of PTPN2 in the non-hematopoietic
[4]
+/compartment . Studies using heterozygous (Ptpn2 )
mice demonstrated no overt inflammatory phenotype
+/and normal survival rates. However, Ptpn2 mice are
more susceptible to dextran sulfate sodium (DSS)induced colitis, suggesting that PTPN2 deficiency
increases the susceptibility to agents that disrupt the
[52]
epithelial barrier .

PTPN2 maintains intestinal barrier function

PTPN2 is expressed in both, hematopoietic as well as
non-hematopoietic cells. In the healthy intestine, where
highest PTPN2 expression is found in immune cells,
[8,44]
PTPN2 is also detectable in intestinal epithelial cells
.
In active lesions of CD patients, colonic PTPN2 mRNA
and protein expression is increased, with expression
[7,8]
being most prominent in the epithelium . Consistent
with this, we have shown that in intestinal epithelial
cell lines the IBD-associated inflammatory cytokines
IFN-γ and TNF are capable of increasing expression
[7,8]
of PTPN2 . This suggests that these inflammatory
cytokines induce expression of a negative regulator of
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PTPN2 regulates electrolyte transport

Another important epithelial function that plays a critical
role in intestinal homeostasis is appropriate regulation
of electrolyte transport. This is essential for absorption
and secretion of electrolytes and fluids as well as for
the absorption of nutrients, maintenance of luminal
[53]
pH and preserving the sterility of intestinal crypts .
In IBD, epithelial electrolyte transport is suppressed,
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contributing to overall fluid loss due to decreased
absorptive capacity. This creates an environment
conducive to increased bacterial interactions with the
[54-56]
intestinal epithelium
. PTPN2 has been shown to
play a role in regulating fluid secretion. Specifically,
PTPN2 knockdown in T84 colonic epithelial cells ac
2+
centuated EGF inhibition of Ca -stimulated chloride
secretion thus promoting EGFR suppression of elec
[57]
trolyte secretion . Thus, it is possible that PTPN2
mutations resulting in a loss of enzymatic activity could
mediate elevated or prolonged EGFR phosphorylation
and exacerbate overall dysregulation of intestinal fluid
homeostasis.

IFN-γ signalling and STAT activation plays an important
mitogenic and differentiation-inducing role in mature B
cells. In the germinal centre, where B cells proliferate
and differentiate with the help of CD4+ T cells into
antibody-secreting plasma cells, high IFN-γ levels
(and subsequent STAT1 phosphorylation) promote
IgM and IgG secretion, while it represses the switch
[64]
to IgA production . Therefore it is likely, that loss of
PTPN2 might also influence the terminal stage of B
cell differentiation and IgA production. Of note, IgA
is secreted in large amounts at mucosal surfaces and
[65]
seems to play a role in bacterial handling .

PTPN2 in T cells

Many of the signalling cascades involved in innate
immunity, are also of fundamental importance for
adaptive immune cells. For example STAT molecules,
which are an important target of PTPN2, are crucially
involved in T and B cell differentiation and matura
[58,59]
tion
. PTPN2 protein had initially been termed
T cell protein tyrosine phosphatase (TCPTP), which
reflects the original cellular compartment of detection
[60,61]
and characterization
. Subsequently a number of
functions for PTPN2 in the adaptive immune system
have been described. Similar to the innate immune
system PTPN2 also exerts an anti-inflammatory role,
both in the T and B cell compartments. Aside from
anomalies in bone marrow development and changes in
[50]
‑/innate immunity , Ptpn2 mice show severe alterations
in the adaptive immune system including splenomegaly,
[50]
lymphadenopathy and altered T and B cell functions .
These data indicate an important role of PTPN2 in the
adaptive immune system and in the maturation/function
of B and T cells and subsequently in autoimmunity.

PTPN2 in B cell development

As alluded to above, B cell development is crucially
affected by PTPN2. Ptpn2 knock-out mice develop an
early bone marrow B cell deficiency which is caused by
a block of the transition from pre-B cells to immature
[3]
B cells . The impairment of Pre-B to immature B cell
transition is associated with the secretion of abnormally
high amounts of IFN-γ by bone marrow stromal cells.
High levels of IFN-g in turn result in phosphorylation
[62]
of STAT1 in the pre-B cell compartment . As STAT1
activity impairs pre-B cell differentiation to immature B
[63]
cells, and blocks IL-7 induced pre-B cell proliferation ,
loss of PTPN2 crucially influences this developmental
stage. Reduced numbers of immature B cells have
been associated with the survival of auto-reactive B
cells, which are normally deleted at this stage due
to competition for B cell survival factors. Therefore,
loss of PTPN2 might result in increased levels of
potentially auto-reactive B cells, however experimental
evidence is still missing. In contrast to pre-B cells,
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[3]

T cells express especially high levels of PTPN2 ,
suggesting a pivotal role of this phosphatase in T cell
development/function. Besides the above-mentioned
role of PTPN2 in regulating STAT molecules, PTPN2 is
also a key negative regulator of T-cell receptor (TCR)
signalling: PTPN2 dephosphorylates and thereby
inactivates Src family kinases. Src family kinases
mediate signalling downstream of the TCR, hence
PTPN2 directly influences how T cells respond to
[66]
antigens . By interfering with TCR signalling, PTPN2
attenuates T cell activation and proliferation and in
general limits antigen-induced responses. Of note, TCR
signalling strength determines the fate of activated T
cells: on one hand, strong TCR signalling is involved
+
in priming cytotoxic CD8 T cells to pathogens and
pathologic antigens, while on the other hand, low
levels of TCR signalling induces peripheral tolerance to
self-antigens and commensal microbes in the gut. Due
to enhanced TCR signalling strength, PTPN2-deficient
+
CD8 T cells loose tolerance to low-affinity TCR ligands
- ligands often found in the body’s own tissues.
Therefore, enhanced TCR signalling strength enables
T cells to react against tissues such as pancreatic β
cells in an auto-reactive manner, finally resulting in
the development of diabetes even in the absence of
+
[67]
CD4 T cells . Thus, PTPN2 variants can re-direct a
+
normally tolerogenic CD8 T cell response into an autoreactive and destructive response.
Correspondingly, a deficiency of PTPN2 was reported
to enhance naive T cell responses to low-affinity
[66]
ligands . This may partially be associated with the fact
that STAT3 and STAT5 are further substrates for de[66]
phosphorylation by PTPN2. Wiede et al reported that
in the periphery, PTPN2 deficiency resulted in a memory
+
phenotype of CD4 T cells. In their mouse model the
number of T cells with an effector/memory phenotype
increased progressively from 4 to 12 wk of age, which
was paralleled by a decrease in naive T cell numbers.
This may lead to a selection of high-affinity, potentially
self-reactive T cells, which represents another pathway
of autoimmune disease induction by a lack of PTPN2
function. In contrast, loss of PTPN2 function did not
influence the number and function of regulatory T cells
[67]
(Treg) under physiological conditions in this study .

PTPN2 CONTROLS ADAPTIVE IMMUNE
FUNCTIONS
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The signalling pathways that are regulated by
PTPN2 in innate immune cells, also affect T cell fate:
Up-regulation of IFN-γ, IL-12, and other inflammatory
[3]
cytokines, plays an important role for T cell activation .
Further, IL-6-mediated STAT3 activity is important for
[68]
the development of IL-17 producing T cells . As STAT3
is also a known target of PTPN2, it might well be, that
loss of PTPN2 might influence the development of these
potentially pathogenic T helper cells.
Normal PTPN2 function seems to have an important
role in T cells to prevent auto-reactivity. Of interest,
+
naive CD8 T cells that leave the thymus express high
[69]
levels of PTPN2 . When PTPN2 is missing in these
cells, they undergo rapid proliferation and acquire an
antigen-experienced effector phenotype, especially
when transferred into T- and B cell deficient hosts.
This increase in lymphopenia-induced proliferation
is mediated by elevated TCR-dependent responses,
which are associated with the development of
[69]
autoimmunity . Tolerance to self- and commensal-/
food-derived antigens is important for intestinal
homeostasis. The function of PTPN2 in preventing
excessive activation/proliferation of naïve T cells might
therefore be very crucial for preventing aberrant
intestinal inflammation.

that loss of PTPN2 specifically in T cells resulted
in enhanced induction of Th1 and Th17 cells, but
impaired induction of Tregs when colitis was induced
by DSS administration. Ultimately, mice lacking PTPN2
[70]
in T cells suffered from more severe colitis . Further,
transfer of PTPN2 deficient naïve T cells into mice
lacking B and T cells resulted in pronounced weight
loss and colitis severity when compared to transfer of
[70]
PTPN2 competent naïve T cells . Of note, this was
again attributed to enhanced emergence of Th1 and
Th17 cells but reduced induction of Treg cells.
In line with the findings in mice lacking PTPN2 in T
cells, CD patients featuring a loss-of-function PTPN2
variant exhibit enhanced Th1 and Th17 cell markers in
serum and intestinal tissue samples, when compared
with PTPN2 wild-type patients, while reduced Treg
[70]
markers are found in these patients . Our findings in
+
mice lacking PTPN2 in CD4 cells and the observation
in CD patients with loss-of-function PTPN2 variant
contrasts the situation under physiological conditions
[66]
described by Wiede et al , where Treg function/
numbers are not changed upon loss of PTPN2. This
indicates that under inflamed conditions, PTPN2 has
slightly different functions for Th cell differentiation,
and PTPN2 activity seems to be especially important
for induction of regulatory mechanisms in the
inflamed intestine. The observed alterations in T cell
differentiation finally resulted in increased susceptibility
to intestinal inflammation supporting the role for
PTPN2 in IBD pathogenesis. Additionally, mice with loss
+
of PTPN2 in CD4 cells displayed intestinal dysbiosis.
Detailed analysis of the microbiome revealed that the
resulting dysbiosis is comparable with that observed
in CD patients. We also detected inflammatory
infiltrates in liver, kidney, and skin and elevated auto

PTPN2 in adaptive immunity during intestinal
inflammation

As described above, loss of PTPN2 crucially affects
B and T cell function. Few studies, however, have
addressed the functional consequences of the resulting
changes in the setting of intestinal inflammation. In
a recent study using mice featuring loss of PTPN2 in
+
CD4 cells, we addressed how loss of PTPN2 function
in T cells affects intestinal inflammation. We found
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kinase; NOD2: Nucleotide oligomerization domain containing protein 2; STAT: Signal transducer and activator of transcription; TCR: T cell antigen receptor.

antibody levels in mice with dysfunctional PTPN2.
These observations (summarized in Figure 3) strongly
indicate a systemic loss of tolerance in PTPN2-deficient
animals and suggest how PTPN2 might contribute to
the onset of auto-inflammatory diseases, as well as
[70]
intestinal inflammation .
On the side of B cells, no functional studies have
been addressed to investigate the effect of loss of PTPN2
on intestinal inflammation. However, as loss of PTPN2
in B cells might affect terminal B cell differentiation, it
would be of great interest to determine whether loss of
PTPN2 specifically in B cells might affect colitis severity.
As STAT1 is involved in suppressing the switch from IgG
to IgA production from plasma cells, and PTPN2 controls
STAT1 activation, it is very likely that B cell specific loss
of PTPN2 affects IgA production. IgA is crucially involved
in controlling invasive microbes in the intestine, hence
PTPN2-mediated changes in IgA production might
strongly affect colitis severity, but this has not yet been
addressed.
Despite the important role of PTPN2 and the finding of
relevant variants in autoimmune diseases and CD and
UC, a detailed analysis of modifications of T and B cell
functions by those variants on intestinal inflammation
has not been performed yet. Animal models may not
be optimally suited as there are complex interactions
between the immune cells and also between adaptive
and innate immune mechanisms.

including epithelial barrier function, autophagy, and T
cell development/activation (summarized in Figure 4).
Given that PTPN2 represents a point of convergence
for multiple aspects of intestinal homeostasis it may
therefore play a key role in multiple IBD-associated
physiological events and thus, like other IBD candidate
genes, make a greater cumulative contribution to IBD
pathogenesis than suggested by the genetic prevalence
of PTPN2 SNPs in sampled populations. On one hand,
clinically relevant loss-of-function mutations in the
PTPN2 gene may contribute, at least in part, to the
development of IBD and other chronic inflammatory
intestinal diseases via a compromised epithelial barrier.
Indeed, given that increased intestinal permeability is
a feature of IBD, type 1 diabetes and celiac disease,
this may be one avenue to explore commonality in
the aetiology of these conditions arising from PTPN2
mutations. On the other hand, PTPN2 also crucially
affects immune functions. This involves autophagy,
a pathway that appears to play an important role
in IBD pathogenesis. As autophagy affects bacterial
handling in both, intestinal epithelial cells and innate
immune cells such as monocytes, macrophages and
dendritic cells, this might additionally contribute to
the association of PTPN2 with IBD. Loss of functional
autophagy results in increased bacterial burden and
thus prolonged activation of the immune system. Loss
of autophagosome formation due to PTPN2 dysfunction
might therefore crucially affect the ability of the innate
immune system to clear penetrating bacteria. As loss
of PTPN2 additionally increases the cellular response
to inflammatory cytokines, this reduced ability to react
towards invading bacteria, leads to the generation of

CONCLUSION
Loss of PTPN2 expression/function has consequences
for several aspects of innate and adaptive immunity
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a highly pro-inflammatory cytokine milieu. Coupled
with enhanced TCR signalling strength, and the role
of PTPN2 in preventing proliferation of auto-reactive
T cells, this might crucially contributes to loss of
tolerance against bacterial antigens in the intestine.
Taken together, the involvement of PTPN2 in such
diverse aspects of (intestinal) immune homeostasis
can explain the association of PTPN2 variants with IBD
as well as several other auto-inflammatory disorders.
In this review, we summarized the many aspects
how PTPN2 affects intestinal homeostasis. By controlling
important pro-inflammatory signalling cascades, such
as the IFN-γ-STAT1 and the IL-6-STAT3 pathways, as
well as MAPK induction, PTPN2 prevents exacerbated
inflammatory reactions. Inflammatory cytokines,
such as TNF and IFN-γ, induce PTPN2 expression,
what results in their own negative regulation; PTPN2
is therefore regarded as a classical negative feedback
mediator of inflammatory signalling. PTPN2 further
controls the inflammatory response towards bacterial
products including LPS and the NOD2-ligand MDP.
Another important aspect of PTPN2 function is the
promotion of autophagy, which especially in intestinal
epithelial cells and macrophages is importantly involved
in removal of invading bacteria. In epithelial cells,
PTPN2 has the additional important function to prevent
inflammation-induced epithelial barrier defects, and it is
crucially involved in electrolyte balance.
Besides this role in innate host defence mecha
nisms, PTPN2 also exerts crucial roles in adaptive
immunity, where it is involved in maturation of naïve
B cells and in T cell proliferation and differentiation.
PTPN2 controls TCR signalling strength and thus
+
prevents aberrant proliferation/activation. In CD8 T
cells, loss of PTPN2 results in increased proliferation
and emergence of auto-reactive cells. In CD4+ cells on
+
the other hand, PTPN2 is involved in controlling CD4 T
cell differentiation into the Th1/Th17 subsets.
These different aspects how PTPN2 is involved in
regulating innate immune functions and host defence
mechanisms, as well as adaptive immune reactions,
explain the association of variants in PTPN2 with
IBD, as well as its role in several other inflammatory
disorders.
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Abstract

Andrzej Wędrychowicz, Department of Pediatrics, Gastro
enterology and Nutrition, Polish-American Children’s Hospital,
Jagiellonian University Medical College, 30663 Krakow, Poland

Inflammatory bowel diseases (IBD), including ulcerative
colitis and Crohn’s disease are chronic, life-long,
and relapsing diseases of the gastrointestinal tract.
Currently, there are no complete cure possibilities,
but combined pharmacological and nutritional therapy
may induce remission of the disease. Malnutrition
and specific nutritional deficiencies are frequent
among IBD patients, so the majority of them need
nutritional treatment, which not only improves the
state of nutrition of the patients but has strong
anti-inflammatory activity as well. Moreover, some
nutrients, from early stages of life are suspected as
triggering factors in the etiopathogenesis of IBD. Both
parenteral and enteral nutrition is used in IBD therapy,
but their practical utility in different populations and in
different countries is not clearly established, and there
are sometimes conflicting theories concerning the role
of nutrition in IBD. This review presents the actual data
from research studies on the influence of nutrition on
the etiopathogenesis of IBD and the latest findings
regarding its mechanisms of action. The use of both
parenteral and enteral nutrition as therapeutic methods
in induction and maintenance therapy in IBD treatment
is also extensively discussed. Comparison of the latest
research data, scientific theories concerning the role
of nutrition in IBD, and different opinions about them
are also presented and discussed. Additionally, some
potential future perspectives for nutritional therapy are
highlighted.
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long-lasting effects of drug therapy . PN may be an
alternative method of nutrition to enteral intake of
nutrients in IBD patients, mainly used for those with
contraindications or EN intolerance, especially when
there are symptoms of severe malnutrition. Total
parenteral nutrition (TPN) may be also used during
the acute inflammatory phase (obstruction, toxic
megacolon, and active fistulas) in the preoperative
period and in patients with short bowel syndrome (SBS)
[5,6]
due to previous extensive bowel resections .
Indications for EN in the treatment of IBD include
exclusive enteral nutrition (EEN) for active disease,
supplemental EN to maintain disease remission, and
nutritional support to achieve adequate weight gain
[4]
and growth . Treatment by EN is more effective in
achieving clinical remission in children with IBD than
[7,8]
in adults . Recent meta-analysis of clinical trials
indicated that the efficacy of EEN might be comparable
[9]
to that of corticosteroid therapy . EEN decreases
disease activity and promotes mucosal healing in
patients with IBD, but the mechanism of action of this
therapy is still poorly understood.

Core tip: Inflammatory bowel diseases (IBD), including
ulcerative colitis and Crohn’s disease are chronic, lifelong, and relapsing diseases of the gastrointestinal
tract. Currently, there are no complete cure possibilities,
but combined pharmacological and nutritional therapy
may induce remission of the disease. Both parenteral
and enteral nutrition is used in IBD therapy, but their
practical utility is not clearly established, and the
evidence is sometimes conflicting. This review presents
the latest findings of research studies regarding
the influence of nutrition on the etiopathogenesis
of IBD, its mechanisms of action, and its use as a
therapeutic method. Additionally, some potential future
perspectives for nutritional therapy are highlighted.
Wędrychowicz A, Zając A, Tomasik P. Advances in nutritional
therapy in inflammatory bowel diseases: review. World J
Gastroenterol 2016; 22(3): 1045-1066 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1045.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1045

INTRODUCTION

DIETARY FACTORS IN THE ETIOLOGY
OF IBD

Inflammatory bowel disease (IBD) is a collection of
chronic inflammatory disorders of the gastrointestinal
tract, including ulcerative colitis (UC) and Crohn’s disease
(CD), which is characterized by periods of remission
[1]
and flare-up of the disease . The inflammatory process
observed in UC is continuous and limited to the mucosa
of the colon, while in contrast; CD is characterized by
transmural inflammation and skip lesions, located in any
[2]
region of the gastrointestinal tract . Both CD and UC,
despite multiple differences, share similar symptoms,
including abdominal pain, diarrhea, extraintestinal
[1,2]
manifestations, and malnutrition .
The pathogenesis of malnutrition in IBD is mul
tifactorial. Chronic nutrition deficiencies are probably
secondary to inadequate calorie intake and increased
energy expenditure during chronic and relapsing
[3]
inflammatory lesions . In addition, pharmacological and
surgical treatment may impair digestion and absorption
of nutrients because of different drug-nutrient inter
actions and reduced absorptive area of the intestine
[4]
secondary to surgical resections . Nevertheless,
direct inhibitory effects of pro-inflammatory mediators
secreted from the inflamed tissue are also very im
[2]
portant for the state of malnutrition .
The management of IBD includes pharmacological,
nutritional, and surgical therapy. The main goal of the
treatment is induction and maintenance of remission,
correction of nutritional deficiencies, and prevention of
[1]
complications .
Nutritional therapy may be carried out through
enteral (EN) or parenteral nutrition (PN). Moreover,
nutritional treatment can be divided into primary and
support therapy. The aim of the first is to induce and
maintain remission and the second to support the

WJG|www.wjgnet.com

It is well known that the molecular basis of IBD is
linked with the immunology of T-cells. Most popular
theories suggest that T cells are activated due to a
confluence of genetic and environmental factors,
which generate an immune imbalance, leading to the
inflammation characteristic of these diseases (Figure
[10]
1) . The connection of improper activation of T-cells
with diet or diet-related factors is still not a wellestablished theory. Several dietary risk factors have
been suggested from the early beginning of life.

Breastfeeding

Several recent studies showed a protective role of
breastfeeding against the risk of IBD. A New Zealand
study with a relatively large group of participants
indicated that breastfeeding has a protective effect
against IBD [CD odds ratio (OR) = 0.55 (0.41-0.74),
UC OR = 0.71 (0.52-0.96)] with a duration-response
[11]
effect . Many studies limit those beneficial effects
to subjects with at least 6 mo of nursing. Slovak
studies established that breastfeeding for less than
6 mo was a risk factor for both CD (OR = 2.7) and
[12]
UC (OR = 1.7) . In a Danish study, breastfeeding
for more than 6 mo decreased the odds for IBD
[13]
(OR = 0.50; 95%CI: 0.23-1.11) . However, some
giant multicenter studies did not support these
findings - in an extremely large study (but in women
only), no significant association was found between
[14,15]
breastfeeding and IBD in adulthood
. Conversely,
a meta-analysis found a significant protective effect of
breastfeeding (OR = 0.69, 95%CI: 0.51-0.94) against
[16]
the development of IBD in pediatric patients . An
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older meta-analysis, based mainly on studies from
the previous century, found that breastfeeding had a
protective effect on the development of UC (OR = 0.61,
[17]
95%CI: 0.44-0.84) but not CD . The mechanism
by which breastfeeding protects against IBD is not
precisely known. Feeding in the first months of life is
crucial for the development of gut microflora. The gut
microbiome stimulates innate and acquired immunity,
promotes the maturation of the mucosal immune
system and the integrity of the mucosa, and develops
[18,19]
tolerance to food antigens as well
. Some authors
[20]
assign a special role in this process to lactoferrin .
This peptide, present in human milk only (absent in
formula), possesses anti-inflammatory, antibacterial,
[21]
and antiviral properties .

results of such studies can be contradictory. In one
study, high bread intake was protective against IBD
[13]
- [OR = 0.42 (95%CI: 0.26-0.70)] , while another
study delivered quite the opposite result - high bread
[25]
intake increased risk of IBD onset (RR = 6.38) . A
detailed study showed that frequent intake of white
bread [OR = 4.9 (95%CI: 1.0-23.4, P = 0.05)] was
associated with an increased risk of CD onset and that
a diet rich in non-digestible fibers, like vegetable and
whole meal bread, is protective against IBD [CD: 0.3
(0.1-1.0)], UC [0.3 (0.1-0.8)]; OR: 0.5 (0.3-0.9), CD
[22]
[0.4 (0.2-0.9) respectively] . However, another study
found that high fiber diet was protective against the
[26]
risk of CD but not UC . Fiber has anti-inflammatory
properties as well and positively modulates the internal
[18]
microbiome . Fibers are fermented by colonizing
bacteria into short chain fatty acids. These fatty acids
activate peroxisome proliferator-activated receptor γ,
a nuclear transcription factor with anti-inflammatory
[27]
effects . Digestible sugars in the diet modify the
intestinal microbiome, increasing the prevalence of
Prevotella, whereas protein and animal fat in the diet
[28]
cause an increase in Bacteroides .
Starch, one of the most important carbohydrates
present in the human diet, strongly influences the
microbiome as well. It is a necessary substrate
for intestinal bacteria, especially to promote the
[29]
development of Klebsiella microbes . Because
the levels of anti-Klebsiella antibodies were high in
CD patients, it has been theorized that Klebsiella
species are an important factor in the induction of

Carbohydrates in the diet

Several Danish studies showed that a high intake of
digestible sugar increased the risk of total IBD [OR =
[13,22]
2.5 (1.0-6.2)] and CD [OR = 2.9 (1.0-8.5)]
. In
an older study, only high sucrose consumption was
associated with an increased risk for IBD (OR = 2.85,
p = 0.03). The EpiCom cohort (1560 IBD patients
from 31 European countries) study revealed that
increased sugar consumption and daily fast food were
associated with earlier onset of IBD and an increased
[23]
risk of disease severity and surgery in UC . A more
detailed study showed that lactose consumption
has no effect, while fructose intake was negatively
[24]
associated with risk for IBD . Some foodstuffs, such
as bread, are difficult to categorize correctly, thus the
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autoimmunological reactions through the mechanism
of molecular mimicry. Furthermore, strong positive
correlation and cross-reactive antibodies were observed
between Klebsiella and collagen in CD and ankylosing
[30]
spondylitis patients . Additionally, the “low starch diet”
used in ankylosing spondylitis patients decreased the
level of inflammatory mediators and reduced the clinical
[31]
symptoms of disease .
Recently, interesting studies regarding the use of
the “specific carbohydrate diet” (SCD) in CD children
were published. SCD, initially used in celiac disease
treatment almost 70 years ago, contains almond, nut,
and coconut flours and excludes grains (wheat, rice,
corn). Additionally, the majority of dairy products are
restricted, except fermented yogurt, and the only sugar
allowed is fructose (honey). Two small, independent
United States retrospective studies that assessed
SCD as the sole method of treatment in CD children
showed that the use of SCD for 5 to 30 (or 12 to 52,
respectively) months had positive effects on laboratory
inflammatory markers and clinical presentation of the
[32,33]
disease, including mucosal healing
. The direct
reason for the improvement was not known, but
modification of the intestinal microbiome was the most
probable cause. Nevertheless, prospective studies are
necessary to confirm these preliminary results.

incidence of colitis was markedly increased in milk fatfed interleukin (IL)-10-deficient mice but not in normal
mice or polyunsaturated fat-fed IL-10-deficient mice.
Bilophila wadsworthi was observed in the feces of milk
[40]
fat-fed mice, indicating dysbiosis . This finding was
clearly linked with taurine conjugation of hepatic bile
acids by Bilophila wadsworthi, with direct evidence
showing that IL-10-deficient mice fed a low-fat diet
containing taurocholic acid, but not glycocholic acid,
[41]
developed colitis .

Proteins and allergens

The role of protein consumption in IBD etiology is
controversial. In a French study, high total protein
intake, specifically animal protein, was associated
with a significantly increased risk of IBD in future
life (hazards ratio for the third vs first tertile and
95% confidence interval being 3.31 and 1.41-7.77
(P trend = 0.007) and 3.03 and 1.45-6.34 (P trend
= 0.005) for total and animal protein, respectively).
High consumption of meat or fish was suspected as
a risk factor, but high consumption of eggs or dairy
[42]
products was not . A German twin study indicated
that high consumption of processed meat, including
sausage, was associated with an increased risk of CD
(OR = 7.9, 95%CI: 2.15-38.12 - monozygotic twins
OR = 10.75, 95%CI: 4.82-25.55 - dizygotic twins)
as well as UC (OR = 5.69, 95%CI: 1.89-19.48; OR
= 18.11, 95%CI: 7.34-50.85; mono and di-zygotic
[43]
twins respectively) . Some papers have documented
similar relationships in Japan, where increased intake
of dairy products and meat accompanied the rising
[44]
trend of UC . One of the promising explanations of
this phenomenon is allergy to cow’s milk proteins. In
recent studies it was shown that allergy to cow’s milk
protein at infancy was associated with CD (OR = 1.92,
95%CI: 1.09-3.36, P < 0.05) and UC (OR = 1.71,
[45]
95%CI: 1.04-2.83, P < 0.05) in later childhood .
An alternative explanation may be connected with
Mycobacterium avium subspecies paratuberculosis
(MAP) infection, which is strongly suspected in the
[46,47]
pathogenesis of multiple diseases, including IBD
.
MAP is broadly distributed in the environment, water,
and food. Some nutrients, such as milk, meat and
[48,49]
sugar, may fortify its invasiveness
.

Fat in the diet

It has been known for years that high animal fat intake
is associated with an increased risk for UC (OR = 4.09,
p = 0.02) as is cholesterol intake (OR = 4.57, p =
[24]
0.02) . In another study, high consumption of monoand disaccharides and total fats consistently increased
[34]
the risk for CD and UC . Several studies showed that
prolonged, habitual intake of fast food, commonly rich
[23]
in fats and digestible sugars, is a risk factor for CD .
Significant attention has been paid to the role of
unsaturated fatty acids in the pathogenesis of IBD. A
diet rich in olive oil and fish, but also in vegetables,
fruits, grains, and nuts, was inversely associated with
CD in both genders (girls: OR = 0.3, 95%CI: 0.1-0.9;
[35]
boys: OR = 0.2, 95%CI: 0.1-0.5) . Increased
intake of ω-6 polyunsaturated fatty acids (PUFA,
beef, pork, corn, sunflower oils, and polyunsaturated
margarines) in place of ω-3 PUFA (fish) was associated
[36,37]
with an increased incidence of IBD
. High intakes
of ω-6 PUFA linoleic acid were associated with a
greater risk of developing UC (P = 0.01; OR = 2.49,
95%CI: 1.23-5.07 for the highest quartile) in a dosedependent manner (P = 0.02). This association was
observed in both genders, but it was significant only in
women (P = 0.03). On the other hand, high intakes of
the ω-3 PUFA docosahexaenoic acid were associated
[38]
with lower risks of developing UC (P = 0.03) . The
action of saturated and unsaturated fats could be
realized through modulation of Toll-like receptors in
[39]
macrophages .
Some evidence linked fat intake with dysbiosis. The
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Micronutrients and vitamins

Magnesium (p = 0.04), vitamin C, and fruits were
negatively associated with risk for IBD, while a positive
association was found for retinol (p = 0.01). Potassium
intake and vegetable consumption showed a negative
[24]
association only with risk for CD . Experiments in
animal models indicated a significant role for selenium
shortage in the pathogenesis of IBD, as it is a cofactor
[50]
of anti-inflammatory proteins , but no correlation
[51]
was found in the case of folate . Vitamin D is also
significant in IBD development. Data obtained in a
mouse model of colitis demonstrated that 1,25(OH)2D3

1048

January 21, 2016|Volume 22|Issue 3|

Wędrychowicz A et al . Advances in nutritional therapy in IBD
or vitamin D receptor deficiency caused dysbiosis,
leading to increased susceptibility to gastrointestinal
[52]
injury . On the other hand, increased intake of
vitamin D protected against IBD in an animal model
[53,54]
and in humans, but only against CD
.

microorganisms. Water was found to be the route of
transmission of several pathogens linked with IBD,
such as in the potentially protective role of Helicobacter
[67,68]
pylori infection against IBD
.
In summary, conflicting data likely arise from
different study designs. Some studies were retrospec
tive, others prospective. Retrospective studies are
burdened with errors associated with memory, and
prospective studies have biases based on some social
issues, such as modification of answers to fit with
[69]
promoted healthy lifestyle standards . Another
possible source of bias is connected with different
groups of patients (children vs adults and different
genders, different races), small sample sizes, and
heterogeneity of disease subtypes. In addition, type
of food vs nutrients results in severe inconsistencies
[70]
between studies . For instance, the influence of fruits
and vegetables on IBD onset is multifactorial, as they
are a source of digestible sugars, fiber, microelements,
vitamins, and proteins but also potential allergens.
They may also carry some preservatives, depending
on the country of origin. Therefore, it is impossible to
consistently interpret the results of all of these different
studies.

Preservatives and additives in foodstuffs

Increased dietary sulfur is a result of its use as a
[55]
preservative food additive . This additive is linked
[56]
with an increased number of UC cases , and it
is suggested that sulfur may be toxic to human
colonocytes following its metabolism by colonic bacteria
[57]
to hydrogen sulfide (H2S) . The polysaccharide
dietary additive maltodextrin was shown to impair
cellular anti-bacterial responses and suppress intestinal
anti-microbial defense mechanisms, which could result
[58]
in IBD onset .
Microparticles, such as titanium dioxide, aluminum
silicates, and talc, can act as antigen transporters
from the intestinal lumen to the mucosa and have
[59]
been linked with the development of CD . Aluminum
silicates are used as a co-compound of anti-acids, and
sodium aluminosilicate and talc (E-553b) are added to
powdered foods to prevent lump formation. Titanium
dioxide is a food and toothpaste colorant (E171).
These microparticles are absorbed by the specialized
M cells but are undegradable and accumulate in
macrophages and lymphoid tissue and induce the
[60]
secretion of proinflammatory IL-1β and IL-18 . As
adjuvants facilitate the interactions of mucosa with
[61]
antigens, they impair the local immune system .
Many others substances from toothpaste are suspected
to be linked to IBD etiology. Tricalcium phosphate and
quartz (abrasives) in animal models penetrated the
epithelium and created enteric lesions similar to those
in Crohn’s disease. Also carrageenans, widely used in
foodstuffs and toothpastes for their gelling, thickening,
and stabilizing properties, injured enterocytes in animal
[62]
models, in a manner typical of IBD in humans .

ROLE OF NUTRITION IN IBD
Malnutrition

Malnutrition is common among IBD patients and can
be recognized by protein-energy malnutrition, altered
body composition, and micronutrient deficiencies.
Malnutrition is one of the most important factors
[71]
linked with poor outcome in patients with IBD . The
most common type in adult IBD patients is proteinenergy malnutrition, predominantly seen as weight
[72]
loss . In a recent Romanian study, the prevalence
of malnutrition based on body mass index (BMI) in
[73]
IBD patients was established as 30.6% . The rate
of patients suffering from protein-energy malnutrition
was significantly higher among IBD patients (OR =
5.57, 95%CI: 5.29-5.86) than it was among non-IBD
cases, for both CD (P < 0.0001) and UC patients (P
[74]
< 0.0001) . In a Serbian study, of 76 IBD patients
(23 CD and 53 UC), 52 (68.4%) met the criteria for
malnourishment, and 24 (31.6% of the entire cohort)
[75]
were severely malnourished . A similar situation was
observed in children - up to 60% of newly diagnosed
CD children - but only 35% of patients with UC present
[76]
symptoms of malnutrition .
An unexpected high proportion of patients with
[77]
IBD (mostly UC patients) are overweight . A recent
Untied States study showed that obesity prevalence
in IBD patients reflects the obesity index in the
[78]
general population . A very promising observation
is that clinical outcomes in obese patients are better
than in non-obese patients with IBD, and obesity
(defined using BMI index) is a marker of a less severe
[78]
disease course in IBD . A relatively high percentage

Beverages

A high intake of fluids (p = 0.04) was negatively
[24]
associated with the risk of IBD . Furthermore, green
tea and coffee reduce the risk of IBD in Asian and
Australian populations. Daily tea consumption was
associated with a reduced risk of CD (aOR = 0.62;
95%CI: 0.43-0.91), whereas both daily tea (aOR =
0.63; 95%CI: 0.46-0.86) and coffee consumption (aOR
= 0.51; 95%CI: 0.36-0.72) were associated with a
reduced risk of UC. Caffeine ameliorated acute colitis in
[63]
intestinal epithelial cells in an in vitro study . Green
tea is rich in polyphenols - antioxidants that attenuate
[64]
the severity of colitis in an animal model . A similar
protective mechanism is postulated in the case of
[65]
wine consumption . However, wine also contains
sulfur dioxide, which acts as a potential negative
[66]
factor . Diet and beverages are a major modifiable
influence of the microbiome but are also a source of
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patients . Loss of nutrients can also occur as a result
of protein enteropathy from a ruptured, permeable
gut. Studies using whole gut lavage have shown that
disease activity closely paralleled gastrointestinal
[90]
protein loss .
Several studies have documented the beneficial
influence of therapy on total weight. In a United
Kingdom study, 29% of children were severely
malnourished (BMI z-scores < -2 SD) during diagnosis
of the CD and only 4% in UC patients. At 6 and 12 mo
post-diagnosis, 5% and 1% of the CD children and 0%
and 5% of UC patients had low BMI z-score values,
[84]
respectively . A similar beneficial effect of therapy
[91]
was observed in a French study . In these children,
weight and BMI z-scores improved post-diagnosis, and
the prevalence of CD children with low BMI (< -2 SD)
was half of that at diagnosis.

Table 1 Reasons for malnutrition in inflammatory bowel
disease patients
Reason

Contributing factor

Increased nutritional
requirements
Increased nutrient losses

Active inflammation

Impaired dietary intake
Nutrient malabsorption
Iatrogenic
(drug-related, surgeryrelated)

Diarrhea, intestinal and fistulae protein
losses
Nausea, vomiting, loss of appetite
Bacterial overgrowth, secondary lactose
malabsorption
Drug - nutrient interactions,
reduced intestinal absorptive area

of obese patients during diagnosis could be related
to an increase in obesity in the general population,
accompanied by earlier IBD recognition.
IBD sometimes develops in patients treated pre
viously for obesity. Some surgical interventions, such as
gastric bypass, may result in severe malnutrition in the
[79]
case of IBD in later life .
There are several reasons for malnutrition and
disturbed body composition in IBD patients (Table
1). These factors depend on pathophysiology but
could be superimposed with iatrogenic factors. During
active phase of the disease, energy intake in adults
[80]
and children is lower than in healthy controls .
Healthy siblings consume on average 1757 kJ (420
kcal) more than their siblings with IBD (matched for
height, sex, and weight). Imbalance is deepened
through a higher basic metabolic rate in CD compared
[81]
to healthy controls . What is more, children with CD
fail to adapt their resting energy expenditure to their
[82]
diminished body mass . The explanation for this
phenomenon is based on pro-inflammatory cytokine
action accompanying an increased lipid oxidation rate in
[83,84]
CD patients
. However, diet-induced thermogenesis
was lower in CD patients in an active compared to
[85]
an inactive stage of disease . Lack of appetite could
be enhanced by side effects of some drugs, such as
[86]
nausea, during methotrexate intake . On the other
hand, treatment with corticosteroids increases appetite
but is also associated with lean mass reduction. A
similar effect was found for mesalamine, which is
predictive of lean mass for height Z-score less than
[87]
-1.00 .
Malabsorption seems to be major contributor to low
weight in adult CD patients. Increased gastrointestinal
nutrient losses are observed in patients after ileal
[88]
resection or with bile acid malabsorption . Bile acid
malabsorption is common in IBD patients, whether
the disease is localized in the ileum or not. It leads
to malfunction of lipid digestion with steatorrhea,
impaired intestinal motility, and/or significant changes
in the intestinal microflora environment. Increase of fat
in stool could also be a result of a deficit in pancreatic
enzyme secretion. Gastric acid and pancreatic enzyme
impaired secretion were observed in 80% of CD
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Changes in body composition

Lean body mass: Weight and BMI are very superficial
factors in the analysis of nutritional status. Therefore,
profound measurements of compartments of the
body are frequently performed. Typically, lean body
mass in patients with IBD is lower than in the healthy
population. A recent study showed that a decrease in
lean mass was observed in 21% of adult patients with
[92]
IBD . In addition, a systematic review analyzing adult
patients with IBD up to the year 2013 reported similar
data. Independent of the methodology used, in adult
patients with IBD, reduced fat-free mass was observed
in 28% of CD and 13% of UC cases as compared
[93]
to healthy controls . No consistent association
between body composition and disease activity,
duration, extent, or therapies was found. Several
studies showed that lean mass was also reduced
[94]
in children with IBD compared to controls . In a
German study, significantly reduced lean mass was
found in children with well-controlled IBD compared to
[95]
controls [difference -0.72; 95%CI: -1.10-(-0.34)] .
In a British study, fat free mass correlated negatively
with disease activity in children with CD regardless
[96]
of changes in weight . Lean mass in CD adjusted
for age and height was significantly lower than in
controls. In a regression model including height, age,
Tanner stage, and race, CD was associated with a 6%
[97]
reduction in lean mass . Only in one study, reduction
[98]
of lean mass was predominantly observed in boys .
Fat mass: In a recent systematic review, fat mass
was found not to be statistically different in 66% of
CD patients (n = 419) and in 75% of UC patients (n
[93]
= 220) compared to controls . Thirty one percent
of patients (n = 192) with CD and 13% of patients
(n = 39) with CU showed a statistically significant
reduction of fat mass. Twelve percent of patients with
CU (n = 36) and only 3% with CD (n = 20) developed
fat tissue better than controls - increased in 12% of
[99,100]
patients compared to controls
. Another study
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concluded that physical activity of adult IBD patients
[101]
is low and correlated inversely with fat mass
. In
children, some studies found no differences in fat mass
[102]
between CD patients and control groups . However,
there are several papers describing a gender difference
in fat mass in children with IBD. While one study
[98]
showed that deficit of fat is predominant in girls ,
others reported a significantly higher percentage body
fat in girls with CD compared to boys or to the control
[102,103]
group
.
Fat distribution, especially fat localized around the
intestine lumen, is suspected to be pathognomonic as
[104]
well as a pathogenic factor for IBD
. Fat deposited
around the small or large intestine is called “fat
[105]
wrapping”
. In CD, fat surrounding over 50% of
[106]
the bowel circumference is typical
. Moreover, it
is suggested that proinflammatory and modulating
immune system adipokines secreted by this fatty tissue
[107]
play a significant role in the disease etiopathology .

of vertebral fractures in children with IBD
. These
observations are supported by a Swedish study that
showed a permanent decrease in children’s BMD Z
[119]
scores for the lumbar spine using DEXA
. Patients
with a severe disease course complicated with ostomy
and low BMD also had a five times higher frequency
of fragility fractures than IBD patients with normal
[115]
BMD .
The most popular explanation for loss of mineral
bone matrix is malabsorption of calcium and vitamin
D as well as treatment side effects, mainly from long[86,120]
term, systematic steroids
. Biological therapy
is linked with better outcomes in bone mineral
[121]
density
. Recent studies have linked bone mineral
[122,123]
density in IBD with genetic factors
. It was also
suggested that adipokines, as well as inflammatory
mediators, interfere in the balance between osteoblasts
[124]
and osteoclasts .
Vitamin and micronutrient deficiencies: Patients
with IBD usually do not present overt symptoms
of vitamin or micronutrient deficiency. The most
detailed studies were performed on vitamin D as a
risk factor for decreased bone mineral density. The
conflicting results of those studies seem to depend on
the different ethnic groups studied, living at different
latitudes with different exposure to sunlight, different
cut-offs for deficiency of vitamin D, and different
methods used for vitamin measurement.
In children and adolescents from Massachusetts,
United States, no difference was found in mean
serum 25(OH)D concentration between IBD patients
and healthy controls. However, patients with active
inflammation processes confirmed by elevated
erythrocyte sedimentation rate had significantly lower
[125]
25(OH)D levels than controls . A New Zealand study
showed that during winter, 76% of tested IBD patients
were vitamin D deficient (< 50 nmol/L), and all of them
had insufficient 25(OH)D levels (< 75 nmol/L). During
summer, only 10% of patients were deficient, but an
insufficient level of vitamin D was still discovered in
55% of patients. In the latter study, no relation was
found between vitamin D deficiency and activity of
[126]
CD
. Conversely, a Romanian study showed that
vitamin D levels were significantly lower in CD patients
with moderate to severe disease activity compared
to CD patients in remission or with mild disease
activity (16 ± 6 ng/mL; 26 ± 7 ng/mL; 31 ± 9 ng/mL,
[127]
respectively)
. Another American study from the
southern part of the United States (Houston) reported
slightly lower rates of deficiency and insufficiency of
vitamin D in a population of IBD patients, but the cutoff was different. Insufficiency of 25(OH)D (between
20 and 30 ng/mL) was found in 37% of IBD patients
and deficiency (levels < 20 ng/mL) was found in 23%
of patients. A positive correlation between low vitamin
D status and diminished bone mineral density was also
[114]
shown .
Vitamin D deficiency occurs likewise in Chinese

Bone mass: Osteopenia and osteoporosis are common
complications of IBD and affect almost every second
[108]
patient . In a Romanian study, osteopenia was found
in 48.07% of the patients with UC and in 56.41% of
the patients with CD; and osteoporosis was present
in 18.26% of the patients with UC and 15.38% of
[109]
those with CD . When examined using dual-energy
X-ray absorptiometry (DEXA), patients with CD had
significantly lower femoral Z scores than patients with
UC. Femoral Z score was strongly associated with
[110]
disease duration .
There are several discrepancies concerning the
influence of age, gender, location of lesions, and BMI
on bone mass. Early onset of IBD (before 30 years
of age) is a risk factor for profound decrease in bone
mineral density compared with patients diagnosed in
[111]
old age . However, age over 50 is also a risk factor
[112]
for osteopenia and osteoporosis
. A recent Italian
study showed that in newly diagnosed patients with
IBD, osteoporosis and osteopenia were seen mostly
in male patients over 30 years of age (63%) and in
[113]
young women (62%)
. However, a similar United
States study performed between 2008-2012 showed
no influence of age, BMI, or disease location on bone
[114]
mineral density . Another American study noticed a
positive correlation between bone mineral density and
[115]
BMI
. Additionally, a recent Slovak study showed
that CD patients with ileic/ileocolic location and
history of proctocolectomy/total colectomy were at a
higher risk of developing osteoporosis than other IBD
[110]
patients .
A Canadian study using the World Health Orga
nization Fracture Risk Assessment tool (FRAX) showed
that IBD patients aged over 50 are at increased risk of
[116]
hip fracture only (HR = 2.14; 95%CI: 1.26-3.65) .
Interestingly, the same authors in a similar study
concluded that CD was associated with an increased
risk of osteoporosis of the lumbar spine and trochanter
[117]
only
. Some studies have shown an increased risk
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patients with UC (10.32 ± 4.46 ng/mL vs controls, p
< 0.001) and CD patients (11.57 ± 5.02 ng/mL vs
controls, p = 0.029) and is closely associated with
[128]
the severity of the disease
. Furthermore, plasma
25(OH)D level < 20 ng/mL was associated with
an increased risk of surgery (OR = 1.76, 95%CI:
1.24-2.51) and hospitalization (OR = 2.07, 95%CI:
1.59-2.68) of IBD patients compared to those patients
[129]
with sufficient levels of vitamin D .
The beneficial effect of vitamin D supplementation
is connected with its immunomodulatory role in
IBD. In IBD patients, vitamin D levels are strongly
[130]
inversely correlated with intestinal inflammation
.
Animal models have suggested that increased vitamin
D intake prevents inflammation-associated colon
[53]
cancer . Additionally, supplementation with vitamin
D and vitamin D plasma levels correlated with quality
of life in UC and CD patients during the winter/spring
[131]
period in central European countries .
A further typical complication of IBD is anemia.
Some discrepancies in different reports are a result
of two different anemia mechanisms (iron deficiency
anemia and anemia of chronic diseases) and various
cut-offs for diagnostic hemoglobin levels and other
markers for anemia like ferritin, transferrin, or
[132]
hepcidin . Anemia is connected with deficits in iron,
zinc, copper, folate, and vitamin B12. According to a
recent review and meta-analysis of over 2000 patients
data from European countries, the overall prevalence
of anemia in IBD patients was 24% (95%CI: 18-31),
[133]
and in 57% of cases, it was iron-deficiency anemia .
In the Canadian Manitoba IBD Cohort Study, iron
deficiency was identified in 20% of adult CD patients
and 27% of UC patients, but anemia was diagnosed
[134]
only in one third of these patients
. Iron and zinc
plasma concentrations were also significantly lower in
[135]
children with newly diagnosed IBD . A newer study
confirmed these data. Zinc deficiency in children with
IBD is relatively common - affecting 40% of patients
- especially when compared to deficiency in a healthy,
[136]
age matched population (19%)
. In adults, higher
zinc as well as lower serum levels were observed in CU
[137,138]
patients as compared to controls
. Selenium is
another micronutrient with antioxidant properties, but
it did not differ in IBD children compared to healthy
[135]
controls
. In adults, the concentration of selenium
[138]
was significantly lower in UC patients than controls .
Surprisingly, the mean serum concentration of
copper was higher in CD children compared with age[139]
matched patients suffering from UC or controls . In
adults, both CD and UC patients had higher levels of
[137]
copper than controls
. No gender differences were
observed, but men with pancolitis had significantly
higher copper levels than men with proctitis.
A Brazilian study established vitamin B12 deficiency
in 6% of patients in an IBD population (equally in CD
[140]
and UC patients)
. Another study found vitamin
B12 deficiency limited to CD patients with significant
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(over 20 cm) ileal resection
. In addition, folate
concentration was not different between IBD children
and adults when compared to age matched control
[135,142]
groups
. Vitamin A deficiency in an American study
was found in 16% of pediatric patients with IBD, while
vitamin E deficiency in the same study was rare (5%),
[136]
similar to the index in the healthy population (8%) .
Another study found no differences in mean vitamin A
and E concentration between IBD children and healthy
[135]
controls
. Modulation of gastrointestinal microflora
in IBD influenced the bioavailability of vitamin K. In a
Polish pediatric population, the prevalence of vitamin K
deficiency was 54.0% in CD and 43.7% in UC. Vitamin
K status in this study was assessed indirectly using
determination of a protein induced by lack of vitamin
[143]
K (PIVKA-Ⅱ)
. Single studies have analyzed other
vitamins: 30% of adult IBD patients have vitamin B6
deficiency, and a decrease in vitamin C levels was
[72,144]
observed in adult IBD patients in remission
.
In summary, nutrition is a key factor in IBD - it
is involved in the pathogenesis and in the treatment
of these diseases. Nutrition in IBD is still a challenge
for patients and for medical care. Recent papers
have shown that patients’ knowledge in this matter
[145]
is relatively weak and needs improvement
. Fur
thermore, the increasing number of children with IBD
opens a new chapter in nutritional science. In these
cases, nutrition must ensure proper development as
well as promoting remission of the diseases.

PARENTERAL NUTRITION IN IBD
Estimates suggest that 20%-85% of patients suffering
[4,138,146]
from IBD are malnourished or underweight
.
Malnutrition occurs more frequently in patients with
CD than those with UC. There are several reasons
why patients with IBD are malnourished, and they
are mostly related to the significant importance of the
[147]
small bowel condition in patient body weight .
The relationship between metabolic condition and
IBD is complex. Nutritional therapy is carried out
through the combination of EN and PN (Figure 2).
Moreover, nutritional treatment can be divided into
primary and support therapy. The aim of primary
therapy is to induce and maintain remission, and
support therapy aims to enable the long-lasting effects
of pharmacological treatment.

Mode of action

PN can benefit patients with IBD as an alternative
for enteral intake of proteins, fats, vitamins, and
minerals. PN is used in patients with contraindications
or EN intolerance, especially those with symptoms of
severe malnutrition. TPN is also used during the acute
inflammatory phase (obstruction, toxic megacolon,
active fistulas), in the preoperative period, and in
groups of patients with SBS due to previous extensive
[5,6]
bowel resections .
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GI Function

Exclusive

Yes

No

Enteral nutrition

Parenteral nutrition

Supplemental

Nasogastric/duodenal
feeding tube or orally

If well tolerated additional oral feeding

Partial

Total

Peripheral
i.v. route

Central
i.v. route

If well tolerated additional enteral nutrition

Figure 2 Rules of nutritional therapy depended of normal function of gastrointestinal system. GI: Gastrointestinal.

Induction therapy in active disease

microelement, vitamin, and fluid requirements. In
addition, when there are complications in the course
of IBD or during the postoperative period, such as
bowel obstruction, fistula, or toxic megacolon, PN is the
main route for metabolic support. Combined feeding is
indicated as early as possible postoperatively, and EN
combined with PN diminishes inflammation and induces
remission. It also can improve mucosal healing by its
[151]
local immune-stimulating effects
. The duration of
PN during perioperative periods depends on the type of
surgery and the patient’s condition. In patients with CD
and multiple small bowel resections resulting in SBS, PN
[146]
is indicated as a prolonged supportive therapy .
In fact, the available data show that while PN
seems to play a primary role in the management of
patients with active CD, it does not have a primary
therapeutic effect in active UC and does not induce
clinical remission of this type of IBD. The use of
artificial nutrition in the treatment of active CD
is mostly based on the theoretical background of
temporary bowel rest, decreasing motoric function,
and thus antigenic stimulation by food components,
leading to increased bowel permeability. Coincident
metabolic support allows patients to restitute their
metabolic status with better and faster intestinal cell
[152]
renewal and better mucosal healing .
To date, few controlled clinical trials have been
conducted to show the effect of TPN on inducing
remission in active CD. Three months after starting PN,
[153]
the remission rate varied between 20% and 80% .
In other reports, authors found the effectiveness of
fistula healing during TPN improved from 43% to
63% in patients linked with weight gain and metabolic
[154,155]
restitution
.
Moreover, the latest studies in adults have not
shown a statistically significant decline in mortality in

PN is recommended for severely malnourished
patients unable to take food spontaneously or by tube
(nasogastric or nasoduodenal tube, gastrostomy).
Severe malnutrition is defined as a loss of more than
5% of body mass during 1 mo or 10% in 6 mo and
2[146]
body mass index (BMI) less than 19 kg/m
. An
accompanying marker of malnutrition is low serum
albumin level, which often correlates with the acute
phase and poor prognosis.
Proper restitution of nutritional state ought to be
considered, especially in pediatric patients. IBD by
itself or in combination with the effects of medication
(steroids) can severely impair normal growth and
development, sometimes with definitive deterioration
of children’s condition. A combination of under-nutrition
and growth failure is typical for pediatric patients
with IBD, although nutritional disturbances are more
common in children with CD compared with those with
UC. IBD therapy of adult patients mostly concentrates
on inducing and maintaining remission through EN. In
children, improvement of nutritional status and thereby
restoration of somatic and psychological condition
needs to be one of the main goals of therapy, achieved
[148]
in severe cases only with the introduction of PN .
Thus, PN as TPN or supportive therapy is particularly
indicated in the preoperative period in severely mal
nourished patients for the restitution or improvement
of their metabolic condition. Expected benefits are
improved wound healing, prevention of postopera
tive complications (anastomotic leaks), and limited
perioperative weight loss. There are studies strongly
indicating a correlation between low preoperative serum
albumin level and higher risk of poor mucosal healing
[149,150]
or anastomotic leak
. In the early postopera
tive period, TPN provides full calorific, electrolyte,
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surgical patients with PN support in IBD, except for
[146,156]
the severely malnourished
. There are no large
randomized studies concentrating exclusively on the
[146,157,158]
effects of PN in patients with IBD
. Thus, there
are no data on PN support during the preoperative and
[159]
perioperative period and disease relapse . However,
theory and clinical experience has strongly established
PN as a supportive therapy, especially in children
in the preoperative period or during perioperative
complications.

by the patient or by family members. Deviation from
the correct method of PN administration may result in
temporary serum glucose level disturbances, fluid and
electrolyte imbalances, and hunger strikes. Patients
on long-lasting PN are at a significantly increased risk
for developing metabolic bone disease, and vitamin,
[162-164]
microelement, and serum leptin disturbances
.
Liver failure seems to be the most important
complication, apart from septicemia, correlated with
PN. Acute hepatic complications after the introduction
of PN include liver dysfunction and cholestasis,
painful hepatomegaly, and hyperammonemia. They
can develop at any age but are most common
among pediatric patients. PN-associated cholestasis
is linked with the administration of soybean-based
[165]
intravenous fat emulsion
. In adults, the most
common complication is liver steatosis. Liver disease
incidence is strictly related to HPN duration. Moreover,
liver dysfunction may be transient, as evidenced
by elevated transaminases, bilirubin, and alkaline
phosphatase; and it commonly occurs when HPN is
started. Delayed or persistent elevations may result
from an excess of amino acids in the liquid nutritional
mixture. In some patients progressive fibrosis of the
liver may occasionally develop. Long-term TPN is
also a well-documented factor for cholelithiasis, with
[166,167]
frequency of about 40%
.
CVC related septicemia and vein thrombosis are
the most common complications leading to catheter
replacement. The septicemia rate in the first 1000 d
of HPN based on large group analysis ranged between
12% to 0.5-0.6/1000 HPN days, with Staphylococcal
[168-170]
septicemia being dominant
. A higher frequency
was observed in the first 1000 HPN days, especially in
pediatric patients. Pediatric patients were also more
likely to need catheter replacement because of injury
(disruption) and spontaneous removal more often.
TPN is realized through continuous intravenous
flow of fluids, which obviously influences quality of life.
Compared to EN, PN generates much higher costs and
very often requires professional nursing. New types of
central line catheters inserted peripherally or without
general anesthesia may partially improve patients’
[171]
quality of life .
In summary, PN is a significant element of treatment
in the group of IBD patients, is often life-saving and
should be implemented when required. However,
there are no evidence-based guidelines relating to the
effectiveness of PN in the therapy of IBD. Thus, EN
should be re-introduced as soon as possible, being
more suitable physiologically, safer, and less expensive.

Maintenance therapy in remission

PN seems to have a limited role as a maintenance
therapy in remission. It may be indicated in some
restricted cases, such as SBS after extensive bowel
resection, bowel obstruction, high-output fistula,
patients with severe dysmotility, and patients intolerant
[147]
to EN . For patients with SBS and limited absorption,
PN is advocated for years until they reach maximal
bowel adaptation (hyperplasia and bowel elongation
and dilatation). Nevertheless, in some cases, PN must
be considered as life-long therapy.
Bowel obstruction in the first 2 years after surgery
has a frequency of around 15%, reaching 18% after
[159]
10 years and 29% after 30 years
. Because each
subsequent laparotomy/laparoscopy increases the risk
of adhesions, conservative treatment is favored and
recommended for as long as possible with the support
of PN in cases of subileus, repeated incomplete
bowel obstruction, and severe dysmotility. Similarly,
in patients in remission with high-output jejuno/
ileostomy, PN plays a crucial role in metabolite and
fluid supply.
Long lasting PN increases the risk of complications
related to metabolic disturbances, liver failure,
cholestasis, central line infection, and catheter-related
venous thrombosis, thus significantly impacting patient
quality of life. If the gut can be used safely, EN is
actually the preferred feeding method for IBD patients
and must be the first choice in the induction and
[147,160,161]
remission phase of treatment
.

Side effects

Generally, PN is accomplished through central venous
catheters (CVC) placed in central veins, mostly in
the superior vena cava. There are special types of
catheters for long-lasting intravenous therapy, and the
access, especially in pediatric patients, is performed
under general anesthesia. Because of the limited
number of central veins, it is very important in IBD
patients with a possibility of long-lasting PN to reserve
central veins for nutritional access.
About 5%-15% of patients have complications
related to central venous access. There are four main
risks of PN: line infections, liver failure, metabolic
disturbances, and vein thrombosis. Most PN are carried
out at home as home parenteral nutrition (HPN)
according to the “all-in-one” method, administered
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ENTERAL NUTRITION IN IBD
For more than 40 years, enteral feeding has been
used in the nutritional therapy of IBD. From the early
1970s, when the first primary therapeutic effects of
an elemental diet in CD patients were shown, multiple
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studies regarding EN were carried out. The observed
therapeutic effect was different depending on the type
of IBD (CD vs UC), the age of the patients, their clinical
[172]
presentations, and their concomitant treatment .
Generally, EEN is the provision of 100% of a
person’s nutritional requirements from a liquid nutri
tional formula either orally or via a feeding tube. EEN
is usually provided for 6-8 wk and then a normal diet
[173]
is gradually reintroduced .
Protocols of EEN may be different regarding
composition of the enteral formula and route of
administration. Three main types of enteral formulas
are used in EEN depending on the degree of protein
hydrolysis. Polymeric formulas are designed to
mimic the general diet with non-hydrolyzed proteins,
carbohydrates, and fat. The source of protein is
usually casein, carbohydrates are provided as corn
maltodextrin, while the source of fat is canola or
soybean. Semi-elemental and elemental formulas are
planned for use in patients with malabsorption, so the
nutrients are partially (semi elemental formulas) or fully
hydrolyzed (elemental formulas). Protein is usually in
the form of dipeptides or tripeptides in semi elemental
formulas and free amino acids in elemental ones.
Carbohydrates are supplied as hydrolyzed cornstarch,
maltodextrin, or fructose, and lipids as fatty acids
[174]
esters or medium-chain triglycerides
. Additionally,
diet may be of standard concentration (1 kcal/mL) or
high concentration (2 kcal/ml). Depending on the fat
concentration, very low fat diets (< 3 g/1000 kcal), low
fat diets (< 20 g/1000 kcal), and high fat diets (> 20
[3]
g/1000 kcal) may be distinguished .
In the majority of early clinical studies with EEN,
[175]
elemental formulas were used
. Nevertheless, the
latest clinical studies showed that polymeric formulas
were as effective as elemental formulas at inducing
[172,176]
disease remission both in children and adults
.

associated with mucosal healing and a decrease
in pro-inflammatory cytokines, such as IL-1, IL-8
and interferon gamma, in mucosal specimens of
the terminal ileum and colon; and an increase of
TGF-β in the terminal ileum. This suggested that
clinical remission of CD during EEN is rather a result
of a reduction of the inflammatory process than
an improvement in the nutritional status of the
[179]
patient . Another clinical study showed that the antiinflammatory effect of EEN preceded the nutritional
effect and was maintained until the end of the
[180]
study . The specific diet used in this study contained
TGF-β, which was postulated as the therapeutic
[177]
activity of the formula used
. This observation was
confirmed in a retrospective pediatric study, where the
authors reported more effective results in decreasing
clinical activity of CD and improving nutritional status
of patients after EEN with polymeric formula enriched
with TGF-β2 when compared with patients fed with
[181]
non-TGF-β2 enriched formula . Moreover, a recently
published prospective study on a pediatric population
showed a correlation of daily protein and calorie
intake during EEN with both clinical response and the
concentration of TGF-β1 in CD children, confirming a
potential role of TGF-β in the stimulation of healing
[182]
processes in IBD . Additionally, the time needed for
clinical response in CD children treated with EEN was
comparable when using TGF-β enriched formulas and
[181-183]
formulas stimulating TGF-β release
.
Overall, no single component of EN has been
defined as explaining the curative effect of this
therapy. Nevertheless, some components of EN, such
as glutamine, arginine, and polyunsaturated fatty
acids, were shown to have beneficial properties in IBD
[184]
patients .
Despite the fact that some experimental and
clinical studies showed a positive effect of arginine
and glutamine on clinical symptoms and inflammatory
mediators in different inflammatory diseases, including
[185,186]
CD, their role in IBD is poorly documented
.
Although early studies showed an improvement in
the clinical course of diseases after arginine-enriched
formulas were used in EN, the latest meta-analyses
[187,188]
did not confirm these findings
. Additionally, a
glutamine-enriched enteral diet was not confirmed
to be superior to a standard polymeric diet in the
[189]
treatment of active CD patients
. Moreover, data
from clinical studies on EN in critically ill patients
showed conflicting results. In some groups of patients,
increased mortality was observed after glutamine[174]
enriched EN
. Based on these results, the latest
European Society for Parenteral and Enteral Nutrition
(ESPEN) guidelines did not recommend the use of
[190]
immune mediating nutrients in EN .
Several recent studies have shown that EEN
strongly influenced the physical and biochemical
characteristics of stool, especially sulfide and butyric
[191]
acid concentration
. Changes in stool metabolic

Mode of action

The mechanism underlying the therapeutic response to
EEN still remains unclear. There are a few theories that
try to explain its anti-inflammatory properties. Initially,
low antigenic load was thought to be responsible
for curative effects, but later studies showed that a
polymeric diet was as effective as an elemental one
[7]
in inducing remission in active CD . Another theory
indicated change of the profile of fatty acids in the
enteral diet and its possible influence on bacterial
microflora of the gastro-intestinal tract, resulting in the
[8]
therapeutic effect on CD .
The latest studies have indicated downregulation
of mucosal pro-inflammatory cytokines as a possible
[177,178]
factor responsible for inducing remission in IBD
.
One of the latest theories indicated a strong antiinflammatory effect of EN formulas on intestinal
mucosa accompanied by histopathological healing.
EN formulas enriched with tumor growth factor beta
(TGF-β) induced clinical remission of CD. This was
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activities interact with gut microbiome composition,
which may be also connected with the curative
[192]
properties of EEN .
The role of invasive bacterial species as triggers
and coinfection factors in IBD has not been fully
identified. Recent studies reported an increased
prevalence of MAP and adherent-invasive Escherichia
coli in intestinal tissues, stool cultures, and blood of
CD and UC patients, especially in the active stage
[49]
of disease . EEN may influence invasive bacterial
species and decrease their prevalence through
modification of bacterial diversity and modulation
of predominant intestinal bacterial microflora. This
may also be a potential mode of action of nutritional
[193,194]
therapy in IBD
.

CD patients showed a therapeutic effect that was as
strong as steroid therapy in inducing clinical remission.
However, a later Cochrane systematic review showed
that steroid therapy is more effective than EEN in
[176]
adults . When taking into consideration the potential
adverse effects of both methods of treatment, EN is a
much safer method of treatment and is still used as a
therapeutic method.
Nevertheless, in different parts of the world
there are different, sometimes contradictory, rules
regarding the place of EEN in management of IBD.
Currently, EEN is recommended as the first line of the
therapy in active CD in adults, when treatment with
[195]
corticosteroids is not feasible
. Recent European
and North American clinical guidelines recommend
EEN as a therapeutic option only if a patient declines
pharmacological therapy or as an adjunctive treatment
to support nutritional status rather than as primary
[203,204]
treatment
.
The British Society of Gastroenterology guidelines
suggest EEN in adult patients in preference to steroids,
immunosuppressants, or surgery, especially in patients
non-responsive to 5-aminosalicylic acid (5-ASA) or
[9]
with contraindications to steroid therapy . In contrast,
in Japan, EEN is still used in adult patients with IBD as
[205]
the preferred first line therapy .
It is not currently known why the benefits of EEN
therapy achieved in children are not demonstrated in
adults. One of the reasons may be that EEN therapy
induces remission of the disease by reducing mucosal
inflammation. In adult IBD patients, who have a longer
disease course and more frequent complications, which
are often not connected with inflammatory status, EEN
may be less effective.
There is limited evidence suggesting that EEN
therapy is more effective in newly diagnosed CD
patients compared to patients with long-standing
CD. In an Australian study in CD children, induction
treatment with EEN was successful in 80% of newly
[206]
diagnosed and 58% of long-standing CD patients .
Another pediatric study confirmed these results,
showing a higher relapse rate after the second course
of EEN (70%) when compared to the first one (67%)
[207]
during a 1 year period of follow-up .
However, a different treatment response dependent
on the time since diagnosis is not only demonstrated
for EEN therapy. Similarly, response and remission
rates achieved after anti-TNF therapy were higher
in CD children than in adults, which could be related
[208]
to disease duration prior to starting treatment
.
Nevertheless, a recent small study was published that
did not confirm these observations. In a group of 22
patients with CD, the authors found that EEN was as
effective in newly diagnosed patients as in those with
[172]
existing disease .
Additionally, a large retrospective Chinese study
showed that CD patients who completed EEN
therapy before surgical treatment of CD had a lower

Induction therapy in active disease

EEN is an effective treatment option for children and
adolescents with IBD, currently recommended as the
[195]
first line of the therapy in active CD . Nevertheless,
latest evidence suggests that this therapy may be
more effective in children than in adults, especially in
[196,197]
CD compared with UC
. Additionally, nutritional
support is beneficial for the development and pre
vention of growth retardation, which is a frequent
clinical symptom in children with IBD, especially with
CD. A Cochrane systematic review confirmed the
positive therapeutic role of EEN on development and
growth parameters in children with CD. Moreover,
children treated with EEN avoided corticosteroid
therapy and steroid-dependent adverse effects during
[191]
the first year after IBD diagnosis . In many pediatric
IBD centers in Europe, EEN therapy is frequently
chosen as the primary induction therapy in CD. In
contrast, in North America, only a few centers prefer
[198]
EEN in newly diagnosed CD children
. The British
Society of Gastroenterology guidelines suggest EEN
as the first line therapy in children and adolescents,
especially in those with small bowel involvement in
[9]
CD . Additionally, case reports of three children with
newly diagnosed perianal CD found that combined
EEN with pharmacological and surgical therapy may
be effective as an induction treatment resulting in the
[199]
remission of perianal CD lesions .
EN as induction therapy was confirmed as being
most effective when it was administered as EEN via
[200]
nasogastric tube excluding a normal diet . Recently,
however, a retrospective study analyzing the efficiency
of a fractionated oral diet compared to continuous EEN
in children with CD was published. The authors found
comparable clinical efficacy of the treatment in both
groups of patients, except for weight gain, which was
higher in the continuous feeding group. Additionally,
they did not observe intolerance of the volume of the
nutrient administered orally that had been observed in
[201,202]
previous studies
.
The first studies on EEN, both for polymeric and
elemental diets, as primary nutrition therapy in adult
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risk of complications and reoperations and longer
immunosuppressant-free intervals when compared to
[209]
patients without EEN therapy .

dually, it should be better tolerated by the patient.
Nevertheless, some patients can better tolerate the
prescribed volume at the beginning of the EEN course,
hoping for induction of the remission of the disease,
but if the disease symptoms are still present, the
[214]
compliance rate may be lower than expected . From
the patient’s point of view, a very important side effect
of the EEN regime is the restriction of the possibility
of eating and drinking additional food, which may
[4]
seriously limit compliance with the diet .
Both in pediatric and adult studies, some patients
did not accept the EEN regimen at all and refused EEN
treatment. In addition, some patients did not comply
with the EEN regime during nutritional therapy, due to
[214,215]
eating additional food to the prescribed formulas
.
This observation also requires attention, because it
reduces compliance of the patients and limits the
efficacy of EEN.

Maintenance therapy in remission

Different nutritional strategies can be considered in
maintenance therapy during remission. Two alternatives
are cyclical EEN, including nocturnal infusions of enteral
diet during one of every 4 mo or supplementary EN
[210]
with unrestricted daytime diet .
Children who continued supplementary EN through
a nasogastric tube after finishing induction therapy
remained in remission for a longer period of time. A
retrospective Scottish study in pediatric patients who,
after induction of CD remission, used EEN therapy
with continued maintenance EN with 25% of their
earlier EEN volume showed remission rates after 1
year of 60% compared to 65% in patients undergoing
azathioprine treatment (p = 0.14) and 15% in patients
[211]
with no treatment (p = 0.001) .
In a Japanese randomized controlled trial com
paring immunosuppressive therapy and elemental diet
as a maintenance therapy in adult CD patients, the
authors found a higher remission rate after 2 years
of follow-up in a 6-mercaptopurine treated group
(56.7%) and an elemental diet treated group (46.9%)
compared to a group without maintenance treatment
[212]
(21.2%)
. However, in this study, the majority of
patients drank elemental EN orally for a 2 year period.
This may be difficult to achieve in other populations,
especially in pediatric ones.
Another Japanese randomized controlled trial in
adult CD patients compared maintenance enteral
therapy supplying 50% of nutritional requirements
with unrestricted diet without any supplementation.
The study showed a lower relapse rate after 2 years of
follow-up in the elemental diet group (35%) compared
[213]
to the free unrestricted diet group (64%) .
Moreover, continuation of EN maintenance feeding
before completion of puberty was associated with
[210]
improved linear growth of children
. EEN was
also effective in children with perianal CD disease in
[199]
maintenance remission of lesions .
Two pediatric retrospective studies showed that
only 31% of children who achieved remission after
an EEN course continue EN as maintenance therapy,
with a mean time of 10 mo (range, 4-12 mo and 1-15
[206,211]
mo)
.
Thus, poor compliance in maintenance EN therapy,
secondary to taste fatigue, may be a main factor
limiting the length of EN supplementation and the
efficacy of this method of treatment.

Quality of life

Elemental formulas compared to polymeric ones have
a distinctive smell and flavor due to a higher level of
hydrolysis, mainly because of the presence of amino
acids, which causes them to be poorly tolerated by
[216]
patients when they are administered orally .
Bitterness, offensive smell, and belching and hiccup
may considerably impair patients’ quality of life and
compliance during EN with the elemental formula.
Modification of the formula by changing the particle
size of branched-chain amino acids reduced these
[217]
symptoms and increased patient compliance
.
Moreover, some additive flavors, such as apple,
pineapple, and fruit flavors, increased sweetness and
[217]
sourness and masked the bitterness of the formula .
The mode of delivery of the formula is very
important for patient quality of life and compliance.
Many studies with high compliance rates administered
elemental formulas via nasogastric tubes rather than
orally. Because this method of administration need
patients’ compliance and impairs the quality of life, it
is better accepted by hospitalized patients. However,
for outpatients taking the formula orally may be more
socially acceptable.
The influence of EEN on health-related quality
of life was confirmed in clinical trials. In a Japanese
randomized, controlled trial, the authors did not show
significant differences between semi-elemental diet fed
[218]
and normal diet fed groups . However, another trial
confirmed a significant improvement in health-related
quality of life after EEN treatment in children with
[219]
active CD
. Additionally, in this prospective cohort
study, a weak correlation between mucosal healing
after EEN therapy and quality of life was shown,
although the majority of patients had high scores on
[219]
quality of life questionnaires .
Interesting data were reported in a Chinese
clinical trial with adult active CD patients treated
with EEN for 4 wk. The enteral feeding protocol
used in this study included multiple low doses of

Side effects

EN is an effective therapy option without severe
adverse effects. Some minor side effects may occur
during administration of a nasogastric tube, such
as nausea and vomiting, but they usually disappear
[4]
quickly . If the volume of formula is increased gra
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oral polymeric EN formula in the daytime and a selfintubated nasogastric tube feeding at night for 4 wk.
Patients who achieved remission also had significantly
improved total IBD quality of life scores, intestinal and
systemic symptoms, and emotional and social scores.
In addition, 61.5% of patients who achieved remission
after the EEN course wanted to repeat the EEN course
[220]
if the disease would relapse again
. These data
showed that the positive impact of EEN on diseaserelated quality of life symptoms exceeded its negative
influence and limitations related to the method of
feeding.

In a large Dutch pediatric study, assessing a 6 wk
EEN course in active CD children, 71% of patients
achieved complete remission and 26% partial
remission of disease. The median time observed to
relapse of CD was 21 wk (range, 2-169 wk), while
after a median follow-up time of 18 mo 62% of
patients had a relapse of CD. Additionally, KaplanMeier analysis showed that the cumulative risk of
relapse within the first year of follow-up after EEN
[214]
induction therapy was 59%
.

Future perspectives for nutritional therapy

Based on the latest research data, numerous new
questions will be asked regarding the influence of
nutrition on the pathogenesis of IBD and its methods
of application, especially in EEN.
A role for nutritional factors in “IBD integrome” theory
[228]
is still not quite clear . Detailed potential interactions
among nutrition and the genome, microbiome, and
immunome may have important clinical value and need
to be investigated in future studies.
The confirmed influence of EEN on bacterial
microflora modification provokes the question whether
the enrichment of enteral diet with prebiotics or
probiotics increase the EN efficacy in IBD.
Taking into consideration the potential side effects
of EN, we also should ask the question whether EEN
manner is mandatory for therapeutic effect, or whether
for better patient quality of life we should propose
semi-exclusive nutrition.
Furthermore, if changes in the fatty acid profile in
an EN diet may result in anti-inflammatory activity,
what other diet supplements or fat modifiers may
show similar or even stronger therapeutic effects?
Future studies also should specify the indications
for different ways of feeding (parenteral vs enteral,
tube vs oral) and the precise details of nutritional
protocols (time, type of formula, and dose). Finally,
increasing patient compliance during nutritional
therapy is essential to establish the optimal formula
composition regarding its smell and taste.
Answers to the above questions will take nutrition
therapy a step further and increase the efficacy of
treatment and its tolerance by both adult and pediatric
patients.

Short-term and long-term outcomes of nutritional
therapy

In a retrospective study concerning the therapeutic
efficacy of EEN with three different enteral diets
(polymeric, semi-elemental, and elemental) when
compared to corticosteroid therapy, the authors
observed a higher remission rate (80% vs 30%) after
12 mo of follow-up, comparable for all three formulas.
Additionally, a higher number of patients treated
with EEN achieved endoscopic and histopathological
[221]
remission after 8 wk of treatment
. Another retro
spective study on a population of newly diagnosed
CD children showed that more than 90% of patients
treated with EEN achieved remission after a median
[222]
time of 6 wk
. Moreover, 47% of patients treated
with EEN avoided corticosteroid therapy for the next
[223]
1-7 years . According to a recently published metaanalysis, concerning five randomized controlled trials
on newly diagnosed pediatric CD patients (total n =
147), EEN efficacy was comparable to corticosteroid
[224]
therapy, with equal rates of clinical remission
. A
second meta-analysis of children with CD, based on
the results of four randomized controlled trails (total
n = 144), also found no significant differences in
the remission rates between EEN and corticosteroid
[225]
therapy
. The large retrospective study regarding
short-term follow-up of children after 8 wk of EEN
confirmed earlier observations. Additionally, during
2 years of follow-up the patients’ weight and BMI
z scores significantly improved when compared to
baseline. However, EEN course increased height
velocity during 6 mo in responding patients but did
not improve height z score in a 2 year term of follow[226]
up
. Overall, 57% of patients relapsed during
the next 2 years with a median relapse time of 6.5
mo. Nevertheless, 70% of them responded to a
second course of EEN that was used as an induction
[227]
treatment .
In a Canadian pediatric study on newly diagnosed
CD children, similar remission rates (89% vs 91.3%, p
= NS) after 3 mo and similar relapse rates (40.6% vs
28.6%, p = NS) after 12 mo of follow-up in the EEN
[226]
and corticosteroid groups were reported
. Similar
observations were presented in an Australian pediatric
[227]
study during 2 years of follow-up .
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CONCLUSION
In summary, the role of nutrition in IBD is essential, it is
involved both in pathogenesis and in treatment of these
diseases. Although research studies have confirmed
its effectiveness in induction and maintenance therapy,
outcomes from actual use in children and adult patients
with IBD in different countries is not the same. EEN is
the first-line therapy option in active CD in children and
to a lesser degree in adult patients, while PN should
only be considered as an alternative method of nutrition
for those with EN intolerance or during perioperative
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periods of treatment. Future improvements in nutritional
protocols and ameliorating the side effects of currently
used nutritional therapy and improving the quality of
life of the patients would result in better acceptance and
better tolerance of this method of treatment by IBD
patients.
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Abstract
Endothelial dysfunction is considered one of the
etiological factors of inflammatory bowel disease
(IBD). An inflammatory process leads to functional
and structural changes in the vascular endothelium.
An increase of leukocyte adhesiveness and leukocyte
diapedesis, as well as an increased vascular smooth
muscle tone and procoagulant activity is observed.
Structural changes of the vascular endothelium
comprise as well capillary and venule remodeling
and proliferation of endothelial cells. Hypoxia in the
inflammatory area stimulates angiogenesis by upregulation of vascular endothelial growth factor,
fibroblast growth factor and tumor necrosis factor-α.
Inflammatory mediators also alter the lymphatic
vessel function and impair lymph flow, exacerbating
tissue edema and accumulation of dead cells and
bacteria. The endothelial dysfunction might be
diagnosed by the use of two main methods: physical
and biochemical. Physical methods are based on the
assessment of large arteries vasodilatation in response
to an increased flow and receptors stimulation. Flowmediated vasodilatation (FMD) is the method that is
the most widely used; however, it is less sensitive in
detecting early changes of the endothelium function.
Most of the studies demonstrated a decrease of
FMD in IBD patients but no changes in the carotic
intima-media thickness. Biochemical methods of
detecting the endothelial dysfunction are based on the
assessment of the synthesis of compounds produced
both by the normal and damaged endothelium. The
endothelial dysfunction is considered an initial step
in the pathogenesis of atherosclerosis in the general

Artur Jurczyszyn, Department of Hematology, Jagiellonian
University Medical College, 31-531 Cracow, Poland
Author contributions: Cibor D designed the paper, searched and
analyzed literature, drafted and revised the paper, approved the
final version; Domagala-Rodacka R and Rodacki T performed
tables and figures, drafted and revised the paper, approved the
final version; Jurczyszyn A, Mach T and Owczarek D searched
and analyzed literature, drafted and the revised paper, approved
the final version.
Conflict-of-interest statement: The authors do not declare any
conflicts of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dorota Cibor, MD, PhD, Department
of Gastroenterology, Hepatology and Infectious Diseases,
Jagiellonian University Medical College, Sniadeckich 5 Str,
31-531 Cracow, Poland. dorota.cibor@gmail.com
Telephone: +48-12-4247340
Fax: +48-12-4247380
Received: April 29, 2015
Peer-review started: May 12, 2015
First decision: July 20, 2015

WJG|www.wjgnet.com

1067

January 21, 2016|Volume 22|Issue 3|

Cibor D et al . Endothelium dysfunction in IBD
[3,6]

population. In IBD patients, the risk of cardiovascular
diseases is controversial. Large, prospective studies are
needed to establish the role of particular medications
or dietary elements in the endothelial dysfunction
as well to determine the real risk of cardiovascular
diseases.

(vWF), and cellular adhesion molecules (CAMs)
(Table 1). Under physiological conditions, the
endothelium has dilating effect on vessels, prevents
their excessive permeability, and prevents adhesion
and aggregation of blood platelets and leukocytes.
It also regulates fibrinolysis and the coagulation
[4,7]
pathway
(Figures 1 and 2).
NO is a key mediator secreted by the endothelium
and is produced from L-arginine by endothelial nitric
[8]
oxide synthase (eNOS) . It is released from the
endothelium in response to shearing forces applied
[9]
to the vascular wall . It acts by increasing the
concentration of cyclic guanosine monophosphate,
which has a vasodilatory effect, and also inhibits the
expression of cytokines, chemokines, and leukocyte
adhesion substances, inhibits blood platelet adhesion
and aggregation, and limits the proliferation of smooth
[6,9]
muscle cells in the vascular wall . Endotheliumderived hyperpolarizing factor also has a vasodilatory
effect, whereas a vasoconstrictive effect is exhibited
by endothelin 1 and endothelium-derived contracting
factor.

Key words: Biomarkers; Cytokines; Diagnosis; Endo
thelial dysfunction; Inflammatory bowel diseases;
Inflammation; Microvasculature
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endothelial dysfunction seems to play an
important role in the pathogenesis of inflammatory
bowel disease (IBD). Inflammatory process leads
to functional and structural changes in the vascular
endothelium and in consequence its activation. It may
contribute to cardiovascular complications, however, in
IBD patients, the risk of cardiovascular disease is still
controversial. Some of immunomodulatory medications
used in IBD treatment may decrease the risk of endo
thelial dysfunction. In this review article, we present
the role of the endothelium in the inflammatory pro
cess, diagnostic methods of its dysfunction and current
knowledge of the cardiovascular disease risk in IBD.

Pathogenesis
Vascular endothelium

Endothelial dysfunction is “an imbalance between
vasodilatating and vasoconstricting substances
[10]
produced by (or acting on) endothelial cells” .
Inflammation leads to functional and structural
changes in vascular endothelium and its activation
(Figure 3). These changes initially include increased
leukocyte adhesiveness, leukocyte diapedesis, and
vascular smooth muscle tone and procoagulant
[5,11]
activity
. Activation of endothelial cells is promoted
by the interactions between integrins and chemokine
receptors with endothelial and mucosal ligands, the
[12,13]
CAM superfamily, and chemokines
. Activated
endothelium expresses CAMs and chemokines,
[14,15]
which promote the recruitment of leukocytes
.
Adhesion is the most important process determining
[16]
which leukocytes migrate to tissues . The three
main classes of CAMs are selectins, integrins, and
the immunoglobulin CAM superfamily, including
intercellular adhesion molecule-1 (ICAM-1), ICAM-2,
[17]
and vascular cell adhesion molecule-1 (VCAM-1)) .
This process is mainly mediated by leukocyte CD11a/
CD18 binding to ICAM-1 in the gut or by α4-β1 or
α4-b7 binding to VCAM-1 and mucosal addressin cell
[12]
adhesion molecule-1 (MAdCAM-1) .
Cultures of human intestinal microvascular
endothelial cells (HIMECs) have revealed unique
[18]
leukocyte adhesion and growth patterns . Significant
changes, particularly an enhanced capacity to
adhere to leukocytes, occur in chronically inflamed
microvessels of patients with IBD compared to
vessels from healthy controls and patients without
[5]
IBD . Microvascular expression of ICAM-1 and
[14,16]
VCAM-1 is upregulated in patients with IBD
.

Cibor D, Domagala-Rodacka R, Rodacki T, Jurczyszyn A, Mach
T, Owczarek D. Endothelial dysfunction in inflammatory bowel
diseases: Pathogenesis, assessment and implications. World J
Gastroenterol 2016; 22(3): 1067-1077 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1067.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1067

INTRODUCTION
Inflammatory bowel disease (IBD) has a multifactorial
etiology that has not been fully elucidated. Patients
with IBD are genetically predisposed to pathological
interactions between intestinal microflora and the
[1]
immunological system . Changes in the balance
between regulatory and inflammatory cytokines
[2]
lead to maintenance of the inflammatory process .
Dysfunction of the endothelium has also been con
sidered an etiological factor.
The endothelium is a highly specialized, singlelayered epithelium that lines internal surfaces of blood
[3,4]
and lymph vessels and cardiac valves . It plays
a significant role in tissue flow, blood coagulation,
regulation of substance transport across vascular walls,
and regulation of the number and type of leukocytes
[3,5]
migrating across vascular walls
. Endothelial
cells are characterized by high metabolic activity,
basement membrane-producing elements, intercellular
components, and numerous substances that regulate
blood vessel function, such as nitric oxide (NO),
endothelin 1, prostacyclin 2, von Willebrand factor
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Table 1 Factors released by endothelium
Factors regulating vascular tension
Vasodilating effect

Factors regulating angiogenesis and
cells proliferation

Factors regulating coagulation
and fibrinolysis

Factors regulating inflammatory process

Vasoconstricting
effect

Inhibition of
proliferation

Stimulation of
proliferation

Anticoagulant
effect

Adrenomedullin
(ADM)

Angiotensin Ⅱ
(AT Ⅱ)

Adenosine (Ado)

Antithrombin
Ⅲ (AT Ⅲ)

ET-1

NO

Adhesion molecules

Bradykinin (BK)

Endothelin-1
(ET-1)
Plateletactivating factor
(PAF)

Extracellular
proteases
inhibitors
NO

AT Ⅱ

Heparan sulfate

PAF

PGI2

Chemokines

PGI2

ET-1

NO

Endothelium-derived Prostaglandin H2 Transforming
hyperpolarizing
(PGH2)
growth factor-β
factor (EDHF)
(TGF-β)

Heparan sulfate

PGI2

Plasminogen
activator
inhibitor type 1
(PAI-1)
ROS

Nitric oxide (NO)

Thromboxane A2
(TXA2)

Protein C (PC)

Tissue factor
(TF)

Prostacyclin (PGI2)

Reactive oxygen
species (ROS)

Insulin-like
growth factor 1
(IGF-1)
Interleukins (Il)

Tissue factor
pathway
inhibitor (TFPI)
Tissue-type
plasminogen
activator (t-PA)
Urokinase
plasminogen
activator (uPA)

TXA2

C-type natriuretic
peptide (CNP)

ROS

Vascular
endothelial
growth factor
(VEGF)

Proinflammatory
effect

Cytokines

Nuclear factor
kappa-lightchain-enhancer of
activated B cells
(NF-kB)

Von
Willebrand
factor (VWF)

[13,17,27]

Increased MAdCAM-1 expression is also observed,
which increases recruitment of α4 integrin-expressing
[19]
[20]
leukocytes . Vowinkel et al
demonstrated a
significant increase in endothelial expression of CD40,
resulting in increased recruitment of leukocytes.
The risk for hyperhomocysteinemia is significantly
higher in patients with IBD than in those without the
[21,22]
disease
. HIMECs are activated by homocysteine
alone or homocysteine combined with tumor necrosis
factor-α (TNF-α), leading to enhanced VCAM-1 expre
ssion, increased production of monocyte chemotactic
protein-1, and phosphorylation of p38 mitogen[16,23]
activated protein kinase
.
Decreased NO production occurs in patients with
IBD, which may be caused by increased arginase
activity, an enzyme that competes with NOS, and a
[16,24,25]
lack of inducible NOS mRNA expression
. Vascular
[11]
endothelium is also a TNF-α target . Binding of TNF-α
to the TNF receptor leads to diminished eNOS protein
expression and suppresses eNOS activity, which
prevents degradation of asymmetric dimethylarginine
[11,26]
(ADMA), an endogenous eNOS inhibitor
. Reactive
oxygen species are produced in the inflamed area,
which generate oxidative stress in vWF molecules.
This process inhibits cleavage of vWF molecules by
disintegrin and metalloproteinase with thrombospondin
motif-13 and contributes to the creation of ultra-large
vWF multimers leading to microvascular thrombosis in

WJG|www.wjgnet.com

Prothrombotic Anti-inflammatory
effect
effect

patients with IBD
.
Structural changes in vascular endothelium include
capillary and venule remodeling and proliferation
[28]
of endothelial cells . Angiogenesis is a crucial
process that sustains chronic inflammation in the
gastrointestinal tract. Numerous inflammatory cell
types, including macrophages, lymphocytes, mast
cells, and fibroblasts, produce angiogenic factors and
promote pathological angiogenesis in inflammatory
[16,29]
tissues
. Hypoxia in the inflamed area stimulates
angiogenesis by upregulating vascular endothelial
growth factor (VEGF), fibroblast growth factor, and
[29]
[30]
TNF-α . Rutella et al
suggested that inflamed
HIMECs recruit platelets to produce higher levels of
pro-angiogenic VEGF-A and CD40 ligand (CD40L) in
patients with active ulcerative colitis (UC) and Crohn’s
[30]
disease (CD) .
The CD40-CD40L pathway has a dual role,
directly stimulating mucosal angiogenesis and acti
vating CD40L-expressing T cells, which in turn
stimulates intestinal fibroblasts to release angiogenic
[31]
cytokines . CD40 is upregulated by several cell types
in patients with IBD, including antigen-presenting
cells, monocytes, and endothelial cells. CD40L is
overexpressed by T cells and platelets, and plasma
CD40L levels are particularly high in patients with
[31,32]
active IBD
. The CD40-CD40L pathway promotes
mucosal inflammation and triggers increased production
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Ⅴ
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Figure 1 Anticoagulant activity of endothelium. NO: Nitric oxide; PGI2: Prostacyclin; PC: Protein C; APC: Activated protein C; Ⅴ, Ⅷ: Coagulation factors; TFPI:
Tissue factor pathway inhibitor; t-PA: Tissue-type plasminogen activator.
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(-)
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↑Platelet aggregation
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Figure 2 Procoagulant activity of endothelium. PAI-1: Plasminogen activator inhibitor type 1; t-PA: Tissue-type plasminogen activator; TXA2: Thromboxane A2; TF:
Tissue factor; VWF: von Willebrand factor.
[31]

of various cytokines and cell adhesion molecules .
CD40 binding stimulates the production of TNF-α, and
[32]
TNF-α increases CD40 expression .
Intestinal endothelium is also involved in innate
immunity by expressing toll-like receptors (TLRs),
which increase the expression of proinflammatory
genes and promote leukocyte chemotaxis, pha
gocytosis, and cytotoxicity as a second-line defense
[33]
against bacterial entry . Expression of TLRs on
vascular endothelial cells is upregulated by vascular
inflammation, as well as by lipopolysaccharide.
Endothelial cells detect both extracellular and
intracellular microbial invaders through TLRs and

WJG|www.wjgnet.com

activate the nucleotide oligomerization domain family
[34]
of proteins . Activated TLRs upregulate endothelial
leukocyte adhesion molecules, increasing leukocyte
[35]
transmigration .
[36]
Tolstanova et al
demonstrated that damage
to endothelium and increased vascular permeability
lead to hypoxia in four UC animal models, which
increases the levels of oxygen-derived toxic free
radicals and induces epithelial cell injury followed by
the development of erosions und ulcerations. Genetic
predisposition, activation of the VEGF gene, and
activation of TLR2 by oxidation stress are responsible
for increased endothelial microvascular permeability in
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Lymphocyte

NF-kB

Endothelium

Proinflammatory cytokines and chemokines:
IL-1B, IL-6, IL-8, TNF-a, MCP-1

Figure 3 Inflammatory activation of endothelium. TNF: Tumour necrosis factor; IL: Interleukin.
[36]

patients with UC

.

these methods, flow-mediated vasodilation (FMD)
[11,41]
is the most widely used and the most sensitive
.
However, these methods may not accurately reflect
endothelial function in the microcirculation and are
less sensitive for detecting early changes in endothelial
[11,42]
function
.
The biochemical methods used to detect endothelial
dysfunction are based on assessing the synthesis
of compounds produced by normal and damaged
endothelium. Numerous substances are released by
[11,43]
abnormally activated endothelium (Table 2)
.
Endothelial activity in patients with IBD has been
evaluated by physical and biochemical methods.
[44]
Kocaman et al
reported that both endothelialdependent and endothelial-independent dilation are
significantly worse in patients with severe or moderate
UC than in controls, and that endothelial dysfunction
is associated with activity-related extra-intestinal
complications.
[42]
Roifman et al
assessed endothelial dysfunction
and found that 48 patients with UC and CD had
lower pulse arterial tonometry values and shear
stress reactive hyperemia compared to controls,
which indicates endothelial dysfunction. However, no
association was detected between clinical features such
as disease duration, underlying therapy, or disease
[45]
activity. Theocharidou et al
reported that carotid
intima-media thickness (cIMT) increases significantly in
patients with UC and CD but lacks an association with
[46]
clinical disease activity. Similarly, Aloi et al
found an
increase in cIMT and a decrease in FMD in pediatric
[47]
patients. Zanoli et al
demonstrated that arterial
stiffness increases in patients with IBD independently
of conventional cardiovascular risk factors and that
carotid-radial pulse wave velocity (PWV) is positively
correlated with disease duration. Arterial stiffness
decreases following immunomodulatory therapy

Lymphatic endothelium

The lymphatic vessels are responsible for intestinal
lymphatic transport and elimination of accumulated
fluid, inflammatory cells, and mediators. However,
inflammatory mediators released alter lymphatic vessel
function and impair lymph flow in patients with IBD,
which exacerbates tissue edema and the accumulation
of dead cells and bacteria. Lymphangiogenesis
is mediated by binding of the lymphatic vascular
endothelial selective growth factors VEGF-C and
[37]
VEGF-D/VEGF receptor-3 .
Lymphatic obstruction, submucosal edema, and
extended lymphangiogenesis are observed in patients
[13,16]
[38]
with IBD
. Rahier et al
reported that lymphatic
density increases significantly in patients with CD
and UC in both inflamed and non-inflamed intestinal
[39]
mucosa. Tonelli et al
demonstrated a correlation
between parietal wall thickness and the severity of
changes in lymphatic drainage in patients with IBD
and stenosis, and reported that these abnormalities
disappeared after strictureplasty. It remains unclear
whether the impaired lymphatic function in patients
with IBD is a consequence of inflammation or a
[40]
preceding lymphangitis-like event .

Diagnostic methods of detecting
endothelial dysfunction
Endothelial dysfunction is diagnosed using physical
and biochemical methods. Physical methods are
based on assessing vasodilation in large arteries in
response to increased flow and receptor stimulation,
[3,34]
mainly acetylcholine
. The most popular noninvasive procedures are presented in Table 2. Among
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Table 2 Methods of endothelium dysfunction assessment
Proteins activated by normal and activated endothelium
Angiopoietin-1
Angiopoietin-2
Asymmetric dimethylarginine (ADMA)
Disintegrin and metalloproteinase with thrombospondin motif-13 (ADAMTS13)
Intercellular adhesion molecule-1 (CAM-1)
Plasminogen-activator inhibitor (PAI-1)
Selectins P and E
Tissue plasminogen activator (t-PA)
Thrombomodulin
Vascular adhesion molecule-1 (VCAM-1)
Vascular endothelial growth factor (VEGF)
von Willebrand factor (vWF)
Non-invasive physical methods
Carotis intima-media thickness (cIMT)
Flow mediated dilatation (FMD)
Pulse arterial tonometry (PAT)
Pulse wave analysis (PWA)
Pulse wave velocity (PWV)
Reactive hyperaemia index (RHI)

[48]

(steroids and azathioprine or anti-TNF-α) . Several
studies have reported no differences in cIMT values
[49-52]
[49]
in patients with IBD
. Ozturk et al
measured
carotid femoral PWV, cIMT, and FMD in a group of
patients with IBD without additional cardiovascular
risks. They did not find any changes in cIMT, but
they reported a significantly lower FMD and higher
carotid femoral PWV. Similarly, a Korean study on 38
patients with IBD did not show an increase in cIMT
compared to healthy controls. Disease severity was
not correlated with cIMT but a positive correlation was
[50]
[51]
detected with disease duration . Kayahan et al and
[52]
Broide et al
reported no differences in cIMT, but the
latter study reported a significantly impaired FMD in
[53]
patients with IBD. Petr et al
evaluated the reactive
hyperemia index (RHI) and E-selectin and ADMA levels
in 21 patients with CD and reported a decrease in RHI
but increases in E-selectin and ADMA levels.
A few studies have assessed the levels of endo
thelial dysfunction biomarkers in serum of patients
with IBD and have provided controversial data. Some
[54,55]
studies have reported an increase in VEGF level
.
In another study, no difference in ICAM-1 or E-selectin
expression was observed between patients with active
[56]
[57]
UC and inactive CD . In contrast, Adamska et al
reported a significant increase in E-selectin expression
in patients with active CD compared to patients in
[58]
remission. Similarly, Goggins et al
demonstrated an
increase in levels of ICAM-1 and E-selectin in serum of
patients with IBD but C-reactive protein (CRP) was a
better indicator of disease activity. Another study found
increased ICAM-1 levels in patients with IBD compared
[55]
[59]
to healthy controls . Magro et al
demonstrated
that levels of P-selectin, E-selectin, VCAM, ICAM, VEGF,
and angiogenin in serrum are significantly lower in
patients with inactive CD than in controls, suggesting
dysfunction in the angiogenic process and wound
repair. Lower levels of VEGF and angiogenin have been
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Cell-based methods
Circulating angiogenic cells
Endothelial progenitor cells
Endothelial microparticles

demonstrated in patients with inactive IBD compared
[60]
to those with active disease .

IMPLICATIONS
Risk of cardiovascular complications

Chronic systemic inflammatory diseases are asso
ciated with accelerated atherosclerosis, a higher
rate of cardiovascular disease (CVD), and increased
morbidity and mortality compared to the general
[11,61-63]
population
. Inflammatory mediators, such as
CRP, TNF-α, interleukin (IL)-6, IL-18, and CD40L,
are involved in the pathogenesis of inflammation
[64,65]
and atherosclerosis
. Endothelial dysfunction is
considered the initial step in the pathogenesis of
atherosclerosis in the general population and may be a
[66]
marker for future risk of cardiovascular events .
The risk for CVD in patients with IBD is contro
versial. Some studies have demonstrated an increased
[66-68]
risk for CVD in these patients
, whereas others
have provided no evidence for an increased risk of
[69-71]
[72]
mortality due to CVD
. Ruisi et al
found no
increased risk for CVD in patients with IBD without
traditional CVD risk factors after a 2-year follow[73]
up. A meta-analysis performed by Fumery et al
and composed of 33 observational studies showed
a higher risk for ischemic heart disease and arterial
thromboembolism in patients with IBD but no
increased risk for cardiovascular mortality. In addition,
[74]
Singh et al
reported a 19% higher risk of CVD
in patients with IBD and a modest increased risk
for cardiovascular morbidity (from cerebrovascular
accidents and ischemic heart disease), mostly in
[74]
[75]
female patients . Kristensen et al
performed
a population-based study and demonstrated an
increased risk for myocardial infarction in patients with
IBD during flare-ups and during persistent disease
[76]
activity, but not in patients in remission .
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Coronary flow reserve is impaired in patients
with IBD, suggesting dysfunction in coronary micro
[76]
circulation .
[77]
Fan et al
concluded that traditional risk factors,
such as age, systolic blood pressure, body mass
index, diabetes, and triglycerides, rather than
inflammatory markers, are major predictors of arterial
stiffness in patients with an inflammatory disease.
[49]
In contrast, Ozturk et al
suggested that patients
with IBD without traditional cardiovascular risk factors
have higher risks for endothelial dysfunction and
atherosclerosis.
Some studies have suggested that patients with
IBD, particularly those with CD, exhibit low levels of
[78]
total cholesterol and low-density lipoprotein (LDL) .
[79]
However, Sappati Biyyani et al
reported lower total
cholesterol but higher LDL and lower high-density
lipoprotein levels in patients with IBD in a large
retrospective study. Changes in the lipid profile do
[77]
not depend on disease activity . Despite a lower
incidence of traditional CVD risk factors in patients
with IBD, these patients are diagnosed with coronary
[67,80]
artery disease at a younger age
. It is important
to emphasize that some patients with CD are tobacco
smokers, which could also contribute to enhanced
[81]
endothelial damage . These findings indicate that
large prospective studies are needed to determine the
actual risks for CVD in patients with IBD.

At the same time, it is probable that methotrexate
improves endothelial-dependent vasodilation in
[62]
patients with rheumatoid arthritis . A weekly low
dose of methotrexate reduces disease-associated
[88]
cardiovascular mortality. Thornton et al
suggested
that methotrexate induces cytoprotective genes by
activating adenosine monophosphate protein kinasecyclic AMP response element binding protein signaling,
which prevents CVD.
In vitro studies have indicated that cyclosporine
[89]
induces increased activation of endothelial cells .
However, some evidence suggests that cyclosporine
[84,90]
. At
A inhibits angiogenesis targeting VEGF-A
the same time, azathioprine and its metabolite,
6-mercaptopurine, may play a protective role against
[91]
the activation of endothelial cells .
New therapeutic options for patients with IBD
include anti-adhesion molecules, such as vedolizumab,
[92]
etrolizumab, and PF-00547659 . Vedolizumab targets
α4-b7 integrins and blocks interactions between α4-b7
integrins and MAdCAM-1. Etrolizumab targets the β7
subunit, and PF-00547659 is a monoclonal antibody
[92]
against MAdCAM-1 . Anti-chemokine receptor
CCR 9 interferes with the activation of inflammatory
cells in the intestine. Other medications, such as
laquinimod and tofacitinib, reduce the synthesis of pro[92]
inflammatory cytokines .
As the lymphatic endothelium seems to play
an adaptive role in the inflammation that occurs in
patients with IBD, the inflammatory process may also
be affected by stimulating lymphatic vessel functions,
such as drainage and clearance of bacterial antigens,
[37]
together with adaptive immunity . D’Alessio et
[37]
al
demonstrated that adenoviral induction of the
prolymphangiogenic factor VEGF-C in two different
animal models significantly prevents the development
of acute and chronic colitis, which supports the
potential use of lymphangiogenic growth factors as a
[37]
novel therapeutic approach .
Improved endothelial function may also be achieved
by increasing NO availability, as antioxidants affect
the decrease in NO breakdown. Dietary components,
such as vitamins C and E, have potential benefits
[93]
on endothelial function and could prevent CVD .
Recent studies provide no evidence for a supportive
[94]
role of vitamin D in endothelial function . Ibrahim
[95]
et al
showed that treatment with long-chain n-3
polyunsaturated fatty acid decreases the expression
of adhesion molecules in endothelial cells and has a
potential anti-angiogenic role in animal models and in
vitro.

Pharmacological interventions and endothelial function

Pharmacological agents directed against TNF-αmediated inflammation may decrease the risk for
endothelial dysfunction and CVD in patients with IBD.
Some studies that have addressed rheumatoid arthritis
have demonstrated decreased levels of endothelial
dysfunction biomarkers in plasma after anti-TNF-α
[11]
therapy . Other studies have shown improved
endothelium-dependent vasodilation in patients with
inflammatory diseases, including rheumatoid arthritis,
spondyloarthritis, psoriasis, and IBD after initiating
[11,48,82]
anti-TNF-α therapy
. However, whether this effect
[11]
is permanent or transient remains controversial .
[83]
Arijs et al
demonstrated that inflammatory cells
from the intestinal lamina propria disappear after an
infliximab infusion and that previously upregulated
cell adhesion molecules are restored. Some authors
have suggested that anti-TNF-α antibodies inhibit
[84,85]
[32]
angiogenesis in patients with IBD
. Danese et al
showed that anti-TNF-α downregulates the CD40/
CD40L pathway.
The effects of TNF-α on the cardiovascular
system could be both beneficial and harmful due to
concentration-related differences in activation of
[63,86]
different receptors
.
Data regarding corticosteroids are controversial
as well. However, a systematic review of studies
that assessed steroid administration in patients with
rheumatoid arthritis did not report any effects of
[87]
steroid use on endothelial function .
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CONCLUSION
Endothelial dysfunction plays a pivotal role in the
development of IBD. Some immunomodulatory
medications used to treat IBD affect endothelial
function; however, large studies on the interactions
between the gut microvasculature, cytokines,
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chemokines, cell adhesion molecules, inflammatory
growth factors, and platelets are needed to create new
therapeutic strategies for patients with IBD.
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Abstract

Mazen Elias, Walid Saliba, Bruce Rappaport Faculty of
Medicine, Technion-Israel Institute of Technology, Haifa 31096,
Israel

Inflammatory bowel disease is thought to be caused
by an aberrant immune response to gut bacteria in a
genetically susceptible host. The gut microbiota plays
an important role in the pathogenesis and complications
of the two main inflammatory bowel diseases: Crohn’s
disease (CD) and ulcerative colitis. Alterations in gut
microbiota, and specifically reduced intestinal microbial
diversity, have been found to be associated with chronic
gut inflammation in these disorders. Specific bacterial
pathogens, such as virulent Escherichia coli strains,
Bacteroides spp, and Mycobacterium avium subspecies
paratuberculosis, have been linked to the pathogenesis
of inflammatory bowel disease. Antibiotics may
influence the course of these diseases by decreasing
concentrations of bacteria in the gut lumen and altering
the composition of intestinal microbiota. Different
antibiotics, including ciprofloxacin, metronidazole, the
combination of both, rifaximin, and anti-tuberculous
regimens have been evaluated in clinical trials for
the treatment of inflammatory bowel disease. For
the treatment of active luminal CD, antibiotics may
have a modest effect in decreasing disease activity
and achieving remission, and are more effective in
patients with disease involving the colon. Rifamixin, a
non absorbable rifamycin has shown promising results.
Treatment of suppurative complications of CD such as
abscesses and fistulas, includes drainage and antibiotic
therapy, most often ciprofloxacin, metronidazole, or a
combination of both. Antibiotics might also play a role
in maintenance of remission and prevention of post
operative recurrence of CD. Data is more sparse for
ulcerative colitis, and mostly consists of small trials
evaluating ciprofloxacin, metronidazole and rifaximin.
Most trials did not show a benefit for the treatment
of active ulcerative colitis with antibiotics, though
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2 meta-analyses concluded that antibiotic therapy
is associated with a modest improvement in clinical
symptoms. Antibiotics show a clinical benefit when
used for the treatment of pouchitis. The downsides
of antibiotic treatment, especially with recurrent or
prolonged courses such as used in inflammatory bowel
disease, are significant side effects that often cause
intolerance to treatment, Clostridium dificile infection,
and increasing antibiotic resistance. More studies
are needed to define the exact role of antibiotics in
inflammatory bowel diseases.

America and for CD: 320 per 100000 in Europe and
[2]
200 per 100000 in the United States . The incidence
of IBD is rising with time, and may emerge as a global
[3]
disease .
The etiology of IBD has not been clearly elucidated.
An aberrant immune response to gut bacteria in a
genetically susceptible host is considered to be the
basis of this disorder with dysregulation of the innate
and adaptive mucosal immune system directed against
luminal bacteria or their products in the intestinal
[4,5]
lumen .

Key words: Antibiotic treatment; Inflammatory bowel
disease; Ulcerative colitis; Crohn’s disease

GUT MICROBIOTA AND IBD
The adult gut ecosystem contains trillions of organisms
from over 1000 species, with the most abundant
species being from the Firmicutes and Bacteroidetes
[6]
phyla . Changes in gut bacterial population occur
over time, and depend on age, diet, hygiene,
[7,8]
climate, geography and ethnicity . Nowadays over
25 diseases or syndromes have been linked to an
[9]
altered intestinal microbiome . There is abundant
data confirming the importance of gut microbiota
[10,11]
in the inflammatory process that exists in IBD
.
For example, genetically engineered mice deficient
in the cytokines IL-2 and IL-10 or rats containing the
HLA-B27 transgene (genetic mutations that have been
linked to IBD) are protected from colitis in the germfree state, but develop IBD upon reconstitution of
normal gut flora, thus implying that colitis depends on
[12,13]
the presence of gut bacteria
.
The specific bacteria that trigger an aberrant
immune response and thereby contribute in the
pathogenesis of IBD have not yet been found. Myco
bacterium avium subspecies paratuberculosis (MAP)
[14]
has long been debated as a cause of CD . A metaanalysis from 2007 concluded that the association
of MAP with CD seems to be specific (OR of 7.01,
compared to patients without IBD and 4.13, compared
to patients with UC, when assessed by PCR), but its
[15]
role in the etiology of CD remains to be defined .
Other bacteria that have been reported to be involved
in the development of CD are Yersinia enterocolitica
[16]
and Listeria monocytogenes . Alterations in gut
microbiota, and specifically reduced intestinal
microbial diversity, have been found to be associated
[10,17]
with chronic gut inflammation in IBD
. Patients
with IBD have a reduced abundance of Eubacterium
[17]
spp, Lactobacillus spp, and Bacteroides spp . It has
been hypothesized that loss of bacteria converting
non digestible dietary fiber into short chain fatty acids
[18]
may contribute to development of IBD . UC and CD
[19]
patients have different fecal bacterial composition .
In patients with IBD there is a relative increase in gut
Proteobacteria, mainly due to a higher abundance of
adherent invasive Escherichia coli (AIEC), which is
[10,20]
more often found in patients with ileal CD
. These
bacteria invade the intestinal epithelium and replicate
in enterocytes with impaired expression of immune

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The gut microbiota plays an important role in
the pathogenesis and complications of inflammatory
bowel disease. Antibiotics may influence the course of
inflammatory bowel disease by decreasing concentrations
of bacteria in the gut lumen and altering the composition
of intestinal microbiota. In Crohn’s disease, antibiotics
may have a modest effect in decreasing disease activity
and achieving remission, are more effective in patients
with disease involving the colon, and are useful in the
treatment of suppurative complications. Data is more
sparse and less conclusive for the treatment of ulcerative
colitis, though there might be some benefit in antibiotic
treatment. Side effects, the risk of Clostridium dificile
infection, and increasing antibiotic resistance should be
considered. Further studies are needed to define the role
of antibiotic treatment in inflammatory bowel diseases.
Nitzan O, Elias M, Peretz A, Saliba W. Role of antibiotics for
treatment of inflammatory bowel disease. World J Gastroenterol
2016; 22(3): 1078-1087 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i3/1078.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i3.1078

INTRODUCTION
Inflammatory bowel disease (IBD) is an immune
mediated relapsing idiopathic intestinal condition.
Ulcerative colitis (UC) and Crohn’s disease (CD)
compromise the two major types of IBD. UC is a
chronic inflammatory condition characterized by
relapsing and remitting episodes of inflammation
limited to the mucosal layer of the colon, and is
characterized by bloody stools and irregular crypt
architecture. CD is characterized by transmural
involvement, skip lesions, and granulomas that can
affect the entire gastrointestinal tract and causes
[1]
fibrosis, intestinal obstruction, and fistulae . The
incidence of IBD varies within different geographic
regions, with a prevalence of UC of 500 per 100000
individuals in Europe and 250 per 100000 in North
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associated molecules that are found in CD, thus
[21]
causing gut inflammation . Other bacteria, such as
Faecalibacterium prausnitzii, which is decreased in
patients with IBD, were found to protect mice from
[10,22]
inflammatory colitis
. Not only the composition,
but also the function of the gut microbiota seems
to differ in people with CD, which have higher levels
of fecal trypsin, an enzyme that is produced by the
pancreas and is normally inactivated by Bacteroides
[23]
spp .
There is also ongoing debate whether mucosa
attached bacteria play a more important role than
[10]
luminal bacteria in the propagation of IBD . Mucosal
surfaces of IBD patients were found to be densely
[24]
colonized with Bacteroides fragilis .

frequently causes gastrointestinal (GI) disturbances
and may cause permanent peripheral neuropathy
[29]
if used for prolonged time intervals . Clostridium
dificille infection (CDI) is also an important caveat
of all antibiotic treatments. Patients with IBD are
at increased risk of developing CDI and have
[30,31]
worse outcomes of CDI
. Recently, concerns
that antibiotics may elicit IBD by altering the gut
microbiota, have been raised and some studies found
[32]
a link between antibiotics and CD . The largest study
showed a strong association between CD and prior
antibiotic use in 577627 Danish children, suggesting
that early life changes in intestinal microbiota may
influence the development of the gut immune
[33]
system . Antibiotics may also cause a rebound
effect on gut bacteria, after cessation of therapy, as
demonstrated in a study of 20 patients with IBD that
found a dramatic increase in concentrations of mucosal
bacteria as soon as 1 wk after cessation of antibiotic
therapy, remaining at a level that is at least one power
higher over a period of 5 mo as compared to patients
[34]
without antibiotic treatment . Another caveat of
antibiotic treatment is the development of antibiotic
resistance. A Chinese study from 2014 found that
two thirds of gram negative isolates from abdominal
abscess isolates in patients with CD were resistant to
[35]
ciprofloxacin . Another study demonstrated rifaximin
resistance in 12/48 IBD associated ileal Escherichia
coli strains, that was significantly associated with prior
rifaximin treatment and was found to be correlated
[36]
with a specific mutation in bacterial efflux pump .

RATIONALE FOR USING ANTIBIOTICS IN
THE TREATMENT OF IBD
Pros

Since intestinal bacteria play an important role in the
development of IBD, modulation of the gut microbiota
has become an active area of research. Manipulating
the gut microbiota can be achieved by prebiotics,
[6,11,25]
probiotics, fecal transplants, and antibiotics
.
Prebiotics are dietary compounds that cause specific
changes in the composition and/or activity of the
gastrointestinal microbiota, and probiotics are live
organisms, which when administered in adequate
amounts confer a health benefit on the host.
Antibiotics may influence the course of IBD by
decreasing concentrations of bacteria in the gut lumen
and altering the composition of intestinal microbiota
[11,25]
to favor beneficial bacteria
. They can also target
specific bacteria that are hypothesized to be implicated
in the pathogenesis of IBD such as administration of
ciprofloxacin, aminoglycosides or rifaximin against
virulent Escherichia coli and other gram negative
enteric bacteria, metronidazole for anaerobes
(specifically Bacteroides fragilis), or anti tuberculous
drugs designed to treat mycobacterial infection (MAP),
which has been hypothesized to have a role in the
[26]
development of CD .
Antibiotics can be used for treating the primary
disease process of IBD (including luminal disease and
fistulizing disease for CD and colitis in the case of
UC), for treating bacterial overgrowth, or for treating
septic complications of IBD, such as abscesses and
post operative wound infections. It may also be
used to maintain remissions, or for the treatment of
pouchitis.

ANTIBIOTIC TREATMENT FOR CD
The greatest number of clinical studies concerning
antibiotic treatment for IBD has been conducted on
patients with CD. Antibiotics can be used to treat
primary active disease including: luminal disease and
fistulizing disease, and they may be used for secondary
septic complications such as abscesses, post operative
infections or even for the maintenance of remission.
Different antibiotics have been evaluated in clinical
trials, most often ciprofloxacin, metronidazole (each
by itself and in combination), rifaximin, clarithromycin
and anti-tuberculous regimens.

Active luminal disease

Several meta-analyses have been published concerning
antibiotic treatment in patients with active CD. A metaanalysis from 2011, found antibiotics to be superior
to placebo for the induction of remission of active CD
[37]
(RR for disease remission 0.85, 95%CI: 0.73-0.99) .
A meta analysis from 2012 included 11 randomized,
double blind studies involving a total of 832 patients
with CD that were treated with broad spectrum
antibiotics, including ciprofloxacin, metronidazole,
combination of both, rifaximin, clarithromycin, and
others. Treatment duration varied from 2-16 wk. Some

Cons

Antibiotic treatment can be associated with negative
outcomes as well. Side effects of ciprofloxacin
include tendonitis, tendon rupture, photosensitivity,
inhibition of cartilage growth in fetuses and children,
[27,28]
oral thrush, and QT prolongation
. Metronidazole
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patients received concomitant therapy with steroids or
immunosuppressants. Clinical improvement occurred
in 56.1% (214/429) of patients in the antibiotic group
and 37.9% (153/403) of patients in the placebo
group. The OR for clinical improvement was 1.35
[38]
(95%CI: 1.16-1.58) . Another meta-analysis that
was recently published included 15 randomized control
trials, with 1407 patients with CD. The antibiotics used
included ciprofloxacin, clarithromycin, metronidazole
and rifaximin and treatment duration was at least 4
wk. The combined RR for clinical remission or response
in patients with CD was 1.33 (95%CI: 1.17-1.51, P <
[39]
0.00001) .
Analysis of the studies evaluating ciprofloxacin
monotherapy found no significant difference in the
clinical response rate between the patients treated
[39]
with ciprofloxacin and those treated with placebo .
Although a single trial of 47 patients with moderately
active resistant disease who were randomly assigned
to receive ciprofloxacin 500 mg, orally twice daily for 6
mo had significantly lower disease activity scores than
[40]
those who received placebo . Treatment duration of
4-10 wk was associated with a significant improvement
in outcomes, but in trials where patients received >
10 wk of antibiotic treatment no significant difference
[39]
was found . This might be due to development
of antibiotic resistance after prolonged exposure of
intestinal flora to ciprofloxacin. Ciprofloxacin treatment
for active CD was found to be more effective in
patients with colonic involvement, a consistent finding
[41]
in studies of other antibiotic treatments as well .
Analysis of trials evaluating metronidazole shows
a modest benefit in treatment of active CD. The
largest randomized controlled trial (RCT) included 105
patients (though only 56 completed the study) who
received either metronidazole for 16 wk or placebo.
There was a significant decrease in disease activity
[42]
index, but no difference in remission rates . Patients
receiving metronidazole 20 mg/kg per day had a
greater improvement in disease activity than those
receiving 10 mg/kg per day. Metronidazole was more
[42]
effective in patients with disease involving the colon .
The incidence of side effects reported in trials using
metronidazole varies from 10%-50%, according to
dose and length of therapy, with the most frequent
side effects being GI intolerance, neurotoxicity and
[43]
metallic taste . Up to one third of patients cease
[44]
therapy due to intolerance .
Combination therapy with ciprofloxacin and metro
nidazole was evaluated in a few trials. One study,
including 134 patients that received metronidazole 500
mg twice daily and ciprofloxacin 500 mg twice daily
or placebo for 8 wk (all patients received concurrent
budesonide) found no difference in remission rates,
though in patients with colonic involvement, more
patients in the antibiotics group achieved remission (did
[41]
not achieve statistical significance) . Another study
of patients assigned to ciprofloxacin and metronidazole
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vs methylprednisolone for 12 wk found a larger
proportion of patients in clinical remission in the steroid
[45]
group (did not achieve statistical significance) .
Rifaximin, which is a minimally absorbed broad
spectrum antibiotic with gram positive, gram negative
and anaerobic coverage, was assessed in a few
[46]
clinical trials . A meta-analysis from 2011, included
2 trials of treatment with rifaximin for active CD.
These trials involved 485 patients and suggested that
rifamixin was effective at inducing remission, with a
decreased risk of persistence of active disease (RR
= 0.81, 95%CI: 0.68-0.97) in patients that received
[37]
rifaximin vs placebo . All doses were combined for
this meta-analysis although the data suggested 800
mg bid was more effective than either 400 mg bid or
1.2 g bid for 12 wk. Another study of 402 patients
with CD, found that in patients that received 12-wk
of treatment with extended release rifaximin, at the
end of the study period: 62% of patients who received
the 800-mg dosage of rifaximin were in remission,
compared with 43% of patients who received placebo
[47]
(43 of 101) (P = 0.005) . Remission was achieved
by 54% and 47% of the patients given the 400-mg
and 1200-mg dosages of rifaximin-extended release,
respectively; these rates did not differ from those of
placebo. The lack of a dose response relationship was
probably caused by the higher number of patients that
discontinued therapy in the 1200 mg group. Again,
colonic involvement was associated with a higher
[47]
response to antibiotic treatment . Another trial of
rifaximin 800 mg twice daily for 12 wk compared with
placebo, found that 100% of patients in the rifaximin
group achieved remission compared to 84% in the
[48]
placebo group .
Therapy directed at atypical mycobacteria was
evaluated in several clinical trials. A meta-analysis
published in 2000 of 8 clinical studies that evaluated
anti mycobacterial therapy for active CD (each trial
used a different combination of drugs), found that only
in the 3 trials where concomitant steroid therapy was
used, there was a positive effect of this treatment and
concluded that treatment of CD with antimycobacterial
therapy does not seem to be effective without a course
[49]
of corticosteroids to induce remission . A large trial
from 2007 included 213 patients that were randomly
assigned to receive a combination of clarithromycin,
rifabutin and clofazimine or placebo for 2 years, in
addition to 16 wk of prednisolone. The only time
interval where a significant effect was noted was at
16 wk (when concomitant steroids were still given).
Mucosal levels of MAP were not measured before and
after therapy, thus it is not clear if improvement in
[50]
symptoms was associated with a decrease in MAP .

Suppurative complications: Abscesses and fistulas

Most of the studies mentioned above were conducted
on patients with active luminal disease. Perforating,
suppurative complications of CD, such as intra-
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abdominal/anorectal abscesses and fistulas, are
linked to transmural translocation of bacteria from
[51]
the diseased bowel to contiguous tissue . These
complications are common in patients with CD, as
occurrence rates for intraabdominal abscesses vary
[52]
from 10% to 30%
in the literature and anorectal
fistulas develop in approximately 20% to 30% of
[53]
patients with CD . Few studies of antibiotic treatment
have been directed at patients with fistulizing disease.
In the meta-analysis published in 2015, a subgroup
analysis of three trials where ciprofloxacin was used to
treat perianal fistulas, revealed a significant increase
in clinical response and remission in the ciprofloxacin
group vs the placebo group (RR = 1.64, 95%CI:
[39]
1.16-2.32, P = 0.005) . One of the trials included
25 patients that were randomized to ciprofloxacin,
metronidazole, or placebo. Remission at week 10
occurred in 30% treated with ciprofloxacin, no patients
treated with metronidazole, and 1 patient (12.5%)
treated with placebo (P = 0.41). Response at week 10
occurred in 4 patients (40%) treated with ciprofloxacin,
1 patient (14.3%) treated with metronidazole, and 1
[54]
patient (12.5%) treated with placebo (P = 0.43) .
There are no other controlled trials, but clinical reports
observed that long term antibiotics are needed to
prevent recurrence of fistulas. In a study of 21 patients
with chronic unremitting perineal CD that received
metronidazole for a mean of 6.5 mo, drainage,
erythema, and induration diminished dramatically in
all patients, and complete healing was obtained in 10
of 18 patients maintained on therapy, though 50% of
patients developed neurologic side effects requiring
[55]
dose reduction or discontinuation .
Treatment of abdominal and anorectal abscesses
consists of surgical or percutaneous drainage combined
with antibiotic therapy. Small (< 3 cm) abscesses can
be treated with antibiotics alone, especially in cases
without associated fistulas or in immunomodulatornaive patients. Antibiotics should cover gram negative
bacteria and anaerobes. A combination of fluoroqu
inolones or cephalosporins and metronidazole is
[51]
considered appropriate .

of bias. A study of 83 patients with CD that achieved
remission with standard therapy of prednisone and
budesonide, evaluated 800 mg of rifaximin twice daily
for 12 wk vs placebo, and found that at 12 wk 100%
were still in remission in the rifaximin arm vs 84%
in the placebo arm. Superiority in maintenance of
remission was demonstrated at 24 wk (78% vs 41%),
[48]
and at 48 wk 55% vs 25% as well .

Prevention of post operative recurrence

Endoscopic and clinical recurrence of CD is a common
[56,57]
occurrence after surgical resection
. Luminal
bacteria might play a potential role in increasing the
likelihood of recurrence, as one study found that
recurrent disease developed only when the mucosa
[58]
was re-exposed to luminal contents . Prevention of
post operative recurrence of CD with antibiotics was
[59]
assessed in a few clinical trials . One trial showed
that the combination of metronidazole (for one month)
and azathioprine (for one year) was associated with
lower recurrence rates than receiving metronidazole
[60]
alone . Other studies found that metronidazole,
compared to placebo, decreases the recurrence of CD
[61]
post operatively .

Bacterial overgrowth

Bacterial overgrowth, which is relatively common
in CD, causes symptoms varying from mild GI
[62]
discomfort to severe diarrhea and malabsorption .
Several antibiotic regimens, including ciprofloxacin,
metronidazole and rifaximin are effective in normalizing
hydrogen breath tests, which is one of the non invasive
methods for diagnosing small intestinal bacterial
[63,64]
overgrowth
. In a study from 2000, 14 patients
with inactive CD of the ileum and bacterial overgrowth,
as assessed by a hydrogen breath test, were blindly
allocated to receive rifaximin (1200 mg/d) or placebo
for one week. After 14 d, the hydrogen breath test
proved to be negative in seven out of seven patients
treated with rifaximin, and in two out of seven in the
placebo group. After 30 d, the hydrogen breath test
was positive in all patients of the rifaximin and placebo
group, suggesting that rifaximin only transiently clears
[65]
bacterial overgrowth in patients with CD .

Maintenance of remission

Recurrence of active disease is common after re
mission is achieved in patients with CD. Long term
treatment with antibiotics might decrease recurrence
rate, though it is frequently associated with side effects
and intolerance to treatment. A meta-analysis that
included 3 RCTs treating 186 patients with quiescent
CD found a statistically significant effect of antibiotics
in preventing CD relapse compared with placebo (RR
[37]
of relapse = 0.62; 95%CI: 0.46-0.84) . All studies
evaluated antimicrobials that could be considered
antimycobacterial although all studied different
regimens. Follow-up was for 9-12 mo, and all trials
did not report method of randomization or method
of concealment of allocation and so had unclear risk

WJG|www.wjgnet.com

ANTIBIOTIC TREATMENT FOR UC
There is less data concerning treatment of UC with
antibiotics, consisting of trials with small numbers
of patients, with a lack of well designed, placebo
controlled trials. Several different antibiotics, alone or
in combination have been evaluated for the treatment
of UC.

Active UC

A prospective RCT, of oral metronidazole 1.35 g/d
compared to sulfasalazine 4.5 g/d for 28 d for the
outpatient management of 46 patients with mild-
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moderate UC, found that 6/23 (26%) receiving
metronidazole improved vs 13/19 patients receiving
sulfasalazine (68%) (P < 0.01), concluding that
metronidazole is ineffective in the therapy of an acute
[66]
attack of non severe UC . Another RCT evaluated 39
patients with severe UC, treated with metronidazole
or placebo in adjunct to steroids for 5 d, found no
[67]
significant difference between the 2 groups . Two
RCTs comparing intravenous or oral therapy in adjunct
to steroids for mild-severe UC, for 2 wk, found no
[68,69]
significant difference in clinical improvement
. In
Another study 39 patients with severe UC received
either metronidazole (0.5 g tid) and tobramycin (4
mg/kg tid) or placebo (n = 20) in addition to total
parenteral nutrition, intravenous hydrocortisone (100
mg qid) and hydrocortisone enemas (100 mg bid). Sixty
three percent of patients treated with antibiotics and
[70]
65% with placebo showed substantial improvement .
In another double-blind randomized placebo controlled
clinical trial of Ciprofloxacin and probiotic Escherichia
coli Nissle add-on treatment in 100 patients with active
UC, among patients treated with Cipro/placebo, 78%
reached remission vs 89% in the placebo/placebo
[71]
group .
On the other hand, a trial of 6 mo of ciprofloxacin
vs placebo in addition to steroids in 83 patients with
poor response to conventional therapy, found that
treatment failure in the ciprofloxacin group was 21%
[72]
vs 44% in the placebo group . Another study found
that in 84 patients with an acute relapse of UC that
were randomized to receive oral tobramycin or placebo
for 1 wk as an adjunct to steroid therapy, 74% in the
tobramycin group achieved complete symptomatic
remission compared with 43% in the placebo group (P
= 0.008). The tobramycin group also achieved better
[73]
histological scores (P < 0.05) at endpoint . A trial of
rifaximin for the treatment of active UC found rifaximin
[74]
to be superior to placebo . In an open label trial of
94 patients with steroid refractory or dependent active
UC that were treated with oral amoxicillin, tetracycline
and metronidazole for two weeks, 63.3% of steroid
refractory and 73.4% of steroid dependent patients
[75]
showed a clinical response within 2 wk . A metaanalysis from 2011, included nine trials involving 662
patients with active UC, with only one low risk of bias
trial and a finding of high heterogeneity between
the trials suggesting publication bias or other small
study effects. Therapy was given for 7 d to 3 mo and
generally patients with moderately active UC were
recruited. There were three trials that evaluated
ciprofloxacin with no statistically significant benefit
over placebo. All other trials assessed different single
or combinations of antibiotics. Overall, there was a
statistically significant effect in favor of antibiotics (RR
[37]
of active UC = 0.64; 95%CI: 0.43- 0.96, P = 0.03) .
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Another meta-analysis from 2012, found that UC
patients receiving antibacterial therapy are 2.17 more
[38]
likely to experience clinical remission .

Maintenance of remission

As in CD, persistent intestinal inflammation linked to
intestinal dysbiosis is thought to cause exacerbations
of UC, thus, theoretically, antibiotics might be used
for maintenance of remission. In a double-blind,
randomized trial, the effectiveness of metronidazole
(0.6 g/d) against sulfasalazine (2 g/d) for 12 mo in
the maintenance of remission in patients with UC
was assessed. Forty patients entered the trial and 33
completed it. Remission was maintained for 12 mo in
9 out of 20 patients by metronidazole and in 3 of 15
patients by sulfasalazine (P < 0.05), which suggests
that metronidazole may be useful in the maintenance
[76]
of remission in patients with UC . Another trial that
reported a 2-year follow-up of an acute UC trial that
compared 7 d of oral tobramycin vs placebo found no
difference in relapse rates at 1 and 2 years suggesting
7 d of tobramycin did not influence long-term relapse
[77]
rates .

Pouchitis

Pouchitis is the most frequently observed long-term
complication of total proctocolectomy with ileal pouchanal anastomosis, which is the definitive treatment
for UC. The pathogenesis of pouchitis is unclear, but it
is hypothesized to result from an abnormal immune
response to altered luminal and/or mucosal bacteria,
with a gradual shift from an ileum-like to a colonlike bacterial community, in genetically susceptible
hosts. Pouchitis is classified as either acute (< 4 wk
[78]
of symptoms) or chronic (≥ 4 wk) . The majority of
patients with acute pouchitis respond to initial therapy
with antibiotics, but approximately 60% have at least
[79]
one recurrence . In a 2010 systematic review that
included four randomized trials evaluating five agents
for treatment of acute pouchitis, ciprofloxacin was
more effective at inducing remission as compared with
metronidazole. Rifaximin was not found to be more
[80]
effective than placebo . In patients with chronic
pouchitis, a study found that in 15 patients with
antibiotic refractory pouchitis, 80% of patients achieved
clinical remission with individualized antinmicrobial
therapy based on sensitivity test results of coliform
[81]
bacteria .
Maintenance therapy after resolution of pouchitis
has also been evaluated. In one study, 51 patients in
remission of pouchitis began maintenance therapy with
rifaximin 200 mg/d (to 1800 mg/d) for up to 24 mo.
Pouchitis Disease Activity Index symptom scores were
assessed every 1-3 mo to evaluate efficacy. Sixty-five
[82]
percentage of them maintained remission through 3 mo .
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The ECCO guidelines from 2012 state that antibiotics
should be used in the treatment of UC only if infection
is considered (such as in an acute, first attack of short
duration, or after travel to an area where amoebiasis is
[88]
endemic), or immediately prior to surgery . Controlled
trials of oral or intravenous metronidazole, tobramycin,
ciprofloxacin or vancomycin in acute colitis have
shown no consistent benefit in addition to conventional
therapy.

GUIDELINES FOR ANTIBIOTIC
TREATMENT FOR IBD
Guidelines of various associations that have been
published for the treatment of IBD and consider the
role of antibiotic therapy will be reviewed.

CD treatment guidelines

The American College of Gastroenterology (ACOG)
guidelines from 2009 state that although antibiotics are
widely used in clinical practice for the treatment of CD,
controlled trials have not consistently demonstrated
efficacy in the setting of luminal disease. Infection
or abscess requires appropriate antibiotic therapy or
drainage. Non-suppurative perianal complications
of CD should be treated with metronidazole alone
or in combination with ciprofloxacin, with need for
[83]
continuous therapy to prevent recurrent drainage .
The British Society of Gastroenterology (BSG)
published guidelines concerning the treatment of IBD
[84]
in 2011 . They summarize that antibiotics have an
important role in treating secondary complications in
CD, such as abscesses and bacterial overgrowth, and
that there is some evidence that metronidazole and
ciprofloxacin might have specific uses in CD.
The European Crohn's and Colitis Organisation
(ECCO) guidelines published in 2011 states that the
Consensus does not favor antibiotics for moderately
active ileal CD as first-line therapy unless septic
complications are suspected. For moderate to severe
ileocecal disease- antibiotics should be reserved for
patients with a temperature or focal tenderness, or in
[85]
whom imaging has indicated an abscess . Adding
ciprofloxacin and metronidazole to budesonide has
shown no advantage over budesonide alone in active
CD.
The Association of American Family Physicians
guidelines for management of CD from 2003 state
that in the treatment of mild to moderate active CD,
antibiotic therapy with metronidazole, ciprofloxacin
or a combination of both, may be an acceptable
[86]
alternative to other treatments .

CONCLUSION
There is an increasing body of evidence that gut
microbiota play an important role in the pathogenesis
of both CD and UC. For CD patients: treatment with
metronidazole, with or without ciprofloxacin and
treatment with rifaximin might produce a modest
benefit when administered for active luminal diseases,
especially involving the colon. Metronidazole, cipro
floxacin or the combination of both are recommended
for treatment of perianal fistula and suppurative
complications such as abscesses. Antibiotics might play
a role for maintenance of remission and prevention
of post-operative recurrence. For UC, no consistent
benefit was shown for treatment of non-severe colitis,
though broad spectrum antibiotics might be helpful in
severe or fulminant disease. Antibiotics are important
in the treatment of pouchitis. It is important to define
the indications for antibiotic treatment in IBD in order
to reduce unnecessary treatment that may lead to
increased antibiotic resistance of intestinal flora, and
in the intention of optimizing treatment. Large sample
sized, multi center RCTs are needed in order to better
define the role of antibiotic therapy in IBD.
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Influence of environmental factors on the onset and course
of inflammatory bowel disease
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Abstract

Amit Kumar Dutta, Department of Gastrointestinal Sciences,
Christian Medical College, Vellore 632004, India

Numerous environmental factors have been linked with
inflammatory bowel disease. These include smoking,
diet, hygiene, drugs, geographical and psychosocial
factors. These factors may either increase the risk
of or protect against developing this condition and
can also affect the course of illness in a positive or
negative manner. A number of studies have examined
the influence of environmental factors on inflammatory
bowel diseases as a whole as well as on ulcerative
colitis and Crohn’s disease separately. As there are
differences in the pathogenesis of ulcerative colitis
and Crohn’s disease, the effect of environmental
factors on their onset and course is not always similar.
Some factors have shown a consistent association,
while reports on others have been conflicting. In this
article we discuss the current evidence on the roles of
these factors on inflammatory bowel disease, both as
causative/protective agents and as modifiers of disease
course.
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Core tip: Environmental factors have an important
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bowel disease. Multiple factors have been implicated
with some showing a consistent effect, while the roles
of others have been variable. The current evidence on
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A better understanding of these factors may help plan
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and gene expression. This can be due to a change
in intestinal permeability or an alteration in host
gene expression by epigenetic modification or other
[14-16]
mechanisms
. The end result is an abnormal host
immune function and chronic inflammation in the gut.
An interesting example of how environmental factors
affect gut immune function is provided by studies on
[17]
transcription factor aryl hydrocarbon receptor (AhR) .
This transcription factor which is altered by dietary
and environmental factors affects innate immunity in
gut and immune cells (T cells and natural killer cells).
Intestinal T cells and natural killer cells isolated from
Crohn’s disease patients have shown low levels of AhR
expression and these receptors respond to AhR ligands
by upregulating interleukin-22 and downregulating
[17]
inflammatory cytokines . Therefore, it is plausible
that environmental factors that downregulate AhR alter
[17]
immune function and predispose to CD . Smoking
has also been shown to affect gene expression and
[18]
immune function in the gut . The complex interaction
between host genes and environmental factors works
[19]
both ways . While the above examples demonstrate
the effect of the environment on host gene expression,
host genes can also influence the composition of
microbiota which forms the local gut environment.
NOD2 gene mutation predisposes to the development
of IBD. A possible mechanism may be an alteration
in gut microbiota in NOD2 gene mutation as shown
[20]
in animal studies . Mutation in autophagy-related
16-like 1 gene (ATG16L1) has also been found to
increase the risk of IBD and it is possible that defective
[19]
autophagy may alter the gut microbiome . Further
insights into the gene-environment interaction will lead
to a better understanding of the pathogenesis of IBD.
The “hygiene hypothesis” has been commonly cited
as the reason for the difference in IBD prevalence in
[21]
different regions . Better hygiene in developed regions
leads to reduced microbial exposure in childhood which
may affect development of the gut immune system
and immune tolerance. Helminth infestation in animal
models has been shown to upregulate Th2 cytokines
and attenuate the Th1 pathway in the intestinal
mucosa leading to suppression of inflammation and
[22,23]
enhancement of the mucosal barrier
. Reduced
exposure to helminths in developed societies has been
suggested to be a risk factor for CD. Other factors such
as stress, linked to exacerbation of IBD, may affect
immune function by altering gut permeability and nonsteroidal anti-inflammatory drugs (NSAIDs) by non[24,25]
selective inhibition of cyclo-oxygenase
.
Dietary factors may affect gut immune function
[26]
directly in addition to their effect on microbiota .
There has been a recent increase in interest in the
[27]
role of vitamin D in CD . Our group and others have
shown that vitamin D levels are reduced in patients
with CD and levels correlate negatively with disease
[28]
activity . Data obtained mainly from animal studies
have shown that vitamin D has immune regulating
[29]
+
properties . This includes maintenance of CD8 T

INTRODUCTION
The latter half of the twentieth century witnessed a
steep increase in the prevalence of inflammatory bowel
disease (IBD) in developed nations of North America
and Europe. During the last three decades, populations
previously considered to have low risk such as in
Asia and eastern Europe are witnessing a substantial
[1]
increase in this disease . This may be explained by
changes in environmental factors in these regions.
Environmental factors that have been proposed to
play a role in the emergence of IBD are smoking, diet,
[1,2]
drugs, major life stressors, hygiene and lifestyle .
In this paper we review the role of environmental risk
factors on the onset and course of ulcerative colitis (UC)
and Crohn’s disease (CD), the two main types of IBD.

ENVIRONMENTAL FACTORS IN THE
PATHOGENESIS OF IBD
IBD is a complex disorder where interplay between
host genetics, gut microbiota and environmental
factors are regarded as drivers of chronic inflammation
[3]
in the gut . Genetic factors play an important role with
more than 150 IBD susceptibility gene loci identified
to date. However, approximately two-thirds of patients
with IBD have no identifiable genetic defect, which
suggests that gut microbiota and environmental
[4]
factors play an important role . Studies on individuals
migrating from countries with low prevalence of IBD to
regions with high prevalence have shown an increased
risk of IBD among migrants further supporting the
[5-8]
role for environmental factors
. These factors
include smoking, diet, drugs, psychosocial factors,
[9]
climate, pollution and hygiene . The composition of
gut microbiota, currently considered a key factor in
the pathogenesis of IBD, is affected by environmental
factors such as breast feeding, antibiotics, smoking,
[10,11]
obesity and diet
. For example, breast fed and
formula fed infants showed a difference in the quantity
[12]
of Bifidobacteria in the gut . Smoking cessation
changes the gut flora by increasing the proportion of
Firmicutes, reducing Proteobacteria and increasing
microbial diversity making the flora different from gut
microbiota in IBD where there is an abundance of
Proteobacteria and Actinobacteria, reduced Firmicutes
[10,13]
along with reduced microbial diversity
. These data
suggest that an alteration in microbial composition
of the intestine by environmental factors is one
mechanism by which environmental factors increase
susceptibility to IBD.
Environmental factors may also directly act on
the intestinal mucosa and alter immune function
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cells in the quiescent stage, shifting the cytokine profile
to anti-inflammatory type and inhibition of epithelial
[29]
cell apoptosis mediated by the vitamin D receptor .
[30]
Chen et al
have shown that TNF-α downregulates
the vitamin D receptor, which in turn may promote
inflammation. A high fibre diet protects against IBD by
promoting the formation of short chain fatty acids like
butyrate, which are a source of energy for colonocytes
[31]
and by regulating T cell function . The Nurses Health
Study showed that soluble dietary fiber (fruits and
vegetables) was associated with a reduced risk of
[31]
CD . The protective effect of fruits and vegetables
may be through their antioxidant properties and
[32]
clearing of reactive oxygen species . Red meat has
been associated with increased risk of IBD. Linoleic acid
(long-chain omega-6 fatty acid) found in red meat and
food oils is metabolized to arachidonic acid metabolites
which are involved in the production of inflammatory
[33]
mediators such as leukotrienes and prostaglandins .
Higher consumption of fish oils made up of omega-3
fatty acids (higher omega-3 to omega-6 fatty acid
ratio) has been shown to be protective in children with
[32]
CD . There is some evidence that phytochemicals,
such as curcumin found in turmeric, have antioxidant
and free radical scavenging properties which may limit
[34,35]
inflammation and help maintain remission in IBD
.
These data suggest that environmental factors play
a role in the pathogenesis of IBD by altering gut
microbiota and affecting gut immunity by numerous
mechanisms.

most were white and generalisability across race,
gender and various socioeconomic strata was difficult.
Some of the studies have made use of a populationbased registry to minimise referral bias and reflect
[36]
population characteristics . Finally, a number of
meta-analyses have been published on various risk
factors and IBD and these represent a higher quality
of evidence. One must be cautious in interpreting the
results of a meta-analysis as inclusion of low quality
studies and heterogeneity among studies may affect
the outcome.

ENVIRONMENTAL FACTORS AND ONSET
OF IBD
A large number of environmental factors have been
proposed to have a causative or protective effect on
the onset of both CD and UC. Available evidence from
many of these studies is summarised in Tables 1, 2
and 3. These tables have been grouped according
to the study design to keep the quality of evidence
in perspective. Table 1 includes meta-analysis, Table
2 cohort studies and Table 3 summarises data from
case-control studies.

Smoking

There is adequate evidence linking smoking with IBD.
It has opposing effects on CD and UC. The meta[37]
analysis by Mahid et al showed that current smoking
increases the risk of CD, but has a protective effect on
the onset of UC. Interestingly, former smokers had an
increased risk of developing UC. Data from the NHS
cohort showed that both current and former smoking
[38]
was associated with increased risk of CD . Unlike
the result from meta-analysis, the study showed
current smoking was not protective against UC, but
former smoking was a risk factor. Population-based
case-control studies from New Zealand, Hungary and
Sweden have also shown increased risk of CD and
[39-41]
decreased risk of UC with smoking
. The strong
data linking smoking to IBD suggests that prenatal
and childhood exposure to passive smoking may
predispose to CD. However, a meta-analysis which
included 13 studies did not show any significant impact
of prenatal and childhood exposure to smoking on the
[42]
occurrence of CD or protection against UC . Based
on these data, there is a strong case to recommend
smoking cessation to reduce the risk of CD.

INTERPRETING THE AVAILABLE
EVIDENCE
There are a large number of publications exploring
the link between environmental factors and IBD.
With the exception of smoking and appendectomy,
the roles of other risk factors have been inconsistent
and it is important to understand the type of study
design when interpreting the results of these studies.
Many of these are case-control studies which are
relatively easy to perform and require few resources.
However, an important limitation is the recall bias
which affects the accuracy of ascertaining risk factors.
Several prospective cohort studies have been carried
out and data obtained from them are more robust.
An important cohort study of note in this regard is the
Nurses Health Study (NHS) Ⅰ and Ⅱ from the United
[31]
States . NHS Ⅰ was initiated in 1976 and included
121700 subjects and NHS Ⅱ was initiated in 1989
and included 116000 subjects. Periodic assessment
of factors such as smoking, oral contraceptive pills
(OCPs), alcohol and diet were carried out prospectively
and occurrence of disease was noted. While this was
mainly initiated for the outcomes of cardiovascular
illness and cancer, a number of studies have been
published on the role of these factors and IBD. The
main limitation is that the subjects were women and
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Diet, vitamin D and breast feeding

Western diet which is high in refined sugar and low
[26]
in fibre has been proposed as a risk factor for IBD .
Increasing consumption of western diet is considered
a reason for the rising incidence of IBD in Asia. The
NHS data on 170776 subjects showed that intake of
a median of 24.3 g of fibre per day reduced the risk
[31]
of CD by about 40% . Further analysis showed that
this benefit was highest for soluble fibre in fruits, while
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Table 1 Environmental factors and onset of inflammatory bowel disease - meta-analyses
Author
Soon et al[63], 2012
Luther et al[70], 2010
Barclay et al[50], 2009
Jones et al[42], 2008

Cornish et al[54], 2008
Mahid et al[37], 2007

Study setting

Effect on CD

Effect on UC

Urban living and risk of CD
and UC
H. pylori infection and risk of
IBD, (23 studies)
Breast feeding and early
onset IBD (7 studies)
Prenatal or childhood passive
smoking and risk of IBD (13
studies)
OCP and risk of IBD (14
studies)
Smoking and risk of IBD (13
studies related to UC and 9
related to CD)

IR (incident rate ratio,
1.42; 95%CI: 1.26-1.6)

IR (incident rate ratio, 1.17; 95%CI: 1.03-1.32)

Effect on IBD overall

DR (RR = 0.64; 95%CI:
0.54-0.75)
DR (OR = 0.69; 95%CI:
0.51-0.94)

NA

NA

NA

NA

IR (RR = 1.46 ; 95%CI:
1.26-1.70)
IR with current
smoking (OR = 1.76;
95%CI: 1.40-2.22)

IR (RR = 1.28 ; 95%CI: 1.06-1.54)
DR with current smoking (OR = 0.58; 95%CI:
0.45-0.75)
IR with former smoking (OR = 1.79; 95%CI:
1.37-2.34)

IR: Increased risk; DR: Decreased risk; NA: No association; CD: Crohn’s disease; UC: Ulcerative colitis; RR: Relative risk; IBD: Inflammatory bowel disease;
OCP: Oral contraceptive pill.

Table 2 Environmental factors and onset of inflammatory bowel disease - cohort studies
Author

Study subjects

Effect on CD

Timm et al[76], 2014, Europe

Population-based cohort
10864 subjects from ECRHS1 cohort
Outcome - place of upbringing and risk of IBD
Khalili et al[53], 2013, United States
146681 subjects from NHS Ⅰ and Ⅱ
3373726 person-years of follow-up
Outcome - risk of IBD in adulthood
Ananthakrishnan et al[31], 2013,
170776 subjects from NHS Ⅰ and Ⅱ
3317425 person-years of follow-up
United States
Outcome - diet and risk of IBD in adulthood
Ananthakrishnan et al[84], 2013,
152461 subjects from NHS Ⅰ and Ⅱ
1787070 person-years of follow-up
United States
Outcome - Depressive symptoms and risk of IBD
Levi et al[75], 2013, Israel
Cohort of 953684 Jewish adolescents
Outcome - sociodemographic factors and risk of IBD
Higuchi et al[38], 2012,
229111 subjects from NHS Ⅰ and Ⅱ
Outcome - Smoking and risk of IBD
United States
Ananthakrishnan et al[56], 2012,
76795 subjects from NHS Ⅰ
1295317 person-years of follow-up
United States
Outcome - NSAID and aspirin exposure and risk of IBD
Ananthakrishnan et al[48], 2012,
72719 subjects from NHS
1492811 person-years of follow-up
United States
Outcome - Vitamin D and risk of IBD

Effect on UC

DR with being born and living on livestock farm for first 5
yr of life
NA - Breastfeeding, low or
NA - Breastfeeding, low or
high birth weight, preterm
high birth weight, preterm
birth
birth
DR - Long term intake of
NA with dietary fibre
higher dietary fibre especially
from fruit
IR with recent and baseline NA with recent and baseline
depressive symptoms
depressive symptoms
IR with high socioeconomic status, western origin, male sex
DR with four or more children in childhood
IR - Current smoker, former
NA - Current smoker
IR - Former smoker
smoker
IR - frequent use of NSAID
IR - frequent use of NSAID
NA - Aspirin
DR - Higher predicted level
of plasma Vitamin D

NA - Aspirin
NA - Vitamin D level in
plasma

1

European Community Respiratory Health Survey. IR: Increased risk; DR: Decreased risk; NA: No association; CD: Crohn’s disease; UC: Ulcerative colitis;
RR: Relative risk; IBD: Inflammatory bowel disease; NSAID: Nonsteroidal anti-inflammatory drug; NHS: Nurses Health Study.

insoluble fibre from legumes, whole grains and cereals
did not affect the risk. Interestingly the amount and
type of fibre had no significant impact on the risk of
[31]
UC . A case-control study from Canada exploring
dietary pattern and risk of CD among subjects up to
20 years of age found a diet containing vegetables,
fish, olive oil, fruit, grain and nuts was negatively
[43]
associated with CD . Another case-control study from
Denmark showed an increased risk of both CD and
UC in patients on a diet containing low fibre and high
[44]
sugar . A study from our center showed that regular
[45]
fish consumption reduces the risk of CD . Tjonneland
[46]
et al
performed a nested case-control study, which
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included participants in the EPIC (European Prospective
Investigation into Cancer and Nutrition) study, to
assess the link between dietary linoleic acid (source
of arachidonic acid whose metabolites encourage
inflammation) and UC. Dietary linoleic acid was found
to be associated with an increased risk of developing
[46]
UC and the effect was greater with higher intake .
There has been increasing reports of vitamin D
[27]
deficiency among patients with IBD, especially CD .
While this may be a consequence of the disease,
vitamin D may also play a role in modulating gut
immune function and have an effect on the onset
[47]
of IBD . A prospective study of 72719 subjects in
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Table 3 Environmental factors and onset of inflammatory bowel disease - case control studies
Author

Study setting

Ng et al[51], 2014,
Asia Pacific

Sood et al[64], 2014,
India

Chu et al[62], 2013,
South Africa

CD - 186

UC - 256
Controls - 940
Outcome - environmental risk
factors and IBD
UC- 518
Controls - 188
Outcome - environmental risk
factors and UC
CD - 88
UC - 63

Effect on CD

Effect on UC

DR with breast feeding for > 12 mo, antibiotic DR with breast feeding for > 12 mo, antibiotic
use, having dogs, daily tea intake, daily
use, daily tea and coffee intake, presence of hot
physical activity
water tap, flushing toilet in childhood
IR with smoking

IR with owning a pet and stressful events
DR with better toilet facilities and having
private bed

DR - Helminth infection, shared housing, raw DR - Helminth infection, mixed race, smoking,
beef consumption
shared housing, raw beef consumption
IR - Urban dwelling, parental tertiary
IR -parental tertiary education
education

Control - 219
Outcome - childhood risk factors
and IBD
Jakobsen et al[114],
CD - 59
IR with bedroom sharing, prior hospitalisation
IR with prior hospitalisation with
2013, Denmark
with gastrointestinal infection, family history
gastrointestinal infection, family history
UC - 56
DR with wholemeal bread consumption
DR with daily vegetable consumption
Controls - 477
Outcome - environmental risk
factors and pediatric IBD
Hlavaty et al[52], 2013,
CD - 190
IR with short duration of breast feeding,
IR with short duration of breast feeding,
UC - 148
Slovakia
infrequent childhood sports activity, smoking, infrequent childhood sports activity, smaller
Controls - 355
infrequent contact with animals in childhood
family size in childhood
Outcome - environmental risk
factors and IBD
Pugazhendhi et al[45],
CD - 200
IR with safe drinking water
Controls - 200
DR with regular fish consumption and
2012, India
Outcome - environmental risk
presence of cattle in house
factors and CD
Castiglione et al[115],
CD - 468
NA with any factors except IR with smoking NA with any factors except DR with smoking
2012, Italy
and appendectomy
and appendectomy
UC - 527
Controls - 562
Outcome - environmental risk
factors and CD
Hansen et al[44], 2011,
CD - 123
DR with breast feeding, tonsillectomy,
DR with breast feeding, tonsillectomy,
Denmark
appendectomy, smoking
UC - 144
IR with pertussis and polio vaccine, measles
infection, low fibre and high sugar
Controls - 267
Outcome - environmental risk
IR with pertussis and polio vaccine, measles
factors and IBD
infection, smoking, low fibre and high sugar
López-Serrano et al[61],
124 CD and 235 controls
IR - Living in urban area, high educational
IR - Living in urban area, high educational
2010, Spain
level, social status
level, social status
146 UC and 278 controls
DR - Childhood respiratory infection and
DR - Childhood respiratory infection and
gastroenteritis
gastroenteritis, appendectomy, current
smoking
Outcome - onset of IBD
Gearry et al[39], 2010,
Population-based case-control
IR with smoking, high social class at birth,
IR with high social class at birth, Caucasian
New Zealand
study
Caucasian ethnicity
ethnicity, migrant
CD - 638, UC - 653, Controls - 600
DR with breastfeeding and childhood
DR with smoking, breast feeding and childhood
Outcome - risk factors and IBD
vegetable garden
vegetable garden
Joseph et al[28], 2009,
CD - 34
IR - lower levels of Vitamin D
Controls - 34
India
Outcome - vitamin D and CD
Amre et al[32], 2007,
CD - 130
DR - higher consumption of vegetables, fruit,
Canada
fibre, fish, long chain omega three fatty acid
Controls - 202
Outcome - diet and pediatric CD
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Baron et al[116], 2005,
France

CD - 222
UC - 60
Matched controls
Outcome - pediatric onset IBD

IR - Family history, Breast feeding, BCG
vaccination, history of eczema
DR - Regular drinking of tap water

IR - Family history, disease during pregnancy,
bedroom sharing
DR- Appendectomy

IR: Increased risk; DR: Decreased risk; NA: No association; CD: Crohn’s disease; UC: Ulcerative colitis; RR: Relative risk; IBD: Inflammatory bowel disease.

with CD. The association between OCPs and UC was
[55]
restricted to women with a history of smoking .
Although current evidence suggests that there is a
moderate association between exposure to OCPs and
the development of CD, no conclusions can be made
regarding the use of OCPs and the risk of developing
IBD.
A study which explored the risk of IBD with NSAIDs
and aspirin intake among 76795 subjects from the
NHS Ⅰ cohort found an increased risk of developing
CD and UC among those who used NSAIDs for at least
15 d every month. No association between aspirin use
[56]
and IBD was found . Antibiotics, by affecting gut
microbiota, may modulate gut immune response and
might be a risk factor for IBD. A nested case-control
study from Canada (2234 patients and 22346 controls)
which assessed the risk of IBD with antibiotic use
(2-5 years pre-diagnosis) found a positive association
between antibiotic use and the risk of both CD and
[57]
UC . In a case-control study involving 587 patients
with CD, antibiotic use 2-5 years pre-diagnosis was
[58]
found more often in patients than controls . Virta
[36]
et al , from Finland used the National Register to
explore the link between antibiotics and risk of UC
and CD. They found an increased risk of pediatric
CD, but no added risk for pediatric UC with the use
of antibiotics. The study also showed a stronger
association of CD in boys and with the use of
[36]
cephalosporins . Interestingly, a study from Asia
Pacific showed a decreased risk of CD and UC with
[51]
antibiotic usage . Data on the association between
IBD and specific antibiotics are limited to the pediatric
literature. Penicillins, cephalosporins, and tetracyclines
have been linked with the development of CD, but the
[59,60]
exact mechanism is not well understood
. Although
studies support a link between antibiotic exposure
and the onset of CD, causality has not been firmly
established. However, prudent use of antibiotics is
good clinical practice. Interpreting the association of
drugs with IBD is challenging due to the wide variety
of antibiotics, NSAIDs and OCPs available as well as
the difficulty in determining the magnitude, type of
exposure and duration of use of the drugs.

the NHS cohort showed a protective role for a higher
predicted vitamin D level against the development
[48]
of CD . A case-control study by our group in India,
which included 34 patients with CD and 34 controls
found significantly lower levels of serum 25(OH)
vitamin D in patients compared with controls (16.3
[28]
± 10.8 ng/mL vs 22.8 ± 11.9 ng/mL, P < 0.05) .
Disease severity was negatively correlated with
vitamin D levels. Lower duration of sunlight exposure
with consequent vitamin D deficiency in northern
latitudes might be a factor contributing to the northsouth gradient of IBD, but this needs to be confirmed.
In contrast to the above positive studies, a casecontrol study from the United States failed to show a
significant difference in the vitamin D levels between
[49]
IBD subjects and controls .
The data on breast feeding and onset of IBD are
[50]
conflicting. The meta-analysis by Barclay et al
showed that breast feeding reduced the overall risk
of early onset IBD, but had no impact on the onset
of CD or UC separately. The recently published casecontrol study from the Asia Pacific region which
included subjects from different Asian countries and
Australia showed that breast feeding for more than a
[51]
year reduced the risk of both CD and UC . The casecontrol studies from Slovakia in 2013 and Denmark
in 2011 also suggested that breast feeding may be
[44,52]
protective
. In contrast, data from 146681 subjects
in the NHS cohort did not show any association
[53]
between breast feeding and onset of CD or UC .
Interestingly, a study from France showed that breast
feeding may increase the risk of CD.
The evidence for benefits of high fibre and low fat
diet, longer period of breast feeding and correcting
vitamin D deficiency in preventing IBD is not conclusive.
However, as some studies show that they may be
beneficial and as they also have other health benefits, it
may be reasonable to encourage these interventions.

Drugs

Among the drugs available, OCPs, NSAIDs and
antibiotics have often been linked to the onset and
course of IBD. The meta-analysis by Cornish et
[54]
al , which included 14 studies with a total of 75815
subjects showed an increased risk of CD with the use
of OCPs and risk increased with longer duration of use.
There was also an increased risk of developing UC,
but the effect was less than in CD. A large prospective
cohort study involving 232452 women (NHS 1 and 2)
also showed that oral contraceptive use was associated
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Hygiene

A number of studies have explored surrogate factors
associated with the “hygiene hypothesis” and the risk
of IBD. These include urban living, family size, toilet
facilities, helminth infestation, drinking water facilities,
[21]
etc . Most were case-control studies, and the results
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from some of these studies are summarised in Table
3. While the results are quite variable, some studies
showed urban living, high social status, high social
class and safe drinking water to be associated with
[39,45,61,62]
an increased the risk of IBD
. A meta-analysis
which included 40 studies also showed a positive
association between urban living and both CD and
[63]
[45]
UC . Pugazhendhi et al
from our center showed a
positive association between safe drinking water and
CD, but not with urban living. Various studies have
found that childhood respiratory and gastrointestinal
infection, childhood helminth infestation, pet exposure
[61,62]
and shared housing reduce the risk
. In contrast,
the Asia Pacific study which showed reduced asso
ciation of UC with the presence of a hot water tap
and flushing toilet in childhood and the recent study
from Northern India which showed reduced risk
of UC with better toilet facilities and a private bed
[51,64]
refute the hygiene hypothesis
. Evidence for the
hygiene hypothesis is conflicting. The reasons may
be the inclusion of a wide variety of factors under this
category, lack of large prospective cohort studies,
presence of confounders or a true lack of association.

was an increased risk of early onset CD with exposure
to nitrogen dioxide and early onset UC after exposure
[77]
to sulphur dioxide . The north-south gradient of
IBD observed in some regions may be related to
differences in climate. In a Norwegian cohort, Aamodt
[78]
et al
studied the influence of temperature, altitude
and precipitation to assess the impact of latitude on
the incidence of UC. Temperature had a negative
association with UC, while the other factors had no
significant effect. Others have shown an association
between IBD and both childhood vaccines and physical
[44,52,79]
activity
. Thompson and colleagues were the first
to suggest that measles vaccination was associated
with a 3-fold increased risk of CD and UC compared
[80]
to unvaccinated controls . Subsequent studies have
[81,82]
not confirmed these findings
. Available data
provide no firm evidence to suggest that routine
vaccinations have an effect on the development of
CD. Psychological factors have also been linked with
[83,84]
the onset and course of IBD
. Data from 152461
subjects in the NHS cohort showed an increased risk
of CD with recent and baseline depression, but no
[84]
significant impact on UC . Although a number of
factors have been suggested to influence the onset of
IBD, the data are inconsistent and conflicting.

Other factors

Several other factors such as appendectomy, infections,
air pollution, seasonal variation, physical activity,
vaccination, and psychological factors have been im
plicated in the etiology of IBD. A large Swedish study
showed reduced risk of UC in patients whose appendix
was removed for inflammatory pathology before the
[65]
age of 20 years . Other studies have also shown that
appendectomy was associated with decreased risk of
[66,67]
UC
. Unlike in UC, some studies including a metaanalysis showed that appendectomy increases the risk
of CD up to 5 years after surgery and thereafter the
[68,69]
risk falls to that seen in the general population
.
As clinical symptoms of CD may be similar to acute
appendicitis, some of the association seen during
the initial time period after appendectomy may be
related to an erroneous diagnosis. Helicobacter pylori
(H. pylori) infection was shown to have a protective
[70]
association with IBD in a meta-analysis of 23 studies .
It is unclear whether this is a reflection of overcrowding
and low socioeconomic status associated with H.
pylori infection or an effect of this bacterium on gut
[71]
immunity . On the other hand, a population-based
cohort study from Denmark showed that past infection
with Salmonella and Campylobacter was associated
[72]
with an increased risk of both UC and CD . In the
past, Mycobacterium avium subspecies paratuberculosis
was considered an etiological agent for CD, but recent
[73,74]
data does not support this
. Large cohort studies
have also shown a reduced incidence of IBD in subjects
with more siblings and those who lived on a farm with
[75,76]
livestock in childhood
. In a study from the United
Kingdom, air pollution did not affect the overall onset
of IBD; however, subset analysis showed that there
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ENVIRONMENTAL FACTORS AND THE
COURSE OF IBD
The usual reasons for disease exacerbation in IBD are
natural history of the disease, non-compliance with
drugs and gastrointestinal infections; environmental
factors may also influence the course of disease.
Table 4 summarises data from some of the studies
evaluating environmental factors and the course of
IBD.
Smoking seems to have a definite, detrimental
effect on the course of CD. Several studies have
shown an increased risk of flares, more active disease,
increased hospitalisation rates, increased risk of
surgery and post-operative recurrence in patients
with CD who are smokers compared with non[85-87]
smokers
. Smoking also affects disease behaviour
and is associated with a higher risk of penetrating
[88,89]
disease and extra-intestinal manifestations
.
There is a strong case for smoking cessation in CD
as shown in an interventional study from France
where patients who quit smoking had a reduced rate
[90]
of disease exacerbations compared to smokers .
Based on these findings, smoking cessation should
be strongly encouraged in CD. A recent meta-analysis
of 20 studies on UC showed lower colectomy rates in
[91]
active smokers . Another population-based cohort
study which included 771 patients with UC from
seven European countries and Israel found lower
[92]
relapse rates in current smokers . The reason for the
differential effect of smoking on CD and UC is unclear.
Psychological factors have been proposed to have
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Table 4 Environmental factors and course of inflammatory bowel disease
Author

Study setting

Effect on CD

Effect on UC

IR of EIM

NA

Cosnes et al[87], 1999,
France

Cohort study
CD - 161
UC - 96
Outcome - Smoking and EIM
Case-control study
Active IBD - 166
IBD in remission - 68
Outcome - triggers for flare of IBD
Multi-institutional cohort study, CD - 5405, UC - 5429
Outcome - psychiatric comorbidity and surgery and
hospitalisation in CD and UC
Population-based cohort
IBD - 704
Outcome - risk factors for flare
Follow-up - 1 yr
Systematic review, 7 studies
Outcome - Physical activity and course of IBD
Cohort study,
101 patients with CD in remission
Outcome - biopsychosocial factors and relapse
Follow-up - 1 yr
Case series
IBD - 209
Outcome - risk of flare with NSAID
RCT - Celecoxib vs placebo for 2 wk
UC - 222
Outcome - exacerbation during 2 wk
Cohort study
CD - 100
Outcome - major depressive disorder and response to
infliximab
Cohort study
CD - 331
Outcome - OCP and flare of CD
Follow-up -12 to 18 mo
Cohort study
CD - 622

Boyko et al[117], 1998,
United States

Outcome - risk factors for flare of CD
Follow-up -12 to 18 mo
UC - 209, compared smokers with non-smokers
Outcome: Smoking and course of UC

Ott et al[89], 2014, Germany

Feagins et al[101], 2014,
United States

Ananthakrishnan et al[97],
2013, United States
Bernstein et al[93], 2010,
Canada

Packer et al[110], 2010
Bitton et al[95], 2008,
Canada

Takeuchi et al[25], 2006,
United Kingdom
Sandborn et al[100], 2006,
United States
Persoons et al[96], 2005,
Belgium

Cosnes et al[103], 1999,
France

NA with NSAID, antibiotics, stress, smoking, infection and travel in
past 3 mo

IR of surgery with psychiatric
comorbidity

NA of surgery with
psychiatric comorbidity

IR of flare - High perceived stress
NA with flare - NSAID, antibiotics, non-enteric infection

Physical activity significantly increased quality of life and decreased
disease activity
IR with stress/avoidance coping, higher
CRP, fistulising disease behaviour,
disease confined to the colon
IR of flare with non-selective NSAID

No significant difference
between celecoxib (3%)
and placebo group (4%)
Major depressive disorder associated
with reduced response to infliximab

NA between OCP use and disease flare

IR of flare - Current smokers
NA with flare - Obesity, dyslipidemia
and alcohol consumption

DR of hospitalisation
NA with colectomy rates

IR: Increased risk; DR: Decreased risk; NA: No association; CD: Crohn’s disease; EIM: Extraintestinal manifestation; IBD: Inflammatory bowel disease;
NSAID: Nonsteroidal anti-inflammatory drug; RCT: Randomised controlled trial, CRP: C reactive protein, OCP: Oral contraceptive pill.

[97]

a greater role in influencing the course of IBD as
compared to their etiological role. A large populationbased cohort study from Canada showed an increased
risk of flare in IBD patients with high perceived stress
[93]
at one year follow-up . A couple of other cohort
studies, one of which included patients with CD
and the other with UC, also showed that stress was
[94,95]
associated with increased disease exacerbation
.A
prospective observational study from Belgium showed
that major depressive disorder was a risk factor for
failure to achieve remission with infliximab and for
[96]
earlier relapse in patients with active CD . In addition
to flares, psychiatric comorbidity may also affect
the risk of surgery. A multi-institutional cohort study
showed that psychiatric comorbidity increased the risk
of surgery in patients with CD, but no association was

WJG|www.wjgnet.com

observed with UC . In contrast, a systematic review
which included 12 studies showed a lack of convincing
evidence that therapy of depression and anxiety alters
[98]
the disease course of IBD . Although the evidence for
psychological factors influencing the course of IBD is
not robust, it may be prudent to treat these patients to
improve their quality of life.
Drugs may also influence the course of IBD. Data
on NSAIDs as a trigger for disease relapse in IBD is
conflicting. Case reports and small series suggest
[99]
that nonselective NSAIDS trigger disease relapse .
[25]
In an uncontrolled study, Takeuchi et al , found an
increased risk of flares in IBD patients taking nonselective NSAIDs, but not with selective COX-1 or
COX-2 inhibitors. A randomised controlled trial of
celecoxib and placebo in UC did not show a significant
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[100]

difference in relapse rates between the two groups .
The Canadian population-based cohort study and a
recent study from the United States also showed no
[93,101]
impact of NSAIDs on disease flare
. Although
the evidence is weak, the American College of Gastro
enterology practice guidelines currently recognize
NSAID use, including the use of COX-2 inhibitors, as
[102]
a potential exacerbating factor for relapse of CD
.
The role of antibiotics and OCPs in modulating disease
[93,101,103]
activity in IBD is unclear
. A systematic review
of 10 RCTs involving 1160 patients showed that
antibiotics were more effective than placebo in inducing
[104]
remission in active CD . Shortcomings of the study
were moderate heterogeneity between studies and
multiple antibiotics used either alone or in combination.
As multiple antibiotics were used in different studies,
the data are difficult to interpret, and additional
studies are required to address the role of antibiotics in
influencing the course of IBD. A systematic review that
included 10 studies suggested that there is no risk of
disease exacerbation in women with IBD who use oral
[105]
contraceptives .
Dietary factors have been suggested as triggers
for disease flares. Data on this subject are limited
and confusing as patient surveys show heterogeneity
[106,107]
regarding trigger foods
. Fish oil which has
omega-3 fatty acid with anti-inflammatory properties
may be beneficial in maintaining remission in IBD.
They may be of some utility in managing UC, but
have not proven to be a substitute for conventional
[108]
drugs
. A prospective study of 191 patients with
UC, who were followed-up for one year, to determine
the effects of dietary factors on relapse, showed that
higher meat and alcohol consumption was associated
[109]
with an increased risk of relapse
. The sulphur
content in the food was proposed to be the likely
trigger.
Other factors such as air pollution, exposure to
ultraviolet light and physical activity have also been
linked to the course of IBD. A systematic review of
seven studies found physical activity to be associated
with increased quality of life and decreased disease
[110]
[111]
activity among patients with IBD . Cucino et al ,
found the manual work and farming were associated
with decreased mortality in IBD. Low exposure to
ultraviolet light has been associated with an increased
risk of hospitalisation and surgery among IBD pa
[112]
tients . Exposure to pollutants in air was also shown
[113]
to increase hospitalisation rates
. Although the
environmental factors have not been as extensively
evaluated with respect to their role on the course of
IBD compared to their etiological role, there is modest
evidence that some of these factors may influence the
course of illness.

significant role in the etiology of IBD and probably
on the disease course. While the evidence for some
factors is strong, many factors require further
supportive data. Interventional studies assessing
the effects of modifying these risk factors on natural
history and patient outcomes are an important unmet
need.
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TOPIC HIGHLIGHT
2016 Gastric Cancer: Global view

Quality of life: A critical outcome for all surgical treatments
of gastric cancer
Michael D McCall, Peter J Graham, Oliver F Bathe
However, quality of life (QoL) is also important and
should be considered when making treatment decisions
- including the extent of and approach to surgery.
Measurement of QoL usually involves the application
of questionnaires. While there are multiple QoL
questionnaires validated for use in oncology patients,
there are very few that have been validated for use in
those with gastric cancer. In this review, we discuss
and compare the current status of QoL questionnaires
in gastric cancer. More importantly, the impact of
surgery for treatment, palliation and prophylaxis of
gastric cancer on QoL will be described. These data
should inform the surgeon on the optimal approach to
treating gastric cancer, taking into account oncological
outcomes. Knowledge gaps are also identified,
providing a roadmap for future studies.
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Core tip: Quality of life is an important determinant in
the optimal management of patients with malignancy.
This is no different for gastric cancer where surgery
is considered in cases of resection-for cure, palliation
and prophylaxis. This review summarizes the available
evidence surrounding the impact of surgery on quality
of life in gastric cancer. In general, there has been an
improved appreciation of the importance of quality
of life as an outcome that must be considered in the
context of survival and performance status.
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Abstract

McCall MD, Graham PJ, Bathe OF. Quality of life: A critical
outcome for all surgical treatments of gastric cancer. World J
Gastroenterol 2016; 22(3): 1101-1113 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1101.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1101

Surgery represents the main curative therapeutic
modality for gastric cancer, and it is occasionally
considered for palliation as well as prophylaxis. Most
frequently, surgical outcomes are conveyed in terms of
oncological outcomes such as recurrence and survival.
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INTRODUCTION

A

Gastric cancer is the fifth most common cancer
worldwide and is the third leading cause of cancerrelated mortality according to the World Health
Organization (WHO). There are over 22000 new
gastric cancer cases diagnosed yearly in the United
[1,2]
States . Current estimates from Western countries
show a 5-year survival ranging from 30%-40% after
[3]
R0 resection . In order to improve this, multimodality
therapy has been employed. Curative measures may
therefore be comprised of subtotal or total gastrectomy
(TG), lymphadenectomy and perioperative chemo
[4,5]
therapy or postoperative chemoradiation .
In addition to survival, other outcomes must be
considered when measuring the effectiveness of
therapies for gastric cancer. Surgery is associated
with short-term morbidity and mortality. In longterm survivors, gastric surgery may have functional
[6,7]
outcomes . Chemotherapy and radiation therapy
are also associated with a number of toxicities that, at
[4,5]
times, limit their use and effectiveness . Performance
status, an objective measure of overall function, can
be impacted by treatments. Finally, quality of life (QoL)
can be impacted by any treatments for gastric cancer.
QoL is a construct that describes the subjective
well-being of an individual. It has physical and
psychological dimensions and therefore is generally
poorly understood by physicians. As a result, QoL
is generally underreported and poorly documented,
even though, to the patient, this outcome may be of
paramount importance, and despite the recognition
that almost any cancer treatment can adversely affect
QoL. In fact, while most oncologists believe QoL is
an important clinical endpoint, only 50% measure it
[8]
in clinical practice . This may be because the QoL
construct has frequently been confused with functional
outcomes in the past. The instruments used to
measure the multiple dimensions of QoL have only
recently been validated.
For a disease with a limited survival such as gastric
cancer, consideration of QoL is paramount when
considering any treatment strategy. Surgery plays
a dominant role in the treatment of gastric cancer.
Its effects on QoL are obvious and intuitive. What is
less obvious is the magnitude of any adverse effects
on QoL, the duration of this impaired QoL, and the
comparative effects of various surgical options on QoL.
In thinking about the role of surgery for any
individual, one must consider the present QoL and the
likelihood that that QoL can be restored or improved in
a reasonably short period of time, taking into account
the expected length of survival (Figure 1). Surgery
will undoubtedly have a QoL “cost”, a temporary
deterioration of QoL that would be exacerbated by
complications or by disease progression; this cost
must be evaluated in the specific clinical context. For
example, in an individual undergoing a prophylactic
gastrectomy [for hereditary diffuse gastric cancer
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Figure 1 A model to conceptualize the effects of gastric procedures on
quality of life. For any given situation, surgery will have a quality of life (QoL)
“cost” which is proportional to the magnitude of the reduction in QoL and the
duration of this impaired QoL. Ideally, QoL should be restored to preoperative
levels in individuals undergoing prophylactic gastrectomy (line A). In patients
undergoing curative procedures, QoL should be return to baseline within a short
period (line B). In patients undergoing a palliative procedure, QoL should be
improved soon after surgery, with little QoL “cost” (line C).

(HDGC), for example], preoperative QoL will likely
be excellent and it will be imperative to restore
QoL to normal levels (Figure 1, line A). In a patient
undergoing curative resection for gastric cancer,
baseline QoL may be lower (Figure 1, line B). Given
the more limited survival of such a patient, strategies
that reduce the recovery time should be explored.
Finally, in a patient with incurable disease, baseline
QoL may be particularly impaired; expected survival is
short (Figure 1, line C). Any surgical procedure under
consideration should have a reasonable likelihood
of improving QoL within a short period of time after
the procedure, with little QoL “cost”. Using recently
validated QoL instruments to serially evaluate the QoL
throughout a patient’s clinical course will provide the
surgeon with an objective measure of whether a QoL
benefit has been realized.

QOL IN GASTRIC CANCER
Methods to measure QoL

[9]

According to Schipper et al , QoL is “the functional
effect of a disease and its consequent therapy upon a
patient, as perceived by the patient”. In gastric cancer,
it has been defined as the subjective evaluation of
a patient’s physical, emotional, social and functional
[10]
well-being and perceived symptom burden . Both
definitions account for the fact that QoL is a patientcentered variable that must take into account the
patient’s perception of their current situation. Clinicians
likely have their own opinions regarding the effects
of various treatments on patients’ QoL, but these are
highly influenced by “hard signs” such as recurrence
rate and overall survival. In fact the “best” treatment
for gastric cancer would be the one that provides the
longest overall survival with the least toxicity and the
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that this reflected a need for newer and more focused
QoL instruments - ones specific for the needs of those
patients with gastric cancer.

Table 1 Comparison of gastric cancer-specific quality of life
questionnaires

Year introduced
Validated?
Parent questionnaire
Number of items/
questions
Focus

Applicable to all
treatment modalities?

EORTC QLQSTO22

FACT-Ga

DAUGS32

2001
Yes
EORTC
QLQ-C30
22

2004
Yes
FACT-G

2005
Yes
None

19

32

Patient
symptoms
Yes

Measuring QoL in gastric cancer

There are many factors that determine the QoL in
patients with gastric cancer. Symptoms (including
pain and dysphagia), emotional well-being, social and
financial status, and body image may all play a role. In
this regard, creating a valid and robust questionnaire
has presented some challenges. Early attempts failed
because they were not applicable to multiple treatment
[17-19]
modalities and did not undergo formal validation
.
The first validated gastric cancer-specific QoL
[20]
instrument developed was the EORTC QLQ-STO22
(Table 1). This is a 22 item questionnaire that is
administered in conjunction with the generic QLQ-C30.
As in the parent questionnaire, the STO-22 focuses
mainly on patient symptoms including pain, dysphagia,
reflux and early satiety. However, it also touches on
emotional issues including body image, weight loss
and a patient’s reflection on their illness. It has been
validated across multiple countries and languages,
over numerous treatment modalities, and in both the
curative setting as well as patients receiving palliative
[21]
or best supportive care .
A second gastric cancer-specific instrument is the
[22]
FACT-Gastric instrument (FACT-Ga) . This 19-item
tool was developed to pair with the FACT-G generic
cancer questionnaire. The FACT-Ga includes questions
regarding physical symptoms (pain, energy etc.) but
focuses more on patients’ emotional and physical
well-being as well as their reaction to illness. Just like
the STO-22, the FACT-Ga has been validated for use
in patients with gastric adenocarcinoma, in Western
[23]
[24,25]
countries and abroad
.
The STO-22 and the FACT-Ga are relatively
broad questionnaires that cover a range of QoL
issues affecting gastric cancer patients. Additionally,
they have the advantage of being applicable to
nearly all treatment modalities. There are other
scoring systems that are narrower in scope. The
Dysfunction after Upper Gastrointestinal Surgery for
Cancer (DAUGS32) questionnaire is a 32-item study
designed to elicit post-operative gastrointestinal
[26]
dysfunction issues . The DAUGS32 focuses strictly
on gastrointestinal symptoms including reflux, gastric
dumping, digestive difficulties, nausea and vomiting
and lower gastrointestinal symptoms. Unlike the
STO-22 and the FACT-Ga, the DAUGS32 is a standalone test, not partnered with a more general cancer
QoL questionnaire. It has been validated for use in
[26-28]
postoperative patients
. However, there are two
major limitations to this questionnaire. Firstly, it is
not designed to study patients receiving non-surgical
treatment or those being considered for palliative
measures. Secondly, it has not been utilized outside
of a Japanese patient population. Therefore, its utility

Emotional
Gastrointestinal
and physical
dysfunction
symptoms
Yes
No (surgery only)

[11]

best QoL . Assessing QoL is thus a vital statistic in
the determination of optimal therapy and outcomes, in
curative and palliative settings.
Measurement and reporting of prognostic factors
(e.g., tumor stage) and survival outcomes are
commonplace in most gastric cancer clinical trials.
However, QoL is less well understood, infrequently
documented, and at times improperly measured.
[12]
In a review by Kaptein et al , twenty-six studies
addressing QoL in gastric cancer were identified.
Twenty (77%) of these studies examined the impact
of surgical procedures on QoL. Nearly a quarter of
these 20 studies utilized novel and unvalidated QoL
instruments while others used multiple instruments
or ones not specifically validated for surgical oncology
patients.
The European Organization for Research and
Treatment of Cancer (EORTC) QLQ-C30 is a generic
oncology QoL questionnaire focused mainly on physical
[13]
symptoms . This is a robust questionnaire, validated
for multiple cancer sites and in numerous languages.
The Functional Assessment of Cancer Therapy-General
(FACT-G) is a similar questionnaire that focuses on
a broader range of areas important to QoL including
[14]
social and emotional factors . It is comprised of four
general well being subtypes: physical, social, emotional
and functional. In comparing these two instruments,
[15]
Kemmler et al
found that despite considerable
overlap in the questionnaires, they measured markedly
different aspects of QoL.
In recent years, it has also become apparent
that some dimensions of QoL are disease-specific. A
lack of disease-specific QoL elements may limit the
sensitivity of detecting changes or differences in QoL.
One example of how this may have been important
was in a cohort treated with systemic therapy. Webb et
[16]
al
utilized the QLQ-C30 to measure QoL differences
in patients with advanced gastroesophageal cancer
undergoing two different chemotherapeutic protocols.
Despite differences in survival and chemotherapeutic
effect, there were no measurable differences in QoL
except for the global scores at 24 wk. It is possible
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Table 2 Quality of life tools utilized in the included references
Author

Year

Main QoL outcome

QoL tool

Korenaga et al[37]
Davies et al[40]
Spector et al[63]
Díaz De Liaño et al[68]
Barbour et al[62]
Kim et al[71]
Tyrväinen et al[38]
Avery et al[34]
Lee et al[36]
Jeurnink et al[90]

1992
1998
2002
2003
2008
2008
2008
2010
2010
2010

QoL - single time point
Comparison of extent of surgery (DG vs TG)
Comparison of approaches to GEJ tumors
Comparison of extent of resection and nodal dissection
Comparison of approaches to GEJ tumors
Comparison of lap vs open for DG
Long-term QoL
Longitudinal follow-up after TG and DG
Long-term QoL
Surgical GJ vs stent for GOO

Kobayashi et al[42]
Kim et al[35]
Kulig et al[85]
Lee et al[48]
Munene et al[11]
Takiguchi et al[49]
Karanicolas et al[33]
Rausei et al[43]
Park et al[44]
Takiguchi et al[29]
Worster et al[99]
Ronellenfitsch et al[57]

2011
2012
2012
2012
2012
2012
2013
2013
2014
2014
2014
2015

Comparison of extent (DG vs TG)and method (lap vs open) of surgery
Longitudinal follow-up after TG and DG
QoL in non-curative resection
Comparison of reconstruction after DG (BI vs BⅡ vs R-Y)
Longitudinal follow-up, comparison of extent of surgery (DG vs TG)
Comparison of reconstruction after DG (BI vs R-Y)
Comparison of extent of surgery (DG vs TG vs PG)
Comparison of extent of surgery (DG vs TG)
Comparison of extent of surgery (DG vs TG)
TG vs PG for proximal gastric tumors
Longitudinal study, prophylactic gastrectomy patients
Longitudinal follow-up after PG

Interview, non-validated
RSCL, Troidl, HAD, ADLs
GIQLI, LAGS
QLQ-C30
QLQ-C30
QLQ-C30, QLQ-STO22
SF-36, 15D
QLQ-C30, QLQ-STO22
QLQ-C30, QLQ-STO22
QLQ-C30, EuroQoL-5D, EuroQoL-VAS,
QLQ-PAN26
QLQ-C30, QLQ-STO22
QLQ-C30, QLQ-STO22
QLQ-C30
GIQLI
FACT-Ga
QLQ-C30, DAUGS 20
QLQ-C30, QLQ-STO22
QLQ-C30, QLQ-STO22
QLQ-C30, QLQ-STO22
PGSAS-45
QLQ-C30, QLQ-STO22
FACT-E

ADL: Activities of daily living; TG: Total gastrectomy; DG: Distal gastrectomy; FACT: Functional assessment of cancer therapy (-G: Gastric, -E: Esophageal);
GEJ: Gastroesophageal junction; GJ: Gastrojejunostomy; GIQLI: Gastrointestinal Quality of Life Index; GOO: Gastric outlet obstruction; HAD: Hospital
anxiety and depression scale; LAGS: Life after gastric surgery; PGSAS: Postgastrectomy syndrome assessment scale; RSCL: Rotterdam symptom checklist;
QoL: Quality of life.

is limited, as it is unclear how the DAUGS32 applies
to a more general gastric cancer population. A more
recently developed instrument is the Postgastrectomy
[29-31]
Syndrome Assessment Scale (PGSAS-45)
, a
45 item survey that borrows questions from the
Gastrointestinal Symptom Rating Scale - a system
[32]
designed for benign gastric conditions . In contrast
to the DAUGS32, the PGSAS-45 touches on general
QoL factors (general health, mental health, social
functioning etc.) in addition to pointed questions aimed
at determining post-operative gastric function. This
questionnaire is ideally suited to study the effects of
varied surgical techniques on post-operative QoL and
may gain a wider usage in the near future. It has not
been validated in non-Asian patients.
In summary, there are many means to measure
QoL in gastric cancer patients (Table 2). These range
from questionnaires specific to a certain patient
population to the more broadly applied STO-22 and
FACT-Ga surveys. This plethora of options could
make comparison of QoL across studies difficult. On
the other hand, gastric cancer is a complex disease
and QoL is a multifaceted outcome that may not be
adequately measured with a single device. In the end,
most researchers will likely choose the questionnaire
they have the most experience with, provided it has
been validated for their patient population.

WJG|www.wjgnet.com

EFFECT OF SURGERY FOR CURE ON
QOL
Surgery forms the mainstay of current therapy for
gastric cancer and, as such, also forms one of the
main determinants of patient QoL. In addition, given
the high likelihood of disease recurrence, the benefit of
any surgical procedure must exceed any detriment to
the patient’s QoL. Therefore, while surgical resection
for gastric cancer should abide by sound oncologic
principles, it must also take into account the effect on
the patient’s QoL.
In general, surgery itself causes a decrease in QoL.
[11]
Munene et al
showed that QoL scores decreased
after surgery and normalized by 6 mo. This decrease
was not affected by the extent of surgical resection.
The group from Memorial Sloan Kettering, followed
134 patients prospectively and showed similar
[33]
results . Over 50% of patients experienced postoperative impairment in their global QoL. Of note,
nearly one-third of patients continued to have worse
QoL than before surgery, even after the 6 mo point.
Other studies have shown similar results, underlining
the importance of addressing the QoL of patients in
[34,35]
the postoperative period
.
Some studies suggest that gastric resection has
[36]
even more sustained detrimental effects. Lee et al
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studied a group of long-term survivors after distal
gastrectomy (DG). They compared 126 patients 5
years after surgery to a group of healthy controls.
Using the QLQ-C30 and STO-22 they found that
the surgical patients scored higher for emotional
functioning and fatigue but scored worse for nausea
and vomiting, financial difficulties, eating restrictions
[36]
and body image . While there may be issues with the
methodology of comparing gastric cancer survivors to
healthy individuals awaiting a routine screening exam,
the study does underline the persistence of impaired
QoL after resection. Earlier studies had found similar
results in long-term survivors, although the specific
elements of QoL affected by surgery varied across the
[37,38]
studies
.

followed 43 patients after distal or TG in a Canadian
centre. Using the FACT-Ga instrument, there was no
difference in QoL between DG and TG over the study
period. On the other hand, in patients undergoing
TG, there was a measurable decline in function as
evaluated by the Karnofsky performance status. A
more recent study from the United Kingdom found
similar values in post-operative global QoL although
those undergoing TG had worse dysphagia and eating
restrictions. While these latter two studies are likely
hampered by low sample sizes and survey response
rates, they do add to the portrait of overall impairment
in those undergoing TG as compared to DG. In all, if
it is possible to perform an adequate resection with
negative margins by DG, then this will result (on
average) in an improved QoL at no cost to overall
survival.

DG vs TG for distal gastric cancers

For distal gastric lesions, the decision to perform a DG
vs a TG is typically made based on oncologic principles,
but the effects of the procedure on QoL should also be
considered. In his review published in 1992, Bozzetti et
[39]
al
surmised that “when two surgical procedures are
compared, if the oncological results are the same, the
operation which is associated with the least discomfort
and impairment of the QoL should be chosen”. Early
advocates for the routine use of TG for gastric cancer
quoted the reduced risk of recurrence and elimination
[40]
of the risk of a second cancer . While there is a
statistically significant yet small risk of recurrence in
the remaining distal stomach, there is high quality
evidence showing equivalence in 5-year survival
[7,41]
between the two procedures
. Moreover, there is
[7]
no increased risk of mortality with either procedure .
Therefore, as long as oncologic margins are negative,
the “best” procedure would be that which affords the
best QoL.
Using a number of indices, Davies and coworkers
studied QoL over the first year after surgery in 47
[40]
patients undergoing either DG or TG . At one-year,
those who had undergone DG had a significantly
better QoL than those in the TG group. In fact, the QoL
in the DG group was better after surgery than it was
preoperatively. The inferior QoL associated with TG
has been confirmed over multiple studies in the years
[35,42-44]
[35]
since
. Kim et al followed a cohort of over 450
Korean patients through the first post-operative year.
Those patients that underwent TG developed alterations
in social functioning, pain, insomnia, reflux and dry
mouth that did not return to baseline, although those
same symptoms normalized in those undergoing DG.
Overall QoL was also affected, being more likely to
return to baseline in the DG group as compared to the
[43]
TG group. Similarly, Rausei et al
showed that TG
is associated with a number of upper-gastrointestinal
tract symptoms, including reflux, leading to a negative
impact on overall QoL.
Not every study has shown a difference in
[11]
QoL between the two procedures. Munene et al
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Influence of method of reconstruction after DG

There are multiple methods for re-establishing
gastrointestinal continuity after DG. The Billroth Ⅰ (BI),
Billroth Ⅱ (BⅡ) and Roux-en-Y (R-Y) reconstructions
are most frequently employed, although there
are many variations of each technique and the
“best” reconstruction option is controversial (Figure
2A). The BⅡ anastomosis (gastrojejunostomy)
is associated with increased bile reflux, biliary
gastritis, dumping symptoms and the possibility of
[43,45]
remnant stomach cancer
. Bile reflux and biliary
gastritis are substantially less common following
[33,43,46,47]
a R-Y reconstruction
. The advantage of a
BI anastomosis (gastroduodenostomy) is that it is
more “physiologic”, maintaining the normal stream
of gastric contents into the duodenum. However, this
is not technically feasible in the majority of instances
of resections for gastric cancer, where a small gastric
remnant is remaining. That is, following a radical
DG, the distance between proximal gastric remnant
and duodenal stump is too great to enable a tensionfree anastomosis. In addition to these technical
considerations, there are regional preferences (as
well as preferences by surgeons). For example, a B
Ⅱ anastomosis is most frequently performed in
North America and Europe; in the East, BI and R-Y
[33,45]
reconstructions are more common
.
There is no evidence that the method of recon
struction has any influence on oncological outcomes.
Therefore, the choice of anastomosis should be
heavily influenced by functional considerations
and QoL. Non-randomized studies have not shown
convincing differences in QoL, although the incidence
of bile reflux symptoms and endoscopic evidence of
[33,43,46,47]
reflux are least common following R-Y
. There
are also at least two randomized controlled trials
evaluating the influence of anastomotic technique on
[48]
functional and QoL outcomes. Lee et al
reported
on 159 DG patients randomized to BI, BⅡ or R-Y
reconstruction. There was no overall difference in
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A

B

Proximal
gastrectomy

Distal
gastrectomy

Total
gastrectomy

Billroth I

Billroth Ⅱ

Roux-en-Y

Figure 2 Resection and reconstruction options for distal (A) and proximal gastric cancers (B).

QoL between the three techniques, although those
with a R-Y developed less frequent biliary reflux as
determined by endoscopy. Similarly, Takiguchi et
[49]
al
randomized patients to BI and R-Y and studied
postoperative QoL. Despite worse reflux symptoms
in the BI group, there was no difference in QoL in
the two groups. It is interesting that reflux and its
symptomatic manifestations have little impact on QoL.
This may be because, in the majority of individuals,
these symptoms can be effectively managed by
pharmacological therapy.

which 193 underwent proximal gastrectomy. Overall,
QoL after PG was similar to QoL after TG, although
PG patients benefited from reduced dumping and less
need for additional meals. Some would argue that
the removal of the lower esophageal sphincter in the
setting of an intact distal stomach would predispose
to reflux. While this could lead to a reduced QoL, a
recent study showed that, even though one third of
patients with PG had endoscopic signs of esophagitis,
[57]
only two patients reported symptoms . Moreover,
QoL measured with the FACT-E questionnaire was
not reduced in the early post-operative period and
increased steadily over time. Reflux was only reported
as “mild” by most patients, possibly because all
were prescribed a proton-pump inhibitor. Conversely,
Karanicolas and coworkers found that patients
undergoing PG developed significantly more clinical
reflux and nausea, as well as a diminished global QoL
[33]
compared to those undergoing TG or DG . A large
meta-analysis incorporating nearly 1100 patients
reported that PG was associated with higher morbidity,
including increased reflux esophagitis and anastomotic
[55]
stenosis . Still another study found increased rates of
[58]
severe esophagitis in the TG group .
In summary, the role of proximal gastrectomy is
still uncertain. While PG is an equivalent oncologic
procedure to TG, it may predispose to worsened clinical
reflux and QoL. There do not seem to be any obvious
QoL benefits to PG, and patients seem to manage
reasonably well without a remnant distal stomach.

Role of proximal gastrectomy

For tumors of the cardia and proximal stomach,
the surgeon is similarly faced with the decision on
the best approach to extirpating the tumor. It is
unclear whether patients derive any benefit from the
remaining distal stomach with a proximal gastrectomy
(PG) as opposed to performing a TG (Figure 2B).
Oncologically, PG and TG should be equivalent
procedures, provided clear resection margins are
achieved, as the chance of metastasis to distal gastric
[50]
nodes is uncommon . Indeed, multiple studies
[51-55]
have demonstrated equivalence in survival
. The
operative decision may then revolve around QoL and
functional differences.
While multiple studies have been conducted to
attempt to answer this question, many of them are
[52-54,56]
hampered by a lack of validated QoL data
.
[29]
Takiguchi et al
reviewed nearly 400 patients of
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Surgery for gastroesophageal junction tumors

lymphadenectomy is routinely performed and the
procedure is associated with a survival benefit when
[67]
performed by experienced surgeons .
The effects of extended lymphadenectomy on
QoL are poorly understood. In the Dutch trial, there
was a higher mortality rate, complication rate and
reoperation rate in the group that underwent a D2 lym
[65]
phadenectomy, but QoL was not directly measured .
In a retrospective study from Spain in which QoL was
determined using the QLQ-C30 questionnaire, there
was no difference in QoL between patients who had
[68]
[43]
had a D1 and D2 lymphadenectomy . Rausei et al
found a significant increase in patient-reported nausea
and belching with D2 lymphadenectomy. More studies
are warranted in Asia and the West on the effects of
extended lymphadenectomy on operative outcomes,
survival and QoL, particularly with more contemporary
adjunctive therapies such as postoperative radio
therapy or perioperative chemotherapy.

The surgical approach to gastroesophageal junction
(GEJ) tumors can depend on pre-operative workup,
the exact location of the tumor, and surgeon
[59]
preference. Siewert et al
divided these tumors into
three subtypes based on their anatomic location,
a classification that has been updated in the most
[60]
recent TNM staging system . Surgical options
include extended TG or esophagectomy with both
transabdominal and transthoracic approaches.
From an oncologic standpoint, for GEJ tumors
there is no apparent difference in survival between
gastrectomy and esophagectomy. While there are
no randomized controlled trials, a recent systematic
[61]
review supports this claim . Likewise, morbidity
and mortality rates are comparable for the two
[61]
techniques .However, there may be differences
[62]
in their effects on QoL. Barbour et al
compared
pre-operative QoL to post-operative values in those
undergoing either esophagectomy or gastrectomy
for Siewert Ⅰ -Ⅲ tumors. Using the QLQ-C30
questionnaire, they found that those undergoing
gastrectomy had better overall QoL and social function.
Fatigue was also less common following gastrectomy
than following esophagectomy. However, all those
selected for gastrectomy in this study had Siewert
Ⅲ tumors, and this inherent difference in the groups
may interfere with any conclusions that can be drawn.
Spector and colleagues also reported that patients
undergoing esophagogastrectomy had gastrointestinal
symptoms more frequently than those who received
[63]
a gastrectomy with R-Y reconstruction . While it is
difficult to make concrete recommendations based on
these data, the preponderance of information suggests
that QoL is inferior after esophagectomy compared
to after gastrectomy. The reasons for this are likely
multifactorial including type of incision, difficulties in
post-operative food intake, patient selection and tumor
location.

Laparoscopic vs open gastrectomy

Laparoscopic procedures for gastric cancer are now
becoming more widely utilized. In Eastern centers, the
laparoscopic approach is commonly applied. However,
in the West the adoption has been much slower. This is
likely due to the steep learning curve, the complexity
[69]
of the procedure, as well as patient characteristics .
There have now been a number of randomized
[70-72]
[73]
controlled trials
and at least one meta-analysis
showing equivalent oncologic outcomes between
laparoscopic and open approaches. Additional reported
benefits of the procedure include decreased length
of hospital stay, reduced blood loss, and earlier
resumption of oral intake. An additional important
reason to perform minimally invasive techniques is to
improve patient QoL. In fact there is good evidence
[71]
supporting this. Kim et al
performed a randomized
controlled trial comparing laparoscopic DG to open DG.
Using validated QoL questionnaires, they found that
a laparoscopic DG was associated with a significantly
better global QoL in the first 3 mo after surgery, as
well as higher scores in the physical, emotional and
social subscales during this immediate postoperative
[42]
period. Kobayashi et al
found that the laparoscopic
approach led to superior QoL in the early postoperative
period but that these differences disappeared by one
year after surgery.

Influence of the extent of lymphadenectomy

It is known that metastasis to lymph nodes is an
early event in gastric cancer and as such, lymph
node dissection is recommended as part of a cura
tive resection. The optimal extent of lymph node
dissection is less clear. The minimal procedure would
include removal of the perigastric lymph nodes, a D1
lymph node dissection. In comparison, a D2 nodal
dissection would include those in a D1 dissection
in addition to nodes surrounding the celiac axis,
left gastric artery, common hepatic artery, splenic
artery and splenic hilum. It is still unclear whether
a D2 lymphadenectomy is beneficial. In non-Asian
countries, the available randomized series have not
demonstrated a survival benefit associated with
[64,65]
extended lymphadenectomy
. However, these
studies have been criticized for high mortality rates
[66]
and study protocol violations . In Asian centers, D2
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PALLIATIVE PROCEDURES AND QOL
For those with locally unresectable or metastatic
disease, treatment is directed towards palliation.
Palliation has been defined by the WHO as an
approach that improves QoL, provides relief from
pain and intends neither to hasten nor postpone
[74]
death . Bleeding, obstruction, malnutrition and pain
[75]
must be identified and treated if possible . It is in
these patients that it is especially imperative that any
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Palliative surgical bypass vs stenting

treatments have a minimal impact on QoL, as lifespan
may be measured in weeks to months. Unfortunately,
there is a paucity of data to inform the clinician on
the best approach to palliation, including the QoL
cost-to-benefit ratio for any treatment. Indeed,
palliative treatments are presently largely decided by
a physician based on prior experiences in conjunction
[75]
with the patients’ wishes . In these circumstances,
great clinical judgment is an asset to the surgeon
considering a palliative procedure.

Gastric outlet obstruction (GOO) is a troublesome
complication of advanced pancreatic and distal
gastric cancer. Traditionally, this has been treated
with gastrojejunostomy, but endoscopic stenting is
another alternative that should be considered. Gastro
jejunostomy can be associated with good functional
outcome but is also associated with significant
[86,87]
morbidity
. The laparoscopic approach is an option
but is not necessarily associated with a significant
[88]
benefit . More recently, endoscopic stenting has
become an attractive alternative that forgoes the need
for an abdominal procedure. A meta-analysis that
included multiple cancer types, showed resumption
[89]
of oral intake in 89% with minimal morbidity . Late
stent failure, mainly due to tumor infiltration, was seen
in 18%. In 2010, a randomized trial was conducted
comparing gastrojejunostomy to endoscopic stenting
[90]
in those with GOO . Gastrojejunostomy was superior
in terms of longer-term patency and a less common
need for reintervention. Of note, < 10% of these
patients had gastric cancer. QoL was measured using
the QLQ-C30 and did not differ between the two
methods.
It is very difficult, at this point, to make sweeping
recommendations on the best method of surgical
palliation in terms of improving and/or preserving
QoL. Highly selected patients will derive a survival
benefit from resection, usually months at best; the
QoL benefits over best supportive care are poorly
documented. As illustrated in Figure 1, the goal of
any palliative procedure is to provide an improvement
of QoL while minimizing complications. The time
course for improvements of QoL should also be
quicker than for a curative procedure. This is where
palliative stenting may be advantageous, allowing
a patient to return to eating sooner, avoiding a
prolonged hospitalization, and avoiding the significant
recovery from major surgery. On the other hand,
the disadvantage of stenting is the possible need for
reintervention in individuals with a longer survival. In
general, however, in the palliative setting for gastric
cancer, it is uncommon for individuals to require
reintervention after stenting. This is something that
will require re-evaluation, though, as more effective
systemic therapies are introduced to practice (Table 3).

Palliative resection

There is evidence that gastric resection in the palliative
setting can lead to a survival benefit, but only in
[76-79]
a highly selected group of patients
. A metaanalysis of 10 studies showed that those undergoing
resection had a 2.5-fold higher overall survival rate
[80]
than those treated conservatively . The subset
that derived a survival benefit consisted of younger
patients with a higher performance status, lower
tumor burden and a favorable histology. In addition,
the best overall survival was observed in those who
[80,81]
were able to receive postoperative chemotherapy
.
Individuals with disseminated peritoneal disease,
bilobar liver metastases, and metastases in more
than one organ were least likely to derive a survival
benefit. Emergency surgery for bleeding, obstruction
or perforation is associated with a shorter survival than
[82]
operations done electively .
Unfortunately, there are few studies employing
validated and reliable QoL questionnaires that
definitively direct clinical decisions on when palliative
gastric surgery is effective. Mahar and coworkers
summarized the available studies to date in a recent
[83]
systematic review . Nine studies were included, with
over 75% of patients with stage Ⅳ disease. However,
results of this review were limited as none of the
included studies employed validated QoL measurement
tools. Instead they used surrogate markers of QoL
such as time to oral intake, length of postoperative
hospital stay, hospital re-admission and analgesic
[79,84]
[85]
use
. Since that review, Kulig et al
published a
study comparing QoL in those undergoing curative
resection for gastric cancer to those with metastatic
disease undergoing either non-resectional surgery or
gastric resection. Those undergoing a resection in the
face of metastatic disease survived 6 mo longer than
patients undergoing non-resectional surgery, although
the role of selection on this observation could not be
measured. On the other hand, the post-operative QoL
in those with metastatic disease declined progressively
following surgery, even if a non-curative resection was
performed. This study would have perhaps benefited
from inclusion of a group of non-surgical patients
(receiving best supportive care) for comparison,
although the role of selection bias remains significant
in any such retrospective studies.
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GASTRECTOMY FOR ONCOLOGIC
PROPHYLAXIS
Up to 3% of gastric cancers arise from a hereditary
[91,92]
predisposition syndrome such as HDGC
. For
patients with a significant family history of gastric
cancer, genetic testing is recommended, leading to
the diagnosis of a germline mutation in the tumor
[92-94]
suppressor gene E-cadherin (CDH1) in 25%-30%
.
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Table 3 Surgery and quality of life in gastric cancer
Type of surgical therapy
Resection for cure

Palliative resection

Prophylactic gastrectomy

Quality of life summary
DG leads to better QoL
TG is superior to PG for proximal cancers
For GEJ tumors, abdominal procedures are associated with better QoL
Laparoscopy is likely associated with quicker attainment of post-operative QoL
Goal is return to baseline QoL
Non surgical (less invasive) procedures are desirable
Surgical resection only in highly selected individuals - excellent performance status and life expectancy
Goal is to improve QoL
Total gastrectomy is essential
Similar post-operative reduction in QoL as for confirmed malignancy
Goal is return to pre-operative baseline
Further studies required

DG: Distal gastrectomy; TG: Total gastrectomy; QoL: Quality of life; GEJ: Gastroesophageal junction.

Carriers of the CDH1 gene have a 70%-80% lifetime
risk of gastric cancer. In view of that high risk and
because early endoscopic detection of HDGC is
difficult, prophylactic gastrectomy is recommended
[93,95-97]
over frequent endoscopic surveillance
. In young,
healthy patients who undergo a TG the mortality rate
[98]
is less than 1% .
The majority of literature on QoL after gastrectomy
revolves around those with diagnosed malignancy.
The impact of QoL in those undergoing prophylactic
gastrectomy is largely unexplored. Indeed, as prophy
lactic gastrectomies are more commonly considered,
further data to inform candidates on the effects of the
procedure on QoL will become essential. Candidates
for prophylactic gastrectomy are in fact considering
a life-altering procedure. Not all will have a confirmed
genetic predisposition; some will consider the procedure
because of a significant family history. In this setting,
candidates will be exposed to all the immediate risks
(e.g., bleeding, anastomotic leak, etc.) and longerterm complications of TG (e.g., weight loss, diarrhea,
dumping syndrome), as well as any less-well understood
psychological and emotional effects.
Perhaps the best information that is available
[99]
is from Worster et al , who followed a group of
sixty patients undergoing prophylactic gastrectomy.
Using validated QoL questionnaires, they found no
difference in pre-operative scores between those with
a confirmed CDH1 mutation and those without. Similar
to patients undergoing gastrectomy for confirmed
malignancy, these patients experienced a postoperative reduction in QoL indices, particularly physical
and mental functioning scores. These returned to
baseline by the one-year mark at the latest. However,
a number of symptoms were more persistent,
including diarrhea, fatigue, discomfort with eating,
[99]
reflux and distorted body image . This highlights
the importance of pre-operative patient preparation
and counseling. The decision-making process that
at-risk patients travel through on the way towards
[100]
prophylactic gastrectomy is complex
. Clearly
stating post-operative expectations in terms of body
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image, weight loss and difficulties with eating may
enhance the decision-making process and improve
post-operative QoL.
It is clear that QoL data are lacking in the area
of prophylactic gastrectomy. Patients are likely in a
wholly different pre-operative mindset than those with
diagnosed malignancy, looking forward to a procedure
that will alter their life substantially in order to prevent
a malignancy they will likely - but not inevitably develop. Gaining insight into the post-operative QoL
outcomes with further research will no doubt lead to
improved QoL through improved patient education.

CONCLUSION
In recent years, there has been significant progress in
defining and measuring QoL for patients with gastric
cancer and patients undergoing gastric procedures.
In general, there has been an improved appreciation
of the importance of QoL as an outcome that must be
considered in the context of survival and performance
status. Further studies will be required to define the
QoL cost-benefit ratio in palliative gastric procedures
as well as in prophylactic gastrectomies. Moreover,
it is likely that, as more effective systemic therapies
for gastric cancer are developed, the appropriateness
of surgery will have to be constantly re-evaluated.
QoL will be a critical outcome measure as these
developments unfold.
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Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy in gastric cancer
Ramakrishnan Ayloor Seshadri, Olivier Glehen

Abstract

Ramakrishnan Ayloor Seshadri, Department of Surgical
Oncology, Cancer Institute (WIA), Chennai 600036, India

Gastric cancer associated peritoneal carcinomatosis
(GCPC) has a poor prognosis with a median survival of
less than one year. Systemic chemotherapy including
targeted agents has not been found to significantly
increase the survival in GCPC. Since recurrent gastric
cancer remains confined to the abdominal cavity in
many patients, regional therapies like aggressive
cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) have been
investigated for GCPC. HIPEC has been used for three
indications in GC- as an adjuvant therapy after a
curative surgery, HIPEC has been shown to improve
survival and reduce peritoneal recurrences in many
randomised trials in Asian countries; as a definitive
treatment in established PC, HIPEC along with CRS is
the only therapeutic modality that has resulted in longterm survival in select groups of patients; as a palliative
treatment in advanced PC with intractable ascites,
HIPEC has been shown to control ascites and reduce
the need for frequent paracentesis. While the results
of randomised trials of adjuvant HIPEC from western
centres are awaited, the role of HIPEC in the treatment
of GCPC is still evolving and needs larger studies before
it is accepted as a standard of care.
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Core tip: Peritoneal carcinomatosis (PC) associated
with gastric cancer has a poor prognosis. Systemic
chemotherapy is not very effective in this situation and
therefore, regional therapies like cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy (HIPEC)
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[35-37]

have been investigated to improve the survival of these
patients. HIPEC has been used as an adjuvant after
curative resection, in the treatment of established PC
and in palliating intractable ascites in gastric cancer.
This review looks at the current status of HIPEC in
peritoneal metastasis due to gastric cancer.

being in the range of 14%-25%
. Not surprisingly,
the median survival with chemotherapy in patients
[38,39]
with only PC from GC is 9.5-12 mo
. Certain drugs
like S1 and docetaxel have been reported to have
a better response of 40%-56% against peritoneal
disease, yet the median survival even with these drugs
[40,41]
is only 18 mo
.
The poor response of PC to systemic chemotherapy
is mainly due to the presence of the “plasma-peritoneal
barrier” which isolates the peritoneal cavity from the
[42]
effects of intravenous chemotherapy . In addition,
the poor intraperitoneal blood supply and oxygenation
of cancer cells, and the low apoptotic potential of such
hypoxic tumor cells are also thought to be responsible
[30,42]
for the poor response to chemotherapy
. Further,
patients with PC are unlikely to tolerate the standard
systemic therapy used in disseminated GC since they
have a reduced metabolism and/or excretion which
[38]
may increase its toxicity .
The ineffectiveness of systemic chemotherapy
to prevent peritoneal recurrence in locally advanced
GC and to provide long term survival in PC from GC
has led many to explore alternate methods of preven
tion/treatment of PC. The belief that PC is more of a
[22]
locoregional than a systemic disease
has led to a
resurgence of interest in regional therapies like cytore
ductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC).
Currently, CRS with HIPEC is increasingly being
used as a curative treatment of pseudomyxoma
peritonei, peritoneal mesothelioma and selected
[43-46]
patients with colorectal PC
. Given the natural
history of GC, where nearly half of the recurrences after
curative surgery is confined within the peritoneal cavity,
it seems rational to apply HIPEC in the treatment
strategy. HIPEC has 3 potential implications in the
management of GC- one, as a prophylactic measure
to prevent peritoneal recurrence after a curative
gastrectomy in high risk patients; two, as a therapeutic
measure in patients with established PC after CRS and;
three, as a palliation in patients with intractable ascites
due to extensive PC not suitable for CRS. In this review,
we look at the available data on these three indications
for HIPEC in GC.

Seshadri RA, Glehen O. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy in gastric cancer. World J
Gastroenterol 2016; 22(3): 1114-1130 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1114.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1114

INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer
in the world and the third leading cause of cancer
death in both sexes worldwide, accounting for 8.8% of
[1]
cancer deaths every year . Peritoneal carcinomatosis
(PC) occurs synchronous with the primary tumor in
about 14%-43% of patients with GC and accounts for
[2,3]
35% of all synchronous metastasis . It may be the
sole site of synchronous metastasis in 9% of patients
[2]
with GC .
Recurrence after curative surgery is quite common,
[2,4-7]
occurring in nearly 30%-50% of patients
. Although
locoregional recurrence is seen in only 10%-25% of
[4,8,9]
patients following a D2 lymphadenectomy
, distant
metastasis still occurs in up to 25% of patients even
[4,5]
after a D2 gastrectomy
and up to 40% in other
[7,10]
series
.
Peritoneal recurrence is seen in 10%-46% of
[2,4,11-16]
patients after a curative surgery for GC
and it
[7,11]
accounts for 36%-45% of all recurrences
. The peri
toneum is the first/sole site of tumor recurrence after
[6,7,9,11,16]
D2 gastrectomy in 12%-40% of patients
. While
[4,15]
adjuvant chemotherapy
, neoadjuvant chemotherapy
[10,17]
[18]
(NAC)
and adjuvant chemoradiation
have all
been shown to marginally improve the survival after
curative surgery in GC, none of them have been shown
to significantly lower the rate of distant metastases,
[19-21]
including peritoneal recurrence
or change the
[22]
patterns of recurrence .
The prognosis of GCPC is worse than that of other
[23,24]
metastatic sites
, with a median survival of only 3-7
[2,12,25,26]
mo and a 5-year survival of 0%
. In metastatic
GC, although systemic chemotherapy was found to be
superior to best supportive care, the median survival
was improved to only 8-12 mo with conventional
[2,27,28]
chemotherapy
. Although newer agents like S1
and docetaxel have shown some promise, the median
overall survival with the current first line chemotherapy
[29-31]
is only 8 to 14 mo
, and is not greatly improved by
[29,32,33]
adding targeted therapy
.
In general, patients with GCPC have a signi
ficantly reduced probability of tumor response to
[23,25,34]
chemotherapy
with reported rates of response
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PATHOPHYSIOLOGY OF PC
In order to appreciate the role of HIPEC, it is important
to understand the pathogenesis of GCPC. Intraabdominal recurrence after curative resection usually
originates from intraperitoneal free cancer cells (IFCC),
which in turn can occur from two potential sources:
spontaneous exfoliation of cancer cells from the primary
tumor, and traumatic dissemination of cancer cells as a
[22,47,48]
result of the surgical trauma
. IFCC can be seen
in up to 24% patients with stage Ⅰ and 40% patients
[49]
with stage Ⅱ or Ⅲ GC . The spontaneous seeding
of cancer cells is more frequent in GC involving the
serosal surface of the stomach since this predisposes
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to exfoliation of the cancer cells. During radical surgery
for GC, cancer cells are released from transected
lymphatic channels, tissue at the narrow margins of
resection, and tumor-contaminated blood lost in the
[22,50,51]
surgical field from the cancer specimen
. Yu et
[52]
al observed that in a cohort of patients undergoing a
D2 gastrectomy, only 24% had a positive cytology on
peritoneal lavage just before the gastrectomy, whereas
nearly 58% had a positive cytology in the lavage done
immediately after the surgery, suggesting that surgery
is responsible for dissemination of tumor cells into the
peritoneal cavity. Once the cancer cells gain access
to the peritoneal cavity, they spread to various areas
aided by gravity, intestinal peristalsis and negative
pressure due to diaphragmatic contractions.
According to the “tumor cell entrapment hypothesis”
[22]
proposed by Sugarbaker et al , the IFCC which
are thus spontaneously exfoliated or iatrogenically
disseminated adhere to the raw area created by the
surgery within minutes, and is facilitated by fibrin
entrapment and assisted by cytokines released as part
of the wound healing process. Cancer cells that are
thus trapped in this hypoxic environment are relatively
immune to the effects of systemic chemotherapy.
Intraperitoneal chemotherapy (IPC) is therefore
intended to clear these IFCC which persist after a
curative resection.

cytotoxic activity of the chemotherapy by a synergistic
effect. Hyperthermia increases the penetration of the
drug into the tumor nodule, increases the drug uptake
in the tumor cells and increases the chemosensibility of
[53,57,58]
neoplastic cells
. Although various terminologies
have been used for this method of intraoperative
administration of IPC along with hyperthermia, by inter
national consensus, the acronym HIPEC is now used
[59]
as the standard nomenclature for this technique .

HIPEC FOR PREVENTION OF PERITONEAL
RECURRENCE
The risk factors that predispose to peritoneal
metastasis/recurrence in GC include advanced T
stage (especially serosal involvement), advanced
nodal stage, tumor size, young age, female gender,
[2,7,13]
signet ring cell and diffuse-mixed histology
. A
positive cytology in the peritoneal lavage fluid is also
considered to predispose to peritoneal recurrence
and a poor outcome. The 5-year survival of patients
with a positive lavage cytology without macroscopic
peritoneal metastasis (Cy+/P0) treated with surgery
and standard systemic chemotherapy is only around
[60-62]
2%, similar to those with overt PC
. Nearly 81% of
patients with a positive cytology (Cy+/P0) fail in the
peritoneum after a curative gastrectomy compared to
[63]
45% of patients with a negative cytology (Cy-/P0) .
th
Accordingly, the 7 edition of the American Joint
Committee on Cancer (AJCC) staging classifies GC
[64]
patients with Cy+/P0 as M1 disease .
Perhaps the most appealing use of HIPEC in GC
would be in a prophylactic situation, as an adjunct to a
curative surgical resection in patients with a high risk
of peritoneal recurrence. Not surprisingly, the majority
of data related to the use of HIPEC in GC is in its
role of prophylaxis against peritoneal recurrence The
theoretical rationale behind this approach is that while
the large volumes of diluent used in HIPEC washes
out most of the intraperitoneal free cancer cells,
the synergistic effect of heat and the chemotherapy
destroys the remaining cancer cells.
The earliest report of the use of HIPEC as an
adjuvant treatment to prevent peritoneal recurrence
[65]
was by Koga et al
from Yonago, Japan in 1988.
They reported two studies, the first a historical study
comparing 38 GC patients with serosal invasion
who underwent curative surgery followed by HIPEC
using mitomycin-C (MMC) with a control group of
55 patients who underwent curative surgery without
HIPEC. They found that the HIPEC group had a
significantly improved 3-year survival (74% vs 53%,
P < 0.04) with fewer peritoneal recurrences (36% vs
50%) respectively. Subsequently, they performed a
randomised study in which patients were randomised
to undergo curative surgery with HIPEC or only
surgery. In this study also, they found that patients
who received HIPEC had a trend towards a better 30

RATIONALE FOR (HYPERTHERMIC)
INTRAPERITONEAL CHEMOTHERAPY
Intraperitoneal administration of chemotherapy
results in a regional dose intensification, i.e., a high
intraperitoneal concentration of the drug with a low
[53]
plasma concentration . This positive gradient of
chemotherapy in the peritoneum is maintained by
the plasma-peritoneal barrier. Another advantage is
that the drugs administered into the peritoneal cavity
are ultimately absorbed through the portal vein into
the liver and may have anti-tumor effect on liver
[54]
micrometastasis as well . IPC is ideally given either
at the time of surgery or immediately following it.
The cytotoxic activity of perioperative intraperitoneal
chemotherapy destroys the cancer cells within the
fibrin thus produced as part of the wound healing
process. However, if there is a delay in administering
intraperitoneal chemotherapy, not only would the fibrin
have converted to scars trapping the IFCC resulting in
poor penetration of the chemotherapeutic agent into
these cells, but also the adhesions that develop would
result in a non-uniform distribution of chemotherapy
[55]
within the peritoneal cavity .
Hyperthermia enhances the effects of intraperi
toneal chemotherapy in two ways. The direct cytotoxic
activity of hyperthermia includes impaired DNA
repair, denaturation of proteins, inhibition of oxidative
mechanism and increase in the lysosomal activity
[53,56,57]
within the tumor cells
. Indirectly, it increases the
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mo survival compared to the control group (83% vs
67%) although this was not statistically significant.
[66]
Fujimoto et al
reported a prospective study of
59 patients, 32 of whom had advanced GC without PC
who underwent curative surgery. The 2-year survival of
the 10 patients who received HIPEC was significantly
higher than that of the 20 patients who did not (56.5%
vs 12.9%, P = 0.01). While no patient in the former
group developed peritoneal recurrence, 8 patients in
the latter group died due to peritoneal recurrence.
In a subsequent update, the group from Yonago,
Japan, reported on 82 patients who were randomised
to receive HIPEC or no HIPEC after curative resection
[67]
of GC . IFCCs were detected in 23% and 15% of the
HIPEC and control group respectively. There was a
non-significant trend towards improved 5-year survival
(64% vs 52%) and reduced death due to peritoneal
recurrence (39% vs 59%) in the intervention group
compared to the control group.
There have been various randomised controlled
trials comparing HIPEC vs no HIPEC in patients with
locally advanced GC who underwent a potentially
[68-77]
curative resection
. A majority of them were
conducted in Asian countries and have been published
in Japanese and Chinese languages. A summary of
the various trials published in the English literature
has been provided in Table 1. Although there is some
heterogeneity in these trials with respect to the drugs
used, their dosage, duration of HIPEC, temperature
achieved etc, these trials provide level 1 evidence
of the ability of adjuvant HIPEC to reduce peritoneal
recurrence and improve survival. The inclusion criteria
in most of these trials were presence of serosal
invasion and/or lymph nodal metastasis with no macro
scopic peritoneal disease. Not many studies have
evaluated the effects of prophylactic HIPEC in patients
[78]
with Cy+/P0 GC. In a small study, Yonemura et al
reported a 5-year survival of 42% in 15 patients with
Cy+/P0 disease after gastrectomy plus HIPEC.
Other variants of IPC have been used in the
adjuvant treatment of GC. Normothermic intraoperative
intraperitoneal chemotherapy (NIIC) was studied in
a randomised trial in patients with advanced GC by
[79]
Takahashi et al
who found that the 3-year survival
in patients who received IP Mitomycin-C (MMC) bound
to activated carbon particles after curative gastrectomy
was significantly better than that of patients who
underwent only surgery (66% vs 20%, P < 0.01). NIIC
[72,76]
has also been compared to HIPEC in 2 studies
,
both of which showed a significant advantage of
HIPEC over NIIC in terms of survival and reducing the
peritoneal recurrence, especially in patients with serosal
invasion and nodal metastasis.
Early post-operative intraperitoneal chemotherapy
(EPIC) has also been used as an adjuvant treatment
[80]
in advanced GC. Yu et al
randomised 248 patients
with GC to undergo either surgery followed by
intraperitoneal MMC on day 1 and 5-fluorouracil (5-FU)
on days 2-5 or only surgery. The 5-year survival was
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significantly higher in the EPIC group compared to the
surgery only group (54% vs 38%, P = 0.02). Patients
with serosal invasion (5-year survival 52% vs 25%,
P = 0.004) and those with nodal metastasis (5-year
survival 46% vs 22%, P = 0.02) were benefited most
by EPIC.
The results of these trials using prophylactic IPC
[22,81-86]
have been analysed in 7 meta-analyses till date
.
Two of these meta-analyses included only patients
[81,82]
receiving HIPEC in the experimental arm
. Both
of them did not show any significant increase in the
rate of post-operative morbidity (Table 2). In a meta[81]
analysis of 10 RCTs, Sun et al
demonstrated a
significant advantage in survival with the use of HIPEC,
regardless of the chemotherapy used (MMC or 5-FU)
and also regardless of whether adjuvant systemic
chemotherapy was used or not. In a pooled analysis of
[82]
16 RCTs, Mi et al reported a significant improvement
in the 1, 2, 3, 5 and 9-year survival and a reduction in
the peritoneal recurrence rates at 2, 3 and 5 years in
patients who received HIPEC compared to those who
did not.
The other 5 meta-analyses included patients
receiving any form of IPC including HIPEC, EPIC
[83]
[84]
or NIIC. While Yan et al
and Huang et al
both
reported a significant increase in the incidence of intraabdominal abscess and neutropenia postoperatively
with the use of intraperitoneal chemotherapy without
[85]
any increase in the mortality, Coccolini et al showed
an increase in overall morbidity with the use of IPC.
All four meta-analyses differed slightly in their findings
on the survival advantage of prophylactic IPC. A
survival benefit with prophylactic IPC was seen with
the use of HIPEC alone or HIPEC combined with EPIC
[83,84]
in two meta-analyses
. While NIIC was not seen
to offer a significant survival advantage by Yan et
[83]
[84]
al , Huang et al
showed that NIIC had a modest
but significant survival advantage. The RCTs included
in the subgroup analysis were slightly different in
both these meta-analyses, probably explaining this
[86]
difference of results. Xu et al
concluded that while
any form of IPC may benefit patients after a curative
resection, using hyperthermia or activated carbon
particles may confer added benefits to patients.
[85]
[22]
Coccolini et al
and Sugarbaker et al
did not
report on the individual benefits of various forms of
IP chemotherapy, but concluded that as a whole, IPC
confers a survival advantage in the adjuvant setting.
Peritoneal recurrence rates are reduced by nearly
[81]
[22,85]
50% with the use of HIPEC
or IPC
. The pooled
rates of complications in the HIPEC arms ranged from
1.7%-3.3% (anastomotic leak), 1.4%-2.8% (bowel
perforation/fistula), 2.9%-6.3% (myelosuppression),
2.6%-3.5% (adhesive ileus) and 3.1% (liver dy
[81,82]
sfunction)
. The results of these meta-analyses
have been summarised in Table 2.
[84]
Huang et al
used tests of interaction to compare
the different forms of IP chemotherapy and found that
HIPEC did not offer a significant survival benefit over

1117

January 21, 2016|Volume 22|Issue 3|

Seshadri RA et al . CRS and HIPEC in gastric cancer
Table 1 Published studies of prophylactic hyperthermic intraperitoneal chemotherapy in gastric cancer
Ref.

Type of
study

Inclusion
criteria

Treatment arms
(No. of Patients )

Drugs used
for IPC

Curative
surgery

Koga et al[65],
1988

RCT

Serosa+

Surgery + HIPEC (26)
vs
surgery alone (21)

MMC

100% vs 100%

Hamazoe et al[67],
1994

RCT

Serosa+

Surgery + HIPEC (42)
vs
surgery alone (40)

MMC

95% vs 88%

Fujimura et al[72],
1994

RCT

Serosa+

MMC
CDDP

NA

Ikeguchi et al[73],
1995

RCT

Serosa+

Surgery + HIPEC (22)
vs
surgery + CNPP (18)
vs
surgery alone
(18 controls)
Surgery + HIPEC (78)
vs
surgery alone (96)

Fujimoto et al[74],
1999

RCT

Serosa+

Surgery + HIPEC (71)
vs
surgery alone (70)

MMC

Prospective Serosa+
case control

Surgery + HIPEC (15)
vs
surgery alone (40)

MMC
CDDP
Etoposide

Surgery + HIPEC (48)
vs
Surgery + CNPP (44)
vs
Surgery alone (47)
Surgery + HIPEC (52)
vs
surgery alone (51)

MMC
CDDP

Hirose et al[75],
1999

Yonemura et
al[76], 2001

RCT

Serosa+

Kim et al[77], 2001 Prospective Serosa+
controlled
study

MMC

MMC

Complications Post-op
mortality
Leak 3.1% vs
7.1%

NA

Leak 4.8% vs 0% vs 0%
7.5%

30% vs 0%
(perfusion vs
surgery 40 pts
vs 18)

NA

100% vs 100% 1.2% vs 2.08%

NA

Survival

Peritoneal
recurrence

30 mo
83% vs 67%

NA

5-yr
39% vs 59%
64% vs 52%
(death due to
Median
PC)
survival
77 mo vs 66 mo
3-yr
9% vs 22% vs
68% vs 51% vs
22%
23% (P < 0.01) (death due to
PC)

5-yr
35% vs 40%
51% vs 46%
(death due to
5-yr
PC)
66% vs 44%
(in 1-9 LN +)
94.3% vs
2.8% vs 2.8% 0% vs 0%
2-yr
1.4% vs 23%
88% vs 77%
92.8%
(P = 0.00008)
4-yr
76% vs 58%
8-yr
62% vs 49%
(P = 0.03)
NA
60% vs 42.5%
0% vs
3-yr
26% vs 45%
49% vs 29%
12.5%
5-yr
39% vs 17%
Median
survival
33 mo vs 22 mo
(P = 0.01)
100% vs 100% 19% vs 14% vs 4% vs 0%
5-yr
13% vs 15%
61% vs 43% vs
vs 100%
19%
vs 4%
(HIPEC vs
42%
surgery)

NA

36.5% vs
33.3%

NA

5-yr
33% vs 27%
5-yr
42% vs 25%
(in stage ⅢB)

7.6% vs 25%
(isolated PC)

NA: Not available, PC: Peritoneal carcinomatosis; pts: Patients; IPC: Intraperitoneal chemotherapy; MMC: Mitomycin-C; CDDP: Cisplatin.

NIIC (HR = 0.86, P = 0.43). However, in this metaanalysis, patients of stage Ⅰ to Ⅳ were included in
the analysis, probably diluting the effect of HIPEC.
Similarly, addition of EPIC to HIPEC was also not found
to be beneficial (HR = 1.28, P = 0.4)
These results indicate that intraperitoneal chemo
therapy is best delivered at the time of surgery to
treat the microscopic dissemination that occurs before
[83]
or during surgery
and that hyperthermia has a
synergistic action with IPC.
In summary, adjuvant HIPEC used as prophylaxis
against peritoneal recurrence in patients with high
risk GC (serosal invasion or nodal metastasis) is safe,
significantly improves the survival and reduces the risk
of peritoneal recurrence. However, most of these RCTs
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have been conducted in Asian countries and the data
from the western world is scarce.
The GASTRICHIP study is a phase Ⅲ randomised
European multicentre study evaluating the role
of HIPEC with oxaliplatin in patients with GC who
have either serosal infiltration and/or lymph nodal
involvement and/or positive peritoneal cytology
[87]
treated by a curative gastrectomy . The primary aim
of the study is the 5-year overall survival while the
secondary outcome measures include the recurrence
free survival, patterns of recurrence, quality of life
and morbidity. Another trial is being conducted by
the European Network of Excellence on GC. In this
trial, patients with high risk GC will receive 3 cycles of
neoadjuvant systemic chemotherapy followed by a D2
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Table 2 Meta-analyses of trials of prophylactic hyperthermic intraperitoneal chemotherapy
Author, year,
outcome
measure

No. of RCTs/ Type of IPC
No. of
patients

Xu et al[86], 2004,
OR
Yan et al[83], 2007,
HR for survival,
RR for others

11/1161

Sun et al[81], 2012,
RR

10/1062

Huang et al[84],
2012,
HR for survival,
OR for others
Mi et al[82], 2013,
RR

10/1376

Coccolini et al[85],
2014, OR

12/2145

10/1474

16/1906

Mortality

Bone marrow
suppression

Intra-abdominal
abscess

Anastomotic
leak

NA

NA

NA

NA

Survival

HIPEC
IPC ± CH
HIPEC
NIIC
EPIC
DPIC
HIPEC

0.51 (0.4-0.65; <
0.00001)
1.03
4.33
2.37
1.01
3-yr for HIPEC
0.60
(0.28-3.75; 0.96) (1.49-12.61; 0.007) (1.49-12.61; 0.004) (0.47-2.17; 0.98)
(0.43-0.83; 0.002)
0.52 (0.16-1.73;
0.29)

0.73 (0.64-0.83;
0.007)

HIPEC
IPC + CH
EPIC
NIIC
HIPEC

2.29
6.74
3.57
1.04
(0.66-9.63; 0.25) (1.83-18.02; 0.003) (1.49-8.67; 0.004) (0.44-2.44; 0.10)

For HIPEC
0.60 (0.46-0.79;
< 0.01)

HIPEC
IPC + CH
EPIC
NIIC

NA

NA

1.68
(0.62-4.58; 0.3)

1.10
(0.53-2.29;0.8)

NA

NA

NA

1.82 (1.29-2.57; 0.0006)
Overall morbidity

0.86
(0.38-1.95;0.72)

5-yr
2.49 (1.97-3.14;
< 0.00001)
3-yr
0.31 (0.20-0.47;
< 0.0001)
5-yr
0.89
(0.49-1.63; 0.71)

Recurrence

NA
Locoregional
0.84
(0.30-2.31; 0.73)
Overall
0.45 (0.28-0.72;
0.001)
Peritoneal
recurrence 0.69
(0.36-1.33; 0.26)
5-yr overall
0.47 (0.39-0.56; <
0.00001)
Peritoneal
recurrence
0.50 (0.37-0.68; <
0.0001)

OR: Odds ratio; HR: Hazard ratio; RR: Relative risk; HIPEC: Hyperthermic intraperitoneal chemotherapy; IPC: Intraperitoneal chemotherapy; CH:
Activated carbon particles; EPIC: Early postoperative intraperitoneal chemotherapy; NIIC: Normothermic intraoperative intraperitoneal chemotherapy;
DPIC: Delayed postoperative intraperitoneal chemotherapy.

gastrectomy and then randomised to receive HIPEC or
[88]
no HIPEC .
There are still some unresolved issues in the use of
HIPEC as an adjuvant treatment in GC- choice of drug,
dosage, duration of treatment, addition of EPIC etc. for
which there is no consensus. Widespread acceptance
and adoption of prophylactic HIPEC in advanced GC
requires a satisfactory answer to these issues.

was 94%, 78.7% and 45% respectively whereas none
of the latter cohort survived beyond 9 mo.
[90]
Fujimura et al
performed a second look
operation (SLO) 2-11 mo after the first laparotomy in
12 of 31 patients with GC showing moderate to severe
peritoneal dissemination who had received HIPEC
with MMC and CDDP at the time of initial surgery.
Four patients had complete response of the peritoneal
metastasis, 1 had partial response, 3 had stable
disease and 4 had progressive disease. They found
that the 2-year survival of the responding patients was
50% compared to 0% survival in the non-responding
patients (P < 0.05). The same group later updated
their experience of SLO in 16 out of 41 GC patients
[91]
who received HIPEC for peritoneal dissemination .
They found that at the SLO, 50% patients had an
excellent response of the peritoneal disease and
in 78% patients, the ascites had disappeared. The
median overall survival was 14.6 mo and the 3 year
survival was 9.8%.
[26]
In 1996, Yonemura et al , for the first time,
reported a 5 year survival of 11% in a cohort of
83 patients who underwent cytoreductive surgery
with HIPEC, unheard of previously in patients with
peritoneal dissemination from GC.
[92]
Fujimoto et al later reported results of aggressive
surgery with HIPEC in 48 patients of GC with PC and
compared it to 18 control patients who did not undergo
HIPEC. The extent of peritoneal disease was classified
according to the Japanese Research Society for Gastric
Cancer classification (JRSGC) and accordingly, 21, 8

HIPEC FOR TREATMENT OF PC
The earliest use of CRS and HIPEC in patients with
GC who have established PC (GCPC) was reported by
[89]
Fujimoto et al
in 1988. They performed extensive
resection of the abdominal tumor in 15 patients
with advanced GC, 9 of who had synchronous PC
and/or ascites. This was followed by HIPEC using
MMC at a dose of 10 µg/mL for 2 h. They also used
misonidazole, a hypoxic cell sensitizer, given orally
prior to the surgery. In all the 9 patients, the ascites
resolved and subsequent peritoneal lavage cytology
became negative. The median survival at the time
of the report was 7.2 ± 4.6 mo. They concluded that
extensive surgery with IPHP was a safe and well
tolerated treatment for GCPC.
[66]
In 1990, Fujimoto et al
again updated their
data and reported on 59 patients with advanced GC.
Twenty seven patients had PC with ascites. Twenty
patients underwent extensive surgery followed by
IPHP whereas 7 did not undergo IPHP after surgery.
The 6-mo, 1 and 2-year survival of the former cohort
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and 19 patients had P1, P2 and P3 disease respectively
in the experimental group. The 5-year survival in the
IHCP group was significantly higher than the control
group (P = 0.001). HIPEC showed a survival benefit
only in patients with P1 or P2 disease.
The first report from the western world on role
of extensive surgery and HIPEC came from Sayag[93]
Beaujard et al
reported a phase Ⅱ study of
42 patients with GC with peritoneal disease who
underwent IPCH with MMC. The overall median
survival was 10.3 mo and the 5-year survival was 8%.
[94]
Subsequently, Glehen et al
reported a prospective
study of 49 patients of GC with PC from the same
institution. In 51% of the patients, the cytoreduction
was either complete or the size of the residual nodules
were < 5 mm. The overall median survival was 10.3
mo and the 5-year survival rates was 16%. A complete
cytoreduction (CCR0) and a smaller volume of tumor
were associated with a better survival. In patients who
underwent a CCR 0/1 resection, the 5-year survival
was 29.4% and the median survival was 21.3 mo.
In a large series of 107 patients reported in
[95]
2005, Yonemura et al
compared 65 patients who
underwent conventional surgery followed by HIPEC for
GCPC with 42 patients who had a peritonectomy as
[22]
described by Sugarbaker et al
followed by HIPEC.
The median survival for all 107 patients was 11.5 mo
and the 5-year survival was 6.7%, but the 5 year
survival for the patients who underwent peritonectomy
and HIPEC was 27%. Performing a peritonectomy
enabled a higher rate of complete cytoreduction and
subsequently, a better survival.
The largest series of therapeutic CRS and
perioperative intraperitoneal chemotherapy in GCPC
was from a multi-institutional study from 15 French
[96]
speaking centres in France and Belgium . CRS
with HIPEC (n = 150) and/or EPIC (n = 12) was
performed in 159 patients with a mean PCI of 9.4.
There were variations in the technique of HIPEC, drugs
used and their dose, the duration of HIPEC and the
intraperitoneal temperature achieved in the different
institutions. The 5 year survival was 13% and median
survival was 9.2 mo.
Most of the evidence for therapeutic HIPEC comes
from prospective or retrospective studies. The first
randomised phase 3 study of CRS and HIPEC in
[97]
patients with GCPC was reported by Yang et al from
China. Sixty eight patients were randomised to receive
CRS with HIPEC or CRS alone. The median PCI in both
groups was 15. After a median follow-up of 32 mo,
85.3% and 97% patients had died in the experimental
and control arms respectively. The 3-year survival in
the CRS with HIPEC arm was 5.9% compared to 0%
in the CRS alone arm. CRS with HIPEC was associated
with a significantly higher median survival compared
to CRS alone (11 mo vs 6.5 mo, P = 0.04). The
authors concluded that compared to CRS alone, CRS
with HIPEC is likely to increase survival by 2.6 times.
The magnitude of improvement in the median survival

WJG|www.wjgnet.com

(70%) was similar to that reported (76%) in the
randomised trial of CRS and HIPEC in colorectal cancer
[98]
by Verwaal et al .
[99-102]
The results of these and other studies
are
summarised in Table 3. Various drugs have been
used for HIPEC, including MMC, cisplatin, etoposide,
doxorubicin etc. An international expert consensus
favoured MMC, followed by CDDP, 5-FU and doxorubicin
[103]
in that order for HIPEC in GC
. While intravenous
docetaxel has been shown to have a good response in
[41]
metastatic GC , there is a paucity of data regarding
its use in HIPEC. A pharmacokinetic study of HIPEC
using 40 mg docetaxel identified the area under curve
ration (AUC) of docetaxel to be 95.12 ± 87.3 with an
[104]
apparent permeability of 1.47 mm .
In a meta-analysis of trials examining the effective
[85]
ness of IPC in advanced GC, Cocolini et al
reported
that the 1, 2 and 3-year mortality in the subset of
patients with established PC significantly favoured the
surgery + IPC arm when compared to the standard
arm (OR = 0.25, 0.29 and 0.25, respectively) whereas
there was no statistically significant difference in
the 5-year mortality. The peritoneal recurrence was
significantly lower in the surgery + IPC arm compared
to the surgery only arm (OR = 0.29, 95%CI: 0.12-0.70,
P = 0.006).
In a systematic review of 10 published studies
(1 non randomised prospective controlled trial, 6
prospective and 3 retrospective series) including 441
patients who underwent CRS and HIPEC in GCPC,
[105]
Gill et al
noted a median overall survival of 7.9
mo (range 6.1-9.2 mo) after HIPEC. After a complete
cytoreduction, this increased to 15 mo (range 9.5-43.4
mo). The 5-year survival of all patients was 13%.

NAC

A recent advancement in the treatment of GCPC is
the bidirectional/neoadjuvant intraperitoneal and
systemic chemotherapy (BIPSC/NIPS), introduced
[106]
by Yonemura et al
. The aims of NIPS are stage
reduction, the eradication of IFCC, and an increased
[63]
incidence of complete cytoreduction . The procedure
involves neoadjuvant intraperitoneal and systemic
chemotherapy followed by CRS with HIPEC and
EPIC. The rationale of this method is to reduce
tumour burden before surgery with NIPS, reduce
macroscopic and microscopic PC with CRS and HIPEC
and finally eradicate residual intraperitoneal cancer
cells before the development of adhesions using EPIC.
By simultaneously administering intravenous and
intraperitoneal chemotherapy, the cancer cells are
attacked both from the peritoneal cavity and from
[63,106]
subperitoneal blood vessels
.
After inserting a peritoneal port system into the
abdominal cavity, the peritoneal wash cytological
examination through a port was done before and after
NIPS. Oral S-1 was administered for 21 d at a dose of
2
2
60 mg/m . Docetaxel (30 mg/m ) and cisplatin (CDDP)
2
(30 mg/m ) were then administered by intraperitoneal
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Japan

Yonemura et al[95],
2005

France

United
States

Hall et al[99],
2004

Scaringi et al[100],
2008

Japan

France

Glehen et al[94],
2004

Hirose et al[75],
1999

Japan

Retrospective

Nil

Nil

34 (CRS +HIPEC)

17 (CRS +HIPEC)

49 (CRS + HIPEC)

37 (26 with PC)

Nil

65
(conventional
surgery [C] +
HIPEC)

40- no PC
(only surgery)

20 (CRS alone)

Nil

48
18
(surgery + HIPEC) (only surgery)

83
(surgery + HIPEC)

41

20
7 ( only surgery)
(surgery + HIPEC)

Retrospective 42 (peritonectomy
[P] + HIPEC)

Prospective
case-control

Prospective
case- control

Prospective

Prospective
case-control

Prospective

Japan

Fujimoto et al[92],
1997

Prospective

Japan

Yonemura et al[91],
1991
Yonemura et al[26],
1996

Prospective

Japan

MMC 120 mg
CDDP 200 mg/m2

Etoposide 150 mg

CDDP 300 mg

MMC 30 mg

MMC 40 mg

MMC 20 mg
CDDP 100 mg
Etoposide 100 mg

MMC 40-60 mg

MMC 5 µg/mL
CDDP 30 µg/mL
MMC 30 mg
CDDP 300 mg
Etoposide 150 mg
MMC 10 µg/mL

MMC 10 µg/mL

Country Type of study No. of patients study arm control Drug used for HIPEC,
dose

Fujimoto et al[66],
1990

Ref.

60-90

60

120

50

90

120

60

40-60

120

Duration
(min)

35%

HIPEC vs control
- 35.2 vs 20%

Overall - 27%
Extensive CRS 47%

12%

NA

Morbidity

0%

HIPEC vs
control 5.8% vs 0%

4%

0%

NA

Mortality

Median survival CCR0: 13.9, CCR ≥ 1: 6.8 mo
1,3,5,8-yr survival (HIPEC vs control: 54% vs 11%,
42% vs 0%, 31% vs 0%, 25% vs 0%; P = 0.001)
2, 4, 8-yr survival - P1, P2, P3 - 73%, 62%, 0%; 56%,
62%, 0%; 56%, 21%, 0% (P1 vs P3: P = 0.000524; P2 vs
P3: P = 0.00329).
Death due to peritoneal recurrence-HIPEC vs control
27% vs 94% (P = 7.077 × 100-7).
Median survival (overall: 10.3 mo; CCR0/1 vs CCR2:
21.3 mo vs 6.6 mo, P < 0.001; Gilly Stage I/Ⅱ PC vs
stage Ⅲ/Ⅳ PC: 19 mo vs 6.6 mo, P = 0.004)
5-yr survival (overall: 16%, CCR0/1: 29.4%, Gilly
Stage I/Ⅱ PC: 30%)
Median survival: HIPEC vs control: 11 mo vs 6 mo
1-yr survival: HIPEC vs control: 44.4% vs 15.8%, P =
0.04

6 mo survival: 94% vs 57%, P = 0.001
2-yr: 45%
Death due to Peritoneal recurrence: 10% vs 100%
Median survival: 14.5 mo
3-yr: 28.5%
5-yr survival (overall: 11%, CCR0/1: 17%, CCR2: 2%)

Outcome

Median survival (CRS + HIPEC): Overall: 8 mo; R0/1
vs, R2: 11.2 mo vs 3.3 mo, P = 0.01
R1-14%
2-yr survival - R0/1 vs, R2-45 vs 8%
Overall 43.9% Overall - 21.5%
Overall 2.8%
Median survival: Overall: 11 mo; CCR0: 15.5 mo;
CCR ≥ 1: 7.9 mo (all patients);
P + HIPEC 69% P + HIPEC- 43% P + HIPEC- 7%
CCR0: 19.2 mo; CCR ≥ 1: 7.8 mo (P + HIPEC
C + HIPEC 28%
patients)
C + HIPEC - 8% C + HIPEC- 0%
5-yr survival: overall-6.7%; P + HIPEC-27%;
CCR0: 13%, CCR ≥ 1%-2%
30.7%
27% (all patients)
3.8%
Median survival:
CCR0 vs CCR2- 15 mo vs 3.9 mo, P = 0.007
Gilly stage 1 and 2 vs 3 and 4: 15 mo vs 4 mo, P = 0.01

R0-21%

HIPEC vs
control29.4% vs 15%

10.2%

33.7%

NA

Complete
cytoreduction

Table 3 Hyperthermic intraperitoneal chemotherapy in the treatment of established peritoneal carcinomatosis from gastric cancer
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China

United
States

Yang et al[97], 2011

Magge et al[102],
2014

Prospective

Randomised
controlled
trial

Prospective

23 (CRS + HIPEC)

34 (CRS + HIPEC)

28 (CRS + HIPEC)

Retrospective 159 (CRS + HIPEC
and/or EPIC)

Nil

34 (only CRS)

Nil

Nil

MMC 40 mg

MMC 30 mg
CDDP 120 mg

HIPEC:
MMC 30-50 mg/m2
± Cisplatin 50-100
mg/m2
Oxaliplatin 360-460
mg/m2 ± irinotecan
100-200 mg/m2 ± iv
5-FU and leucovorin
EPIC:
MMC 10 mg/m2
5-FU 600 mg/m2
MMC 30 mg
CDDP 120 mg

100

60-90

30
Day 1
Days 2-5
90-120

60-120

14.3%

27.8%

95.6%

52%

58.8% each arm HIPEC vs control
- 14.7% vs 11.7%

CCR0-39.2%
CCR1-21.4%

56.0%

4.3%

Nil

0%

6.5%

2-yr survival - 43%
Median survival (mo):
PCI ≤ 20 vs PCI > 20-27.7 vs 6.4, P = 0.0001
CCR0 vs CCR1 vs CCR2 and 3- 43 vs 9.5 vs 7.5, P =
0.001
Median survival (mo):
HIPEC vs control- 11 vs 6.5, P = 0.04 (all pts)
HIPEC vs control: 12 vs 6.5, P = 0.02 (synchronous
PC)
1,2 3-yr survival (HIPEC vs control):
41.2 vs 29.4%, 14.7 vs 5.9%, 5.9% vs 0%
Median survival: 9.5 mo
3-yr survival: 18%

Median survival: overall: 9.2 mo, CCR0: 15 mo
5-yr survival: overall: 13%; CCR0: 23%

infusion on days 1-3 every 4 wk followed by a 1-wk rest period. Sequential therapy was repeated twice unless disease progression was observed. In an initial report of
[107]
79 patients, an initial positive cytology became negative in 63% of patients after NIPS, nearly half of whom eventually had a complete complete cytoreduction .
[108]
Recently, an updated report of 194 patients treated with this strategy of NIPS/BIPSC was published by the same group . Only 152 patients out of 194 who
received neoadjuvant therapy subsequently underwent CRS and HIPEC. Treatment related mortality occurred in 3.9% patients and major complications in 26%.
Patients who responded to NIPS and underwent CRS and HIPEC had significantly better overall survival than those with positive cytology or peritoneal deposits for
whom CRS was not performed (median survival 15.8 vs 7.5 mo and 5-years survival rates of 9.3% vs 0 %, respectively). A complete response to NIPS was seen in
23% patients. In 69% patients, a positive cytology before starting NIPS was converted to a negative cytology after NIPS. However, no patient with an initial negative
cytology was converted to a positive cytology after NIPS. In contrast, in a prospective study of neoadjuvant systemic chemotherapy alone in resectable GC, it was
reported that a positive IFCC status on lavage cytology was converted to a negative one in 37% patients after NAC while in 24% patients, an initial negative IFCC
[109]
status progressed to become positive after NAC . This demonstrates the effectiveness of NIPS to eradicate IFCC more effectively when compared to only systemic
chemotherapy.
[110]
Hultman et al
reported a phase Ⅱ study of NAC followed by CRS with HIPEC and EPIC in patients with GCPC. Of the 18 patients recruited, 8 did not undergo
surgery either due to disease progression during NAC or death due to complications of chemotherapy. Of the remaining 10 who underwent surgery, 2 had extensive
small bowel involvement and did not proceed to CRS. Eight patients underwent CRS and HIPEC with a median overall survival of 14.3 mo. CCR0 was achieved in 75%
(median PCI of 12) and in these patients, median OS was 19.1 mo. The postoperative mortality was 12.5% and morbidity 62.5% in the patients undergoing CRS +
HIPEC + EPIC.
These results of all these studies seem to indicate that CRS with HIPEC may result in an improved survival in selected patients with GC who have established PC.

MMC: Mitomycin C; CDDP: Cisplatin; CCR: Cytoreductive score; 5-FU: 5-fluorouracil; HIPEC: Hyperthermic intraperitoneal chemotherapy; CRS: Cytoreductive surgery; MMC: Mitomycin-C.

China

France

Yang et al[101], 2010

Glehen et al[96],
2010
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This is the only treatment modality that has resulted
[92,94,95]
in 5-year survival of 25%-30%
. However, other
important aspects of this procedure need to be kept
in mind before offering this treatment to a patient.
First, the results of CRS and HIPEC in GCPC are not as
good as that in other peritoneal surface malignancies,
[43,111]
especially colorectal PC
. Following CRS and
HIPEC for GCPC, 50%-58% patients still develop
[63,92,100]
recurrence
and 10%-79% patients die due to
[90,92,97]
peritoneal recurrence
. This may be due to a
more aggressive biology of GCPC, poor response to
[96,112]
chemotherapy and retroperitoneal spread
or poor
patient selection.
Second, the procedure may be associated with
a considerable morbidity and mortality. Morbidity
following CRS and HIPEC for GCPC can range from
[101,102]
3.6% to 52%
and mortality from 0%-7% (Table
[105]
3). Gill et al
in a systematic review reported an
average morbidity of 21.5% and mortality of 4.8%
in 10 studies. Most common complications after CRS
and HIPEC are digestive fistula/anastomotic leaks,
ileus, intra-abdominal abscess and hematologic
[95-97,105]
toxicity
. Although there have been concerns
that a gastrectomy performed along with HIPEC may
increase the incidence of anastomotic leaks, Piso et
[113]
al
did not report any anastomotic leak related to
gastric resections in their series of 37 patients, 30 of
whom had major gastric resections.
Therefore, it is important to strictly select patients
who will benefit from this procedure. Various factors
have been reported to be associated with a good
outcome following CRS and HIPEC for GCPC. The
most important of these would be the completeness
[92,94-96,108]
of cytoreduction
. Since IPC cannot penetrate
more than 3-4 mm, HIPEC will be ineffective against
a larger residue. When complete cytoreduction is not
possible, the median survival ranges from 3.3 to 8.5
mo with 5-year survival of 2% compared to median
survival of 11.2 to 43.4 mo and 5-year survival of
17%-30% if complete cytoreduction is achieved (Table
3). Completeness of cytoreduction was an important
prognostic factor in one of the largest series on CRS
[96]
and HIPEC in GCPC, with a relative risk of 2.04 .
[95]
Yonemura et al
reported a 2.8 fold increase in
the risk of dying from the disease if an incomplete
cytoreduction was done.
The extent of peritoneal carcinomatosis is another
important prognostic factor for the success of HIPEC,
especially in patients who undergo a complete
cytoreduction. Various scoring systems to assess the
extent of PC have been used in different studies. The
peritoneal carcinomatosis index (PCI), developed by
[114]
Sugarbaker is the most popular among them
,
[115]
the others being the Gilly score
and the Japanese
[116]
Research Society on Gastric cancer score (JRSGC) .
The PCI score indirectly predicts the ability for complete
[63]
cytoreduction. Yonemura et al
reported complete
cytoreduction in 86%, 39% and 7% of patients
with GCPC if the PCI score was ≤ 6, > 7 and > 13
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respectively. A multicentre European study reported
that in patients who had a complete cytoreduction, the
PCI score was the only independent factor predicting
survival, with no patient surviving beyond 6 mo and
[96]
3 years if PCI was > 19 and > 12 respectively .
[101]
Yang et al
reported a significant difference in the
median survival if the PCI score was ≤ 20 or > 20
[108]
(27.7 mo vs 6.4 mo, P = 0.0001). Canbay et al
identified a PCI of ≤ 6 to be an independent prognostic
factor for survival in patients treated by bidirectional
chemotherapy followed by CRS and HIPEC (HR = 2.16,
95%CI: 1.17-3.98, P = 0.013). A similar correlation
between survival and extent of PC has been shown in
[92,94]
studies using the Gilly and JSRGC scores
.
The presence of preoperative ascites seems to be a
poor prognostic factor, with a median survival of only 5
mo in presence of ascites compared to 15.6 mo in its
[94]
absence . Using a scoring system for ascites, Randle
[117]
et al
found that each point increase in ascites
score conferred 33% greater odds of incomplete
macroscopic resection (OR = 1.33, 95 %CI: 1.14-1.55,
P < 0.001).
It has been reported that the institution where
the procedure is done independently predicts the
survival and post-operative complications after CRS
[96]
and HIPEC for GCPC . The 5-year survival of patients
in institutions with < 3 years of experience was 8%
compared to 16% in institutions with > 11 years of
experience. The importance of the learning curve in
reducing mortality and improving rates of complete
cytoreduction has been reported by various studies.
It is estimated that a learning curve of between 70 to
180 cases is needed to achieve operative proficiency,
reduce complications and achieve good oncological
[118-121]
outcomes
.
The response to neoadjuvant chemotherapy
is also an independent prognostic factor. While
[107]
Yonemura et al
reported that a negative cytology
after bidirectional chemotherapy (neoadjuvant intra
peritoneal-systemic chemotherapy protocol (NIPS)
is associated with a better survival than a positive
cytology (3 year survival 8.5% vs 0%), Canbay et
[108]
al
reported that a major (grade 2/3) response
to NIPS was an independent prognostic factor for
survival (HR = 2.6, 95%CI: 1.17-3.98, P = 0.002).
Other factors that have been found to be independent
predictors for better survival after CRS and HIPEC
[94,97]
include synchronous PC
, systemic chemotherapy
[97]
> 6 cycles and no serious adverse events
and
[122]
absence of signet ring cell histology .
The ideal candidate for CRS and HIPEC in GCPC,
therefore, would be a young patient (< 60 years) with
a good performance status, PCI score < 10 with small
tumor nodules, resectable primary tumor, no ascites or
para-aortic lymphadenopathy, no liver/extraperioneal
metastasis who has responded well to neoadjuvant
chemotherapy and for whom a complete cytoreduction
[63,94,96,103,108]
is possible
.
Pre-operative staging is therefore very important to

1123

January 21, 2016|Volume 22|Issue 3|

Seshadri RA et al . CRS and HIPEC in gastric cancer
choose patients suffering from GCPC for CRS and HIPEC
by estimating the extent of PC and also identifying
those patients who are likely to have unresectable
disease or in whom a complete cytoreduction is
not possible. This will help avoid an unnecessary
laparotomy. Pre-operative imaging including a spiral CT
scan or PET-CT scan is often used to stage the disease.
However, the sensitivity of CT scan is low for identifying
PC < 0.5 cm (11%) and detecting small bowel
[123]
involvement (8%-17%)
. The accuracy, specificity
and sensitivity of spiral CT and PET-CT in detecting PC
from gastric cancer is around 78%, 94%, 39% and
[124]
87%, 94% and 73% respectively . It must be kept
in mind while assessing the extent of PC by radiological
tests that the pre-operative PCI score estimated by
radiological imaging is always lesser then the true PCI
[123]
[34]
determined intra-operatively
. Yonemura et al
reported that only 66% of patients who were detected
by CT to have a PCI of ≤ 6 had an intraoperative PCI
of ≤ 6, whereas 41% of patients who were staged as
a PCI of > 7 by CT scan had an intraoperative PCI of ≤
6. Thus it is difficult to identify patients with GCPC who
have a favourable prognosis after CRS and HIPEC (PCI
of ≤ 6) by a pre-operative CT scan.
It is here that staging laparoscopy scores over
radiology. Laparoscopy allows direct visualisation of the
peritoneal cavity and can detect small volume disease
which is not identified by imaging, especially over
the small bowel. In addition, it allows for peritoneal
lavage cytology and is associated with low morbidity.
[125]
Valle et al
reported a good correlation between
the laparoscopically determined PCI and the final PCI
determined at laparotomy. The positive predictive
value of laparoscopy for resectability of peritoneal
deposits in patients undergoing CRS and HIPEC for a
variety of peritoneal surface malignancies is reported
to be 87%-97% and the negative predictive value
[126]
97% .

ascites secondary to epithelial cell adhesion molecule
(EpCAM) positive carcinomas including GC when
[133]
compared to paracentesis alone .
HIPEC has been used to palliate GCPC associated
[89]
[91]
ascites. Fujimoto et al
and Yonemura et al
had previously reported complete disappearance
of ascites in patients who underwent HIPEC. More
recently, few small series of laparoscopic HIPEC have
been reported for palliating patients with intractable
debilitating ascites from GCPC requiring repeated
[134,135]
paracentesis
. Complete clinical regression of
ascites and its related symptoms was achieved in a
majority of patients without any major complications
or mortality. A systematic review identified 5 studies
comprising 76 patients (37 with gastric cancer) treated
by laparoscopic HIPEC for ascites. The authors reported
that the procedure was successful in controlling ascites
in 95% of cases. There were no major complications,
the incidence of minor complications was 7.6% and
[136]
the mean hospital stay ranged from 2.2 to 23 d .
Laparoscopic HIPEC may reduce operating time and
hospital stay and is an ideal technique for palliative
HIPEC since it does not involve major resections,
anastomosis or long operating time, all of which are
[136,137]
associated with major complications
. Recently
B-ultrasound guided palliative HIPEC was shown
to not only provide comparable rates of ascites re
mission compared to laparoscopy (93.7% vs 93.3%
[138]
respectively)
, but further shorten operation time
and reduce hospitalisation costs.
Another approach to malignant ascites is CRS
and HIPEC. From a database of 1000 CRS and HIPEC
[117]
procedures, Randle et al
retrospectively analysed
299 patients with malignant ascites due to various
primary intra-abdominal tumors including 20 gastric
cancers. CRS with HIPEC was used to treat the ascites
in these patients. However, a complete CRS was
possible in only 15% patients with ascites compared
to 59% in those without. Major morbidity was 25%
and 30-d mortality was 5.8%. Ascites was controlled
in 93% cases within 3 mo, even when a complete
cytoreduction was not possible. However, survival of
patients with malignant ascites improved only when
the CRS was complete (median survival complete
vs incomplete CRS 37 mo vs 5.6 mo, P < 0.001).
The authors concluded that given the high rates of
incomplete CRS, poor survival and not insignificant
complications, for symptomatic patients with malignant
ascites (other than low grade appendiceal neoplasms)
in which complete cytoreduction is deemed impossible
preoperatively, palliative laparoscopic HIPEC without
CRS seems to be the better option.
An ongoing German study (PIPAC GA-01; clini
caltrials.gov identifier NCT01854255) is studying
the clinical benefits of pressurised intraperitoneal
chemotherapy (cisplatin and doxorubicin) in the form
of an aerosol delivered by laparoscopy in patients with

PALLIATIVE HIPEC
Peritoneal carcinomatosis is often complicated by
debilitating malignant ascites which portends a poor
prognosis, with a life expectancy of a few weeks
[127]
to months
and also severely impairs the quality
[128]
of life
. The treatment options include repeated
paracentesis, diuretics and systemic chemotherapy
[129,130]
which may increase the survival to 4-5 mo
.
However, none of them result in a permanent resolution
of the ascites. In symptomatic patients, a decrease
in the intra-abdominal fluid will lead to an improved
[131]
quality of life
. More recently, intraperitoneal
administration of Catumaxomab, a rat/murine hybrid,
trifunctional, bispecific (anti-epithelial cell adhesion
[132]
molecule-EpCAM and anti-CD3) mAb
, after
paracentesis has been shown to significantly prolong
the puncture free survival in patients with malignant
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recurrent gastric cancer.

9

CONCLUSION
The past two decades have seen an explosion
of interest in CRS and HIPEC in gastric cancers.
While there is strong evidence from Asian countries
regarding the survival benefit of prophylactic HIPEC in
patients with GC who are at a high risk for developing
peritoneal recurrence, the role of CRS with HIPEC
in GC with macroscopic PC is still evolving and
needs to be addressed in large multi-institutional
randomised trials. The use of bidirectional neoadjuvant
chemotherapy seems to be hold promise. Palliative
HIPEC may provide lasting symptomatic relief in
GC patients with intractable ascites due to PC. The
global impact of successful treatment or prevention
of peritoneal carcinomatosis from GC could be huge,
given the increasing incidence of GC worldwide and the
peritoneal carcinomatosis frequently associated with it.
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TOPIC HIGHLIGHT
2016 Gastric Cancer: Global view

Adjuvant radiochemotherapy for gastric cancer: should we
use prognostic factors to select patients?
Linda Agolli, Riccardo Maurizi Enrici, Mattia Falchetto Osti
the D2 loco-regional node resection era, after a wellperformed radical surgery, local treatment using
radiotherapy combined to chemotherapy should be
considered for locally advanced GC. Prognostic factors
could help the better selection of subgroups that
present high risk of loco-regional recurrence. Then, the
addition of radiotherapy could improve the diseasefree survival and also quality of life. There are no
large prospective studies that have assessed specific
factors predicting for recurrence or survival, but only
retrospective series, some of them including high
number of patients with homogeneous characteristics.
In locally advanced GC adding radiotherapy to the postoperative chemotherapy seems to improve outcomes
and quality of life. Prognostic factors such as T-stage,
N-status, nodal ratio, and other histological factors
should be considered to submit patients to postoperative combined treatment. Larger prospective
series are necessary to investigate the role of combined
chemoradiation after radical D2-resection, especially in
locally advanced GC. Further prospective investigations
are needed to suggest prognostic factors that have
significant impact on survival and recurrence, improving
the management and outcomes, particularly in locally
advanced GC patients.
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Core tip: This is a review of the recent literature that
analyze the impact of prognostic factors in patients
affected by gastric cancer (GC). The results from the
principal clinical trials regarding treatment for GC
patients are controversial. Adjuvant therapy for locally
advanced disease remains undefined in different
countries. Prognostic factors can help clinicians to select

Abstract
Radiotherapy has a not well-established role in the
pre-operative and in the post-operative setting in
gastric cancer (GC) patients. Randomized trials report
controversial outcomes and impact on survival. In
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those patients who can benefit more from combined
post-operative therapy with radiochemotherapy and
should be considered in the multidisciplinary meetings.

reduced loco-regional failure and increased survival
[6]
rates compared to surgery alone , or to adjuvant
[14]
chemotherapy alone, or to RT alone .
Although meta-analyses had shown a small
[15-17]
survival benefit after post-operative chemotherapy
several studies did not demonstrate such survival
improvement. In the current clinical practice adjuvant
chemotherapy is routinely used for locally advanced
GC patients after radical resection. The role of radiation
therapy remains controversial. To date, there is no
evidence of clear benefit of the use of radiotherapy
in the pre-operative or post-operative setting. The
association to adjuvant CRT can be useful in the locally
advanced GC to prevent loco-regional relapse, but the
real benefit on survival remains to be demonstrated
compared to the adjuvant chemotherapy alone.
The aim of these review is to analyze the potential
prognostic factors that may help to select highrisk categories of patients who may benefit from an
adjuvant radiochemotherapy, in the era of radical
surgery associated with D2 node dissection and
modern techniques of radiation therapy.

Agolli L, Maurizi Enrici R, Osti MF. Adjuvant radiochemotherapy
for gastric cancer: Should we use prognostic factors to select
patients? World J Gastroenterol 2016; 22(3): 1131-1138 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i3/1131.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1131

INTRODUCTION
Gastric cancer (GC) is the sixth most common type of
cancer in Europe and has a poor prognosis. The 10-year
[1]
survival for all stages is around 20% . Asian patients
have significantly longer median survival (35 mo vs 23
[2]
mo, P < 0.0001) than the Caucasian population . The
5-year survival for GC is 54%-58% in Japan and South
[3,4]
Korea and about 40% in other countries . Surgery
is the primary treatment for patients with resectable
GC, but the prognosis of advanced GC remains poor.
Therefore, a multidisciplinary approaches required due
to the high risk of loco-regional and distant recurrence
of GC. Several studies were conducted to find the
optimal chemotherapy regimen and radiotherapy
(RT) patterns in order to reduce toxicity rates and to
increase the efficacy.
Several treatment strategies that include adjuvant
chemotherapy, adjuvant chemoradiotherapy (CRT), and
[5-8]
pre-operative chemotherapy have been evaluated .
Also, more intensified regimens have been evaluated
in advanced stage GC, but high toxicity rates have
been observed. In resectable GC, the benefit of
adjuvant chemotherapy has been clearly demonstrated,
principally in the locally advanced disease, because
of the propensity of this disease to develop distant
metastases. Even though, from recent randomized
trials has emerged that in D2-resected GC patients
the addition of radiotherapy to chemotherapy does not
[5]
appear to provide any additional advantage .
Radical surgery associated to D2 lymph node
[9,10]
dissection is widely used for advanced GC
, but
there are controversial data in the literature. Studies
demonstrated rates of 3-year overall survival (OS),
disease-free survival (DFS) and local control of 60.6%,
54.1% and 84.3%, respectively, in patients that received
[11]
a D2 node resection and adjuvant chemoradiation .
Others reported rates of distant relapse from 30% to
[12]
50% . A multidisciplinary management, including
neoadjuvant combined treatment and targeted therapy
has emerged for advanced GC resulting in increased
[13]
curability and improved survival .
Adjuvant radiotherapy associated to concurrent
chemotherapy was demonstrated to have favourable
effects on survival and disease control. Post-operative
combined treatment in high-risk patients with GC

WJG|www.wjgnet.com

Role of adjuvant chemoradiation
in the randomized trials
In the United States, post-operative CRT has become
the standard of care after radical surgery for locally
advanced stage since the randomized trial by Macdonald
[6]
et al that demonstrated a significant survival benefit
compared to surgery alone (P < 0.001), even after
[18]
long-term follow up . High rates of severe toxicities
were observed, maybe due to the conventional twodimensional (2D) RT technique, which increased the
irradiated volume and the dose to the normal tissue.
In Europe, the most frequent approach for resec
table GC is pre-operative and/or post-operative chemo
therapy. In 2006, the MAGIC study demonstrated a
5-year OS improvement (36% vs 23%, P = 0.009)
in patients receiving pre-operative chemotherapy and
subsequent post-operative chemotherapy compared
[8]
to those receiving surgery alone . The main limit of
this trial was the low adherence to the postoperative
chemotherapy, administered to 55% of the patients;
only 42% of the patients received the entire treatment
because of cancer progression, surgical complications,
and toxicity.
The National Cancer Center in South Korea
conducted a phase Ⅲ trial that enrolled only locally
advanced GC patients (stage Ⅲ/Ⅳ M0) who underwent
D2-dissection to compare post-operative chemotherapy
[19]
alone versus CRT (INT-0116 regimen) . The study
was closed due to poor accrual, but the addition of
RT significantly prolonged the 5-year loco-regional
recurrence-free survival (93.2% vs 66.8%, P = 0.014)
and DFS rates (73.5% vs 54.6%, P = 0.056) compared
to chemotherapy alone.
High rates of severe toxicities have been described
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Table 1 Characteristics and outcomes of principal phase Ⅲ randomized trials that compared radiotherapy associated to
chemotherapy or chemotherapy in patients affected by gastric cancer
Trial

Year Surgery (node
resection)

Locally
advanced

Randomization
scheme

RT dose

SWOG/
INT-0116[6]

2001

MAGIC[8]

D1 90%
D2 10%

85%

S-alone vs
S + CRT

45 Gy

2D

60 mo

3-yr:
50% vs 41%
(P = 0.005)

3-yr:
Low rates of D2
48% vs 31% node dissection
(P < 0.001)

2006

D1 35%
D2 77%

71%

S-alone
vs CT + S + CT

-

-

49 mo

NCC,
2012
South Korea[19]

D2 100%

98%

S + CT vs
S + CRT

45 Gy

2D/3D

87 mo

ARTIST[7]

D2 100%

86%

S + CT + CRT +
CT vs S + CT

45 Gy

2D/3D

53 mo

5-yr:
23% vs 36%
(P = 0.009)
5-yr:
65% vs 55%
(P > 0.05)
NR

3-yr:
Low adherence
26% vs 38% to post-operative
(P < 0.001)
CT
5-yr:
Poor accrual
61% vs 50%
(P > 0.05)
3-yr:
Planned events
78% vs 74%
not reached
(P = 0.086)

2012

RT technique Median FU

OS

DFS, PFS

Limits

RT: Radiotherapy; FU: Follow up; OS: Overall survival; DFS: Disease-free survival; PFS: Progression-free survival; S: Surgery; CT: Chemotherapy; CRT:
Chemoradiotherapy; 2D: 2-dimensional; 3D: 3-dimensional; NR: Not reported.

in patients treated with combined adjuvant therapy
due to 2D RT technique that increased the irradiated
volume. Modern RT techniques such as 3D conformal
RT and intensity modulated radiotherapy (IMRT) allow
high doses to be delivered to the target and lower
doses to the surrounding sparing normal tissues
[20]
leading to lower toxicity rates .
The ARTIST trial investigated the role of postoperative CRT (capecitabine + cisplatin followed by
capecitabineand concurrent RT 45Gy) vs chemotherapy
alone (capecitabine + cisplatin) in 458 patients with
curatively resected GC who underwent D2 lymph
[7]
node dissection . Overall, the addition of RT to the
chemotherapy did not significantly prolong DFS.
However, in the subgroup of patients with positive
pathologic lymph nodes at the time of surgery (n =
396), randomly assigned to the adjuvant chemoradiation
arm experienced superior DFS when compared with
those who received chemotherapy alone (P = 0.0365).
The statistical significance was retained at multivariate
analysis (P = 0.047). Only the 41% of the patients had
a locally advanced stage in the ARTIST trial, including
also a high percentage of patients with early stage who
may present low risk of loco-regional recurrence after a
well-conducted D2-resection. The principal randomized
studies, their outcomes and limits are summarized in
Table 1.
The ongoing ARTIST Ⅱ trial aims to evaluate this
issue; the benefit of adjuvant combined therapy only
in pN+ patients. The ongoing CRITICS trial aims to
evaluate the clinical outcome in patients treated with
pre-operative chemotherapy (epirubicin, cisplatin and
capecitabine) followed by surgery with adequate node
dissection and concurrent chemoradiation (45 Gy,
[21]
cisplatin and capecitabine) .
The role of adjuvant RT remains unclear after an
adequate lymphadenectomy, but is seems that a
selected category of patients may benefit from local
treatments having also impact on survival.
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Post-operative chemoradiation
after D2 lymph node Resection
However, it is difficult to estimate the N stage, to
predict survival rate in each stage and to decide
treatment pre-operatively based on the clinical TNM
[22]
stage . In the INT-0116 a longer survival was
demonstrated for patients in the chemoradiation arm,
but the study was criticized because only 10% of
included patients underwent a D2 lymphadenectomy
(Figure 1). Therefore, the benefit of extended lymph[6]
adenectomy (D2/D3) remains a controversial issue .
In Eastern countries, the D2 node dissection is
widely performed as standard surgical procedure. A
Korean study demonstrated an advantage of adjuvant
CRT for patients with GC who underwent D2 node
[23]
resection . On the other hand, a Dutch randomized
[24]
trial
did not support a survival improvement even
after a long-term follow-up of 15 years, but showed
lower loco-regional recurrence and GC-related death
in the D2-group compared to the D1 group (Figure 2).
Moreover, a higher rates of complications and post[25-27]
operative deaths after D2 dissection
.
The current opinion in the identification of highrisk subgroups for loco-regional recurrence among D2dissected patients is of higher priority than assessing
adjuvant CRT in all D2-dissected GC patients, prin
[7]
cipally after the recent ARTIST trial results .
The subgroup analysis in the ACTS-GC trial demon
strated a survival advantage after post-operative
S-1 chemotherapy compared to observation in very
advanced stage GC with pN3 nodal involvement over
[28]
N0-N2 patients . These findings may indicate that
the employment of RT could improve outcomes in
patients at high risk for loco-regional recurrence with
high number of positive lymph nodes.
Only a few small prospective or retrospective
studies have investigated the role of adjuvant CRT
[23,29-31]
in D2-dissected GC patients
, reporting lower
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INT 0116 trial
Lymph node dissection
10%
Surgery alone

R
90%

5FU + LV

RT 45 Gy
D1

D2
Surgery-only group

36 mo

Median survival

P = 0.005

27 mo

CRT group (45 Gy)

Figure 1 Randomization, treatment schemes and outcomes of the INT-0116 trial by Macdonald et al. LV: Leucovorin; 5-FU: 5-fluorouracil; RT: Radiotherapy;
CRT: Chemoradiotherapy.
Dutch trial D1 vs D2: 15-yr follow-up
Lymph node dissection

D1 - group
45%
5 yr-survival
47%
D2 - group
D1 - group
43%

47%

53%

Risk of relapse
P = 0.22
37%
D2 - group
D1 - group
43%

D1

D2

Post-operative complications
P < 0.001
25%
D2 - group

Figure 2 Long-term outcomes after 15 years follow up of the Dutch randomized trial by Bonenkamp et al D1 vs D2 node dissection.

recurrence rates obtained with adjuvant CRT after D1dissection, but not after D2 dissection. However, the
updated analysis of the INT-0116 study after a median
[18]
follow-up of 10-years
demonstrated a persistent
benefit of post-operative CRT regarding the locoregional control of the disease, but not the distant
recurrence.
[32]
A randomized multicenter Chinese study
compared 45 Gy IMRT plus concurrent chemotherapy
(C-IMRT) with chemotherapy alone in GC patients after
D2 resection. Survival was not significantly different
between the two groups. The C-IMRT was associated
with increased median duration of RFS (36 mo vs 50
mo, P = 0.029) (Figure 3). On the multivariate analysis
lymph nodes metastases and TNM stage were both
independent prognostic factors, but not correlated to
treatment modality. Rates of all grade adverse events
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were similar in the two treatment groups.
The D2 dissection has been recently recommended
as the standard surgical method worldwide, data
on the influence of clinical results is now available
[27]
from both Eastern and Western studies . Larger
prospective series are necessary to investigate the role
of combined chemoradiation after radical D2 resection,
especially in locally advanced GC.

T-Stage, N-status and nodal ratio
The TNM classification has an appropriate prognostic
value for predicting the OS of GC patients after
[33]
curative surgery . Therefore, for stage IB GC patients
(T1N1M0 and T2N0M0) the relapse rates are low
and the OS are around 87.3%-95.5% at 3-years and
81.8%-95.5% at 5-years, respectively, presenting
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Chinese trial
Lymph node dissection

5FU + LV

R
100%
5FU + LV

IMRT 45 Gy
D1

D2
C-alone group
Median recurrence-free survival

P = 0.029

36 mo

50 mo

C-IMRT group

Figure 3 Randomization, treatment schemes and outcomes of the Chinese trial by Zhu et al. LV: Leucovorin; 5-FU: 5-fluorouracil; IMRT: Intensity modulated
radiotherapy; C: Chemotherapy.

lower rates for upper third located tumors, when no
post-operative therapy is administered after radical
[34]
resection . This means that locally advanced stage
could benefit more from an intensified additional
treatment with chemotherapy associated or not to
radiotherapy.
Prognostic factors could help the better selection
of subgroups that present high risk of loco-regional
recurrence. Then, the addition of radiotherapy could
improve the DFS and also quality of life. There are no
large prospective studies that have assessed specific
factors predicting for recurrence or survival, but only
retrospective series, some of them including high
number of patients with homogeneous characteristics.
Gross inspection and the macroscopic diagnosis
of tumor invasion through the serosa seem to have
a strong impact on tumor recurrence in GC patients.
A total of 370 patients with locally advanced pT2-T4a
GC who underwent curative surgery were evaluated
for potential correlation between pT-stage and
[35]
recurrence . Significant differences were observed in
the 5-year DFS according to the pathological T-stage
between pT2 (83.2%), pT3 (64.5%), and T4a (28.0%)
patients. On the multivariate analysis macroscopic
diagnosis (P = 0.019) and lymph node metastasis (P
< 0.001) were independent risk factors for recurrence.
Consequently, the gross appearance of serosal invasion
should be considered as a factor to predict prognosis
and to select high-risk patients.
A retrospective study from a large series of 244
patients with long term follow up time (median 99
mo) treated with postoperative CRT (46 Gy) vs RT
alone, analyzed long-term survival probability and the
[36]
impact of variables on survival . The 1-, 3-, 5- and
10-year actuarial OS were 79%, 37%, 24% and 16%,
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respectively. Actuarial progression free survival was
69%, 34%, 23% and 16% in the same consecutive
order. On the multivariate analysis, stage Ⅰ-Ⅱ
disease, subtotal gastrectomy and adjuvant CRT were
significantly associated with improved OS and PFS.
Surgical margin status and/or lymph node dissection
type (D0 vs D1 vs D2-3) were not prognostic factors
for survival.
A multicenter retrospective analysis of 232 patients
with pT3 GC who underwent curative gastrectomy
and D2 node dissection demonstrated that the median
survival of patients with small tumor size (≤ 8 cm)
was significantly better than for patients with large
tumor size (> 8 cm) (107 mo vs 18.2 mo, P < 0.001).
In the univariate analysis, tumor size (P < 0.001), pN
stage (P = 0.000), metastatic lymph node ratio (LNR)
(P = 0.005), lymphatic vessel invasion (P = 0.000),
blood vessel invasion (P = 0.000), and perineural
invasion (P = 0.006), were found to be significant
[37]
prognostic factors for OS .
[38]
Kim et al
showed after a retrospective analysis
of 679 resected GC patients that pre-operative CA125
level was an independent risk factor for distant/locoregional recurrence (P = 0.02).
The lymph node status and a cut-off of ratio
between the involved and the removed lymph nodes
have consented to select patients with better prognosis.
The involvement of 1-2 lymph nodes (N1) was
associated with a better prognosis compared to N2 (3-6
positive nodes) involvement with a significant difference
in (P = 0.04) 5-year OS rates (67.5% for N1 vs 43%
[39]
for N2) .
Usually, the LNR is higher in patients with stage Ⅲ
GC than in those with stage Ⅰ or Ⅱ disease. Advanced
stage patients with GC are more at risk to develop
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loco-regional/distant relapse. The prognostic value
of metastatic LNR was investigated in patients who
received radical resection and D2 lymphadenectomy in
[40]
365 patients with stage Ⅲ gastric GC . The LNR is an
independent prognostic factor for survival in stage Ⅲ
GC and is superior to the pN category in TNM staging.
It may be considered as a prognostic variable in future
staging system.
Prognostic factors were evaluated in 120 resected
GC patients treated in a single Institution using the
[41]
Intergroup 0116 study regimen . On multivariate
analysis, surgical positive margin and advanced sage
were significant prognostic factors for loco-regional
recurrence (P = 0.03, P = 0.04).
A SEER database that investigated the impact
postoperative radiotherapy on survivals in the INT0116
results, reported among lymph node-positive patients
a significant survival benefit from RT compared with
[42]
no-RT (P < 0.0001) . The median survival and the
5-year OS among lymph node-positive patients were
29 mo and 34%, respectively, for post-operative RT
group, and 19 mo and 20%, respectively, for no-RT.
The multivariate analysis demonstrated that removing
≥ 15 lymph nodes was an independent predictor for
improved survival, whereas tumor classification, lymph
node status, tumor size, and tumor location were
independent predictors of death.
A retrospective study including patients with GC
who underwent D2 lymphadenectomy followed by
adjuvant CRT or was not analyzed to find individuals
category that could benefit from combined postoperative treatment. Patients who had lymph node
metastasis presented a significant improvement in
[43]
OS (P = 0.023) with the addition of adjuvant CRT .
Patients with N1 and N2 tumors and higher N-ratio had
similarly superior survival numbers with the addition of
CRT, even the results were not statistically significant.
[44]
Another retrospective study , including only
patients affected by locally advanced GC (T3-4 and/
orN+) who underwent gastrectomy + D2 lymph node
dissection followed by adjuvant CRT, or CRT + intraoperative radiotherapy (IORT) 12-15Gy, revealed that
adjuvant IORT was an independent prognostic factor
for both loco-regional control and OS (P = 0.02 and
P = 0.04, respectively). Other significant prognostic
factors for loco-regional control included the positive
surgical margin (P = 0.005) and positive pN status (P
= 0.03). In contrast, pT and pN stage were significant
prognostic factors for OS. Intensified local therapy
could also improve survival in locally advanced stage
GC patients, in particular in those with high number of
positive lymph nodes at the histological examination
allowing acceptable toxicity rates. Other recent
retrospective studies reported that LNR and N-stage
were the most important prognostic factors for OS,
[12,41,45]
DFS and loco-regional control
.
Considering the above reported outcomes, the
addition of radiation therapy could improve the RFS in
patients with large gastric tumors, advanced stage and
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high number of involved lymph nodes even after D2resection.

Positive surgical margin (R1),
histological subtype and
perineural invasion
A microscopically positive (R1) resection is an adverse
[46]
prognostic factor GC patients after radical surgery .
However, the prognostic significance of an R1 resection
in GC patients treated with post-operative CRT has
been hardly studied. The surgical margin status was
rarely evaluated as a prognostic factor to recurrence.
A retrospective analysis included 110 patients to
evaluate the effect of an R1 resection on RFS in GC
patients who received CRT (45 Gy/25 fractions) after
surgery. Three-year RFS (45% vs 35%, P = 0.34) and
OS (47% vs 48%, P = 0.58) did not significantly differ
between patients who had undergone an R0 or R1
[47]
resection . Maybe the adjuvant CRT is useful in this
subgroup of patients, but larger series are necessary to
confirm this issue. In a recent update of the INT-0116
study, the benefit of adjuvant CRT after a radical (R0)
[18]
resection for GC was confirmed .
There are no studies assessing histological
subtype for predicting response to therapy, relapse or
survival. There is reported that intestinal subtype is
more common and less aggressive compared to the
diffuse subtype. Lauren classification has emerged
as a significant independent predictors of survival
[48]
in retrospective analysis , but less is known about
patterns of recurrences in this subgroup of patients
affected by locally advanced GC. No direct correlation
with local recurrences still described in the literature.
Perineural invasion (PI) has been investigated as
a possible prognostic factor in 30590 GC patients
who had undergone curative gastrectomy from 24
studies. The median rate of positive PI was 41% and it
resulted an independent prognostic factor for OS and
recurrence (P = 0.000, respectively), but this effect
was independent of lymph node status, tumor size and
[49]
the depth of invasion on multivariate analysis .
Patients affected by advanced GC that present
some particular characteristics at the definitive
histological examination such as positive surgical
margin (R1), PI, or diffuse histological subtype may
be considered as high-risk categories. These finding
are supported only by some retrospective analyses
[36,43]
and seem to significantly correlate with survival
.
This category of patients may benefit from more
intensified treatment adding local irradiation to prevent
recurrence.

CONCLUSION
Nowadays, radiotherapy has a not well-established
role in the pre-operative and in the post-operative
setting in GC patients. Randomized trials report
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controversial outcomes and impact on survival. In
the D2 resection era, after a well-performed radical
surgery, local treatment using radiotherapy combined
to chemotherapy should be considered for locally
advanced GC. Even there are no strict indications
to combined adjuvant therapy, a multidisciplinary
discussion should guide definitive decision. Prognostic
factors may help clinicians to select high-risk categories
of patients who may benefit from a more intensified
regimen including radiotherapy. Unfortunately, only
retrospective series indicate selection criteria providing
low level of evidence, but large and homogeneous
population of patients have been evaluated. Further
prospective investigations are needed to suggest
prognostic factors that have significant impact on
survival and recurrence, improving the management
and outcomes, particularly in locally advanced GC
patients.
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Gastric cancer is a common neoplastic disease and,
more precisely, is the third leading cause of cancer
death in the world, with differences amongst geo
graphic areas. The definition of advanced gastric
cancer is still debated. Different stadiating systems
lead to slightly different stadiation of the disease, thus
leading to variations between the single countries in
the treatment and outcomes. In the present review
all the possibilities of treatment for advanced gastric
cancer have been analyzed. Surgery, the cornerstone
of treatment for advanced gastric cancer, is analyzed
first, followed by an investigation of the different
forms and drugs of chemotherapy and radiotherapy.
New frontiers in treatment suggest the growing
consideration for intraperitoneal administration of
chemotherapeutics and combination of traditional drugs
with new ones. Moreover, the necessity to prevent the
relapse of the disease leads to the consideration of
administering intraperitoneal chemotherapy earlier in
the therapeutical algorithm.
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even with N0 staging. According to the AJCC-TNM (7
edition) classification, AC are: T2-T4b/N0-3b/M0-M1
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VALUE OF SURGERY

Core tip: New frontiers in treatment suggest the
growing consideration for intraperitoneal admini
stration of chemotherapeutics and combination
of traditional drugs with new ones. Moreover, the
necessity to prevent the relapse of the disease leads
to the consideration of administering intraperitoneal
chemotherapy earlier in the therapeutical algorithm.

Extension of gastric resection

The only curative treatment either for early GC or nonmetastatic AC is radical surgery with adequate surgical
resection and lymphadenectomy. Lymphadenectomy
is considered adequate if at least 16 lymphnodes are
[12]
removed .
The concept of adequacy of surgical resection
changed through the years. In the past decades
total gastrectomy has been considered superior to
the partial one for tumors of the antrum. However
in the nineties, some trials demonstrated no survival
or recurrence advantages between the two tech
[13,14]
niques
. At present definitive agreement has been
reached about the resection extension in relation to the
position of the tumor and its pattern. For large tumors
or for tumors of the lesser curve total gastrectomy
would be preferable. A proximal margin of at least 3
cm is recommended for T2 or higher degree tumors
with “expansive growth pattern” and a proximal
margin of at least 5 cm is recommended for those with
“infiltrative growth pattern”.

Coccolini F, Montori G, Ceresoli M, Cima S, Valli MC, Nita GE,
Heyer A, Catena F, Ansaloni L. Advanced gastric cancer: what
we know and what we still have to learn. World J Gastroenterol
2016; 22(3): 1139-1159 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i3/1139.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i3.1139

INTRODUCTION
Gastric cancer (GC) is a common neoplastic disease
and, more precisely, is the third leading cause of
cancer death in the world, with differences amongst
geographic areas. In fact the GC and advanced gastric
cancer (AC) incidence and related mortality vary
between the latitudes with an higher peak of mortality
in the western countries and a lower mortality rates
in the eastern ones. In fact the United States account
for about 21600 new cases of GC each year, the South
Korea accounts for about 33000 new cases per year;
China has the highest incidence of GC followed by
[1,2]
Mongolia, Japan and South Korea . Patients suffering
from GC in eastern countries have a better prognosis
than in western ones. This is mainly due to successful,
decade-old screening programs that detect GC as
early as possible; in Japan the survival for resectable
[3]
GC is almost 70% . The same results have not
been achieved in Europe and US where the 5-year
[4]
survival is almost 25% in advanced cancer (AC) . The
major differences in eastern and western countries is
summarized in Table 1. They start from the staging
systems [Japanese classification of GC (JCGC) and
American Joint Committee on Cancer Staging Manual
(AJCCSM-TNM)] and pass through all the step of
chemotherapeutical and surgical management of GC
(neoadjuvant, perioperative and adjuvant treatment,
[5-8]
and lymphadenectomy) .
The most commonly used classification around the
th
[9,10]
world is the 7 edition TNM
.
The definition of early gastric cancer is well
[11]
established . As a counterpart the definition of AC
is still matter of debate. Some authors define as AC
the T3 and T4 cancers. However the vast majority
considers as AC the tumors infiltrating beyond the
submucosal layer that are not-early and not-metastatic
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Lymphadenectomy

the penetration of the serosa (T3 disease) and the
[15]
lymphnode involvement
are the principal factors
strongly related with prognosis. Literature reports that
[16-18]
the clearance of lymph-nodes remains crucial
.
the lymphadenectomy has shown an important
role in accurate disease staging and in increasing the
[7,15,19]
long-term survival since the first JCGC in 1998
.
However the extension of the lymphadenectomy is
still a matter of debate. Differences exist between the
JCGC and the TNM classification and are related to the
different values of the two classifications. Some studies
reported that TNM system has greater prognostic
power than the JCGC, however TNM does not provide
treatment guidance and should primarily be used as a
[20]
guide for prognosis . In contrast, the JCGC system
has been designed as a comprehensive guide to
treatment, and the anatomy-based N-staging system
was established on the basis of lymphadenectomy
[20]
effectiveness . Part of the problem was solved
considering that in “standard lymphadenectomy”
(D1) almost 15-18 lymph-nodes must be removed to
have a proper staging. The TNM classification is more
accurate in categorizing the number of metastatic
lymph-nodes and gives a better prediction of the
[16]
overall survival for GC .
The importance of lymphadenectomy is an
issue of continue interest: recently some authors
reported the high propensity of GC to involve
lymph-nodes, particularly for Lauren mixed/diffuse
[17,21]
adenocarcinomas
. In Europe the state-of-the-art
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Table 1 Type of standard lymphadenectomy in different countries
ESMO

Germany

United Kingdom

United States

Canada

Japan

D2

D2

D2

D1
D2 (not routinely)

D1

D1 (for T1)
Modified D2 (see in the text)

Type of standard lymphadenectomy

ESMO: European society medical oncology guideline.

in curative-intent surgery for GC is gastrectomy with a
R0 resection associated with a D2 lymphadenectomy
[15,17]
and omentectomy
. This target has been achieved
after numerous randomized controlled trials and cohort
[7,22-24]
studies
.

risk for splenic hilum node involvement, i.e., with
proximal and mid greater curvature primaries, spleenpreserving hilum lymphadenectomy can be performed
[33]
with satisfactory results .
Table 2 reports the data about mortality, morbidity
and survival in different types of lymphadenectomy
in the most important published trials. Results from
[34-36]
the first Randomized controlled trials (RCTs)
reported a superiority of the D1 compared with D2
lymphadenectomy, but these data were not confirmed
by other RCTs, meta-analysis and prospective
[23,24,37,38]
studies
. A recent meta-analysis by Jiang et
[18]
al
showed that the results from these two trials
seem to be related with the high rate of splenectomy
and pancreatic resection included in the D2 resection
(65% and 56% respectively), as previously highlighted
[32,39]
in other papers
. The analysis of the data from
the Italian Gastric Cancer Study Group showed that
D2 dissection without splenectomy and pancreatic
resection is feasible and safe with comparable results
[39]
to those of D1 . Splenectomy and pancreatectomy
might be considered beneficial only in case where the
primary tumor or the lymph-node metastasis involve
[18,32]
these organs
. In 2010 a 15-years follow up of
[30,34]
the Dutch trial
showed an increased survival rate
in patients underwent to D2 dissection compared
to D1 (29% vs 21%, p = 0.34) with a gastriccancer-related death and a regional recurrence rates
increase in D1 group (48% vs 37% and 19% vs 13%
[26]
respectively). In 2015 Galizia et al
published a RCT
to evaluate the difference between D1 plus and D2
lymphadenectomy D2 lymphadenectomyincluded
splenectomy. The results reported a similar median
recurrence rate (47.2% vs 51.4% in D2, p = NS). D2
lymphadenectomy is also considered the standard in
[40]
elderly patients with acceptable survival .
The evaluation of the possible role of an ex
tended lymphadenectomy in reducing the risk of
a local recurrence has been reported in several
[21,28,29,41,42]
[22]
studies
. A Japanese study
showed a
better outcome in terms of mortality and morbidity in
patients underwent to a D2 with para-aortic lymphnodes dissection compared to the only D2, due to the
frequent rates of involvement of Para Aortic lymphnodes (17%-40%). However, in a similar study in
[28]
2008, Sasako et al reported that D2 plus para-aortic
lymph-nodes dissection in T2-subserosa, T3, T4 stages
was not associated with an improving survival (70.3%
in D2 plus vs 69.2%, p = NS) or recurrence free
survival (61.7% in D2 plus vs 62.6%, p = NS), with a

D1 lymphadenectomy: According to the JCGC,
D1 dissection consists in the resection of the peri[7,25]
gastric stations (from 1 to 7 stations)
. In case
of esophageal-gastric junction tumors also the
infradiaphragmatic, paraesophageal and supra
diafragmatic stations (19, 20, 110 and 111 stations)
[7]
are included . D1 lymphadenectomy is considered
appropriate for T1a tumor not suitable for endoscopic
resection and for differentiated and small (≤ 1.5 cm)
[26]
cT1bN0 tumors . Some authors reported a D1plus lymphadenectomy consisting in the removal of
nodal stations 8a, 9, and 11p in cT1N0 tumors or as
[26]
alternative to D2 in high-risk patients) .
D2 lymphadenectomy: D2 dissection consists in
the resection of the peri-gastric stations (D1) and of
second echelon lymph-nodes [hepatic artery (station
8), Celiac artery (station 9), splenic artery (station
11) and anterior hepatoduodenal ligament (station
[7]
12a-b)] . This procedure should yield at least 16 or
more lymph-nodes for the pathologic evaluation.
D3 lymphadenectomy: The lymphadenectomy can
be considered D3 when posterior (stations No. 12p,
No. 13, No. 14v) and para-aortic (No. 16) lymphnodes are removed. D3 is supposed to provide a
better local control of disease in advanced gastric
[21]
tumors with mixed-diffuse histotype . The inclusion
of para-aortic lymph-node stations (16-a para-aortic
nodes between the level of the celiac axis and the
left renal vein, and 16-b para-aortic nodes between
the left renal vein and the inferior mesenteric artery)
(considered also as D2 plus) is important in upper third
tumors in large tumors or in tumor with involvement of
station n. 7 (29% of para-aortic involved lymph-nodes
compared to the 7% in middle and lower third GC; p <
[27,28]
0.001)
. However extended lymphadenectomy and
routinely removal of para-aortic lymph-nodes does not
[29,30]
correlate with a benefit in terms of survival
.
Super-extender D3 lymphadenectomy: Sple
nectomy or distal pancreatectomy is strongly
discouraged unless deemed necessary based on
[18,31,32]
tumor involvement
. Even in scenarios of higher
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1999
1996
1999
1998
2004
2004
2004
2006
2004
2008
2007
2010
2010
2015

Year

Japan
Holland
Italy
Italy

Italy
China
Taiwan
Japan

Italy

Holland
United Kingdom

Country

RCT
Prospective
RCT
Retrospective

RCT

RCT
RCT

Prospective

RCT
RCT

Type of study

275
711
267

523

162
221

191

711
400

N° pts

3
-

-

1.3
0

-

4
6.5

D1

-

-

-

-

-

D1+

4.9
2.2
4

0.8

0
-

3.1

10
13

D2

2.2
-

0.8

-

-

-

D2+

Perioperative mortality (%)

2.4

-

0

-

-

D3

NS
NS
NS

NS

NS
NS

-

0.004
0.04

P value

12
-

-

10.5
7.3

-

25
28

D1

-

-

-

-

-

D1+

27.7
17.9
-

20.9

16.3
-

20.9

43
46

D2

21.6
-

28.1

-

-

-

D2+

Overall morbidity (%)

-

-

17.1

-

-

D3

NS
NS
-

NS

NS
0.012

-

< 0.0001
< 0.001

P value

21
-

-

53.6

-

45
35

D1

-

-

-

-

-

D1+

29
-

69.2

-

55

47
33

D2

-

70.3

-

-

-

D2+

Overall survival (%)

-

-

59.5

-

-

D3

NS
-

NS

0.041

-

NS
NS

P value
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Cytoreductive surgery: In the treatment of AC with local or diffuse peritoneal carcinosis (PC) the multimodal treatment combines systemic chemotherapy, radical
[48-50]
surgery and intra-peritoneal chemotherapy (IPC). This new approach radically changed the outcome in locally advanced and advanced gastric cancer
.
The necessity of complete removal of disseminated intra-peritoneal disease has already been demonstrated in different diseases. In fact, few previous studies

similar perioperative mortality and an increase morbidity in extended surgery group.
[41]
Wu et al randomized patients to receive D1 vs D3 lymphadenectomy: the rate of morbidity was higher in extended surgery (17.1% vs 7.3%, p = 0.012), but with
no reported mortality in the groups. The overall survival was significantly higher in D3 group (59.5% vs 53.6% in D3 resection, p = 0.041) with a decreased regional
[29]
recurrence rate in D3 (40.3% vs 47.6%, p = 0.063) . An extended lymphadenectomy (as D3) with an acceptable rate of mortality could be useful in the future to be
[43]
[44]
compared with perioperative chemotherapy (as in MAGIC trial)
or adjuvant chemoradiotherapy (as in McDonald trial)
and to achieve a good long-term survival
[29]
[21]
only with surgery . de Manzoni et al in their analysis emphasized the importance of the interaction between the histology and the extension of lymphadenectomy (p
= 0.004), and reported a higher rate of relapse in D3 group in case of intestinal pattern (45.1% vs 35.3%, p = NS), then in mixed/diffuse pattern (48.3% vs 61.5%, p
= NS, caused by a pronounced lymphotropism and grater propensity to metastasize to third level lymph-nodes), with a similar mortality in the two groups.
[45]
The lymph node ratio is A novel promising prognostic factor(ratio between metastatic and harvested lymph nodes) : in a retrospective study on a large sample
of patients an higher N ratio was significantly correlated with a worse prognosis and was a significant prognostic factor, differently from the N stage. N Ratio could be a
really interesting prognostic tool, able to standardize data on lymphadenectomy extension. However further prospective studies are needed to assess its real value.
In addition, recent studies reported the importance of the sentinel node to detect the first lymph nodes apt to receive cancer cell drainage, as in breast cancer and
[46]
melanoma . The aims are to give a sentinel node mapping and intra-operative biopsy to prevent complications of extended and unnecessary lymphadenectomy
[46]
particularly in early stage patients (2%-18% lymph nodes invasion in T1, and about 20% in T2) where the greater part of lymph-nodes resected is not involved . The
[47]
techniques to determine sentinel node with a high sensitivity are intraoperative radiation with a gamma probe, or indocyanine green, or with the Maruyama technique
with Indian ink. However these techniques are not yet validated and showed a high rate of false negative. Some trials are on going to determine their efficacy and
further evidence is needed to standardize the technique.

Pts: Patients; RCT: Randomized controlled trials.

[22]
[30]
[39]
[21]

[28,44]

[37]
[42,43]

[23,24]

[34]
[35,36]

Ref.

Table 2 Outcomes related to different kind of lymphadenectomies
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showed potential middle/long-term survival benefit
of the complete removal of the primary disease
[51,52]
and the disseminated macroscopic nodules
. In
ovarian cancer the complete removal of PC has been
demonstrated to increase significantly the survival
[52]
rate .
In patients with GC and PC, no survival benefits
have been reported for treatment with Cyto Reductive
[53]
Surgery (CRS) alone. Kodera et al
showed that PC
cannot be cured using only CRS because of invisible
cancer cells remain even after CRS. In fact they found
in peri-gastric peritoneum and in macroscopically
intact peritoneum even distant from the surgical
field is possible to detect CEA/cytokeratin 20 mRNA.
This could suggest that without an intraoperative
chemotherapy effective in penetrating the peritoneum
no gain in term of reduction of free cancer cells is
possible even with a complete macroscopic removal
[54]
of cancer nodules . Recently, also multi-drug intraperitoneal chemotherapy has been demonstrated to be
[55]
safe and effective .
As a counterpart, CRS in addition to intraperitoneal
peri-operative chemotherapy assures a significant
[29,56-58]
benefit in survival rate even in GC with PC
. A
previous meta-analysis clearly demonstrated that
patients affected by advanced GC, either with either
[51]
without PC benefit from IPC .
Some studies demonstrated that during CRS, if
associated to IPC, the completeness of cytoreduction
[56]
was an independent favourable prognostic factor .
[59,60]
Yonemura et al
reported that complete cytore
duction was associated with a median survival
of 19.2 mo and a 5-year survival rate of 27%.
[61]
Glehen et al
confirmed those results in one of the
bigger prospective cohort study published about
gastrointestinal diseases.
A recent meta-analysis demonstrated as the
completeness of cytoreduction (CC) results in a real
[62]
gain in survival . It reported a 1, 2, 3, and 5-years
survival rate increased in CC0-CC1 cytoreduction
(1 year: RR = 2.41, 95%CI: 1.66-3.49; 2 year: RR
= 8.18, 95%CI: 3.06-21.84; 3 year: RR = 8.66,
95%CI: 2.16-34.79; 5 years: RR = 7.96, 95%CI:
2.70-23.41) (Figure 1) The gain in terms of survival is
progressively higher, with the increasing of the years
of follow-up. This shows that the gain is a long-term
result. Moreover it has been shown a gain also for
minimal differences in terms of millimetres of residual
disease. CC-0 in fact showed better outcomes than
CC-1 cytoreduction. An increased survival has been
demonstrated also in the comparison between CC0
and CC1 cytoreduction at 1 and 3 years (1 year: RR =
2.28, 95%CI: 1.26-4.14; 3 years: RR = 6.36, 95%CI:
1.86-21.82) (Figure 2). The reported morbidity rates
ranged between 1.1% and 38.5%.
Certainly these data should be considered at the
light of the supposed increased complication rate in
such aggressive surgical procedure. As a consequence
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a PCI cut-off evaluating the reasonability of CRS + IPC
treatment is needed.
[63]
A recent study by Yonemura et al
evaluating 95
patients with PC from GC, showed that it was possible
to obtain a complete cytoreduction in 91% (42/46) of
the patients with a PCI ≤ 6 but in only 42% (12/29)
of the patients with a PCI ≥ 7. In addition, the study
demonstrated as the survival of patients with a PCI
score ≤ 6 was significantly better than those with a
PCI score ≥ 7.
The reported 1, 2, 3, 5 years survival change
significantly above and below a PCI of 12. In fact the
reported overall median 1, 2, 3, 5 years survival for a
0-6 PCI are 56%-36%-33%-30% respectively, for a
7-12 PCI are 65%-25%-18%-0% respectively while
for a 13-19 PCI are 35%-22%-0%-0% respectively
[61]
and are all 0% for a PCI > 19 . Other studies
reported a median survival for PCI below and above 20
[64-66]
of 3-27.7 and 6.4-10.2 mo respectively
.

Minimally invasive surgery

No study dedicated to the use of minimally invasive
surgery in advanced gastric cancer exists. All the
papers considered patients mixed together. However
the results could be considered as indicative about
the possibility to apply this kind of surgery to gastric
cancer. One of the main concerns has historically been
the lymph node retrieval.
Laparoscopic surgery: On the one hand, several
studies showed that laparoscopic gastrectomy is
feasible and effective to treat early gastric cancer
with a D1 lymphadenectomy obtaining better results
than the open technique in terms of postoperative
pain, time to return to normal bowel function and
resumption of oral feeding, time to recovery, length
of hospital stay, cosmetic results and financial
[67-70]
outcome
. In terms of morbidity and mortality
rates laparoscopy reached results comparable to open
[36,39,71]
resections
. On the other hand, however, for D2
or higher lymphadenectomy laparoscopic intervention
reduces the possibility to be accurate in dissecting
lymphnodes especially from high-risk nodal stations
(i.e., stations 10 and 12a).
[72]
A recent meta-analysis by Wang et al
including
17 studies considered a total of 2313 patients (955
undergone to laparoscopic total gastrectomy and
1358 to open total gastrectomy). Laparoscopy
showed longer operative time (WMD = 47.00, 95%CI:
31.67-62.33, P = 0.001), less blood loss (WMD =
2179.60, 95%CI: 2251.80-2107.89, P = 0.001), fewer
analgesic uses (WMD = 22.46, 95%CI: 22.71-22.22,
P = 0.001), earlier passage of flatus (WMD = 20.80,
95%CI: 21.11-20.50, P = 0.001), quicker resumption
of oral intake (WMD = 21.11, 95%CI: 21.57-20.64,
P = 0.001), earlier hospital discharge (WMD = 23.37,
95%CI: 24.58-22.16, P = 0.001), and reduced
postoperative morbidity. No statistical difference
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A
Study or subgroup
Yonemura 1998
Hall 2004
Glehen 2004
Yonemura 2005
Yang 2010
Glehen 2010

Complete
cytoreduction
Events
Total
17
28
12
25
15
25
22
47
11
17
63
122

Uncomplete
cytoreduction
Events
Total
16
55
3
11
3
24
16
60
2
11
3
30

Weight
31.3%
10.8%
9.8%
30.6%
7.4%
10.1%

Total (95%CI)
264
191
100.0%
Total events
140
43
2
2
2
Heterogeneity: Tau = 0.05, χ = 6.44, df = 5 (P = 0.27); I = 22%
Test for overall effect: Z = 4.62 (P < 0.00001)

B
Study or subgroup
Glehen 2004
Hall 2004
Yonemura 2005
Cheong 2007
Yang 2010

Complete
cytoreduction
Events
Total
8
25
8
25
11
47
18
93
8
17

Uncomplete
cytoreduction
Events
Total
0
24
1
11
0
60
1
61
1
11

Weight
12.3%
25.3%
12.3%
24.4%
25.8%

Total (95%CI)
207
167
100.0%
Total events
53
3
2
2
2
Heterogeneity: Tau = 0.00, χ = 2.22, df = 4 (P = 0.70); I = 0%
Test for overall effect: Z = 4.19 (P < 0.0001)

C
Study or subgroup
Glehen 2004
Yang 2010
Glehen 2010

Complete
cytoreduction
Events
Total
5
25
8
17
28
122

Uncomplete
cytoreduction
Events
Total
0
24
0
11
1
30

Weight
23.9%
25.4%
50.6%

Total (95%CI)
164
65
100.0%
Total events
41
1
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.11, df = 2 (P = 0.95); I = 0%
Test for overall effect: Z = 3.04 (P = 0.002)

D
Study or subgroup
Yonemura 1996
Glehen 2004
Hall 2004
Yonemura 2005
Glehen 2010

Complete
cytoreduction
Events
Total
5
28
4
25
6
25
6
47
21
122

Uncomplete
cytoreduction
Events
Total
1
55
0
24
0
11
0
60
1
30

Weight
26.5%
14.1%
14.9%
14.3%
30.1%

Total (95%CI)
247
180
100.0%
Total events
42
2
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.52, df = 4 (P = 0.97); I = 0%
Test for overall effect: Z = 3.77 (P = 0.0002)

RR

RR

M-H, random, 95%CI
2.09 [1.25, 3.47]
1.76 [0.62, 5.02]
4.80 [1.59, 14.50]
1.76 [1.05, 2.95]
3.56 [0.97, 13.08]
5.16 [1.74, 15.32]

M-H, random, 95%CI

2.41 [1.66, 3.49]

0.01
0.1
1
10
100
CC2-CC3 cytoreduction CC0-CC1 cytoreduction
RR

RR

M-H, random, 95%CI
16.35 [1.00, 268.49]
3.52 [0.50, 24.84]
29.23 [1.77, 483.58]
11.81 [1.62, 86.16]
5.18 [0.75, 35.86]

M-H, random, 95%CI

8.18 [3.06, 21.84]
0.001

0.1

1

CC2-CC3 cytoreduction

10

1000

CC0-CC1 cytoreduction

RR

RR

M-H, random, 95%CI
10.58 [0.62, 181.49]
11.33 [0.72, 178.54]
6.89 [0.98, 48.60]

M-H, random, 95%CI

8.66 [2.16, 34.79]
0.01

0.1

1

CC2-CC3 cytoreduction

10

100

CC0-CC1 cytoreduction

RR

RR

M-H, random, 95%CI
9.82 [1.20, 80.06]
8.65 [0.49, 152.58]
6.00 [0.37, 98.07]
16.52 [0.95, 286.03]
5.16 [0.72, 36.88]

M-H, random, 95%CI

7.96 [2.70, 23.41]
0.01

0.1

CC2-CC3 cytoreduction

1

10

100

CC0-CC1 cytoreduction

Figure 1 Overall 1-year (A), 2-year (B), 3-year (C) or 5-year (d) survival in patients undergone to CC0-CC1 procedure[62].

gastrectomy and 1211 to open intervention) partially
[73]
confirmed the outcome of the other studies .

was found between the two groups in the number
of harvested lymph nodes (WMD = 2.33, 95%CI:
20.04-4.71, P = 0.054), proximal resection margin,
hospital mortality, 5-year OS and DFS were similar.
Another meta-analysis about the comparison
between laparoscopic and open gastrectomy
analyzed 15 non-randomized comparative studies
with 2022 patients (811 undergone laparoscopic total
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Robotic surgery: The feasibility, safety and eventual
advantages of robotic gastrectomy compared to open
or laparoscopic gastrectomy in treating gastric cancer
are not well defined.
A meta-analysis of four studies considering 5780
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A

Study or subgroup
Yang 2010
Glehen 2010

CC0 cytoreduction
Events
Total
10
11
52
85

CC1 cytoreduction
Events
Total
1
6
11
37

Weight
10.6%
89.4%

Total (95%CI)
96
43
100.0%
Total events
62
12
2
2
2
Heterogeneity: Tau = 0.03, χ = 1.07, df = 1 (P = 0.30); I = 7%
Test for overall effect: Z = 2.71 (P = 0.007)

RR
M-H, random, 95%CI
5.45 [0.90, 32.96]
2.06 [1.22, 3.47]

RR
M-H, random, 95%CI

2.28 [1.26, 4.14]

0.001

0.1

1

CC1 cytoreduction

B

Study or subgroup
Yang 2010
Glehen 2010

CC0 cytoreduction
Events
Total
8
11
26
85

CC1 cytoreduction
Events
Total
0
6
2
37

Weight
20.9%
79.1%

Total (95%CI)
96
43
100.0%
Total events
34
2
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.13, df = 1 (P = 0.72); I = 0%
Test for overall effect: Z = 2.94 (P = 0.003)

RR
M-H, random, 95%CI
9.92 [0.67, 146.90]
5.66 [1.42, 22.62]

10

1000

CC0 cytoreduction

RR
M-H, random, 95%CI

6.36 [1.86, 21.82]

0.001

0.1

CC1 cytoreduction

1

10

1000

CC0 cytoreduction

Figure 2 One-year (A) or 3-year (b) survival compared between CC0 and CC1 cytoreduction[62].

patients with 520 (9.00%) that underwent robotic
gastrectomy and 5260 (91.00%) that underwent
[74]
open gastrectomy has been published by Liao et al .
Robotic gastrectomy has a significantly longer operation
time (WMD = 92.37 min, 95%CI: 55.63-129.12
min, P < 0.00001), lower blood loss [WMD: -126.08,
95%CI: -189.02-(-63.13), P < 0.0001], and shorter
hospital stay [WMD = -2.87, 95%CI: -4.17-(-1.56), P
< 0.0001]. No statistical difference was noted in overall
postoperative complication, wound infection, bleeding,
number of harvested lymph nodes, anastomotic
leakage and postoperative mortality rate.
[75]
Shen et al
in another meta-analysis considering
eight studies with 1.875 patients, compared robotic
and laparoscopic gastrectomy. The study showed
as robotic gastrectomy was associated with a
longer operative time (WMD = 48.46 min, 95 %CI:
29.49-67.43, p < 0.05), lower estimated blood loss
[WMD = -38.43 ml, 95%CI: -67.55-(-9.30), p <
0.05], and a longer distal margin (WMD = 1.04 cm,
95%CI: 0.46-1.62, p < 0.05). In this meta-analysis
complications (OR = 0.95, 95%CI: 0.7-1.28, p > 0.05),
hospital stay (WMD = -1.00, 95%CI: -2.57-0.56, p
> 0.05), proximal margin (WMD = 0.1 cm, 95%CI:
-0.25-0.45, p > 0.05), and harvested lymph nodes
(WMD = 1.06, 95%CI: - 2.33-4.45, p > 0.05) for
robotic and laparoscopic gastrectomy were similar.

to GC, a suggested potential disadvantage of the preoperative chemotherapy could be the delay in surgery.
At present no clear evidences exists about the
value of neo-adjuvant chemotherapy in gastric cancer
treatment: all the proposed phase Ⅲ randomized
studies have been closed prematurely.
[76,77]
The Dutch FAMTX trial
failed to provide
any definitive answer. The study was prematurely
closed with only 59 patients enrolled. Patients were
randomized to receive methotrexate, 5-fluorouracil,
leucovorin and doxorubicin every four weeks for 4
cycles prior to surgery or to undergo surgery alone.
Forty percent of patients in the experimental group
interrupted chemotherapy because of toxicity. The
rate of curative resections (R0) was similar in both
groups and lymphadenectomy was limited to D1 in
both groups. No significant differences in term of
complication were recorded. In available data no
survival differences were showed: 5-year survival
rate was 21% in the experimental group and 34% in
controls (p = 0.17).
[78]
Also the EORTC 40954
trial was closed pre
maturely and given the low accrual it was ultimately
underpowered at 25%. The study randomized patients
with gastric and cardias cancer stage Ⅱ and Ⅲ to
receive neo-adjuvant chemotherapy with i.v. cisplatin,
folinic acid, fluorouracil, 2 cycles of 48 d plus surgery,
or surgery alone. D2 gastrectomy was performed
in the majority of patients. Available results showed
an increased rate of R0 resections in neoadjuvant
chemotherapy group (81.9% vs 66.7%, p = 0.036),
more frequent postoperative morbidity (p = 0.09) and
positive HR favor to NACT in survival but not significant
(HR = 0.84, 95%CI: 0.52-1.35; p = 0.466).

VALUE OF CHEMOTHERAPY
Neo-adjuvant chemotherapy

Neo-adjuvant chemotherapy is administrated in
order to reduce the tumoral extension increasing
the potential of a radical surgery and to reduce the
biological potential of tumor cells with particular
attention to subclinical micrometastases.
As surgery is considered the only curative approach

WJG|www.wjgnet.com

Perioperative chemotherapy

Perioperative chemotherapy combines the admini
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stration of chemotherapy before surgery as in
neoadjuvant setting plus post-operative chemotherapy
with interval surgery. The aim of this combined
approach is to add the advantages of the neoadjuvant
chemotherapy in reducing tumor size and facilitating
radical surgery with the advantages of the postoperative chemotherapy. This approach has become
quite frequent in Europe since the publication of two
large randomized trials.
The main clinical study evaluating this strategy is
the MAGIC trial, involving 503 patients with gastric or
[43]
distal esophagus adenocarcinoma . Patients were
randomized to receive three cycles of the ECF regimen
(epirubicin, cisplatin and 5-fluorouracil) - before and
after surgery or surgery alone. 6.1% of patients in
the chemotherapy arm did not proceed to surgery
compared to the 2.4% in the surgery alone arm due
to the progression of disease during the neoadjuvant
chemotherapy phase. Preoperative chemotherapy
resulted effective in improving curative resection with
R0 observed in 79% vs 69% of patients (p = 0.03);
D2 lymphadenectomy was performed in 41% of
patients. Forty-nine point five percent of the patients
that underwent preoperative treatment in the study
received the full courses of the planned postoperative
chemotherapy. Perioperative chemotherapy resulted
in a reduced risk of relapse [HR = 0.66 (95%CI:
0.53-0.81, p < 0.001)] and in improved median OS
(HR = 0.75, 95%CI: 0.60-0.93, p = 0.009) with
a 5-year survival rate of 36% vs 23%. The clinical
importance of the adjuvant component of the MAGIC
regimen was still not certain, this issue was addressed
by a retrospective study from the United Kingdom
on a series of 66 patients undergoing perioperative
chemotherapy according to the MAGIC protocol. The
results of this study showed a considerable prognostic
benefit in terms of disease free survival (DFS) for
patients receiving neoadjuvant as well as adjuvant
treatment compared with patients who did not
undergo postoperative chemotherapy, while OS was
[79]
not significantly different between the two groups .
Another Randomized trial on perioperative chemo
therapy in gastric cancer was the French ACCORD07
trial. In this study 234 patients with gastro esophageal
junction cancer were randomized to receive cisplatin
2
2
(100 mg/m ) and 5FU (800 mg/m D1-5) every 28 d
for up to 3 cycles prior to surgery and up to 4 cycles
after surgery, vs surgery alone with a recommended
[80]
D2 lymphadenectomy . However the study was
originally designed to include patients with cancer of
the esophagus and was extended to include cancer of
the stomach only later. Consequently, 64% of accrued
patients had disease of the gastro esophageal junction
while only 25% had gastric carcinoma. Patients who
underwent perioperative chemotherapy presented
with higher rates of curative resection (87% vs 74%, p
= 0.004). Eighty-seven percent of patients received at
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least 2 preoperative cycles. Three point five percent of
patients in chemotherapy arm did not receive surgery
due to progression of disease and chemotherapy
toxicity vs 1% in surgery alone arm. R0 resection rate
was 84% in the perioperative chemotherapy group vs
74% in the surgery group (p = 0.04). Perioperative
treatment with the CF regimen was associated with a
reduced risk of relapse (HR = 0.65; 95%CI: 0.48-0.89,
p = 0.003) and a reduced risk of death (HR = 0.69,
95%CI: 0.50-0.95, p = 0.02) with a 5-year survival
rates of 38% vs 24%.
[81]
In 2013 was published by Ronellenfitsch et al
a Cochrane single patient data meta-analysis on
the perioperative chemo(radio)therapy in resectable
gastric adenocarcinoma. There were included 14
randomized trials showing an improvement in
overall survival (HR = 0.81, 95%CI: 0.79-0.89, p <
0.0001) with a five year survival gain of 9% (from
23% to 32%) for patients undergoing perioperative
chemo(radio)therapy; the effect was seen 18 mo.
after surgery and lasted at least 10 years. Radical
resection was 1.4 times higher in perioperative
chemotherapy group with a borderline statistical
significance and was confirmed as the strongest
prognostic factor. In the subgroups analyzed, the
advantage offered by perioperative treatment was
more pronounced in tumor of the gastroesophageal
junction. The addition of radiotherapy in the peri
operative treatment also resulted in a better overall
survival. Perioperative treatment was associated with
longer disease free survival, higher radical resection
rate with no differences in term of mortality and
morbidity. Perioperative chemotherapy’s effect also
associated with patient age, with a larger effect
in younger patients and with no survival benefit
for elderly patients. In a multivariate analysis peri
operative chemotherapy lost its effect on overall
survival while age, tumor site, performance status
and radical resection remained significantly associated
with better survival.
A major criticism is that in perioperative chemo
therapy only a small percent of patients, ranging
from 22% to 42%, could receive all the planned post[81]
[82]
operative cycles . A British study
on patients
treated with a protocol similar to the MAGIC study
showed a considerable prognostic benefit in terms
of DFS for patients receiving neoadjuvant as well
as adjuvant treatment compared with patients who
did not undergo postoperative chemotherapy, while
OS was not significantly different between the two
groups. This could demonstrate a relative role of
the post-operative chemotherapy; at the moment a
polish randomized trial (NCT01787539) in recruiting
patients. Patients after preoperative chemotherapy
and surgery are randomized to receive post-operative
chemotherapy or not. Results, not expected before
2022, could clarify the exact role of post-operative
treatment.
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Adjuvant chemotherapy

against these specific mechanisms, in order to reduce
the toxicity of traditional chemotherapic agents
and improve survival. Several biological pathways
have been individuated in gastric cancer, adopting
knowledge from other tumors.
Her-2/neu (ERBB2) right now is the main molecular
target where monoclonal antibodies have been
demonstrated to be effective. HER2 is a cell membrane
receptor involved in cell growth and differentiation; it’s
over-expressed in 10%-40% of gastric cancer. Several
meta-analysis assessed the prognostic role of HER2
over-expression in gastric cancer with contrasting
[87-91]
results
depending on the diagnostic technique
adopted on the expression assessment. Although
these criticisms of the over expression of HER2
seems to be related with an instestinal tumor type,
according to the Lauren classification, venous and
lymphovascular invasion, lymphnode metastasis and,
above all, overall survival. Against HER2 a monoclonal
®
antibody, Trastuzumab (Herceptin , Genentech) has
been developed and was demostrated to be effective.
The ToGA Trial was a randomized phase Ⅲ study
including patients with metastatic or unresectable
gastric cancer with HER2 over-expression; patients
received cisplatin plus fluoropyrimidines based
chemotherapy plus Trastuzumab or chemotherapy
[92]
alone . The addition of the monoclonal antibody
resulted in a reduced relative risk of death by 26%
(HR = 0.74, 95%CI: 0.60-0.91), and the risk
reduction was more pronounced in the HER2-enriched
population, with 3+ or 2+ immunohistochemistry and
FISH-positive status (HR = 0.65, 95%CI: 0.51-0.83).
Trastuzumab has been approved in several countries
and has become standard treatment in advanced
gastric cancer. Right now there are no trial evaluating
the role of Trastuzumab in neadjuvant or adjuvant
settings: the positive results in advanced setting
lead to test its efficacy after courative resection and
randomized trials are now recruiting patients: a phase
Ⅱ trials is evaluating the combination of capecitabine,
oxaliplatin and trastuzumab in the adjuvant setting
(NCT 01748773); a phase Ⅲ trial is evaluating the
same drug regimens in perioperative setting (NCT
01130337).
Lapatinib is tyrosine kinase inhibitor agaist EGFR
and HER2, developed and approved in breast cancer.
It has been tested in advanced gastric cancer in two
phase Ⅲ studies but did not produce an improvement
[93,94]
in OS
: at the moment there are no evidences for
the application of this new drug in resectable gastric
cancer.
Epithelial Grow Factor Receptor (EGFR) is one of
the implicated molecular pathway with a reported
[95,96]
over-expression in 30%-50% of gastric cancer
:
the activation of the cell membrane receptor leads
to a signaling cascade involved in the regulation of
intracellular/intercellular processes such as cell cycle
progression, apoptosis and cell survival, proliferation,

Adjuvant chemotherapy after radical surgery is the
preferred treatment most parts of the world. Because
the surgery is considered the only curative option for
gastric cancer many surgeons and oncologist prefer
to assail directly the tumor attempting to a radical
surgery.
Evidences about adjuvant chemotherapy were
collected and summarized in a single patient data
[83]
meta-analysis by the GASTRIC group in 2010 .
In the study were included 17 RCT with 3838
patients randomized to receive chemotherapy, in
various regimens, after surgery or surgery alone.
Adjuvant chemotherapy resulted in a prolonged five
years survival (55.3% vs 49.6% respectively, HR
= 0.82, 95%CI: 0.76-0.90, P = 0.001) with similar
disease free survival. No differences in term of drug
regimen, mono-therapy vs poly-chemotherapy were
demonstrated; all the chemotherapic regimens was
fluoropyrimidine based. Two large trials published after
the meta-analysis confirmed the same results showing
the role of post-operative adjuvant chemotherapy.
The ACTSGC study involved 1059 patients with
disease stages Ⅱ and Ⅲ submitted to curative
[84]
resection associated with D2 lymphadenectomy .
Patients were randomized to receive surgery alone or
surgery plus adjuvant chemotherapy with systemic
S-1 administration for one year. The adjuvant
chemotherapy resulted in a prolonged five-year
survival from 61.1% in surgery alone arm to 71.7% (HR
= 0.66, 95%CI: 0.54-0.82) with a low rate of severe
complications.
The CLASSIC trial included patients with a similar
study protocol randomizing patients to receive surgery
alone vs surgery plus 6 mo of adjuvant XELOX (oral
2
capecitabine 1000 mg/m twice daily on days 1 to
2
14 plus intravenous oxaliplatin 130 mg/m on day 1
[85]
of each cycle) chemotherapy . Five year follow-up
showed an increased estimated survival rate in the
adjuvant chemotherapy group, 78% (95%CI: 74-82)
in the adjuvant group and 69% (95%CI: 64-73) in the
surgery alone one; HR = 0.66 (95%CI: 0.51-0.85, p
= 0.0015). A significant reduction in the disease free
survival was also demonstrated (HR = 0.58, 95%CI:
[86]
0.47-0.72, p < 0.0001) .
Right now evidences supporting the adjuvant
chemotherapy are lacking focus on which patients,
stage and clinical status, could benefit better from
the treatment. Three randomized clinical trials are
undergoing to evaluate different drug regimens of
adjuvant therapy only in patients with stage Ⅲ disease
(clinicaltrials.gov NCT01618474, NCT01935778,
NCT00182611).

New agents

Increased knowledge of tumor biology and the cellular
and molecular mechanisms of malignant proliferation
is leading to the development of targeted therapies
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angiogenesis and metastasis. Several targeted
therapies against this agent have been developed
but all have been tested on metastatic or inoperable
®
cancers. Cetuximab (Erbitux ), and Panitumumab
®
(Vectibix , Amgen), monoclonal antibodies, seem
to slightly improve the progression-free survival in
[96,97]
advanced gastric cancer with contrasting results
and their roles are still unclear. Several trials are needed
to estimate the real benefit and the eventual translation
in operable gastric cancer in perioperative settings.
®
Gefitinib (Iressa , AstraZeneca Pharmaceuticals) and
®
Erlotinib (Tarceva , Roche-Genetech), tyosin-kinase
inhibitors, have been demonstrated as ineffective in
[96]
gastric cancer .
Angiogenesis is another target for novel drug
agents due to its role in tumoral growth, survival and
metastatic diffusion. VEGF and its receptors (VEGFR-1
and VEGFR-2) are the molecular targets involved in
the angiogenic pathways to which were developed
novel agents.
Bevacizumab is monoclonal antibody against VEGF,
which initially developed for colorectal, lung, ovarian,
and renal cell cancers. In AGC it was tested in two
randomized phase Ⅲ trial, the AVAGAST and the
[98,99]
AVATAR trials
: the addition of Bevacizumab to the
chemiotherapic scheme did not show any difference in
the overall survival; however both median Progression
Free Survival and overall response rate were sign
ificantly improved in the bevacizumab group. The
new agents are now under evaluation in perioperative
setting in the MAGIC-B trial (NCT00450203) in
operable gastric cancer.
Ramucirumab is a monoclonal antibody against
VEGFR-2: in two different randomized phase Ⅲ trials
was tested on patients with advanced gastric and
gastro-esophageal cancer after disease progression
[100,101]
after first line chemotherapy
. In both studies
overall survival was significantly higher in ramucirumab
group [(HR = 0.774, 95%CI: 0.605-0.991); p =
0.042 and 0.807 (95%CI: 0.678-0.962), p = 0.017
respectively]. However the real median gain in overall
survival was only 1.4 and 2.6 mo respectively.

therapy of GC at this stages.
[102,103]
Two recent meta-analysis
have investigated
its role in GC with or without peritoneal, nodal and
[102]
distant metastasis after radical surgery. The first
evaluated the effect of IPC plus CRS in patients with
GC with peritoneal, nodal and distant metastasis. They
analyzed 20 RCTs (2145 patients) and reported an
increase of overall survival in patients who underwent
CRS plus IPC. IPC reduced 1, 2, 3-years mortality (OR
= 0.31, 0.27, 0.29 respectively) (Figure 3), 2 and
3-years mortality in patients with loco regional nodal
metastasis (OR = 0.28, 0.16 respectively) (Figure 4),
1 and 2-year mortality rate in patients with serosal
infiltration (OR = 0.33, 0.27 respectively) (Figure 5).
However morbidity rate was increased by surgery
plus IPC (OR = 1.82). The overall recurrence and
the peritoneal recurrence rates were improved by
surgery plus IPC (OR = 0.46 and 0.47 respectively)
(Figure 6). There was no statistically significant
difference in lymph nodal recurrence rate. The rate of
hematogenous metastasis was improved by surgery
plus IPC (OR = 0.63).
[103]
In the second meta-analysis, Mi et al
evaluate
the effect of hypertermic intraperitoneal chemotherapy
(HIPEC) on patients without peritoneal metastasis who
have undergone radical surgery. They analyzed 16
RCTs (1906 pts.) in which was compared surgery alone
vs CRS plus HIPEC. Data reported an improvement in
survival rate at 1, 2, 3, 5, 9 years (HR = 2.99, 2.43,
2.63, 2.49, 2.14 respectively, p < 0.05). A significant
reduction in recurrence rate in HIPEC plus surgery
group was found after 2, 3, 5-years (RR = 0.42,
0.35, 0.47, p < 0.00001). Despite the previous metaanalysis, HIPEC group was not associated with higher
risks of anastomotic leakage, ileus, bowel perforation,
myelosuppression, gastrointestinal reaction and
hypohepatia, but it increased the incidence of
abdominal pain (RR = 21.46, p < 0.00001).
[106]
Another recent meta-analysis by Sun et al
reported data about HIPEC plus surgery vs surgery
alone in patients with macroscopic serosal invasion
without distant metastasis or peritoneal carcinomatosis
(10 trials, 1062 patients). The overall survival was
improved in HIPEC group particularly in Mitomycin
subgroup [RR = 0.75 (p < 0.00001) and in 5-Flu
orouriacil (5FU) group RR = 0.69 (p < 0.00001)].
Neoadjuvant regimen could downstage tumor
and improve the efficacy of radical surgery, and IPC
plus CRS could effect on the tumor and on peritoneal
disease and free malignant cells. In 2012, Yonemura
[107]
et al
proposed a new therapeutic approach
called “bidirectional chemotherapy” aims to induce
a reduction of the peritoneal disease and reduce the
free malignant cells. He proposed a neoadjuvant
intraperitoneal and systemic chemotherapy (NIPS) that
can act on peritoneal carcinomatosis from inside of
peritoneum and from the subperitoneal blood vessels.
He proposed a drug regimen with oral S-1, i.v. taxotere

Intra-abdominal chemotherapy

The most important spread of malignant cells in GC
are into the lymphatic torrent and the serosa invasion:
for this reason the 53%-60% of that patients had a
disseminated peritoneal disease (stage Ⅲ-Ⅳ), while
only a 40% of patients have hepatic metastases
[49,51]
through the hematic torrent
. Moreover these
patients die more frequently for peritoneal spread of
the disease then distant metastases (77% of patient
M0 die for peritoneal progression of disease), despite
a radical surgery, and radiotherapy or systemic
[49,102-104]
chemotherapy regimens
. Positive cytology
[105]
was found in 11% to 27% of patients with GC
.
the administration of chemotherapics directly into the
peritoneal cavity has been suggested as a potential
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A

Surgery + intrap
chemother
Study or subgroup
Events
Total
1.1.1 Treatment of peritoneal carcinosis
Sautner 2004
11
33
Yang 2011
10
34

Surgery

OR

OR
M-H, random, 95%CI

Events

Total

Weight

M-H, random, 95%CI

20
24

34
34

18.9%
17.4%

0.35 [0.13, 0.95]
0.17 [0.06, 0.49]

Subtotal (95%CI)
67
68
36.3%
Total events
21
44
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.91, df = 1 (P = 0.34); I = 0%
Test for overall effect: Z = 3.77 (P = 0.0002)

0.25 [0.12, 0.51]

1.1.2 Prophylaxis of peritoneal carcinosis
Hagiwara 1992
3
24
Fujimura 1994
3
40
Tan 2000
1
22
Zuo 2004
1
46
Ding 2007
4
41
Kuramoto 2009
10
59
Deng 2009
4
44

8
10
4
2
7
6
9

9.1%
8.8%
3.9%
3.4%
11.2%
15.1%
12.1%

0.30 [0.07, 1.32]
0.06 [0.01, 0.29]
0.30 [0.03, 2.87]
0.38 [0.03, 4.34]
0.46 [0.12, 1.73]
0.78 [0.25, 2.41]
0.36 [0.10, 1.26]

Subtotal (95%CI)
276
215
63.7%
Total events
26
46
2
2
2
Heterogeneity: Tau = 0.10, χ = 7.05, df = 6 (P = 0.32); I = 15%
Test for overall effect: Z = 3.48 (P = 0.0005)

0.34 [0.18, 0.62]

Total (95%CI)
343
283
100.0%
Total events
47
90
2
2
2
Heterogeneity: Tau = 0.03, χ = 8.44, df = 8 (P = 0.39); I = 5%
Test for overall effect: Z = 5.10 (P < 0.00001)
2
2
Test for subgroup differences: χ = 0.39, df = 1 (P = 0.53), I = 0%

0.31 [0.19, 0.48]

B

Surgery + intrap
chemother
Study or subgroup
Events
Total
1.2.1 Treatment of peritoneal carcinosis
Takashashi 1995
19
56
Fujimoto 1999
9
71
Yang 2011
29
34

25
18
29
36
37
29
41

0.01
0.1
1
10
Favours surg + intrap chemo Favours surgery

Surgery

OR

OR
M-H, random, 95%CI

Events

Total

Weight

M-H, random, 95%CI

37
23
32

57
70
34

22.1%
20.1%
8.1%

0.28 [0.13, 0.60]
0.30 [0.13, 0.70]
0.36 [0.07, 2.01]

Subtotal (95%CI)
161
161
50.2%
Total events
57
92
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.08, df = 2 (P = 0.96); I = 0%
Test for overall effect: Z = 4.41 (P < 0.0001)

0.29 [0.17, 0.51]

1.2.2 Prophylaxis of peritoneal carcinosis
Hagiwara 1992
8
24
Fujimura 1994
6
40
Shimoyama 1999
11
30
Tan 2000
4
22

13.8%
10.9%
12.9%
12.2%

0.24 [0.07, 0.78]
0.05 [0.01, 0.21]
0.96 [0.27, 3.39]
0.27 [0.07, 1.01]

Subtotal (95%CI)
116
88
49.8%
Total events
29
50
2
2
2
Heterogeneity: Tau = 0.92, χ = 9.42, df = 3 (P = 0.02); I = 68%
Test for overall effect: Z = 2.43 (P = 0.02)

0.24 [0.08, 0.76]

Total (95%CI)
277
249
100.0%
Total events
86
142
2
2
2
Heterogeneity: Tau = 0.20, χ = 9.60, df = 6 (P = 0.14); I = 37%
Test for overall effect: Z = 4.63 (P < 0.00001)
2
2
Test for subgroup differences: χ = 0.08, df = 1 (P = 0.77), I = 0%

0.27 [0.16, 0.47]
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17
14
6
13

25
18
16
29

100

0.01
0.1
1
10
100
Favours surg + intrap chemo Favours surgery
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C

Surgery + intrap
chemother
Study or subgroup
Events
Total
1.3.1 Treatment of peritoneal carcinosis
Takahashi 1995
19
56
Sautner 2004
22
33
Yang 2011
32
34

Surgery

OR

OR
M-H, random, 95%CI

Events

Total

Weight

M-H, random, 95%CI

47
24
34

57
34
34

26.4%
6.7%
2.1%

0.11 [0.05, 0.26]
0.83 [0.30, 2.34]
0.19 [0.01, 4.07]

125

35.2%

0.25 [0.14, 0.47]

25
18
29
36
37
41

10.1%
9.9%
7.9%
11.1%
11.7%
14.1%

0.19 [0.06, 0.66]
0.19 [0.05, 0.68]
0.27 [0.07, 1.01]
0.33 [0.12, 0.91]
0.44 [0.18, 1.10]
0.36 [0.15, 0.87]

86

64.8%

0.31 [0.20, 0.47]

Total (95%CI)
340
311
100.0%
Total events
140
210
2
2
Heterogeneity: χ = 10.74, df = 8 (P = 0.22); I = 26%
Test for overall effect: Z = 6.90 (P < 0.00001)
2
2
Test for subgroup differences: χ = 0.25, df = 1 (P = 0.61), I = 0%

0.29 [0.20, 0.41]

Subtotal (95%CI)
123
Total events
73
105
2
2
Heterogeneity: χ = 8.66, df = 2 (P = 0.01); I = 77%
Test for overall effect: Z = 4.34 (P < 0.0001)
1.3.2 Prophylaxis of peritoneal carcinosis
Hagiwara 1992
8
24
Fujimura 1994
16
40
Tan 2000
4
22
Zuo 2004
8
46
Ding 2007
13
41
Deng 2009
18
44

18
14
13
14
19
27

Subtotal (95%CI)
217
Total events
67
105
2
2
Heterogeneity: χ = 1.83, df = 5 (P = 0.87); I = 0%
Test for overall effect: Z = 5.37 (P < 0.00001)

0.01
0.1
1
10
100
Favours surg + intrap chemo Favours surgery

Figure 3 Overall 1-year (A), 2-year (B) or 3-year (c) mortality in intraperitoneal chemotherapy[102].

fundamental role of free peritoneal tumor cells and
positive cytology for the survival, particularly in
[109-111]
Advanced GC
.
When gastric serosa is involved, Peritoneal
Carcinosis could be considered practically unavoid
[102]
able
. In the case of free peritoneal tumor cells
in the abdominal cavity the natural evolution in
peritoneal carcinomatosis occur in 80% of cases, with
[112]
a distant survival near to 0% . Positive cytology was
considered the most important prognostic factor (more
than T or N) for advanced disease, early recurrence,
and it decreased disease-specific survival following
[109]
curative resection in patients with GC . In the AJCCth
NCCN 7 edition, the positive cytology at the staging
[113,114]
laparoscopy is considered as M1 disease
. The risk
factors of positive cytology are increasing T stage and
serosal invasion (increase the relative risk of positive
cytology of 11 over that of patients without serosal
involvement; p = 0.03), and positive node disease
[109]
(increase of 5 fold the risk of positive cytology) .
Recent studies have shown that more than 30% of
patients with a disease beyond T1 on EUS and absent
metastasis on CT-scan have evident peritoneal disease
[115]
on laparoscopy
. Despite the importance of a
staging laparoscopy (in locally advanced GC T ≥ 3 and
N ≥ 1) this procedure is not always performed before
[109,110]
surgery
. Some authors stratified with Endoscopic
UltraSounds into high and low risk patients (T1/T2, N0
vs T3/T4, N+) before proceed to a staging laparoscopy

and cisplatinum and intraperitoneal cisplatinum and
docetaxel. Yonemura reported a reduction of positive
cytology from 70.8% to 22.9% after NIPS, and 69%
of the first 70.8% positive cytology became negative.
After NIPS a complete cytoreduction (CC0) was
achieved in 70.7% of patients and in a 36.8% of cases
was achieved a complete pathological response of PC.
The overall morbidity was 24.4% and overall mortality
was 3.7%. The median survival time was 14.4 mo,
with a survival rate at 1, 3, 5-years of 61%, 16% and
16% respectively However due to the high morbidity
and mortality rates the procedure should be chosen
only after a strict patients selection (patients with good
pathological response and a PCI ≤ 6). In 2014 was
[108]
published a similar study
that confirmed these data
about mortality (3.9%) and morbidity (23.6%) and
showed better survival rates (66%, 32% and 10.7%
at 1, 2, 5-years). Moreover the authors reported that
in the literature 25% of patients with negative cytology
before induction chemotherapy became positive,
while in their study no patient with negative cytology
switched in a positive cytology after bidirectional
chemotherapy. These data suggested that bidirectional
chemotherapy could give a better control than usual
therapy in case of peritoneal disseminated disease.
Further studies are needed to confirm it.

Intra-abdominal cytology

In the last years the literature has shown the
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A
Study or subgroup
Hagiwara 1992
Takahashi 1995
Fujimura 1999
Tan 2000

Surgery + intrap
chemoter
Events
Total
8
24
19
56
9
71
4
22

Surgery
Events
17
37
23
13

Total
25
57
70
29

Weight
16.3%
38.6%
31.5%
13.6%

Total (95%CI)
173
181
100.0%
Total events
40
90
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.10, df = 3 (P = 0.99); I = 0%
Test for overall effect: Z = 5.24 (P < 0.00001)

B
Study or subgroup
Hagiwara 1992
Takahashi 1995
Tan 2000

Surgery + intrap
chemoter
Events
Total
8
24
19
56
4
22

OR

OR

M-H, random, 95%CI
0.24 [0.07, 0.78]
0.28 [0.13, 0.60]
0.30 [0.13, 0.70]
0.27 [0.07, 1.01]

M-H, random, 95%CI

0.28 [0.17, 0.45]
0.01

Surgery
Events
18
47
13

Total
25
57
29

Weight
26.4%
50.7%
22.9%

Total (95%CI)
102
111
100.0%
Total events
31
78
2
2
2
Heterogeneity: Tau = 0.00, χ = 1.47, df = 2 (P = 0.48); I = 0%
Test for overall effect: Z = 5.80 (P < 0.00001)

0.1

1

10

100

Favours surg + intrap chemo Favours surgery
OR

OR

M-H, random, 95%CI
0.19 [0.06, 0.66]
0.11 [0.05, 0.26]
0.27 [0.07, 1.01]

M-H, random, 95%CI

0.16 [0.08, 0.29]
0.01

0.1

1

10

100

Favours surg + intrap chemo Favours surgery

Figure 4 Two-year (A) or three-year (B) mortality in patients with locoregional nodal metastasis[102].

A
Study or subgroup
Hagiwara 1992
Tan 2000
Sautner 2004

Surgery + intrap
chemother
Events
Total
3
24
1
22
11
33

Surgery
Events
8
4
20

Total
25
29
34

Weight
27.7%
11.7%
60.6%

Total (95%CI)
79
88
100.0%
Total events
15
32
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.03, df = 2 (P = 0.98); I = 0%
Test for overall effect: Z = 2.80 (P = 0.005)

B
Study or subgroup
Hagiwara 1992
Takahashi 1995
Tan 2000

Surgery + intrap
chemother
Events
Total
8
24
19
56
4
22

OR

OR

M-H, random, 95%CI
0.30 [0.07, 1.32]
0.30 [0.03, 2.87]
0.35 [0.13, 0.95]

M-H, random, 95%CI

0.33 [0.15, 0.72]
0.01

Surgery
Events
17
37
13

Total
25
57
29

Weight
23.8%
56.4%
19.8%

Total (95%CI)
102
111
100.0%
Total events
31
67
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.05, df = 2 (P = 0.97); I = 0%
Test for overall effect: Z = 4.45 (P < 0.00001)

0.1

1

10

100

Favours surg + intrap chemo Favours surgery
OR

OR

M-H, random, 95%CI
0.24 [0.07, 0.78]
0.28 [0.13, 0.60]
0.27 [0.07, 1.01]

M-H, random, 95%CI

0.27 [0.15, 0.48]
0.01

0.1

Favours surg + intrap chemo

1

10

100

Favours surgery

Figure 5 One-year (A) or 2-year (B) mortality in patients with serosal infilatration[102].

cytology conversion from positive to negative have not
[109]
a significant increase survival .
The main criticism of peritoneal washing cytology
remains its low sensitivity (14%-70% but it should
be noticed that these rates are extrapolated from
heterogeneous cohorts of patients in different disease’s
[110]
[110]
stage) . Ang et al
found in his series that 10.2%
of patients with negative radiological and staging
laparoscopy for metastatic disease have a positive
cytology, and that 8/20 patients have a peritoneal
biopsy positive for peritoneal disease with a negative

and found peritoneal dissemination (M1 disease) in
[109]
25% of high risk patients 25% vs 4% in low risk .
Some authors proposed an algorithm for patients
with locally advanced GC in which after a complete
pre-treatment staging (including staging laparoscopy
and peritoneal washing), if cytology was positive they
underwent to palliative chemotherapy and/or surgery,
and if is negative they underwent to neoadjuvant
chemotherapy with a successive second look lapa
[109]
roscopy with peritoneal cytology evaluation
.
However, despite neoadjuvant therapy, patients with
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A
Study or subgroup
Hamazoe 1993
Fujimura 1994
Rosen 1998
Yu 1998
Fujimoto 1999
Yonemura 2001
Deng 2009
Kuramoto 2009

Surgery + intrap
chemother
Events
Total
15
42
11
40
21
46
45
125
19
71
34
92
9
44
45
59

Surgery
Events
19
9
21
72
33
25
18
29

Total
40
18
45
123
70
47
41
29

Weight
10.2%
6.0%
11.8%
30.5%
16.1%
15.7%
8.7%
1.0%

Total (95%CI)
519
413
100.0%
Total events
199
226
2
2
2
Heterogeneity: Tau = 0.00, χ = 6.80, df = 7 (P = 0.45); I = 0%
Test for overall effect: Z = 5.32 (P < 0.00001)

B

Surgery + intrap
chemother
Study or subgroup
Events
Total
6.2.1 Treatment of peritoneal carcinosis
Fujimoto 1999
1
71
Yang 2011
27
34

OR

OR

M-H, random, 95%CI
0.61 [0.25, 1.49]
0.38 [0.12, 1.20]
0.96 [0.42, 2.19]
0.40 [0.24, 0.66]
0.41 [0.20, 0.83]
0.52 [0.25, 1.05]
0.33 [0.13, 0.86]
0.05 [0.00, 0.93]

M-H, random, 95%CI

0.46 [0.35, 0.62]
0.01

Surgery

10

M-H, random, 95%CI

Weight

M-H, random, 95%CI

16
27

70
34

11.6%
4.1%

0.05 [0.01, 0.37]
1.00 [0.31, 3.24]

Subtotal (95%CI)
105
104
Total events
28
43
2
2
Heterogeneity: χ = 7.14, df = 1 (P = 0.008); I = 86%
Test for overall effect: Z = 2.77 (P = 0.006)

15.7%

0.29 [0.12, 0.70]

40
18
96
123
45
29
47
37
29

8.1%
3.3%
17.9%
23.2%
2.6%
4.0%
5.7%
9.0%
10.4%

0.42 [0.15, 1.18]
0.74 [0.19, 2.95]
0.60 [0.32, 1.14]
0.42 [0.22, 0.78]
1.54 [0.40, 5.86]
0.08 [0.00, 1.51]
1.11 [0.42, 2.95]
0.41 [0.15, 1.11]
0.17 [0.05, 0.62]

Subtotal (95%CI)
545
464
Total events
120
150
2
2
Heterogeneity: χ = 10.68, df = 8 (P = 0.22); I = 25%
Test for overall effect: Z = 4.37 (P < 0.0001)

84.3%

0.50 [0.37, 0.68]

Total (95%CI)
650
568
100.0%
Total events
148
193
2
2
Heterogeneity: χ = 17.36, df = 10 (P = 0.07); I = 42%
Test for overall effect: Z = 5.12 (P < 0.00001)
2
2
Test for subgroup differences: χ = 1.30, df = 1 (P = 0.26), I = 22.8%

0.47 [0.35, 0.63]
0.01

0.1

Favours surg + intrap chemo

100

Favours surgery

OR

Total

13
4
38
37
4
6
7
15
26

1

OR

Events

6.2.2 Prophylaxis of peritoneal carcinosis
Hamazoe 1993
7
42
Fujimura 1994
7
40
Ikeguchi 1995
22
78
Yu 1998
19
125
Rosen 1998
6
46
Tan 2000
0
22
Yonemura 2001
15
92
Ding 2007
9
41
Kuramoto 2009
35
59

0.1

Favours surg + intrap chemo

1

10

100

Favours surgery

Figure 6 Overall (A) or peritoneal (B) recurrence in patients treated with intraperitoneal chemotherapy[102].
[111]

cytology. To improve the sensitivity Homma et al
suggested to perform the washing in multiple cavities
(right and left subphrenic space, inside the omental
bursa, and Douglas pouch), and not only in the
[105]
Douglas pouch .

alone. However a clear consensus on the better
treatments integration hasn’t already been defined.
Neoadjuvant therapy increases the probability
of curative resection due to down-staging. The preoperative RT target volume is generally smaller and
the presence of the macroscopic tumor displaces
surrounding normal structures (organ at risk). On
the contrary, organs at risk receive higher dose if
they fill the original tumor site in the postoperative
setting. Moreover postoperative strategies generally
require higher doses to achieve the same local control
effect, because of the increased tissue hypoxia. The
irradiated volumes are the tumor with a safety margin

VALUE OF RADIOTHERAPY
External beam Radiotherapy (RT) has a role in the
treatment of locally advanced gastric cancer in
preoperative, postoperative or palliative setting.
Neoadjuvant or adjuvant radiochemotherapy
(RCTh) improves overall survival, compared to surgery
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surrounding it, in the preoperative setting, or the
tumor bed in the postoperative one. Regional lymph
nodes (perigastric, celiac axis, pancreaticoduodenal,
porta hepatis, paraaortic and splenic hilar lymph
nodes) are part of the target volume according to the
stage or the extension of disease.
The prescribed total dose is usually 45 Gy in 25
daily fractions.
The modern RT techniques (i.e., 3D-conformal,
intensity-modulated RT, Arc techniques, Tomotherapy)
seem to allow a better target coverage and a lower
radiation related toxicity, even if clinical trials are still
ongoing.

The ARTIST trial, designed for comparing adjuvant
chemotherapy with capecitabine plus cisplatin to
RCTh, failed to demonstrate differences in DFS and OS
between the two groups. Noteworthy the subgroup
analysis evidenced a benefit in terms of disease free
survival if Radiotherapy was added in patients with
[128]
lymph node metastasis .
The subsequent phase Ⅲ trial (ARTIST-Ⅱ) is still
ongoing for reconfirming these results.
The CRITICS trial investigates if perioperative
chemotherapy followed by postoperative RCTh (45
Gy in 25 fractions plus cisplatin and capecitabine)
improves clinical outcome. Patients accrual has been
started in 2006 for recruiting 788 patients.
One observational and one randomized study
suggested potential benefits from postoperative RCTh
[129,130]
even after optimal D2 dissection
. However RCTh
as adjuvant treatment after D2 dissection still remains
controversial.

Pre-operative setting

The role of neoadjuvant RCT have been explored
considering the excellent results in terms of local
control and overall survival (OS) in the treatment
[116,117]
of esophageal and rectal cancer
. Trials of
neoadjuvant chemotherapy (CT) or RCTh compared
to surgery alone have shown an OS improvement
in patients with esophageal and esophago-gastric
junction Siewert Ⅰ-Ⅱ adenocarcinomas.
Small prospective studies have examined the
use of induction CT prior to preoperative RCTh for
potentially resectable gastric cancer showing good
rates of pathological response and R0 resection, with
[118-120]
acceptable acute and late toxicity
.
Single institution retrospective data have also been
[121-124]
published
, but we lack significant evidence on
the effectiveness of neoadjuvant approach in gastric
cancer.
The randomized trial “Preoperative Therapy for
Gastric and Esophagogastric Junction Adenocarcinoma”
compares neoadjuvant CT vs RCTh. It started with
randomization in 2009 and the end of enrollment is
[125]
planned for 2020 .

Palliative setting

Radiotherapy has been shown to be effective for
palliation in case of gastric bleeding, pain and ob
struction.
[122]
Fields et al
have analyzed treatment outcomes
of RCT vs chemotherapy alone in 79 patients with
locoregional recurrence of gastric cancer, showing
better overall symptom-control rate in the former
group without significant differences in toxicity rate.
[131]
Tey et al
have conducted a retrospective
review of 115 patients, treated with palliative intent,
showing symptoms control at one month in 46%-81%
of cases with low toxicity profile. Dose fractionation
regimen ranged from 8Gy single fraction to 40 Gy in
16 fractions. The gastric bleeding control could safely
be obtained with low radiotherapy doses without
[132]
significant side effects
. The role of a higher dose
(> 41 Gy), remains debatable in the obstruction
[133]
treatment .

Post-operative setting

In 2001 the pivotal INT0116 study has established the
role of adjuvant RCTh in the management of locally
advanced gastric cancer demonstrating that adjuvant
RT (45 Gy in 25 fractions over 5 wk) plus 5-fluorouracil
based CT increases relapse-free and OS, compared
[44]
with surgery alone, despite high toxicity . This result
is confirmed significant with a hazard ratio for OS
[126]
of 1.32 in favour of adjuvant RCT
after ten years
follow-up.
The main limitation of the study is the suboptimal
surgical treatment because 54% of patients have
been treated with a D1 lymphadenectomy and only
10% with D2 lymphadenectomy, suggesting that
postoperative RCTh may compensate for sub-optimal
surgery. This hypothesis is supported by the Dutch
D1D2 trial, which results confirm reduction of local
recurrence rate if adjuvant RCTh is given in case of D1
lymphadenectomy, but provides no benefit in case of
[127]
D2 nodal dissection .
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CONCLUSION
Gastric cancer is an aggressive disease with a high
risk of peritoneal dissemination either at early stages.
Surgical therapy of GC should be based on radical
surgery aiming to eradicate all the macroscopic
disease. As peritoneal dissemination of GC is the
main cause of long term failure of the treatment
a peritoneal fluid cytology should always be done.
Uncertainty about its results however suggests the
importance of preventing peritoneal dissemination and
subsequent carcinosis with an anticipated use of the
intraperitoneal chemotherapy. Moreover the use of
perioperative and bidirectional chemotherapy should
be considered. Advanced gastric cancer with positive
cytology at stadiative laparoscopy should be treated
in experienced centre in order to introduce the use of
“preventive intraperitoneal chemotherapy” either in
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the absence of macroscopic peritoneal dissemination
associated to perioperative chemotherapy regimen.
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Abstract
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Despite improvements in adjuvant therapies for gastric
cancer in recent years, the disease is characterized
by high recurrence rates and a dismal prognosis. The
major improvement in the treatment of recurrent or
metastatic gastric cancer in recent years has been
the incorporation of trastuzumab, a monoclonal
antibody that inhibits human epidermal growth factor
receptor 2 (HER2) heterodimerization, after the
demonstrated predictive value of the overexpression
and/or amplification of this receptor. Beyond HER2,
other genetic abnormalities have been identified, and
these mutations may be targetable by tyrosine kinase
inhibitors or monoclonal antibodies. The demonstration
of four distinct molecular subtypes of gastric cancer by
the Cancer Genome Atlas study highlight the enormous
heterogeneity of the disease and its complex interplay
between genetic and epigenetic alterations and provide
a roadmap to implement genome-guided personalized
therapy in gastric cancer. In the present review, we aim
to discuss, from a clinical point of view, the genomic
landscape of gastric cancer described in recent studies,
the therapeutic insights derived from these findings, and
the clinical trials that have been conducted and those
in progress that take into account tailored therapies for
gastric cancer.
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subtypes of the disease . Progress has also been
made in identifying new driver mutations and potential
therapeutic targets.
The present comprehensive review aims to discuss
the current state of personalized treatment of GC,
highlighting the complex interplay between genetic
and epigenetic alterations from a clinical point of view.
Completed and ongoing clinical trials involving targeted
therapies and the therapeutic perspectives based
on recent discoveries in the molecular biology of the
disease are discussed.

Core tip: Gastric cancer is a highly heterogeneous
disease. Recently, significant improvements have been
made in the description of the genomic landscape
of the disease, and these improvements provide a
roadmap to implement genome-guided personalized
therapy for gastric cancer. The present review aims
to discuss the therapeutic insights derived from these
recent findings and present the clinical trials that have
been conducted and those in progress that take into
account tailored therapies for gastric cancer from a
clinical point of view.

Standard of care of the
treatment of GC

Jácome AA, Coutinho AK, Lima EM, Andrade AC, dos Santos JS.
Personalized medicine in gastric cancer: Where are we and where
are we going? World J Gastroenterol 2016; 22(3): 1160-1171
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i3/1160.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1160

The standard treatment of localized or resectable
locally advanced GC is surgical resection plus D2
lymphadenectomy associated with adjuvant therapies,
with the exception of stage IA disease patients,
[7]
who are treated with surgery alone . The options
for adjuvant treatments currently include adjuvant
[8,9]
[10]
chemoradiotherapy , perioperative chemotherapy
[11,12]
and adjuvant chemotherapy
, and all of these
options have been demonstrated to confer a survival
benefit. However, targeted therapies have not been
shown to confer a survival benefit as an adjuvant treat
ment for GC. Ongoing phase Ⅱ trials are evaluating
the combination of capecitabine, oxaliplatin and
trastuzumab in the neoadjuvant and adjuvant setting
of HER2-positive GC patients (clinicaltrials.gov NCT
01748773, NCT01130337).
The treatment of unresectable locally advanced
or metastatic GC is based predominantly on systemic
therapy. The cornerstone of the systemic treatment
of advanced disease has not significantly changed
since the 2000s and remains based on a platinum[13]
fluoropyrimidine combination , with the optional
[14]
[15]
addition of anthracyclines
or docetaxel
to the
doublet-therapy. The major advance in the firstline therapy of GC was the addition of trastuzumab
for the treatment of HER2-positive patients, which
yielded a 35% reduction in the risk of death in patients
harboring immunohistochemistry-confirmed HER2 3+
tumors or tumors that exhibited ERBB2 amplification
[5]
by fluorescence in situ hybridization (FISH) .
Recently, the benefit of second-line therapy
associated with best supportive care (BSC) was demon
[16]
[17]
[16]
strated. Paclitaxel , docetaxel , or irinotecan
are
options after platin and fluoropyrimidine failure. The
second monoclonal antibody incorporated into the
therapeutic arsenal of advanced GC was ramucirumab,
a monoclonal antibody that inhibits vascular endothelial
growth factor receptor-2 (VEGFR-2). This monoclonal
antibody improved overall survival compared with
[18]
BSC , and it also conferred a benefit when added to
[19]
paclitaxel as a second-line therapy .

INTRODUCTION
Gastric cancer (GC) is the third cause of cancer-related
[1]
mortality worldwide . Its incidence is closely related
to environmental factors, reflecting a characteristic
geographical distribution. Eastern Asia, Central and
Eastern Europe and South America represent areas
of higher risk of developing the disease, whereas
Northern America and most parts of Africa are low-risk
[1]
areas .
Surgical treatment is the therapeutic modality
that offers the greatest possibility of cure. The
improvement in adjuvant therapies has increased
cure rates, but approximately 20%-40% of patients
[2,3]
continue to experience recurrence of the disease .
The prognosis of patients with recurrent or metastatic
disease is dismal, with an estimated median survival of
[4]
8 mo .
Discoveries in the molecular biology of malignant
neoplasms, especially the identification of driver
mutations, have allowed the identification of biomarkers
with prognostic and predictive values, which has
improved the individualization of therapy. The first step
in this direction in the treatment of GC was provided
in a previous study [Trastuzumab in combination with
chemotherapy vs chemotherapy alone for treatment
of human epidermal growth factor receptor 2 (HER2)positive advanced gastric and gastro-oesophageal
junction cancer (ToGA)], which demonstrated that the
addition of the monoclonal antibody trastuzumab to
chemotherapy for the treatment of patients with HER2positive disease conferred a significant overall survival
[5]
benefit .
Since the ToGA study, important advances have
been achieved in the molecular characterization of
gastric cancer, mainly via gene expression profile
studies, which identified four distinct molecular
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and tend to be diagnosed in younger patients. CDH1
mutations are enriched in this subgroup, which
represents 20% of GC patients. As in the EBV-subtype,
ARID1A mutations are prevalent, and the RHOA
gene is almost exclusively found in GS tumors. RHOA
controls actin-myosin-dependent cell contractility
and cellular motility and activates STAT3 to promote
tumorigenesis. Fusions involving RHO-family GTPaseactivating proteins (CLDN18 and ARHGAP26, which are
involved in junction adhesion structures and cellular
motility, respectively) were enriched in the GS subtype
and are mutually exclusive to RHOA mutations. The
chimeric protein resulting from this fusion impacts
cellular adhesion and may contribute to the invasive
phenotype of the diffuse-type histology of GC.
The CIN subtype represents the largest group and
accounts for 50% of GC cases. It has a predilection
for the gastroesophageal junction, is associated with
intestinal-type histology, and exhibits the highest
rates of ERBB2 amplification among the molecular
subtypes. Elevated rates of EGFR amplification and
TP53 mutation have also been demonstrated, which
is consistent with the marked aneuploidy found in this
subtype.
Among the patients evaluated in the TCGA study,
survival did not differ among the four molecular
[6]
subtypes . When comparing the distribution of
subtypes between Western and Eastern patients, we
observed a similar distribution in both populations.
Notably, this comparison was made considering
only Vietnam and South Korea as Eastern countries.
Additional studies of larger samples of patients are
needed to clarify the relationships of geographic
regions and ethnic characteristics with the biological
profile of GC.
The TCGA study data proposed the classification
of gastric cancer into four distinct subtypes, but
this classification would benefit from validation by
additional studies, especially the assessment of
prognosis and predictive value. From a clinical point of
view, as well as the molecular classification of breast
cancer, more accessible surrogate markers than DNA
sequencing, such as immunohistochemistry, need
to be identified. Furthermore, the predictive value of
these molecular subtypes needs to be evaluated to
guide therapeutic decisions.

MOLECULAR CHARACTERIZATION OF
GASTRIC ADENOCARCINOMA
GC is a highly heterogeneous disease. The vast majority
of cases histologically present as adenocarcinomas and
are classified into different histological subtypes based
on Lauren’s classification: intestinal-type, with a welldefined glandular pattern; diffuse-type, infiltrative,
characterized by minor cell cohesion; and mixed-type,
which exhibits intermediate characteristics between
[20]
the two aforementioned groups . The intestinal-type
features better-recognized risk factors and is closely
related to Helicobacter pylori infection, especially
[21]
[22]
CagA+ subtype , obesity
and gastroesophageal
[23]
reflux disease . The diffuse-type is not associated
with clearly defined environmental risk factors but is
associated with germline mutations of CDH1, which
are responsible for the expression of E-cadherin,
[6]
or mismatch repair genes (Lynch Syndrome) .
However, hereditary GC is responsible for the minority
of GC cases. Unlike cases associated with germline
mutations, sporadic mismatch repair-deficient GC are
characterized by the epigenetic silencing of MLH1 in the
[6]
context of a CpG island methylator phenotype .
This marked phenotypic diversity encompasses
various molecular subtypes. The recently presented
Cancer Genome Atlas (TCGA) data, which was obtained
using six molecular platforms (array-based somatic
copy number analysis, whole-exome sequencing,
array-based DNA methylation profiling, messenger
RNA sequencing, microRNA (miRNA) sequencing and
reverse-phase protein array), proposed a molecular
classification that divides GC into four subtypes: EBVpositive, microsatellite unstable (MSI), genomically
[6]
stable (GS), and chromosomal instability (CIN) .
Only 9% of tumors are EBV-positive and exhibit
extensive DNA hypermethylation, the highest pre
valence in solid tumors reported by TCGA. These
tumors are predominantly located in the gastric fundus
or body and preferentially occur in males. ARID1A
and BCOR mutations are prevalent, whereas TP53
mutations are rare. Specifically, this type is associated
with phosphatidylinositol 3-kinase CA (PIK3CA)
mutations (80% of this subgroup) as well as the
amplification of JAK2, CD274 and PDCD1LG2, which
encode a receptor tyrosine kinase, PD-L1 and PD-L2,
respectively. Based on these findings, JAK2 inhibitors
and PD-L1/2 antagonists might be explored for the
treatment of EBV-positive tumors.
MSI tumors are more frequent in females and
older patients. These tumors constitute 22% of GC
cases, and, as expected, strongly correlate with MLH1
hypermethylation. Unlike MSI colorectal cancer, BRAF
V600E mutations have not been identified in MSI GC.
Targetable amplifications are generally absent, but
mutations in oncogenic signaling proteins, such as
PIK3CA, EGFR, ERBB2 and ERBB3, have been noted.
GS tumors are associated with diffuse-type histology
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Genetic and epigenetic
abnormalities
The identification of driver mutations and the recog
nition of the complex relationship between genetic and
epigenetic alterations are the first steps towards the
realization of genome-guided personalized therapy. In
recent years, several genetic abnormalities have been
demonstrated in GC, which consequently identified
potential therapeutic targets. These discoveries were
facilitated by exome sequencing studies but relied

1162

January 21, 2016|Volume 22|Issue 3|

Jácome AA et al . Personalized medicine in gastric cancer
Genetic abnormalities in gastric cancer

PD-1/PD-L
3%
JAK2
3%

Other
9%

Table 1 Targeted therapies in advanced gastric cancer
investigated in clinical trials

PIK3CA/AKT
24%

Target
HER2

MET
6%

HER2/HER3

KRAS
9%

EGFR

FGFR2
9%

HER2
22%

VEGF
VEGFR-2

HER3
15%

Figure 1 Proportion of genetic abnormalities in gastric cancer. PIK3CA/
AKT: Phosphatidylinositol 3-kinase CA/AKT; HER2: Human epidermal growth
factor receptor 2; HER3: Human epidermal growth factor receptor 3; FGFR2:
Fibroblast growth factor receptor 2; KRAS: Kirsten rat sarcoma oncogene;
MET: Mesenchymal-epithelial transition; JAK2: Janus kinase 2; PD-1/PD-L1:
Programmed cell death-1/ Programmed cell death-ligand 1.

PIK3/Akt/
mTOR

FGFR2

on small patient samples. Thus, the global molecular
portrait of GC remains incomplete.
Several genetic abnormalities and driver mutations
have been described, and some of these abnormalities
have been recognized, validated, and demonstrated
to be targetable, including in completed and pro
mising ongoing clinical trials (Figure 1 and Table 1).
Furthermore, the rates of genetic and epigenetic
abnormalities and driver mutations appear to differ by
[6]
GC molecular subtype (Figure 2).

MET

PD-L1
CTLA-4
JAK2
PARP

Study phase

Phase Ⅲ
Phase Ⅱ
Phase Ⅲ
Lapatinib
Phase Ⅲ
Phase Ⅲ
Pertuzumab
Phase Ⅱ
Phase Ⅲ
Cetuximab
Phase Ⅲ
Panitumumab
Phase Ⅲ
Nimotuzumab
Phase Ⅱ1
Erlotinib
Phase Ⅱ
Bevacizumab
Phase Ⅲ
Ramucirumab
Phase Ⅲ
Phase Ⅲ
Phase Ⅱ1
Phase Ⅲ
Apatinib
Phase Ⅲ
Everolimus
Phase Ⅲ
Phase Ⅲ
Phase I
MK-2206
Phase Ⅱ
BYL719
Phase I
Dovitinib
Phase I/Ⅱ
Phase Ⅱ
AZD4547
Phase Ⅱ1
Rilotumumab
Phase Ⅱ
Phase Ⅲ
Phase Ⅲ
Onartuzumab
Phase Ⅲ
Foretinib
Phase Ⅱ
Tivantinib
Phase Ⅱ
Pembrolizumab Phase Ib
Phase Ⅱ
Tremelimumab Phase I/Ⅱ
AZD1480
Phase I
Olaparib
Phase Ⅲ

Status
Available results[5]
Ongoing (NCT01702558)
Ongoing (NCT01641939)
Available results[32]
Available results[33]
Available results[31]
Ongoing (NCT01774786)
Available results[37]
Available results[38]
Available results[39]
Available results[40]
Available results[52]
Available results[18]
Available results[19]
Available results[53]
Ongoing (NCT02314117)
Available results[54]
Available results[61]
Ongoing (NCT01248403)
Ongoing (NCT01049620)
Ongoing (NCT01260701)
Ongoing (NCT01613950)
Ongoing (NCT01921673)
Ongoing (NCT01719549)
Available results[68]
Available results[73]
Available results[74]
Available results[75]
Available results[72]
Available results[71]
Available results[76]
Available results[84]
Ongoing (NCT02335411)
Ongoing (NCT02340975)
Ongoing (NCT01219543)
Ongoing (NCT01924533)

1

Randomized phase Ⅱ trials. HER2: Human epidermal growth factor
receptor 2; HER3: Human epidermal growth factor receptor 3; EGFR:
Epidermal growth factor receptor; VEGF: Vascular endothelial growth
factor; VEGFR: Vascular endothelial growth factor receptor; PIK3CA/
AKT/mTOR: Phosphatidylinositol 3-kinase CA/AKT/Mammalian
target of rapamycin; FGFR2: Fibroblast growth factor receptor 2; MET:
Mesenchymal-epithelial transition; PD-L1: Programmed cell death-ligand
1; JAK2: Janus kinase 2; PARP: Poly (adenosine diphosphate [ADP]–
ribose) polymerase.

EGFR family

The epidermal growth factor receptors HER1 (also
denoted EGFR), HER2, HER3 and HER4 comprise the
[24,25]
EGFR family
. Except for HER3, these receptors all
share the same molecular structure: an extracellular
domain that binds to the ligand, a transmembrane
portion, and an intracellular domain with tyrosine
[26]
kinase activity . The binding of different ligands
to the extracellular domains triggers intracellular
signaling reactions involved in cell differentiation,
proliferation and survival. The binding of the ligand
to the extracellular domain induces the HER1 homo
dimerization and heterodimerization of the remaining
receptors, especially HER2.
The first biomarker with demonstrated predictive
value in the treatment of GC was HER2. Approximately
22% of patients are estimated to overexpress HER2
[5]
or amplify ERBB2 . Specifically, ERBB2 amplification
[6]
(24%) appears to be prevalent in the CIN subtype .
[27]
The prognostic value of HER2 remains controversial ,
but meta-analysis data suggest that patients harboring
[28,29]
this gene amplification have a worse prognosis
.
The ToGA study evaluated the impact of the addition
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Drug
Trastuzumab
T-DM1

of the monoclonal antibody trastuzumab to standard
chemotherapy on the overall survival of patients with
advanced GC. The addition of trastuzumab to cisplatin
plus fluoropyrimidines for the treatment of HER2positive patients reduced the relative risk of death by
26% (HR = 0.74, 95%CI: 0.60-0.91), permitting an
[5]
increase in overall survival from 11.1 mo to 13.8 mo .
In an exploratory analysis, the risk reduction was
more pronounced in the HER2-enriched population,
which exhibited 3+ or 2+ immunohistochemistry and
FISH-positive status. In this population, the addition of
trastuzumab improved survival from 11.8 mo to 16.0
mo (HR = 0.65, 95%CI: 0.51-0.83). The ToGA study
ushered in the era of targeted therapy for advanced
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18%
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Figure 2 Proportion of genetic abnormalities in distinct gastric cancer subtypes. EBV: Epstein-Barr-positive; MSI: Microsatellite-instability; GS: Genomically
stable; CIN: Chromosomal instability; PIK3CA/AKT: Phosphatidylinositol 3-kinase CA/AKT; HER2: Human epidermal growth factor receptor 2; HER3: Human
epidermal growth factor receptor 3; FGFR2: Fibroblast growth factor receptor 2; KRAS: Kirsten rat sarcoma oncogene; MET: Mesenchymal-epithelial transition; JAK2:
Janus kinase 2; PD-1/PD-L1: Programmed cell death-1/programmed cell death-ligand 1.
[31]

GC, allowing the inclusion of the first monoclonal
antibody in the therapeutic arsenal, which led to the
approval of the drug in several countries.
The lack of tyrosine kinase activity in HER3 initially
suggested that this receptor is of minor importance
in cell proliferation and differentiation, but increasing
evidence has demonstrated its role as an important
[26]
regulator of HER2 activity . The benefit demonstrated
by the addition of pertuzumab - a drug that inhibits
HER2-HER3 heterodimerization - to trastuzumab
in the treatment of HER2-positive breast cancer
supports the importance of this heterodimer in the
proliferation of tumor cells with HER2 overexpression
and/or amplification. These findings identify this new
monoclonal antibody as a potentially effective agent in
[30]
the treatment of GC . ERBB3 amplification appears
[6]
to be absent in GS-molecular subtype . A phase Ⅱ
trial has shown that the combination of pertuzumab
with trastuzumab, capecitabine and cisplatin yielded
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promising in patients with advanced GC , and a
phase Ⅲ clinical trial is ongoing (clinicaltrials.gov
NCT01774786). Studies evaluating T-DM1 in HER2positive advanced GC are currently underway, both
in a phase Ⅱ trial in association with capecitabine
(clinicaltrials.gov NCT01702558) and in a phase Ⅲ trial
comparing T-DM1 with taxane after the failure of firstline chemotherapy and trastuzumab (clinicaltrials.gov
NCT01641939). Strategies to inhibit the HER2 pathway
using lapatinib, a tyrosine kinase inhibitor of HER1
and HER2 receptors, have been unsuccessful. When
added to paclitaxel as a second-line therapy for HER2positive Asian patients, lapatinib did not improve overall
survival (11.0 mo vs 8.9 mo, HR = 0.84, 95%CI:
0.64-1.11) in a phase Ⅲ trial (TyTAN study), despite
increasing the response rates (27% vs 9%, OR = 3.85,
[32]
95%CI: 1.80-8.87) . In a first-line setting, lapatinib
also did not improve the overall survival of HER2positive advanced GC patients when combined with
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capecitabine and oxaliplatin in a placebo-controlled,
multicenter phase Ⅲ study (LOGiC study) (clinicaltrials.
[33]
gov NCT00680901) .
EGFR (HER1) is overexpressed in a variable
proportion of patients with GC, but gene amplification
[34-36]
is found in only a small portion of patients (2%)
.
Strategies to inhibit the EGFR pathway using both
monoclonal antibodies and tyrosine kinase inhibitors
for the treatment of GC have yielded disappointing
[37]
results. Specifically, randomized trials of cetuximab ,
[38]
[39]
[40]
panitumumab , nimotuzumab
and erlotinib
in
an unselected population of patients showed no clinical
benefit. However, evaluation in an enriched population
may reveal new findings.

0.60-0.99), progression-free survival (2.1 mo vs 1.3
mo, HR = 0.48) and duration of disease control (4.2
mo vs 2.9 mo, P = 0.036). Based on the positive
results of the REGARD study, ramucirumab was also
evaluated in a second-line setting in association with
paclitaxel in a phase Ⅲ trial compared with paclitaxel
[19]
plus placebo (RAINBOW study) . Ramucirumab plus
paclitaxel improved overall survival (9.6 mo vs 7.4
mo, HR = 0.80, 95%CI: 0.67-0.96), progressionfree survival (4.4 mo vs 2.9 mo, HR = 0.63, 95%CI:
0.53-0.75) and disease control (80% vs 64%, P <
0.001). Both of these studies validate the role of
VEGFR-2 as an important therapeutic target in GC.
Similar to the AVAGAST study, the RAINBOW study
showed that anti-angiogenic agents did not benefit
Asian patients. This finding may be due to the poststudy therapies that are commonly used in Eastern
[19,52]
countries
. However, genetic and epigenetic
alterations associated with geographical and ethnic
backgrounds may also be responsible for these
differences. Thus, a biomarker that would permit the
use of both bevacizumab and ramucirumab in enriched
populations needs to be identified; this biomarker
may allow angiogenesis inhibitors to be used to
a maximum benefit. Motivated by these results
involving ramucirumab, the RAINFALL study, a phase
Ⅲ trial evaluating the association of ramucirumab
with cisplatin plus capecitabine in a first-line setting
of patients with advanced disease (clinicaltrials.gov
NCT02314117), is ongoing, despite the unsuccessful
results of a placebo-controlled, randomized phase
Ⅱ trial that evaluated ramucirumab associated with
[53]
FOLFOX as a first-line therapy .
Apatinib, a tyrosine kinase inhibitor that selectively
inhibits VEGFR-2, was also evaluated in a placebocontrolled, phase Ⅲ trial involving previously treated
advanced GC patients. Improvements in overall survival
(195 d vs 140 d, HR = 0.71, 95%CI: 0.54-0.94) and
progression-free survival (78 d vs 53 d, HR = 0.44,
[54]
95%CI: 0.33-0.61) were demonstrated . These
findings, together with the aforementioned results
obtained using ramucirumab, reinforce the role of
VEGFR-2 as a therapeutic target in advanced GC.

VEGF and VEGFR

VEGF is a key mediator of physiologic and pathologic
[41]
angiogenesis . Its activities are mediated by two
receptor tyrosine kinases, VEGFR-1 and VEGFR-2.
VEGF- and VEGFR-2-mediated signaling seems to
[42,43]
play an important role in the pathogenesis of GC
.
Bevacizumab, a monoclonal antibody that targets
VEGF-A, exhibits clinical activity in many solid tumors,
[44]
[45]
such as colon cancer , lung cancer , breast
[46]
[47]
[48,49]
cancer , glioblastoma , ovarian cancer
and
[50]
cervical cancer . Furthermore, based on compelling
[51]
results in experimental models and phase Ⅱ trial , it
was evaluated in a first-line setting for the treatment
of advanced GC. Specifically, it was added to standard
therapy consisting of cisplatin and fluoropyrimidines
[52]
in a phase Ⅲ trial (AVAGAST study) . This trial
failed to show significant changes in overall survival
in the overall population in response to the addition
of bevacizumab (12.1 mo with bevacizumab vs 10.1
mo with placebo, HR = 0.87, 95%CI: 0.73-1.03),
but populations with diverse geographical and ethnic
backgrounds derived different benefits from the use
of this anti-angiogenic agent. Specifically, subgroup
analysis showed that bevacizumab improved overall
survival in Pan-American patients (11.5 mo vs 6.8
mo, HR = 0.63, 95%CI: 0.43-0.94), whereas Asian
(HR = 0.97) and European patients (HR = 0.85)
derived no benefit. Notably, bevacizumab improved
progression-free survival (6.7 mo vs 5.3 mo, HR =
0.80, 95%CI: 0.68-0.93) and the overall response rate
(46% vs 37.4%, P = 0.0315) in the overall population,
maintaining the hypothesis that angiogenesis pathway
inhibition may be an important therapeutic target and
should be further explored.
Ramucirumab, a fully human IgG1 monoclonal
antibody VEGFR-2 antagonist that prevents ligandbinding and receptor-mediated pathway activation in
endothelial cells, was evaluated in a phase Ⅲ, placebocontrolled trial as a second-line therapy for advanced
GC patients who had progressed after standard therapy
consisting of platinum-fluoropyrimidines (REGARD
[18]
study) . This monoclonal antibody improved overall
survival (5.2 mo vs 3.8 mo, HR = 0.77, 95%CI:
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PIK3CA/Akt pathway

Phosphatidylinositol 3-kinases (PIK3s) are hetero
dimeric lipid kinases that consist of several regulatory
subunits. In response to stimulation by growth factors,
PIK3CA, which encodes the p110alpha catalytic
subunit of PIK3, activates downstream effectors,
[55]
including pAkt and mTOR . PIK3CA amplification
contributes to cell proliferation and survival in gastric
[56]
tumorigenesis by activating the PIK3/pAkt pathway .
PIK3CA mutations have been detected at various
frequencies in the overall population of GC patients
[57-59]
(4%-15%)
, and these mutations appear to be
widely distributed among molecular subtypes, with
the highest incidence in the EBV subtype (80%) and

1165

January 21, 2016|Volume 22|Issue 3|

Jácome AA et al . Personalized medicine in gastric cancer
[6]

the lowest incidence in the CIN subtype (3%) .
Clinical trial results evaluating PIK3/pAkt pathway
inhibitors in GC are not available. Ongoing clinical trials
of Akt inhibitors, such as MK-2206, as a second-line
therapy are ongoing in a phase Ⅱ study of advanced
GC (clinicaltrials.gov NCT01260701). Because PIK3
mutations can induce resistance to HER2 inhibition,
MK-2206 is also being tested in association with
lapatinib and trastuzumab in HER2-positive GC patients
(clinicaltrials.gov NCT01705340). BYL719, another
PIK3 inhibitor, is under evaluation in association
with AUY922, a HSP90 inhibitor, in a phase Ⅰ trial of
patients who harbor molecularly altered PIK3 or exhibit
ERBB2 amplification (clinicaltrials.gov NCT01613950).
The PI3K/Akt/mTOR pathway is activated in several
solid tumors and is estimated to be activated in up
[60]
to 60% of GC patients
via PTEN loss-of-function
or PIK3CA-activating mutations. Everolimus, a wellknown mTOR inhibitor, has been studied in a placebocontrolled, phase Ⅲ trial in advanced GC patients
[61]
who failed standard therapies (GRANITE-1 study) .
However, everolimus did not confer an overall survival
benefit over BSC in this study (5.4 mo vs 4.3 mo,
HR = 0.90, 95%CI: 0.75-1.08). Biomarkers that can
identify patients for whom everolimus is beneficial have
been elusive, and the results of the biomarker analysis
of the GRANITE-1 study are awaited. Despite the initial
disappointing results, strategies for PI3K/Akt/mTOR
pathway inhibition are currently under investigation,
such as everolimus in combination with capecitabine
and oxaliplatin in a phase Ⅰ study (clinicaltrials.gov
NCT01049620) and everolimus in combination with
paclitaxel in a phase Ⅲ trial in a second-line setting
(clinicaltrials.gov NCT01248403).

observed (1.8 mo on AZD4547 vs 3.5 mo on paclitaxel
[68]
arms) . Dovitinib is being evaluated as a monotherapy
in a phase Ⅱ trial of patients with previously treated
advanced disease who harbor FGFR2 polysomy or
amplification (clinicaltrials.gov NCT01719549). It is
also being evaluated in association with docetaxel as a
second-line therapy in a phase I/Ⅱ trial, irrespective of
FGFR2 status (clinicaltrials.gov NCT01921673).

Mesenchymal-epithelial transition

Mesenchymal-epithelial transition (MET) receptor is
also a transmembrane receptor tyrosine kinase and
belongs to the hepatocyte growth factor (HGF) receptor
[62]
family . Approximately 2% to 4% of GC patients are
[69-71]
estimated to present MET-amplification
, which
[70]
seems to confer poor prognosis . Its amplification
seems to be absent in EBV-positive and GS molecular
[6]
subtypes . In a report of four GC patients with
advanced disease and MET-amplification, the tumors
of two patients responded to crizotinib for a limited
[70]
time . The use of foretinib in MET-amplified GC
patients was also disappointing because none of the 69
[71]
patients responded to this tyrosine kinase inhibitor .
The strategy to target MET using monoclonal antibodies
that bind to the MET receptor or the circulating ligands
for MET, such as hepatocyte growth factor, have also
been disappointing. Onartuzumab, a MET antibody,
was tested in association with mFOLFOX6 in a phase Ⅲ
trial of HER2-negative, MET-positive patients based on
immunohistochemistry. The enrollment of this trial was
stopped early due to negative final results from a phase
Ⅱ trial assessing mFOLFOX6 plus onartuzumab. This
monoclonal antibody did not improve overall survival (11.0
mo vs 11.3 mo, HR = 0.82) or progression-free survival
[72]
(6.7 mo vs 6.8 mo, HR = 0.90) . Rilotumumab, a fully
monoclonal antibody that targets HGF, showed promising
results in association with ECX (epirubicin, cisplatin
and capecitabine) in a randomized, placebo-controlled
[73]
phase Ⅱ trial , which motivated the initiation of phase
Ⅲ trials. The RILOMET-1 trial was a phase Ⅲ study of
MET-positive GC patients with advanced disease that
compared ECX plus rilotumumab or placebo as a firstline therapy. This trial was closed prematurely due
to the higher number of deaths in the rilotumumab
[74]
arm . Overall survival (9.6 mo vs 11.5 mo, HR =
1.37, 95%CI: 1.06-1.78), progression-free survival
(5.7 mo vs 5.7 mo, HR = 1.30, 95%CI: 1.05-1.62)
and response rate (30% vs 39%, OR = 0.67, 95%CI:
0.46-0.96) were worse in the rilotumumab arm.
Rilotumumab was also evaluated in association with
mFOLFOX6 in a randomized phase Ⅱ trial (MEGA trial)
of 162 unselected patients with advanced GC. Adding
this monoclonal antibody was more toxic and not more
[75]
effective than mFOLFOX6 alone .
Tivantinib, a selective small-molecule inhibitor of
MET, was also evaluated in a single-arm phase Ⅱ study
of Asian patients with previously treated advanced
[76]
GC . None of the 30 patients presented objective

Fibroblast growth factor receptor 2

Fibroblast growth factor receptor (FGFR) is a member of
[62,63]
the transmembrane receptor tyrosine kinase family
,
which is represented by four members (FGFR1-4)
that are involved in cell signaling by interacting with
fibroblast growth factors (FGFs). The activation of
FGFRs by FGFs leads to the autophosphorylation and
activation of several downstream signaling pathways,
including mitogen-activated protein kinase and PIK3/
Akt/mTOR/p70S6kinase, which are crucial effectors
[62]
in oncogenic signaling . Studies have demonstrated
FGFR2 amplification in 4% to 6% of GC patients, and
this amplification seems to be a prognostic factor
because patients harboring this genetic alteration exhibit
[64,65]
a poor survival rate
. FGFR2 amplification seems to
[6]
be absent in EBV-positive molecular subtype tumors .
[66]
[67]
FGFR2 inhibitors, such as ponatinib , dovitinib
and
[63]
AZD4547 , have demonstrated activity against FGFR2amplified cell lines in vitro. AZD4547 was compared with
paclitaxel in a randomized phase Ⅱ trial of 71 advanced
GC patients with FGFR2 amplification who had failed
first-line therapy. Improvement in progression-free
survival with the use of this FGFR2 inhibitor were not
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Poly (adenosine diphosphate [ADP]-ribose) polymerase

responses and no correlation was identified between
efficacy and biomarkers, including gene amplification
of MET, expression of MET, expression of p-Met and
expression of HGF.

Poly (adenosine diphosphate [ADP]-ribose) polymerase
(PARP) plays an essential part in the repair of singlestranded DNA breaks via the base excision-repair
pathway, and it has been proposed to maintain the
low-fidelity nonhomologous end joining DNA repair
[88]
machinery . Thus, PARP inhibition leads to the
formation of double-stranded DNA breaks that cannot
be accurately repaired in tumors with a homologous
recombination deficiency, a concept known as synthetic
[88]
lethality . PARP inhibitors have been evaluated in
[88,89]
[90]
ovarian
and breast cancer
BRCA 1/2-deficient
patients. Olaparib is a potent oral PARP inhibitor that
induces synthetic lethality in BRCA1/2-deficient tumor
cells, and it is currently being evaluated in a phase Ⅲ
trial of advanced gastric cancer patients who have failed
first-line therapy (clinicaltrials.gov NCT01924533).

PD-1/PD-L1, PD-L2 pathway

The blockade of immune checkpoints is one of the
most promising approaches to activating therapeutic
antitumor immunity. The most extensively described
immune checkpoints are the Cytotoxic T-lymphocyteassociated protein 4 (CTLA-4) and Programmed cell
death 1 (PD-1) receptors, which are linked to inhibitory
pathways in the immune system and are crucial
for maintaining self-tolerance and modulating the
physiological immune responses to minimize collateral
[77]
tissue damage . PD-1 binds two ligands: PD-L1 and
PD-L2. Therapeutic strategies to block the CTLA-4 and
PD-1 pathway, both alone and in combination, have
[78-80]
been successful in metastatic melanoma
and
are promising for the treatment of other malignant
neoplasms.
Elevated PD-L1 and PD-L2 expression has been
[6]
demonstrated in EBV-positive GC . In an unselected
GC population, PD-L1 was overexpressed in 42%-50%
[81,82]
of patients
, and this overexpression correlated
[82]
with poor survival rates . The inhibition of PD-L1
in GC using monoclonal antibodies was explored in
[83]
experimental models
and evaluated in a phase Ib
trial, which demonstrated an antitumor activity of
pembrolizumab in an enriched PD-L1-positive population
[84]
consisting of 39 GC patients . Pembrolizumab is also
currently being tested in a phase Ⅱ study evaluating its
efficacy in previously treated HER2-negative advanced
GC (clinicaltrials.gov NCT02335411). The inhibition of
CTLA-4 by tremelimumab is also being investigated in in
a phase Ib/Ⅱ trial of GC patients with refractory disease
(clinicaltrials.gov NCT02340975).

CONCLUSION
In recent years, the molecular biology of GC has been
elucidated, highlighting the enormous heterogeneity of
the disease and its complex interplay between genetic
and epigenetic alterations.
The predictive value of the overexpression and/or
amplification of HER2 demonstrated by the ToGA
[5]
study , which allowed the incorporation of trastuzumab
in the therapeutic arsenal of the disease, was the first
step toward greater therapy individualization. Likewise,
several trials concluded and ongoing trials demonstrate
or suggest the predictive value of other biomarkers
before new drugs are incorporated into clinical practice.
The demonstration of four distinct molecular GC
subtypes by the TCGA study constitutes a great leap
forward in patient stratification and the development
[6]
of targeted therapies . The reproducibility of these
findings in other populations would further improve
these data. Specifically, new targetable driver
mutations and genetic abnormalities beyond HER2
need to be identified. The recognition of subtypes
of the disease with unique gene expression profiles
that are enriched for certain biomarkers provides a
roadmap to implement genome-guided personalized
therapy for GC.

The Janus kinase 2

The Janus kinase (JAK) family of proteins consists
of non-receptor tyrosine kinases that phosphorylate
cytoplasmic targets, including the signal transducers
[85]
and activators of transcription (STATs) . The JAK/STAT
pathway mediates signaling via cytokines, which is
required for cell proliferation, survival and differentiation.
JAK2 is a member of this family, and its mutation is
a well-known genetic alteration in myeloproliferative
[86]
disorders . In GC, JAK2 overexpression seems to be
[6]
enriched in the EBV-molecular subtype . The inhibition
of the JAK2/STAT3 pathway with WP1066 reduced
GC growth in experimental models and may form the
[87]
basis for further clinical studies . The clinical use of
a JAK2 inhibitor, AZD1480, has been evaluated in a
phase I, dose-escalation study of Asian patients with
solid malignancies, including GC (clinicaltrials.gov
NCT01219543).
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Important considerations when contemplating endoscopic
resection of undifferentiated-type early gastric cancer
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fact curative, the long-term outcomes including survival
rate are excellent. Quality of life is good because
maximal stomach preservation is possible. However,
UD-EGC and D-EGC differ histologically. Thus, when ER
is contemplated to treat UD-EGC, a careful approach
employing strict criteria is essential because the biology
of UD-EGC and D-EGC differ.
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Core tip: If endoscopic resection (ER) of undiffer
entiated-type early gastric cancer (UD-EGC) is in
fact curative, the long-term outcomes are excellent.
However, when ER is contemplated to treat UD-EGC,
a careful approach employing strict criteria is essential
because the biology of UD-EGC and differentiated-type
EGC (D-EGC) differ. In this review, we will discuss the
important points to perform ER in UD-EGC according to
the data known so far.
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INTRODUCTION

Abstract

Traditionally, the standard treatment for early gastric
cancer (EGC) is surgery. However, more recently,
endoscopic resection (ER) has become a standard local
treatment for some patients with EGC who lack lymph
[1]
node metastasis (LNM) . Initially, ER was used to
treat differentiated-type EGC (D-EGC) with a < 2-cm-

Endoscopic resection (ER) of undifferentiated-type early
gastric cancer (UD-EGC) has a lower curative resection
(CR) rate than does ER of differentiated-type EGC
(D-EGC). However, a low CR rate does not mean that it
is unreasonable to schedule ER of UD-EGC. If ER is in
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[2-4]

diameter tumor confined to the mucosa . Today, the
indications for ER have been expanded in many studies
to even include undifferentiated-type EGC (UD-EGC)
with ≤ 2-cm-diameter without either ulceration or
[5]
lymphovascular invasion . Such indications are used
to decide on both the feasibility before and curability
after ER. If curability is considered doubtful, additional
surgery should be performed. Many studies have
explored the feasibility and effectiveness of ER to treat
[6-10]
UD-EGC
.
However, gastric cancers exhibiting undifferentiatedtype histology exhibit biological behaviors differing from
those of D-EGC. The former cancers are characterized
by higher frequencies of both LNM and infiltrative
[11]
growth . Thus, any decision to employ ER of UDEGC must be very carefully made. The present review
emphasizes the points that must be considered.

Health Organization (WHO), Lauren, and Japanese
[1,7,15,16]
experts
. Many studies have found that the
biological behaviors of EGC vary according to his
[17,18]
tological differentiations
.
ER has been performed with reference to the
Japanese classification, which simply categorizes
patients with EGC into those with differentiated or
undifferentiated-type histology. In this classification,
[19]
undifferentiated adenocarcinoma
is a cancer
that lacks glands and includes poorly differentiated
adenocarcinoma (PDA), signet ring cell carcinoma
(SRC), and mucinous adenocarcinoma (MA) (as does
the WHO system). PDA and MA are associated with
higher LNM rates than are EGCs of other histological
types, and the SRC form of EGC is associated
with relatively less LNM than are EGCs of other
[20-23]
histologies
. Thus, biological behaviors such as
LNM differ among the histopathological subtypes of
UD-EGC.
However, when ER is performed with reference to
current indications, the clinical outcomes of PDA and
[6,10]
SRC patients do not differ significantly
. The first
report on the use of ER to treat UD-EGCs of various
histological subtypes found no instance of either local
recurrence or distant metastasis in patients with either
[10]
PDA or SRC if curative resection (CR) was attained .
This result was validated on long-term follow-up (Figure
[6]
1) . Therefore, the current criteria for CR of UD-EGC
can be applied to both patients with PDA and those
with SRC, who enjoy good long-term outcomes.
The current indications for ER do not include
EGC of mixed histology. As mentioned above, the
Japanese classification categorizes EGCs into only
gastric cancers of differentiated or undifferentiatedtype histology. However, many studies have found that
EGCs of mixed histologies exhibit more aggressive
clinicopathological behaviors than do EGCs of non[18,24-26]
mixed histologies
. We also found that SRC mixed
histology, defined as an adenocarcinoma with a minor
component less than 50% of the SRC, is associated
[18]
with more LNM than are EGCs of other histologies .
We therefore explored the clinicopathological behaviors
of EGCs of mixed histology to determine whether
new ER criteria are required (manuscript submitted).
We measured LNM rates by all recognized types of
mixed histology as follows: (1) the mixed type as nonhomogenous mixtures of the Lauren classification; (2)
the mixed type of the Lauren classification divided into
the differentiated dominant and the undifferentiated
[24]
dominant mixed types ; and (3) SRC mixed histology
[18]
identified in our previous study . As found previously,
the LNM rates were higher in patients with EGC with all
types of mixed histology than in those with pure types
of EGC. When analyzing within the current ER criteria,
however, LNM was not observed. Thus, this need for
new criteria when ER is contemplated for patients
with EGCs of mixed histologies has not been identified
until now. Further studies are required. Two prior
works reported different outcomes after ER of EGCs of

Histological diagnosis of UD-EGC
prior to ER
Histological diagnosis prior to treatment is important,
especially if ER is contemplated. Furthermore, a
change from D-EGC status on prior biopsy to UD-EGC
status at the time of ER is critical in terms of a decision
to perform additional surgery after ER and to predict
[12]
prognosis . In previous studies, about 15% to 18%
of patients with UD-EGC diagnosed after ER exhibited
[12,13]
differentiated histology on biopsy prior to ER
. A
tumor diameter of > 2 cm and bodily location predict
[12-14]
the histological features of UD-EGC
. A UD-EGC
exhibiting differentiated histology on earlier biopsy is
more aggressive and associated with a lower curative
resection rate than is a UD-EGC, consistent with the
[12-14]
biopsy pathologies
. When precise histological
diagnosis prior to ER is required, magnifying endo
scopy (ME) with narrow-band imaging (NBI) is
helpful. Additionally, the actual biopsy site may be
more important than the number of biopsies taken. A
previous study featuring histopathological mapping and
evaluation of the endoscopic appearance of UD-EGCs
that exhibited differentiated histology on prior biopsy
found that the zone of transition from differentiated to
undifferentiated-type histology frequently occurred in
[12]
one or two peripheral regions of the lesion . Thus,
biopsy of several peripheral regions may aid in the
diagnosis of undifferentiated-type histology prior to
[12]
ER .

Undifferentiated-type histology
and ER of EGCS
The risk of LNM is the most important factor to
[7]
consider when contemplating ER of EGCs . Thus,
the indications for ER are the absence of risk factors
associated with LNM and include consideration of
the histological status of the EGC. The relevant
histological classifications include those of the World
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ER 209

PDA 82 (39.2%)

SRC 127 (60.8%)

CR 37
(45.1%)

Non-CR 45
(54.9%)

Metachronous 2
(5.1%)

ER 1
(50.0%)

Op 1
(50.0%)

APC 1
(2.2%)

No 10
(22.2%)

CR 78
(61.4%)

Op 34
(75.6%)

Op 2
(67%)

Expire 1

Metachronous 3
(3.8%)

Recur 1
(2.9%)

Recur 3
(30.0%)

Non-CR 49
(38.6%)

CTx 1
(33%)

ER 2
(67%)

No 6
(12.2%)

Op 1
(33%)

Recur 1
(16.7%)

Expire 1

CTx 1
(100%)

ER 2 (4.1%)
APC 7 (14.3%)
both 3 (6.1%)

Op 31
(63.3%)

Op 1
(8.3%)

Expire 1
No recurrence

Figure 1 Follow-up outcomes after endoscopic resection of undifferentiated-type early gastric cancer. The numbers in the boxes are the numbers of cases.
CR: Curative resection; PDA: Poorly differentiated adenocarcinoma; SRC: Signet ring cell carcinoma; APC: Argon plasma coagulation; ER: Endoscopic resection.
Taken with permission from Surg Endosc 2014; 28: 2627-2633[6].
[27,28]

[10,35]

mixed histology
. One found a lower CR rate and
more local recurrence after ER of EGCs of mixed than
[27]
pure histology . However, the other study reported
favorable long-term outcomes (including the absence
of LNM and extragastric recurrence) during followup after ER of EGCs of mixed histology that met the
[28]
curative ER criteria .

multivariate analysis
. Therefore, the possibility of
depth underestimation upon EUS should be considered
prior to ER of PDA. Strict EUS criteria for submucosal
invasion should be established to avoid T-stage
[10,35]
underestimation for achieving CR in PDA
.
With respect to non-CR of SRC, it is difficult to
define the extent of the lesion. ME with NBI has been
used in efforts to precisely define the lateral extent
[6,36,37]
of EGC
. However, several studies found that
such predictions were inaccurate in patients with
[6,37,38]
UD-EGC, but not in those with D-EGC
. Yao et
[38]
al
suggested that the strategy should vary by the
histological type of EGC (D- vs UD-EGC). For the latter
type of tumor, the margins should be determined by
biopsy of apparently non-cancerous tissue surrounding
the lesion and histological confirmation of the absence
[38]
of any cancerous invasion . In other words, it is
difficult to precisely define the lateral margins of UDEGCs; pathological confirmation is required. Surface
ME with NBI will not detect any cancer-specific,
irregular microvascular or microsurface pattern if the
cancer cells have infiltrated the lamina propria, perhaps
[38]
to the depth of the glandular neck . The origin
of SRC reportedly differs from that of other gastric
[39]
adenocarcinomas . Tubule neck dysplasia (TND)
[39]
may be a precursor lesion of SRC . TND can spread
upward toward the foveolar surface and possibly
[39]
downward to the gastric glands . Thus, the gastric
mucosal surface epithelium in patients with earlystage SRC may appear to be largely intact despite
the presence of cancer cells in the lamina propria. It

ER of undifferentiated-type EGCS
If CR is attained, the long-term outcomes after ER of
UD-EGC are favorable in terms of local recurrence,
[6,29-32]
LNM, distant metastasis, and survival
. How
ever, the CR rates have historically been low (30%[6,10,29,30,32-34]
80%)
. The principal reason why the CR
rate differs between PDA and SRC (although the
[6,10]
long-term outcomes do not)
is that non-CR is
associated with a vertical cut-end positive status
in patients with PDA and a lateral cut-end positive
[6,10]
status in patients with SRC
.
In terms of non-CR of PDA, prediction of tumor depth
before treatment is difficult. Although pretreatment
evaluation via endoscopic ultrasonography (EUS) may
suggest that the lesions are confined to the mucosa,
the lesions may in fact have attained the submucosa
[10,35]
(Figure 2)
. Such observations suggest that
pretreatment EUS evaluation of the invasion depth
may often underestimate such depth in patients with
PDA, consistent with data of a previous study in which
PDA histological features were significantly associated
with understaging of the invasion depth upon
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A

A

B

B

Figure 2 Incorrect T staging: a case of undifferentiated-type early
gastric cancer (EGC). A: Endoscopic image of an EGC showing a 10-mmdiameter depressed lesion in the posterior angle of the wall; B: Endoscopic
ultrasonographic image showing a hypoechoic mucosal mass with an intact
submucosal layer. A surgical specimen obtained upon radical subtotal
gastrectomy confirmed that the EGC was confined to the submucosal layer.
Taken with permission from Gastrointest Endosc 2007; 66: 901-908[35].

Figure 3 clinical example of signet ring cell carcinoma exhibiting
expansive intramucosal spread. A: An endoscopic image of early gastric
cancer (EGC) showing a depressed lesion located in the posterior wall of the
lower body. Endoscopically, the surrounding mucosa did not exhibit atrophy or
intestinal metaplasia; B: Pathological findings after endoscopic resection (× 40).
SRC tumor cells were superficially exposed in a mucosal region and were welldemarcated (arrow). Taken with permission from Gut Liver 2015; 9: 720-726[40].

may be useful to define ER subgroups of SRC based
on intramucosal spreading patterns such as epithelial
spread, and not simply to determine resection margins
via endoscopy or biopsy. Indeed, we examined the
intramucosal spreading patterns of the SRC type of
EGC reported previously, and identified (for example)
both expanding (epithelial spread) and infiltrative
[11]
(subepithelial spread) subtypes . The proportion
of infiltrative spread was higher in lateral cut-endpositive than -negative early-stage SRCs (Figures 3
[40]
and 4) . We also found that the surrounding mucosal
pattern was useful to define the type of intramucosal
[40]
spread in early-stage SRCs (Figures 3 and 4) . The
mucosa surrounding infiltrative lesions more commonly
[40]
exhibited atrophy and intestinal metaplasia , indicating
that the mucosa may be an important mechanical
barrier to tumor spread in patients with early-stage
[40]
SRC . This is in line with the fact that diagnosis of
the extent of an undifferentiated-type lesion against
a background of severe mucosal atrophy is quite
[41-43]
difficult, even with ME/NBI
. Therefore, larger
ER safety margins may be necessary if early-stage
SRCs are surrounded by mucosa exhibiting atrophy
or/and intestinal metaplasia, which often spreads sub[40]
epithelially to the margins .
Thus, to be curatively resected by ER in UD-EGC,
it is important to consider the biological characteristics

of UD-EGC and not simply to perform advanced
endoscopy such as ME with NBI. Again, UD-EGC differs
[6]
from D-EGC .
Undifferentiated histology is the principal risk
factor for the presence of residual tumor cells after
[44]
complete resection of EGC . PDA, SRC, and a
minimum lateral safety margin of < 3 mm are
[44]
significantly associated with residual tumors . Shortterm endoscopic follow-up with close examination
of the resected base may reveal a residual tumor
[44]
although CR of UD-EGC is histologically evident .
A negative lateral margin (i.e., a margin free of
cancerous cells) is very important in the context of CR.
However, no consensus has emerged on the extent of
this margin. A lateral margin of > 3 mm may increase
[44]
the success rate of CR . Further studies of patients
with PDA and SRC are required.
Figure 5 showed a suggested decision algorithm for
ER of UD-EGC.
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Additive treatment after non-CR
of UD-EGC
[6,10,29,30,32-34]

The poorer CR rates of UD-EGC
than D-EGC
suggest that additive treatments may be required
after ER. Residual cancer cells and LNM were evident
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A

B

C

Figure 4 clinical example of the signet ring cell carcinoma associated with infiltrative intramucosal spread. A: An endoscopic image of an EGC, showing a
flat lesion located in the lesser curvature of the lower body (circle). Endoscopically, the surrounding mucosa exhibited atrophic gastritis; B: After endoscopic resection,
three of the lateral margins were positive (circle); C: Pathological findings after endoscopic resection (× 40). signet ring cell carcinoma cells exhibited subepithelial
spread. In other words, the lesion was of the infiltrative type (circle). Taken with permission from Gut Liver 2015; 9: 720-726[40].

UD-EGC

1

SRC

PDA
Gross appearance
of endoscopy

Definite mucosal
confined

Equivocal

Definite submucosal
invasion

Submucosal
invasion

Mucosal
confined

Tumor size ≤ 20 mm
ulcer (-)

EUS

Yes
Definite mucosal confined

Subtle submucosal change
2,3

Endoscopic resection (ER)
No
Tumor size ≤ 20 mm
ulcer (-)

Combined atrophy and/or
intestinal metaplasia
Yes

No

Yes

2,3

Endoscopic resection (ER)

Surgery

Larger safety margin necessary
during ER

Figure 5 suggested decision algorithm for endoscopic resection of undifferentiated-type early gastric cancer. 1Biopsy of several peripheral regions may aid
in the exact diagnosis of undifferentiated-type histology prior to ER; 2Histologically minimum lateral margins should be wider than 3 mm for curative resection after
ER; 3Even when complete resection has been achieved, short-term follow-up endoscopy to detect undifferentiated histology after ER may help to evaluate the risk
of residual tumor development. PDA: Poorly differentiated adenocarcinoma; SRC: Signet ring cell carcinoma; EUS: Endoscopic ultrasonography; ER: endoscopic
resection; UD-EGC: Undifferentiated-type early gastric cancer.

in surgical specimens of 50% and 13% of patients,
respectively, when additive surgery was required
[6,10,30,45]
because CR had failed
. Undifferentiated
histology was the principal risk factor for residual tumor
[44]
cells after histologically complete resection . Thus,
additional surgery may be appropriate after ER of UDEGC. Hybrid natural orifice transluminal endoscopic
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surgery may be a good option for additional treatment
after non-CR of UD-EGC. However, further work is
necessary.

CONCLUSION
A low CR rate does not indicate that ER of UD-EGC
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should not be considered. The literature shows that
patients who achieve CR after ER enjoy excellent
survival outcomes. Furthermore the quality of life after
stomach preservation is good. However, the biological
behaviors of UD-EGC and D-EGC differ. Thus, decisions
of ER in UD-EGC must be made very carefully, em
ploying strict criteria based on the unique biological
features of UD-EGC.
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Changing strategies for target therapy in gastric cancer
Suk-young Lee, Sang Cheul Oh
leading causes of cancer mortality. Great efforts have
been made to improve treatment outcomes in patients
with metastatic gastric cancer, and the introduction of
trastuzumab has greatly improved the overall survival.
The trastuzumab treatment took its first step in
opening the era of molecular targeted therapy, however
several issues still need to be resolved to increase the
efficacy of targeted therapy. Firstly, many patients with
metastatic gastric cancer who receive trastuzumab in
combination with chemotherapeutic agents develop
resistance to the targeted therapy. Secondly, many
clinical trials testing novel molecular targeted agents
with demonstrated efficacy in other malignancies have
failed to show benefit in patients with metastatic gastric
cancer, suggesting the importance of the selection
of appropriate indications according to molecular
characteristics in application of targeted agents. Herein,
we review the molecular targeted agents currently
approved and in use, and clinical trials in patients
with metastatic gastric cancer, and demonstrate
the limitations and future direction in treatment of
advanced gastric cancer.
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Core tip: This review summarizes the development of
molecular targeted therapeutic agents in advanced
gastric cancer. Agents targeting angiogenesis as well
as ERBB receptors and their downstream signaling
pathways are introduced. Current efforts to overcome
resistance to the human epidermal growth factor
receptor 2-targeted agents are also presented from the
ongoing clinical trials. Future direction of target therapy
should be guided according to further clarification of
the molecular mechanisms of gastric cancer and by
exploring appropriate indications for application of
molecular targeted therapy to improve its efficacy.

Abstract
In spite of a worldwide decrease in the incidence of
gastric cancer, this malignancy still remains one of the
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a preserved tyrosine kinase residue (Figure 1).
EGFR is ubiquitously expressed in epithelial,
mesenchymal and neuronal cells, and plays a role in
[6]
development, proliferation and differentiation . The
signaling through the EGFR is initiated with binding
of the ligands to domain Ⅰ and Ⅲ of the extracellular
domain, which subsequently induces formation of
a heterodimer or homodimer between the receptor
family members leading to autophosphorylation of the
tyrosine kinase residues in the carboxy-terminus of
the receptor protein. The autophosphorylated receptor
subsequently activates a downstream signaling
cascade through the RAS-RAF-mitogen activated
protein kinase kinase (MEK)-mitogen-activated protein
kinase (MAPKs) pathway. In addition to the RASRAF-MAPKs, several other pathways, such as the
phosphatidylinositol 3-kinase (PI3Ks)-AKT or RASPLCγ-PKC are known to be activated by ERBB receptor
[7-10]
signaling
(Figure 2).
The activation process of ERBB signaling pathway
ranges from the tumorigenesis such as cell division and
migration to differentiation and apoptosis, depending
[11]
on cellular context . ERBB receptors are associated
with development and alteration of various types of
cancer with several mechanisms. The best known
example of the alteration is amplification of ERBB2
in a subset of breast cancers as well as in gastric,
[12-14]
ovarian, and salivary cancers
. In non-small cell
lung cancers (NSCLC), mutations in the tyrosinekinase domain of EGFR have been found in a subset
[15-17]
of patients
. With regard to tumorigenesis, ERBB
receptors have been the candidates as targets for anticancer therapy. The ERBB receptors-targeted agents
are summarized in table 1.

Lee S, Oh SC. Changing strategies for target therapy in gastric
cancer. World J Gastroenterol 2016; 22(3): 1179-1189 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i3/1179.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1179

INTRODUCTION
Although the incidence of gastric cancer has been
declining worldwide, it is the fifth most frequently
diagnosed cancer and the third leading cause of cancer
[1]
mortality . Gastric cancer is frequently diagnosed at
an advanced, incurable stage due to its asymptomatic
feature at its early stages. Systemic chemotherapy
is usually offered as treatment for patients with
advanced incurable gastric cancer, but treatment
outcomes are dismal, with a range of median survival
[2]
of 6-11 mo . Recent advances in molecular targeted
therapies have led to an improved prognosis in
patients with advanced, unresectable gastric cancer.
A monoclonal antibody interfering with the activation
of human epidermal growth factor receptor 2 (HER2)
was the first targeted agent to demonstrate significant
survival benefit in the treatment of gastric cancer.
Despite the proven survival advantage of the HER2directed monoclonal antibody in patients with HER2overexpressing advanced gastric cancer (AGC),
[3]
several problems still remain to be solved . One
of them is the emergence of gastric tumor cells
resistant to treatment with the HER2 monoclonal
antibody. In order to overcome resistance, a variety of
investigational molecular targeted agents have been
developed and some have shown encouraging results
[4,5]
in clinical trials .
On the other hand, several targeted therapies have
been studied in patients with AGC, but few agents
have been proven to be beneficial. This is, in part,
thought to be attributed to the biological heterogeneity
of gastric cancer, and, therefore, careful selection of
patients may be a key factor in the successful target
therapies in patients with AGC.
This article reviews the molecular targeted agents
in clinical use, their limitations and potential strategies
to overcome them, and introduces ongoing clinical
trials as well as the future direction of target therapy in
unresectable AGC.

Anti-EGFR targeting agents

Cetuximab: Cetuximab is a mouse/human chimeric
monoclonal antibody that targets the EGFR. Treatment
with cetuximab monotherapy in patients with AGC
who had received prior chemotherapy showed minimal
[18]
clinical activity in a phase 2 clinical trial . Another
study in patients with AGC treated with cetuximab
in combination with irinotecan as a second-line
chemotherapy, revealed that combination therapy was
effective in a subset of patients [median overall survival
[19]
(OS) 5.5 mo, 95%CI: 3.6-7.3] . The controversy
was terminated by a randomized, open-label phase
3 trial (EXPAND), which showed no benefit with the
addition of cetuximab to combination chemotherapy.
Patients diagnosed with advanced gastric or gastroesophageal junction cancer were randomized to
receive capecitabine and cisplatin combination
chemotherapy with or without cetuximab as a first-line
chemotherapy. No significant difference in progressionfree survival (PFS), the primary endpoint of the study,
was shown in this study [4.4 mo vs 5.6 mo, hazard
[20]
ratio (HR) = 1.09, 95%CI: 0.92-1.29, p = 0.32] .

AGENTS TARGETING ERBB FAMILY
RECEPTORS
The ERBB family of receptors, receptor tyrosine
kinases (RTKs), consists of four members, epidermal
growth factor receptor (EGFR) and the EGFR-related
receptors - HER2, HER3, and HER4. This family of
receptors is transmembrane receptors consisting of an
extracellular domain, a single hydrophobic transmem
brane segment and an intracellular domain containing
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Figure 1 Structure of ERBB family of receptors. EGFR: Epidermal growth factor receptor; HER: Human EGFR.
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Figure 2 Signal transduction cascade through activation of ERBB receptors and schematic diagram of molecular targeting agents where they work. EGFR:
Epidermal growth factor receptor; HER: Human EGFR; PLC-γ: Phospholipase C-γ; PKC: Protein kinase C; MEK: Protein kinase kinase; MAPK: Mitogen-activated
protein kinase; mTOR: Mammalian target of rapamycin; PI3K: Phosphatidylinositol 3-kinase.

Panitumumab: Panitumumab is a fully human
immunoglobulin (Ig) G2 monoclonal antibody directed
against the EGFR. After determination of the optimal
dosage of panitumumab as 9 mg/kg when used in
combination with epirubicin, oxaliplatin, and cape
[21]
citabine in a dose-finding study , a randomized,
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open-label phase 3 trial was performed. Patients
with previously untreated advanced esophagogastric
adenocarcinoma were randomized to receive either
epirubicin, oxaliplatin and capecitabine (EOC) or
modified EOC plus panitumumab. The primary endpoint
was OS, however, the addition of panitumumab did
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Table 1 Clinical trials with agents targeting ERBB family receptors
Study
EXPAND[19]
REAL3[22]
TOGA[3]
HERBIS-1[29]
TyTAN[38]
LOGiC[39]

n
904
553
594
56
261
545

Design

Line

Phase 3, RCT
First
Phase 3, RCT
First
Phase 3, RCT
First
Phase 2, non-RCT
First
Phase 3, RCT
Salvage
Phase 3, RCT
First

Treatment

Primary end
point

Results

P value

Cetuximab + XP vs Placebo + XP
Anitumumab + mEOC vs EOC
Trastuzumab + XP vs XP
Trastuzumab + S-1 + Cisplatin
Lapatinib + Paclitaxel vs Paclitaxel
Lapatinib + CapeOx vs Placebo +
CapeOx

PFS
OS
OS
RR
OS
OS

HR = 1.09; 95%CI: 0.92-1.29
HR = 1.37; 95%CI: 1.07-1.76
HR = 0.74; 95%CI: 0.60-0.91
RR = 68%; 95%CI: 0.54-0.80
HR = 0.84; 95%CI: 0.64-1.11
HR = 0.91; 95%CI: 0.73-1.12

0.320
0.013
0.005
0.350
0.104

RCT: Randomized controlled trial; XP: Capecitabine plus Cisplatin; PFS: Progression free survival; RAM: Ramucirumab; OS: Overall survival.

not increase OS with significantly better survival in
the chemotherapy only group [11.3 mo vs 8.8 mo
(panitumumab plus mEOC group), HR = 1.37, 95%CI:
[22]
1.07-1.76, p = 0.013] .

with S-1 and cisplatin reported favorable efficacy
in a multicenter phase 2 trial. The HERBIS-1 study
was designed for patients with HER2-positive AGC to
receive S-1 and cisplatin in addition to trastuzumab,
and reported a 68% response rate, 16 mo of OS, and
[29]
7.8 mo of PFS .

HER2 targeted agents

HER2 is a transmembrane RTK, which belongs
to the ERBB family of receptors. Like other HER
family receptors, the HER2-neu receptor consists
of an ectodomain, transmembrane domain, and
endodomain. The ectodomain of the receptor has four
domains, including two insulin-like growth factor-like
ligand binding domains (I-Ⅲ) and two cysteine-rich
domains (Ⅱ-Ⅳ) (Figure 1). Unlike the other family
members of the ERBB, no ligands for HER2 have been
identified. The ligand-independent transactivation of
HER2 receptors through homo- or hetero-dimerization
with other ERBB family members leads to activation
of a downstream signaling cascade through the RASRAF-MEK-MAPKs or PI3Ks-AKT-mammalian target of
[23,24]
rapamycin (mTOR) pathway
(Figure 2).

Pertuzumab: Pertuzumab is a monoclonal antibody
that interferes with dimerization by binding the domain
[30]
Ⅱ of the HER2 ectodomain . Based on a pre-clinical
study, in which the anti-tumor activity of combination
immunotherapy with pertuzumab and trastuzumab
was proved to be superior to a monotherapy with
either antibody in a HER2-positive human gastric
[31]
cancer xenograft model , and the CLEOPATRA study
that demonstrated the superior OS as well as PFS in
HER2-positive metastatic breast cancer patients treated
with the combined pertuzumab and trastuzumab in
addition to docetaxel compared with patients treated
[32,33]
with placebo, trastuzumab and docetaxel
, a phase
2a trial was designed with combination of pertuzumab,
trastuzumab and chemotherapy. The dose of per
tuzumab used in a phase 3 study was determined
in the phase 2a trial, and a pertuzumab dose of 840
mg every three weeks for six cycles in addition to
trastuzumab, capecitabine and cisplatin, showed a 55%
partial response rate in patients with HER2-positive
[34]
AGC without prior chemotherapy .

Trastuzumab: Trastuzumab is a humanized mono
clonal antibody directed against the HER2 receptor
and exerts activity by binding to the domain Ⅳ of the
[25]
extracellular domain . Several mechanisms by which
trastuzumab inhibits activation of HER2 receptors
include antibody-dependent cellular cytotoxicity
[26]
(ADCC) , inhibition of intracellular signal transduction,
blocking proteolytic cleavage of the extracellular
domain, reduction of tumor angiogenesis, and inhibition
[27]
of recovery from DNA damage . Because HER2 was
reported to be amplified in 13%-23% of all gastric
[28]
cancers , the agent targeting the HER2 receptor
was introduced for the treatment of gastric cancer.
Trastuzumab was the first molecule-targeted agent
approved for the treatment of gastric cancer after the
randomized, prospective, multicenter, phase 3 (ToGA)
study. The significant survival benefit in patients
overexpressing HER2 was demonstrated in ToGA study,
in which patients with AGC were randomized to receive
cytotoxic chemotherapy comprising fluoropyrimidine
and cisplatin with or without trastuzumab (13.8 mo vs
[3]
11.1 mo, HR = 0.74, 95%Ci: 0.60-0.91, p = 0.0046) .
Another study with truastuzumab in combination

WJG|www.wjgnet.com

Lapatinib: Lapatinib is a small molecule tyrosine
kinase inhibitor that simultaneously inhibits phospho
rylation of both EGFR and HER and prevents activation
of the downstream signaling cascade. A pre-clinical
study demonstrated effectiveness of lapatinib against
p96HER-2 expressing cells which were resistant to
trastuzumab because p95HER2 is an amino terminally
truncated receptor with preserved kinase activity
that results in interruption of trastuzumab to bind the
[35]
HER2 receptor . Lapatinib was proven to have clinical
benefit in treatment of patients with HER2-positive
metastatic breast cancer in terms of OS (HR = 0.76,
95%CI: 0.60-0.96) and PFS (HR = 0.61, 95%CI:
[36]
0.50-0.74) in a meta-analysis .
In contrary to the proven benefit of lapatinib in
HER2-positive metastatic breast cancer, the outcome
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of patients with gastric cancer is poor in clinical trials.
In a phase 2 study of lapatinib used as first-line
treatment, the response rate was only 9% and median
[37]
OS was 4.8 mo (95%CI: 3.2-7.4) . Two phase 3
trials on lapatinib also showed unsatisfactory results.
In the TyTAN study, a combination of lapatinib and
weekly paclitaxel was compared to weekly paclitaxel
monotherapy as the second-line treatment in HER2positive gastric cancer. No significant advantage in
terms of OS (11 mo vs 8.9 mo, p = 0.1044) and PFS
[38]
(5.4 mo vs 4.4 mo, p = 0.2441) was shown . The
efficacy of lapatinib was also studied as a first–line
treatment in the LOGiC phase 3 trial. Combination
chemotherapy of capecitabine and oxaliplatin with
lapatinib was compared to that without lapatinib in
HER2-positive gastric cancer, and no significant benefit
in survival was demonstrated (HR = 0.91, 95%CI:
0.73-1.12, p = 0.35) or PFS (HR = 0.86, 95%CI:
[39]
0.71-1.04, p = 0.10) .

also been reported to be elevated in breast cancer
cells overexpresssing HER2 in response to treatment
with HER2 inhibitor, suggesting that Met signaling
[46]
compensates for HER2 inhibition . In gastric cancer,
MET gene amplification and MET protein overexpression
have been reported with a frequency of 10%-20% and
[47,48]
50%, respectively
. Based on these findings, an
open-label dose de-escalation phase 1b and doubleblind randomized phase 2 trial were performed using
rilotumumab, a fully humanized monoclonal IgG2
antibody against HGF. Patients received epirubicin,
capecitabine and cisplain with or without rilotumumab.
Significantly improved PFS was reported in the
rilotumumab group compared to the placebo group
with metastatic AGC who had not received previous
systemic therapy (5.7 mo vs 4.2 mo, HR = 0.60,
[4]
80%CI: 0.45-0.79, p = 0.016) .

mTOR inhibitor

Aberrant activation of the HER2 signaling pathways,
including PI3K/Akt/mTOR pathway, is known to be one
of the mechanisms of trastuzumab resistance. As loss
of function mutations in PTEN or activating mutations
in PIK3CA is known to cause constitutive activation
of the PI3K, use of PI3K inhibitors or mTOR inhibitors
such as everolimus could overcome trastuzumab
resistance in gastric cancer. The efficacy of everolimus
was studied in a phase 2 trial, and the results showed
that disease control rate, the median OS and the
median PFS were 26%, 10.1 mo (96%CI: 6.5-12.1),
2.7 mo (95%CI: 1.6-3.0), respectively, in previously
[49]
treated metastatic gastric cancer patients . Based on
these results, a multicenter, double-blind, randomized,
phase 3 trial was performed in previously treated
AGC patients. Patients were assigned to receive either
everolimus or placebo. The primary endpoint was OS.
Although significant improvement in PFS (1.7 mo vs 1.4
mo, HR = 0.66, 95%CI: 0.56-0.78, p < 0.0001) was
observed, this clinical trial failed to meet the primary
objective, as there was no significant difference in OS
(5.4 mo vs 4.3 mo, HR = 0.9, 95%CI: 0.75-1.08, p =
[50]
0.124) .

Strategies to overcome resistance to anti-HER2 in
gastric cancer

Despite the proven efficacy of trastuzumab in the
treatment of HER2-overexpressing gastric cancer,
12% of patients treated with chemotherapy plus
trastuzumab were refractory to the therapy, and
disease progression eventually documented in 7
[3]
mo from the initiation of the therapy , suggested
presence of primary resistance and development of
acquired resistance against the antibody. A variety of
mechanisms of acquired resistance to trastuzumab in
gastric cancer has been proposed. These include: (1)
dimerization or crosstalk of HER2 with other molecules
such as HER3 and MET leading to subsequent
activation of downstream signaling pathways such as
[40]
PI3K pathway ; (2) genetic alteration and subsequent
aberrant activation of HER2 downstream signaling
[40]
pathways ; (3) epithelial-mesenchymal transition
[41]
signaling ; and (4) intra-tumoral heterogeneity of
[42,43]
gastric cancer
. To overcome these resistancemediating mechanisms, a paradigm shift of concept
for gastric cancer treatment is needed. Good candidate
drugs used for cancers originating from other organs
are not always good for gastric cancer due to the
concept of cancer addiction difference, which means
that different cancer cells use different mechanisms for
carcinogenesis.

Pan-HER inhibitor

Although afatinib, a tyrosine kinase inhibitor directed to
multi-ERRB family receptors, inhibits multiple tyrosine
kinase receptors of ERRB family, activation of HER3
is not blocked. HER3 is regarded as an important,
intimate signaling partner in HER2-mediated tumori
genesis through the PI3K/Akt pathway and is one
of the molecules responsible for resistance to HER2
[40]
targeted therapies . Indeed, it was reported that
overexpression of HER3 was observed in trastuzumabresistant HER2-positive breast carcinoma cell lines
[51]
after long-term trastuzumab exposure . It was
also reported that PI3K/Akt dependent up-regulation
of HER3 mRNA and protein was observed after
inhibition of the HER2 tyrosine kinase with lapatinib,

c-Met inhibitor

c-Met is a RTK that stimulates cell proliferation, survival
and invasion/metastasis. Binding of hepatocyte growth
factor (HGF) to its receptor, MET, initiates activation of
downstream signal transduction pathways including
[44]
MAPK cascades and the PI3K-Akt axis . It has been
known that the Met/EGFR family receptors’ crosstalk
plays a role in the development of drug resistance,
[45]
such as resistance to gefitinib and erlotinib in NSCLC .
Furthermore, Met transcript and protein levels have
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Figure 3 Vascular endothelial growth factor receptor and signal transduction. Binding of ligands to receptors leads to phosphorylation of the receptors by
activation of receptor-kinase activity, which leads to subsequent signal transduction. VEGF: Vascular endothelial growth factor; PLC-γ: Phospholipase C-γ; PKC:
Protein kinase C; MEK: Protein kinase kinase; MAPK: Mitogen-activated protein kinase; PI3K: Phosphatidylinositol 3-kinase.

suggesting incomplete block of the PI3K pathway
by HER2 inhibitors because of HER3-mediated
[52]
compensation . These findings indicate that the
combined targeting of HER2 and HER3 may be more
effective in blocking HER2 downstream signaling
activation. Indeed, a preclinical study with gastric
cancer cell lines demonstrated the synergistic effects of
a combination of the pan-HER inhibitor (PF00299804)
[53]
and trastuzumab or chemotherapeutic agents .

the phospholipase C-γ, protein kinase C, extracellular
signal-related kinase, PI3Ks, and endothelial nitric
[54,56,57]
oxide synthase pathways
(Figure 3).
In patients with gastric cancer, high expression of
[58]
VEGF is known to be associated with poor prognosis .
Several clinical trials to evaluate the efficacy of antiangiogenic agents have been carried out in patients
with gastric cancer (Table 2).

Bevacizumab

Bevacizumab is a humanized monoclonal IgG1 directing
against VEGF-A. A large randomized phase 3 trial,
Avastin in Gastric Cancer Trial, evaluated the clinical
benefit of the addition of bevacizumab to combination
chemotherapy. Patients with previously untreated AGC
were randomized to receive bevacizumab or placebo
in combination with capecitabine and cisplatin. The
median overall survival (OS) between two groups was
not significantly different (12.1 mo vs 10.1 mo, HR =
0.87, 95%CI: 0.73-1.03, p = 0.1002) and this study
[59]
failed to reach its primary objective .

ANTI-ANGIOGENESIS
Angiogenesis is a multistep process of new vasculature
formation from the pre-existing blood vessel. The
vascular endothelial growth factor (VEGF)-mediated
signaling is known to play an essential role in the
angiogenesis and vascular permeability. In addition to
these roles, it also contributes to the tumorigenesis,
[54,55]
tumor migration and metastasis
. VEGF consists
of a large family of growth factors that include VEGFA,
VEGFB, VEGFC, VEGFD, and placental growth factor.
The classical VEGF receptors (VEGFRs) that mediate
signaling are RTKs VEGFR1, VEGFR2, and VEGFR3
expressed by vascular and lymphatic endothelial
[54]
cells . VEGFR2 is the predominant RTK that mediates
VEGF signaling to induce angiogenesis. Despite higher
affinity of VEGFR1 for binding to VEGF, the tyrosine
phosphorylation of the receptor is weaker than
VEGFR2. The downstream signaling by activation of
VEGFR2 is mediated by several pathways, including
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Ramucirumab

Ramucirumab is a fully humanized IgG1 monoclonal
antibody directed to the extracellular VEGF-binding
[60]
domain of VEGFR-2 . An international, randomized,
double-blinded, placebo-controlled, phase 3 trial
was conducted in patients with AGC who had been
previously treated with platinum or fluoropyrimidinecontaining chemotherapy. Patients were randomly
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Table 2 Clinical trials with angiogenesis targeting agents
Study
AVAGAST[59]
REGARD[61]
RAINBOW[62]
Qin et al[63]

n

Design

Line

Treatment

Primary end point

Results

P value

774
355
665
270

Phase 3, RCT
Phase 3, RCT
Phase 3, RCT
Phase 3, RCT

First
Second
Second
Third

Bevacizumab + XP vs Placebo + XP
RAM vs Placeb
RAM + paclitaxel vs Placebo + paclitaxel
Apatinib vs placebo

OS
OS
OS
OS

HR = 0.87; 95%CI: 0.73-1.03
HR = 0.81; 95%CI: 0.68-0.96
HR = 0.81; 95%CI: 0.68-0.96
HR = 0.71; 95%CI: 0.54-0.94

0.1002
0.0470
0.0170
0.0160

RCT: Randomized controlled trial; XP: Capecitabine plus Cisplatin; RAM: Ramucirumab; OS: Overall survival.

assigned to receive ramucirumab monotherapy or
placebo. The significant benefit in terms of prolonged
survival was demonstrated in this study (5.2 mo
vs 3.8 mo, HR = 0.776, 95%CI: 0.603-0.998, p =
[61]
0.047), meeting its primary endpoint . Another more
recent international phase 3 trial also evaluated the
clinical advantage of ramucirumab in combination with
chemotherapy. Patients with metastatic AGC which
progressed despite first-line chemotherapy were
randomized to receive ramucirumab plus paclitaxel or
placebo plus paclitaxel. Significantly longer OS was
observed in the ramucirumab plus paclitaxel group
(9.6 mo vs 7.4 mo, HR = 0.807, 95%CI: 0.678-0.962,
[62]
p = 0.017), satisfying the primary endpoint . The
efficacy of ramucirumab as a first-line treatment in
patients with AGC was also examined in a randomized,
double-blinded, multicenter, phase 2 trial. Patients
with previously untreated metastatic AGC were
randomized to receive mFOLFOX6 plus ramucirumab
or mFOLFOX6 plus placebo, and the primary endpoint
was PFS. However, no significant improvement of PFS
was observed by adding ramucirumab to mFOLFOX6
(6.4 mo vs 6.7 mo, HR = 0.98, 95%CI: 0.69-1.37,
p = 0.89), and the study failed to meet its primary
endpoint (NCT 01246960, Clinicaltrial.gov).

is released inside cells. T-DM1 also retains all the
mechanisms of action of trastuzumab such as ADCC
[64]
and inhibition of the downstream signaling pathway .
The clinical benefit of T-DM1 was demonstrated
in patients with HER2-positive metastatic breast
[65-67]
cancer in phase 1 to 3 studies
. T-DM1 was also
demonstrated to be more effective than trastuzumab
[68]
in xenograft gastric cancer models . The phase 2/3
clinical trial of T-DM1 is ongoing currently in patients
with HER2-positive AGC who failed in the first- line
therapy (MCT01641939; ClinicalTrials.gov).

Apatinib

Heat shock protein 90 inhibitor

Afatinib

Heat shock protein 90 (HSP90) is a ubiquitously
expressed chaperone involved in post-translational
structural folding and protein stability. The structure
of HSP90 consists of an NH2-terminal region, middle
region, and a COOH-terminal region, and inhibition
at the NH2-terminal ATP-binding site results in
degradation of the client proteins through the ubiquitin
[71]
proteasome pathway . NVP-AUY922 is part of the
isoxazole HSP90-inhibitor family and inhibits ATPase
activity. Using the gastric and breast cancer cell lines
or xenograft models, AUY922 was demonstrated to
have anti-proliferative activity in HER2-amplified cell
lines and showed a synergistic effect with trastuzumab
[72,73]
in trastuzumab-resistant models
. Based on these
preclinical studies, a clinical trial in gastric cancer is in
progress (NCT01402421, ClinicalTrials.gov).

Apatinib is an oral small molecular inhibitor of VEGFR-2
tyrosine kinase. A multicenter, randomized, doubleblind, placebo-controlled phase 3 trial to evaluate
the survival benefit of apatinib in AGC patients with
prior failure on second-line chemotherapy has been
completed. Patients were randomly assigned to receive
apatinib or placebo. Significantly improved OS was
observed in patients treated with apatinib (6.5 mo vs
4.7 mo, HR = 0.71, 95%CI: 0.54-0.94, p < 0.016),
[63]
meeting the primary objective
(NCT01512745,
ClincalTrials.gov).

ONGOING CLINICAL TRIALS
Trastuzumab-emtansine

Trastuzumab-emtansine (T-DM1, Genetech/Roche,
South San Francisco, CA, United States) is an antibodydrug conjugate comprising trastuzumab and DM1, a
microtubule inhibitor (maytansine). After binding of
T-DM1 to the HER2 receptor in HER2 expressing cells,
internalization occurs, and the cytotoxic DM1 moiety
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TM

Afatinib (Gilotrif , Boehringer Ingelheim) is an
irreversible inhibitor of the tyrosine kinases of ERBB1-2
and ERBB4 receptors. It is also reported to inhibit
[69]
transphosphorylation of HER3 . This oral treatment
agent has antitumor activity against acquired
mutations resistant to first-generation inhibitors in
[70]
NSCLC . Clinical trials to examine the efficacy of
this agent in NSCLC, breast cancer, and head and
[69]
neck cancer are now underway . In gastric cancer,
a phase 2 trial is ongoing in patients with metastatic
HER2-positive gastric cancer resistant to trastuzumab
(NCT01522768; ClinicalTrials.gov).

Pembrolizumab

Pembrolizumab is a humanized monoclonal IgG4
directed against programmed death-1 (PD-1), mainly
expressed on the cell surface of regulatory T cells.
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PD-1 receptor is an immune-checkpoint receptor
engaged by two known ligands, PD-L1 and PD-L2.
Engagement of one of these ligands to the receptor
inhibits T cell activation and eventually leads to
apoptosis, which results in a blunted immune response
[74-76]
in the tumor microenvironment
. Interruption of
the engagement of the ligands to their receptors using
the anti-PD-1 monoclonal antibody can reverse the
inhibition of the immune response, and this approach
has been successful in the treatment of many cancers.
Evaluation of the efficacy of pembrolizumab in patients
with AGC is now underway in an international,
multicenter, open-label phase 2 trial with treatment
naïve patients or patients who received at least two
prior chemotherapies (NCT02335411, Clinicaltrial.gov).

microsatellite unstable tumor, genomically stable
[80]
tumors, and tumors with chromosomal instability .
Each classification has distinct molecular features,
and future clinical trials should be performed in
homogeneously defined subtypes of patients to raise
the quality and achieve improved outcomes.
Appropriate selection of patients is also thought
to be crucial before planning the clinical trials. The
importance of selecting patients is highlighted in the
ToGA study, in which clinical benefit was proven in
[3]
selected patients overexpressing HER2 . In addition,
expression of MET was reported to be a prognostic
marker in AGC patients treated with rilotumumab,
suggesting the importance of indication selection for
[4]
molecular targeted therapy .

BEYOND ONGOING TRIALS

CONCLUSION

Clinical trials in molecular targeted agents for patients
with AGC are reviewed in this article. The introduction
of trastuzumab for a combination immune-chemo
therapy in patients with AGC has taken a step forward
in improving treatment outcomes. However, several
limitations have been suggested in application of
molecular targeted therapy.
Although abundant data from clinical trials with
immune-chemotherapy in AGC has been reported, the
efficacy according to the combination of target agents
and chemotherapeutic agents has been different.
Monotherapy with ramucirumab or a combination
therapy with paclitaxel showed encouraging results in
the second-line treatment. However the application
of the same agent in combination with mFOLOX in
the front-line treatment failed to show significant
[61,62]
benefit
. On the other hand, lapatinib showed clinical
advantage in combination with capecitabine or paclitaxel
at the second-line or first-line treatment, respectively,
[77-79]
in patients with breast cancer
. In contrast to the
results in breast cancer, no benefit was shown in AGC
in combination with paclitaxel or capecitabine plus
[38,39]
oxaliplatin
. These different responses suggest the
presence of different mechanisms of action by which
the combination therapies exert their effects. Because
signaling pathways activated by the ligand binding
may be altered by different combinations of immunechemotherapeutic agents, the possible molecular
mechanisms responsible for resistance should be
clarified for the right combination of therapeutic agents.
Drug interaction is another possible reason. Lordick
[20]
et al
described that one of the reasons for failure
of the EXPAND trial may be related to the negative
pharmacokinetic interaction between capecitabine and
cetuximab, and suggested the importance of choice
and schedule of fluoropyrimidine in combination with
cetuximab.
The tumor component, such as molecular hetero
geneity, is also an important factor to be considered. A
recent study divided gastric cancer into four molecular
classifications, Ebstein-Barr virus positive tumor,

Despite several limitations, molecular targeted therapy
is now regarded as an essential component in the
treatment of cancers. In gastric cancer, numerous
targeting agents have been examined in clinical trials
since the introduction of trastuzumab. However, few
targeted agents have been successful in establishment
[3]
as a standardized therapy . Resistance to trastuzumab
is an emerging issue to be solved and a considerable
number of preclinical studies and clinical studies are
now underway to overcome this limitation. Selection
of patients should always be taken into consideration
when designing clinical trials given that the molecular
characteristic of gastric cancer is heterogeneous.
By selecting targeted agents on the basis of known
molecular mechanisms, a more potent activity of the
molecular target agents would be expected.
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Abstract
Gastric cancer is a complex disease that is affected by
multiple genetic and environmental factors. For the
precise diagnosis and effective treatment of gastric
cancer, the heterogeneity of the disease must be
simplified; one way to achieve this is by dividing the
disease into subgroups. Toward this effort, recent
advances in high-throughput sequencing technology
have revealed four molecular subtypes of gastric
cancer, which are classified as Epstein-Barr viruspositive, microsatellite instability, genomically stable,
and chromosomal instability subtypes. We anticipate
that this molecular subtyping will help to extend
our knowledge for basic research purposes and will
be valuable for clinical use. Here, we review the
genomic and epigenomic heterogeneity of the four
molecular subtypes of gastric cancer. We also describe
a mutational meta-analysis and a reanalysis of DNA
methylation that were performed using previously
reported gastric cancer datasets.
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gastric cancer, a recent sequencing study classified
gastric cancer into four molecular subtypes, which
include Epstein-Barr virus-positive, microsatellite
instability, genomically stable, and chromosomal
instability subtypes. This molecular subtyping will
extend our knowledge for basic research and will
be valuable for clinical uses. We herein discuss the
genomic and epigenomic heterogeneity of the four
molecular subtypes of gastric cancer. We also describe
a meta-analysis result that was performed using
previously reported sequencing datasets.

eight previously reported exome sequencing studies.
We also explain a CpG methylation result that was
analyzed using TCGA DNA methylation profile data.

SUBTYPE-SPECIFIC GENOMIC
ALTERATIONS IN GC
Genomic alterations in EBV-positive subtype

EBV, a gamma-herpes virus containing a 184-kblong double-stranded DNA genome, was the first
virus identified in human malignant cells (Burkitt’s
[16]
lymphoma) . It was also found in GC epithelial cells
[17]
in 1990 . EBV infection was found in approximately
8.7% of GCs and exhibited a distinct sex and
[18]
anatomical prevalence : males were predominantly
infected, and the proximal stomach such as the gastric
cardia and fundus is the major infection site.
There are three latency programs of EBV (La
tency Ⅰ , Ⅱ , and Ⅲ ) that are defined on the basis
of EBV-derived latent gene expression. EBV-positive
GC belongs to Latency Ⅰ or Ⅱ , which express EBV
nuclear antigen Ⅰ (EBNA1), EBV-encoded small RNA
(EBER), BamHI-A rightward transcripts (BARTs),
[19]
and latent membrane protein 2A (LMP2A) . La
tencyⅠ neoplasms, including EBV-positive GC, do not
express the representative EBV viral oncoproteins,
EBNA2 and LMP1, suggesting that EBV contributes
to GC development through other mechanisms. As
opposed to EBNA2 and LMP1, viral LMP2A expression
is one of candidate mechanisms involved in EBVpositive GCs. A previous study demonstrated that
two GC cell lines (MKN1 and MKN7), when infected
with recombinant LMP2A, recapitulated promoter
hypermethylation and the repression of the PTEN
[20]
tumor suppressor , a phenomenon which has been
previously observed in EBV-positive GCs.
The first mutation frequently identified from EBVpositive GCs was the ARID1A (AT rich interactive
[5,10]
domain 1A) mutation
. The TCGA project revealed
that ARID1A mutations occur in approximately 55% of
[15]
EBV-positive GCs . Notably, the majority of ARID1A
mutations are nonsense mutations that introduce
premature stop codons. This result indicates that a
loss-of-function of ARID1A may be involved in the
tumorigenesis of EBV-positive GCs. Supporting the
tumor suppressive role of ARID1A in GC, a loss of
ARID1A expression has also been associated with
lymphatic invasion, lymph node metastasis, mismatch
[21,22]
repair deficiency, and poor prognosis
. Given
that ARID1A is a subunit of the SWI/SNF chromatin
[12]
remodeling complex , it would be interesting
to investigate whether ARID1A mutations lead to
the extreme hypermethylation phenotype of EBVpositive subtype, referred to as EBV-CIMP (CpG
island methylator phenotype, see the section ‘DNA
methylation of EBV-positive subtype).
In addition to ARID1A, EBV-positive GCs have
frequent mutations in PIK3CA and BCOR (BCL6 core

Lim B, Kim JH, Kim M, Kim SY. Genomic and epigenomic
heterogeneity in molecular subtypes of gastric cancer. World J
Gastroenterol 2016; 22(3): 1190-1201 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1190.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1190

INTRODUCTION
Gastric cancer (GC) is a heterogeneous disease that
is affected by various genetic and environmental
factors. Traditionally, GC has been divided into two
histological subtypes, intestinal- and diffuse-type, on
[1]
the basis of Lauren’s classification . Intestinal-type GC
is derived from gastric mucosa cells, characterized by
well-differentiated glandular structures, and develops
through well-characterized sequential pathological
stages, such as chronic gastritis, atrophy, intestinal
[2]
metaplasia, and dysplasia . Diffuse-type GC is
characterized by poorly differentiated infiltrative
growth with no definitive premalignant stage and
is associated with aggressive behavior and poor
[3]
prognosis . In addition to the histological subtypes,
the clinicopathological characteristics of GCs vary
from case to case, making it difficult to identify
detailed subtypes and to choose a subtype-optimized
[4]
therapeutic approach .
Over the past decade, advances in sequencing
technology and high-throughput analysis have de
livered new insights into the genetic and epigenetic
heterogeneity that underlies the distinct molecular
[5-14]
subtypes of GC
. Recently, The Cancer Genome
Atlas (TCGA) network performed both sequencingbased and array-based approaches to investigate
exome sequences, copy-number alterations, gene
expression, DNA methylation, and protein activities
in GCs, and GC was classified into four subtypes:
Epstein-Barr virus (EBV)-positive, microsatellite
instability (MSI), genomically stable, and chromosomal
[15]
instability subtypes . This classification potentially
has important biological and clinical implications for
basic research, disease diagnosis, and drug treatment.
In this review, we summarize the genomic and
epigenomic heterogeneity of the four molecular
subtypes of GC. We describe a meta-analysis result
that was conducted using the combined data of
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pressor). In a TCGA cohort, approximately 80% of
EBV-positive GCs acquired PIK3CA mutations and
[15]
23% had BCOR mutations . Interestingly, all of
the identified BCOR mutations were nonsense or
frameshift mutations, indicating that the inactivation
of BCOR is associated with EBV-positive GC. Recurrent
mutations of BCOR have also been found in other
[23]
cancers, including medulloblastoma , acute myeloid
[24]
[8]
leukemia , and rhabdomyosarcoma . Furthermore,
fusion transcripts BCOR-CCNB3 (Cyclin B3) and
BCOR-RARA (Retinoic acid receptor alpha) were
[25]
[26]
found in sarcoma
and acute myeloid leukemia ,
respectively, suggesting the importance of BCOR in
the development of multiple types of tumors. BCOR
acts as a transcriptional repressor, and a BCOR
complex exhibits ubiquitylation and demethylation
activities by recruiting a Polycomb group E3 ubiquitin
ligase to histone H2A, a demethylase to histone
[27]
H3K36, and an SCF E3 ubiquitin ligase . Thus, it
is necessary to examine whether BCOR mutations
participate in epigenetic chromatin remodeling and the
establishment of EBV-CIMP.
Several copy-number alterations, including frequent
18q loss and 9p24.1 gain, were found in EBV-positive
[10]
GCs . In particular, 9p24.1 amplification correlated
with elevated expression levels of JAK2 (Janus kinase
2), CD274, and PDCD1LG2 (Programmed cell death
[15]
1 ligand 2) . The elevated expression of PD-L1 and
PD-L2, which are encoded by CD274 and PDCD1LG2,
was known to mediate tumor evasion from host
[28]
immune responses . Importantly, antibody-mediated
blockade of PD-L1/2 recovers immune function and
[29]
enhances antitumor activity . Moreover, EBV-positive
GCs exhibited dysregulation in immune cell signaling,
[15]
including IL-12 signaling . Hence, it is required to
test the efficacy of therapeutic agents that are used to
control immune cell signaling for the treatment of EBVpositive GCs.

high GCs exhibit hypermutation; tumors with mutation
rates higher than 11-12 mutations per megabase were
[15,32]
designated as hypermutated
. The distinctly high
mutational load of MSI-high GCs indicates that this GC
subtype may have a unique mutational signature that
is different from the other subtypes. Indeed, MSI-high
GCs showed a high percentage of a C-to-T substitution
signature, whereas the other GC molecular subtypes
exhibited the enrichment of an A-to-C substitution
[33]
signature .
In addition to a distinct mutational signature,
MSI-high GCs have a different repertoire of mutations
[33]
compared to non-hypermutated GCs. Liu et al
revealed that MSI-high GCs acquired frequent mu
tations in TP53 (Tumor protein p53), ACVR2A (Activin
A receptor, type ⅡA), PTEN (Phosphatase and tensin
homolog ), PIK3CA, KRAS (Kirsten rat sarcoma viral
oncogene homolog), ERBB2 (Erb-b2 receptor tyrosine
kinase 2), ZBTB1 (Zinc finger and BTB domain
containing 1), TRAPPC2L (Trafficking protein particle
complex 2-like), GPR39 (G protein-coupled receptor
39), GPR85, and CHRM3 (Cholinergic receptor,
muscarinic 3). The TCGA project identified frequent
mutations in PIK3CA, ERBB3, RNF43 (Ring finger
protein 43), PTEN, TP53, KRAS, ARID1A, HLA-B
(Major histocompatibility complex, class Ⅰ, B), B2M
(Beta-2-microglobulin), and NF1 (Neurofibromin 1),
[15]
in hypermutated GCs . TP53, PIK3CA, and PTEN are
the only genes that overlap between the two studies.
Hypermutation in this subtype may cause numerous
passenger mutations and hinder the detection of driver
genes. Thus, rather than therapeutic approaches
targeting mutated genes, therapeutic regimens
targeting the MSI-CIMP may provide better options for
the treatment of MSI-high GCs.

Genomic alterations in genomically stable subtype

Genomically stable GCs are classified according to
guidelines from the TCGA network: first, molecular
subtypes of EBV-positive and MSI-high tumors are
assigned and then the remaining tumors are further
divided as being genomically stable or chromosomally
[15]
unstable based on their degrees of aneuploidy .
Genomically stable GC is characterized by enrichment
of diffuse-type GCs, a relatively younger patient
age at diagnosis, and low mutation rates. Since the
diffuse-type GC is an aggressive, invasive, and stemlike histological subtype, its rapid tumor progression
may result in a diagnosis at an early age and may not
provide enough time to accumulate mutations.
In contrast to intestinal-type GCs that are cha
racterized by a corpus-dominated gastritis with
gastric atrophy and intestinal metaplasia, diffusetype GCs are characterized by gastritis throughout the
[34]
stomach and a lack of atrophy . Diffuse-type GCs
occur more uniformly throughout the world, whereas
intestinal-type GCs are predominantly found in specific
geographic areas (i.e., Eastern Asia). The histological
and genomic alterations of diffuse-type GCs are less

Genomic alterations in MSI-high subtype

In the TCGA cohort, MSI-high GCs accounted for
approximately 24% of GC patients. MSI-high GCs
tended to be diagnosed at relatively older ages
and contained a high proportion of intestinal-type
GCs. This subtype is characterized by an extensive
hypermethylation phenotype referred to as MSICIMP that is different from that of EBV-CIMP. A main
criterion distinguishing MSI-CIMP from EBV-CIMP is
the presence of MLH1 (mutL homolog 1) silencing by
[30]
promoter hypermethylation .
MSI is associated with an absence of DNA mis
match repair activity. DNA mismatch repair genes,
including MLH1, MLH3 (mutL homolog 3), PMS1 (PMS1
homolog 1), PMS2, MSH2 (mutS homolog 2), MSH3,
and MSH6, maintain genomic integrity by correcting
errors (base-base mismatches and insertion/deletions)
that are generated during DNA replication and
[31]
recombination . Due to silencing of DNA mismatch
repair genes by promomter hypermethylation, MSI-
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recognized compared to those of intestinal-type GCs,
which develop through a sequence of events known
[34]
as the Correa pathway . The highly infiltrative
feature of diffuse-type GCs makes it difficult to obtain
high purity tumor samples, thereby resulting in a low
efficiency of mutation detection. Therefore, as the
genomically stable property of diffuse-type GCs could
be caused by low purity tumors, the genomic features
of diffuse-type GCs should be interpreted with caution.
Recent whole-genome or whole-exome sequencing
followed by validation with deep sequencing may, in
part, overcome this problem and may identify novel
mutations of diffuse-type GCs.
Genomically stable GCs have frequent mutations
in ARID1A, CDH1 (Cadherin 1), and RHOA (Ras
homolog family member A). In the TCGA cohort,
mutations in CDH1, which encodes E-cadherin, were
found in approximately 37% of genomically stable
GCs. In addition to somatic mutations, germ-line
mutations have been described as causative variants
[35-37]
for hereditary diffuse-type GCs
. A total of 90 out
of 104 known germ-line CDH1 mutations potentially
cause a premature translation stop or lack of mRNA
expression, thereby affecting the entire coding
[38]
sequence and all functional domains of a protein .
The inactivation of the cell adhesion molecule
E-cadherin by mutations may, in part, explain a lack
of cellular cohesion of diffuse-type GCs, which is the
primarily histological feature.
Recently, three studies sequentially reported
[10,14,15]
recurrent RHOA mutations in diffuse-type GCs
.
RHOA mutations were found in approximately 15%-23%
of diffuse-type GCs. RHOA mutations occur in highly
conserved hotspot sites, including R5W, G17E, L22R,
Y34C, F39C/V, E40K/V, Y42C, L57V, and G62E.
These RHOA mutations were clustered in two adja
cent amino-terminal regions that are known to be
functional domains associated with ROCK1 (Rhoassociated, coiled-coil containing protein kinase 1) and
[39]
other effector interaction or GTP binding . The most
frequently mutated RhoA Y42 corresponds to HRAS
Y40, which is required for the activation of mitogen[40]
activated protein kinase .
The functional effect of RHOA mutations is not
conclusive whether it acts via loss-of-function or
gain-of-function: both possibilities were revealed by
two different studies. One study emphasized lossof-function effect of RHOA mutations. Compared to
wild-type RhoA, two different mutant RhoA proteins
(Y42C and L57V) exhibited a decrease level of its
active GTP-bound form. A subsequent functional
study demonstrated that the overexpression of RhoA
mutants Y42C or L57V in the intestinal organoid
resulted in the evasion of cell detachment-induced
[10]
apoptosis, termed anoikis . Given that lack of
cellular cohesion, anchorage-independent growth,
and resistance to anoikis may be prerequisites for
[13]
the development of diffuse-type GCs , the inhibition
of anoikis by mutant RHOA may provide a selective
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advantage with respect to tumorigenesis of diffusetype GC.
Other study revealed a gain-of-function effect of
RHOA mutations. siRNA-mediated RHOA knockdown
largely decreased the growth rate of tumor cells
harboring RHOA mutation; however, when expression
was recovered using RhoA Y42C and G17E, tumor
growth reinitiated. Conversely, wild type RhoA failed
to rescue the growth inhibition affected by siRNA
[10]
knockdown . In any case, drugs that modulate the
RhoA signaling pathway may be valuable to treat
diffuse-type GCs harboring RHOA mutations.
CLDN18-ARHGAP fusions were found in 15% of
genomically stable GCs and were mutually exclusive
[15]
from RHOA mutations . As a result, approximately
30% of genomically stable GCs have either RHOA or
CLDN18-ARHGAP alterations. However, recent wholegenome sequencing studies revealed that there
[10,11]
were no fusions in CLDN18 or ARHGAP6/26
.
Instead, RHOA fusions were found, including RHOACOL7A1, RHOA-GPX1 by deletion, and RHOA-RBM6 by
inversion.
A recently conducted study suggested that diffusetype GCs could potentially be further divided into two
subgroups. One is diffuse-type GC with tubular cell
morphology, which presents a mutational signature
[11]
of NpTpT > NpGpT . The other is genetically quiet
diffuse-type GC, which shows infrequent genetic
changes and low clonality irrespective of the presence
[11]
of a TpT dinucleotide mutational signature .
Recent studies have revealed several genetic
variants in diffuse-type GCs, despite their low tumor
purity. However, a high-depth sequencing with high
purity tumor samples would increase the likelihood of
identifying more significantly mutated driver genes in
the genomically stable subtype.

Genomic alterations in chromosomally unstable subtype

According to the TCGA project, chromosomally
unstable GCs, which are classified based on degree
of aneuploidy, account for approximately 50% of GC
patients. Most patients in this subtype are histologically
[15]
classified as intestinal-type GC . This subtype is
characterized as having highly variable chromosomal
copy numbers, although it does not exhibit a high
mutation rate. This phenomenon may indicate that
copy-number alterations and mutations occur through
distinct oncogenic processes in different subsets of
tumors. Supporting this assertion, a hierarchical
classification of 3299 TCGA tumors from 12 cancer
types revealed two main pan-cancer classes that
are dominated by either mutations or copy-number
[41]
alterations .
Chromosomally unstable GC is primarily characterized
by the enrichment of TP53 mutations and recurrent
chromosomal amplifications and deletions. This is
consistent with the fact that TP53 mutations cause
[9,41,42]
chromosomal instability
. Given that a majority of
chromosomally unstable GCs are intestinal-type, it is
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mutated genes that have not previously been
recognized in GCs. We applied a MutSigCV algorithm
to a combined exome data set of 629 GC patients
[5,7,11,14,15,33,50,51]
from eight published studies
. This
analysis revealed 20 significantly mutated genes
(Q-value < 0.001), including previously identified GC
genes such as TP53, RHOA, KRAS, CDH1, GLI3 (GLI
family zinc finger 3) and PIK3CA (Table 1 and Figure
1). Additionally, this analysis identified previously
unrecognized genes in GC, including DDI1 (DNAdamage inducible 1 homolog 1), DHFR (Dihydrofolate
reductase), GHSR (Growth hormone secretagogue
receptor), KRT73 (Keratin 73), OR10J3, PCDHGA6
(Protocadherin gamma subfamily A, 6), PREX2
(Phosphatidylinositol-3,4,5-trisphosphate-dependent
Rac exchange factor 2), KIF2B (Kinesin family member
2B), GRM8 (Glutamate receptor, metabotropic 8),
RPL22 (Ribosomal protein L22), DNAH5 (Dynein,
axonemal, heavy chain 5), EPB41L3 (Erythrocyte
membrane protein band 4.1-like 3), DCAF12L1 (DDB1
and CUL4 associated factor 12-like 1), and PLCL1
(Phospholipase C-like 1) (Table 1 and Figure 1).
Among these genes, GLI3, a downstream com
ponent of the hedgehog pathway, was found to
be a significantly mutated GC driver gene in two
independent studies, our current meta-analysis
and a previous whole-genome sequencing study by
[10]
Wang et al . Our results also identified PREX2 as a
significantly mutated gene. Supporting this, a recent
whole-genome sequencing study identified PREX2, a
negative regulator of PTEN, as a new candidate driver
[52]
[53]
of melanoma and pancreatic cancer .
GRM8 was identified as a new cancer driver gene
in three studies, including our meta-analysis, a study
conducted on 441 tumor samples encompassing
[54]
breast, lung, ovarian, and prostate cancer , and
a whole-exome sequencing study of endometrial
[55]
cancer . Thus, GRM8 may be a promising therapeutic
target for multiple types of cancer. Additionally, RPL22
was found to be significantly mutated both in colorectal
[56]
cancer with MSI
and in GC. Other significantly
mutated genes from our meta-analysis included GHSR,
KIF2B, and EPB41L3, which have been shown to
[57-59]
play crucial roles in tumorigenesis
. Thus, further
studies are required to evaluate the functional roles of
these genes and their mutations during tumorigenesis.
Moreover, our meta-analysis suggests that increasing
the sample sizes still provides a chance to detect
previously unrecognized significantly mutated genes.

Table 1 Significantly mutated genes identified using a
combined exome sequencing data from 629 gastric cancer
patients
Gene

Nonsilent mutations
from 629 GCs

P value

Q value

276
41
34
34
27
24
21
20
4
86
94
100
81
46
47
16
132
48
29
38

0
0
0
0
0
0
0
0
0
6.00 × 10-15
2.23 × 10-10
1.75 × 10-9
8.46 × 10-9
2.62 × 10-8
1.73 × 10-7
2.92 × 10-7
3.92 × 10-7
4.07 × 10-7
4.23 × 10-7
4.79 × 10-7

0
0
0
0
0
0
0
0
0
1.13 × 10-11
3.82 × 10-7
2.75 × 10-6
1.23 × 10-5
3.53 × 10-5
2.18 × 10-4
3.44 × 10-4
4.20 × 10-4
4.20 × 10-4
4.20 × 10-4
4.51 × 10-4

TP53
KRAS
RHOA
PCDHGA6
DDI1
KRT73
OR10J3
GHSR
DHFR
CDH1
PREX2
PIK3CA
GLI3
KIF2B
GRM8
RPL22
DNAH5
EPB41L3
DCAF12L1
PLCL1
GC: Gastric cancer.

reasonable to observe increased clonality and ploidy in
[11]
intestinal-type GCs .
Genomic amplification of receptor tyrosine
kinases (RTKs) is the most apparent signature of
chromosomally unstable GCs. Frequent amplification
was found in the genomic regions of RTK-RAS,
encompassing EGFR (epidermal growth factor
receptor), ERBB2, ERBB3, FGFR2 (fibroblast growth
factor receptor 2), MET (MET proto-oncogene),
VEGFA (vascular endothelial growth factor A), and
[43-45]
KRAS
. Because of this observation, administering
[46,47]
trastuzumab, an anti-HER2 monoclonal antibody
,
may be an therapeutic option for GCs harboring ERBB2
[48]
amplification . The amplification of RTK-RAS had
a mutually exclusive pattern within chromosomally
[49]
unstable GCs .
Other amplified genes are oncogenic transcription
factors such as MYC (v-myc avian myelocytomatosis
viral oncogene homolog), GATA4 (GATA binding
protein 4), and GATA6, and cell cycle regulators
including CCNE1 (cyclin E1), CCND1, and CDK6
(Cyclin-dependent kinase 6). Meanwhile, chromosomal
deletions have been found in genomic regions
containing FHIT (Fragile histidine triad), WWOX (WW
domain containing oxidoreductase), STK3 (Serine/
threonine kinase 3), CDH1, CTNNA1 (Catenin alpha 1),
PARD3 (Par-3 family cell polarity regulator), and RB1
(Retinoblastoma 1).

SUBTYPE-SPECIFIC DNA METHYLATION
IN GC
Thus far, over one hundred genes have been reported
to be hypermethylated and downregulated in GC. To
elucidate the subtype-specific methylation status of
these reported genes, we analyzed CpG methylation
levels of 86 genes and 14 microRNAs using the 295

META-ANALYSIS OF PUBLISHED GC
DATASETS
We conducted a meta-analysis to identify significantly
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Figure 1 Mutational positions in three significantly mutated genes, GLI3, PREX2, and GRM8.

GC DNA methylation data that have been provided by
[15]
TCGA . Supporting the extensiveness of EBV-CIMP,
the majority of the hypermethylated genes were found
in EBV-positive subtype (Figure 2). Using K-means
clustering, we clustered the hypermethylated genes
into three groups: hypermethylated in EBV-positive
subtype (Figure 2A), hypermethylated in both EBVpositive and MSI-high subtypes (Figure 2B), and other
hypermethylated genes (Figure 2C). In the remainder
of this review, we will summarize the methylation
patterns of these three groups.

3). Although the precise molecular mechanism that
leads to an increase in the expression of DNMTs
during EBV infection is not fully understood, the
expression of EBV genes such as LMP2A has been
reported to activate DNMT1 transcription by inducing
the phosphorylation of STAT3 (Signal transducer and
[20]
activator of transcription 3) . As DNMT1 plays an
important role in the establishment, maintenance, and
regulation of tissue specific global methylation patterns,
the upregulation of DNMT1 by viral LMP2A might drive
the extensive EBV-CIMP. Further studies are required
to determine whether EBV viral proteins affect the
expression level of other DNA methylation regulators,
including DNMTs, HDACs (Histone deacetylases), and
TETs (Tet methylcytosine dioxygenases).
Apoptosis-related genes such as RASSF1 (Ras
association domain family member 1), DAPK1 (Deathassociated protein kinase 1), and GADD45G (Growth
arrest and DNA-damage-inducible gamma) exhibit
EBV-positive subtype-specific methylation (Figure 2A).
RASSF1A is hypermethylated and inactivated in lung,
breast, ovarian, kidney, prostate, thyroid, and other
[63]
cancers . RASSF1A possesses tumor suppressor
function through its modulation of apoptosis via the
Hippo and Bax pathways and by controlling the cell
[64]
cycle . Figure 4A illustrates the high methylation
level of RASSF1A in EBV-positive GCs of the TCGA
cohort. RASSF1A hypermethylation has been detected
[65]
in 43% of primary GCs and 60% of GC cell lines ,
and significant RASSF1A silencing was found in
[65]
advanced GC . Therefore, it is important to elucidate
a relationship between EBV infection and progressive
methylation of RASSF1A during tumorigenesis of GC.

DNA methylation of EBV-positive subtype

As stated above, EBV has been identified in epithelial
malignancies including GC, and nearly 9% of GCs are
[60]
EBV-positive . Hypermethylation of tumor suppressor
[61]
genes is a key abnormality in EBV-positive GCs .
Unsupervised clustering of CpG methylation
clearly revealed that EBV-positivity is the major GC
[15]
molecular subtype . The most representative feature
of EBV-positive GCs is an extensive hypermethylation
phenotype EBV-CIMP, which includes CDKN2A
promoter hypermethylation. EBV-positive GCs exhibit
a global, non-random CpG island hypermethylation
phenotype in promoter regions of many cancerrelated genes, including p14ARF, p15, p16INK4A, p73,
[62]
TIMP3, E-cadherin, DAPK, and GSTP1 . This CpG
island hypermethylation leads to downregulation of the
expression level of many tumor suppressor genes that
are responsible for GC tumorigenesis.
Interestingly, three DNA methyltransferases,
DNMT1, DNMT3A, and DNMT3B, are overexpressed in
EBV-positive GC compared to other subtypes (Figure
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mRNA expression (RPKM)

although we cannot rule out the possibility that these
high mutation rates are caused by hypermutation in
MSI-high GCs. Fifty-two percent (33 of 64) of MSI-high
GCs exhibited truncating or missense mutation in TETs
(Supplementary Figure 1).
As shown in Figure 4B, MLH1 is hypermethylated
only in MSI-high subtype, whereas numerous tumor
suppressor genes exhibited hypermethylation patterns
in both the EBV and MSI GC subtypes (Figure 2B).
This group includes many development-related
genes, such as GATA5 (GATA binding protein 5), HHIP
(Hedgehog interacting protein), OSR1 (Odd-skipped
related 1), PAX6 (Paired box 6), and POPDC3 (Figure
2B). GATA factors are zinc finger DNA binding proteins
that control the development of diverse tissues,
[69,70]
including the gastrointestinal tract
, and epigenetic
inactivation of GATA4 and GATA5 has been reported
[71,72]
in GC
. Using TCGA data, we found that GATA4 is
hypermethylated in the EBV-positive subtype of GC,
whereas GATA5 is hypermethylated in both EBV and
MSI subtypes (Figure 4C).

DNMT1
DNMT3A
DNMT3B

6

4

2

0
N

EBV

MSI

GS

CIN

Figure 3 Expression levels of DNMT1, DNMT3A, and DNMT3B analyzed using
the Cancer Genome Atlas RNA sequencing data. EBV: Epstein-Barr virus.

Interestingly, aberrant methylation of RASSF1A was
detected in 67% of EBV-positive GCs but only in 4% of
[66]
EBV-negative GCs .

Hypermethylated genes across more than two subtypes

DNA methylation of MSI-high subtype

A subset of genes was found to be hypermethylated
in more than two subtypes of GC (Figure 2C). Genes
such as SFRP1 (Secreted Frizzled-related protein 1),
BVES, IRX1 (Iroquois homeobox 1), RUNX3 (Runtrelated transcription factor 3), and WNT5A (Winglesstype MMTV integration site family member 5A)
belong to this subset (Figure 4D). The Wnt signaling
is important for cell proliferation during development

The most common feature of MSI-high subtype is
the hypermethylation of MLH1 promoter. In addition
to MLH1, many other tumor suppressive genes are
[67]
frequently hypermethylated in MSI-high subtype ,
exhibiting MSI-CIMP. Interestingly, we found high
mutation rates in DNA methylation regulators, DNMTs
[68]
and TETs, in MSI-high GC (Supplementary Figure 1) ,
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of the gut, and activation of the signaling pathway
[2]
has been implicated in gastric carcinogenesis . SFRP
proteins are secreted glycoproteins that inhibit the
Wnt signaling either by competing with Wnt ligands
to bind to Fz receptors or by binding directly to
[73]
Fz . SFRP1 hypermethylation has been detected in
[74]
91% of primary GCs and 100% of GC cell lines .
This hypermethylation of SFRP was found to occur
[74]
during an early stage of GC . Hypermethylation of
WNT5A, a non-transforming WNT family member
[75]
that antagonizes the Wnt signaling , has also been
[76]
frequently detected in early GC . Thus, the aberrant
methylation patterns of these genes during early GC
may serve as useful markers for the early detection of
GC.

drive the genomically stable GC subtype are still largely
unknown. Finally, since a primary purpose of genomic
studies is to discover therapeutic targets for GC
treatment, the classification scheme may eventually
be utilized to facilitate personalized medicine. In that
sense, the druggable targets that underlie each GC
subtype should be further investigated.
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Abstract
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Ruijin Hospital, Shanghai Jiao Tong University, Shanghai
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Gastric cancer (GC) is still one of the malignant
tumors with high morbidity and mortality in the world,
with a 5-year survival rate of less than 30%. GC is
often either asymptomatic or causes only nonspecific
symptoms in its early stages, whereas when the
symptoms manifest, the cancer has usually reached
an advanced stage, which is one of the main causes
of its relatively poor prognosis. Hence, the main focus
of GC research has been on discovering new tools and
technology to predict, screen and diagnose GC at an
early stage which would prompt early treatment. With
the tremendous advances in the OMICS technology,
serum proteomics has been in the limelight of cancer
research over the last few decades and has steered the
development of several methods helping to understand
the mechanisms underlying gastric carcinogenesis,
resulting in the identification of a large number of
molecular targets such as circulating tumor cells (CTCs),
cell free DNA (cfDNA) and cell tumor DNA (ctDNA)
and their sub-molecular components such as miRNA,
that show great promise as GC biomarkers. In this
review, we are underlying the recent breakthroughs
about new blood markers technology for GC while
scrutinizing the potential clinical use of CTCs, cfDNA,
ctDNA and the role of the methylation of their submolecular components in the pathogenesis, diagnosis
and management of GC.
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Core tip: Gastric cancer (GC)’s poor prognosis has
partly been a result of its late diagnosis due to its
asymptomatic and nonspecific symptoms in its early
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stages. Tremendous advances in the OMICS technology
have allowed the development of several methods
helping to understand the mechanisms underlying
gastric carcinogenesis, resulting in the identification of
a large number of molecular targets such as circulating
tumor cells, cell free DNA, cell tumor DNA and their
sub-molecular components such as miRNA that show
great promise as GC biomarkers. In this review, we are
underlying the recent breakthroughs about new blood
markers technology for GC while scrutinizing their
potential clinical use in the pathogenesis, diagnosis
and management of GC.

investigation about novel and unbiased GC serum
biomarkers by different and innovative proteomics
techniques, new concepts such as circulating tumor
cells (CTC) and circulating tumor DNA (ctDNA) have
[6-8]
been introduced . Previous studies state that during
the early stages of tumor formation, tumor cells and
tumor DNA are released in the peripheral blood. The
tumor cells and related DNA shed off in the circulatory
system during tumor evolution have been followed
closely over the last few years and it was found out
that the qualitative and quantitative analysis of CTC
and ctDNA was related to the diagnosis, evolution,
follow-up and prognosis of tumors. As an alternative
[7,9,10]
to primary tumor “liquid biopsy specimen”
, CTC
has already been approved by the FDA as a prognostic
evaluation factor for metastatic breast, prostate and
[11]
colorectal cancers . Hence, this new leap in blood
markers detection technology has provided a new
platform for the early detection and diagnosis for GC
while providing a more efficient tool for the evaluation
of treatment efficacy and prediction of recurrence and
metastasis.

Beeharry MK, Liu WT, Yan M, Zhu ZG. New blood markers
detection technology: A leap in the diagnosis of gastric cancer.
World J Gastroenterol 2016; 22(3): 1202-1212 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i3/1202.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1202

INTRODUCTION
Gastric cancer (GC), is still one of the world’s most
malignant tumors with high morbidity and mortality
with 1 new million cases and about 800000 deaths per
annum. According to the literature of GC, the 5-year
[1]
survival rate is less than 30% . In recent years,
the advances made in the GC detection methods
and treatment have definitely influenced the clinical
outcome of patients but still, due to late diagnosis,
the main clinical issue that requires attention pertains
to the high prevalence of metastasis and recurrence.
In the quest for tools for early diagnosis, scientists
and physicians have undertaken much research
about blood tumor markers which could detect GC,
prompting early intervention.
Clinically, the detection of the physiological
indicators or parameters of the serum has been
[2]
always an auxiliary for the diagnosis of cancer . Over
the years, there have been major breakthroughs in
the field of serum proteomics where more attention
has been paid to quantitative or qualitative changes
undergone by some important regulatory proteins
secreted into the serum under many physiological
[3]
and pathological conditions . However, the positive
rate of the currently clinically popular gastrointestinal
tumor biomarkers CEA, CA19-9 and CA72-4 has been
found to be lower than 40% in GC patients and lower
than 20% in early GC patients, hereby making them
[4,5]
insufficient for the diagnostic screening . Hence,
due to the lack of the specificity or sensitivity of such
markers, researchers have been on a constant search
to discover the most convenient tool to diagnose GC.
Over the last few decades, there have been major
breakthroughs in the field of serum proteomics where,
in addition to the conservative methods of cancer
detection, there was a new leap in blood markers
detection technology. In addition to the continued

WJG|www.wjgnet.com

Serum proteomics

In 1994, the concept of the proteome was brought
to light by Wilkins and Williams from Macquarie
University and after that, proteomics and related
techniques underwent rapid development, allowing
the large-scale screening of tumor biomarkers. Serum
proteomics can be used to perform differential analysis
of serum proteins between cancer patients and healthy
controls and in so doing, differential specific and
unbiased proteins could hence be adopted as tumor
biomarkers for the early diagnosis of cancer. So far,
several serum tumor biomarkers have been identified
for GC but due to their poor specificity and sensitivity,
they have proven to be insufficient for the reliable
diagnosis of GC. Thus, there is the urgent need to
find more reliable serum tumor biomarkers for earlier
and reliable diagnosis of GC. In a study made by our
research team, the role of new modern and advanced
proteomic techniques, such as Surface-enhanced Laser
Desorption Ionization (SELDI) and High Performance
Liquid Chromatography, in the quest for new GC
biomarkers was assessed: numerous novel serum
tumor biomarkers such as Amyloid-related Serum
Protein, plasminogen and C9c have been discovered
[3,12]
through serological proteomics strategies
and
these techniques have been well adopted throughout
the globe in the fight against GC.
Proteomic-based techniques such as 2-DE (twodimensional electrophoresis), iTRAQ (isobaric tags
for relative and absolute quantitation), ICAT (isotopecoded affinity tag), protein chip array and liquid
chromatography, have been used to identify and
quantify proteins that can be used as biomarkers in
[3,12,13]
bodily fluids and tissues in GC
. To date, the most
common fluid biomarkers available for GC include CEA,

1203

January 21, 2016|Volume 22|Issue 3|

Beeharry MK et al . New blood markers for gastric cancer
CA 19-9, CA 72-4, CYFRA 21-1, TPA, TPS, E-cadherin,
pepsinogen, cytokines and the β-subunit of HCG.
As reported, the majority of tumor biomarkers
[14]
in GC diagnosis are glycoproteins , with the most
common being mucin-5AC, IgG, mucin-1, IGHM,
LRG1, haptoglobin (HP), albumin, TF, kininogen-1,
alpha-1-acid glycoprotein, ceruloplasmin (CP), A1BG,
vitamin D binding protein (GC), alpha-1-antitrypsin
(SERPINA1), antithrombin (SERPINC1), angiotensin,
CFB, serpin peptidase inhibitor, Clade A (SERPINA3),
alpha-2-HS-glycoprotein, Zn-alpha-2-glycoprotein,
CLU, ITIH2, complement factor H, interalpha-trypsin
inhibitor HCRP, SERPING1 and C4A variant protein
[15-17]
(C4A)
. These glycoproteins have been discovered
and highly investigated over the last few decades
but still, more research has to be done to evaluate
their clinical value, their specificity and accuracy in
predicting or evaluating GC.
[18]
Recently, Li et al
studied two multidrug-resistant
cell lines and their parental drug-sensitive GC cell line
to characterize the multiple drug resistance (MDR)related cell surface glycoproteome: 56 cell membrane
glycoproteins were successfully identified, 11 of which
(Mesothelin, EGFR, Integrin alpha-3, CD59, Folate
receptor alpha, Peptidyl-prolyl cis-trans isomerase
FKBP9, Laminin subunit alpha-5, Dihydropyridine
receptor alpha 2, Multidrug resistance protein 1,
Prostaglandin F2 receptor negative regulator and Golgi
apparatus protein 1) were found to be differentially
expressed with the same trend in both the drugresistant and sensitive cell lines. This report was the
first concerning the relationship between glycoprotein
alterations and MDR in gastric tumors and was
also helpful for better interpreting the sophisticated
mechanisms of MDR in GC, which, of course, still
require further investigation and verification.
Given the current multiplicity of proteomic studies
in GC, due to the vast amounts of data generated, it
is important to maintain an up-to-date and searchable
index of the lists of biomarkers obtained and evaluated
from different research works. It is eventually essential
that future research not only focus on identifying the
disease-associated alterations in the proteins but also
on determining the cellular functions of the proteins
identified as well as the mechanistic networks in
which they participate. The biomarkers identified
experimentally should serve as entry points for
investigating the mechanisms of carcinogenesis and
tumor progression.
With the developments in proteomics and mass
spectrometry, a large number of new methods and
technology has been used in the serum proteomics
research for GC. Since tumor markers lack specificity,
particularly in the early stages of cancer, there has
been a lot of research laying more emphasis on the
different combinations of peptides or glucosides
secreted into blood rather than protein markers and
then GC diagnosis models have been established
based on the statistical information. The SELDI

WJG|www.wjgnet.com

method has been one of the most popular proteomics
technologies over the last few years and, despite
its high diagnostic rate, this method has poor
repeatability and reliability, thereby hindering its
reliability and clinical application. Hence, this research
group has used the magnetic beads combined with
mass spectrometry technology for the diagnosis of GC
since the repeatability and clinical value of this method
are relatively higher, mostly due to high capture
efficiency of the magnetic beads for the specific
proteins and peptides, hence improving the diagnostic
[3]
accuracy and specificity for GC . Our research team
used serum proteomics to analyze serum samples
from 20 GC patients including pTNM stages Ⅰ to Ⅳ,
where serum proteins were separated by 2-DE and
identified by MALDI-TOF/TOF-MS; the results showed
3 proteins, complement C4-B precursor, complement
factor Ⅰ (CFI) precursor and haptoglobin precursor in
the GC patients were significantly different between
the normal control group while western blot showed
that the detection of CFI precursor was underexpressed in GC with declining expression while
advancing from pTNM stage Ⅰ to Ⅳ GC and this
implied that 2-DE-based serum proteome analysis
could not only be useful in the screening of serum
biomarkers for GC, but the CFI precursor could also
help in the diagnosis and indicate disease progression
[12]
in GC .
[19]
Li et al
used proteomic analysis of serum
samples for identifying gastric precancerous lesions
and GC by studying the serum samples from 25
patients with gastric precancerous lesions (chronic
atrophic gastritis with mild to moderate dysplasia),
25 GC patients and 25 healthy controls using matrixassisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS): the spectral
peaks for the peptides with mass-to-charge (m/z)
values of 1741 and 4210 were the most significantly
different among the three groups and the sensitivity
of this diagnostic model for detecting healthy controls,
patients with gastric precancerous lesions and patients
with GC was found to be 80.0% (12/15), 66.7%
(10/15) and 66.7% (10/15) respectively, while the
specificity was 66.7% (20/30), 73.3% (22/30) and
[20]
73.3% (22/30), respectively. Lu et al
analyzed
125 serum samples from GC patients and normal
healthy control subjects using surface-enhanced laser
desorption/ionization technology and the results of the
surface-enhanced laser desorption/ionization model
were compared with the biomarkers CEA and CA199
in a subset of samples using a micro-particle enzyme
immunoassay: the results showed that 5 distinct
protein peaks at 2046, 3179, 1817, 1725 and 1929
m/z were automatically chosen as components of
the best biomarker pattern for diagnosis of GC. Lu et
[20]
al
also identified a single protein peak at 4665 m/z,
which could distinguish between stage Ⅰ/Ⅱ and stage
Ⅲ/Ⅳ GC with a specificity and sensitivity of 91.6%
(11/12) and 95.4% (21/22), respectively. When this
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biomarker was validated in the second set of samples,
the specificity and sensitivity were 91.7% (11/12)
and 86.3% (19/22), respectively, suggesting that the
serum surface-enhanced laser desorption/ionization
protein profiling could distinguish the GC patients
and in particular stage Ⅰ/Ⅱ patients, from normal
subjects with relatively high sensitivity and specificity.
Even though more clinical evidence with a bigger data
pool is required, Surface-enhanced Laser Desorption/
ionization-Time-of-flight-Mass Spectrometry holds
potential as a screening tool for GC.

Tumor Cell Kit, a product of Johnson (Veridex), is
currently the world’s first and only FDA approved CTC
detection kit intended for the enumeration of CTC of
epithelial origin (CD45-, EpCAM+, and cytokeratins
8, 18+, and/or 19+) in whole blood. This method
is based on the use of iron nano-particles coated
with a polymer layer carrying biotin analogues and
conjugated with anti EpCAM antibodies for capturing
CTCs. CTCs are hereby defined as cells tested as CK[25,26]
PE+, DAPI+ and CD45. Clinical research has
already proven than the CTC count can effectively
predict prognosis, progression free survival and overall
survival (OS) for breast, prostate and colorectal
cancers with good specificity (99.7%) and high
[27]
repetition rate (99.4%) . Previous research work
has also stated that the CTC count is as good as a
diagnostic indicator as imageological indexes, further
emphasizing that the CTC count can predict cancers at
[28]
an early stage .
Nevertheless, in addition to the CTC count, recent
researchers have shown interest in the molecular
[29]
changes occurring in CTCs: Cui et al
found out
that piR-651 and piR-823 are significantly lower in
the peripheral blood of GC patients when compared
[30]
to normal controls; Zhou et al
found that the
miR-421 level in the CTC obtained from peripheral
blood of GC patients was significantly higher than that
of their control group and their further investigation
discovered that the transfection of miR-421 inhibitors
could significantly inhibit tumor growth in vivo. Zhang
[31]
et al
analyzed the miRNA expression profile in
65 GC patients, 29 patients with recurrence and 36
patients without recurrence: the results indicated that
the combination of miR-375 and miR-142-5p could
predict recurrence risk for GC patients. Furthermore,
frequently recurring high levels of miR-335 and poor
overall survival correlated significantly with high levels
[32]
of individual miRNAs in patients with GC . Although
previous studies suggested the use of numerous
potential miRNAs as biomarkers in the diagnosis
and prognosis of GC, the values of these miRNAs as
biomarkers need to be further confirmed in human GC
[33]
patients . The changes at the level of miRNA in GC
CTCs can prove to be ground-breaking and pivotal for
GC research but the technology and expertise required
for manipulating and fully observing the behavior of
miRNA are still crude and for future clinical use, this
asset should be further developed and adapted for
more clinical availability.
The molecular changes found in CTCs obtained
from the peripheral blood of GC patients have grasped
the attention of more and more researchers recently;
[34]
Cao et al
studied the expression of Survivin in the
peripheral blood CTC of 98 GC patients and stated
that just like the conventional pathological biomarkers,
Survivin mRNA was an independent predictive factor
for disease free survival and that high Survivin mRNA
expression after radical tumor resection was an

Circulating tumor cells

Circulating tumor cells (CTCs) are cells shed into the
vasculature from a primary tumor that circulate in the
[21]
bloodstream . CTCs were observed for the first time
[11]
in 1869 by Thomas Ashworth
who postulated that
“cells identical with those of the cancer itself being
seen in the blood might tend to throw some light
upon the mechanisms behind cancer metastasis”. The
importance of CTCs in modern cancer research began
in the mid 1990’s with the demonstration that CTCs
exist early in the course of the disease. Most of the
tumor cells shed off into the circulation system have
a short lifespan and only a handful of highly active
tumor cells with high metastatic potential survive in
the circulatory system to eventually aggregate forming
clusters, hence tumor micro-thrombi. Thus, the
detection of CTCs in the peripheral blood system would
be an indication of possible occurrence of metastasis.
CTCs have emerged as a reliable source of tumor cells
while their concentration was found to have prognostic
implications. CTC capture offers real-time access to
cancer tissue without the need of an invasive biopsy,
while their phenotypic and molecular interrogation can
provide insight into the biological changes of the tumor
[22,23]
that occur during treatment
.

CTC detection and GC

The CTC detection process mainly includes separation,
enrichment and identification, and since CTC in the
peripheral blood of lower density, CTCs and blood
cells should first be separated and enriched in order
to improve the efficiency of the detection mechanism.
There are mainly two kinds of separation methods: the
first method comprises separating the CTCs according
to the morphological differences existing between
the tumor and blood cell structure and conducting
relevant immunohistochemistry or immunofluorescence
analysis. However, this method lacks specificity and is
prone to false positives. Hence, the second method,
comprising separation using immunological analysis, is
more favorable.
Most tumors of epithelial origin express the
epithelial cell adhesion molecule (EpCAM) and cyto
keratin (CK) antigen, while cells originating from bone
marrow cells in the blood express molecules such
[24]
®
as CD45 molecule . The CELLSEARCH Circulating
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[35]

indicator of tumor recurrence. Arigami et al
used
quantitative RT-PCR for the evaluation of B7-H3
mRNA expression in 4 GC cell lines, 95 GC cases
and 21 cases of healthy human peripheral blood:
the results of the investigation confirmed that B7-H3
mRNA was expressed in all 4 GC cell lines while its
expression in the peripheral blood of the GC patients
was significantly higher than in the healthy control
group. They further discovered that the 5-year survival
rate of GC patients with high B7-H3 expression was
significantly lower than in patients with low expression.
[36,37]
Other researchers
collected blood samples from
53 preoperative GC cases and 20 healthy volunteers
and investigated the expressions of miR-21, miR-106a
and miR-17 using RT-PCR: the results showed that the
microRNA levels in the GC patients were significantly
higher than the control group and the level of micro
RNA was related to the TNM staging, tumor size and
[38]
[39]
histological classification . Wang et al
used RTPCR to monitor the mRNA expression of MAGE-1
and MAGE-3 in tumor cells and peripheral blood of
GC patients: their results showed that among the 40
patients, the positive rates of MAGE-1 and MAGE-3
mRNA were, respectively, 47.5% and 25% in the
peripheral blood samples and 62.5% and 30% in the
tumor tissue samples. They furthermore discovered
that when MAGE mRNA was not expressed in the
tumor tissues, it was also negative in the peripheral
blood while the control comprising of 20 healthy
subjects tested negative for MAGE mRNA expression,
suggesting that MAGE could be a specific tumor
marker in the detection of CTCs.
Nevertheless, the method of collection of CTCs
markers such as CELLSEARCH also have their short
comings; that is these methods are unable to capture
and analyze cells lacking tumor marker expression,
cells with low differentiation or tumor stem cells or EMT
related cells in the blood. Therefore, there are other
CTCs acquisition methods such as the ISET method
(Isolation by Size of Epithelial Tumor cells) where the
tumor cells are isolated and individually filtrated from
[40]
the blood cells as a result of the different sizes
or
the CanPatrol technique based on the nano-filtration
of RNA in situ hybridization, methods which have been
actively contributing to the research of serological
diagnosis technology for GC, hence providing a new
direction for development.

cfDNA in the peripheral blood after necrosis and
apoptosis. Previous research found that the level of
ctDNA in the circulation of tumor patients is usually
higher than that of healthy individuals and that cfDNA
displayed the same biological characteristics as tumor
tissues, suggesting that the cfDNA in tumor patients
mostly comes from ctDNA while healthy human cfDNA
is mostly derived from blood cells.
The similar and specific alterations found in DNA
from both the tumor tissue and cfDNA proved the
tumoral origin of the cfDNA in cancer patients. These
tumor-specific changes of cfDNA included changes
in molecular size, oncogene and tumor suppressor
gene mutations, microsatellite alterations and hypermethylation of several genes. The detection of these
characteristic alterations in the background of “normal”
cfDNA molecules in principle offers a higher diagnostic
specificity in comparison with only quantitative
measurements of total cfDNA alone. Qualitative and
quantitative analysis of circulating cfDNA is an emerging
non-invasive blood biomarker utilized to assess tumor
progression and to evaluate prognosis, diagnosis and
response to treatment. However, detection methods
with high analytical sensitivity are an essential pre
condition for detecting these specific alterations
because the proportion of cfDNA in tumor-specific
[41]
alterations could be very small and varied .

ctDNA/cfDNA and GC

Recent literature has shown that there is a certain
concentration of cfDNA in the plasma of healthy
persons, mostly released during blood cells apoptosis.
Nevertheless, it has also been reported that in patients
with advanced cancer, the cfDNA released during the
necrosis or apoptosis of the tumor cells and tumor
adjacent tissues can cause a significant increase in
[42]
the plasma cfDNA level . In a study conducted by
[43]
Diehl et al , it was found that per 100g tumor of
colorectal cancer, 3.3% of the tumor DNA was shed
into the circulatory system on a daily basis. Therefore,
the determination of cfDNA in the peripheral blood
of cancer patients can be used as a potential tumor
marker.
[44]
[45]
[46]
Huang et al , Frattini et al
and Sozzi et al ,
respectively, monitored the cfDNA levels in breast,
colon and lung cancers: their results showed that the
level of cfDNA significantly decreased after surgery and
therefore, a decrease in the cfDNA level after surgery
would imply positive outcome of the surgery and
postoperative treatment while an increase in the cfDNA
level would indicate poor outcome or signs of disease
progression such as metastasis. Therefore, cfDNA
may be used as an efficient marker in the monitoring,
prediction and evaluation of tumor therapy. However,
the value of cfDNA in the early diagnosis of cancer
seems to be limited and the main reason is the lack of
highly sensitive, reliable and specific methods of cfDNA
extraction and quantitation.

ctDNA and circulating cell-free DNA

Circulating cell-free DNA (cfDNA) is defined as
extracellular DNA occurring in blood. cfDNA can be
detected in the plasma or serum samples of not only
patients suffering from cancer or other destructive
diseases but also in healthy individuals. The tumor
cells in the CTC and metastatic legions release
circulating ctDNA in the peripheral blood after necrosis
and apoptosis. In tumor patients, the ctDNA forms
only part of cfDNA, other non-tumor cells also release
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At present, there have been some small sample
studies on the status of cfDNA on the different
[47]
outcomes of GC: Kim et al
studied the plasma
cfDNA levels of 30 GC patients and 34 healthy
controls, where the GC patients samples were re
trieved before surgery and 24 h after surgery; the
results showed that the average levels of cfDNA in the
healthy control group, patients with early GC, and with
advanced GC were 79.78 ± 8.12 ng/mL, 106.88 ±
12.40 ng/mL, and 120.23 ± 10.08 ng/mL, respectively
while the levels of cfDNA in the 24-h-after-surgery
group decreased significantly compared to the levels
of cfDNA in the preoperation group. In another study,
[48]
Park et al
found that in their 54 GC patients and
59 age-matched healthy controls, the mean levels
of plasma cfDNA were 2.4-fold higher in the patient
group compared with the control group, indicating
that plasma cfDNA levels may be useful for predicting
patients with GC.
ctDNA, as an emerging candidate biomarker for
malignancies, has also been thoroughly tackled over
[49]
the last few years. Hawakawa et al
investigated
the possible application of ctDNA in the monitoring
of disease status of GC by performing targeted deep
sequencing of plasma cell-free DNA by massively
parallel sequencing in patients with tumors harboring
TP53 mutations and they found out that 3/10 patients
with TP53 mutations in primary tumors showed
detectable TP53 mutation levels in preoperative
cfDNA to conclude that ctDNA could serve as a useful
biomarker to monitor GC progression and residual
disease.
Hence, in light of the research results, it is clear
that changes in the levels of cfDNA/ctDNA can prove to
be reliable biomarkers in the detection of early stages
of GC and as a valuable tool for monitoring, estimating
and evaluation curative resection, therapeutic effect of
preoperative and postoperative treatment and disease
prognosis.

On the other hand, p15, as a CDKIs inhibitor, is also
a tumor suppressor gene. The deletion or mutation
of p15 is rare in GC, but the methylation of CpG
region promotes the abnormal transcription of mRNA,
leading to the inactivation of p15, causing GC. A study
[52]
conducted by Leung et al
showed that methylation
of the p15 promoter was present in the tumor tissues
of 68% of GC patients and in the plasma of 81%
of GC patients. In the plasma of the GC patients,
the detection rate of abnormal methylation of O6methylguanine DNA methyltransferase (MGMT), p15
and mismatch repair gene 1 was 59%, 40% and 41%,
respectively, while in the plasma of healthy controls,
the detection rate of the abnormal methylation of the
corresponding genes was only 34%, 13% and 8%.
[53]
[54]
Kolesnikova et al
and Tani et al
used the
methylation specific polymerase chain reaction (MSP)
method to detect the methylation status of MGMT,
p15, and Hm-LH1 with a normal control of 22 healthy
volunteers: the results showed that the detection
rate of MGMT, p15 and Hm-LH1 methylation in the
plasma of 20 GC patients was 50%, 70% and 25%,
respectively, while the methylation detection rate in GC
patients with stages Ⅲ, Ⅳ and distant metastasis GC
was 90%, 90% and 60%, respectively. No abnormal
corresponding methylation was detected in the healthy
controls.
[55,56]
Leung et al
used methylation-specific PCR to
investigate the methylation status of p15 and p16 in
GC cell lines and tumor tissues of 26 GC cases: p15
methylation disorder was detected in 4 of the GC cell
lines, p16 methylation disorder was detected in 3
of the cell lines while in the 26 GC cases, there was
a prevalence of 73.1% for p15 hyper-methylation
and 64.5% for pl6 hyper-methylation. This result
implicated that the inactivation of the multiple tumor
suppressor gene p15 and p16 genes was associated
with the occurrence of GC.
The down-regulation of mRNA expression is caused
by DNA methylation disorder. It is considered that
DNA methylation plays a role in the inactivation of
[57]
p16 gene. Shim et al
used MSP to investigate the
level of p16 in GC; they found out that 42% of the GC
patients had hyper-methylation and among the 22
positive cases, 19 cases had complete p16 immunoactivity deactivation while only 2 cases tested negative
for methylation. The correlation of the immune activity
and hyper-methylation of p16 shows that methylation
is an important mechanism for the deactivation of
[58]
p16 in GC. Song et al
carried out an analysis of
9 GC cell lines and found out that the inactivation
of p16 expression was accompanied by the hypermethylation of the promoter: in 28 of the GC patients,
6 cases presented with the absence of p16 expression
while in hyper-methylation of the promoter region
was noted in 5 cases. In vitro studies suggest that
22% of GC patients did not express the p16 protein
due to the methylation of the p16 while there was

cfDNA methylation and GC

The methylation of the tumor suppressor gene promoter
is an important mechanism for the inactivation of the
tumor suppressor gene and this mechanism plays a
very important role in the occurrence and progression
of a variety of tumors. The abnormal gene methylation
has already been detected in the plasma of head and
neck, nasopharyngeal, breast, esophageal, gastric
and colorectal cancer patients. P14 belongs to INK4a/
ARP of the tumor suppressor gene and during the
[41,50]
investigation of the GC cell line
, 5 out of 7 cell
lines were found to lack the corresponding gene mRNA
and further analysis discovered that the methylation
of the gene promoter was an important regulation
mechanism for the silencing of the p14 gene in GC.
Analysis of GC specimens found that the rate of
methylation of the p14 promoter in invasive GC was
[51]
45.5% .
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Table 1 Novel biomarkers in the breakthrough of gastric cancer diagnosis
Biomarkers/
proteomics
techniques

Methods and Investigation

Ref.

Spectral peaks for the peptides with (m/z) values of 1741 and 4210 were the most significantly different between
Li et al[19]
precancerous lesions, GC patients and healthy controls and the sensitivity and specificity of this diagnostic model
was found to be clinically significant
SELDI
Compared to conventional biomarkers CEA, in a micro-particle enzyme immunoassay, 5 distinct protein peaks at
Lu et al[20]
2046, 3179, 1817, 1725 and 1929 m/z were automatically chosen as components of the best biomarker pattern for
diagnosis of GC, with a single protein peak at 4665 m/z, which could distinguish between stage Ⅰ/Ⅱ and stage Ⅲ/Ⅳ
gastric cancer with high specificity and sensitivity
CTCs
Clinical researches have already proven than the CTC count can effectively predict prognosis, progression free
Dawson et al[27]
survival (PFS) and overall survival (OS) for breast, prostate and colorectal cancers with good specificity and high
repetition rate
piR-651 and
piR-651 and piR-823 are significantly lower in the peripheral blood of gastric cancer patients when compared to
Cui et al[29]
piR-823
normal control
miR-421
miR-421 level in CTC obtained from peripheral blood of GC patients was significantly higher than that of their control
Zhou et al[30]
group and the transfection of miR-421 inhibitors could significantly inhibit tumor growth in vivo
miR-375 and miRNA expression profile in gastric cancer patients indicated that the combination of miR-375 and miR-142-5p could
Zhang et al[31]
miR-142-5p
predict recurrence risk for gastric cancer patients
Survivin
Survivin mRNA is an independent prediction factor for disease free survival, whereby a high Survivin mRNA
Cao et al[34]
mRNA
expression after radical tumor resection was an indicator of tumor recurrence
B7-H3
Quantitative RT-PCR confirmed that B7-H3 mRNA was expressed in all 4 GC cell lines and that the 5-yr survival rate
Arigami et al[35]
mRNA
of GC patients with high B7-H3 expression was significantly lower than the ones with low expression
miR-21, miRmiR-21, miR-106a and miR-17 expression patterns showed that the microRNA levels in the GC patients were
Zheng et al[36]
106a and
significantly higher than the control group and the level of microRNA was related to the TNM staging, tumor size
miR-17
and histological classification[38]
MAGE
MAGE-1 and MAGE-3 mRNA is expressed in tumor cells and peripheral blood of GC patients while they are not
Wang et al[39]
mRNA
expressed in the healthy controls; suggesting that MAGE could be a specific tumor marker in the detection of CTCs
cfDNA
cfDNA significantly decreased after surgery and therefore, a decrease in the cfDNA level after surgery would imply
Huang et al[44],
positive outcome of the surgery and postoperative treatment while an increase in the cfDNA level would indicate
Frattini et al[45],
poor outcome or signs of disease progression such as metastasis
Sozzi et al[46]
cfDNA
As compared to GC patients and advanced GC patients, the level of cfDNA in normal subjects was lower; whereby
Kim et al[47]
the level of cfDNA in the 24-h-after-surgery group decreased significantly compared to the pre-operation group
cfDNA
The mean level of plasma cfDNA in GC was 2.4-fold higher in the patient group compared with the control group,
Park et al[48]
indicating that plasma cfDNA levels may be useful for predicting patients with gastric cancer
TP53
Targeted deep sequencing of plasma cell-free DNA by massively parallel sequencing was performed in patients with Hawakawa et al[49]
mutations
tumors harboring TP53 mutations and found detectable TP53 mutation levels in preoperative cfDNA to conclude that
ctDNA could serve as a useful biomarker to monitor gastric cancer progression and residual disease
p14 promoter
Analysis of GC specimen found that the rate of methylation of the p14 promoter in invasive GC was 45.5%
Leung et al[52]
methylation
p15 promoter Methylation of the p15 promoter was present in GC patients whereby there was a higher detection rate of abnormal
Leung et al[52]
methylation
methylation of MGMT, p15 and mismatch repair gene as compared to healthy controls
MGMT, p15,
The methylation specific polymerase chain reaction (MSP) method was used to detect the methylation status of
Kolesnikova et al[53]
and Hm-LH1 MGMT, p15, and Hm-LH1 and found that there was a high detection rate of MGMT, p15 and Hm-LH1 methylation
Tani et al[54]
Methylation in the plasma of GC, with an even higher methylation detection rate in stages Ⅲ, Ⅳ and distant metastasis GC while
there was no abnormal corresponding methylation in the healthy controls
p15 and p16
methylation-specific PCR was used to investigate the methylation status of p15 and p16 in GC cell lines and tumor
Leung et al[55,56]
Methylation
tissues and the findings implicated that the inactivation of the multiple tumor suppressor gene p15 and p16 genes
was associated with the occurrence of GC
p16 hyperMSP was used to investigate the level of p16 in GC and they found out that the correlation of the immune-activity
Shim et al[57]
methylation
and hyper-methylation of p16 shows that methylation is an important mechanism for the deactivation of p16 in GC
Song et al[58]
and that the inactivation of p16 expression was accompanied by the hyper-methylation of the promoter
Runt related
The pre-operative and post-operative Runt related transcription factor 3 (Runx3) gene methylation level and the
Sakakura et al[63]
transcription results showed that the Runx3 methylation index was related to the tumor grade, tissue type, lymphatic invasion and
factor 3
metastasis and its sensitivity was higher than CEA. On the other hand, the Runx3 methylation level in post-operative
(Runx3) gene
serum significantly
methylation
MALDITOF-MS

MALDI-TOF-MS: Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; SELDI: Surface-enhanced Laser Desorption Ionization;
CTCs: Circulating tumor cells; cfDNA: Cell free DNA; ctDNA: Cell tumor DNA; MGMT: O6-methylguanine DNA methyltransferase; GC: Gastric cancer.
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no methylation of the promoter of the latter gene in
gastritis patients. 48% of GC and 59% of precancerous
tissues presented with the p16 promoter methylation
phenomenon, which indicated that the methylation
of the promoter of this gene starts in the early stages
of GC and its frequency was relatively high, further
classifying it as a potential biomarker for the prediction
[59-62]
of GC
.
[63]
Sakakura et al
investigated the pre-operative
and post-operative Runt related transcription factor 3
(Runx3) gene methylation level in 65 GC cases and
found out that Runx3 methylation was detected in
the pre-operative serum of 29% (19/65) GC patients
and that the Runx3 methylation index was related to
the tumor grade, tissue type, lymphatic invasion and
metastasis and its sensitivity was higher than CEA. On
the other hand, the Runx3 methylation level in postoperative serum significantly. Therefore, it can be seen
that the detection of abnormal methylation of DNA can
also be used as a tumor marker for cfDNA.
Other research work pertaining to the APC gene
[64]
in GC
revealed no APC genes mutations while
using MSP to analyze GC sample and GC cell lines
showed that 82.5% of primary GC, GC adjacent
mucosa of 97.5% of the patients and 10 GC cell lines
had high APC 1A promoter methylation while the 1B
[65-69]
promoter had not undergone methylation
. Due
to methylation, in 10 GC cell lines, the 1A exon did
not express APC while the IB exon expressed APC,
suggesting that the 1A APC promoter methylation
could be used as a biomarker for early stage GC.

expression, which is independent of the cause (genetic
or epigenetic) of any altered pattern. However, there
are some limitations to that approach, such as the
availability of studies in only a few populations and the
cost of the analysis, which remains very high.
There has been a lot of progress over the years
in the mechanisms behind the correlation between
methylation and GC, but so far there has been no
concrete clinical use of GC gene methylation in the
early diagnosis and intervention of GC. Currently
methylation of circulating DNA is detected in whole
blood, but a higher positive rate could be achieved
with the enrichment and separation of CTC. While
investigating possible biomarkers, various molecular
features of GC have been unfolded, giving researchers
more ground for research since the characteristics and
molecular background of GC have been so vague and
indistinctive.
Nevertheless, the detection and analysis of CTC and
circulating GC cell DNA (ctDNA) and its methylation,
have shown great promise for the early detection,
evaluation of treatment efficacy and outcome in GC.
The molecular changes in CTC and ctDNA could be the
possible molecular targets as not only more sensitive
and specific GC blood indicators, but also as targets
for individualized treatment, hence opening up a new
field for clinical application in oncology as Table 1.
Hence, new and reliable proteomics techniques are
encouraged in order to identify novel and unbiased
serum biomarkers which not only would give us more
perspective on the nature of GC, but would give us a
better interface while dealing with GC patients.
With the development of technology, a large
number of modern techniques of research can be
applied in the serological diagnosis of tumor. Yet, the
main important features to the serological diagnosis
model should not only be high sensitivity and
specificity, but also high maneuverability, reliability
and repeatability. In order to investigate the feasibility
of the new diagnostic technologies in the clinical
diagnosis of tumors or GC, more clinical data needs to
be processed to design a reasonable and repeatable
validation model.

CONCLUSION
The tremendous advances in technology have allowed
the development of several methods to understand
the mechanisms underlying gastric carcinogenesis,
resulting in the identification of a large number of
molecular targets such as CTC, ctDNA, serum markers
that can be used as biomarkers with diagnostic and
prognostic potential. Several of these (especially HER-2
amplification, miR-19a/b, miR-160a and p16 hypermethylation) can also be used for the early indication
of carcinogenic activity, prediction of therapeutic
response or prognosis. However, most of the bio
markers being unraveled over time tend to show very
low sensitivity when tested on a large population.
Furthermore, many of these biomarkers, especially
genetic markers such as miRNA, ctDNA and so on,
have been tested in very restricted parameters since
GC, as with other types of tumor, is highly influenced
by ethnic and environmental factors, therefore making
it even harder to find specific and unbiased markers
for the disease. Therefore, the simplest approach at
present is to validate the discovered markers in the
target population and to use several biomarkers for
each patient. The use of proteomic approach is very
pragmatic whereby more emphasis is laid on protein
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Gastric cancer is a leading cause of cancer-related
deaths. However, the mechanisms underlying gastric
carcinogenesis remain largely unclear. The association
of non-coding RNAs (ncRNAs) with cancer has been
widely studied during the past decade. In general,
ncRNAs have been classified as small ncRNAs, including
microRNAs (miRNAs), and long non-coding RNAs
(lncRNAs). Emerging evidence shows that miRNAs
and lncRNAs play key roles in the formation and pro
gression of many cancers. In this review, we focus
on the regulation of miRNAs and lncRNAs in gastric
cancer. miRNAs and lncRNAs appear to be involved in
gastric tumor growth, invasion, and metastasis and in
establishment of the gastric tumor microenvironment
through various mechanisms. Furthermore, we also
discuss the possibilities of establishing miRNAs and
lncRNAs as potential biomarkers and therapeutic targets
for gastric cancer. Taken together, we summarize
the emerging roles of ncRNAs in gastric cancer deve
lopment and their possible clinical significance.
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MIRNAS AND GASTRIC CANCER

Core tip: Non-coding RNAs (ncRNAs) are recognized
as an important player in multiple physiological and
pathological processes through diverse mechanisms.
This review summarizes the current knowledge on
dysregulation of microRNAs (miRNAs) and long noncoding RNAs (lncRNAs) in gastric tumor growth,
invasion and metastasis. Moreover, the possibilities
of targeting miRNAs and lncRNAs in gastric cancer
diagnosis, prognosis and treatment are also discussed.

miRNAs are 20-22 nt members of the ncRNA family
that regulate genes by triggering mRNA degradation
or by translational repression via perfect or imperfect
base matching between miRNAs and their target
mRNAs (Figure 1). Each miRNA has been shown to
target up to 200 mRNAs and therefore they influence
many cellular processes, such as cell proliferation,
[13]
apoptosis, migration, invasion and metabolism .
Many studies have demonstrated that dysregulation of
miRNAs is associated with the pathogeneses of various
cancers, including gastric cancer, through promoting
tumor growth, invasion and metastasis (Supplemental
Table 1).

Xie SS, Jin J, Xu X, Zhuo W, Zhou TH. Emerging roles of
non-coding RNAs in gastric cancer: Pathogenesis and clinical
implications. World J Gastroenterol 2016; 22(3): 1213-1223
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i3/1213.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1213

miRNAs promote tumor growth

In 2011, Hanahan and Weinberg summarized the
[14]
hallmarks of cancer . Some hallmarks, including
sustaining proliferative signaling, evasion of growth
suppressors, resistance of cell death, and enabling
replicative immortality, appear to promote tumor
[13]
growth . In gastric cancer, the activity of numerous
miRNAs has been shown to enhance tumor growth
through stimulation of these hallmark processes.
The first studies on the role of miRNAs in gastric
cancer were on Let-7a, which is downregulated in
gastric cancer tissues. Let-7a directly targets RAB40C,
which is a member of the small GTPase RAS family,
and downregulation of Let-7a results in the suppression
of cell proliferation in vitro and tumor growth in vivo
[15,16]
through regulation of RAB40C
. Our group and others
found that expression of another miRNA, miR-375, is
[17-19]
frequently decreased in gastric cancer tissues
.
miR-375 plays a crucial role in gastric cancer growth
by inhibiting Janus kinase (JAK)2; a key molecule in
[17]
the cytokine signaling pathway . JAK2 levels are
inversely correlated with the levels of miR-375 in
gastric cancer tissues. Data from Moriyama’s group also
indicate that ectopic expression of miR-375 results
in the suppression of cell viability via the caspasemediated apoptosis pathway by directly targeting
phosphoinositide-dependent kinase 1 and 14-3-3ζ
[18]
in gastric cancer cells . In addition, other groups
showed that receptor tyrosine kinase ERBB2 is also
[19]
targeted by miR-375 in gastric cancer . Thus, these
data suggest that miR-375 is involved in gastric
carcinogenesis by sustaining proliferative signaling.
Recently, we and another group discovered that
miR-215 is upregulated in gastric cancer tissues and
induces cell proliferation by binding tumor suppressor
[20,21]
gene retinoblastoma 1; a key cell cycle regulator
.
Expression of another miRNA, miR-106a, is also
elevated in gastric cancer tissues. miR-106a sign
ificantly enhances gastric cancer cell proliferation
and prevents apoptosis through interference with
[22,23]
the FAS-mediated apoptotic pathway
. Finally, it

INTRODUCTION
Gastric cancer is one of the leading causes of cancerrelated deaths worldwide, with an estimated 951600
[1]
new cases and 723100 deaths in 2012 . The deve
lopment of medical and surgical therapy has improved
the survival rate of gastric cancer patients. However,
survival remains unsatisfactory with < 25% overall
[2]
5-year survival rates . The high mortality of gastric
cancer is mainly attributed to delayed diagnosis due to
the lack of appropriate biomarkers and specific early
symptoms. Therefore, it is important to elucidate the
mechanisms of gastric carcinogenesis and explore new
biomarkers and therapeutic targets for gastric cancer.
The human genome sequencing project revealed
that < 2% of the human genome expresses protein[3,4]
coding RNAs . However, several studies have shown
that ≥ 90% of the genome is actively transcribed to
[5,6]
a diversity of RNAs . These RNAs without proteincoding capacity are defined as non-coding RNAs
(ncRNAs). Generally, ncRNAs are classified as long
ncRNAs (lncRNAs) (> 200 nt) and small ncRNAs (≤
200 nt). Recent studies showed there are many types
of small ncRNAs, including microRNAs (miRNAs), small
interfering RNAs, piwi-interacting RNAs, small nuclear
[7]
RNAs and small nucleolar RNAs .
ncRNAs contribute to many biological processes,
such as cell proliferation, migration, signaling,
development and differentiation. Therefore, they are
implicated in the pathogenesis of various diseases,
[8,9]
including cancers . Increasing data demonstrate
that dysregulation of miRNAs and lncRNAs is involved
in the development of many human cancers, such as
[10-12]
breast, colorectal, lung, liver and gastric cancer
.
Here, we outline our current understanding of the role
of miRNAs and lncRNAs in gastric carcinogenesis and
highlight their potential clinical value.
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Figure 1 miRNAs biogenesis. Primary miRNA) (pri-miRNA) is transcribed by RNA polymerase II from miRNA genes. The long pri-miRNA is processed by the RNase
III proteins Drosha and Pasha/DGCR8 into precursor miRNA (pre-miRNA) in the nucleus. The cleaved pre-miRNA is then exported to the cytoplasm by Exportin 5
and cleaved into about 18-22 nt miRNA duplex by the RNase III Dicer. Only one strand of the miRNA duplex becomes mature and incorporates into the RNA-induced
silencing complex (RISC), whereas the other strand is degraded. miRNA regulates gene expression by forming base pairs mainly with the 3’-untranslated region of
its target mRNAs. The imperfect and perfect base matching between miRNA and its target mRNAs leads to inhibition of mRNA translation and induction of mRNA
degradation, respectively.

has been shown that miR-1182 is downregulated in
[24]
gastric cancer tissues . miR-1182 targets telomerase
reverse transcriptase (hTERT). Telomeres are able to
promote replicative immortality, which is controlled
by hTERT. In turn, overexpression of hTERT facilitates
cell immortality, which increases cell proliferation.
Taken together, these studies indicate that, in gastric
cancer, aberrant expression of miRNAs results in the
promotion of tumor growth through evasion of growth
suppressors, resistance of cell death and enabling of
replicative immortality.

ectopic expression of miR-148a suppresses gastric
cancer cell migration and invasion in vitro and lung
metastasis in vivo by targeting ROCK1 (rho-associated,
[28]
coiled-coil-containing protein kinase 1) . miR-148a
represses the expression of DNA methyltransferase
(DNMT)1, whereas ectopic expression of DNMT1 results
in the silencing of miR-148a through hypermethylation
[29,30]
of its promoter region
. These results suggest
the existence of a miR-148a/DNMT1 circuit in gastric
cancer. In addition, matrix metalloproteinase (MMP)7
and p27, which may contribute to gastric cancer
[32,33]
invasion, are also targeted by miR-148a
.
Some miRNAs stimulate the development of
gastric cancer through multiple pathways. Our group
previously demonstrated that miR-375 is not only
involved in tumor growth, but also influences gastric
[34]
cancer invasion . Moreover, miR-375 expression is
negatively regulated by Snail, which binds directly
to the putative promoter of miR-375. Snail is a key
transcription factor for metastasis.

miRNAs enhance tumor invasion and metastasis

Recent studies indicated that miRNAs are involved
in activating tumor invasion and metastasis. These
studies showed that miR-21 expression is frequently
elevated in gastric cancer tissues compared with
[24-27]
corresponding non-cancerous gastric tissues
.
Furthermore, miRNA-21 is significantly associated with
tumor invasion and metastasis. miR-21 apparently
promotes gastric tumor invasion by targeting pho
[27]
sphatase and tensin homolog (PTEN) .
Several studies showed that miR-148a is down
regulated in gastric cancer tissues and that the
expression of miR-148a is significantly correlated
with TNM stages, lymph node metastasis, and poor
[28-31]
prognosis of gastric cancer patients
. Furthermore,
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miRNAs and the tumor microenvironment

The crosstalk between cancer cells and their neigh
boring stroma is required for invasive tumor growth,
metastasis, modulation of inflammation and angio
[14]
genesis . miRNAs have been shown to play important
roles in gastric carcinogenesis induced by Helicobacter
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Table 1 Dysregulation of lncRNAs in gastric cancer
lncRNAs
ABDH11-AS1
AC138128.1
AK058003
ANRIL
CARLo-5
CCAT1
CCAT2
GACAT3
GAPLINC
GHET1
H19
HIF1A-AS2
HOTAIR
HULC
linc00152
linc-UBC1
LSINCT5
MALAT1
MRUL
PVT1
SPRY4-IT1
TINCR
UCA1
LEIGC
FENDRR
AA174084
BM742401
FER1L4
GACAT1
GACAT2
GAS5
LET
MEG3
ncRuPAR

Expression

Biological processes

Targets

Ref.

Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down
Down

Unknown
Unknown
Promote migration and invasion
Promote proliferation and tumorigenesis
Promote proliferation
Promote proliferation and migration
Unknown
Unknown
Promote proliferation, invasion and tumorigenesis
Promote proliferation and tumorigenesis
Promote proliferation and suppress apoptosis; enhance metastasis
Unknown
Promote migration, invasion, EMT and metastasis
Promote proliferation, invasion and EMT; suppress apoptosis
Unknown
Promote proliferation and invasion
Promote proliferation
Promote proliferation
Promote MDR
Promote cell proliferation
Promote tumorigenesis
Regulate cell proliferation and apoptosis
Unknown
Inhibit migration and EMT
Suppress migration, invasion and metastasis
Unknown
Suppress migration, invasion and metastasis
Unknown
Unknown
Unknown
Inhibit proliferation and tumorigenesis
Unknown
Inhibit proliferation and promote apoptosis
Unknown

Unknown
Unknown
γ-Synuclein
miR-99a/miR-449a
Unknown
Unknown
Unknown
Unknown
CD44
c-myc
p53, miR-675/RUX1, CALN1
unknown
Snail, MMP1, MMP3, HER2, SUZ12
Unknown
Unknown
Unknown
Unknown
SF2/ASF
ABCB1
p15, p16
Unknown
KLF2
Unknown
Unknown
FN1
Unknown
Unknown
miR-106a-5p
Unknown
Unknown
E2F1, p21
Unknown
p53
PAR1

[41]
[42]
[3]
[44]
[45]
[46,47]
[48]
[49,50]
[51]
[52]
[53-55]
[56]
[57-62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77,78]
[79,80]
[50,81]
[82]
[83]
[54,85]
[86]

modification and remodeling, splicing modulation,
miRNA sponges and translation (Figure 3).
Research over the last 10 years has accumulated
evidence that lncRNAs are important regulators in cell
[40]
proliferation, apoptosis, migration and differentiation .
Similar to miRNAs, lncRNAs are associated with many
processes in gene regulation, therefore it may not
be surprising that dysregulation of lncRNAs results in
[41-86]
tumor growth, invasion and metastasis (Table 1)
.

pylori (H. pylori) infections. H. pylori infections are a
critical risk factor for gastric cancer development. It has
previously been shown that downregulation of miR-375
results in the activation of JAK2-signal transducer and
activator of transcription (STAT)3 signaling, which
promotes H. pylori-mediated inflammation. This in
[35]
turn facilitates gastric cancer progression . Another
miRNA, miR-874, is also downregulated in gastric
cancer tissues. Downregulation of miR-874 contributes
to tumor angiogenesis through the STAT3/vascular
[36,37]
endothelial growth factor-A pathway
. These results
indicate that miRNAs are versatile and involved in the
regulation of the tumor microenvironment.

lncRNAs involved in tumor growth

H19 is a paternally imprinted gene that is highly
expressed during embryogenesis but almost com
[87,88]
pletely downregulated shortly after birth
. Previous
studies have shown that H19 is upregulated in gastric
cancer and that it is significantly correlated with poor
[53-55]
prognosis of gastric cancer patients
. Furthermore,
H19 has been shown to promote gastric cancer cell
proliferation, invasion and metastasis through various
mechanisms, including processing into miR-675.
miR-675 has many targets, such as calneuron 1 and
tumor suppressor runt domain transcription factor
[54,55]
1
.
Accumulating evidence indicates that a number of
lncRNAs, including antisense ncRNA in the INK4 locus

LNCRNAS AND GASTRIC CANCER
The first lncRNA, H19, was reported by Brannan
[38]
and colleagues in 1990 . To date, the ENCODE
[5]
project has identified tens of thousands of lncRNAs .
According to their locations and characteristics,
lncRNAs can be grouped into five categories: sense,
antisense, bidirectional, intronic or intergenic (Figure
[39]
2) . Increasing data show that lncRNAs may regulate
gene expression through diverse mechanisms,
including gene activation and suppression, chromatin
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Exon of gene A
Exon of gene B
lncRNA
Bidirectional (<1000 bp)

Sense

Intergenic

Antisense

Intronic

Figure 2 Categories of lncRNAs. lncRNAs are usually classified into five categories: (1) sense; or (2) antisense, when overlapping one or more exons of another
transcript on the same, or opposite strand; (3) bidirectional, when the expression of lncRNA and a neighboring coding transcript on the opposite strand is initiated in
close genomic proximity; (4) intronic, when lncRNA is derived wholly from within an intron; and (5) intergenic, when lncRNA lies within the genomic interval between
two genes.

lncRNA

(1) Gene activation
lncRNA

(3) Promoter chromatin modification
lncRNA

microRNP
Transcription
factor

(12) miRNA sponges

Proteins

Proteins
lncRNA

lncRNA

Transcription
factor
lncRNA

(4) Mediate chromatin remodeling

(2) Gene suppression
mRNA

lncRNA
Nucleus

(6) Regulate translation
mRNA

(7) Degradation

(5) Splicing modulation

lncRNA
(8) Alter protein localization
lncRNA
(11) Generate small RNA precursors

(9) Modulate protein activity

Proteins

(10) As structural components
of protein complex
Cytoplasm

Figure 3 Functions of lncRNAs. Individual lncRNA transcription occurs at a specific time and place to integrate developmental cues, interpret cellular context, or
respond to diverse stimuli. A number of lncRNAs bind to and titrate away transcription factors to activate or suppress gene expression (1, 2); some lncRNAs guide
site-specific recruitment of chromatin-modifying complexes to genomic sites to induce epigenetic changes and regulate gene expression (3); several lncRNAs
serve as scaffolds for chromatin-modifying complexes (4); some lncRNAs specifically interact with complementary mRNAs that modulate various processes of
post-transcription, such as splicing, translation and degradation (5-7). A number of lncRNAs are able to alter protein localization, regulate protein activity, or act as
components of protein complex (8-10). Some lncRNAs appear to generate small RNA precursors or function as miRNA sponges (11, 12).
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(ANRIL), gastric carcinoma high expressed transcript 1
(GHET1), metastasis associated lung adenocarcinoma
transcript 1 (MALAT1), PVT1 oncogene (PVT1) and
SPRY4 intronic transcript 1 (SPRY4-IT1), are sign
ificantly upregulated in gastric cancer tissues com
pared with paired non-cancerous tissues, and they
are therefore associated with the prognosis of gastric
[44,52,67,69,70]
cancer patients
. ANRIL enhances gastric
cancer cell proliferation by silencing miR-99a/miR[44]
449a via binding to polycomb repressive complex 2 .
Ectopic expression of ANRIL increases the expression
of transcription factor E2F1 through repression of
miR-449a. Simultaneously, E2F1 promotes ANRIL
expression, thus forming a positive feedback loop.
GHET1 has been demonstrated to increase the stability
of c-myc mRNA by enhancing the physical interaction
between c-myc mRNA and insulin-like growth factor 2
mRNA binding protein 1. Stabilization of c-myc mRNA
[52]
was shown to promote gastric cancer cell growth .
MALAT1, a lncRNA associated with metastasis of many
cancers, facilitates gastric cancer cell proliferation
by recruiting SF2/ASF (serine/arginine-rich splicing
[67]
factor 1) . PVT1 represses the expression of tumor
suppressor genes p15 and p16, which promotes
gastric cancer cell proliferation via binding to the zeste
[69]
homolog 2 enhancer . Finally, SPRY4-IT1 has been
found to increase the proliferation, colony formation,
and invasion of gastric cancer cells, partially by
increasing the expression of MMP-related genes and
[70]
cyclin D .
Other lncRNAs, such as growth arrest-specific
transcript (GAS)5 and maternally expressed gene
(MEG)3, are frequently downregulated in gastric can
cer tissues. They are correlated with poor prognosis
[82,84,85]
of gastric cancer patients
. Ectopic expression of
GAS5 decreases gastric cancer cell proliferation and
induces apoptosis, partially via regulating E2F1 and
[82]
p21 expression . Expression of MEG3 is regulated by
miR-148a via DNMT1, which inhibits gastric cancer cell
[84,85]
proliferation
.

FENDRR expression is significantly correlated with
metastasis, TNM stages and poor prognosis of gastric
[74]
cancer patients .

CLINICAL IMPLICATIONS OF NCRNAS IN
GASTRIC CANCER
The high mortality of gastric cancer is mainly attributed
to failure of early detection and the lack of an effective
therapy. Early gastric cancer is either asymptomatic
or presented with non-specific symptoms. Also,
endoscopic screening is not a common practice in
[90]
less-developed countries . The current diagnostic
biomarkers, including the serological markers car
bohydrate antigen (CA)19-9 and carcinoembryonic
antigen (CEA), have a low specificity and sensitivity for
gastric cancer diagnosis. Thus, there is an urgent need
for the discovery of new biomarkers for non-invasive
early detection.

ncRNAs and gastric cancer diagnosis

Emerging data indicate that gastric cancer patients
have different ncRNA serum profiles compared with
[91-94]
the healthy controls
. These profiles appear to
be specific in cancer patients and show a higher
sensitivity than conventional tumor biomarkers such
as CEA and CA19-9. A signature of five specific
serum miRNAs (miR-1, miR-20a, miR-27a, miR-34
and miR-423-5p) was able to detect gastric cancer
with a sensitivity of 80% and a specificity of 81%.
Furthermore, a profile of the three serum lncRNAs
CUDR (cancer up-regulated drug resistant), LSINCT-5
(long stress-induced non-coding transcript 5) and
PTENP1 (phosphatase and tensin homolog pseudogene
1) showed a better diagnostic accuracy [area under the
curve (AUC): 0.92, 95%CI: 0.807-0.974] compared
with CEA (AUC: 0.574, 95%CI: 0.432-0.708) and
[94]
CA19-9 (AUC: 0.580, 95%CI: 0.438-0.713) .
These data indicate that ncRNAs may be promising
new targets for the development of gastric cancer
diagnostic tools.

lncRNAs regulate invasion and metastasis

Several studies have shown that lncRNAs are involved
in the regulation of tumor invasion and metastasis.
The lncRNA Hox transcript antisense intergenic RNA
(HOTAIR) is elevated in human cancers, including
gastric cancer, and enhances tumor invasion and
[57-62,89]
metastasis
. Knockdown of HOTAIR reverses
the epithelial-mesenchymal transition (EMT) process
and inhibits invasion by suppressing the expression of
[57]
MMP1 and MMP3 . Furthermore, HOTAIR functions
as a competing endogenous RNA and effectively
represses HER2 expression through competition for
[59]
miR-331-3p binding in gastric cancer .
Another lncRNA, fetal-lethal noncoding deve
lopmental regulatory RNA (FENDRR), is downregulated
in gastric cancer tissues. FENDRR inhibits gastric
cancer cell migration and invasion via repressing the
expression of fibronectin 1 and MMP2/MMP9. Reduced
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ncRNAs and gastric cancer prognosis

The expression levels of ncRNAs have been sign
ificantly associated with gastric cancer clinical features
such as tumor size, invasion and metastasis. For
instance, elevated expression of miRNAs such as miR27a, miR-335, miR-196a and miR-142-5p is associated
with a high frequency of recurrence and poor survival
[95-98]
of gastric cancer patients
. Similarly, expression
levels of the lncRNAs H19, ANRIL, GHET1, HOTAIR,
GAS5, LET, GAPLINC and FENDRR are significantly
correlated with the 5-year survival rate of gastric
[54,44,52,58,82,83,51,74]
cancer patients
. Therefore, ncRNAs
may be good indicators in gastric cancer prognosis.

ncRNAs and gastric cancer treatment

Several studies have reported that ncRNAs could affect
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Figure 4 miRNAs and lncRNAs regulate the hallmarks of gastric cancer[21,23,24,28,34,37,45,58,71,101-108].

the resistance of gastric cancer to chemotherapy.
For instance, inhibition of miR-21 and miR-223
markedly suppresses gastric cancer cell proliferation
[99,100]
by increasing cisplatin sensitivity
. Furthermore,
knockdown of multidrug-resistance-related and
upregulated lncRNA increases chemosensitivity of
multidrug-resistant gastric cancer cell sublines by
facilitating the expression of ABCB1 (ATP-binding
[68]
cassette, subfamily B, member 1) . Therefore,
ncRNAs may be valuable new targets to include in
future gastric cancer treatments.

miRNAs and lncRNAs are involved in the regulation
of these hallmarks (Figure 4). Aberrant expression
of some ncRNAs, including miR-375, ANRIL, miR106a, miR-1182 and miR-374a, results in gastric
cancer growth by promoting hallmark processes
such as sustaining proliferative signaling, evasion of
growth suppressors, resistance of cell death, enabling
replicative immortality and deregulation of cellular
energetics. Other ncRNAs, such as miR-328, miR-874
and let-7b, are involved in the interaction between
gastric cancer cells and their neighboring stroma and
activate invasion and metastasis by facilitating tumorpromoting inflammation, inducing angiogenesis and
avoiding immune destruction. Furthermore, genome
instability and mutations appear to drive or exacerbate
these hallmarks in gastric cancer.
Even though aberrant expression of a number of
ncRNAs has been described to stimulate gastric cancer,
the underlying molecular mechanisms on the function
of these ncRNAs in gastric carcinogenesis are not well
understood. Most of the current studies on ncRNAs
in gastric cancer focus on their expression profiles.
The role of mutations in ncRNAs involved in gastric
carcinogenesis should be determined in future studies.
New technologies, such as next-generation DNA
sequencing and CRISPR-Cas9 genome editing, will

CONCLUSION AND FUTURE
PERSPECTIVES
In the last decade, increasing numbers of ncRNAs,
including miRNAs and lncRNAs, have been docu
mented to affect gastric cancer. These ncRNAs
are aberrantly expressed in gastric cancer tissues,
play critical roles in the gastric carcinogenesis,
and have potential applications in the diagnosis,
prognosis or treatment of gastric cancer. Since tumor
progression is a complex and multistep process,
several hallmarks have been described that enable
normal cells to become tumorigenic and malignant
[14]
during tumor pathogenesis . A large number of
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further help us to find and characterize the exact role
of ncRNAs in gastric cancer.
Clinical applications for ncRNAs in gastric cancer
are also in their infancy. Although some ncRNAs may
show potential as therapeutic targets, many obstacles,
including stability, reliable delivery systems and offtarget effects, have to be overcome before clinical
trials could commence.
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Group Ⅱ p21-activated kinases as therapeutic targets in
gastrointestinal cancer
Yang-Guang Shao, Ke Ning, Feng Li

Abstract

Yang-Guang Shao, Ke Ning, Feng Li, Department of Cell
Biology, Key Laboratory of Cell Biology, Ministry of Public
Health and Key Laboratory of Medical Cell Biology, Ministry
of Education, China Medical University, Shenyang 110122,
Liaoning Province, China

P21-activated kinases (PAKs) are central players in
various oncogenic signaling pathways. The six PAK
family members are classified into group Ⅰ (PAK1-3)
and group Ⅱ (PAK4-6). Focus is currently shifting
from group Ⅰ PAKs to group Ⅱ PAKs. Group Ⅱ PAKs
play important roles in many fundamental cellular
processes, some of which have particular significance in
the development and progression of cancer. Because of
their important functions, group Ⅱ PAKs have become
popular potential drug target candidates. However,
few group Ⅱ PAKs inhibitors have been reported, and
most do not exhibit satisfactory kinase selectivity and
“drug-like” properties. Isoform- and kinase-selective
PAK inhibitors remain to be developed. This review
describes the biological activities of group Ⅱ PAKs,
the importance of group Ⅱ PAKs in the development
and progression of gastrointestinal cancer, and smallmolecule inhibitors of group Ⅱ PAKs for the treatment
of cancer.
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Core tip: Group Ⅱ p21-activated kinases (PAKs) (PAK4,
5 and 6) are pluripotent kinases that regulate many
fundamental cellular processes, including cytoskeletal
organization, cell cycle regulation, cell survival and
cell adhesion, and have therefore been implicated in
carcinogenesis and cancer progression. Members of
the group Ⅱ PAKs, particularly PAK4, have emerged
as attractive targets for the development of anticancer
drugs. In this review, we summarize the latest findings
on the biological activities of group Ⅱ PAKs, the
important roles of group Ⅱ PAKs in gastrointestinal
cancer and the current status of the development of
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small-molecule inhibitors of PAK4 for the treatment of
cancer.

their interaction with other proteins. Similar to the AID
in group Ⅰ PAKs, group Ⅱ PAKs have an auto-inhibitory
pseudosubstrate domain within their N-terminal re
gions, that inhibits their kinase activity in the absence
[8,9]
of any GTPase (Figure 1) . Moreover, an N-terminal
domain that binds to PIX, an important downstream
effector, is found in group Ⅰ PAKs but not group Ⅱ
[10]
PAKs . Group Ⅰ and group Ⅱ PAKs have distinct
[11]
substrate specificities and each group is regulated in
[12]
a strikingly different manner .

Shao YG, Ning K, Li F. Group Ⅱ p21-activated kinases
as therapeutic targets in gastrointestinal cancer. World J
Gastroenterol 2016; 22(3): 1224-1235 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1224.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1224

CELLULAR ACTIVITIES OF GROUP Ⅱ
PAKS

INTRODUCTION
The characteristics of a cancer cell include loss of
homeostasis, altered cytoskeletal dynamics, sustained
cell proliferation, resistance to cell death, and
stimulation of metastasis and invasion. Substantial
evidence indicates roles for the p21-activated kinase
(PAK) family of serine/threonine kinases in each of
these processes. PAK1, the most well-characterized
member of this family, was initially identified as a
binding partner of the Rho family small GTPases Cdc42
[1]
and Rac1 . PAKs are widely conserved and are found
[2]
in yeast as well as Drosophila . In mammals, six PAK
[3]
family members have been identified . These proteins
are categorized into two subgroups on the basis of
their sequence, structural homology and response to
activated GTPases. Group Ⅰ includes PAK1, PAK2, and
PAK3, and group Ⅱ comprises PAK4, PAK5, and PAK6
(Figure 1). Group Ⅱ PAK members have emerged as
central nodes in oncogenic signaling pathways. Here,
we summarize recent ﬁndings regarding the biological
functions of group Ⅱ PAK signaling in gastrointestinal
cancers, including hepatocellular carcinoma (HCC),
pancreatic cancer, gastric cancer and colorectal car
cinoma (CRC).

A number of studies have implicated group Ⅱ PAKs in
cellular processes associated with tumorigenesis and
progression.

PAK4 and anchorage-independent growth

Anchorage-independent growth is an in vitro hallmark
of oncogenic transformation. The activated PAK4
mutants PAK4 (S445N) and PAK4 (S474E) promote
[13,14]
anchorage-independent growth in NIH3T3 cells
.
By contrast, the kinase-dead PAK4 mutant blocks
Ras-mediated transformation of NIH3T3 cells and
anchorage-independent growth of a human colon
cancer cell line, HCT116, driven by a K-Ras activating
[14]
mutation . Moreover, dominant-negative PAK4
mutants partially inhibit fibroblast focus formation
induced by oncogenic Dbl, a RhoGEF that mediates cell
[13]
transformation .

Group Ⅱ PAKs and cell cycle control

PAK4 also plays an important role in cell cycle control.
PAK4 is involved in the regulation of G1 phase and
G2/M transition during the cell cycle. In immortalized
fibroblasts, deletion of PAK4 markedly extends the
life time of p21, a CDK (cyclin-dependent kinase)
[15]
inhibitor , suggesting that PAK4 is important for
p21 degradation. Moreover, PAK4 silencing causes G1
phase arrest in pancreatic cancer cells by reducing the
expression of cyclins A1, D1 and E1 and enhancing
[16]
the expression of p27 and p21 . We recently
Kip2
demonstrated that PAK4 attenuates p57
protein
stability through the ubiquitin-proteasome pathway,
leading to increased proliferation of breast cancer
[17]
cells . PAK4 is also required for metaphase spindle
[18]
positioning and anchoring . By contrast, in primary
ﬁbroblasts, PAK4 promotes cell cycle arrest and
INK4
enhance the levels of the cell cycle inhibitors p16
and
ARF[19]
p19
. Thus, the roles of PAK4 in cell cycle control
may differ between primary cells and established
cell lines. PAK5 and PAK6 also function in cell cycle
regulation. PAK5 knockdown inhibits cell proliferation by
delaying the cell cycle at G0/G1 phase in human gastric
[20-22]
cancer, hepatocellular carcinoma and glioma cells
.
PAK6 silencing inhibits the cell growth of prostate
[23]
cancer and causes cell cycle arrest at G2/M phase .

STRUCTURE OF GROUP Ⅱ PAKS
All PAKs are characterized by an N-terminal p21-GTPasebinding domain (PBD) and a highly conserved C-terminal
kinase domain. Compared with group Ⅰ PAKs, group
Ⅱ PAKs have very little sequence N-terminal to the
PBD. In group Ⅰ PAKs, this proline-rich region contains
binding motifs for Nck, an adapter protein that is
[4]
associated with the regulation of actin dynamics .
Group Ⅰ PAKs also contain an autoinhibitory domain
(AID) that overlaps with the PBD. Group Ⅰ PAKs
can form homodimers, adopting a trans-inhibited
conformation in which the AID of one molecule binds
[5]
and inhibits the catalytic domain of the other . Binding
of an activated GTPase (Cdc42 or Rac) to the PBD
disrupts dimerization and activates group Ⅰ PAKs.
Group Ⅱ PAKs (except PAK5) do not possess an
identifiable AID and have higher basal kinase activities
than PAK1-3. Binding of GTP-Rac or GTP-Cdc42
to group Ⅱ PAKs does not promote their kinase
[6,7]
activities , but may regulate their localization and/or
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Figure 1 Structural features of the group Ⅰ and group Ⅱ p21-activated kinases family members. PAK: p21-activated kinase; PBD: p21-binding domain; AID:
Autoinhibitory domain.

Group Ⅱ PAKs and cell survival

binding of BAD to Bcl-2 and Bcl-X(L) and the release of
cytochrome c, which culminates in caspase activation
[30]
and apoptosis .

Increased levels of cell survival under different
apoptotic stimuli are often associated with oncogenesis.
PAK4 plays a key role in cell survival and protection
from apoptosis. PAK4 promotes cell survival and
prevents apoptosis via both kinase-dependent and
-independent mechanisms. In response to serum
starvation, PAK4 phosphorylates the pro-apoptotic
[24]
protein BAD at Ser112 and promotes cell survival .
Furthermore, in response to cytokines that activate
death domain-containing receptors, such as tumor
necrosis factor and Fas receptors, PAK4 abrogates the
activation of initiator caspase 8 by inhibiting caspase
8 recruitment to the death domain receptors, thereby
[25]
preventing apoptosis . In addition, knockdown of
PAK4 leads to a reduction of the activation of several
pro-survival pathways, including the NFκB, ERK and
[26]
JNK pathways . Like PAK4, PAK5 and PAK6 are also
associated with the protection of cells from apoptosis.
PAK5 induces resistance to apoptosis induced by
camptothecin and C2-ceramide by phosphorylating
[27]
BAD at Ser112 . PAK5 is constitutively localized to the
mitochondria, via its phosphorylation activity, PAK5 can
prevent BAD translocation to the mitochondria, thereby
[27]
inhibiting the apoptotic cascade . Overexpression
of PAK5 also inhibits camptothecin-induced apoptosis
by inhibiting the activity of caspase-8 in colorectal
[28]
cancer cells . PAK5 overexpression markedly inhibits
cisplatin-induced apoptosis by increasing the expression
[29]
of pre-caspase 3 in hepatocellular carcinoma cells .
Moreover, inhibition of PAK6 results in a decrease in
Ser112 phosphorylation of BAD, leading to enhanced

WJG|www.wjgnet.com

Group Ⅱ PAKs and cell migration and invasion

Migration and invasion are essential aspects of
the oncogenic process, and they are required for
metastasis. Based on its well characterized functions
in actin cytoskeletal organization, cell adhesion, and
[31]
integrin phosphorylation , PAK4 plays a central role
in cancer cell migration and invasion. Overexpression
of a constitutively active PAK4 mutant promotes
pancreatic ductal cell migration and invasion. By
contrast, PAK4 silencing reduces cell invasion in a
[32]
pancreatic tumor cell line . PAK4 overexpression also
promotes the migration, invasion and proliferation of
[33]
choriocarcinoma cells . PAK4 knockdown inhibites
invasion and migration by downregulating MMP-2,
αvβ3-integrin and phospho-epidermal growth factor
[34]
receptor (phospho-EGFR) in glioma xenograft cells .
PAK4 enhances endometrial cancer cell migration and
[35]
invasion in an ERK1/2-MMP-2-dependent manner .
Moreover, PAK4 can promote cell migration and
invasion through the HGF/LIMK1/coﬁlin pathways
[36]
in prostate cancer cells
and through the MEK-1/
[37]
ERK1/2/MMP2 pathways in ovarian cancer cells . We
recently demonstrated that PAK4-mediated superior
cervical ganglia 10 (SCG10) phosphorylation regulates
microtubule dynamics to promote gastric cancer cell
migration and invasion in vitro and metastasis in a
[38]
xenograft mouse models
(Figure 2). These results
indicates that PAK4 is closely associated with migration
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[40]

and invasion in several different types of cancer
cells. PAK5 and PAK6 are also involved in cancer cell
migration and invasion. PAK5 promotes glioma and
breast cancer cell migration and invasion through the
[39,40]
PAK5-Egr1-MMP2 signaling pathway
. Androgenstimulated PAK6 activation promotes prostate cancer
[41]
cells motility and invasion . miR-23a overexpression
has been proposed to suppress the invasion and
migration of prostate cancer cells by targeting the
[42]
PAK6-LIMK1 signaling pathway .

migration and invasion of breast cancer
and
[39]
glioma cells . Importantly, our recent evidence
suggests that PAK5 phosphorylates GATA1 at Ser161
and Ser187. Phosphorylated GATA1 recruits more
HDAC3/4 to the promoter of E-cadherin, consequently
suppressing E-cadherin transcription and promoting
[55]
the EMT of breast cancer cells . PAK5 overexpression
[56]
[22]
has been detected in colorectal cancers , gliomas
and during human epithelial ovarian cancer (EOC)
[57]
progression and metastasis . Moreover, PAK5
[57]
promotes paclitaxel-chemoresistance in EOC
and
PAK5 silencing efficiently inhibits the development of
[22]
human glioma .
High PAK6 mRNA level has been detected in
certain cancer cells, including prostate, colon, ovary
[14]
and lung cancer cells . PAK6 protein expression
is elevated in some prostate cancers and is further
increased in prostate tumors that have relapsed after
androgen deprivation therapy; thus, PAK6 may play a
[58]
role in tumor cell motility and in stress responses .
PAK6 may also influence the radiosensitivity and
chemosensitivity of prostate cancer cells because PAK6
inhibition in combination with irradiation or docetaxel
significantly decreases the survival or growth of
[23]
prostate cancer cells, respectively . Hypermethylation
is commonly associated with gene silencing of genes
that suppress tumorigenesis. Because the PAK6 gene
[59]
is sometimes hypermethylated in prostate cancer ,
the exact role of PAK6 in prostate cancer is not
entirely clear. Moreover, our experimental data have
indicated that PAK6 inhibits prostate cancer growth
by phosphorylating AR and Mdm2 and promoting the
[60]
ubiquitin-mediated degradation of AR . In summary,
there is no direct or solid evidence suggesting that
either PAK5 or PAK6 is essential for the malignant
growth of human cells.

Group Ⅱ PAKs in cancer

Accumulating evidence suggests that PAKs regulate
a variety of biological processes including cytoskeletal
remodeling, anchorage-independent growth, apoptosis
and transcriptional/translational regulation, thereby
contributing to tumorigenesis and progression. Group
Ⅱ PAKs also inﬂuence the behaviour of cancer cells.
Among the three group Ⅱ PAKs, the role of PAK4 in
human cancer has been best investigated. PAK4 is
overexpressed, amplified, and/or point mutated in a
[14]
number of cancer cell lines
and tumors including
[14,43]
[44]
[16,32,45,46]
[47]
breast
, gallbladder , pancreas
, colon ,
[14]
[37]
lung , ovarian , prostate, melanoma, CNS,
[14]
[48]
renal, leukaemia , gastric
and oral squamous[49]
cell carcinoma . PAK4 overexpression in iMMECs
(immortalized mouse mammary epithelial cells) leads
to changes in 3D acinar architecture that are typically
associated with tumorigenesis, including reduced
central acinar cell death, abrogation of lumen formation,
loss of cell polarity, and increased acinar size and cell
[43]
number . Importantly, PAK4-overexpressing cells
form tumors when implanted into the mammary fat
[43]
pads of mice , indicating that PAK4 is sufficient to
trigger oncogenic transformation in these cells. Other
oncogenes, such as Her2Neu (ErbB2) and Ras, also
[50]
cause iMMECs to generate tumors in mice . PAK4 is
also strongly upregulated in response to Her2Neu and
[43]
Ras in iMMECs . PAK4 plays a critical role in Her2Neu[51]
driven breast cancer cell invasion . These results
suggest a role for PAK4 as a key downstream target
of these oncogenes in breast cancer. In the MCF10A
progression series (a unique cell culture model that
recapitulates the different stages of breast cancer
progression using MCF10A, AT1, DCIS.com and CA1a
cells), PAK4 levels are higher in more tumorigenic
[52]
cell lines . The PAK4 gene is frequently ampliﬁed in
high-grade serous and endometrioid ovarian cancers,
whereas PAK4 silencing causes a statistically signiﬁcant
[53,34]
decrease in cell viability
. PAK4 overexpression and
activation have been associated with ovarian cancer
[37]
progression and prognosis in patients . PAK4 is also
upregulated in gliomas, and increasing PAK4 expression
[54]
is associated with glioma pathological grades .
Taken together, these observations suggest that PAK4
functions as an oncogenic gene in the tumorigenesis
and progression of some cancer types.
PAK5 and PAK6 may also be associated with
cancer. PAK5-Egr1-MMP2 signaling promotes the
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Group Ⅱ PAKs in gastrointestinal cancers

Gastrointestinal cancers include cancers that affect the
digestive system, such as oesophagus, gallbladder,
liver, pancreatic, gastric and colorectal cancers.
Ampliﬁcation of the genes encoding PAKs and over
expression of PAK genes or proteins have been found
[61]
in gastrointestinal cancers (Table 1) . Here we will
review the importance of group Ⅱ PAKs in cancers of
the liver, pancreas, stomach, colon and rectum.

LIVER CANCER
Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related death in many countries, particularly
[62]
in Asia, and its burden is expected to increase . HCC
may be induced by many factors, including hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection or liver
damage induced by alcohol. The high invasiveness and
metastasis of HCC cells are a major challenge for HCC
treatment. The carcinogenesis and progression of HCC
is complex and is associated with multiple deregulated
signaling pathways, including MAPK, PI3K-mTOR and
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the least curable malignancies. The overall 5-year
survival rate is less than 5%, largely due to its rapid
progression, early metastasis and resistance to
[68]
chemotherapy and/or radiotherapy . Clearly, there
is an urgent need to develop reliable methods for its
early detection and to improve treatment strategies
based on a better understanding of the mechanisms
underlying the aggressive nature of this cancer. KRas
oncogene activating mutations are the most frequent
genetic alterations in pancreatic cancer, occurring
[69]
in approximately 100% of primary tumors . The
KRas oncogene product binds to and activates PAK4.
The PAK4 gene is located at chromosome 19q13,
[46]
a region amplified in some pancreatic cancers .
The amplification of the PAK4 gene is related to
[46]
markedly higher PAK4 kinase activity . PAK4 protein
overexpression has also been observed in pancreatic
[32]
cancer tissue specimens and cell lines . PAK4
promotes pancreatic cancer cell proliferation and
survival via AKT- and ERK-dependent activation of
[16]
the NF-κB pathway . PAK4 also stimulates pancreas
[32]
ductal cell motility and invasion .
Tyrosine kinase receptors, such as epidermal
growth factor receptor (EGFR) and the KRas oncogene
are of interest in targeted therapies against pancreatic
[70]
cancer . Ras acts downstream of EGFR, and the
mutation status of KRas is a potential predictor of
response to EGFR inhibitors in pancreatic cancer. KRas
mutations are exceptionally common in patients with
[71]
pancreatic cancer . Because KRas gene mutants
are constitutively active independently of EGFR,
a single KRas mutation can circumvent the antitumor activity of EGFR inhibitors. KRas mutations are
involved in the initiation or early phase of pancreatic
[72]
[73]
tumorigenesis . Importantly, Collins et al
have
recently demonstrated that oncogenic KRas is
required not only for the initiation, but also for the
maintenance of pancreatic cancer in mice. Therefore,
KRas oncoprotein and/or its downstream effectors are
potential important therapeutic targets in pancreatic
cancer. As PAK4 is activated by and acts downstream
[45]
of KRas , PAK inhibitors, particularly in combination
with classic chemotherapeutic drugs, may hold promise
for the future management of pancreatic cancer.
Glaucarubinone and gemcitabine, two anticancer
agent, synergistically inhibit pancreatic cancer cell
growth both in vitro and in vivo, at least in part by
[74]
inhibiting pathways involving PAK1 and PAK4 . The
effects of other group Ⅱ PAKs on the development and
progression of pancreatic cancer remain to be explored.

Table 1 Genetic alterations of group Ⅱ p21-activated kinases
in gastrointestinal cancers
Cancer
location

PAKs

Oesophagus
Gallbladder
Liver

PAK4
PAK4
PAK4
PAK5
PAK6
PAK4
PAK4
PAK5
PAK4
PAK5
PAK6

Pancreas
Stomach
Colon

Alteration
Gene
ampliﬁcation

√

Ref.

Gene or protein
overexpression
√
√
√
√
√
√
√
√

√
√
√

[86]
[44]
[64]
[21]
[67]
[16,32,45,46]
[48,79]
[20]
[47]
[56]
[95]

PAKs: p21-activated kinases.

[63]

Wnt/β-Catenin . PAK1 is involved in several signaling
pathways that markedly contribute to the progression
of HCC, including the PAK1/JNK/paxillin, HBV X
protein/PAK1, PAK1/Raf-1/BAD and PAK1(p38 MAP
[61]
kinase, AKT)/cyclinD1 pathways .
Members of group Ⅱ PAKs have also been deter
mined to play pivotal roles in HCC invasion and meta
stasis. CDK5 kinase-associated protein 3 (CDK5RAP3)
and PAK4 overexpression are correlated in human HCCs,
and CDK5RAP3 binds to and activates PAK4 to promote
[64]
HCC metastasis . Essential roles of microRNAs
(miRNAs) in HCC cell invasion and metastasis have
been reported. Several miRNAs function through PAK4
[65]
inhibition . miRNome analyses have revealed that
the third most-highly expressed miRNA in the human
liver is miR-199a/b-3p, which is consistently decreased
in HCC. miR-199a/b-3p targets PAK4 to inhibit HCC
growth by suppressing the PAK4/Raf/MEK/ERK pathway
[65]
both in vitro and in vivo . Recent observations suggest
that miR-224 is overexpressed in HCC cells and that
miR-224 promotes HCC cell migration and invasion
through the miR-224/HOXD10/p-PAK4/MMP-9 signaling
[66]
pathway . Moreover, PAK5 is strongly upregulated in
more than 83% of HCC specimens and promotes cell
[21]
proliferation and tumorigenicity in human HCCs . PAK5
significantly suppresses cisplatin-induced apoptosis and
promotes cell proliferation by downregulating p-chk2 in
[29]
HCC cells . These results indicate that PAK5 may play
an essential role in the initiation of human HCC. PAK6 is
upregulated in HCC samples and is positively correlated
with HCC cell proliferation. High PAK6 expression is
associated with Edmondsone-Steiner grade and the
[67]
number of tumor nodules and poor prognosis . These
ﬁndings suggest that PAK6 overexpression is involved in
HCC pathogenesis. However, the complex mechanisms
by which PAK6 contributes to HCC remain to be
explored.

GASTRIC CANCER
Gastric cancer is the most common malignant gastro
intestinal tumor and the leading cause of cancerrelated mortality in Asian countries, including China,
[75]
Japan and South Korea . As the majority of patients
suffering from gastric cancer present with advanced
disease, the outcomes of conventional therapies

PANCREATIC CANCER
Pancreatic cancer is one of the most aggressive and
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such as surgery, chemotherapy and radiotherapy are
usually poor. Numerous molecules targeting specific
pathways are involved in the tumorigenesis and
[76]
progression of gastric cancer . Thus, it is essential to
investigate proteins controlling invasion and metastasis
and to identify valuable diagnostic markers and novel
therapeutic targets for gastric cancer treatment.
PAK1 downregulation inhibits the proliferation of
gastric cancer cells by decreasing the expression of
[77,78]
cyclins D1 and B1
. PAK4 also plays essential roles
in gastric cancer tumorigenesis and progression. We
recently documented an oncogenic role of PAK4 in
the repression of TGF-β-mediated growth inhibition in
[79]
gastric cancer cells . PAK4 interacts with Smad2/3
via a kinase-independent mechanism, blocking TGFβ-induced phosphorylation of Smad2 Ser465/467 or
Smad3 Ser423/425 and its consequent activation. PAK4
also phosphorylates Smad2 at Ser465 via a kinasedependent mechanism, leading to the degradation of
Smad2 through the ubiquitin-proteasome pathway
[79]
under hepatocyte growth factor (HGF) stimulation .
These results indicate that PAK4 may contribute to the
development of gastric cancer (Figure 2).
PAK4 is overexpressed in metastatic gastric cancer
[48]
patients , implicating a role for PAK4 in gastric
cancer metastasis. Using a yeast two-hybrid screen,
we identiﬁed novel PAK4 binding proteins, including
DGCR6L and SCG10. We determined that the interaction
of PAK4 with DGCR6L promotes the migration of
gastric cancer cells by enhancing the phosphorylation
[80]
of LIMK1
(Figure 2). We recently reported that
phosphorylation of SCG10 at Ser50 by PAK4 promotes
gastric cancer cell invasion in vitro and metastasis
[38]
in vivo
(Figure 2). Moreover, PAK4 and phosphoSer50 SCG10 expression are positively correlated
in gastric cancer samples, and high expression of
SCG10 phospho-Ser50 is positively correlated with
[38]
an aggressive clinical gastric cancer phenotype . In
addition, high level of activated PAK4 correlates with
[81]
poor prognosis in gastric cancer patients . These
findings suggest that PAK4 may be an attractive
therapeutic target and a potential prognostic marker
for gastric cancer. Consistent with this suggestion, we
observed that LCH-7749944, a novel PAK4 inhibitor,
effectively suppresses the proliferation, migration and
[82]
invasion of human gastric cancer cells
(Figure 2).
Importantly, LCH-7749944 successfully inhibits EGFR
[82]
activity via inhibition of PAK4 . Although cisplatin and
cisplatin-based combination chemotherapy are effective
against gastric cancer, gastric cancer patients with PAK4
overexpression do not respond to capecitabine/cisplatin
[48]
chemotherapy and have poor survival rates . PAK4
confers cisplatin resistance in gastric cancer cells via the
[83]
activation of the MEK/ERK and PI3K/Akt pathways
(Figure 2). Therefore, PAK4 may be a potential target
for overcoming cisplatin resistance in gastric cancer.
PAK5, another group Ⅱ PAK, is upregulated in
different gastric cancer cell lines and gastric cancer
[20]
tissues . PAK5 knockdown inhibits human gastric
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cancer cell proliferation by downregulating CDK2,
[20]
CDC25A, and cyclin D1 . These data indicate that
PAK5 may be a novel therapeutic target in gastric
cancer. Further studies are needed to demonstrate
the importance of PAK5 in the carcinogenesis and
progression of gastric cancer.

COLORECTAL CARCINOMA
Colorectal carcinoma (CRC) development results
from interactions between genetic and epigenetic
alterations at many levels. Mutations in APC, a negative
regulator of the Wnt/β-catenin signaling pathway, and
KRas play a central role in CRC. APC gene mutation
induces the activation of Wnt/β-catenin signaling and
initiates the growth of benign adenomas. Mutations
in KRas and related pathways promote adenoma
growth and contribute to invasive and other malignant
[84]
behaviours . KRas activates multiple signaling
pathways, including PAKs, the Raf/MEK/ERK cascade
[85]
and PI3K/AKT .
As a downstream effector of KRas, PAKs are
involved in CRC cell proliferation, apoptosis, adhesion
and migration. PAK4 overexpression has been iden
[86]
tiﬁed in primary mouse colon tumors , the PAK4
[47]
gene is also ampliﬁed in CRC patient samples .
PAK4 expression is associated with colorectal cancer
[87]
metastasis and infiltration . In mutant KRAS-driven
HCT116 colon cancer cells, overexpression of a kinaseinactive mutant form of PAK4 severely abrogates
[14]
anchorage-independent growth , indicating that PAK4
is essential for HCT116 colon cancer cell proliferation
in anchorage-independent culture. PAK4 RNA inhibits
the proliferation of HCT116 cells independently of RAF/
[88]
MEK/ERK and PI3K/AKT signaling . Furthermore, a
small-molecule inhibitor of PAK4, PF-3758309, potently
inhibits the proliferation of a range of human cancer
cell lines, including multiple colon cancer cell lines,
and modulates numerous PAK4-dependent signaling
[89]
nodes .
The constitutive activation of Wnt/β-catenin signaling
through mutation of the APC gene is considered an
important event in the development and progression of
colon cancer. However, other dysregulated mechanisms
may underlie the increased nuclear translocation of
β-catenin and constitutive activation of Wnt/β-catenin
signaling in colon cancer cells. We recently reported that
PAK4 interacts with and phosphorylates β-catenin at
Ser675, which promotes TCF/LEF transcriptional activity
[90]
and stabilizes β-catenin by inhibiting its degradation
(Figure 2). Moreover, PAK4 nuclear accumulation
enhances β-catenin nuclear import and increases TCF/
[90]
LEF transcriptional activity (Figure 2). These ﬁndings
indicate a novel role of PAK4 in modulating β-catenin
intracellular translocation and signaling.
Altered miRNA expression plays a crucial role in
[91]
CRC. miR-145 is down-regulated in colon cancer cells .
miR-145 targets PAK4 and inhibits the PAK4/Raf/MEK/
ERK pathway, leading to growth inhibition of SW480
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[92]

and HT-29 cells . Interestingly, miR-145 directly
targets catenin δ-1, contributing to the impaired nuclear
translocation of β-catenin by disturbing PAK4 nuclear
[93]
import .
PAK5 and PAK6 also participate in CRC progression.
PAK5 is overexpressed during CRC malignant pro
gression and decreases CRC cell adhesion while pro
[56]
moting its migration , which may contribute to CRC
metastasis. In addition, PAK5 inhibits camptothecininduced apoptosis by suppressing the activity of
caspase-8 and the phosphorylation of Bad in CRC
[28]
cells . Importantly, we recently reported that PAK5mediated E47 phosphorylation promotes EMT and
[94]
metastasis of colon cancer . In contrast to other group
Ⅱ PAKs, very little is known about the function of PAK6
in CRC, except that PAK6 increases chemoresistance
and is an independent prognostic marker for stage Ⅱ
and Ⅲ colon cancer patients undergoing 5-FU based
[95]
chemotherapy .

PAK4 inhibitors. Recently, our group and another group
cooperatively designed and synthesized a series of
novel 1-phenanthryl-tetrahydroisoquinoline analogues
as a new class of small-molecule PAK4 inhibitors that
[97]
fit into the PAK4 cavity . Lead optimization identified
all derivatives with greater potency than the lead
[97]
compound, particularly compound 21a . Compound
21a markedly induced the cell cycle in G1/S phase
and suppressed the migration and invasion of MCF-7
breast cancer cells through the PAK4-LIMK1-cofilin
[97]
pathway . Possible novel binding modes between
PAK4 and compound 21a were revealed in a molecular
modeling study, providing a structural basis for further
[97]
structure-based design of PAK4 inhibitors .
To develop PAK4 or other PAKs inhibitors for
cancer therapy, several potential problems must be
considered. First, it is important to distinguish the
kinase-dependent and kinase-independent functions of
PAK4 or other PAKs before developing PAK inhibitors,
particularly ATP-competitive inhibitors. PAK4 and other
PAKs sometimes function in a kinase-independent
manner. Moreover, a PAK4 mutation (E329K) confers
[98]
PAK4 resistance to competitive ATP inhibitors . Thus,
an alternative approach might be to develop allosteric
PAKs inhibitors. Second, PAK inhibitors must overcome
the speciﬁcity and redundancy problem caused by the
various and overlapping characteristics of the PAKs
themselves, their regulators and effectors. For PAK4 to
be an effective drug target, a better understanding of
PAK signaling in normal and cancer cells is needed.

Group Ⅱ PAK inhibitors

Because of their important roles in the development
of cancer, PAKs have become attractive potential
candidate drug targets. Among the group Ⅱ PAKs,
PAK4 is considered a ﬁrst-in-class anti-cancer drug
target because of its elevated expression in cancers.
The Pfizer compound PF-3758309, a pan-PAK ATPcompetitive inhibitor, was originally described as a
[89]
PAK4 inhibitor . PF-3758309 blocks the growth of
[89]
several human tumor xenografts . Unfortunately,
during clinical trials in patients with advanced solid
tumors, undesirable pharmacokinetic characteristics
were observed, and the clinical trial was terminated
(clinicaltrials.gov). We recently reported a novel
[82]
potent PAK4 inhibitor, LCH-7749944 . This inhibitor
suppresses the proliferation of human gastric cancer
cells through a pathway mediated by PAK4/c-Src/
EGFR and cyclin D1. LCH-7749944 also impedes the
migration and invasion of human gastric cancer cells
by simultaneously blocking the PAK4/LIMK1/coﬁlin and
PAK4/MEK-1/ERK1/2/MMP2 pathways. Specifically,
this PAK4 inhibitor affects cell morphology by blocking
the formation of filopodia and inducing cell elongation.
[82]
It also inhibits EGFR activity by inhibiting PAK4 .
These results suggest that LCH-7749944 may offer
a novel therapeutic strategy for advanced metastatic
gastric cancer. However, the biochemical potency
of LCH-7749944 must be refined before it can be
considered as a therapeutic agent. Another PAK4
inhibitor, KY-04031, was recently identified in a high[96]
throughput screen . Structural analysis indicated
that both the indole and indazole moieties of KY-04031
are required for the PAK4 hinge interaction and that
the triazine core mimics the ribose of the natural
[96]
ATP substrate . Although the cell-based anti-cancer
activity of this compound is less efficient than that of
[96]
PF-3758309 , the unique molecular features of this
compound can be used for the development of new
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CONCLUSION
Group Ⅱ PAKs play important roles in cellular processes
including cytoskeletal organization, cell cycle control,
and cell survival. Not surprisingly, group Ⅱ PAKs
have been implicated in cancer progression. PAK4 is
[14,43,47,64,79]
overexpressed in a number of cancers
, and
the PAK4 gene is amplified in pancreatic cancer, colon
[32,45-47,49]
cancer and oral squamous-cell carcinoma
.
PAK4 is both essential and sufficient to lead to cancer
[43]
in a mouse breast cancer model . These observations
have made PAK4 a popular candidate both as a
diagnostic tool for the early detection of cancer and
as a drug target for cancer therapy. Although several
PAK4 small-molecule inhibitors have produced desirable
results during in vitro experiments, satisfactory effects
have not been observed in clinical trials. Further
studies of PAK4 biology will provide new avenues for
therapeutic interventions.
PAK5 is overexpressed in some cancers, and
PAK5 overexpression has been detected in cancers
that are prone to invasion and migration, such as
[56]
[22]
colorectal cancer , gliomas
and epithelial ovarian
[57]
cancer . However, PAK5 overexpression is rarely
observed in normal tissues or tumor growth in situ.
The mechanisms underlying PAK5 overexpression
in cancers and the modulation of its activity remain
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unclear. Coupled with the identification of the PAK5Egr1-MMP2 pathway in cancer cell invasion, migration
[39,40]
and intercellular functions
, PAK5 may become a
potential drug target to suppress cancer invasion and
metastasis.
Overexpression of PAK6 is detected mainly in
prostate cancer. PAK6 also contributes to prostate
cancer development and progression after androgen
[58]
deprivation therapy . However, the role of PAK6 in
prostate cancer is not entirely clear, let alone gastro
intestinal cancer or other cancers.
Further study is needed to fully elucidate the
functions of PAK4-6 in normal and cancer cells.
Group Ⅱ PAK research remains exciting as we further
unravel the functions of PAK4-6 in the development
of gastrointestinal and other cancers and validate
their effectiveness as drug targets.
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REVIEW

Clinical approach to incidental pancreatic cysts
Austin L Chiang, Linda S Lee
(IAP) and the 2015 American Gastroenterological
Association (AGA) guidelines have sought to identify
the higher risk patients who would benefit from further
evaluation using endoscopic ultrasound (EUS). Not
only can EUS help further assess the presence of
solid component and nodules, but also fine needle
aspiration of cyst fluid aids in diagnosis by obtaining
cellular, molecular, and genetic data. The impact of
new endoscopic innovations with novel methods of
direct visualization including confocal endomicroscopy
require further validation. This review also highlights
the differences between the 2012 IAP and 2015 AGA
guidelines, which include the thresholds for sending
patients for EUS and surgery and methods, interval,
and duration of surveillance for unresected cysts.
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Core tip: The approach to incidentally noted pancreatic
cysts is constantly evolving. While surgical resection
is indicated for malignant or higher risk cysts,
correctly identifying these highest risk pancreatic
cystic lesions remains difficult. Using parameters
including cyst size, presence of solid components, and
pancreatic duct involvement, the 2012 International
Association of Pancreatology and the 2015 American
Gastroenterological Association guidelines have sought
to identify the higher risk patients who would benefit
from further evaluation using endoscopic ultrasound.

Abstract
The approach to incidentally noted pancreatic cysts is
constantly evolving. While surgical resection is indicated
for malignant or higher risk cysts, correctly identifying
these highest risk pancreatic cystic lesions remains
difficult. Using parameters including cyst size, presence
of solid components, and pancreatic duct involvement,
the 2012 International Association of Pancreatology
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INTRODUCTION
Pancreatic cysts are identified in up to 20% of
magnetic resonance imaging (MRI) and 3% of
[1,2]
computed tomography (CT) scans . The greater
detection of incidental pancreatic cysts is likely in part
due to increasing use of CT and MRI from less than
10 to over 30 per 100 persons in recent years and
[3]
improved resolution of imaging studies . Not only have
more incidental cysts been discovered over the past
[4]
decade, but when identified, they are also smaller .
Given the malignant potential of some pancreatic
cystic lesions, these incidental findings should be
considered carefully. In fact, incidental pancreatic
cysts on CT or MRI demonstrated a hazard ratio
(HR) of 1.40 [confidence interval (CI): 1.13-1.74] for
mortality in patients less than 65 years old compared
with a HR of 0.97 in those without cysts; pancreatic
adenocarcinoma (not including non-adenocarcinoma
[5]
neoplasms) conferred a hazard ratio of 3.0 . A recent
American Gastroenterological Association (AGA)
technical review reported the estimated incident risk of
malignancy of incidental pancreatic cysts at 0.24% per
year with a prevalent malignant risk of 0.25% at the
[6]
time of cyst diagnosis .
Cystic lesions in the pancreas can range from
entirely non-neoplastic (e.g., pseudocysts, retention
cysts, benign epithelial cysts, mucinous non-neoplastic
cysts, lymphoepithelial cysts) to necrotic degeneration
of solid tumors. This review focuses on pancreatic
cystic neoplasms, some of which carry malignant
potential. Most pancreatic cystic neoplasms are
asymptomatic though some lesions may present
with pancreatitis [especially if there is invasion into
or mucus plugging of the pancreatic duct as with
intraductal papillary mucinous neoplasms (IPMN)],
abdominal pain, nausea, vomiting, and/or jaundice.
The 2000 WHO histological classification of
pancreatic cystic neoplasms outlines four general
categories: serous cystic tumor, mucinous cystic
neoplasm (MCN), IPMN, and solid pseudopapillary
[7]
neoplasm (SPEN) . Serous cystic tumors include
serous cystadenomas (SCAs), which often have a
microcystic or honeycomb appearance on imaging
with the pathognomonic central scar or sunburst
calcification occurring in up to 20% of these lesions
(Figure 1). Serous cystadenomas consist of cuboidal
epithelial cells that stain positive for glycogen (Figure
2), and more importantly only very rarely carry
malignant potential. CT is only 23% accurate, but
diffusion-weighted MRI has 100% sensitivity and
97% specificity in differentiating SCA from mucinous
[8,9]
cysts .
On the other hand, MCN and IPMN are prema
lignant mucinous lesions. Main duct IPMNs (MD-IPMN),
defined as diffuse or segmental dilatation of the main
pancreatic duct (MPD) to > 5 mm from a cystic tumor
producing mucus within the duct (Figure 3), has a
[10]
reported 62% frequency of malignancy . Branch
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Figure 1 Magnetic resonance imaging of microcystic serous cystadenoma
(arrow) in body of pancreas.

Figure 2 Cytology of serous cystadenoma with cuboidal epithelial cells
containing glycogen staining for periodic acid-Schiff.

Figure 3 Magnetic resonance cholangiopancreatography of main duct
intraductal papillary mucinous neoplasms.

duct IPMNs (BD-IPMN) are cysts arising within the
side branches of the pancreatic duct with a nondilated
MPD (Figure 4) and carry up to 26% frequency of
[10]
malignancy . The recent AGA review reported an
approximately 3% risk of developing malignancy
[6]
during surveillance of BD-IPMN . MD-IPMNs more
commonly present as the intestinal histologic type
whereas BD-IPMNs demonstrate more gastric dif
[11]
ferentiation . Mixed type IPMNs have features of
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Table 1 Key differences between 2012 International Asso
ciation of Pancreatology and 2015 American Gastroente
rological Association guidelines for the management of
[10,20]
pancreatic cysts

Figure 4 Magnetic resonance cholangiopancreatography of branch duct
intraductal papillary mucinous neoplasms (arrow) communicating with
nondilated main pancreatic duct.

both MD-IPMN and BD-IPMN with approximately 20%
to 30% of BD-IPMN ultimately proven to be mixed
[12]
type IPMN on surgical pathology . The malignant
potential of mixed type IPMN is more comparable to
MD-IPMN although different subtypes of mixed type
[13]
IPMN may carry different malignant potential . Risk
factors for malignant IPMNs include solid component,
main pancreatic duct dilation > 3 cm, cyst size > 3
[6]
cm, and nodule . MCNs are also mucinous cysts, but
are defined by the presence of ovarian-like stroma and
thus almost exclusively occur in women. On imaging,
MCNs are usually characterized by unilocular cysts in
the body and/or tail (Figure 5). Approximately 15% of
resected MCNs contain invasive cancer with risk factors
[6]
for malignancy including size > 6 cm and nodule .
Less than 0.4% of MCNs that are smaller than 3
cm without a nodule harbor high-grade dysplasia or
[14]
invasive cancer . Solid pseudopapillary neoplasms
also carry malignant potential with characteristic
pseudopapillae and cystic spaces containing hemorr
hage and cholesterol clefts in myxoid stroma alter
nating with solid tissue. Thus these lesions appear
as solid and cystic masses, typically in young women
(Figure 6).

2012 IAP

2015 AGA

Patient population
targeted by guideline
Recommended
imaging modality
Threshold for
recommending EUS
and/or surgery
Surveillance
recommendations in
unresected cysts
Stopping surveillance

Suspected MCN and
IPMN
Pancreatic protocol CT
or MRI
1 risk factor

All incidental
pancreatic cysts
MRI pancreas with
MRCP
At least 2 risk factors

Frequent surveillance
based on cyst size

MRI in 1 yr and then
every 2 yr

No explicit
After 5 yr of stable
recommendation to unresected cyst without
stop in unresected cysts development of high
Following resection of
risk features
serous cystadenoma Surgically unfit patients
and MCN without
Select resected
invasive cancer
cysts including BDIPMN with no, low
or moderate-grade
dysplasia

IAP: International Association of Pancreatology; AGA: American Gas
troenterological Association; MRI: Magnetic resonance imaging; EUS:
Endoscopic ultrasound; MCN: Mucinous cystic neoplasm; IPMN:
Intraductal papillary mucinous neoplasms; MRCP: Magnetic resonance
cholangiopancreatography; CT: Computed tomography.

spare patients unnecessary testing, radiation, and
surgery and also confer global cost benefit. Currently,
the diagnosis of pancreatic cystic neoplasms is based
upon both radiologic imaging and cyst fluid analyses.
All patients with pancreatic cysts should undergo
a good quality MRI of the pancreas with magnetic
resonance cholangiopancreatography in 1.5 or 3 tesla
with T1, T2, 3-D, fat-saturated, gradient-echo T1
[10,17]
gadolinium-enhanced sequences
. MRI is most
accurate for diagnosing malignant and mucinous cysts
(76%-91% and 80%, respectively) while it is only 50%
[16,18]
accurate for diagnosing the specific type of cyst
.
If MRI cannot be performed, pancreatic protocol CT
with contrast-enhanced images during the pancreatic
and portal venous phases allowing 3D analysis should
be obtained. The findings on MRI or CT will guide the
decision to pursue endoscopic ultrasound-guided fine
needle aspiration (EUS-FNA), surgery, or surveillance.
To date three consensus guidelines have been
proposed to manage pancreatic cystic lesions beginning
with the original 2006 Sendai guideline which was
revised in 2012 by the International Association of
Pancreatology (IAP) in Fukuoka and the recent AGA
[10,19,20]
guideline (Table 1)
. The Sendai guideline was
updated in 2012 to improve its positive predictive
value while maintaining its negative predictive value,
however, the revised guideline still suffers from low
[21,22]
positive predictive value (21%-63%)
. The AGA
guideline increased the threshold for sending a patient

APPROACHING THE INCIDENTAL
PANCREATIC CYST
The key questions to consider when evaluating
incidental pancreatic cysts include the following: (1)
what type of cyst is it as malignant potential varies
with different cysts. In particular, is the cyst mucinous
or nonmucinous given the malignant potential of
mucinous cysts; (2) is the cyst currently malignant;
and (3) if not, what is the malignant potential of the
[15,16]
cyst
? The latter issue is most relevant to young,
surgically fit patients with long life expectancies while
the risk of prevalent cancer is most concerning to
the elderly or those with multiple comorbidities with
more limited longevity. Defining the best approach to
managing incidental pancreatic cysts could potentially
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A

B

Figure 5 Mucinous cystic neoplasm seen on magnetic resonance imaging (A, arrow pointing to mucinous cystic neoplasm) and endoscopic ultrasound (B),
with unilocular appearance and thick wall.

3 cm, thickened enhanced cyst wall, nodule, MPD 5-9
mm, abrupt change in MPD diameter with upstream
parenchymal atrophy, or lymphadenopathy). The goal
of EUS would be to confirm presence of nodules, detect
features of main duct involvement (thickened wall,
intraductal mucin or nodule), and identify suspicious
[10]
or positive cytology . On the other hand, the AGA
guideline suggests EUS-FNA only for cysts with two
of the following high risk imaging features (size ≥ 3
cm, solid component, or dilated MPD) or if significant
[20]
changes develop in the cyst during surveillance .
However, it seems reasonable to perform EUS-FNA in
certain situations even with a single risk factor such
as a solid component or significantly dilated MPD
given the relatively high risk of malignancy associated
with these features. Furthermore, the implications of
the greater dependence on MRI findings in the AGA
guideline need further evaluation as the interobserver
agreement between EUS and MRI has been reported as
[23]
poor to fair . EUS-FNA is also helpful in differentiating
mucinous from nonmucinous cysts when imaging
is indeterminate and in diagnosing suspected cystic
[18]
neuroendocrine tumors and SPENs .
In addition to identification of nodules or ductal
involvement, EUS also allows further evaluation
of cyst size, septations, cyst contour (lobular vs
smooth), wall thickness, communication of cyst
with the pancreatic duct, and pancreatic duct caliber
(< 5 mm defined as normal, 5-9 mm considered
a “worrisome feature” and ≥ 10 mm a “high-risk
[10,18]
stigma” per IAP)
. Endoscopists can predict the
presence of nodules and mucus by comparing the
echogenicity relative to adjacent tissue and assessing
the mobility of structures with patient repositioning
[24]
and probing with the needle . Nodules appear as
iso- or hypoechoic structures without a smooth edge
or hyperechoic rim compared with mucus which have
a smooth-edge hyperechoic rim around a hypoechoic
center. EUS can further aid in diagnosis with direct
visualization using Spyglass technology (Boston
Scientific, Marlborough, MA) and needle confocal laser
endomicroscopy (Mauna Kea Technologies, Paris,

Figure 6 Magnetic resonance imaging of solid pseudopapillary neoplasm
(arrow).

to EUS-FNA as well as surgery from one to at least two
risk factors. While this may be expected to decrease
the unnecessary resection of benign, albeit larger
cysts, the impact on the negative predictive value
remains to be determined. In addition, while the IAP
guideline supports surveillance intervals based on
cyst size without an explicit recommendation to stop
surveillance, the AGA guideline endorses a simplified
surveillance regimen for 5 years followed by stopping
if the cyst remains stable without developing any high
risk features and in nonsurgical candidates. The impact
of these recommendations to stop surveillance after
5 years in stable cysts as well as a “one size fits all”
approach to surveillance intervals is controversial and
remains to be evaluated.

ENDOSCOPIC DIAGNOSTIC MODALITIES
EUS

EUS may allow diagnosis of malignant cysts and
identification of cysts at high risk for becoming
malignant. The IAP and AGA guidelines offer guidance
on whom to select for EUS-FNA. The 2012 IAP
guideline for suspected MCN and IPMN recommends
EUS for patients with any one of these clinical or
radiologic “worrisome features” (pancreatitis, size ≥
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cyst .
Cyst fluid for cytology typically has low diagnostic
yield with less than 50% sensitivity for mucinous
lesions, however, it is helpful when positive for a
specific diagnosis. Cytology is useful if malignancy
is detected with its high positive predictive value
and 90% specificity. Cyst fluid cytology is only 60%
[20,34]
sensitive for malignancy
. Fluid cytology carries
70%-75% accuracy for SPEN and 71% diagnostic
[35-38]
yield for cystic neuroendocrine tumors
. Cyst fluid
from a pancreatic lymphangioma has a characteristic
chylous appearance, elevated triglyceride levels, and
[39]
numerous benign lymphocytes . Improved diagnostic
yield for mucinous or malignant cysts by 29% has
been reported with cyst wall cytology, obtained by
repeatedly passing the needle back and forth through
[40]
the collapsed cyst wall . Therefore, cyst wall cytology
may be preferred over fluid alone, unless copious fluid
is available for cytology.
Tumor markers from cyst aspirates may help
diagnose certain pancreatic cystic neoplasms. While
carcinoembryonic antigen (CEA) is not predictive of
malignancy, it remains the most widely used and
accurate tumor marker for differentiating mucinous
[41]
from non-mucinous pancreatic cysts . However, it
does not distinguish IPMN from MCN. The threshold of
CEA elevation to suggest a mucinous lesion is debated,
but CEA values greater than 192 ng/mL confer a 73%
[28]
sensitivity and 84% specificity for mucinous cysts . A
low CEA of < 5 ng/mL yields 50% sensitivity and 95%
specificity for SCA, pseudocyst, or cystic neuroendocrine
[42]
tumor . An existent challenge is that CEA assays are
validated for serum but not for cyst fluid, and there
could be significant CEA variation among different
[43]
assays . Other markers such as amylase is helpful
[42]
in excluding pseudocysts if less than 250 U/L . DNA
analysis of cyst aspirates may be helpful especially when
less than 0.5cc of fluid is available as this precludes
the usual chemistry and tumor marker analyses.
Identification of KRAS mutations has 54% sensitivity
and 100% specificity for mucinous differentiation in a
[44]
study of 142 surgically resected cysts . The presence
of both elevated CEA and KRAS mutation increased
sensitivity to 83% but specificity dropped to 85% for
[45]
mucinous cysts . Presence of both KRAS mutations
and loss of heterozygosity mutations is highly specific
(94%-96%) for malignant cysts with 25%-37%
[21,46,47]
sensitivity
. The addition of DNA analysis does not
appear to improve diagnostic yield for malignant cysts
[47]
beyond the 2012 IAP guideline .
Given that most cyst fluid markers suffer from
poor sensitivity, tremendous efforts in translational
research have attempted to identify more accurate
biomarkers. Of the numerous DNA, RNA, and proteinbased studies, guanine nucleotide binding protein
alpha stimulating activity polypeptide 1 (GNAS) is
one of the more promising. Mutation of either KRAS
[48]
or GNAS was found in 95% of IPMNs . Similarly,
targeted sequencing also showed 96% of IPMNs having

[28,33,34,40]

Table 2 Recommended cyst fluid studies
Cyst fluid test

Test characteristics

Diagnosis

String sign ≥ 1
95% specificity, 94%
Mucinous
cm, ≥ 1 s
positive predictive value
Cyst fluid
63% sensitivity
Mucinous or malignant
cytology
Cyst wall cytology 29% increased diagnostic Mucinous or malignant
yield
CEA > 192 ng/mL
75% sensitivity, 84%
Mucinous
specificity
CEA < 5 ng/mL
50% sensitivity, 95%
Serous cystadenoma,
specificity
pseudocyst, cystic
neuroendocrine tumor
Amylase < 250
44% sensitivity, 98%
Excludes pseudocyst
U/L
specificity

France), which involves passing a probe through
a 19 gauge needle to obtain real-time microscopic
[25,26]
imaging of the cyst wall
. Identifying a vascular
network pattern representing subepithelial capillary
vascularization using endomicroscopy could help
discern a serous cystadenoma with reported accuracy,
sensitivity, specificity, positive predictive value, and
negative predictive value of 87%, 69%, 100%, 100%,
[25]
82% respectively . Further validation studies are
necessary to assess the value of these diagnostic tools.
The utility of EUS was suggested by a study of
154 surgically resected cysts, where the sensitivity for
neoplastic disease was 76% with EUS, as compared to
48% and 34% for CT and MRI, respectively. However,
there may be bias toward EUS (with or without FNA)
[27]
given that only surgically resected cysts were studied .
Some limitations to EUS imaging alone include lower
sensitivity, specificity, and accuracy (56%, 45%, 51%,
[28]
respectively) for the diagnosis of mucinous cysts .
Moreover, among expert endosonographers there
remains wide variation in interobserver agreement
[29,30]
of neoplastic features
. Agreement is reportedly
best for nodules, moderate for solid component and
cystic communication with PD, and fair for suspicion of
[29]
malignancy .

Cyst fluid analysis

EUS allows sampling of cyst fluid from cysts greater
than 1 cm typically using a 22 or 25 gauge needle,
though larger bore 19 gauge needles may be useful for
bigger cysts with thicker fluid. FNA is performed with
the goal of aspirating the cyst to complete collapse
and sampling solid components or nodules. Although
EUS-FNA of pancreatic cysts has proven to be safe, a
single dose of an intravenous fluoroquinolone antibiotic
is recommended with a short course of oral antibiotics
[31,32]
thereafter for prophylaxis
.
Before sending fluid for analysis (Table 2), it should
be evaluated for string sign, defined as cyst fluid
extending from the tip of the needle for at least 1 cm
and 1 second. This can also be assessed by placing a
drop of fluid between two fingers and separating them.
The string sign is highly specific (95%) for a mucinous
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either the KRAS or GNAS mutation, with frequency
[49]
of either at 79% and 50% of lesions, respectively .
GNAS mutations have been associated with IPMN
in not only cyst fluid, but also tissue pathology and
[50]
pancreatic juice . Our own pathology-based study
found GNAS mutations in 42% of IPMNs compared
with 10% in SCA and none in MCN and pancreatic
[21]
ductal adenocarcinoma . Whole-exome sequencing of
mucinous pancreatic cysts has also found that IPMNs
are more commonly characterized by mutations in
KRAS, GNAS, RNF43, TP53, p16/CDKN2A and SMAD4
genes whereas MCNs demonstrate KRAS, RNF43, TP53,
[48]
p16/CDKN2A and SMAD4 gene mutation profile .
Similarly, microRNA (miRNA) profiles have been
explored to differentiate mucinous from non-mucinous
lesions and MCN from BD-IPMN with a reported
[51]
85%-100% sensitivity and 100% specificity .
More investigational methods to interpret cyst fluid
include a proteomic approach, analyzing the mucin
for certain glycoproteins to discern premalignant from
malignant lesions. Some have argued superiority of
this method compared to CEA and cytology to detect
malignant lesions, and expression of certain markers
has been studied to define specific IPMN histologic
subtypes (gastric, intestinal, or pancreaticobiliary)
[52,53]
and ascertain the degree of dysplasia
. Higher
expression of specific cytokines such as IL-1beta, IL-5,
and IL-8 has also been linked to high-grade dysplasia or
[54]
malignancy . Various cytokines may help differentiate
mixed type from BD-IPMN as well as BD-IPMN from
[55,56]
inflammatory cysts
. Elevated cyst fluid vascular
endothelial growth factor-A (VEGF-A) > 8500 pg/mL
[57]
has 100% sensitivity and 97% specificity for SCA .
In addition, a reduction in certain metabolites such as
glucose and kynurenine has been seen in mucinous
[58]
as opposed to non-mucinous cysts . While all these
biomarkers appear promising, they require further
validation as well as delineation of their role within the
currently accepted cyst fluid markers. A recent study
promoted a panel of DNA markers and assessment of
aneuploidy as yielding 100% sensitivity and 91%-100%
specificity for serous cystadenoma and SPEN while these
markers were 76%-100% sensitive and 75%-97%
[59]
specific for mucinous cysts . A composite of clinical
and molecular markers improved sensitivity and speci
ficity for MCN and IPMN to 90%-94% and 84%-97%,
respectively. Despite promising results, larger pro
spective histology-based validation studies are nece
ssary before clinical application.

threshold . SPENs are considered premalignant with
2%-15% incidence of local invasion or metastatic
[36]
disease . Although there are no concrete guidelines
about SPENs, given their malignant potential and
favorable post-resection outcomes, referral for surgical
resection is also appropriate. MCNs have invasive
cancer in 15% of surgically resected cysts with 3 and 5
[6,62]
year survival rates of 44% and 26%, respectively
.
MD-IPMN and mixed-type IPMN have the greatest
malignant potential of all pancreatic cystic neoplasms
at 40%-70%. As a result, the 2012 IAP guidelines
recommend surgical resection for MCNs and MDIPMNs. Resection is recommended for BD-IPMN if
any one of the “high-risk stigmata” or “worrisome
features” is present. High-risk stigmata include:
obstructive jaundice with a cyst in the head of the
[10]
pancreas, a solid component, or MPD ≥ 1 cm . In
addition, presence of nodules, features of main duct
involvement (thickened wall, intraductal mucin or
nodule), and suspicious or positive cytology on EUS[10]
FNA are also deemed indications for surgery .
The AGA technical review identified the following
as the greatest risk factors for malignancy in incidental
pancreatic cysts: solid component with the highest
odds ratio (OR) 7.7, cyst size > 3 cm (OR = 3),
and dilated MPD (OR = 2.4); presence of a solid
component in the cyst was also the most specific
[20,63]
feature with a specificity of 91%
. One caveat is
that the included studies used various definitions for
dilated MPD ranging from ≥ 3 mm to > 6 mm, and
others suggested that the degree of MPD dilation may
[64]
portend varying risks of malignancy . Regarding cyst
size, a study including 563 resected and radiologically
diagnosed BD-IPMN noted that 18% of cysts > 3 cm
had high-grade dysplasia or invasive cancer, while
no malignancy was detected in cysts < 2 cm and no
[65]
high-grade dysplasia was noted in lesions < 1 cm .
The assessment of cyst size and nodules may vary
[66]
depending on the imaging modality . EUS was more
sensitive for detecting nodules than CT (75% vs 24%,
respectively) although this disparity is expected to
[24]
diminish when compared with MRI .
In the AGA review, invasive malignancy was
present in 15% of resected pancreatic cyst specimens
while prevalence of high-grade dysplasia was not
[6]
evaluated . Of surgically resected IPMNs, 25%
had invasive malignancy while 42% carried either
[6]
high-grade dysplasia and/or invasive malignancy .
Whether resecting benign lesions or IPMN with lowgrade dysplasia in 58% of cases is acceptable can be
debated, but to improve the positive predictive value
for resecting potentially malignant pancreatic cysts,
the AGA guideline increased the threshold for surgery
to presence of both solid component and dilated MPD
[20]
and/or concerning features on EUS-FNA . This will
likely be most helpful when assessing the risk and
benefits of surgery in patients who are elderly and/or
with multiple comorbidities. In young healthy patients
with longer life expectancies, the more relevant issue

SURGICAL RESECTION
The recommendation to resect certain pancreatic
cystic neoplasms largely rests on the malignant
potential of the lesion. Serous cystadenomas carry
the least malignant potential (1% rate of malignancy)
and therefore are not recommended to undergo
[60,61]
resection unless symptomatic or large
. How large
remains to be clarified with some suggesting a 4 cm
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at various intervals for unresected pancreatic cystic
neoplasms depending on size by the 2012 IAP
[10,20]
guideline (Table 3)
. The interval of surveillance
can be lengthened if there are no concerning features
or changes found over repeated testing. According
to the AGA guideline, surveillance recommendations
were simplified to repeating MRI in 1 year followed by
every 2 years thereafter for 5 years if no changes were
[20]
demonstrated in the cyst . While the IAP guideline
does not explicitly recommend stopping surveillance,
the AGA guideline supports this in surgically unfit
patients and after 5 years of surveillance without any
[10,20]
significant changes to the cyst
. This is perhaps the
most controversial aspect of the AGA guideline which
requires further evaluation.
After surgical resection of SCA or MCN without
invasive features, surveillance is not necessary as
resection is considered curative. This is because no
recurrence of MCN without invasive cancer was noted
[62]
in patients after nearly 5 years . For IPMNs with
negative surgical margins, the 2012 IAP guideline
recommends repeat imaging at 2 and 5 years after
[10]
resection and every 6 mo if dysplasia was noted .
Those with resected invasive cancer should continue
surveillance as per patients with pancreatic ductal
adenocarcinoma. The AGA guideline supports
postoperative surveillance only following resection of
high-grade dysplasia or invasive cancer with MRI every
[20]
2 years . A concern with this recommendation is that
early recurrences, especially in patients with invasive
cancer, may be missed.
Several questions remain with regards to surveillance
including the optimal surveillance interval and duration
in unresected cysts. How to perform surveillance of
IPMNs in those at higher risk with a family history of
pancreatic adenocarcinoma remains unclear. Moreover,
the need to screen for extrapancreatic malignancies in
those with IPMNs is also not fully defined.

Table 3 Recommended surveillance modalities and intervals for
unresected pancreatic cysts according to 2012 International
[10]
Association of Pancreatology guideline
Size

Modality

< 1 cm
1-2 cm
2-3 cm

CT/MRI
2-3 yr
CT/MRI
1 yr (lengthen if no change after 2 yr)
EUS, MRI EUS in 3-6 mo, then lengthen interval thereafter
alternating MRI and EUS
EUS, MRI
Alternate MRI and EUS every 3-6 mo

> 3 cm

Interval

MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasound; CT:
Computed tomography.

is the risk of malignancy over their lifetime, which may
require adjusting the threshold for sending a patient
to surgery. Any decision to pursue surgical resection
should take into account not only cyst characteristics
but also the patient’s comorbidities and other risks
associated with surgery. The ongoing challenge
remains identifying signs predictive of malignancy
to allow early referral for resection in the hope of
improving long-term survival while sparing low risk
patients the morbidity and mortality of pancreatic
surgery.
The decision of how much pancreas to resect must
take into consideration the type of lesion in relation to
the patient’s life expectancy from their other medical
conditions. This is of particular relevance to patients
with MD-IPMN where before proceeding with total
pancreatectomy, it is paramount to consider how well
the patient will tolerate brittle diabetes or exocrine
insufficiency postoperatively. The goal of surgery
is to resect the entire tumor with negative margins
although whether this includes low and moderate[10]
grade dysplasia is debated . The extent of disease
or invasion can be assessed intraoperatively with
frozen sections as well as novel preoperative methods
including pancreatoscopy, intraductal ultrasound
(IDUS), or irrigation cytology (aspiration of saline
injected into pancreatic duct). Irrigation cytology
was shown in 17 patients with IPMNs to have 100%
[62]
sensitivity and specificity for malignancy . Small
Japanese case series have suggested the utility
of pancreatoscopy with IDUS in mapping IPMNs
[67-69]
preoperatively
.

CONCLUSION
Approaching the incidental pancreatic cyst begins
with performing good quality MRI imaging of the
pancreas to identify malignant and mucinous cysts.
Both the 2012 IAP and the 2015 AGA guidelines strive
to identify patients with higher risk cysts for EUSFNA and surgical resection. Based on the relatively
low risk of prevalent and incident malignancy in these
incidental pancreatic cysts, the AGA guideline overall
raises the threshold for sending patients to further
procedures, increases the surveillance interval, and
even proposes stopping surveillance. While the huge
economic burden of providing serial MRI imaging to
all patients with pancreatic cysts must be appreciated,
this also needs to be weighed against the individual
patient. Further high quality studies are necessary to
uncover better diagnostic markers, to improve risk
stratification of patients, and to evaluate the impact of
the AGA guideline.

SURVEILLANCE
Patients with low risk for malignancy and following
resection of certain cysts should undergo surveillance.
This includes patients with cysts < 3 cm, nondilated
MPD, and no nodule, solid component, or concerning
EUS-FNA findings. MRI is the preferred imaging
modality over CT for surveillance to reduce radiation
exposure. Even without gadolinium, non-contrast
MRI scans have demonstrated similar efficacy to
contrast-enhanced MRI in discerning benign from
[70]
malignant disease . Surveillance is recommended
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REVIEW

Advanced gastrointestinal endoscopic imaging for
inflammatory bowel diseases
Gian Eugenio Tontini, Timo Rath, Helmut Neumann

Abstract

Gian Eugenio Tontini, Gastroenterology and Digestive
Endoscopy Unit, IRCCS Policlinico San Donato, 20097 San
Donato Milanese, Italy

Gastrointestinal luminal endoscopy is of paramount
importance for diagnosis, monitoring and dysplasia
surveillance in patients with both, Crohn’s disease and
ulcerative colitis. Moreover, with the recent recognition
that mucosal healing is directly linked to the clinical
outcome of patients with inflammatory bowel disorders,
a growing demand exists for the precise, timely and
detailed endoscopic assessment of superficial mucosal
layer. Further, the novel field of molecular imaging
has tremendously expanded the clinical utility and
applications of modern endoscopy, now encompassing
not only diagnosis, surveillance, and treatment but
also the prediction of individual therapeutic responses.
Within this review, we describe how novel endoscopic
approaches and advanced endoscopic imaging
methods such as high definition and high magnification
endoscopy, dye-based and dye-less chromoendoscopy,
confocal laser endomicroscopy, endocytoscopy and
molecular imaging now allow for the precise and
ultrastructural assessment of mucosal inflammation and
describe the potential of these techniques for dysplasia
detection.
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Core tip: Gastrointestinal luminal endoscopy is of
paramount importance for diagnosis, monitoring
and dysplasia surveillance in patients with Crohn’
s disease and ulcerative colitis. Within this review,
we describe how novel endoscopic approaches and
advanced endoscopic imaging methods such as high
definition imaging, high magnification endoscopy,
dye-based and dye-less chromoendoscopy, confocal
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[9-13]

laser endomicroscopy, endocytoscopy and molecular
imaging now allow for the accurate and highly resolved
assessment of mucosal inflammation on the cellular
level and describe the potential of these techniques for
dysplasia detection.

severity and anatomic extent of the disease
.
Due to the close association between disease duration
and the development of CAC, current European and
US guidelines recommending regular surveillance
endoscopy starting 6 to 8 years after first manifes
[14,15]
tation of the disease
and a large number of case
[16-19]
[20-22]
series
and case-control studies
provided
evidence of the clinical benefit of surveillance colono
scopy for IBD patients. However, at the same time
routine white-light endoscopic examinations is
limited for the accurate identification of dysplasia
[23]
and intraepithelial neoplasia
and at the same
time, random biopsies have a low yield for dysplasia
[23,24]
detection
.
While several reports have shown that traditional
dye-based chromoendoscopy (DBC) with targeted
mucosal biopsies is superior for dysplasia detection
[23,24]
in IBD patients
, it is a time- and cost intensive
procedure that requires a certain level of expertise
and training. These confinements associated with
DBC have led to the rapid evolvement of novel
advanced endoscopic imaging techniques such as
digital [i.e., Fujinon Intelligent Color Enhancement
(FICE), i-scan, Storz Professional Image Enhancement
Systems (SPIES)] or optical [i.e., Narrow band
imaging (NBI), Compound band imaging (CBI)] dyeless chromoendoscopy which offer the advantage
of enhancing mucosal vascular and mucosal surface
pattern morphology by just pushing a button on the
handle of the endoscope thereby potentially reducing
time and costs associated with conventional dye-based
[25,26]
chromoendoscopy
.
Within this article, we review the current literature
on the role of advanced endoscopic imaging techniques
such as high-definition and optical magnification
endoscopy, dye-based and dye-less chromoendoscopy,
confocal laser endomicroscopy and endocytoscopy
for the assessment of the extent and degree of
inflammation and the surveillance of colitis-associated
cancer. Further, we provide an outlook on how first
studies have utilized molecular imaging to visualize
single molecular structures and also to stratify patients
according to the expression of certain molecular
targets, thereby allowing to make predictions of
responses to medical therapies.

Tontini GE, Rath T, Neumann H. Advanced gastrointestinal
endoscopic imaging for inflammatory bowel diseases. World J
Gastroenterol 2016; 22(3): 1246-1259 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1246.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1246

INTRODUCTION
Inflammatory bowel diseases (IBD) comprises the two
major forms Crohn’s disease (CD) and ulcerative colitis
(UC) both of which are immunopathogenic complex
diseases in which, on the basis of a genetic susceptibility
host, an excessive mucosal immune response towards
the complex enteric microbiota plays a role for the
[1-4]
initiation and perpetuation of intestinal inflammation .
Recent studies estimate that approximately 1.2
million people in the US and 3.7 million people in
Europe suffer from IBD and in most parts of the world
[5,6]
IBD incidence rates increase over time . With its
profound involvement in diagnosis of UC and CD, in
monitoring response to anti-inflammatory therapy
as well as in dysplasia surveillance, gastrointestinal
luminal endoscopy is of paramount importance for the
management of IBD patients.
In the recent past, mucosal healing has increasingly
been recognized as a key clinical treatment goal in
IBD patients. Since it has been shown that complete
mucosal healing is one of the most crucial aspects that
predicts sustained clinical remission and resection[7]
free survival of patients , the precise and detailed
assessment of the superficial mucosal layer in
real-time becomes more important than ever for
the medical management of IBD patients. In this
context, advanced endoscopic imaging techniques
including dye-based and dye-less chromoendoscopy,
endocytoscopy and confocal laser endomicroscopy
have been shown to allow precise, ultrastructural and
even microscopic characterization of the inflammation
within the luminal gastrointestinal tract in real time,
thereby tremendously facilitating the diagnosis of
IBD and the direct evaluation of response to medical
therapy.
Apart from assessing the degree and extent of
inflammation, regular surveillance endoscopies for
dysplasia screening is another important aspect in
the management of IBD patients. Several studies
documented that the chronic inflammatory stimulus
associated with IBD confers an increased risk for
developing colitis associated cancer (CAC) in both,
[8]
UC and CD patients
and the individual colon
cancer risk mainly depends on disease duration,

WJG|www.wjgnet.com

HIGH-DEFINITION AND OPTICAL
MAGNIFICATION ENDOSCOPY
The chips used in current high-definition (HD) endo
scopes produce signal images with resolutions that
range from 850000 pixels to more than 1 million pixels
and the general definition of a HD image (or display) is
[27,28]
one with more than 650 to 720 lines of resolution
.
In order to obtain true HD images, all components
utilized (i.e., endoscope video chip, processor, monitor,
transmission cables) have to be HD capable. As
compared to standard definition (SD) video chips, HD
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chips have a considerably lower light sensitivity due
to the smaller size of their pixels, thereby requiring a
strong light source which is typically a 300 watt Xenon
[27]
lamp or a laser source .
As shown in a recent meta-analysis of over 4000
non-IBD patients comparing the diagnostic yield of
colonic polyps between high-definition and standard
white-light colonoscopy, HD exhibited only a marginally
increased yield for the detection of colorectal polyps
of 3.5% compared to SD and the number needed to
[29]
treat was calculated to be 28 .
However, while HD offers only an incremental
increase for the detection of sporadic adenomas, its
relevance for the detection of dysplastic changes in IBD
is remarkable. In patients with IBD, dysplastic lesions
often develop as flat lesions within the mucosa rather
than as protruding into the intestinal lumen. As shown
in a retrospective cohort study based on 369 subjects
with long-standing colonic IBD, HD colonoscopy could
detect significantly more adenomas especially within
flat or right-sided lesions, as compared to standard
[30]
definition white light colonoscopy . Overall, the
adjusted prevalence ratio of detecting dysplastic
lesions on targeted biopsies was calculated as 2.99 for
[30]
HD colonoscopy .

ficantly more intraepithelial neoplastic lesions were
detected by magnification chromoendoscopy compared
with 350 disease-matched controls that received
conventional endoscopy. Importantly, of the 67 lesions
with intraepithelial neoplasia that were found, 53 (79%)
were detected using magnification chromoendoscopy
alone. In addition, magnification endoscopy was able
to predict neoplastic and non-neoplastic mucosal
[34]
changes with high overall accuracy . Several lines
of evidence now support the concept of enhanced
dysplasia detection with magnification (chromo)
endoscopy and it appears that especially the highresolution and high magnification visualization of
the pit and vascular pattern is a key component and
of paramount importance for the identification of
[34,39-43]
dysplastic areas in IBD
.
Apart from dysplasia detection, high magnification
chromoendoscopy has been utilized for the assessment
of disease extent and disease severity in IBD. In one
of the earliest pilot study, magnification endoscopy
was utilized to grade the rectal network pattern and
cryptal opening in 41 patients with mild to moderate
UC. When both features were combined, patients
with visible network pattern and cryptal opening had
a lower clinical activity and lower grade of histologic
inflammation compared to patients in which both
findings could not be visualized. Therefore, these
data provide evidence that magnification endoscopy
is capable of predicting the histologic degree of
[44]
inflammation . In a prospective trial on 113 patients
with quiescent UC, Nishio and co-workers studied the
role of magnification endoscopy for predicting the
[45]
clinical course of disease . The authors classified
the rectal pit pattern appearance into four groups
according to its irregularity: grade 1, small, round,
and regularly arranged pits; grade 2, rather large,
oval pits, somewhat irregular in arrangement; grade
3, pits various shapes and sizes, and irregularly
arranged; grade 4, dispersed pits varying in mor
phology, associated with small erosions. Using this
classification, the authors found that magnification
endoscopy grading correlated to histopathological
findings and acts as a significant predictor of relapse
[45]
with a relative risk of 2.0 . Further, magnification
endoscopy calculated a relapse risk of 60% in the
following 12 mo in patients who had a grade 4 rectal
pit pattern, but who had only mild or no endoscopic
[45]
features of disease activity at the time of endoscopy .
[35]
Consistent with these data, Hurlstone et al
found
a good correlation between the Saitoh criteria for
magnification imaging and Matts’ histopathological
criteria in a prospective trial including 325 UC patients.
In a biphasic examination, all colonic segments were
first inspected with conventional white-light endoscopy,
followed by high magnification chromoendoscopy. It
has been shown, that magnification imaging results in
a significantly better prediction of disease extent than
conventional endoscopy.

Optical magnification endoscopy

Otpical magnification utilizes a movable lens to vary the
degree of magnification thereby allowing to magnify the
mucosa of the gastrointestinal tract from 6-fold up to
[31]
150-fold . Since this magnification is based on an
optical zoom, the image quality is maintained while
zooming. In contrast to this optical magnification,
electronic or digital magnification simply enlarges
the image on the display, leading to decreased pixel
[27]
density and decreased image quality . In one of the
earliest studies, optical magnification endoscopy has
been shown to be able to differentiate true neoplasms
from non-neoplastic colonic lesions by analyzing the
mucosal pit pattern. Hence, as shown in this landmark
trial, magnification endoscopy can provide an accurate
and instantaneous prediction of the histology of
[31]
colorectal tumorous lesions .
This observation in colorectal polyps has recently
been extended to other neoplastic and non-neoplastic
diseases in the upper and lower gastrointestinal
tract, and was especially used in combination with
[32-38]
dye-based chromoendoscopy
. In one of the
earliest prospective randomized trials, Kiesslich and
co-workers were able to show that methylene blueaided chromoendoscopy in combination with optical
magnification not only allowed for a better assessment
of the degree and extent of colonic inflammation
compared to conventional colonoscopy, but also to
detected significantly more intraepithelial neoplasia
[24]
compared to standard white-light endoscopy .
Consistent with these observations, in a prospective
trial on 350 patients with long-standing UC, signi
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of mucosal inflammation and dysplasia in ulcerative
colitis, Kiesslich and co-workers directly compared DBC
and conventional colonoscopy in a large cohort of UC
patients. Importantly, DBC with methylene blue not only
permitted a more accurate diagnosis of the extent and
severity of the inflammatory activity in UC compared
with conventional colonoscopy, but also significantly
improved the early detection of intraepithelial neoplasia
[24]
and CAC . Another “back-to-back” study evaluated
pancolonic indigo carmine staining 0.1% for the
[23]
detection of UC-associated dysplasia . As shown in
this study, DBC with indigo carmine led to a higher
dysplasia detection rate while at the same time reducing
[23]
the total amount of biopsies . Consistent with these
results, another prospective trial also included patients
with Crohn’s colitis (CC), and similarly, in both UC and
CC, targeted biopsies after dye spraying (methylene
blue) detected significantly more dysplastic lesions
[55]
than random biopsies . Those results have been
summarized and quantified in a recent meta-analysis of
six randomized controlled trials, verifying that dye-based
chromoendoscopy has a medium to high sensitivity and
a high diagnostic accuracy for detection of dysplastic
[56]
lesions in UC . In its totality, this profound evidence
on the superiority of DBC for the detection of colitisassociated neoplasia, together with the knowledge
of a cumulative colorectal cancer (CRC) risk in UC
[10]
patients of 18% after 30 years of disease , have led
to the recommendation to perform chromoendoscopy
with targeted biopsies as the surveillance proce
dure of choice in IBD patients in US and European
[14,15,47,48]
guidelines
. Furthermore, international multi
disciplinary unifying consensus guidelines, the socalled SCENIC (Surveillance for Colorectal Endoscopic
Neoplasia Detection and Management in Inflammatory
Bowel Disease Patients: International Consensus
Recommendations) recommendations, have been
launched just recently. In these guidelines, performance
of pancolonic chromoendoscopy with indigo carmine
or methylene blue is the modality of choice for IBD
surveillance, and also high-definition colonoscopy is
[57,58]
preferred over standard white-light colonoscopy
.
While the superiority of DBC for dysplasia detection
during IBD surveillance is undeniable, DBC is in
general a time- and cost-consuming procedure, both
factors working against its routine implementation
into daily routine clinical practice. In terms of costs
associated with DBC, a recent study evaluated
whether DBC is cost-effective for colorectal cancer
surveillance in UC patients and found that DBC with
targeted biopsies is not only more effective but also
less costly compared to conventional white-light
endoscopy with four quadrant random biopsies taken
[59]
every 10 cm . Thereby, from this study it appears
that the cost-savings associated with targeted biopsies
outcompetes the costs associated with increased time
and materials required for DBC and targeted biopsies.
In terms of additional time requirements, it has
been shown that, even in expert hands, pancolonic

CHROMOENDOSCOPY
Chromoendoscopy enhances the mucosal architecture
and/or submucosal microvasculature by the use of
various dyes (Dye-based chromoendoscopy, DBC)
or endoscopic optical and computer-based color
programs (Dye-less chromoendoscopy, DLC). This
contrast enhancement of the mucosal layer results in
the improved detection of lesions that are often subtle
or even nearly invisible at conventional white-light
endoscopy.
DBC uses different dye agents which are divided
into absorptive agents (Lugol solution, methylene
blue, toluidine blue, and cresyl violet), contrast agents
(indigo carmine, acetic acid) and reactive staining
agents (congo red, phenol red), all of which are mostly
applied via standard spraying or plain biliary ERCP
[46]
catheters . As briefly mentioned above, DBC has
been shown to improve detection of dysplasia in IBD, and
chromoendoscopy is recommended as the preferred
modality for surveillance in patients with colonic IBD
[47]
by the British Society of Gastroenterology
and
[48]
the European Crohn’s and Colitis organization .
However, DBC also requires increased efforts, skills,
time, and costs. These confinements associated with
the use of traditional dye agents have finally led to the
development of dye-less chromoendoscopy techniques
(DLC).
DLC is further subdivided into optical chromo
endoscopy (NBI, Olympus, Japan; CBI, Aohua Photo
electricity, Shanghai, China) and digital chromoendoscopy
(i-scan, Pentax, Tokyo, Japan; FICE, Fujifilm, Tokyo,
Japan; SPIES, Karl Storz, Tuttlingen, Germany). Optical
DLC utilizes optical filters within the light source of
the endoscope to narrow the bandwidth of spectral
transmittance, thereby enhancing and facilitating the
visualization of blood vessels. In contrast, digital DLC
uses digital postprocessing algorithms that reconstruct
the endoscopic image from the video processor in real
time, thereby resulting in an improved contrast of the
mucosal capillary pattern and an enhancement of the
[25,46]
mucosal surface pattern morphology
.
Importantly, both optical and digital DLC are simple
“push-of-a-button” techniques that are readily available
during the endoscopic examination. Thus, compared
to traditionally used dye-based chromoendoscopy, DLC
theoretically offers the advantage of dye-enhanced
mucosal imaging without the efforts in time and costs
of applying contrast agents during the endoscopic
examination. Further, data derived from the in vivo
assessment of colorectal polyp histology impressively
demonstrated that DLC can be readily learned even by
[49-51]
“non-expert” endoscopists
. Hence, endoscopists
with varying levels of experience can accurately
use digital chromoendoscopy after a single training
[52,53]
session
with comparable diagnostic accuracies
[54]
between non-expert and expert endoscopists .
In one of the earliest prospective randomized
trials on the relevance of DBC for the assessment
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dye spraying requires 4 to 10 min additional time,
resulting in a 30%-40% increase in total procedure
[60,61]
duration
. Finally, DBC has some other potential
limitations other than increase in costs and efforts: the
dye does not coat the mucosa evenly and dye pooling
can lead to difficult observation and interpretation. In
addition, DBC cannot provide a detailed evaluation of
the mucosal vascular pattern morphology, which is a
critical component in the diagnosis of disease activity
and dysplasia detection in IBD.
In an attempt to overcome these potential limi
tations and hurdles associated with the use of DBC,
dye-less chromoendoscopy techniques have rapidly
evolved in the recent past.
The first description of optical dye-less chromo
endoscopy (DLC; i.e., NBI) for identification of colitis
associated neoplasia was published in 2006. In
this report on a 63-year-old man with longstanding
ulcerative colitis and a previous history of dysplasia
associated lesions or masses (DALM), it was shown for
the first time that visualization of the pit pattern and
the mucosal vascular pattern intensity by NBI might
help in DALM detection and to discriminate dysplastic
[62]
from non-dysplastic areas in ulcerative colitis .
As shown in this report, especially the capillary
vasculature exhibited a higher vascular pattern and
appeared darker on NBI in dysplastic lesions compared
[62]
to adjacent normal mucosa . Since then, various
trials have studied the potential of NBI to assess the
degree of mucosal inflammation and colitis associated
preneoplastic and neoplastic changes. In one of the
earliest prospective randomized trials, the accuracy
of NBI for the detection of neoplasia in patients with
longstanding ulcerative colitis was compared against
[63]
standard colonoscopy . In general, more suspicious
lesions were found with NBI, however the sensitivity of
NBI for neoplasia detection was similar to conventional
[63]
white-light endoscopy . Soon thereafter, the same
group assessed the value of NBI for surveillance in UC
[64,65]
in two other studies
. In these studies, pit pattern
analysis of neoplastic lesions exhibited only a moderate
[64]
accuracy for the prediction of histology . Compared
to high-definition endoscopy, NBI did not improve
[65]
the detection of UC associated neoplastic lesions .
Subsequently, trials comparing NBI against dye-based
chromoendoscopy for the detection of colonic dysplasia
in IBD found no significant differences between both
[66,67]
techniques for dysplasia detection
.
Consistent with this, a recent meta-analysis of
four studies comparing dye-based chromoendoscopy
and NBI found a non-significant lower dysplasia
[57,58]
detection rate with NBI
. The result of this metaanalysis indicates that a meaningful benefit of NBI
over chromoendoscopy is unlikely. However, at the
same time the study also did not documented a
benefit of chromoendoscopy over NBI and clearly,
higher powered studies are needed to address
[68,69]
this question
. Based on the above mentioned
evidence, NBI is, at the moment, not recommended
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to replace dye-based chromoendoscopy for cancer
[57,58]
surveillance in IBD patients
.
Data on the relevance of digital chromoendoscopy
for IBD surveillance are scare to date. First evidence
that digital chromoendoscopy with FICE might be
superior to white-light colonoscopy with standard
definition for the detection of dysplastic lesions in UC
comes from a prospective, randomized trial that was
[70]
just recently presented at the ECCO 2015 meeting .
The role of dye-less chromoendoscopy to assess
mucosal inflammation associated with IBD has also
been studied. In one of the earliest reports, Kudo and
colleagues analyzed the mucosal vascular pattern
(MVP) in patients with asymptomatic or mildly active
[71]
UC using NBI and HD white-light endoscopy . The
authors found that areas with obscure MVP on NBI
exhibit increased numbers of acute inflammatory cell
infiltrates, goblet cell depletion and basal plasmacytosis
and that evaluation of the MVP with NBI yielded a
more precise determination of acute microscopic
[71]
inflammation in patients with quiescent UC . The
typical appearance of active UC and inactive, quiescent
disease on NBI have been summarized by the same
[72]
group of authors . In addition to that, another pilot
study on 14 IBD patients was able to demonstrate
that areas that appear normal on WLE, but positive
on NBI (as defined by a stronger capillary vascular
pattern), exhibit an increased leukocyte infiltrate
and a significantly increased microvessel density
on immunohistology, thus providing first evidence
that NBI might allow in vivo imaging of intestinal
[73]
angiogenesis in IBD patients .
Data on the relevance of digital DLC for the
assessment of mucosal inflammation in IBD patients
are limited. To date, only one study evaluated FICE
in IBD patients and showed that FICE is not helpful
to improve the detection or delineation of ulcers
[74]
and erosions in CD . Just recently, a study on 78
IBD patients that were randomized to receive either
HD white-light endoscopy or HD endoscopy with
i-scan, was able to demonstrate that i-scan allows a
considerably improved prediction of disease extent and
disease activity compared to white-light endoscopy
[75]
(i-scan: 92% and 90% vs WLE: 49% and 54%) .
Of note, examination time was not different between
WLE and i-scan, consistent with the idea that dye-less
chromoendoscopy is a push-of-a-button technology
that can be readily incorporated into the existing
[75]
examination . Although no studies have directly
assessed the relevance of digital chromoendoscopy for
the detection of colitis-associated neoplasia and cancer,
it has been shown that HD endoscopy with i-scan can
significantly detect more neoplastic lesions and more
[76]
flat adenomas than standard resolution endoscopy
and is as precise as dye-based chromoendoscopy for
the characterization of small colorectal lesions in non[77]
IBD patients . Based on these results, data on the
assessment of colitis associated dysplasia by digital
DLC are eagerly awaited.
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Table 1 Technical characteristics of probe based and integrated integrated confocal laser endomicroscopy devices
Endoscope based CLE
Image-plane depth (µm)
Lateral resolution (µm)
Field-of-view (µm)
Frames per second
Magnification
Required operating channel (mm)
Length (cm)

Probe based CLE

iCLE

GastroFlex

0-250
0.7
475 × 475
0.8-1.6
1000-fold

70-130
3.5
600 × 600
12
1000-fold
≥ 2.8
300

120 and 180

UHD

GastroFlex

55-65
1
240 × 240
12
1000-fold
≥ 2.8
300

ColoFlex
70-130
3.5
600 × 600
12
1000-fold
≥ 2.8
400

ColoFlex

UHD

55-65
1
240 × 240
12
1000-fold
≥ 2.8
400

iCLE: Integrated confocal laser endomicroscopy; UHD: Ultra-high definition.

a special computer algorithm (Mosaicing, Mauna Kea
Technologies, Paris, France). Probe based CLE in IBD
is mostly being performed by using the ColoFlex UHD
probe, which requires a 2.8 mm working channel.
Hence, these probes can be advanced through the
working channel of most endoscopes used in clinical
practice.
Both CLE-systems offer unique advantages
and specifications and their utilization depends on
the clinical scenario. Advantages of iCLE are its
higher resolution, the possibility to alter the laser
power and imaging plane depth and it also allows
to simultaneously take biopsies and thus to directly
compare confocal imaging with histopathological
results. The major advantages of the pCLE system
are its ad hoc usage in existing endoscopes and the
possibility to perform real time video recording.
Technical characteristics of the iCLE systems and
different CLE probes are summarized in Table 1.
The utilization of confocal endomicroscopy and
the interpretation of images in IBD patients require
only a short learning curve. In this regard, data from
a prospective evaluation demonstrated that after the
initial three examinations, performance parameters
of CLE imaging improved with a significant decrease
in the overall CLE procedure time and an increase in
images in focus acquired. Further, agreement between
CLE and histopathology improved over time with
kappa values of 0.81 after twenty-six cases. Thus, CLE
is a procedure that can be readily learned in a short
time frame and that can be successfully applied in IBD
[85]
patients .
In one of the first in vivo randomized trials on the
relevance of CLE for UC surveillance, it was shown
that by using chromoendoscopy (with methylene
blue) together with endomicroscopy, 4.75-fold more
neoplasias could be detected than with conventional
colonoscopy, although 50% fewer biopsies were
required and CLE exhibited an excellent diagnostic
[86]
accuracy for the prediction of neoplastic changes .
In addition, using the modified Mainz confocal criteria
for the in vivo diagnosis of adenoma-like mass (ALM)
and DALM in a pilot study on 16 UC patients, it has
also been shown that CLE can accurately differentiate
between DALM and ALM with an almost perfect

CONFOCAL LASER ENDOMICROSCOPY
Confocal laser endomicroscopy (CLE) can visualize
[78]
structures at the (sub)cellular level , and since its
introduction in 2003 CLE has emerged as a technique
that can be utilized for precise histologic real time
[79-83]
in vivo imaging of various diseases
. Technically,
after topical (acriflavine hydrochloride, cresyl violet)
or systemic (fluorescein sodium) administration of
contrast agents, CLE emits a low power blue laser
light onto the tissue, which is then reflected from
the tissue and refocused on the detection system
by the same lens, leading to microscopic imaging at
[81]
1000-fold magnification in real time . Currently, two
different FDA-approved and CE-certified CLE devices
[84]
are available : (1) a probe based CLE system that
can be advanced through the accessory channel of
a standard endoscope (pCLE, Cellvizio, Mauna Kea
Technologies, Paris, France); and (2) an integrated
device where the CLE probe is integrated into the
distal end of a high-resolution endoscope (“integrated”,
iCLE; Pentax, Tokyo, Japan). Both pCLE and iCLE emit
blue laser light with wavelength of 488 nm, and light
reflection from the tissue is detected at wavelengths
between 205 and 585 nm. The iCLE-system acquires
images at a manually adjustable scan rate of 1.6
frames/s with a resolution of 1024 × 512 pixels, or
at 0.8 frames per second with a resolution of 1024
× 1024 pixels. The depth of scanning and the laser
power can be adjusted from 0 to 250 μm and from 0
and 1000 μW, respectively. The optical slice thickness
is 7 μm, with lateral and axial resolution of 0.7 μm
and a confocal image field of view of 475 μm × 475
μm.
The pCLE system utilizes separately available
confocal probes, and specific probes for different
indications throughout the entire gastrointestinal tract
are available. Probe-based CLE utilizes a fixed laser
power and a fixed imaging plane depth for image
acquisition. Lateral resolution ranges between 3.5
µmol/L and 1 µmol/L, resulting in a field of view of
600 µmol/L-240 µmol/L, depending on the confocal
probe used. Images are acquired at 12 frames/s,
leading to real-time videos. Single video frames either
in real time or post processed with an increased field
of view (4 mm × 2 mm) can be reconstructed using
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kappa coefficient of agreement between CLE and
[87]
histopathologic evaluation . This is important since
such an approach can significantly facilitate the clinical
decision whether patients should receive endoluminal
endoscopic resection or be rather referred for
[87]
proctocolectomy . Importantly, these studies utilized
the integrated CLE system (iCLE) and subsequently,
another pilot study on 22 UC patients demonstrated
that surveillance in UC is also feasible with the standalone CLE probe (pCLE) with reasonable diagnostic
[88]
accuracy of the pCLE system for dysplasia detection .
These results were also confirmed by a recent metaanalysis that included a total of fifteen studies
involving 719 patients with either sporadic polyps or
IBD. In this work, it has been calculated that CLE can
distinguish neoplasms from non-neoplastic tissue in
IBD patients with a sensitivity of 83% and specificity
of 90%, thereby confirming that CLE can indeed
differentiate between neoplastic and non-neoplastic
[89]
tissue . Morphologically, dysplasia on CLE is in
general characterized by dark cells with crypt density
attenuation, a ridged-lined irregular epithelial layer with
loss of crypts and dilated and distorted vessels with
elevated leakage and irregular vascular architecture. In
contrast, inflamed mucosa is in general characterized
by dilation of crypt openings, enlarged spaces between
crypt, and microvascular alterations with fluorescein
leaks into the crypt lumen therefore making the lumen
[78,90]
brighter than the surrounding epithelium
.
Apart from dysplasia detection, several reports
have assessed the value of CLE for the real-time in
vivo assessment of the histologic degree and the
extent of mucosal inflammation associated with
IBD. One of the earliest pilot studies evaluated the
morphologic differences of the colonic mucosa between
active and inactive UC. The crypts in UC patients with
non-active disease were small, round and slightly
irregular in arrangement with a small and round crypt
lumen. In contrast, colonic crypts in active UC were
large, variously shaped and irregular in arrangement
whereas colonic crypts in active UC appeared large,
variously shaped, irregularly arranged with numerous
inflammatory cells and capillaries in the lamina
[91]
propria .
These results were also confirmed by several
other studies. A study by Li and colleagues on 73
UC patients assessed the inflammatory activity by
CLE with a 4-grade CLE classification system of crypt
architecture, as well as by analysis of microvascular
alterations and fluorescein leakage, demonstrating that
all three parameters (crypt architecture, fluorescein
leakage, microvasculature) showed good correlations
[92]
with histopathology . Of note, more than half of the
patients with normal mucosa seen on conventional
white-light endoscopy showed acute inflammation
on histology, whereas no patients with normal
mucosa seen on CLE showed acute inflammation
[92]
on histology . Another recently published study
by the same group showed that CLE can be used
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to predict disease relapse in UC. In this report, UC
patients with macroscopic normal mucosa on WLE,
but endomicroscopic sings of active inflammation (as
assessed by analysis of the crypt architecture with
CLE), exhibited a significantly higher relapse rate than
[93]
patients with non-active disease on CLE . Finally,
[94]
Buda et al
have further confirmed that mucosal
changes detected in vivo by CLE in remittent UC
patients can predict disease relapse.
Results from our own group demonstrate that
CLE can also reliably assess Crohn’s disease activity
and also be utilized to differentiate Crohn’s disease
[95,96]
from ulcerative colitis
. In a study on 54 patients
with Crohn’s disease, we were able to show that
a significantly higher proportion of patients with
active CD had increased colonic crypt tortuosity,
enlarged crypt lumen, microerosions, augmented
vascularization, and increased cellular infiltrates
within the lamina propria while, in quiescent CD, a
significant increase in crypt and goblet cell number
[95]
was detected compared with controls
and based on
these findings, the Crohn’s Disease Endomicroscopic
Activity Score (CDEAS) for the assessment of CD
activity in vivo was proposed. The CDEAS does not
only allow differentiating between quiescent CD
and controls but also between quiescent and active
disease and showed strong correlation to serum levels
[95]
of the C-reactive protein . In a recently published
prospective trial on 79 IBD patients we were able
to show that patients with CD showed significantly
more discontinuous inflammation, more focal cry
ptitis and more discontinuous crypt architectural
abnormality on CLE than patients with ulcerative
colitis. Conversely, ulcerative colitis was associated
with severe, widespread crypt distortion, decreased
crypt density and irregular surface and based on these
findings, the so-called IDEA (IBD Differentiation based
on Endomicroscopic Assessment) scoring system was
developed exhibiting an excellent diagnostic accuracy
when compared with the historical clinical diagnosis
[96]
and histopathology .
Hence, the CLE based scoring systems such as the
CDEAS or the IDEA appear as precise tools for the
accurate prediction of disease severity in CD patients
and for the differential diagnosis between CD and
[95,96]
UC
. However, validation trials are highly warranted
to proof the early results.
Another important feature for the endomicroscopic
evaluation of inflammatory activity by CLE are the
[97]
so-called epithelial gaps . Epithelial gaps, originally
discovered in the terminal ileum and rectum of
patients undergoing surveillance colonoscopy, have a
diameter of an individual epithelial cell (10 µm) and
pathomorphologically result from shedding of epithelial
cells. In this context it has been shown that in IL-10
deficient mice, as a murine model of inflammatory
bowel diseases, as well as patients with CD exhibited
a significantly higher epithelial gap density compared
[98]
to controls . A study including 21 CD and 20 UC
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patients with a median follow-up of 14 mo provided
first evidence that assessment of epithelial gaps by
CLE has important clinical relevance. In this report,
patients with elevated gap density were at significantly
[99]
higher risk for hospitalization or surgery . Further,
patients with elevated gap density were at increased
risk for hospitalization and surgery and gap density
was a significant predictor for risk of major events,
with a hazard ratio of 1.10 associated with each
increase of 1% in gap density. Additionally, gap density
[99]
also correlated with IBD disease duration . These
results are corroborated by another trial on 47 UC
and 11 CD patients in clinical and mucosal remission
in which increased cell shedding with fluorescein
leakage was associated with subsequent relapse
within 12 mo after endomicroscopic examination.
Further, endomicroscopic grading of the local barrier
dysfunction by the so called Watson grade exhibited
a very high specificity and good overall accuracy for
[100]
predicting disease flares .
The role of CLE for the assessment of mucosal
inflammation, for the prediction of therapeutic response
and for cancer surveillance in IBD has recently been
[101]
summarized in a systemic review . In their totality,
the above discussed studies demonstrate that CLE can
be used to reliably assess the macro- and microscopic
inflammatory activity in IBD patients and to obtain
optical biopsies in real-time. Since the precise deter
mination of mucosal inflammation is one of the most
critical components for defining and achieving mucosal
healing, which itself has been identified as a key
prognostic parameter and important treatment goal in
[7]
IBD patients , it is likely that CLE will become more
important in the foreseeable future not only to facilitate
and optimize the management and surveillance of IBD
patients but also to prospectively identify patients that
are under risk of experiencing a disease flare.

(iEC) device are available
. The integrated devices
use two different lenses and are integrated into
endocopes for the upper (103 cm in length) and
lower (133 cm in length) GI tract. iEC provides
a 580x-fold image magnification and also allows
conventional optical magnification with narrow band
imaging capabilities. Recently, another integrated
endocytoscope system (GIF-Y0002) was introduced
which contains only one lens that allows to continuously
increase the zoom from the conventional endoscopy
level up to 380-fold (tissue field of view, 700
mm × 600 mm) using a hand lever. Using digital
magnification (× 1.6) in addition, the magnifying
power can be increased to 600-fold, providing a tissue
[104,107]
field of view measuring 440 mm × 380 mm
.
With these characteristics, this new endoscopegeneration allows continous magnification from
standard overview to the (sub)cellular level.
For the pEC device, two different probes are
available, providing either 450-fold (XEC 300F) or
[103,104]
1390-fold (XEC 120 U) magnification
. The
horizontal observation field is 300 µm × 300 µm (0.09
2
mm ) for the 450-fold magnification probe and 120 µm
× 120 µm for the 1390-fold magnification probe and
both probes require an accessory channel of 3.7 mm.
Compared with CLE, less data on the assessment
of mucosal inflammation in IBD are available for EC. In
an initial report on 55 UC patients, a newly introduced
endocytoscopy scoring system (ECSS) was compared
with Matt’s histopathological grading to evaluate the
degree of inflammation. As shown in this report,
assessing the shape and distance between crypts as
well as the visibility of superficial microvessels with a
450-fold magnification showed a strong correlation with
[108]
Matts’ histopathological grading
and further, the
ECSS showed a high reproducibility between different
[108]
investigators . Recently, our group tackled the issue
whether EC can be used not only for the determination
of mucosal inflammation, but also for the identification
and visualization of single inflammatory cells. For this
purpose, we used the probe-based EC system with
[109]
1390-fold magnification
. In this report, we were
able to demonstrate that EC is able to visualize not
only different cellular structures within the intestinal
mucosa such as size, arrangement, and density of cells
but also ultrastructural patterns such as size and shape
[109]
of nuclei and the nucleus-to-cytoplasm ratio . With
these features, EC allowed to reliably distinguish single
inflammatory cells, namely neutrophilic, basophilic
[109]
and eosinophilic granulocytes, and lymphocytes
.
Further, concordance between endocytoscopy and
standard histopathologic grading of disease activity
was 100% and EC exhibited a substantial interobserver
[109]
and almost perfect intraobserver agreement .
The detection of colitis- associated neoplasia
or cancer with EC has not been studied to date.
However, first evidence suggests that EC can identify
dysplasia in aberrant crypt foci as the earliest pre
cursor lesions of colorectal cancer in the dysplasia-

ENDOCYTOSCOPY
Endocytoscopy (EC; Olympus, Tokyo, Japan) is an
advanced imaging technology that uses contact light
microscopy with a fixed-focus, high-power objective
lens to allow in vivo microscopic imaging of the GI tract
[102-104]
with up to 1390-fold magnification
. The depth of
field of EC ranges from 0 to 50 µm, thereby only the
very superficial mucosal layer can be visualized. As
a prerequisite before image acquisition, EC requires
thorough mucolysis (e.g., with N-acetyl-cysteine) and
staining of the mucosa with an absorptive agent (e.g.,
methylene blue, toluidine blue, cresyl violet). Data
from ex vivo studies suggest that optimum conditions
for endocytoscopic observation can be obtained after
staining with 0.25% toluidine blue in the colon, after
[105]
60 s of exposure to the dye
, but a combination
of different dye agents might be required for optimal
[106]
tissue contrast .
Similar to CLE, a probe based endocytoscopy
system (pEC) as well as an integrated endocytoscopy
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carcinoma sequence
and in colonic polyps, EC is
capable to even detect and distinguish focal high[111]
grade intraepithelial neoplasia
. Potential clinical
applications of endocytoscopy in the upper and lower
GI tract as well as at other mucosal surfaces have
[104]
been recently reviewed .

Furthermore, molecular targets that are upregulated
from colorectal cancer cells and which are already
established therapeutic targets, such as epidermal
growth factor receptor (EGFR) or vascular endothelial
growth factor receptor (VEGFR), have been utilized
as fluorescent probes for the visualization and precise
[123-125]
discrimination of cancer tissue
.
Just recently, a first prospective human study in
vivo on the molecular labelling of EGFR was conducted
[126]
in 37 patients with CRC
. In this study, an Alexa
488 conjugate-labeled mouse anti-hEGFR antibody
was topically applied via a spraying catheter and
subsequently, confocal imaging was performed. An
EGFR-specific fluorescence signal was present in 18 out
of 19 patients with CRC and 12 out of 18 patients with
intestinal adenomas while normal mucosa exhibited
[126]
no or only weak fluorescence . Importantly, no side
effects were observed during in vivo CLE imaging
and at the 4-6 wk follow-up. Further, no human-anti
mouse antibodies were detected serologically, although
this aspect was assessed in serum samples of only 4
[126]
patients .
A potential clinical relevance of the visualization of
EGFR during ongoing endoscopy has been portrayed out
in a recent study in which colon cancer xenografts were
induced by transplanting either cetuximab-sensitive
(HT29) or cetuximab-resistant (SW620) human CRC
cell lines into nude mice. CLE was performed 48 h after
injection of a fluorescently labelled cetuximab test dose
and the initial fluorescence intensity was examined
in relation to clinical readouts such as tumor growth,
thriving and mortality. The initial fluorescence signal
was significantly stronger in cetuximab-treated HT29
tumors than in HT29 controls or cetuximab-treated
SW620 tumors and accorded with significantly slower
tumor progression, better overall survival and better
physical condition. Further, cetuximab sensitivity could
be predicted from fluorescence intensity at day 0 with
a high positive predictive value. Importantly, molecular
imaging was for the first time linked to an early
prediction of response to targeted therapy in models
of human CRC. Therefore, these results may indicate a
promising principle for early patient stratification.
These findings were directly translated into clinical
applications and one first clinical trial has already
proven that the visualization of molecular targets can
be used to make a risk stratification of IBD patients
prior to the initiation of treatment into responders
and non-responders, thereby allowing a prediction
on the therapeutic success. In this landmark phase
1 clinical trial, a FITC (fluorescein isothiocyanate)
labeled anti-TNF antibody was manufactured under
GMP conform conditions and topically applied during
endoscopy to the inflamed mucosa of IBD patients
that were naïve to anti-TNF antibody treatment.
Subsequently, the amount of intestinal mTNF+ cells
[127]
was quantified via CLE
. Importantly, patients with
high numbers of mTNF+ cells showed significantly

MOLECULAR IMAGING
One limitation of the above discussed techniques is
that, although they allow precise visualization of cellular
structures, they are dependent on the presence of
morphologic changes to detect pathology. In the recent
past, techniques such as CLE have been combined with
the utilization of fluorophores with specificity towards
a defined molecular target, thereby enabling the
visualization and quantification of biochemical structures
or processes on the molecular level in real-time during
ongoing endoscopy. This novel field of gastrointestinal
endoscopy is referred to as “molecular imaging” or
“in vivo immunohistochemistry” and is now a rapidly
evolving field in gastroenterology. Since molecular
imaging is based on the utilization of exogenous probes,
criteria for the ideal probes utilized for molecular
imaging in the gastrointestinal tract have been defined.
As such, ideal probes for labeling molecular structures
should exhibit a high diversity, high affinity binding,
rapid binding kinetics within minutes, adequate tissue
penetration, low immunogenicity, ability for large scale
[112]
synthesis and florescent labelling . These criteria can
be fulfilled by different agents and so far the following
substance classes have been successfully utilized for
molecular imaging: antibodies, lectins, affinity peptides,
activatable probes, nanoparticles and physiological sub
[113-115]
stances
.
To date, mucosal inflammation as well as cancer
development within the GI tract has been success
fully studied with molecular imaging, in both, mice
and humans. Just recently, Mitsunaga and co-workers
utilized a topically applied enzymatically activatable
probe (gGlu-HMRG), which exhibits a fluorescent signal
in the presence of the enzyme γ -glutamyltranspeptidase
(GGT) to visualize cancer development by fluorescence
colonoscopy in the AOM/DSS mouse model of colitis[116]
associated cancer
. Fluorescent lesions were de
tected 5 min after topical administration of gGluHMRG, even in small lesions, and fluorescence signal
persisted for at least 30 min. Fluorescence guided
biopsy revealed that all fluorescent lesions contained
cancer or dysplasia and although microscopic inflam
matory infiltration also had variable fluorescence,
these signals were general approximately 10-fold lower
[116]
than the cancerous tissue
. Consistent with these
observations, other studies utilized protease-sensing
[117,118]
probes, such as a cathepsin reporter probes
,
[119]
[116,120]
MMP-activatable probes
, GGT substrates
, or
[121,122]
certain peptides
to detect and visualize intestinal
dysplasia and polyps in murine and xenograft models.
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higher short-term response rates (92%) at week 12
upon subsequent anti-TNF therapy as compared to
patients with low amounts of mTNF(+) cells (15%),
despite comparable severity of mucosal inflammation
in both patient groups. This clinical response in
patients with high amounts of intestinal mTNF+ cells
was sustained over a follow-up period of 1 year and
was associated with mucosal healing observed at
[127]
follow-up endoscopy
.
These data were the first to provide direct evidence
that molecular imaging with fluorescent antibodies and
CLE can be utilized to predict therapeutic responses
to biological treatment in Crohn’s disease prior to the
initiation of therapy and thus might be used for an a
priori risk stratification according to their treatment
response. The establishment of such a personalized
medicine approach and its integration into clinical
routine and patient care would have a tremendous
impact since it would allow avoiding unnecessary risk
exposure associated with biological therapies and
lead to a considerable economization of the treatment
regimens at the same time.
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CONCLUSION
In recent years, emerging strategies for the mana
gement of patients with IBD have radically changed
the role of advanced endoscopic imaging techniques
in both, research trials and clinical practice. Imageenhanced technologies including high-definition,
optical magnification, and chromoendoscopy can
remarkably refine the characterization of mucosal
inflammation and clearly have the potential to improve
the detection of non-polypoid dysplastic lesions in daily
clinical practice. In addition, recent developments in
optical biopsy techniques such as endocytoscopy and
confocal laser endomicroscopy have made available
the microscopic assessment of mucosal changes
in real time during ongoing endoscopy, thereby
predicting several histologic features with a high
level of accuracy. The path traced by rapidly evolving
molecular imaging technologies promises to transcend
the known spectrum of plain morphological assessment
of conventional luminal gastrointestinal tract to visua
lization of molecular structures and pathways in
IBD patients that allow individual predictions about
therapeutic responses.
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REVIEW

Pharmacokinetic drug interactions in liver disease: An
update
Pietro Palatini, Sara De Martin
of drugs from the market. Management of such
interactions by dose adjustment in clinical practice is
extremely difficult because of the wide interindividual
variability in their magnitude. This review examines
the genetic, physiological, and environmental factors
responsible for this variability, focusing on an im
portant but so far neglected cause of variability, liver
functional status. Clinical studies have shown that
liver disease causes a reduction in the magnitude
of interactions due to enzyme inhibition, which is
proportional to the degree of liver function impairment.
The effect of liver dysfunction varies quantitatively
according to the nature, reversible or irreversible, of
the inhibitory interaction. The magnitude of reversible
inhibition is more drastically reduced and virtually
vanishes in patients with advanced hepatocellular
insufficiency. Two mechanisms, in order of importance,
are responsible for this reduction: decreased hepatic
uptake of the inhibitory drug and reduced enzyme
expression. The extent of irreversible inhibitory
interactions is only partially reduced, as it is only
influenced by the decreased expression of the inhibited
enzyme. Thus, for appropriate clinical management of
inhibitory drug interactions, both the liver functional
status and the mechanism of inhibition must be taken
into consideration. Although the inducibility of drugmetabolizing enzymes in liver disease has long been
studied, very conflicting results have been obtained,
mainly because of methodological differences. Taken
together, the results of early animal and human
studies indicated that enzyme induction is substantially
preserved in compensated liver cirrhosis, whereas no
definitive conclusion as to whether it is significantly
reduced in the decompensated state of cirrhosis was
provided. Since ethical constraints virtually preclude
the possibility of performing methodologically
rigorous investigations in patients with severe liver
dysfunction, studies have recently been performed
in animals rigorously stratified according to the
severity of liver insufficiency. The results of these
studies confirmed that enzyme induction is virtually
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Abstract
Inhibition and induction of drug-metabolizing en
zymes are the most frequent and dangerous drugdrug interactions. They are an important cause of
serious adverse events that have often resulted in
early termination of drug development or withdrawal
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unaffected in compensated cirrhosis and indicated that
the susceptibility of enzyme induction to severe liver
dysfunction depends on the type of nuclear receptor
involved and also varies among enzyme isoforms
under the transcriptional control of the same nuclear
receptor. These findings make it clear that no general
conclusion can be reached from the study of any
particular enzyme and partly explain the conflicting
results obtained by previous studies. Since no general
guidelines can be provided for the management of
drug interactions resulting from enzyme induction,
both the effects and the plasma concentration of the
induced drug should be strictly monitored. The findings
discussed in this review have important methodological
implications as they indicate that, contrary to current
guidelines, the magnitude of metabolic drug-drug
interactions in patients with liver disease cannot be
inferred from studies in healthy subjects.

or excretion. DDIs are an important and avoidable
cause of serious adverse events and can result in early
termination of development or withdrawal of drugs
from the market. As polypharmacy is commonplace in
many patient populations, the risk of dangerous DDIs
is high. For example, in the general population, DDIs
have been considered responsible for 20%-30% of all
[1]
adverse drug reactions and account for about 10%
[2]
of visits to emergency departments . In hospitalized
[3]
patients, they represent 3%-5% of medication errors
and have been estimated to be the cause of death in
[4]
4% of cancer patients , to whom drugs are frequently
administered at or close to the maximum tolerated
dose. Both transporter- and enzyme-mediated DDIs
can significantly alter drug pharmacokinetics and
have therefore the potential to affect the therapeutic
efficacy or toxicity of drugs. However, a very limited
number of transporter-mediated DDIs have so far
been shown to be clinically relevant, and the effect
of environmental variables, such as liver disease,
on the extent of these interactions has not yet been
[5]
investigated . By contrast, metabolism-based DDIs,
particularly those due to inhibition and induction of
cytochromes P450 (CYPs), have been shown to be
[6]
rather frequent and the most dangerous ones . The
clinical consequences of CYP inhibition or induction
depend on the pharmacological and toxic effects of
both the parent drug and its metabolite(s) and may be
particularly important if the victim drug has a narrow
therapeutic index, since metabolism-based DDIs may
cause up to 10-fold changes in the concentrations
of the drug whose biotransformation is inhibited or
[7]
induced (see, e.g., Teo et al ). Thus, when the parent
drug is responsible for the pharmacological effect and
the affected metabolic pathway constitutes its main
route of elimination, inhibition and induction may cause
dangerous toxic effects or complete loss of therapeutic
efficacy, respectively. Vice versa, if the parent com
pound is a pro-drug, inhibition of its metabolic con
version will cause a decrease or loss of therapeutic
efficacy, whereas enzyme induction will likely result in
toxic effects. Induction may be particularly dangerous
when reactive metabolites are generated, as they can
[8]
frequently cause serious idiosyncratic reactions .
Although pharmaceutical companies are devising
new approaches to circumvent DDIs mediated
by drug-metabolizing enzymes (DMEs), the very
broad specificity of CYPs, which results in frequent
competition of co-administered drugs for CYP cata
lytic sites, make these interactions virtually un
[9]
avoidable. For example, a systematic review of
new drug applications approved by the Food and
Drug Administration (FDA) in 2013 revealed that,
on the basis of in vitro tests performed during drug
development, almost all new molecular entities had
been found to be perpetrators of metabolic interactions.
In particular, 77% inhibited at least one CYP enzyme,
and 29% induced CYP enzyme expression to some

Key words: Pharmacokinetic interactions; Enzyme
inhibition; Enzyme induction; Liver disease; Plasma
protein binding
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The widespread use of polypharmacotherapy
makes drug-drug interactions due to inhibition or
induction of drug-metabolizing enzymes virtually
unavoidable, with consequently high risk of serious or
even life-threatening adverse effects. An appropriate
management of such interactions by dose adjustment
is made difficult by their high interindividual variability.
This review, which focuses on the variability associated
with liver functional status, presents an updated
discussion of the relevant literature, analyzes the
mechanisms responsible for the effect of liver dys
function on the magnitude of these interactions, and
outlines the criteria on which their clinical management
should be based.
Palatini P, De Martin S. Pharmacokinetic drug interactions in liver
disease: An update. World J Gastroenterol 2016; 22(3): 1260-1278
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i3/1260.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1260

INTRODUCTION
A drug-drug interaction (DDI) may be defined as the
modification of a patient’s clinical response to the
administered drug by co-administration of another
drug. DDIs are termed pharmacodynamic when a
pharmacological response is altered through either
agonism or antagonism, without affecting the drug
kinetics. Pharmacokinetic interactions, i.e., alterations
of drug disposition, occur mainly via inhibition or
induction of metabolic enzymes or transporters
involved in drug absorption, distribution, metabolism,
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extent. In addition, 45% of the new molecular entities
had been found to be victims of clinically significant
metabolic DDIs.
The wide interindividual variability in the magnitude
of drug interactions due to enzyme inhibition or
induction makes it very difficult to manage such
interactions by dose adjustment since, as pointed out
[10]
by Obach et al , there is no proven in vitro method
consenting a quantitative prediction of the alteration in
exposure to the victim drug. Although more complex
and refined predictive models have subsequently
been proposed and endorsed by the FDA regulatory
[11]
guidance , it has recently been pointed out that they
[12]
do not improve predictive capacity .
Genetic factors (enzyme polymorphisms), phy
siological and environmental variables (age, sex,
diet, co-medication) as well as various pathological
conditions may concur in determining the wide
interindividual variability of metabolism-based DDIs.
[13]
As shown by Christensen et al , any displacement
from plasma protein-binding sites is a further factor
influencing the magnitude of metabolic DDIs. Factors
influencing the magnitude of metabolism-based
[14-17]
interactions have been reviewed in the past
.
However, only one review focused on the effect of liver
[18]
disease on both enzyme inhibition and induction .
The present review is an update that includes new
findings and reinterprets some results in light of newlyacquired knowledge.
The mechanisms underlying altered drug dis
position in liver disease are not known with cer
tainty. Therefore, the effect of liver insufficiency on
metabolism-based DDIs is difficult to predict. In
this review, we interpret the observed liver effects
on metabolic DDIs on the basis of the mechanisms
proposed to account for altered drug handling in liver
disease. Therefore, current theories aiming to explain
the influence of liver dysfunction on hepatic drug
disposition will be summarized firstly.

no single endogenous marker is a reliable index
of the degree of liver function impairment and its
drug-metabolizing ability. Various classification
systems have been developed to characterize the
degree of liver injury and predict the prognosis of
[20-22]
patients with cirrhosis
. Because of their fairly
good predictive value of hepatic drug-metabolizing
[23]
[24]
ability, the Child and Pugh
classifications, which
are based on a combination of clinical features
(ascites, encephalopathy, and nutritional status) and
laboratory variables (serum albumin, bilirubin, and the
international normalized ratio of prothrombin time),
are currently used in clinical studies aiming to correlate
the degree of liver dysfunction with impairment
of hepatic drug disposition. According to the Child
classification, liver cirrhosis is graded as A, B, or C,
in order of increasing severity. Child grade A patients
have well preserved liver function (normal or nearly
normal values of liver function tests); Child grade B
patients have altered values of these tests, but minimal
encephalopathy and easily controlled ascites, whereas
patients with Child grade C (decompensated) cirrhosis
have grossly altered values of liver function tests, and
severe encephalopathy and ascites are present. In
the Pugh system, a numerical score is given to each
clinical feature or biochemical test. Overall scores of
5-6, 7-9, and 10-15 correspond to Child’s grade A, B,
and C liver cirrhosis, respectively.
On the basis of experimental observations of the
effect of liver cirrhosis on drug disposition and the
morphological and functional changes associated
with this disease, four mechanisms have been
proposed whereby liver cirrhosis can alter hepatic
[19]
drug handling . The basic tenets of these theories
will be briefly summarized, and experimental evidence
supporting or disproving each of these theories will be
discussed.

Intact hepatocyte theory

According to this theory, the alteration in hepatic drug
elimination is the consequence of a reduced mass
of hepatocytes, the function and perfusion of which
remain normal. Depending on their hepatic elimination
characteristics, drugs can be divided into two major
[25]
groups : (1) drugs with high hepatic extraction ratio
(EH > 0.7), which are referred to as flow-limited drugs
because their clearance is mainly dependent on the
rate of delivery of the drug to the liver, i.e., liver blood
flow; and (2) drugs with low hepatic extraction ratio
(EH < 0.3), termed capacity-limited drugs because
their clearance is primarily dependent on the metabolic
capacity of the liver. The intact hepatocyte theory
implicitly assumes that the reduction in clearance is
the same for drugs with high or low extraction ratio,
i.e., irrespective of whether their clearance is limited
by blood flow or the intrinsic metabolic ability of
the liver, respectively. Experimental evidence both
consistent and inconsistent with this theory has been

MECHANISMS UNDERLYING ALTERED
HEPATIC DRUG HANDLING IN LIVER
DISEASE
A large number of studies have shown that im
pairment of drug disposition is strictly correlated with
the type and severity of liver disease. In patients
with chronic hepatitis without cirrhosis, or primary
or secondary liver cancer, hepatic drug metabolism
is generally comparable to that of subjects with
[19]
normal liver function . By contrast, in liver cirrhosis,
hepatic drug clearance is in most cases significantly
reduced. Therefore, most of the published literature is
concerned with the impairment of drug disposition in
liver cirrhosis.
Unlike the kidney, for which creatinine clearance
is a quantitative measure of renal excretory ability,
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[29,30]

obtained. On the one hand, the total hepatocyte
number in liver biopsies of cirrhotic patients was found
to be reduced by a mean of 41% with respect to noncirrhotic subjects, and the clearances of antipyrine
and aminopyrine (model compounds with very
low extraction ratio (EH about 0.05) used to assess
[26]
hepatic metabolic efficiency ) were found to be
proportionally reduced (by about 40%). On the other
hand, the hepatic disposition of flow- and capacitylimited drugs was reported to be affected to different
[19]
extents in the same cirrhotic patients . In addition,
this theory cannot explain the preferential reduction of
Phase Ⅰ (oxidative) metabolic reactions compared to
Phase Ⅱ (conjugative) biotransformations.

patients
. These results indicated that other factors,
besides reduced metabolic activity of hepatocytes,
must be responsible for the impaired elimination of
drugs with flow-dependent clearance.

Impaired drug uptake theory

Because of the very large endothelial fenestrations, the
sinusoidal capillaries do not constitute an appreciable
barrier to the transfer of drugs and proteins from
blood to the space of Disse. Sinusoidal capillarization,
i.e., cirrhosis-associated occlusion of fenestrations and
formation of a basal lamina, converts the microvascular
bed of liver into a two-barrier system, as in the other
organs. The impaired drug uptake theory assumes
that capillarization of sinusoids limits drug uptake by
the hepatic parenchyma, especially of those drugs that
are highly bound to plasma proteins. Consistent with
this assumption, a study of the highly protein-bound
drug propranolol showed that in cirrhotic patients the
reduction of the hepatic extraction ratio of this drug
could not be ascribed to a decreased diffusion of the
free drug but rather to an impeded transfer across the
[31]
endothelial barrier of protein-bound propranolol .
This theory also predicts that the hepatic clearance
of a highly diffusible and poorly bound drug, such as
antipyrine, should be much less affected by cirrhosis
than that of a highly bound drug, such as propranolol.
However, contrary to this prediction, the in vivo
clearances of these two drugs were found to be
[28]
reduced to the same extent by cirrhosis .

Sick cell theory

This theory states that liver disease is associated with
a decline in hepatocyte function; therefore, it implicitly
predicts a reduction in enzyme and/or transporter
activity measured in vitro. Although drug transport is
a significant contributor to hepatic drug disposition, no
information is yet available about the effect of cirrhosis
on hepatic drug transport. Accordingly, the following
discussion will be necessarily limited to alterations in
drug-metabolizing reactions.
Consistent with the sick cell theory, numerous
animal and human studies have shown that the
hepatic levels of CYP proteins and related enzyme
activities are reduced in proportion to the severity of
liver cirrhosis. In addition, differential reductions in
both the content and activity of CYP enzymes have
been reported. For example, protein content and
activity of CYPs 1A2, 2C9, and 3A4 decrease to a
greater extent and a faster rate than those of CYPs
[25]
2D6 and 2E1 . As the decline of CYP activities is
generally correlated with a decrease in corresponding
mRNA levels, inhibition of transcriptional activity by the
cirrhosis-associated increase in inflammatory cytokines
[27]
is considered responsible for CYP downregulation .
Pharmacokinetic theory predicts that a decrease
in liver metabolic activity reduces hepatic clearance
of drugs with low-extraction ratio (capacity-limited
drugs) to a significantly greater extent than that of
highly extracted (flow-limited) drugs. Thus, if the
cirrhosis-associated impairment of hepatic drug
disposition is due to reduced enzyme content of
hepatocytes (as assumed by the sick cell theory), the
clearance of capacity-limited drugs should be more
profoundly reduced than that of flow-limited drugs.
Contrary to this prediction, one study showed that the
clearances of propranolol and antipyrine (flow- and
capacity-limited drugs, respectively) were affected
in a quantitatively similar fashion in a rat model of
[28]
cirrhosis . This result has been replicated by clinical
studies, which showed that the metabolic clearances
of the highly and poorly extracted drugs lidocaine and
theophylline, respectively, were reduced in a parallel
way and to a virtually identical extent in cirrhotic
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Oxygen limitation theory

This theory assumes that capillarization of the
sinusoids reduces oxygen transfer from blood to the
hepatocytes. This hypothesis was prompted by two
types of experimental evidence: (1) reduced oxygen
uptake by the isolated cirrhotic liver and cirrhotic
[32]
animals ; and (2) the generally marked reduction of
oxidative Phase Ⅰ biotransformations, compared with
the substantial preservation of Phase Ⅱ (conjugative)
metabolic reactions, which have a lower sensitivity to
reduced oxygen concentration and are not significantly
[33]
decreased until end-stage liver disease is reached .
Consistent with this hypothesis, the clearance of
theophylline, which undergoes CYP-mediated oxidative
metabolism, was shown to be reduced by 37% in
cirrhotic rats and restored to normal values by oxygen
[34]
supplementation . However, these results were not
[35]
replicated in a similar study of cirrhotic patients . In
conclusion, although some in vitro and animal data
support this theory, no clear evidence has yet been
obtained that sinusoidal capillarization reduces oxygen
transfer in humans.
Reduced binding to plasma proteins constitutes
an additional mechanism by which liver cirrhosis can
modify hepatic drug elimination. The concentrations
of both proteins mainly responsible for drug binding
[albumin and α 1 -acid glycoprotein (AAG)] are
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[36]

[40]

substantially reduced in severe cirrhosis , causing a
significant increase in the free level of highly bound
drugs. As discussed in detail below, this may result in
a paradoxical increase in clearance based on total drug
concentration.
Although each of the mechanisms thus far pro
posed in order to explain the reduction of hepatic drug
disposition in liver disease has some experimental
support, the above considerations make it clear
that no single mechanism can explain the altered
disposition of all drugs. A plausible explanation for the
observed inconsistencies is that multiple mechanisms
generally concur in determining the reduction of drug
elimination by the diseased liver, and their relative
importance varies according to the physicochemical
and pharmacokinetic characteristics of each drug.

Information regarding the molecular mechanism of
interaction between DMEs and inhibitors has been
obtained prevalently from studies involving CYP
enzymes. The biochemical mechanisms by which
drugs inhibit these enzymes are classically divided into
two main classes: reversible and irreversible.

more dangerous clinical effects than reversible ones .
They are also much more selective than reversible
inhibitors, as only one or very few CYP can generate
chemically reactive metabolites or form MI complexes
with a given drug. For example, erythromycin and
ethinylestradiol are selective inhibitors of CYP3A4,
because only this CYP isoform generates a MI complex
with the former drug and a chemically reactive
[40]
metabolite with the latter .
The liver content of the inhibited enzyme is the
most important factor determining the magnitude
of inhibitory DDIs and, consequently, their clinical
relevance. Whenever the inhibited metabolic pathway
is not the unique route of elimination, its contribution
to the overall elimination of a drug depends on the
hepatic content of the relevant enzyme. Hence, the
lower the enzyme content, the lesser the fractional
inhibition of total drug clearance. Any factor decreasing
the expression of a DME is therefore expected to
reduce the importance of its inhibition. Marked
interindividual variations have been observed in
the hepatic content of DMEs, with consequent wide
variability in the magnitude of DDIs. The biological
factors affecting enzyme expression, which have
been investigated mainly by studies of CYP-mediated
biotransformations, can be divided in two categories:
genetic polymorphism and phenoconversion.

Reversible inhibition

Genetic polymorphism

ENZYME INHIBITION: MECHANISMS AND
BIOLOGICAL VARIABILITY

This inhibition results from rapidly reversible binding of
a lipophilic drug molecule to a hydrophobic substratebinding region or to the unoccupied sixth ligand
[37]
position of the prosthetic heme iron . All the kinetic
types of inhibition, i.e., competitive, noncompetitive,
[38]
[39]
and uncompetitive , as well as allosteric inhibition
have been observed following reversible binding.

Various CYP enzymes show genetic polymorphism
(defined as the presence of variant alleles in at least 1%
of the population), which is the main cause of the wide
interindividual variability in metabolic drug disposition.
The marked differences in CYP expression levels
between extensive (EM) and poor (PM) metabolizers
also result in significant variability of the magnitude
[15]
of inhibitory drug interactions (see Lee et al
for
a review). Various observations have been made
regarding the variability associated with the inhibition
of the polymorphic enzymes CYP2C19 and CYP2D6.
These studies have consistently shown that the
magnitude of metabolic inhibition is markedly greater
in EMs than in PMs. For example, co-administration
of fluvoxamine, an inhibitor of CYP2C19, with the
CYP2C19 substrate lansoprazole, resulted in a 4-fold
increase in lansoprazole AUC (corresponding to
75% inhibition of its systemic clearance) in EMs,
[41]
whereas it had virtually no effect in PMs . An even
greater difference was observed when quinidine,
a potent CYP2D6 inhibitor, was co-administered
with venlafaxine, since the oral clearance of the R
enantiomer of venlafaxine, selectively metabolized
by CYP2D6, was inhibited by more than 90% in
[42]
EMs and virtually unaffected in PMs . According
[15]
to the authors of the above mentioned review ,
genotyping of polymorphic enzymes should become a
mandatory aspect of drug development and the extent
of inhibitory DDIs should be reported according to

Irreversible or mechanism-based inhibition

This type of inhibition can be the result of two distinct
chemical mechanisms: formation of a metabolic
intermediate (MI) complex and autocatalytic inacti
[37]
vation . In the former case, inhibition is due to
the formation of a metabolite that binds tightly to
the reduced heme moiety, thereby forming a stable
inactive complex with the enzyme, called the MI
complex. In the latter case, the enzyme converts the
bound drug to a chemically reactive metabolite that
binds covalently to the catalytic site and destroys the
structure of the hemoprotein. For this reason, this
mechanism is also referred to as suicide inactivation. In
contrast to suicide inactivation, MI complexation does
not cause a permanent alteration of the hemoprotein
structure. However, from a clinical point of view,
there is no difference between the two mechanisms,
because both cause irreversible loss of the inhibited
enzyme, and restoration of in vivo enzyme activity
requires enzyme re-synthesis. Because of their longlasting effect, irreversible inhibitors cause generally
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the metabolizer genotype. They also pointed out that
available results advocate the need for genotyping in
the clinical setting, since dose adjustments may be
necessary only in EMs.

EFFECT OF CIRRHOSIS ON ENZYME
INHIBITION
In principle, five types of factors can affect the extent
of inhibitory DDIs in liver cirrhosis.

Phenoconversion

The wide inter-genotype differences in drug meta
bolism, which account for a substantial fraction of
the variability in drug response, have prompted a
large number of pharmacogenetic studies trying
to establish possible associations between DME
genotypes and clinical outcomes. These studies have
almost invariably focused on the DME genotypes
of the study population, with the assumption that
genotypes predict their functional phenotypes.
However, this assumption does not always hold since,
contrary to the DME genotype that is immutable,
DME phenotypes may be changed by environmental
and physiological factors. The phenomenon whereby
a genotypic EM is converted into a phenotypic
[43]
PM is called phenoconversion . A large body of
evidence, obtained from both non-clinical and clinical
studies, indicates that release of proinflammatory
cytokines is the main cause of disease-associated
phenoconversion, as these mediators downregulate
the expression of certain DMEs, especially those
[44]
of the CYP family . Thus, reduced CYP levels are
expected, and have been observed, in patients with
infections or other inflammatory conditions, such as
rheumatoid arthritis, sepsis, cancer, cardiac or renal
[27,45]
failure, and liver disease
. Besides impairment
of drug disposition, these diseases are expected to
cause a decrease in the magnitude of inhibitory drug
interactions. However, only for liver cirrhosis has this
question been addressed by a series of studies carried
[29,30,46,47]
out in our laboratory
(see below).
The expression and activity of various DMEs are
[48]
also reduced at the extremes of age . It has been
observed that phenoconversion associated with aging
is “strikingly similar” to that caused by cirrhosis, and
the same mechanisms have been proposed to explain
[49]
reduced drug metabolism . However, only a few
and so far inconclusive studies have been devoted to
the quantitation of the magnitude of inhibitory DDIs
[49,50]
in elderly subjects
. Ethical concerns generally
preclude the analysis of inhibitory DDIs in children
by means of prospective pharmacokinetic studies,
since such studies entail the administration of a nontherapeutic agent. A recent comprehensive survey
[51]
of the relevant literature , which compared the
magnitude of reported metabolic DDIs in pediatric
and adult populations, highlighted the paucity of
data in children younger than 2 years and noted that
magnitudes both somewhat higher and lower than
in adults had been reported in children. This study
concluded that no age-related trend in the magnitude
of inhibitory DDIs could be established in children.
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Reduced enzyme content

The expression of various CYP enzymes, particularly
that of CYP1A2 and CYP3A4, has been shown to be
[25,52]
markedly reduced in cirrhosis
. As discussed in
detail above, reduced enzyme content is expected to
result in a decreased inhibitory effect.

Hepatic extraction ratio of the drug with inhibited
metabolism

Pharmacokinetic theory predicts that the hepatic
clearance of drugs with a low extraction ratio (capacitylimited drugs) is reduced in proportion to the degree
of enzyme inhibition, since the clearance of these
drugs depends essentially on intrinsic clearance, i.e.,
the metabolic capacity of the liver. Vice versa, the
clearance of drugs with a high extraction ratio (flowdependent drugs), is almost exclusively determined
by liver perfusion and should be virtually unaffected
by a decrease in intrinsic clearance caused by enzyme
inhibition.
In cirrhosis, intrahepatic shunts and sinusoidal
capillarization cause a reduction of effective blood flow
through the liver parenchyma. As a consequence,
the flow-dependent clearance of drugs with a high
extraction ratio is expected to become more and
more capacity-limited as liver function worsens.
These expectations were confirmed by Huet and
[53]
Villeneuve , who showed that the extraction ratio
of lidocaine was reduced from a mean control value
of 0.64 to 0.31 in decompensated cirrhotics and that
its clearance was no longer related to liver blood flow
but rather became capacity-limited, that is dependent
on the liver ability to metabolize the drug. These
observations predict that the clearance of drugs with
high extraction ratio becomes more and more sensitive
to the action of metabolic inhibitors as liver dysfunction
progresses.

Reduced liver uptake of the inhibitor

Reduced drug uptake by the cirrhotic liver has been
observed in vitro for various structurally unrelated
[54]
basic drugs .

Nature (reversible or irreversible) of the inhibitory
interaction

The accumulation kinetics in the hepatocyte of
reversible and irreversible inhibitors may be differ
entially affected by liver cirrhosis since reversibly
binding molecules rapidly equilibrate between
intra- and extracellular spaces, whereas binding of
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Table 1 Differential inhibitory effects of fluvoxamine on systemic lidocaine and theophylline clearances, and on partial metabolic
clearances of theophylline in healthy subjects and cirrhotic patients
Parameter

Healthy subjects

Patients with cirrhosis
Child A

CL lidocaine
Inhibition (%)
Fluvoxamine AUC0-14
CL theophylline
Inhibition (%)
CLf 3-MX
Inhibition (%)
CLf 1-MU
Inhibition (%)
CLf 1,3-DMU
Inhibition (%)
CLR theophylline
Inhibition (%)
Fluvoxamine Css

Placebo

Fluvoxamine

Placebo

12.10 ± 3.38

4.85 ± 4.85c

9.83 ± 3.99

Child C
Fluvoxamine

Placebo

5.06 ± 1.75c

4.21 ± 1.56e

60 (53-77)

44 (28-59)

866 ± 331
0.825 ± 0.201
0.302 ± 0.080c
64 (59-69)
0.192 ± 0.069
0.008 ± 0.007c
97 (93-100)
0.220 ± 0.089
0.021 ± 0.019c
93 (89-98)
0.290 ± 0.070
0.136 ± 0.024c
58 (49-67)
0.123 ± 0.033
0.136 ± 0.030
75 ± 26

1277 ± 381
0.660 ± 0.231
0.310 ± 0.104a
55 (46-66)
0.124 ± 0.051
0.011 ± 0.017c
92 (84-100)
0.178 ± 0.072
0.026 ± 0.018c
83 (73-93)
0.222 ± 0.058
0.138 ± 0.026c
43 (29-58)
0.136 ± 0.050
0.135 ± 0.043
95 ± 40

Fluvoxamine
9 (0-19)e

3.65 ± 0.99

2316 ± 790d
0.296 ± 0.124d
0.251 ± 0.151
14 (0-29)
0.037 ± 0.012d
0.023 ± 0.013a
38 (18-58)
0.066 ± 0.025d
0.039 ± 0.019a
36 (15-57)
0.087 ± 0.040d
0.079 ± 0.037
7 (0-22)
0.106 ± 0.047
0.110 ± 0.062
130 ± 26b

Data are taken or calculated from Orlando et al[29] 2004 and Orlando et al[30] 2006; all clearance values are expressed as mL/min per kg; inhibition values are
given as means with 95% confidence limits. aP < 0.01, cP < 0.001 vs placebo; eP < 0.001 vs healthy subjects; bP < 0.01, dP < 0.001 vs healthy subjects and Child’s
grade A patients. CL: Systemic clearance; CLf: Formation clearance; 3-MX: 3-methylxanthine; 1-MU: 1-methyluric acid; 1,3-DMU: 1,3-dimethyluric acid; CLR:
Renal clearance; AUC0-14: Area under plasma-concentration-time curve from 0 h to 14 h at steady state (ng/h/mL); Css: Steady-state trough concentration
(ng/mL).

irreversible inhibitors is time-dependent and can
proceed up to total enzyme inhibition if the inhibitor
concentration exceeds that of the enzymatic protein.

spite of the 3-fold higher steady-state plasma levels
of fluvoxamine measured in this patient group (Table
1). Thus, contrary to theoretical predictions, the
cirrhosis-associated conversion from flow-dependent
to capacity-limited clearance does not increase the
sensitivity to the action of metabolic inhibitors of
drugs with flow-dependent clearance. Probably, the
factors that reduce the sensitivity of drug clearance
to metabolic inhibition overshadow the effect of
clearance conversion. One such factor, the cirrhosisassociated decrease in hepatic CYP1A content (up to
[52]
80% in hepatocellular cirrhosis) , was proposed as
the main determinant of the reduction of clearance
inhibition, because a close correlation was observed
between the decrease in clearance inhibition and the
cirrhosis-associated decline in lidocaine clearance. A
large reduction in CYP1A2 content drastically reduced
its contribution to the overall lidocaine elimination,
[29]
thereby minimizing the effect of its inhibition .
[30]
In a subsequent study , the influence of cirrhosis
on the inhibitory effect of fluvoxamine was investigated
using theophylline as a victim drug, since this drug is
a CYP1A2 substrate with a very low extraction ratio
[58]
(0.1 ), i.e., with hepatic elimination characteristics
opposite to those of lidocaine, which has an extraction
[59]
ratio of about 0.7 . In this study, an identical
protocol was used for fluvoxamine co-administration;
whereas, due to safety concerns, theophylline had to
be administered as an oral hydro-alcoholic solution.
However, its oral bioavailability following administration
[60,61]
as a solution is virtually complete (98%-100%
),
which makes it possible to determine real phar
macokinetic parameters. Theophylline was also chosen
because, unlike lidocaine whose primary metabolites

Plasma protein binding of the drug with inhibited
biotransformation

When the perpetrator of an interaction both inhibits
the metabolism and causes displacement of the
victim drug from its plasma protein-binding sites,
displacement influences the magnitude of inhibitory
[55]
DDIs .
In order to assess the influence of both reduced
CYP expression and decreased liver perfusion on the
magnitude of inhibitory DDIs in liver dysfunction, we
examined the effect of cirrhosis on the inhibition of
the metabolic disposition of a flow-dependent drug,
[29]
lidocaine , and a capacity-limited drug, theophylline,
[30]
using the reversible CYP1A2 inhibitor fluvoxamine .
Co-administration of therapeutic doses of fluvoxamine
reduced the clearance of intravenously administered
lidocaine on average by 60% in healthy subjects
and caused a proportional prolongation of terminal
half-life. Divergent results had been obtained by
previous in vitro studies trying to identify the major
CYP isoform responsible for lidocaine metabolism, as
[56]
[57]
either CYP3A4
or CYP1A2
was suggested as the
major CYP involved. The above result was the first
in vivo demonstration that CYP1A2 is the main CYP
enzyme responsible for lidocaine biotransformation.
In patients with Child grade A cirrhosis, fluvoxamine
inhibited lidocaine clearance to a significantly
lower extent (40%), and no statistically significant
modification of either clearance or half-life was
produced in patients with Child grade C cirrhosis, in
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Figure 1 Metabolic pathways of theophylline. Numbers in parentheses indicate percentages of urinary metabolites in adult humans. Theophylline is hydroxylated
at the C8 position to form 1,3-dimethyluric acid and demethylated at the N1 and N3 positions, to yield 3-methylxanthine and 1-methylxanthine, respectively. The latter
undergoes subsequent oxidation, by xanthine oxidase, to 1-methyluric acid. CYP1A2 is responsible for about 80% of theophylline metabolism[30].

undergo further biotransformations, its metabolites
are directly excreted into the urine. This offers the
considerable advantage of evaluating the effect of liver
cirrhosis on the inhibition of the formation clearance of
each metabolite. In spite of the much lower extraction
ratio, the extent of theophylline clearance reduction
by fluvoxamine was very similar to that observed
with lidocaine in healthy subjects (64% and 60%,
respectively). The degree of clearance inhibition also
decreased in a quantitatively similar fashion with the
progression of liver cirrhosis, since the slopes of the
regression lines for the correlation between degree of
clearance inhibition and Pugh’s score exhibited very
close values: -5.4 (95%CI: -6.8 to -4.1) for lidocaine
and -6.2 (95%CI: -7.3 to -5.0) for theophylline. The
quantitative similarity of the effects of cirrhosis on the
inhibition of lidocaine and theophylline clearances can
be further appreciated from Table 1.
As shown in Figure 1, three metabolic pathways
concur in theophylline metabolism. Formation of
1-methylxanthine (1-MX) and 3-methylxanthine
(3-MX) is catalyzed almost exclusively by CYP1A2,
whereas generation of 1,3-dimethyluric acid is also
due (by about 40%) to CYPs 2E1 and 3A4. 1-MX is
readily oxidized by xanthine oxidase and measured
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as 1-methyluric acid (1-MU) in urine. A comparison of
the inhibitory effects of fluvoxamine on the formation
clearance of theophylline metabolites in healthy
subjects and cirrhotic patients (Table 1) provides a
deeper understanding of the mechanisms whereby
cirrhosis decreases the magnitude of inhibitory
interactions. The formation clearances of the two
metabolites formed exclusively by CYP1A2 (3-MX
and 1-MU) were inhibited by almost 100% in healthy
subjects. The degree of inhibition decreased drastically
in cirrhotic patients, since the formation clearances
of 3-MX and 1-MU were only inhibited by about a
third in patients with Child grade C cirrhosis. A simple
calculation shows that if the residual CYP activity in
these patients were inhibited to the same extent as
in subjects with normal liver function, their systemic
clearance in the presence of fluvoxamine would
be 0.150 mL/min per kg instead of 0.251 mL/min
per kg. Hence, clearance inhibition would be about
50%, instead of 14% as actually observed. These
considerations make it clear that cirrhosis-associated
reduction in the extent of inhibition cannot be ascribed
only to decreased hepatic content of CYP1A2 but is
also due to a “reduced sensitivity” of residual CYP1A2
activity to the inhibitory action of fluvoxamine.
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Of the mechanisms thus far proposed to explain
impaired drug handling in liver disease (see above),
only impaired drug uptake, with consequent reduction
in the intracellular concentration of the inhibitory
agent, provides a plausible explanation for the
decreased inhibition of CYP1A2 activity in cirrhotic
patients. In Child C patients, reduced inhibition of
residual enzyme activity appears to be the main
determinant of the attenuating effect of cirrhosis on
the extent of fluvoxamine-theophylline interaction,
since the degree of clearance inhibition would not be
reduced from 64% to 14% (Table 1) but only to 50%
if this mechanism were not operative. Thus, reduced
liver content of CYP1A2 and reduced inhibition of its
residual activity appear responsible for about 30% and
70%, respectively, of the decrease in the extent of this
inhibitory interaction.
The observations that emerged from the analysis
of this DDI have both clinical and mechanistic im
plications, as they indicate that, First, therapeutic
doses of fluvoxamine cause almost complete inhi
bition of CYP1A2, thereby virtually abolishing the
CYP1A2-mediated metabolic disposition of any drug
in subjects with normal liver function. This may
require substitution or substantial dose reduction of
the victim drug in healthy subjects, whereas no dose
modification may be necessary in patients with severe
liver disease, in which the effect of CYP1A2 inhibition
is hardly significant. Secondly, although indirect,
evidence is provided supporting the hypothesis that
reduced drug uptake is the main mechanism affecting
hepatic drug handling in cirrhosis since, of the four
mechanisms thus far proposed, only reduced drug
uptake can explain both reduced hepatic clearance and
the decreased inhibitory effect.
Most clinically relevant inhibitory interactions
are the consequence of mechanism-based CYP
[62,63]
inactivation, especially of CYP3A4
, which meta
bolizes about 50% of drugs presently on the market.
Since an early in vitro study had identified CYP3A4
as the enzyme mainly responsible for lidocaine
[56]
metabolism
and the expression level of this CYP
isoform had been reported to be markedly reduced in
[52]
hepatocellular cirrhosis , our first study examining
the cirrhosis-associated variability of inhibitory DDIs
investigated the inhibition of lidocaine disposition by
[46]
erythromycin . As mentioned above, this antibiotic
causes selective irreversible inhibition of CYP3A4 due
to its conversion to a nitroso-alkane metabolite that
forms a stable MI complex with this CYP enzyme.
Contrary to expectations, pretreatment of subjects
with repeated doses of erythromycin until steady
state was attained, reduced lidocaine clearance by
only 18% in healthy volunteers. As subsequently
[29]
shown , this was because CYP3A4 plays a minor
role in lidocaine metabolism. A very similar (about
20%) degree of inhibition was recorded in patients
with either Child grade A or grade C liver cirrhosis.

WJG|www.wjgnet.com

Although these findings indicated that cirrhosis does
not affect the extent of irreversible inhibitory effects,
the baseline low degree of clearance inhibition was
such as to preclude the observation of any substantial
reduction in the magnitude of this inhibitory interaction
[47]
in cirrhotic patients. Therefore, a study was planned
that examined the inhibitory effect of erythromycin on
the metabolic disposition of quinine, a validated probe
of CYP3A4, since its major metabolite, 3-hydroquinone,
[64,65]
is generated exclusively by this CYP isoform
.
Quinine was also selected because, like theophylline,
[66]
it has an absolute oral availability close to 100% ,
which makes it possible to determine the true values
of its pharmacokinetic parameters. This drug has a
low extraction ratio and is extensively bound in plasma
[67]
(about 90%), mostly to AAG . Therefore, it has a
capacity-limited, binding-sensitive hepatic elimination,
i.e., strictly dependent on the degree of plasma protein
binding. In consideration of the possible decrease in
the extent of quinine binding in plasma due to the
[68]
cirrhosis-associated decrease of AAG concentration ,
and of the expected competition for protein binding
sites with erythromycin, a drug exclusively bound to
[69]
AAG , we determined both total and free quinine
concentrations. This allowed us to evaluate the effect
of erythromycin on both the free plasma concentration
and unbound clearance of quinine which, for a capa
[70]
city-limited drug, is equal to intrinsic clearance .
The data reported in Table 2 show that the inhibitory
effect of erythromycin on the total plasma clearance
of quinine decreased with the progression of liver
cirrhosis (from 33% in healthy subjects to a para
doxical 7% increase in Child grade C patients). Thus,
they seem to indicate that liver dysfunction exerts
similar effects on the magnitude of irreversible
(erythromycin) and reversible (fluvoxamine; Table
1) inhibitory interactions. However, in apparent
contrast with these findings, the formation clearance
of 3-hydroquinone was reduced to similar extents
(by approximately 60%) in controls and cirrhotic
patients. These apparently discrepant observations are
explained by considering the effects of erythromycin
on protein binding and unbound (intrinsic) clearance
of quinine. As also shown in Table 2, the degree of
quinine plasma protein binding decreased and the
extent of its displacement by erythromycin increased
significantly (from 41% to 76%) with the severity of
liver cirrhosis. A close correlation (r = 0.87, P < 0.001)
was found between the increase in the displacing
effect and the cirrhosis-associated increase of quinine
free fraction. This observation is fully consistent with
theoretical considerations predicting that the lesser
the plasma-binding capacity, the greater the extent of
[13]
displacement by a competitor of the bound drug .
The erythromycin effect on unbound (intrinsic)
clearances, which is the only true measure of inhibition
of quinine metabolism in the presence of changes
in plasma protein binding, clearly indicated that
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Table 2 Effect of erythromycin on the pharmacokinetic parameters of quinine and 3-hydroxyquinine in healthy subjects and
cirrhotic patients
Parameter

Healthy subjects

Patients with cirrhosis
Child A

Placebo
CL quinine
Inhibition (%)
CLf 3-hydroxiquinine
Inhibition (%)
Unbound quinine (%)
Increase (%)
CLu quinine
Inhibition (%)
CLuf 3-hydroxiquinine
Inhibition (%)
Erythromycin Css

Erythromycin

1.775 ± 0.310
1.161 ± 0.309a
33 (27-38)
0.174 ± 0.051
0.059 ± 0.017c
65 (61-70)
6.7 ± 0.8
9.4 ± 1.0c
41 (28-55)
26.81 ± 11.49
12.30 ± 3.16c
51 (44-59)
2.63 ± 0.88
0.64 ± 0.20c
75 (70-80)
1.33 ± 0.25

Placebo

Child C
Erythromycin

Placebo

1.504 ± 0.362
1.040 ± 0.303a
30 (26-34)
0.140 ± 0.077
0.056 ± 0.032c
61 (56-67)
7.1 ± 1.6
10.3 ± 2.8c
45 (33-55)
21.18 ± 8.45
10.10 ± 3.88c
50 (45-55)
1.97 ± 1.09
0.55 ± 0.31c
73 (70-77)
1.18 ± 0.44

Erythromycin

1.281 ± 0.394b
1.401 ± 0.534
-7 (-16-2)f
0.085 ± 0.028d
0.037 ± 0.023c
59 (46-72)
11.9 ± 3.7f
19.9 ± 5.5c,f
76 (42-111)b
10.95 ± 2.19f
7.24 ± 2.77b,c
35 (21-48)b
7.01 ± 3.33f
4.06 ± 2.58a,d
74 (64-84)
1.85 ± 1.00

Data are taken or calculated from Orlando et al[47]; all clearance values are expressed as mL/min per kg; inhibition or increase values are given as means
with 95% confidence limits. aP < 0.01, cP < 0.001 vs placebo; bP < 0.05 vs healthy subjects and patients with Child grade A cirrhosis; dP < 0.001 vs healthy
subjects and P < 0.05 vs patients with Child grade A cirrhosis; fP < 0.001 vs healthy subjects and patients with Child grade A cirrhosis. CL: Systemic
clearance; CLf: Formation clearance; CLu: Unbound systemic clearance; CLuf: Unbound formation clearance; Css: Steady-state trough concentration (μg/mL).

irreversible inhibition of CYP-mediated metabolism
is independent of liver functional status, since the
unbound formation clearance of 3-hydroxyquinine was
inhibited to virtually identical extents (by about 75%)
in subjects with normal and impaired liver function.
This indicated that, contrary to reversible binding,
irreversible inhibitor binding to the target enzyme
was not reduced by the morphological and functional
changes caused by liver cirrhosis. The limited cirrhosisassociated decrease in the magnitude of the inhibition
of unbound systemic clearance of quinine (about 30%)
was consistent with the decreased liver content of
CYP3A4 which, like CYP1A2, is markedly reduced in
[52]
hepatocellular cirrhosis .
The total plasma clearance of a capacity-limited,
binding-sensitive drug such as quinine is directly
[70]
proportional to its free fraction . Therefore, any factor
causing an increase in unbound drug concentration
(displacement interaction, decreased albumin or AAG
plasma level) also causes an increase in clearance
calculated on the basis of total plasma concentration.
Thus, the cirrhosis-associated increase in the effec
tiveness of erythromycin as a displacer of quinine
from plasma protein-binding sites (Table 2) causes
an increase in clearance that masks the decrease
in quinine clearance caused by inhibition of its meta
bolism. This explains the apparently paradoxical
observation that the inhibitory effect of erythromycin
on total plasma clearance of quinine progressively
disappears as liver function worsens, despite its
inhibitory effect on the metabolic disposition of quinine
(unbound formation clearance of 3-hydroxyquinine)
remains unaltered.
The results of the studies thus far performed
indicate that reversible and irreversible enzyme
inhibitions are differentially affected by liver cirrhosis.
The magnitude of DDIs caused by reversible CYP
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inhibition decreases progressively to clinically negligible
levels as liver function worsens. This is a general
phenomenon, independent of the pharmacokinetic
characteristics of the victim drug, since it is observed
with drugs with both flow-dependent (i.e., lidocaine)
and capacity-limited (i.e., theophylline) hepatic
clearance. Two of the four possible mechanisms by
which liver cirrhosis alters hepatic drug handling
appear responsible for the decreased extent of the
reversible inhibitory effect: (1) reduced hepatic uptake
of the inhibitory drug, which is the quantitatively
more important mechanism, and is consistent with
a previous observation that various structurally
unrelated drugs are taken up to a reduced extent
[54]
by the isolated cirrhotic liver ; and (2) reduced
expression of the inhibited CYP enzyme, since the
hepatic content of various CYP isoforms is markedly
[25,52]
decreased in cirrhosis
. In contrast with reversible
inhibition, the degree of irreversible inhibition is not
decreased by liver dysfunction. As observed with
reversible inhibition, this conclusion holds irrespective
of the hepatic elimination characteristics of the victim
drug, because it is based on observations with both
a flow-dependent (lidocaine) and a capacity-limited
[46,47]
drug (quinine)
. Thus, only the less important
mechanism, namely reduced hepatic content of the
inhibited enzyme, may be operant in decreasing
the magnitude of DDIs due to irreversible enzyme
inhibition. It is worth noting that, in the two cases in
which the contribution of this mechanism could be
[30,47]
quantified
, it appeared responsible for a similar
(about 30%), limited reduction in the magnitude of the
inhibitory interaction.
The analysis of the erythromycin-quinine interaction
has also provided the first experimental demonstration
that the decrease in plasma protein concentration
associated with cirrhosis increases significantly the
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magnitude of drug interactions consequent to plasma
protein-binding displacement. As displacement masks
the consequences of enzyme inhibition, the effect on
the total plasma clearance of the victim drug by any
perpetrator causing both metabolic inhibition and
plasma protein-binding displacement, will decrease
with the increase in liver dysfunction. However, the
free concentration of the victim drug will increase to
hardly predictable levels. This has important clinical
consequences when a drug causing plasma proteinbinding displacement and metabolic inhibition is coadministered to a patient already stabilized with an
appropriate drug dose, since the perpetrator will
produce a dramatic increase in the free concentration
and, consequently, the effect of the victim drug,
in proportion to the degree of liver dysfunction.
In such cases, only measurement of steady-state
free concentration will allow an appropriate dose
adjustment.

receptors, described below, have been found to be
involved in enzyme induction.
The aryl hydrocarbon receptor (AhR) is a member
[16]
of the bHLH-PAS family of transcription factors .
Once activated, typically by pollutants such as dioxin
and polycyclic aromatic hydrocarbons, this cytosolic
receptor translocates into the nucleus where it
dimerizes with another bHLH-PAS factor, the Ah
receptor nuclear translocator (Arnt), and primarily
induces the expression of genes encoding the CYP1A
and 1B subfamilies of CYP enzymes.
The constitutive androstane receptor (CAR) is
often referred to as an orphan receptor, since no
endogenous high-affinity ligand is yet known. Only
very few ligands, such as the antimycotic drug
clotrimazole, bind directly to human CAR. Classical
CAR activators, such as phenobarbital, do not bind
to CAR, but stimulate indirectly its translocation from
the cytoplasm to the nucleus, where CAR dimerizes
with the retinoid X receptor. More than 70 enzymatic
and non-enzymatic proteins have been reported to
be induced via CAR activation, including CYP2B and
CYP3A subfamilies and various phase Ⅱ enzymes such
[75]
as glutathione-, glucuronyl- and sulfo-transferases .
The pregnane X receptor, which has approximately
40% identity with CAR in the ligand-binding domain,
is activated by a great variety of structurally unrelated
xenobiotics and endobiotics. Unlike CAR, a direct
correlation between ligand binding and receptor
activation has been shown for PXR. This nuclear
receptor exhibits species-specific activation due to
sequence differences in its ligand-binding domain. For
example, pregnenolone 16-αcarbonitrile, which is the
prototypical agent causing PXR-mediated induction of
rat CYP3A, does not induce this CYP subfamily in rabbit
or humans. Conversely, rifampicin, the most potent
inducer of rabbit and human CYP3A, does not activate
PXR and, consequently, does not induce CYP3A in
rats. PXR activates the transcription of various genes
encoding DMEs such as the CYP3A subfamily, CYP2B6,
CYPs 2C8 and 2C9, some Phase Ⅱ enzymes such as
glutathione-S-transferases, and transporters, such as
multidrug resistance protein 1, multidrug resistanceassociated protein 2, and organic anion transporting
polypeptide 2 (OATP2), which are also under CAR
regulation. Thus, CAR and PXR exhibit considerable
cross-regulation of their target genes. In addition,
several substances can activate both receptors. These
largely overlapping specificities make it difficult to
identify the precise mechanism of any inducer acting
[75]
through activation of these nuclear receptors .
The peroxisome proliferator activated receptor
(PPAR) family is comprised of three members: α, b,
and g. PPARα, which is localized to the nucleus, is the
receptor of the fibrate class of the hypolipidemic drugs.
In addition to fatty acid-metabolizing enzymes, PPARα
[76]
induces the CYP4A subfamily of enzymes .
The glucocorticoid receptor (GR) regulates

ENZYME INDUCTION
Induction is an adaptive response of mammalian
organisms to the exposure to lipophilic substances,
which results in increased disposition of xenobiotics
by upregulation of drug-metabolizing systems and
transporters. Enzyme induction is often defined as
enhanced transcription and increased synthesis of
drug metabolizing enzymes. Although prevalent,
this is not the only mechanism responsible for the
increased metabolic disposition of xenobiotics.
Therefore, enzyme induction may be more generally
defined as the increased amount or activity of a drug
metabolizing enzyme following exposure to foreign
substances, irrespective of the underlying mechanism,
which may be of three types: pre-translational
(enhanced transcription), translational (stabilization of
the RNA transcript), and post-translational (stabilization
[71]
of the enzymatic protein) . Since the relevance of
enzyme induction to xenobiotic metabolism has been
recognized for more than 50 years, long before the
underlying molecular mechanisms were unraveled,
inducers have been traditionally classified on the basis
of the spectrum of enzyme activities they increased.
Starting from 1998, various experimental observations
showed that enzyme induction is mainly the result
of enhanced transcription due to the activation of
transcription factors belonging to the superfamily
of nuclear receptors. Following ligand binding, the
ligand-receptor complex, which is usually localized
to the cytoplasm, translocates to the nucleus, where
it dimerizes with other transcription factors and
interacts with coactivator proteins, thereby inducing
[72-74]
the transcription of a battery of target genes
.
Detailed knowledge of the properties and functions of
these nuclear receptors now consents a classification
of enzyme induction based on the type of receptor
involved in the induction process. Seven nuclear
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hundreds of genes, either directly by binding to the
glucocorticoid response element of target genes,
or indirectly, through an interaction with other
transcription factors. As far as drug metabolism is
concerned, GR positively regulates PXR expression,
which plays an important role in the induction of
[77,78]
CYP3A enzymes
. Recently, several CYPs as well
as P-glycoprotein, have also been found to be directly
[79]
regulated by GR .
The farnesoid X receptor (FXR) and the vitamin
D receptor (VDR) are activated by bile acids and
vitamin D, respectively. The former is considered
[80]
a master regulator of bile acid homeostasis ; the
latter, in addition to bone metabolism and calcium
homeostasis, regulates cell growth and differentiation,
[81]
immunomodulation, and other hormonal systems . A
limited involvement in CYP induction has been thus far
demonstrated for these nuclear receptors; specifically,
a binding site for FXR has been shown in the
[82]
regulatory region of the CYP3A4 gene , and a VDRmediated induction of biotransformations catalyzed by
[83]
CYP3A has been observed .
The “ethanol-type” of induction of CYP2E1 is an
exception to the transcriptional mechanism, as it is not
mediated by the activation of an intracellular receptor
but is due to both translational and post-translational
mechanisms, i.e., stabilization of CYP2E1 mRNA and
protein. This stabilization is the result of the binding
of this type of inducers (ethanol, isoniazide, acetone)
to both mRNA and enzymatic protein with consequent
[75]
prevention of their catabolism .
Like enzyme inhibition, the induction potential of
new molecular entities and the susceptibility of their
metabolism to prototypical inducers are assessed
in early stages of drug development in order to
predict dose adjustment. However, the extremely
wide variability (up to hundreds of times in healthy
[84]
subjects ) of inductive effects makes any quantitative
prediction particularly difficult. The biological factors
contributing to inter- and intra-individual variability in
enzyme induction, which have emerged from human
in vitro and in vivo studies, are briefly outlined below:

the presence of a fully functional allele is a necessary
condition for inducibility.
Genetic polymorphism of nuclear receptors. In
consideration of the central role that nuclear receptors
and coregulators play in enzyme induction, genetic
mutations resulting in altered expression or function
of these proteins are expected to exert a marked
influence on inducibility. These expectations have
been confirmed by studies correlating AhR phenotypes
with CYP1A1 induction. The inducibility of this CYP
isoform in human lymphocytes has been found to be
positively correlated with the expression of AhR and
[87]
its heterodimerization partner Arnt . In addition,
two phenotypes, high and low inducibility, have been
observed regarding CYP1A1 in human placenta. This
polymorphic induction was due to the presence of two
distinct AhRs displaying more than 20-fold differences
[88]
in their ligand binding affinity . In contrast to AhR,
limited and inconclusive information is available
about PXR and CAR genetic polymorphisms and their
influence on the inducibility of the numerous enzymes
[17]
regulated by these two nuclear receptors .

Physiological and environmental factors

Although age-related induction of DMEs has long
been studied, the question of whether aging reduces
inducibility remains controversial. Reduced enzyme
induction in the elderly was reported in an early
[89]
study , but more recent investigations could find no
difference in the extent of induction between old and
[90]
young individuals (see, e.g., Dilger et al and Fromm
[91]
et al ). Conflicting results have also been reported
regarding sex-related differences. For example,
induction of midazolam metabolism, a measure of
CYP3A4 activity, by rifampicin appeared greater
in men if oral clearance was measured, whereas
induction was greater in women when systemic
clearance was taken as a measure of midazolam
[92]
biotransformation . This and other observations
suggest that sex-related differences in induction may
depend on the tissue (intestinal or hepatic) and the
[17]
CYP isoform involved . Thus, no generalization can
as yet be made regarding the effect of sex on the
induction response.
Many dietary compounds act on nuclear receptors
as agonists or antagonists. For example, resveratrol,
which is present in red wines and various fruits and
vegetables, prevents induction of CYP1A enzymes by
inhibiting the binding of activated AhR to the promoter
sequences of CYP1A genes and/or by acting as a
[16]
competitive antagonist of ligands that activate AhR .
Antagonism at the AhR ligand-binding site is also the
mechanism by which dietary flavones and flavonols
[93]
inhibit, at low concentrations, CYP1A induction .
Therefore, the type of diet is another contributing
factor to the variability of enzyme induction.
Like enzyme inhibition, induction has been shown
to be profoundly altered in disease states, especially

Genetic factors

Polymorphism of the genes coding for the transporters
that mediate the influx or efflux of inducing agents.
As with drug-metabolizing enzymes, this can result
in altered expression or functionality of the encoded
transporters and, consequently, in different intracellular
levels of inducers transported by polymorphic carriers.
For example, CYP3A4 induction by rifampicin has been
found to be reduced in cells overexpressing the drug[85]
efflux transporter P-glycoprotein .
Polymorphism of the genes encoding the induced
enzyme, since it has been clearly shown that induction
by rifampicin of the metabolism mediated by the
polymorphic enzyme CYP2C19 is observable only
[86]
in EMs, not in PMs . This apparently indicates that
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in inflammatory conditions and liver insufficiency.
As discussed earlier in relation to enzyme inhibition,
increased cytokine levels associated with inflammation
suppress the basal expression of most CYP enzymes.
Evidence showing that cytokines reduce CYP indu
cibility has also accumulated. For instance, a study
with human hepatocytes showed that interleukin-6
and tumor necrosis factor α inhibit the induction of
CYP1A enzymes by β-naphthoflavone. Interleukin-6
also represses the induction of the CYP2B, CYP2C,
and CYP3A subfamilies in consequence of a marked
[43]
reduction in the expression of PXR and CAR .
Unlike enzyme inhibition, which has only recently
been shown to be reduced in liver disease (see
preceding section), the influence of liver functional
status on enzyme induction has long been inves
tigated. However, conflicting results have been
reported, and no coherent picture has emerged. Thus,
it is not surprising that two previous reviews came
to the opposite conclusions that enzyme induction
[94]
is greatly curtailed
or not impaired in severe liver
[95]
cirrhosis . The purpose of the present review is to
re-analyze the data so far obtained and to identify the
factors (biological and/or methodological) responsible
for the observed differential alterations of DME
inducibility caused by liver dysfunction.

vs non-smokers), rather than by intra-individual
[98]
comparisons. One study , which used the CYP1A2
probe substrate caffeine, found that caffeine clearance
was 40% lower in a group of patients with mild-tomoderate alcoholic cirrhosis, compared with healthy
subjects. Among both healthy and cirrhotic subjects,
caffeine clearance was almost twice as high in smokers
[99]
than non-smokers. The other study
evaluated the
clearance of antipyrine, a non-specific CYP probe, since
it was principally designed to assess the overall drug
metabolizing capacity of the liver. This study, which
examined a mixed patient population with chronic
active hepatitis C, with or without cirrhosis, noted that
antipyrine clearance was significantly higher (about
80%) in smoking than non-smoking patients. These
results are difficult to interpret as the biochemical
indices of liver function were not reported, and a
control group was not included.
As exemplified by the studies reviewed above,
induction is assessed in animals by determining the
effect of the administered inducer on the activity of
the liver enzymes of sacrificed animals. Moreover,
by measuring the mRNA and protein expressions
of the induced enzymes and the relevant nuclear
receptors, animal studies consent an identification
of the mechanism(s) of induction (transcriptional,
translational, and/or post-translational) and of the
possible cirrhosis-associated alterations. Because
of ethical considerations and practical limitations,
such determinations (in tissues obtained at biopsy)
can rarely be performed in human studies, and the
inductive effect is generally inferred from changes in
the pharmacokinetic parameters of a metabolic probe.
Therefore, human studies provide clinically relevant
information but no insight into the mechanisms
underlying the effect of liver disease on induction.
Regarding AhR-mediated induction, the mechanism
of cirrhosis-associated alterations was not investigated
[96,97]
by the two animal studies described above
,
because the techniques for measuring mRNA and
protein expression were not yet currently available.
Thus, the mechanism by which cirrhosis may alter
AhR-mediated induction remain to be elucidated.
Moreover, both animal and human studies evaluated
AhR-mediated induction in mild or moderate liver
cirrhosis, and their observation that induction
was substantially preserved was to some extent
predictable, as significant alterations in the expression
and/or activity of hepatic DMEs have consistently
been observed only in animals or human beings with
[25,52]
severe liver dysfunction
. Therefore, these studies
left unresolved the question of whether this type of
induction is compromised in the decompensated state
of cirrhosis. To clarify these questions, a study was
[100]
undertaken in our laboratory
, which assessed the
effect of liver dysfunction on AhR-mediated induction
by measuring the mRNA and protein expressions of
AhR and CYP1A enzymes, as well as CYP1A activity in

EFFECT OF CIRRHOSIS ON ENZYME
INDUCTION
AhR-mediated induction

Few studies investigated the effect of liver disease on
AhR-mediated enzyme induction. The first animal study
[96]
to address this question
examined the inducing
effect of the AhR activator β-naphthoflavone in the
classical rat model of experimental cirrhosis produced
by prolonged administration of carbon tetrachloride
(CCl4). Although cirrhosis was confirmed histologically
in CCl4-treated rats, biochemical tests of liver function
“were only marginally abnormal”, indicating mild
liver dysfunction. Treatment with β-naphthoflavone
increased the CYP1A1-mediated aryl hydrocarbon
(benzo-α-pyrene, BP) hydroxylase activity of liver
microsomes to similar extents in control and cirrhotic
rats. A second study, which examined AhR-mediated
induction in CCl4-treated rats with “compensated
micronodular cirrhosis” found that 3-methylcholantrene
induced 7-ethoxycoumarin-O-deethylase activity to
[97]
similar levels in normal and cirrhotic rats . Thus, the
results of both studies indicated that AhR-mediated
induction is well preserved in mild cirrhosis.
The effect of liver disease on AhR-mediated
induction was subsequently investigated in two
[98,99]
human studies
by examining the inducing effect
[75]
of smoking, a known AhR activator . Because of
the difficulty of obtaining truly abstinent smokers,
both studies had to evaluate the effect of smoking
by means of between-group comparisons (smokers
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rats rigorously stratified according to the severity of
liver cirrhosis. To this purpose, rats were treated with
CCl4, a method which produces animals with either
compensated (corresponding to Child grades A and B)
or decompensated (corresponding to Child grade C)
liver cirrhosis, depending on the length of exposure
to CCl4. Induction was obtained by administration of
the prototypical AhR ligand BP. BP treatment caused
marked proportional increases in mRNA and protein
expressions as well as in the enzymatic activities of
CYP1A1 and CYP1A2 in rats with normal and mild to
moderate liver cirrhosis. In contrast, induced mRNA
and protein levels as well as enzymatic activities
of both CYPs were significantly lower in rats with
decompensated cirrhosis; moreover, both constitutive
and induced protein expressions of AhR were markedly
lower in this animal group. These results indicated
that the AhR-mediated inducibility of CYP1A enzymes
is strictly related to the degree of liver dysfunction as
it is still preserved in compensated cirrhosis, whereas
it is markedly reduced when decompensation occurs.
These findings have also clarified the mechanism by
which cirrhosis reduces AhR-mediated inducibility,
since the observation that induced mRNA level, protein
expression, and enzymatic activity are proportionally
decreased in rats with severe cirrhosis indicates that
induction is compromised at the transcriptional level
due to reduced expression of AhR.

with the methodological standards now required
for pharmacokinetic studies in patients with liver
[102]
disease , and their discrepant conclusions can often
be ascribed to methodological differences. For example,
they either included or did not include a control
group of healthy subjects. Moreover, few studies
made intra-individual comparisons, i.e., before and
after inducer treatment. Because of ethical concerns
relating to the administration of repeated doses of
a non-therapeutic inducing agent to patients with
severe liver dysfunction, most studies had to rely on
hepatopathic patients taking an inducer for therapeutic
purposes and, consequently, made interindividual
comparisons, i.e., between patient groups taking and
not taking inducing drugs. In this type of studies,
the generally large variation in individual metabolic
clearances may mask the effect of the inducer. An
additional reason why the complex of these studies
did not provide clear indications about the effect of
liver disease on induction is due to the lack of rigorous
criteria of patient selection, as they often examined
pathologically heterogeneous populations, including
patients with both compensated and decompensated
liver cirrhosis or with unspecified degree of liver
dysfunction. These studies have been analyzed
[18]
individually in our previous review
and will not be
further discussed. Somewhat clearer indications have
been provided by two studies that examined either a
patient population with sufficiently homogeneous liver
[103]
pathology
or patient groups stratified according
[104]
to the severity of liver dysfunction
. In the former
study, a considerable difference was observed in
rifampicin autoinduction between healthy subjects and
patients with severe cirrhosis, since rifampicin through
concentration decreased on average by 60% in healthy
subjects following a 17-d rifampicin course, whereas
it remained unaltered in cirrhotic patients. However,
the statistical power of this study was limited, since
it evaluated only four subjects per group. The latter
study, in which patients were stratified in three groups
according to the severity of liver disease (assessed
from histological findings), evaluated enzyme induction
by measuring morphine demethylase activity (a
CYP3A4 marker reaction) in hepatic tissue obtained at
biopsy and antipyrine half-life (a non-specific metabolic
probe). Within each group, these parameters were
compared between patients taking or not taking
enzyme-inducing drugs (phenobarbital, phenytoin,
or glutethimide) for therapeutic purposes. Morphine
demethylase activity was significantly greater and
antipyrine half-life significantly shorter in smokers
belonging to a control group of healthy subjects and
the two patient groups with mild-to-moderate liver
dysfunction, whereas no significant difference between
smokers and non-smokers was observed in the group
with more severe liver disease.
The above considerations make it clear that
the studies performed thus far could not provide

CAR- and PXR-mediated induction

In the following discussion, CAR- and PXR-mediated
inductions are grouped together because the most
frequently used inducer, phenobarbital, is an activator
[75]
of both nuclear receptors . The pioneering work of
[101]
Marshall and McLean
evaluated the inducing effect
of phenobarbital by comparing hepatic microsomal
CYP content and pyramidon demethylation (a nonspecific marker reaction) in five healthy rats and
five rats with varying degrees of liver cirrhosis, as
assessed by histological examination. Although the
authors observed that inducibility decreased as the
severity of cirrhosis increased, this investigation
provided only qualitative results, since differences
were not statistically significant. The inducing effect
of phenobarbital was also assessed by the two animal
studies described above that evaluated the AhR[96,97]
mediated induction in rats with mild liver cirrhosis
.
The effect of the specific PXR ligand pregnenolone
16-αcarbonitrile was also assessed in one of these
[96]
studies . Like AhR-mediated induction, CAR- and
PXR-mediated inductive effects remained quantitatively
unaltered in animals with compensated cirrhosis.
Numerous clinical studies have evaluated the effect
of liver dysfunction on enzyme induction mediated
by CAR and PXR. However, no clear picture has
emerged from these studies, since they yielded very
conflicting results. As most of these investigations date
back to the 1960s and 1970s, they do not comply
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an exhaustive and clear picture of the effect of
liver dysfunction on CAR- and PXR-mediated induc
tion. The three studies using animal models of
[96,97,101]
cirrhosis
provided limited information because
they examined animals with essentially mild liver
dysfunction. Although the results of the two human
[103,104]
studies described above
suggested that
inducibility is preserved in mild to moderate liver
dysfunction, whereas it is compromised in severe
hepatic insufficiency, definitive conclusions can
only be provided by studies making intra-individual
comparisons in patient and control groups of adequate
sizes. As ethical and practical constrains virtually
preclude the possibility of performing human studies
complying with such methodological standards, we
recently re-evaluated the effect of liver cirrhosis on the
PXR-mediated induction of CYP3A enzymes in control
and cirrhotic rats obtained by treatment with CCl4,
according to an experimental protocol identical to that
previously used to assess the effect of cirrhosis on
AhR-mediated induction (see above). To this purpose,
control and cirrhotic rats, stratified according to the
severity of liver insufficiency, were treated with the
PXR activator dexamethasone (DEX), which had been
shown to be the most effective inducer of rat CYP3A
[105]
enzymes
. Unlike AhR, for which transcription
was found to be reduced in the presence of liver
[100]
cirrhosis , PXR mRNA and protein expressions were
not reduced by liver function impairment. Consistent
with this observation, DEX significantly increased
mRNA level, protein content, and enzymatic activity
of CYP3A1 in healthy and cirrhotic rats, irrespective
of the degree of liver dysfunction. However, CYP3A2
induction proved to be susceptible to liver dysfunction,
since the inducing effect of DEX on CYP3A2 mRNA
and protein expressions, and its enzymatic activity
were greatly curtailed when liver insufficiency became
severe. A plausible explanation for this apparent
discrepancy may be provided by the observation that
the mRNA expressions of CYP3A1 and CYP3A2 are
not coordinately regulated in response to DEX, since
the mRNA level of CYP3A1 is increased by DEX to a
[105,106]
far greater extent than that of CYP3A2
. Thus, it
is conceivable that the gene transcription of CYP3A2
involves PXR co-activators that are more sensitive
to the alterations associated with liver cirrhosis.
Although the precise mechanism responsible for the
selective impairment of CYP3A2 transcription remains
to be elucidated, these results make it clear that no
general conclusion can be drawn from the study of any
particular enzyme, because even the induction of CYP
isoforms under the transcriptional regulation of the
same nuclear receptor may be differentially affected
by liver dysfunction.
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CONCLUSION
The experimental observations discussed in this review
have important clinical implications. In patients with
mild to moderate liver dysfunction, dose adjustment of
drugs coadministered with an inhibitor or an inducer of
their metabolism should be similar to that adopted for
healthy subjects.
Management of inhibitory drug interactions in
patients with severe liver dysfunction depends on the
mechanism of the enzyme inhibition, since reversible
and irreversible inhibition are differentially affected
by liver disease. Virtually no dose adjustment is
needed following coadministration of a reversible
inhibitor, as the inhibitory effect becomes negligible in
advanced hepatocellular insufficiency. The magnitude
of irreversible inhibition is only partially decreased
in severe liver dysfunction and the extent of such
a reduction is expected to vary in proportion to the
reduction in the expression of the inhibited enzyme,
which cannot be measured in clinical practice.
Therefore, individual dose adjustments are necessary,
ideally based on therapeutic drug monitoring.
When inhibition of metabolism is accompanied by
displacement from plasma protein-binding sites,
the free concentration of the victim drug increases
in proportion to the degree of liver dysfunction.
Therefore, free plasma drug concentration should be
measured in order to manage appropriately such an
interaction.
No general guidelines can as yet be proposed for
the management of drug interactions resulting from
enzyme induction in patients with decompensated
cirrhosis, since definitive clinical studies have not yet
been performed and animal studies have indicated
that the effect of severe liver dysfunction on inducibility
depends on both the type of nuclear receptor and
the enzyme isoform involved. Thus, when such an
interaction cannot be avoided, both the effects and the
plasma concentration of the induced drug should be
strictly monitored.
The observation that liver cirrhosis drastically
modifies the magnitude of DDIs consequent to
enzyme inhibition or induction also has important
[10-12]
methodological implications. In vitro
and in
[107]
vivo
methods used to predict the extent of DDIs
caused by changes in CYP activity apply only to
healthy subjects. Furthermore, the last FDA draft
[108]
guidance to Drug Interaction Studies
states that
clinical studies “can be performed using healthy
volunteers, and findings in healthy volunteers will
predict findings in the patient population for which
the drug is intended.” Only phenotype or genotype
determinations are recommended for the selection
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of the study population, if the relevant enzyme or
transporter is polymorphically expressed. However,
the data discussed in this review make it clear that,
in addition to genetic polymorphisms, liver functional
status is also an important determinant of the extent of
pharmacokinetic interactions due to enzyme inhibition
or induction. Therefore, results obtained in healthy
subjects cannot be extended a priori to patients with
liver disease.
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Abstract
More evidence has underscored the importance of
Hippo signaling pathway in gastrointestinal tissue
homeostasis, whereas its deregulation induces tumor
igenesis. Yes-associated protein 1 (YAP1) and its close
paralog TAZ, transcriptional co-activator with a PDZbinding motif, function as key effectors negatively
controlled by the Hippo pathway. YAP1/TAZ exerts
oncogenic activities by transcriptional regulation via
physical interaction with TEAD transcription factors.
In various cancers, Hippo pathway cross-talks with
pro- or anti-tumorigenic pathways such as GPCR, Wnt/
β-catenin, Notch and TGF-β signaling and is deregulated
by multiple factors including cell density/junction
and microRNAs. As YAP1 expression is significantly
associated with poor prognosis of gastric and other
gastrointestinal cancers, detailed delineation of Hippo
regulation in tumorigenesis provides novel insight
for therapeutic intervention. In current review, we
summarized the recent research progresses on the
deregulation of Hippo pathway in the gastrointestinal
tract including stomach and discuss the molecular
consequences leading to tumorigenesis.
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knowledge for drug or small molecule screening .
Emerging evidence has underscore the Hippo signaling
[7]
pathway in the developmental process and tumors .

Core tip: Hippo signaling pathway is a gradually emer
ging pathway that plays a necessary role in homeostasis
of gastrointestinal tissues, whereas its deregulation
frequently induces the occurrence of cancers. In gastric
and other gastrointestinal cancers, the upstream com
ponents of Hippo pathway often show decreased ex
pression and their downregulation loses the inhibitory
effect on yes-associated protein 1 (YAP1)/TAZ. Thus
YAP1/TAZ is translocated into the nucleus and exerts
oncogenic function by direct binding with TEAD tran
scription factors to activate the downstream targets
transcriptionally. In this brief review, we summarize
the deregulation of Hippo pathway in gastric and other
gastrointestinal cancers.

HIPPO SIGNALING PATHWAY AND ITS
ROLE IN SOLID TUMORS
The main components of Hippo kinase cascade

The mammalian Hippo signaling pathway, short
for MST1/2-WW45-LATS1/2 signaling, is a critical
pathway that determines cell growth rate and organ
[8-9]
size
. MST1/2 (short for mammalian Ste20-like
kinase 1 and 2) phosphorylates LATS1/2 (large tumor
suppressor 1 and 2) and Mob1 (Mobkl1a/b), leading
[10,11]
to their activation
. LATS1/2 phosphorylates YAP1
[9]
(Yes-associated protein 1) and TAZ (WW domain[12]
containing transcription regulator 1)
and promotes
14-3-3 binding to phosphorylated YAP1/TAZ, causing
YAP1/TAZ cytoplasmic accumulation and sequestering
its oncogenic function. The unphosphorylated YAP1
and TAZ are translocated to the nucleus and bind
with TEAD1-4 (TEA domain DNA-binding transcription
factors 1-4), inducing transcriptional activity for cell
[13-15]
proliferation and differentiation
.
As the most important negative regulator of
YAP1/TAZ, much studies have provided new findings
[9]
into the Hippo signaling pathway , elucidating novel
[16]
phosphorylation-dependent
and independent
mechanisms of YAP1/TAZ inhibition by the Hippo
pathway. The key components of Hippo pathways
form a phosphokinase cascade and play a crucial role
to inhibit the downstream effectors, YAP1 and TAZ.
Meanwhile, the Hippo pathway is the same important
for homeostasis control and dysregulation of Hippo
[17]
pathway contributes to carcinogenesis .

Kang W, Cheng ASL, Yu J, To KF. Emerging role of Hippo
pathway in gastric and other gastrointestinal cancers. World J
Gastroenterol 2016; 22(3): 1279-1288 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1279.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1279

INTRODUCTION
[1]

Gastric cancer (GC) is still one of the most common
malignancies worldwide. According to the World Health
th
Organization statistics in 2012, GC counts for the 4 in
th
men and 6 in women for the incidence and mortality.
The incidence is exceptionally higher in eastern Asia
countries and regions including China, South Korea
and Japan than other countries. The potential risk
factors of GC include Helicobacter pylori (H. pylori)
infection, Epstein-Barr virus (EBV) infection, highsalty pickled food diet, low-vegetable diet, smoking,
chronic gastritis with glandularatrophy, intestinal
metaplasia, and the most important factor is genetic
[2]
alterations . The chronic H. pylori infection inducing
GC appears to relate to the VacA virulence factor and
[3]
Th17/Treg mechanisms . Gastric adenocarcinoma is
histologically classified as intestinal type and diffuse
type. And it is also grouped by molecular classification
that defines four major genomic subtypes of GC
including EBV-infected tumors, microsatellite instability
tumors, genomically stable tumors and chromosomally
[4]
unstable tumors in The Cancer Genome Atlas
project. GC is a multistep carcinogenesis process with
genetic and epigenetic alterations. The oncogenes,
tumour suppressor genes, mismatch repair genes, cell
adhesion molecules and cell cycle regulators showed
[5]
altered from the DNA, RNA and protein level . Multiple
well-established oncogenic signaling pathways such
as Wnt/β-catenin, nuclear factor-κB, Sonic Hedgehog
(Shh), Notch and epidermal growth factor receptor
(EGFR) signaling are involved in gastric carcinogenesis.
Better revealing the biological significance of
these signaling pathways will provide fundamental
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Upstream regulators of Hippo pathway and signal
crosstalks

The tumor suppressor function of Hippo pathway
[18,19]
is enhanced by E-cadherin/catenin complex
,
[20]
[21]
AMOT family proteins
and LKB1-MARK signaling ,
but is negatively regulated by GPCR (G-protein[22]
coupled receptor) signaling . The protease activated
[23]
receptors
inhibits the LATS1/2 kinase activity via
[24]
Rho GTPase and G12/13-coupled receptors .
[25]
The tight junction (TJ)
and adherens junction
(AJ) components contact with YAP1 and quench its
oncogenic function. α-catenin, a component of AJ,
binds with 14-3-3 to form complex and phosphorylates
[19]
YAP1, promoting YAP1 inhibition . AMOT proteins
restrict YAP1 activity in a LAST1/2 dependent and
[20,26]
LATS1/2 independent manners
. As YAP1/TAZ
[27]
is also a mechanotransduction sensor , the cell
spreading, tension, attachment and detachment
modulate YAP1/TAZ activity which is associated
with Rho GTPase activity and reorganization of
[28]
actin cytoskeleton . YAP1/TAZ is also positively
or negatively regulated by GPCR signaling pathway
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through RhoGTPases/actin/LATS1/2 cascade, which
is determined by different GPCR ligands. Gα12/13-,
Gαq/11-, and Gαi/o-coupled ligands activate YAP1/
TAZ but Gαs-coupled ligands suppress YAP1/TAZ
[22,29]
activity
.
The deregulated Hippo pathway shares cross
[30]
[31]
talks with Wnt/β-catenin , Notch
and TGF-β
[32]
(transforming growth factor beta) signaling pathways
to promote tumorigenesis coordinately. Many studies
have highlighted the regulation of Hippo pathway on
Wnt/β-catenin pathway. The cytoplasmic accumulation
of YAP1/TAZ directly interacts with β-catenin and
[33]
inhibits β-catenin nuclear translocation , whereas in
the nuclei YAP1 binds with β-catenin to enhance the
[34]
tumorigenicity . The subcellular localization and
phosphorylation status of YAP1/TAZ also determine
the effect of Hippo signaling on TGF-β signaling. In
the cytoplasm, YAP1/TAZ binds with Smad protein to
suppress the TGF-β induced transcription, but in the
nuclei, YAP1/TAZ retains Smad protein and enhances
[35,36]
transcription under the TGF-β stimulation
. The
interplay of Hippo pathway and Notch pathway was
also demonstrated in mouse intestine. YAP1 induces
the expression Notch ligand Jagged-1 and activates
[37]
Notch signaling . Meanwhile in MST1/2-deficient
intestinal epithelium, β-catenin and Notch signaling
[38]
are strongly activated . In addition, the EGFR ligand
amphiregulin (AREG) is another transcriptional target
of YAP1, which functions as a contributor for YAP1[39]
mediated proliferation and invasion , suggesting that
the Hippo pathway also regulates the growth factor
receptor tyrosine kinase signaling.
Some other studies focus on findings of new Hippo
pathway components and crosstalks, novel YAP1/TAZ
target genes and the three-dimensional structure of
[40,41]
the YAP1-TEAD complex
. This provides further
evidence and insight for the involvement of the
deregulated Hippo pathway and YAP1/TAZ activation in
[42]
tumorigenesis .

cytoplasmic fragment of ERBB4 which is translocated
[51]
to the nucleus . TEAD family is one of the most
[40]
important binding partners of YAP1
through TEADbinding domain which is responsible for promoting
[52]
[53]
oncogenic transformation
and metastasis .
PDZ-binding motif of YAP1 is a critical region for its
[54]
cytoplasmic-nuclear translocation
and accumulation
thus to exert its oncogenic function in tumorigenesis.
YAP1 has been concordantly identified as a
candidate oncogene that promotes tumorigenesis
[55-59]
in many different types of solid tumor
. In nontransformed mammary epithelial cells, the upregulation
and activation of YAP1 promotes epithelial-mesen
chymal transition (EMT) and induces growth factor
independent growth and anchorage independent
[60]
proliferation in soft agar . In non-small cell lung
cancer, YAP1 binds with Oct4 through its WW domain
and transcriptionally induces Sox2 activation thus to
[61]
endow the stem-like properties . In medulloblastoma,
Shh signaling induces YAP1 expression and promotes
[62]
YAP1 nuclear localization to promote tumorigenesis .
In uveal melanoma, Gaq promotes the YAP-dependent
growth via a Trio-Rho/Rac signaling circuitry which
promotes actin re-polymerization. This process is
independent of phospholipase Cβ and the canonical
[63]
Hippo pathway . In ovarian cancer cell lines, YAP1
can enhance the transformed phenotype and confers
drug resistance to chemotherapeutic agents, which are
[64]
commonly used in clinical ovarian cancer .
On the contrary, other studies identify that YAP1
[65]
stabilizes p73 and prevents its ubiquitination
thus
selectively activating the transcription of proapoptotic
[66]
genes as a consequence of damage to the DNA .
Therefore the function of YAP1 in favoring tumor
suppression is thought to through apoptosis induction.
Promyelocytic leukemia, a tumor suppressor gene and
direct transcriptional target of p73/YAP1, directly binds
with YAP1 physically via the PVPVY domain and WW
[67]
domain thus to stabilize YAP1 from degradation . The
binding affinity of protein-protein interaction domains
is thought to be critical in directing the biological
[68]
function of YAP1 . O’Neill and his colleagues pointed
out the molecular background such as loss of RASFF1A
expression switches YAP1 from a tumor suppressor to
[69]
an oncogene .

Key Hippo pathway effector, YAP1, and its role in solid
tumors

YAP1 is located at Chromosome 11q22, a recurrent
amplicon region in esophageal squamous cell
[43,44]
carcinoma and liver cancer
. The amplification
within this region is also identified in a subset of
[45,46]
cervical and lung cancers
. The modular structure
of YAP1 contains a WW domain, TEAD-binding domain,
[47]
SH3-binding motif and PDZ-binding motif . YAP1
is a modular adaptor protein with multiple protein
interaction domains and it was first identified by
its affinity to bind the SH3 domain of nonreceptor
[48]
tyrosine kinase c-Yes, a Src protein kinase . The
majority of the interactions are mediated by the WW
domain of YAP1. Through WW domain, YAP1, PPxY
motif-containing LATS1 kinase, and AMOTL1 protein
[49,50]
form functional complex
. YAP1 binds to the ERBB4
and functions as a transcription co-activator for the
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DEREGULATION OF HIPPO PAHTWAY IN
GC
The deregulated Hippo signaling pathway is strongly
associated with initiation, development and distant
[70]
metastasis of human GC
(Figure 1). The most
upstream of Hippo pathway, MST1/2 and LATS1, is
frequently showing downregulation in GC compared
with its expression in normal gastric epithelium or
[71,72]
adenoma
. The tumor suppressor RUNX3 is an
evolutionarily conserved component of the Hippo
pathway. RUNX3 is capable to induce cell apoptosis
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Figure 1 Deregulation of Hippo pathway in gastric cancer. The schematic representation of Hippo signaling deregulation in gastric carcinogenesis. In normal
gastric epithelium, YAP1/TAZ is strongly negatively regulated and quenched in the cytoplasm by the activated Hippo signaling pathway. miR-15a/16-1/506 also exerts
its tumor suppressor function by targeting YAP1. In gastric cancer (GC) cells, the upstream of Hippo pathway, MST1/2 and LATS1/2 are down-regulated and fail to
phosphorylate YAP1/TAZ. YAP/TAZ is then translocated to the nucleus and binds with TEAD transcription factors to transcriptionally activate the downstream targets.
Meanwhile, downregulation of miR-15a/16-1/506 and VGLL4, an antagonist of YAP1, are partially responsible for the activation of YAP1 in GC. YAP1: Yes-associated
protein 1; MST1/2: Mammalian Ste20-like kinase 1 and 2; LATS1/2: Large tumor suppressor 1 and 2.

proliferation both in vitro and in vivo. The signaling
pathway analysis revealed that RAF/MEK/ERK pathway
is constitutively activated in cells stably expressing
YAP1. YAP1 was further demonstrated to enhance the
[72]
serum/EGF-inducing c-Fos expression in GC cells .
The upregulation of YAP1 in GC exhibits positive
[77]
expression correlation with survivin . The interaction
of YAP1 and RUNX2, a Runt box domain DNA-binding
transcription factor, increases oncogenic transformation
[78]
by repression of p21 protein expression . In gastric
and lung adenocarcinoma, receptor tyrosine kinase
[79]
AXL is the direct functional target of YAP1 . The
similar oncogenic role of YAP1 in gastric tumorigenesis
and metastasis was also comprehensively illustrated
[80-84]
by several research groups
.
YAP1 is reported to be negatively regulated by
tumor suppressor microRNAs (miRNAs) including miR[85]
[86]
15a, miR-16-1
and miR-506
in GC. VGLL4 is a
family member of the Vestigial-like proteins which
have been reported to function as tumor suppressors.
By competing with YAP1 for the TEADs binding, VGLL4
directly interacts with TEAD transcription factors in
GC and inhibits EMT through Wnt/β-catenin signaling
[87]
pathway . A peptide mimicking this function of VGLL4
potently suppressed tumor proliferation in vitro and in
[88]
vivo , which sheds light on the therapeutic potential
of this small molecule.

through cooperation with MST2 and SAV1. It is a
very complex circuit. SAV1/WW45 facilitates the
tight association of MST2 and RUNX3. In turn, MST2
[73]
stimulates the interaction of SAV1 and RUNX3 .
[74]
3,3-diindolylmethane
stimulates RASSF1 binding to
the MST1/2-LATS1-Mob1 complex, which will further
promote the activation of Hippo signaling pathway and
[75]
inactivate cell proliferation .
As the core downstream effector of Hippo pathway,
the expression of YAP1 both in the cytoplasm and
nucleus was first described to be dramatically
upregulated in high-grade dysplasia, gastric adeno
[76]
carcinoma, and metastatic gastric disease . The
YAP1 nuclear accumulation was correlated with shorter
disease specific survival. In early stage GC, the result
is more stringent, suggesting the activation of YAP1
is correlated with poor outcome. As YAP1 is upregulated in GC, siRNA-mediated YAP1 knockdown
exhibited suppressive phonotype, such as decreased
cell proliferation, inhibited anchorage-dependent
monolayer colony formation, reduced cell invasion
and migration. In MKN45 cells which show negative
YAP1 expression due to the homozygous deletion,
ectopic expression of YAP1 promoted anchoragedependent or -independent colony formation. The
upregulation of YAP1 in MKN45 cells also induced
more invasive phenotype change and promoted cell
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Several YAP1 related genes exhibit mutation or
epigenic modification in gastric carcinogenesis. RhoA,
an upstream and activator of YAP1, is found to have
[89,90]
recurrent mutations in diffuse type GC
. TEAD4
transcription factor, the binding partner of YAP1 and a
linker between Hippo pathway upstream components
and the downstream targets, is significantly hypo
methylated in the CpG site cg21637033 and overexpressed in GC tissues compared with the adjacent
[91]
normal gastric epithelium . TAZ, another key effector
of Hippo pathway and transcriptional coactivator
with PDZ binding motif, is associated with abnormal
overexpression of β-catenin, which correlates with
poor prognosis of patients with adenocarcinoma of the
[92]
esophagogastric junction .

YAP1/TEAD4 transcriptional ability and stimulating
[110]
tumor growth in HCC cells . YAP1 up-regulates Jag-1
[37]
to activate Notch signaling in HCC cells
and it also
[111]
activates PI3K-mTOR signaling pathway , indicating
the crosstalks of Hippo pathway and oncogenic
pathways. As the same with GC, AXL is a target for
YAP1-dependent oncogenic transcription in HCC and has
[112]
been reported to be a potential therapeutic target .

Dysregulated Hippo pathway in colorectal cancer

In colorectal cancer (CRC), decreased expression
of LATS1 in CRC was associated with promoter
hypermethylation and such reduced expression
[113]
promotes progression of CRC
. The Hippo pathway
is suppressed by a critical regulator named integrinlinked kinase (ILK) via phosphorylation of MYPT1[114]
PP1, leading to the Merlin inactivation
. MST1
and MST2 significantly repress the abundance and
activation of YAP1 in normal intestinal epithelium. As
tumor suppressors, MST1 and MST2 have an antiproliferative function, however this function is often
[38]
overcome by the over-abundance of YAP1 in CRC .
YAP1 overexpression in CRC cells is partly due the
activation of β-catenin pathway. The β-catenin/TCF4
complexes bind to a DNA enhancer element within
the first intron of the YAP1 gene to promote the
[115]
transcription of YAP1 . The interplay between over
expressed YAP1 and β-catenin drives proliferation of
[116]
colon cancer cells
. In KRAS-dependent cells when
KRAS was suppressed, overexpression of YAP1 could
rescue cell viability, suggesting that YAP1 was required
for KRAS-induced cell transformation like EMT in
[117]
CRC . YAP1 transcription levels positively correlates
[118]
with 5-fluorouracil resistance
, relapse and shorter
[119]
patient survival
. TAZ, the paralog of YAP1, regu
lates AXL in CRC and also plays an critical role in
[120]
clonogenicity and non-adherent growth
. However,
YAP1 is negatively regulated by E2A, which encodes
two bHLH (basic helix-loop-helix) transcription factors
[121]
E12 and E47 .

HIPPO PAHTWAY IN OTHER
GASTROINTESITINAL CANCERS
The Hippo signaling pathway also plays a important
role in other gastrointestinal cancers which was
recently comprehensively summarized in a review by
[93]
Yu et al .

Deregulation of Hippo pathway in hepatocellular
carcinoma

In hepatic oval cells, the mammalian Hippo pathway
controls the proliferation rate and thereby restricts
liver size and prevents the initiation of hepatocellular
[94]
carcinoma (HCC) . Overexpression of MST1/2 inhibits
[95]
[96]
cell proliferation , promotes YAP1 phosphorylation
and downregulates the mRNA expression of CTGF,
[97]
AREG and Survivin . YAP1 plays oncogenic even
[98,99]
cancer-driven role in HCC development
. YAP1
knockdown by siRNA-lipid nanoparticles (siRNA-LNPs)
dramatically restores hepatocyte differentiation in
[100]
advanced HCC and leads to tumor regression . The
[101]
activation of YAP1 is an early event
in HCC and
[102,103]
serves as a an independent prognostic factor
.
The PDZ binding motif in YAP1 is crucial for its
activation of CTGF, a cell proliferation gene and TEAD[104]
dependent transcription target
. CREB (cyclic
adenosine monophosphate response element-binding
protein) promotes YAP1 transcriptional output through
binding to -608/-439, a novel region from the YAP
[105,106]
promoter
.
Several binding partners were identified to enhance
the oncogenic property exerted by YAP1. YAP1 and
[107]
PI3K exerts oncogenic cooperation in HCC
. The
interaction of MEK1-YAP1 is critical for cell proliferation
and transformed phenotype maintenance of HCC
[108]
cells . Amot-p130 was associated with the YAP1-TEAD
transcriptional complex and contributed to the regulation
of a bunch of YAP1 targeting genes. These targeted
[109]
genes are associated with liver tumorigenesis . SIRT1
was reported to deacetylate YAP1 protein in HCC cells
and SIRT1-mediated deacetylation strengthened the
YAP1-TEAD4 interaction, leading to the activation of
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Hippo pathway deregulation in pancreatic ductal
adenocarcinoma

In pancreatic ductal adenocarcinoma (PDAC), YAP1
was identified as a critical and functional downstream
which plays a role in the oncogenic switch between
KRAS pathway and MAPK (mitogen-activated protein
kinase) pathway. YAP1 promotes the expression of
genes which encode secretory factors. These factors
accumulatively sustained the neoplastic proliferation,
a stromal tumorigenic response from the tumor
[122]
microenvironment . The recent findings reveal that
YAP1 and TEAD2, a TEAD transcriptional factor, interact
and function cooperatively with E2F transcription
factors to drive KRAS(G12D)-independent tumor
initiation. In PDAC, this complex activates cell cycle
progression and DNA synthesis program and finally
[123]
escapes from the oncogenic KRAS addiction . AGR2
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9

up-regulates the expression of AREG, a EGFR ligand
with growth-promoting potential, which is mediated
[124]
by activation of YAP1 in PDAC
. YAP1 is negatively
[125]
[126]
regulated by miR-141
and miR-375
, which
serves an independent prognostic factor for PDAC
patients and exerts tumor suppressor functions.

10

CONCLUSION

11

In conclusion, the activation of Hippo signaling pathway
is necessary for the homeostasis maintenance of
gastric and other gastrointestinal organs. However, its
deregulation causes tumorigenesis in digestive system
through loss of control on YAP1/TAZ. The YAP1/TAZ
hyperactivation in gastrointestinal cancers seems to
drive tumorigenesis and take over carcinogenesis
in a RAS-independent manner. Thus it provides a
therapeutic target for clinical intervention.
However several issues should be addressed in the
following study on Hippo pathway in GC as indicated
in Figure 1. First, the detailed regulation mechanism
on Hippo pathway in GC is not understood, thus the
cell tight/adherens junction, cytoskeleton changes and
other factors linked with Hippo pathway need to be
addressed. Second, the left regulatory mechanisms
on YAP1/TAZ should be addressed including miRNA/
lncRNA regulation to facilitate our understanding on
the regulation of YAP1/TAZ in tumorigenesis. Third but
not the last, exploring novel transcription factors which
are required for YAP1/TAZ to exert its function will be
helpful to fully understand the oncogenic role of YAP1/
TAZ in GC.
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Abstract
Photodynamic diagnosis based on 5-aminolevulinic acidinduced protoporphyrin IX has been clinically applied
in many fields based upon its evidenced efficacy and
adequate safety. In order to establish a personalized
medicine approach for treating gastric cancer patients,
rapid intraoperative detection of malignant lesions
has become important. Feasibility of photodynamic
diagnosis using 5-aminolevulinic acid for gastric cancer
patients has been investigated, especially for the
detection of peritoneal dissemination and lymph node
metastasis. This method enables intraoperative realtime fluorescence detection of peritoneal dissemination,
exhibiting higher sensitivity than white light observation
without histopathological examination. The method
also enables detection of metastatic foci within
excised lymph nodes, exhibiting a diagnostic accuracy
comparable to that of a current molecular diagnostics
technique. Although several complicating issues still
need to be resolved, such as the effect of tissue
autofluorescence and the insufficient depth penetration
of excitation light, this simple and rapid method has the
potential to become a useful diagnostic tool for gastric
cancer, as well as urinary bladder cancer and glioma.
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safety and efficacy
. 5-ALA is an intrinsic amino
acid intimately involved with heme synthesis in nu
cleated cells. Because cancer cells exhibit alterations
of enzymatic activity in the heme synthetic pathway,
exogenous administration of 5-ALA causes intracellular
accumulation of a heme precursor, protoporphyrin IX
[13]
(PpIX), in cancer cells . Importantly, PpIX emits red
light upon excitation with 405-nm blue-violet light,
whereas 5-ALA is not fluorescent.
In the field of gastrointestinal cancer treatment,
5-ALA-PDD has been used for the in vivo detection
of peritoneal dissemination in patients with advanced
[14-16]
gastrointestinal cancer
. In addition, the feasibility
of using 5-ALA-PDD to detect lymph node metastases
[17,18]
is now being validated in clinical trials
. Thus, the
availability of 5-ALA-PDD is increasingly anticipated
since there are no other cancer-specific fluorophores
easily applicable to clinical use.
In this review, we cover recent topics related to
the use of 5-ALA-PDD in gastric cancer, focusing on
fluorescence diagnostic laparoscopy and intraoperative
fluorescence detection of metastatic lymph nodes.

Core tip: To perform personalized treatment for gastric
cancer, rapid intraoperative detection of malignant
lesions is desirable. Photodynamic diagnosis based on
5-aminolevulinic acid-induced protoporphyrin Ⅸ may
help in this regard. This method enables intraoperative
real-time fluorescence detection of peritoneal dis
semination in gastric cancer patients, exhibiting
higher sensitivity than white light observation without
histopathological examination. The method also
enables detection of metastatic foci within excised
lymph nodes, exhibiting a diagnostic accuracy com
parable to a current molecular diagnostics technique.
This method has the potential to become a useful
diagnostic tool for gastric cancer treatment.
Koizumi N, Harada Y, Minamikawa T, Tanaka H, Otsuji E,
Takamatsu T. Recent advances in photodynamic diagnosis of
gastric cancer using 5-aminolevulinic acid. World J Gastroenterol
2016; 22(3): 1289-1296 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i3/1289.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i3.1289

ACCUMULATION OF PPIX IN GASTRIC
CANCER CELLS

INTRODUCTION
Personalized medicine has become a trending topic
[1-3]
in the treatment of gastric cancer
. In order to
apply an individualized therapeutic strategy for each
patient with gastric cancer, a precise evaluation of
[4]
the extent of disease progression is essential .
Recent advances in endoscopic technology have
enabled the early detection of malignant lesions,
allowing a subset of patients with early gastric
[5]
cancer to undergo a curative endoscopic resection .
However, a large percentage of gastric cancer patients
still require some sort of surgical intervention.
Distal or total gastrectomy with appropriate lymph
node dissection is usually performed as a radical
procedure, but the quality of life of patients who
have undergone radical gastrectomy is diminished to
[6]
some extent . A less invasive personalized surgery,
avoiding unnecessary lymph node dissection and
reduced gastric resection, might be possible if lymph
node metastases could be detected preoperatively or
[7]
intraoperatively .
On another front, patients with advanced gastric
cancer are often excluded from radical gastrectomy
because advanced gastric cancer with peritoneal
dissemination usually requires chemotherapy rather
[8,9]
than surgery . Sensitive intraoperative detection
of occult peritoneal dissemination might save such
patients from unnecessary gastrectomy and lead to
[10]
early induction of appropriate chemotherapy .
Photodynamic diagnostics is considered a potent
candidate to fill these demands. Photodynamic
diagnosis using 5-aminolevulinic acid (5-ALA-PDD) has
been widely used clinically because of its adequate

WJG|www.wjgnet.com

Although the mechanism of PpIX accumulation
in cancer cells is not entirely clear, alterations of
enzymatic activities in the heme synthetic pathway, i.e.
increased activity of porphobilinogen deaminase and
decreased activity of ferrochelatase, are considered to
[19]
be the primary cause . Porphobilinogen deaminase
is induced upon administration of exogenous 5-ALA,
[20]
and the enzymatic activity is increased accordingly .
Ferrochelatase, which acts in the final step of heme
synthesis, contains an iron-sulfur cluster that is
[21,22]
inhibited by nitric oxide
. Since the concentration
of nitric oxide is often increased in cancer cells by
upregulation of the inducible form of nitric oxide
synthase, ferrochelatase activity is suppressed in
[23,24]
cancer cells
.
In addition, recent in vitro studies with gastric
cancer cell lines have revealed other molecules that
might regulate 5-ALA-PDD efficacy in gastric cancer.
Intracellular uptake of exogenously administered 5-ALA
is mediated by a peptide transporter, PEPT-1/2, and
extracellular efflux of 5-ALA-induced PpIX is mediated
[25,26]
by ATP-binding cassette transporter G2 (ABCG2)
.
Therefore, the expression levels of PEPT-1/2 and
ABCG2 are likely to be closely involved in the efficacy
of 5-ALA-PDD in gastric cancer.
Furthermore, mitochondrial ATP-binding cassette
transporter B6 (ABCB6) was found to mediate
cytoplasm-to-mitochondria transport of coproporphy
rinogen Ⅲ , an intermediate metabolite of heme
[27]
synthesis . The effect of mitochondrial ABCB6
expression on 5-ALA-PDD was shown in an in vitro
[28]
study with gastric cancer cell lines . The results
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tissue and cancer tissue reaches its peak . Thus, the
timing of 5-ALA administration should be based on the
estimated duration to fluorescence observation.
5-ALA is basically a safe substrate, also present
in the human body. However, 5-ALA administration is
[31]
contraindicated for patients with porphyria . Since
5-ALA is an initial chemical of porphyrin metabolism,
high levels of 5-ALA in patients with porphyria lead
to abnormal accumulation of various porphyrins,
depending on the type of porphyria. This aberrance
may cause phototoxic skin disorder, neurological
[32,33]
dysfunction, and/or liver damage
.
Gastric cancer patients with accompanying pyloric
stenosis should also be excluded from 5-ALA-PDD since
efficient absorption of 5-ALA is impossible. In addition,
gastric cancer patients receiving certain antacid
agents, such as histamine H2 receptor antagonists and
proton pump inhibitors, should be excluded because
[34,35]
5-ALA is unstable in high-pH conditions
.
Patients who are administered photosensitizers
should avoid unnecessary light exposure to reduce
the risk of developing cutaneous photosensitivity.
Other available photosensitizers, e.g., porfimer sodium
(Photofrin) and talaporfin sodium (Laserphyrin), have
a long serum half-life and thus necessitate longer-term
[36]
protection from light exposure . However, physicians
need not be so diligent in the case of 5-ALA, since
5-ALA-induced PpIX is metabolized to heme within a
[37]
few hours .
We have performed 5-ALA-PDD for > 100 patients
with gastrointestinal malignancies in clinical trials, and
have observed no apparent adverse effects to date,
including phototoxic skin disorder or liver dysfunction.

5-ALA

PEPT-1/2
Cytoplasm
5-ALA

Mitochondrion
Succinyl-CoA
5-ALA
Glycine

Porphobilinogen ABCB6
Deaminase
Coproporphyrinogen Ⅲ

ABCG2

Coproporphyrinogen Ⅲ

Protoporphyrin Ⅸ
Ferrochelatase

iNOS

NO

Heme

Figure 1 Metabolic pathway of 5-aminolevulinic acid and mechanism of
intracellular protoporphyrin Ⅸ accumulation in gastric cancer cells.

correlated well with those from a study with excised
[29]
glioma tissues .
Thus, various molecular factors are involved in
intracellular PpIX accumulation. A schematic of the 5-ALA
metabolic pathway and intracellular PpIX accumulation
in gastric cancer cells is shown in Figure 1.

PPIX FLUORESCENCE IN GASTRIC
CANCER CELLS
PpIX emits red light with a peak at 635-nm upon
excitation with 405-nm blue-violet light. Adding 5-ALA
to the culture medium induces PpIX accumulation in
cultured cancer cells. In vitro analysis of various types
of gastric cancer cell lines has shown that treatment
with 5-ALA and 405-nm excitation light induced the
characteristic 635-nm PpIX fluorescence peak in all of
the lines, with the fluorescence intensity dependent on
the cell’s degree of differentiation (unpublished data)
(Figure 2). This result strongly supports the notion that
5-ALA-PDD is clinically applicable to gastric cancer.

5-ALA-PDD FOR PERITONEAL
DISSEMINATION IN GASTRIC CANCER
PATIENTS
The efficacy of 5-ALA-PDD for detection of peritoneal
dissemination has been demonstrated in a number
of studies using animal models and in clinical
[14,16,38-40]
trials
. In the treatment of gastric cancer,
precise detection of occult dissemination is certainly
important to select patients requiring chemotherapy
[9]
and to pursue an improved prognosis . Minute
dissemination is sometimes undetectable by white
light observation, and definitive diagnosis can only
be achieved by histopathological examination of
the excised specimen. In this regard, fluorescence
observation is advantageous because it enables realtime in vivo visualization without the need for timeconsuming histological examination.
A fluorescence laparoscopic system capable of
providing 405-nm excitation light through a rigid
laparoscope is now commercially available, and as
a result diagnostic laparoscopy can be performed
with minimal invasiveness. Figure 3 shows 5-ALAPDD images from a patient with advanced gastric

5-ALA ADMINISTRATION TO GASTRIC
CANCER PATIENTS AND MANAGEMENT
OF 5-ALA-ADMINISTERED PATIENTS
In a clinical setting, 5-ALA is usually administered
orally. In order to diminish its characteristic acidic taste,
we have prepared and delivered it as a 50% glucose
solution. Orally administered 5-ALA is rapidly absorbed
in the upper gastrointestinal tract, and the plasma
level of 5-ALA reaches a peak within 1 h after oral
administration. At first, PpIX accumulation is observed
in normal tissues, especially in the gastrointestinal
[30]
mucosa, at 2-4 h after 5-ALA administration .
Thereafter, the accumulated PpIX in normal tissues
is gradually metabolized, whereas PpIX accumulation
in cancer cells is sustained for a while. After 6 h, the
difference in PpIX concentrations between normal
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Figure 2 Fluorescence spectra of various kinds of gastric cancer cell lines after treatment with 5-aminolevulinic acid and excitation with 405-nm light.
A: MKN-7, derived from a well differentiated gastric cancer; B: MKN-74, derived from a moderately differentiated gastric cancer; C: MKN-45, derived from a poorly
differentiated gastric cancer; D: Kato-III, derived from a signet-ring cell carcinoma; E: NIH-3T3, a non-cancerous fibroblast-like cell line. Each cell line was incubated
with 1 mmol/L 5-ALA for 30 min. The conditions of spectral acquisition were equivalent among all samples. Spectra were measured with the MCPD-7000 spectral
analytical system (Otsuka Electronics, Co., Ltd., Osaka, Japan).

A

B

C
White light image
Fluorescence image

Figure 3 Representative images of 5-aminolevulinic acid - photodynamic diagnosis. Upper column: White light images; Lower column: Fluorescence images. A:
Peritoneal dissemination (arrows); B: Serosal invasion of primary gastric cancer; C: Superficial liver metastasis. Excitation: 405-nm; Emission: > 450-nm.

cancer suspected to be accompanied by peritoneal
dissemination. An intraperitoneal nodule exhibited
red fluorescence (Figure 3A), indicating that it is a
disseminated nodule, similar to a serosal invasion
of the primary lesion (Figure 3B). 5-ALA-PDD also
enabled a qualitative diagnosis of superficial liver
metastases (Figure 3C), although deeply-seated
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liver metastases could not be evaluated due to the
insufficient penetration depth of the excitation light.
Regarding the diagnostic performance of 5-ALA[38]
PDD for peritoneal dissemination, Almerie et al
determined in a systematic review that the ranges of
sensitivity and specificity were 83% to 100% and 95%
[38]
to 100%, respectively . The authors reported that
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5-ALA-PDD increased the detection rate of malignant
peritoneal nodules by 21% to 34% over white light
alone.
Detailed analyses of animal models and clinical trials
have indicated satisfactory diagnostic performance
[15,16,40]
[40]
of 5-ALA-PDD in gastric cancer
. Kishi et al
first validated the efficacy of 5-ALA-PDD by analyzing
729 peritoneal nodules obtained from 8 mice. In that
study, the detection rate with 5-ALA-PDD was 72%,
which was significantly higher than that for the white
light observation (39%). In addition, in a clinical trial
for patients with advanced gastric cancer, Murayama
[16]
et al
evaluated the availability of 5-ALA-PDD.
The trial consisted of 13 patients, 5 of which were
diagnosed with peritoneal dissemination by 5-ALAPDD. The diagnoses were confirmed by subsequent
histopathological examination. Whereas 14 peritoneal
nodules with suspected dissemination were detected
under white light observation, only 12 nodules showed
red fluorescence by 5-ALA-PDD. Histopathological
examination indicated that only those 12 nodules were
disseminated. Therefore, the diagnostic accuracy of
5-ALA-PDD was concluded to be greater than that of
[16]
white light imaging .
[15]
Furthermore, Kishi et al
demonstrated the
usefulness of adding 5-ALA-PDD to conventional
white light laparoscopy in another clinical trial with
52 advanced gastric cancer patients. The authors
reported that, using white light observation, 24 of
the 52 patients showed no macroscopic evidence of
peritoneal dissemination, but when 5-ALA-PDD was
used dissemination was detected in 5 of these 24
patients. Thus, the authors concluded that 5-ALA-PDD
improved the sensitivity for the detection of peritoneal
[15]
dissemination .
On the basis of these clinical trials, 5-ALA-PDD
appears to be a useful and promising procedure for the
detection of peritoneal dissemination. Future studies
are needed, however, to determine whether the
increased sensitivity leads to an improvement in the
final outcome for patients who have undergone 5-ALAPDD.

adequate tolerability, a rapid and precise method is
required to diagnose the presence or absence of lymph
[45]
node metastases intraoperatively . The existing
intraoperative rapid histopathological diagnosis, which
is based on frozen sections, has several liabilities. One
is the amount of time required to make a histological
section. Another liability is that minute metastases
might not be detected due to the limited number
of histological sections, resulting in a relatively high
[46]
proportion of false-negatives .
To overcome these issues, we used 5-ALA-PDD
for the detection of lymph node metastases of gastric
[47]
cancer. Previously, Murayama et al
reported an
excellent diagnostic accuracy (100% sensitivity
and 100% specificity) of 5-ALA-PDD for detecting
metastatic lymph nodes in a model mouse of rectal
cancer. Building upon this finding, our group conducted
a clinical trial with 14 patients with advanced gastric
[17]
cancer, and examined a total of 144 lymph nodes .
Figure 4 shows representative 5-ALA-PDD images of
metastases in resected lymph nodes. The metastatic
lymph nodes exhibit a distinct red fluorescence con
sistent with the distribution of a metastatic focus.
Although some non-metastatic lymph nodes were also
fluorescent, these nodes could be distinguished from
metastasis-bearing lymph nodes by their characteristic
follicular fluorescence pattern. Using a diagnostic
algorithm for the fluorescence pattern, we found that
5-ALA-PDD achieved an acceptable diagnostic power,
with 92.4% accuracy (133/144).
Furthermore, we performed a quantitative analysis
based on the nodules’ fluorescence intensities.
Metastatic lymph nodes were significantly brighter
[17]
than non-metastatic lymph nodes (P < 0.0001) .
Subsequent receiver operating characteristic analysis
revealed 70.8% sensitivity and 94.4% specificity, with
an area under the curve of 0.832. Although a sustained
effort to improve the diagnostic sensitivity is required,
future clinical application is strongly anticipated based
on clinical results that will gradually accumulate in the
near future.
Another innovative diagnostic method, the one-step
nucleic acid amplification (OSNA) assay, has already
[48]
been applied widely in the field of breast cancer .
OSNA is a new type of molecular diagnostic tool that
is based on amplification of CK19 mRNA, which is
[49]
expressed in metastasized foci within a lymph node .
The ability of OSNA to detect metastatic lymph nodes
[50]
of gastric cancer has been evaluated; Yaguchi et al
reported a diagnostic accuracy of 96.6%. Yet, some
obstacles remain: tissue contamination may cause falsepositive results, and low CK19 expression may lead
[51]
to false-negatives . The greatest obstacle, however,
is that subsequent histological examination cannot
be performed, because OSNA requires homogenized
tissue specimens. In this regard, 5-ALA-PDD offers an
advantage, since metastatic foci are visualized in non-

5-ALA-PDD FOR LYMPH NODE
METASTASIS OF GASTRIC CANCER
Limited operations with reduced lymph node dissection
based on the sentinel node concept have recently
attracted much attention in the field of gastric
cancer surgery, similar to that in the field of breast
[41-43]
cancer
. In performing sentinel node navigation
surgery for gastric cancer, partial or segmental
gastrectomy with limited lymphatic basin dissection is
performed, and sustained post-gastrectomy quality of
[44]
life can be provided .
However, in order to perform such procedures with
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White light image

Fluorescence image

HE stained section

A

B

Figure 4 5-aminolevulinic acid - photodynamic diagnostic imaging of metastatic and non-metastatic lymph nodes[17]. Left column: White-light images;
Middle column: Fluorescence images; Right column: Hematoxylin-eosin stained sections. A: Metastatic lymph node; B: Non-metastatic lymph node. Arrows indicate
metastatic foci. In the metastatic lymph node, red fluorescence aligns with the metastatic foci. White light and fluorescence images were acquired with the SZX-12
stereomicroscope (Olympus, Tokyo, Japan) equipped with the DP71 color charge-coupled digital camera (Olympus). Excitation: 395-nm to 415-nm; Emission: >
430-nm; Scale bars: 3-mm.

homogenized nodules.

performing fluorescence observation at the cut surface.
In a study aiming to overcome this disadvantage,
[52]
Shimoyama et al
showed the potential of the lan
thanide nanoparticle, a light energy upconverter.
The combination of optimal lanthanide nanoparticle
and 5-ALA-PDD might allow the use of near-infrared
excitation light, which can penetrate deeply into the
tissue and result in better diagnostic accuracy.

FUTURE PROSPECTS
Although fluorescence diagnostics have many advan
tages, the exclusion of background tissue autofluores
cence remains a major unresolved issue and needs
to be addressed in order to improve diagnostic
accuracy. Surrounding connective tissues have their
own autofluorescence, which sometimes interferes
with the precise detection of PpIX red fluorescence.
However, we attained highly sensitive detection of
metastasized lymph nodes in patients with colorectal
[18]
cancer by using the spectral unmixing method .
Specifically, we demonstrated an improved diagnostic
performance of 5-ALA-PDD, with 88.3% sensitivity,
92.0% specificity, and 87.4% accuracy. The receiver
operating characteristic analysis revealed that the
spectral unmixing method improved the area under
the curve up to 0.95, indicating that the method might
be an innovative solution.
Furthermore, we established a novel imaging
strategy to specifically detect accumulated PpIX
and filed an international patent application (WO/
2013/002350). Through such technical advances, we
anticipate that we will be able to attain a satisfactory
diagnostic accuracy of 5-ALA-PDD in the near feature.
The limited depth penetration of the excitation
light is another issue that still needs to be addressed.
Although the penetration is sufficient for the detection
of peritoneal dissemination, detection of lymph
node metastases requires cutting the nodes and
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CONCLUSION
We reviewed the recent advances in the use of 5-ALAPDD for the treatment of gastric cancer. Fluorescence
diagnostics offer real-time visualization with high
sensitivity unsurpassed by other diagnostic tools. With
further technical development, application of 5-ALAPDD is expected to become more widespread in gastric
cancer treatment.
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MINIREVIEWS

endoscopic ultrasonography-guided biliary drainage: Who,
when, which, and how?
Kazuo Hara, Kenji Yamao, Nobumasa Mizuno, Susumu Hijioka, Hiroshi Imaoka, Masahiro Tajika, Tutomu Tanaka,
Makoto Ishihara, Nozomi Okuno, Nobuhiro Hieda, Tukasa Yoshida, Yasumasa Niwa
choledochoduodenostomy (EUS-CDS) and EUSguided hepaticogastrostomy (EUS-HGS) are relatively
well established as alternatives to percutaneous
transhepatic biliary drainage (PTBD). Both EUSCDS and EUS-HGS have high technical and clinical
success rates (more than 90%) in high-volume centers.
Complications for both procedures remain high at
10%-30%. Procedures performed by endoscopists
who have done fewer than 20 cases sometimes result
in severe or fatal complications. When learning EUSguided biliary drainage (EUS-BD), we recommend a
mentor’s supervision during at least the first 20 cases.
For inoperable malignant lower biliary obstruction,
a skillful endoscopist should perform EUS-BD before
EUS-guided rendezvous technique (EUS-RV) and
PTBD. We should be select EUS-BD for patients
having altered anatomy from malignant tumors before
balloon-enteroscope-assisted endoscopic retrograde
cholangiopancreatography, EUS-RV, and PTBD. If
both EUS-CDS and EUS-HGS are available, we should
select EUS-CDS, according to published data. EUSBD will potentially become a first-line biliary drainage
procedure in the near future.
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Core tip: For inoperable malignant biliary obstruction,
endoscopic ultrasonography (EUS)-guided biliary
drainage (EUS-BD) should be selected before EUSguided rendezvous technique or percutaneous tran
shepatic biliary drainage. EUS-BD is usually the first
choice for patients having altered anatomy with
malignant lower biliary obstruction. If both EUS-

Abstract
Both endoscopic ultrasonography (EUS)-guided
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[2]

guided choledochoduodenostomy (EUS-CDS) and EUSguided hepaticogastrostomy (EUS-HGS) are available,
EUS-CDS should be selected. EUS-HGS has numerous
potential complications compared to EUS-CDS. EUS-BD
may well become a first-line biliary drainage procedure
for malignant lower biliary obstruction in the near
future.

86.3% and 68.3%, respectively . From that survey, it
was reported that a total of 4 perforations were caused
by inward stent migration after hepaticogastrostomy
(12%, 4/34) and 5 (4%) patients died, 2 of them as
a consequence of bile peritonitis, 2 after perforation,
and 1 after massive intraperitoneal bleeding. However,
all endoscopists in the Spanish survey were beginners
at relatively low-volume centers, with an average
experience of < 20 EUS-BD procedures in total. These
results seem to provide more realistic clinical data
[3]
without publication bias from general hospitals . Even
for skillful endoscopists, we recommend learning EUSBD under a mentor’s supervision for at least the first
20 cases. Recently, an animal model and a 3D printing
model for EUS-BD were reported. These models
may help trainees become skilled in EUS-guided
[4,5]
procedures .

Hara K, Yamao K, Mizuno N, Hijioka S, Imaoka H, Tajika
M, Tanaka T, Ishihara M, Okuno N, Hieda N, Yoshida T,
Niwa Y. endoscopic ultrasonography-guided biliary drainage:
Who, when, which, and how? World J Gastroenterol 2016;
22(3): 1297-1303 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i3/1297.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i3.1297

INTRODUCTION

When should we perform EUS-BD?

Endoscopic ultrasound (EUS)-guided biliary drainage
(EUS-BD) is a recently developed alternative to
percutaneous transhepatic biliary drainage (PTBD)
for patients in whom endoscopic retrograde cholang
iopancreatography (ERCP) has failed. There are many
reports regarding the safety, feasibility, and clinical
efficacy of EUS-BD. Quite recently, new types of
stents modified for EUS-BD were developed. EUSBD includes EUS-guided choledochoduodenostomy
(EUS-CDS), EUS-guided hepaticogastrostomy (EUSHGS), EUS-guided hepaticoenterostomy (EUS-HES)
and EUS-guided rendezvous (EUS-RV), among others.
The intrahepatic and extrahepatic approaches are
quite different with respect to indications, techniques,
and complications. However, many reports include
analysis of the combined results of intrahepatic and
extrahepatic approaches. Therefore, specific details
of when and how EUS-guided biliary drainage should
be performed, and which procedure should be used,
remain somewhat unclear. In this review, we discuss
an EUS-BD algorithm for treatment of inoperable
malignant lower biliary obstruction.

Normal anatomy

We present an EUS-BD algorithm for inoperable
malignant lower biliary obstruction in Figure 1. This
algorithm is proposed for use by experts in EUS-BD.
Our recommendations are large red arrows. After
failed ERCP, which procedure should we perform?
Some authors reported the superiority of EUS-BD
[6-8]
[8]
over PTBD : Artifon et al reported similar technical
and clinical success rates, complications rates and
[7]
costs for both groups. Bapaye et al reported the
superiority of EUS-BD for success and complications
[6]
rates compared to PTBD. Khashab et al reported that
technical success was higher in the PTBD group (100%
vs 86.4%, p = 0.007), and that clinical success was
equivalent (92.2% vs 86.4%, p = 0.40). They also
found a higher adverse event rate and a significantly
higher rate of re-interventions with PTBD. According to
these reports, EUS-BD and PTBD have similar success
rates and similar efficacy, although the complications
rate is somewhat higher for PTBD. EUS-BD results in
better QOL for patients because there is no external
drainage. EUS-BD is recommended over PTBD by the
results of these previous reports.
How about EUS-RV? EUS-RV is also a useful pro
[9-14]
cedure
, but there are some limitations. Most
importantly, there is a lower success rate compared
to EUS-BD and PTBD. Passing the guidewire through
the malignant stricture is sometimes difficult. Isayama
[12]
et al
reported that the overall success rate of EUSRV in 247 cases from 7 published reports was 74%
and the incidence of complications was 11%. Iwashita
[9]
et al reported that the overall success rate was
80% (16/20) and minor adverse events occurred in
15% of patients (3/20). Even if EUS-RV has failed,
EUS-BD can be successfully performed. Perez[10]
Miranda et al
reported on performing EUS-guided
choledochoduodenostomy with a lumen-apposing
metal stent after failed rendezvous. According to these

WHO SHOULD PERFORM EUS-BD?
EUS-BD is technically difficult and, currently,
complications rates are high, so only endoscopists
skilled in both EUS and ERCP should perform EUSguided biliary and pancreatic drainage procedures.
EUS-guided drainage should not be used to
[1]
compensate for a lack of ERCP skills . EUS-BD is not
a mature technique because of the current lack of
dedicated devices. If trainees would like to perform
EUS-BD safely and successfully, they should begin
by participating in procedures such as EUS-guided
cystogastrostomy or various EUS-guided drainage
[1]
techniques under a mentor’s supervision . A Spanish
national survey of EUS-BD revealed success rates for
EUS-HGS, EUS-CDS and EUS-rendezvous of 64.7%,
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Normal anatomy

Accessible

ERCP

Altered anatomy

Not accessible

EUS-CDS

EUS-RV

Accessible

EUS-HES

PTBD

Not accessible

BEA-ERCP

EUS-HES

EUS-RV

PTBD

Figure 1 Endoscopic ultrasonography-guided biliary drainage algorithm for inoperable malignant lower biliary obstruction. Flow chart for management
of inoperable malignant lower biliary obstruction. This algorithm is proposed for use by experts in endoscopic ultrasonography-guided biliary drainage. Our
recommendations are large red arrows.

BD compared to BEA-ERCP. EUS-BD is superior to
BEA-ERCP for treatment success rate and procedure
time. Therefore, it is recommended that a skillful
endosonographer perform EUS-BD, and not BEA-ERCP,
in cases of altered anatomy and inoperable malignant
lower biliary obstruction.

papers, EUS-BD is superior to EUS-RV for success
rate and procedure time, and the complications rates
are similar. EUS-BD is recommended before EUSRV for inoperable malignant cases. EUS-RV is better
for patients with benign conditions - for example, for
stone removal.

Altered anatomy

Which procedures should we
perform for inoperable malignant
lower biliary obstruction?

Recently, balloon-enteroscope-assisted ERCP (BEAERCP) has been described as a remarkable and useful
procedure for patients with altered anatomy, and
is recommended for these situations, but there are
[15-18]
some limitations
. Insertion of the BEA-scope is
sometimes difficult and dangerous for patients with
malignant disseminated disease, and re-intervention
using BEA-ERCP is also difficult if the patient’s
condition was worsened by dissemination. In addition,
biliary cannulation and EST is sometimes difficult.
Moreover, the working channel of the BEA-scope is too
small for complicated treatments, for example, those
requiring multiple-guidewire and multiple-stenting
[15,19]
[17]
techniques
. Inamdar et al
reported that the
pooled enteroscopy, diagnostic, and procedural
success rates were 80.9% (95%CI: 75.3%-86.4%),
69.4% (95%CI: 61.0%-77.9%), and 61.7% (95%CI:
52.9%-70.5%), respectively. According to previous
reports, the procedural success is slightly lower
compared to the EUS-guided approach, especially
for malignant biliary obstruction. BEA-ERCP is usually
useful for benign disease, not inoperable malignant
biliary obstruction.
How about EUS-BD for altered anatomy situations?
[20]
Siripun et al
reported that the pooled technical
success, clinical success, and complications rates for
EUS-BD in all reports with available data for altered
anatomy patients were 89.18%, 91.07% and 17.5%,
respectively. A high success rate is reported for EUS-
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Results of EUS-BD

We already mentioned the superiority of EUS-BD
over EUS-RV for patients with malignancies. Now
we will consider direct transluminal stent placement.
Novel techniques include EUS-CDS and EUS-HGS for
inoperable malignant lower biliary obstruction. If the
duodenal bulb is obstructed by tumor invasion, we
have to select EUS-HGS. Pancreatic cancer sometimes
causes obstructive jaundice and duodenal obstruction.
nd
However, pancreatic cancer usually involves the 2
part of the duodenum, not the duodenal bulb. If both
procedures are available; which is better, EUS-CDS or
EUS-HGS?
Three multicenter studies and one prospective,
randomized trial comparing EUS-CDS and EUS[21-24]
[24]
HGS were reported
. Dhir et al
reported
that complications were significantly higher for the
transhepatic route compared to the transduodenal
route (30.5% vs 9.3%, P = 0.03) and there was no
significant difference in success rates for the different
[23]
techniques. Gupta et al
reported similar success
rates (84.3% vs 90.4%, P = 0.15) and similar
complications rates (32.6% vs 35.6%, P = 0.64) for
extrahepatic and intrahepatic approaches, respectively.
[22]
Kawakubo et al
reported that the stent dysfunction
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Figure 2 Stent patency in endoscopic ultrasonography-guided
choledochoduodenostomy patients. Median stent patency in endoscopic
ultrasonography-guided choledochoduodenostomy patients patients was 119
days for plastic stents and 419 d for metal stents. Logrank: HR = 0.3888,
95%CI: 0.19453-0.61081, p < 0.001.

Figure 4 Stent migration into abdominal cavity. There is wide space
between the liver and stomach in some cases.
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Figure 5 Focal cholangitis due to endoscopic ultrasonography-guided
hepaticogastrostomy. Two days after endoscopic ultrasonography-guided
hepaticogastrostomy, focal cholangitis occurred after blockage of the peripheral
bile duct by the metal stent.

Figure 3 Patency of endoscopic ultrasonography-guided chole
dochoduodenostomy after double stenting. After double stenting, median
choledochoduodenostomy patency was 198 d. EUS-CDS: endoscopic
ultrasonography-guided choledochoduodenostomy.

recommend EUS-HGS for cases requiring double
stenting (duodenal and biliary). But our prospective
follow-up results reveal prolonged biliary stent patency,
as shown Figure 3; the median patency following EUSCDS involving double stenting is 198 d. According to
our data, we recommend EUS-CDS over EUS-HGS
even if double stenting is required.

rate and 3-mo dysfunction-free patency rate were,
respectively, 21% and 80% for EUS-CDS and 32%
and 51% for EUS-HGS.
The dysfunction rate of EUS-HGS is higher than
[21]
that of EUS-CDS. Artifon et al
reported that EUSHGS and EUS-CDS have similar safety and efficacy in a
prospective, randomized trial. According to multicenter
studies and a prospective, randomized trial, EUSCDS and EUS-HGS are both useful procedures, but
EUS-HGS has a higher complications rate and higher
dysfunction rate than does EUS-CDS. EUS-HGS plus
antegrade stenting through the papilla was reported
[25,26]
to prevent frequent dysfunction
. EUS-HGS has
the wonderful benefit of not causing pancreatitis, but
antegrade stenting is a risk for pancreatitis. Pancreatitis
is a severe and sometimes fatal complication, which
should be avoided. Stent patency is not well described
in the literature because follow-up periods or survival
times have been comparatively short. Our original
prospective follow-up data shows that the patency
following EUS-CDS is long, especially for metal stents.
The median patency of a metal stent following EUSCDS is 419 d, as shown in Figure 2. Some doctors

WJG|www.wjgnet.com

Complication

EUS-BD has many potential of complications. Common
complications are bile peritonitis, perforation, bleeding
and pneumoperitoneum. Internal stent migration is a
[27,28]
severe complication of EUS-HGS
. A fatal case has
[28]
been reported . Usually, the liver and stomach are
not adhered; there is a wide space between the two
[29]
organs, as shown Figure 4. Liver abscess, biloma ,
[30]
focal cholangitis, pseudoaneurysm
and bile duct
obstruction caused by hyperplasia are also unique
complications of EUS-HGS, as shown in Figure 5,
Figure 6 and Figure 7. Figure 5 is the focal cholangitis,
Figure 6 is the liver abscess, and Figure 7 is the bile
duct stenosis caused by hyperplasia. All complications
of Figure 5, Figure 6 and Figure 7 were caused by the
large bore metal stent in EUS-HGS. If we avoid these
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All cases of inoperable malignant lower biliary obstruction

EUS-BD (EUS-CDS or EUS-HES)

PTBD

Figure 9 Endoscopic ultrasonography-guided biliary drainage algorithm
for management of inoperable malignant lower biliary obstruction
suggested for the near future. endoscopic ultrasonography-guided biliary
drainage will be first-line biliary drainage method instead of endoscopic
retrograde cholangiopancreatography, in our opinion. percutaneous
transhepatic biliary drainage will persist as the last-resort procedure. EUS-BD:
Endoscopic ultrasonography-guided biliary drainage; EUS-CDS: Endoscopic
ultrasonography-guided choledochoduodenostomy; EUS-HES: Endoscopic
ultrasonography-guided hepaticogastrostomy; PTBD: percutaneous
transhepatic biliary drainage.

Figure 6 Liver abscess due to endoscopic ultrasonography-guided
hepaticogastrostomy. Liver abscess occurred after blockage of the peripheral
bile duct by the metal stent.

of the duodenum was seen in 4% (4/101) of our
prospective follow-up patients. Double penetration of
the duodenum may cause retroperitoneal perforation.
EUS-CDS and EUS-HGS are similar procedures, but
their complications are quite different. Re-intervention
methods for both techniques are also different. There
fore, we should understand the differences between
these procedures in detail.

How to perform EUS-BD

Figure 7 Bile duct stenosis caused by hyperplasia. Hyperplasia caused by
placement of a metal stent that was too large for the peripheral bile duct.

Standard procedures for performing EUS-BD are
similar: Puncture the bile duct, dilate the tract, and
place the stent. The most difficult point is dilation of
the fistula. Many beginners have experienced failed
dilation. The electric cautery coaxial dilator is a most
[31]
useful device for dilation : when used, successful
dilation of the fistula can be achieved very quickly
and very easily. It is sometimes more difficult to dilate
the tract during EUS-CDS compared to EUS-HGS.
The coaxial dilator is recommended for EUS-CDS to
increase the success rate.
[32]
Prachayakul et al
reported that the use of a
needle-knife for fistula dilation in EUS-BDS should be
avoided if possible. The needle-knife is not coaxial, so
its use is accompanied by a high risk of complications.
You can usually dilate the tract in EUS-HGS; because
this occurs against the background of the liver, the
power required to dilate is easily transmitted to the
tract. We recommend use of a tapered catheter during
EUS-HGS, for safety.
Which is better, forward-viewing EUS (FV-EUS) or
oblique-viewing EUS (OV-EUS)? We have reported
the usefulness of FV-EUS for EUS-CDS. The needle
direction with respect to the duodenal wall is per
pendicular using FV-EUS, so we can easily puncture
and then dilate the tract, easily place the stent, and
easily prevent double penetration of the duodenum.
But, using FV-EUS for EUS-HES is very difficult, and

Figure 8 Double penetration of the duodenum. Double penetration of the
duodenum is a unique complication of endoscopic ultrasonography-guided
choledochoduodenostomy that is performed using the oblique view.

complications, we should select a small bore stent.
But, a small bore stent as a plastic stent is usually
short stent patency and has the comparatively high
risk of bile leakage. EUS-HGS has many more types of
complications than EUS-CDS.
A unique complication of EUS-CDS is double
penetration of the duodenum in Figure 8. After EUSCDS using the oblique view, double penetration
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we do not recommend it.
[22]
Which stent is better? Kawakubo et al
reported
that bile leakage was more frequently observed in
patients who underwent plastic stent placement (11%)
than in those receiving covered metal stents (4%).
So, the covered stent is recommended for EUS-BD.
Recently, a newly-designed covered metal stent was
[5,30,33-36]
developed
. A lumen-apposing self-expanding
metal stent that can decrease bile leakage is currently
the dedicated device for EUS-BD. Use of a lumenapposing self-expanding metal stent for EUS-CDS or
EUS-gallbladder drainage was recently reported. But,
until recently, no one knew which stent was actually
the best for EUS-BD. As of now, we know that the
covered metal stent is safest for EUS-BD, and the
longer stent is safest for EUS-HGS, although further
studies may reveal that the anti-migration system and
lumen-apposing system may be even better.

2

3
4

5

EUS-BD algorithm for inoperable
malignant lower biliary
obstruction, for NOW and use in
the near future

6

Our proposed strategy for treatment of inoperable
malignant lower biliary obstruction is shown in Figure
1. The algorithm shown in Figure 9 is not suitable
for application now; it applies to the near future. If
a unique dedicated device for EUS-BD is developed,
we can surely increase the success rate and decrease
the complications rate. Compared to ERCP, a short
operative time is required. We can prevent severe or
fatal complications, and of course there is no fear of
pancreatitis. We seriously believe that EUS-BD will
prove to be superior to ERCP, and that EUS-BD will
become the first-line choice for biliary drainage in the
[37,38]
near future
, as shown Figure 9.

7

8

9

10

CONCLUSION
EUS-BD is sometimes a dangerous procedure; only
endoscopists skilled in both ERCP and EUS should be
permitted to perform EUS-BD. We should select EUSBD for treatment of inoperable malignant lower biliary
obstruction before EUS-RV and PTBD, according to
published data.
For patients with altered anatomy, EUS-BD is
recommended before BEA-ERCP. EUS-CDS is recom
mended if both EUS-CDS and EUS-HGS are available.
In the near future in high-volume centers, EUS-BD will
become the first-line treatment for biliary drainage,
replacing ERCP.

11

12

13
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MINIREVIEWS

Antibody markers in the diagnosis of inflammatory bowel
disease
Keiichi Mitsuyama, Mikio Niwa, Hidetoshi Takedatsu, Hiroshi Yamasaki, Kotaro Kuwaki, Shinichiro Yoshioka,
Ryosuke Yamauchi, Shuhei Fukunaga, Takuji Torimura

Abstract

Keiichi Mitsuyama, Inflammatory Bowel Disease Center,
Kurume University School of Medicine, Kurume 830-0011, Japan

Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis, is a chronic intestinal
inflammation of unknown etiology. The diagnosis of IBD
is based on endoscopic, radiologic and histopathologic
criteria. Recently, the search for a noninvasive marker
that could augment or replace part of this diagnostic
process has become a focus of IBD research. In
this review, antibody markers, including microbial
antibodies, autoantibodies and peptide antibodies,
will be described, focusing on their common features.
At present, no single marker with qualities that are
satisfactory for the diagnosis and treatment of IBD has
been identified, although panels of some antibodies are
being evaluated with keen interest. The discovery of
novel IBD-specific and sensitive markers is anticipated.
Such markers could minimize the use of endoscopic
and radiologic examinations and could enable clinicians
to implement individualized treatment plans designed
to improve the long-term prognosis of patients with
IBD.
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(IBD), including Crohn’s disease and ulcerative colitis,
is based on endoscopic, radiologic and histopathologic
criteria. Recently, the search for a noninvasive marker
that could augment or replace part of this diagnostic
process has become a focus of IBD research. In
this review, antibody markers, including microbial
antibodies, autoantibodies and peptide antibodies, will
be described, focusing on their common features. The
discovery of novel IBD-specific and sensitive markers
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is anticipated. Such markers could minimize the use
of endoscopic and radiologic examinations and could
enable clinicians to implement individualized treatment
plans designed to improve the long-term prognosis of
patients with IBD.

two groups: autoantibodies, which are antibodies
to intestinal and non-intestinal self-constituents,
and microbial antibodies, which are antibodies to
microorganisms, including bacteria, yeasts and
fungi (Table 1). In addition, antibodies against some
peptides, the target antigens of which remain unclear,
have also been reported.

Mitsuyama K, Niwa M, Takedatsu H, Yamasaki H, Kuwaki K,
Yoshioka S, Yamauchi R, Fukunaga S, Torimura T. Antibody
markers in the diagnosis of inflammatory bowel disease. World
J Gastroenterol 2016; 22(3): 1304-1310 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i3/1304.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i3.1304

Autoantibodies

Anti-neutrophil cytoplasmic antibody: Antineutrophil cytoplasmic antibody (ANCA) is classified
according to two staining patterns: cytoplasmic ANCA
(cANCA), in which the entire cytoplasm is stained,
and perinuclear ANCA (pANCA), in which the area
around the nucleus is stained. cANCA is expressed in
Wegener’s granulomatosis and other diseases, and
pANCA is observed in IBD. In IBD, the antigen that
corresponds to pANCA is thought to be histone 1,
whereas in vasculitis, it is thought to be proteinase
3 and myeloperoxidase. pANCA is regarded as an
autoantibody that is induced by a cross-reaction with
intestinal bacterial antigens. pANCA is detected in
60%-70% of UC cases, 10%-15% of CD cases, and
[1,2]
less than 5% of non-IBD colitis cases . Moreover,
patients with pANCA-positive CD exhibit a clinical
[3]
phenotype resembling that of UC . Unlike the pANCA
in vasculitis, IgG from pANCA-positive UC was not able
[4]
to activate a neutrophil respiratory burst .

INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), is a chronic
relapsing disorder involving the gastrointestinal tract.
The pathogenesis of IBD is complex, but the current
model favors a dysregulated immune system that
is triggered by luminal antigens, including intestinal
bacteria and food antigens, in a genetically susceptible
host. The diagnosis of IBD is based solely on invasive
endoscopic, radiologic and histopathologic criteria.
Recently, the search for a noninvasive test that could
augment or replace part of this diagnostic process has
become a focus of IBD research.
A biomarker is a traceable substance that is
introduced into an organism as a means of examining
organ function or other aspects of health. It can also
be a physiological substance that, when detected,
indicates a particular disease state. More specifically,
a biomarker indicates a change in the expression or
state of a protein that is correlated with the risk or
progression of a disease or with the susceptibility of
a disease to a given treatment. IBD is characterized
by the production of several serological antibodies
with distinct antigenic specificities, including microbial
antibodies and autoantibodies. The challenge lies in
finding one marker or a combination thereof that not
only distinguishes IBD from non-IBD, or identifies
at-risk populations, but that can also help clinicians
distinguish between IBD subtypes (CD or UC) and,
perhaps most importantly, predict the course of
the disease over time and the impact of treatment
outcomes.
The objective of this paper is to provide an
overview of current knowledge on available clinical
data and possible future perspectives for the use of
antibody markers in the diagnosis of IBD. We also
present data regarding a new marker that we have
discovered in patients with CD.

Pancreatic antibody: Pancreatic antibody (PAB) is
an antibody to a trypsin-sensitive protein in pancreatic
[5]
secretions . PAB is positive in 20%-40% of CD cases
[6]
and 5% of UC cases . PAB expression may exhibit
racial differences. One study describes a positive rate
of 46% among Chinese patients with CD, compared
[7]
with 22% among Western patients . The role of PAB
in the diagnosis of IBD requires further study.

Microbial antibodies

Anti-Saccharomyces cerevisiae antibody: AntiSaccharomyces cerevisiae antibody (ASCA), an antiglycan antibody, is an antibody against mannan on
the cell wall surface of baker’s yeast (S. cerevisiae).
The fact that CD is common in bakery workers
(baker’s disease) and that the disease activity of CD
decreases in response to a diet low in baker’s yeast
suggest that ASCA is involved in the pathogenesis of
CD. On the other hand, because mannan, which is the
antigen recognized by ASCA, is a cell wall constituent
of living organisms, including baker’s yeast, and is
also present as a protein in the human body, the
immunogen may be something other than the yeast.
Increases in IgG and IgA ASCAs have been reported
in patients with CD, and although IgA ASCA has a
high specificity, its sensitivity is not so high; instead,
[8]
IgG ASCA is generally used as a biomarker . The IgG
ASCA-positive rate is 60%-70% in patients with CD,
10%-15% in patients with UC, and less than 5% in

Classification
Antibody markers in IBD can be classified into
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Table 1 Target antigens and positive rates of antibody markers in inflammatory bowel disease
Antibody

Target antigen

Auto-antibody
pANCA
Anti-pancreas antibody
Microbial antibody
ASCA
ACCA
ALCA
AMCA
Anti-OmpC antibody
Anit-Cbir1 antibody
Anti-I2 antibody

Positive rate
Crohn’s disease

Ulcerative colitis

Nuclear histone 1 of polymorphonuclear leukocytes
A trypsin-sensitive protein in pancreatic juice

10%-15%
20%-40%

60%-70%
About 10%

Mannan in the cell wall of bakers’ yeast
Chitobioside in the cell wall of yeasts and bacteria
Laminaribioside in the cell wall of yeasts, fungi, wheat and algae
Mannobioside in the cell wall of microorganisms
Outer-membrane protein OmpC of Escherichia coli
Flagellin, a component of the flagella of indigenous bacteria in colitis mice
I2 component of Pseudomonas fluorescens in mononuclear cells in the
intestinal mucosa in Crohn’s disease

60%-70%
20%-40%
20%-40%
55%
55%
55%

10%-15%
About 10%
About 10%
5%-10%
10%
10%

pANCA: Perinuclear anti-neutrophil cytoplasmic antibody; ASCA: Anti-Saccharomyces cerevisia antibody; ACCA: Anti-chitobioside carbohydrate
antibody; ALCA: Anti-laminaribioside carbohydrate antibody; AMCA: Anti-mannobioside carbohydrate antibody; OmpC: Outer-membrane porin C.

[2,8]

patients with non-IBD colitis . ASCA also increases
significantly in Japanese patients with CD, but the
titers and positive rates are lower than those in
Western CD patients, indicating that the expression of
[9]
ASCA may also be affected by race .

flagella component of indigenous bacteria in colitis
[17]
mouse model . Cbir1 has been cloned from the sera
of colitis mice as a colitis-associated bacterial antigen.
IgG anti-Cbir1 is positive in 55% of CD cases, 10% of
[17-19]
UC cases, and 8% of non-IBD colitis cases
. After
binding to Toll-like receptor-5, flagellin activates NF-κB
and promotes the production of pro-inflammatory
cytokines. Notably, colitis developed when flagellin+
specific CD4 Th1 cells were transferred into severe
combined immunodeficiency mice, suggesting that the
[18]
antigen is involved in the pathogenesis of colitis .

Novel anti-glycan antibodies: New anti-glycan
antibodies, including IgG anti-laminaribioside
carbohydrate antibody (ALCA), IgA anti-chitobioside
carbohydrate antibody (ACCA), and IgG antimannobioside carbohydrate antibody (AMCA), were
reportedly elevated in the sera of CD patients in recent
[10,11]
studies using GlycoChip microarrays
. These
antibodies mainly target the cell wall components of
microorganisms, including yeasts, fungi, and bacteria.
The positive rate of both ALCA and ACCA is 20%-40%
in CD and 10% in UC, but an improvement in CD
diagnostic utility is expected using a combination of
these new antibodies with ASCA. Laminaribioside, a
laminarin component, is known to promote dectin-1dependent cytokine production from macrophages and
T-cell proliferation, and the increased expression of
chitinase 3-like-1, which has the ability to bind chitin
(containing chitobioside as a component), has been
reported in intestinal epithelial cells and lymphocytes at
sites of IBD. Both of these findings are very interesting
and suggest that these cell wall components are
involved in the pathogenesis of IBD.

Anti-I2 antibody: Anti-I2 antibody is an antibody
against Pseudomonas fluorescens component I2
isolated from mononuclear cells in the intestinal
mucosa of patients with CD. IgA anti-I2 is positive
in 55% of CD cases, 10% of UC cases, and 20% of
[12,15,16]
non-IBD colitis cases
. Importantly, I2 is active
as a T-cell superantigen.
Anti-Mycobacterium avium subspecies para
tuberculosis antibody: Mycobacterium avium sub
species paratuberculosis (MAP) is the causative agent
of Johne’s disease, an intestinal infectious disease
in ruminants and primates, in which non-caseating
granulomas develop in the terminal ileum and colon.
Based on the similarity to the pathohistological findings
in CD and the fact that MAP has been isolated and
cultured from intestinal tissue and breast milk in CD
patients, MAP is thought to be involved in the patho
[20]
[21]
genesis of CD . Naser et al have reported increased
titers of antibodies to MAP-specific proteins (p35
[22]
and p36) in the sera of CD patients. Nakase et al
prepared a recombinant protein produced by IS900
and observed elevated titers in CD patients when
the recombinant protein was used as an antigen to
measure the anti-IS900 level using an ELISA. However,
MAP has been isolated from healthy subjects as well,
and whether MAP itself has the ability to infect humans

Anti-outer-membrane porin C antibody: The
anti-outer-membrane porin C (OmpC) antibody is an
antibody to an outer-membrane protein of Escherichia
coli. IgA anti-OmpC is positive in 55% of CD cases,
5%-10% of UC cases, and 5% of non-IBD colitis cases,
and is even positive in 17%-36% of indeterminate
[12-16]
colitis cases
.
Anti-Cbir1 antibody (anti-flagellin antibody):
Anti-flagellin (Cbir1) antibody is an antibody to a
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remains unknown.

are expected to be of even greater significance to
the pediatric population, in which invasive testing
is less desirable. The role of serological antibody
measurements in IBD is described below.

Anti-Caenorhabditis elegans antibody: Oshitani
[23]
et al
analyzed HLA-DR-binding antigen peptides
in the intestinal mucosa of IBD patients and dis
covered an antigen expressed by the nematode
Caenorhabditis elegans (C. elegans), which lives in
the soil. Subsequently, they reported an increase in
anti-C. elegans antibody titers in the sera of patients
[24]
with CD or UC .

Contribution to diagnosis

At present, no single ideal serological antibody exists
for the diagnosis of IBD, and the use of combinations
of several markers has been attempted. In patients
already diagnosed as having CD or UC, the predictive
value of a pANCA-negative/ASCA-positive result was
95% for CD, while that of a pANCA-positive/ASCA[1,27]
negative result was 90% for UC
.
In patients with indeterminate colitis, the combi
nation of pANCA and ASCA was useful for predicting
whether the disease would progress to either CD or
UC. A prospective study showed that the predictive
value of this combination was 80% for progression
to CD in pANCA-negative/ASCA-positive patients and
63.6% for progression to UC in pANCA-positive/ASCAnegative patients. Moreover, approximately 50% of the
indeterminate colitis patients were pANCA-negative/
[28]
ASCA-negative . A poor postoperative outcome
following ileal pouch-anal anastomosis surgery has also
been reported in a patient with indeterminate colitis
[29]
who progressed to CD .
Reportedly, 44% of CD patients who are negative
[10,11]
for ASCA are ALCA-positive or ACCA-positive
,
and approximately 40% of CD patients who are
negative for pANCA, ASCA, anti-OmpC, and anti-I2
[18]
are anti-Cbir1-positive . These data indicate that
the combination of several antibodies could further
improve the diagnostic performance for CD.

Peptide antibodies

Anti-cocktail multiple antigenic peptide anti
[25]
body: Saito et al
discovered 4 different peptides
(cocktail multiple antigenic peptides, cocktail MAP)
that reacted with the sera of CD patients by screening
with a peptide phage library and established an ELISA
that detects the anti-cocktail MAP antibody. The rate of
positivity was 44% among CD patients, but positivity
was rare among UC patients and healthy subjects. No
reports of antigens corresponding to these peptides
have been found.
Anti-TCP antibody: We used IgG in sera from CD
patients to screen a T7 phage display library produced
[26]
using colon cancer cDNA . We selected a phage that
specifically bound to a high percentage of sera samples
from CD patients and then determined the amino acid
[2]
sequence of the expressed peptide . A previously
unidentified, novel peptide (TCP peptide) was found,
and an ELISA produced by converting the TCP peptide
into a solid phase showed that while 61.7% of the
CD patients who were examined exhibited positive
seroreactivity, a positive result was less common
among patients with UC (7.3%), non-IBD colitis (0%),
colon cancer (11.4%), or healthy subjects (2.8%).
These results demonstrated that an antibody to the
TCP peptide is present in a high percentage of sera
samples from CD patients.
Interestingly, when mononuclear cells are stimulated
with the TCP peptide, they produce large amounts of
pro-inflammatory cytokines, suggesting that antigens
associated with this peptide are highly involved in
the pathogenesis of CD. Homology has been found
between the TCP peptide and rice- and microorganismderived proteins, but no specific antigen has yet been
identified. The major differences from the anti-cocktail
[25]
MAP antibody described above
are the combination
of four different, branched peptides in the cocktail MAP,
whereas only a single, linear peptide is present in the
TCP peptide.

Identification of subjects at risk
[30]

Israeli et al
assessed the availability of ASCA to
predict the development of CD. During a 3-year
observation of healthy Israeli soldiers who had enlisted
in the army, 32 developed CD, and 10 (31.3%) of these
soldiers were ASCA-positive at the time of enlistment.
On the other hand, none of the 8 soldiers who
[30]
developed UC were ASCA-positive . Moreover, the
fact that familial clustering is seen in the expression of
ASCA and anti-OmpC in patients with CD and in the
[31-34]
expression of pANCA in patients with UC and CD
suggests that a genetic predisposition is involved in the
expression of these antibodies.

Classification of clinical phenotypes

The titers and numbers of microbial antibodies are
closely associated with the clinical phenotypes of CD,
including small bowel disease, intestinal complications
(such as stricturing and internal penetrating disease
behaviors), and the indications for small bowel
surgery. Small bowel disease, a stricturing-type phe
notype, a penetrating-type phenotype, and the need
for small bowel surgery are common among ASCApositive patients; a penetrating-type phenotype is

Clinical significance
The addition of serological antibody measurements to
endoscopic and radiographic examinations will enable
clinicians to diagnose and treat IBD more conveniently,
accurately and economically. Such measurements
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common among anti-OmpC-positive patients; small
bowel disease, a stricturing-type phenotype, and a
penetrating-type phenotype are common among
anti-Cbir1-positive patients; and a stricturing-type
phenotype and the need for small bowel surgery are
common among anti-I2-positive patients. Moreover,
patients who were triple positive for ASCA, anti-OmpC
and anti-I2 were more likely to have undergone small
bowel surgery than seronegative patients (OR = 8.6,
[35,36]
P < 0.001)
. Similar results were obtained in a
multicenter prospective study of pediatric patients
with CD that utilized four antibodies: ASCA, anti[37]
OmpC, anti-Cbir1 and anti-I2 . Thus, the greater the
number of positive antibodies, the more likely that the
stricture and penetration will develop as complications;
of note, when all four antibodies are positive, the
frequencies of these complications are 11 times higher
than when all four antibodies are negative. Accelerated
progression to a penetrating and/or stricturing disease
has also been shown in patients in whom at least one
antibody was positive, compared with seronegative
patients. Furthermore, in a study that added novel
anti-glycan antibodies, samples with higher titers of
each antibody (ASCA, anti-OmpC, ALCA, ACCA and
AMCA) were associated with more severe and complex
complications (stricture and penetration) and a higher
[14]
rate of surgery . On the other hand, a need for
early surgery and frequent complications associated
with postoperative ileal pouchitis have been found in
[38,39]
pANCA-positive UC cases
.
In an autoantibody study, the frequencies of pene
tration, anal lesions and extra-intestinal complications
[5]
were elevated in PAB-positive CD cases . Autoantibodies
to extra-intestinal components, including the pancreas,
phospholipids, tissue plasminogen activator and sperm,
which were reported in a minority of IBD patients, could
conceivably contribute to the pathogenesis of some
extra-intestinal complications, such as pancreatitis,
[40]
thromboembolism, and infertility .

Pathogenic role
The presence of several types of antibodies in the
sera of IBD patients suggests an immune-mediated
nature of IBD. In IBD, tissue damage and antibody
production to specific microorganisms occur as a result
of a dysregulated innate immunity based on gene
mutation. Differences in the type of gene mutation
may alter subsequent immune responses, resulting
in a change of the microorganism being targeted for
“loss of tolerance” that may lead to the emergence
of a different microorganism. Although IBD is charac
terized by the production of several antibodies with
distinct antigenic specificities, the involvement of
these antibodies in IBD pathogenesis is unclear. It
seems likely that serological antibodies, thus far, are
markers of an aberrant immune response, rather than
direct effectors involved in the pathogenesis of the
[45]
disease . Further study is needed to determine the
role of serological antibodies in the pathogenesis of
IBD.

CONCLUSION
The clinical use of several antibody markers has been
reviewed here. At present, no single marker of IBD
with all of the above-mentioned qualities has been
identified, although a few markers have come close.
Furthermore, the expression of markers may be
affected by race as well as the intestinal environment.
An ideal marker should be easy to detect, rapid
to quantify, cost-effective, minimally invasive or
noninvasive, diagnostically accurate, and reproducible
among patients and laboratories. Furthermore, markers
should identify individuals at risk for the disease, be
disease-specific, and aid the clinician in monitoring
disease activity, evaluating response to therapy, and
predicting disease relapse. The discovery of novel IBDspecific and sensitive markers is eagerly anticipated,
and their use, in combination with the minimum use
of endoscopic and radiologic examinations, will enable
clinicians to create and implement individualized
treatment plans designed to improve the long-term
prognosis of patients with IBD.

Prediction of response to treatment

It would be of great clinical and economic significance
if clinicians could utilize serological antibody measure
ments to predict the response to treatment and to
implement individualized treatment plans based on
this information. This goal is particularly important
because recent biologics are costly and can be asso
ciated with serious adverse events. Infliximab, an antitumor necrosis factor-α agent, has been reported to
[41]
have little efficacy in pANCA-positive CD patients ,
and a subsequent study demonstrated a similar result
[42]
in pANCA-positive/ASCA-negative CD patients .
Infliximab also has little efficacy in pANCA-positive/
[43]
ASCA-negative UC patients . Also, CD patients who
responded to antibiotics were positive for anti-I2 or
anti-OmpC, which are antibodies against intestinal
[14]
bacteria . Furthermore, pANCA-positive UC has been
[44]
reported to be resistant to medical treatments .
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MINIREVIEWS

Helicobacter pylori associated gastric intestinal metaplasia:
Treatment and surveillance
Kevin Sze-Hang Liu, Irene Oi-Ling Wong, Wai K Leung
mucosal changes from non-atrophic gastritis to atrophic
gastritis (AG), intestinal metaplasia (IM), dysplasia
and adenocarcinoma. Atrophic gastritis and IM are
therefore generally considered to be pre-neoplastic
gastric lesions. Helicobacter pylori (H. pylori ) infection
is an important initiating and promoting step of this
gastric carcinogenesis cascade. Emerging long-term
data showed that eradication of H. pylori reduced the
risk of subsequent cancer development. It however
remains confusing whether eradication of the bacterium
in individuals with pre-neoplastic gastric lesions could
regress these changes as well as in preventing cancer.
Whilst H. pylori eradication could likely regress AG,
the presence of IM may be a point of no return in
this cascade. Hence, surveillance by endoscopy may
be indicated in those with extensive IM or those with
incomplete IM, particularly in populations with high
GC risk. The optimal interval and the best tool of
surveillance endoscopy remains to be determined in
future studies.
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Core tip: Gastric intestinal metaplasia (IM) is generally
considered to be a pre-neoplastic gastric lesion, which
is usually triggered by chronic Helicobacter pylori
(H. pylori ) infection. However, the role of H. pylori
eradication in treating gastric IM remains controversial.
It remains uncertain whether the presence of gastric IM
signifies an irreversible step of histological progression.
Despite the definite increase in risk of gastric cancer
development, the role of endoscopic surveillance
remains dubious. This review will summarize the latest
literature on treatment and surveillance of gastric IM.
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Abstract
Gastric cancer (GC) is one of the leading causes of
cancer related death in the world, particularly in East
Asia. According to the Correa’s cancer cascade, noncardia GC is usually developed through a series of
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and cancer development, clinical trials design to
investigate the effects of H. pylori eradication in
preventing GC development are complicated. These
trials will require not only prolonged follow-up
duration but also large sample size to be conducted
in high-risk populations. Several randomized trials
have been conducted in the past and the results are
summarized in a recent meta-analysis, which showed
that eradication of H. pylori resulted in 34% reduction
[9]
in the incidence of GC . However, the benefits may
be more prominent in Asian patients where GC is
more prevalent, particularly in Chinese men whom the
number needed to treat was as low as 15.
Despite the potential benefits of H. pylori
eradication in preventing GC, it remains more con
troversial whether the presence of pre-neoplastic
lesions will preclude the benefits of eradication in
cancer prevention. In the subgroup analysis of a
randomized trial of H. pylori eradication in preventing
[10]
[10]
gastric cancer in China , Wong et al
showed
that the potential benefits of H. pylori eradication
in preventing GC was limited to patients without
precancerous lesions at baseline. In a recent meta[11]
analysis, Chen et al
looked at the baseline
histological changes and the risk of GC after H. pylori
eradication. They found that although the risk of GC
was lowered in the anti-H. pylori treatment group
(RR = 0.64, 95%CI: 0.48-0.85), subgroup analysis
in patients with existing IM and dysplasia could not
confirm the potential benefits (RR = 0.88, 95%CI:
0.59-1.31). H. pylori eradication also had no effect
on regression of these lesions (RR = 0.81, 95%CI:
0.64-1.03). Hence, the presence of IM was believed
to be a “point of no return” in the cancer cascade
of GC where treatment of H. pylori appears to be of
no benefit. Nonetheless, in a more recent subgroup
analysis of the 15-year effects of H. pylori treatment
[12]
on gastric cancer incidence and mortality, Li et al
demonstrated that treatment was still associated with
a significant reduction in gastric cancer incidence even
in patients with baseline IM and dysplasia.
Based on the latest evidence, H. pylori treatment
should still be recommended to individuals with existing
pre-neoplastic lesions with the hope of reducing the
risk of GC. The recent revised guidelines from Eastern
countries (China, Japan and Korea) and Europe
(Maastricht Ⅳ Consensus report) all support H. pylori
[13-16]
eradication to reduce the risk of gastric cancer
.
Recommended H. pylori eradication regimen differed
slightly in each region because of the difference in
local antibiotic resistance profile. Table 1 summarized
the recommended first and second line H. pylori
eradication regimen from each region. Unfortunately,
[17]
due to the rising clarithromycin resistance , the
eradication rate of clarithromycin containing triple
therapy is declining globally, sometimes to an
[18]
unacceptable eradication rate of less than 80% .
Several new H. pylori eradication regimens, including
sequential therapy and concomitant therapy of three
antibiotics given over a period of 10-14 d, have been

INTRODUCTION
Gastric cancer (GC) is one of the most common
cancers in the world and is the third leading cause
[1]
of cancer mortality . Although the incidence of GC
is declining worldwide, the number of new cases is
still rising due to population growth and the aging
[2]
population . In particular, the burden of the disease
remains high in East Asian countries. In 2012, almost
one million new gastric cancers were diagnosed in
[3]
the world and half of them occurred in East Asia .
Since early cancers are usually asymptomatic, twothirds of the patients presented at an advanced stage
when curative resection was not possible. Despite
the advances in treatment, the prognosis of patients
with advanced gastric cancer remained dismal with a
[4]
median survival of less than 1 year .
The development of GC is generally believed to
be a multistep process involving sequential changes
of the gastric mucosa from non-atrophic gastritis to
atrophic gastritis (AG), intestinal metaplasia (IM),
[5]
dysplasia and finally carcinoma . The process is
thought to be initiated and promoted by Helicobacter
pylori (H. pylori) and as a result, this bacterium
has been classified by the International Agency for
Research on Cancer of the World Health Organization
[6]
as a class Ⅰ carcinogen . In a recent meta-analysis,
the relative risk (RR) of developing non-cardia GC in H.
[7]
pylori infected patients was 2.8 .
Intuitively, eradication of H. pylori may halt the
progression of the gastric carcinogenesis cascade and
therefore reduce the risk of developing GC. Indirect
evidence from populations with very low prevalence of
H. pylori, such as Malays in the northeastern region of
Malaysia, also support a decreased risk in developing
[8]
pre-neoplastic lesions and GC in those populations .
However, previous studies that examined the role
of H. pylori eradication in preventing GC yielded
conflicting results, which may be accounted by the
heterogeneity in sample size, ethnicity of study
population and follow up duration. It remains even
more controversial whether the presence of gastric IM
is the point of no return in this gastric carcinogenesis
cascade. This review examines the latest evidences on
the prevention and treatment of H. pylori gastric preneoplastic conditions, as well as the role of surveillance
of these lesions.

H. pylori eradication in prevention
of gastric cancer in individuals
with baseline pre-neoplastic
lesions
Due to the long lag time between H. pylori infection
WJG|www.wjgnet.com
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Table 1 Recommended first and second line Helicobacter pylori eradication regimen
st

nd

1 line regimen
Japan

[15]

Korea[14]

Europe[16]

China[13]

2 line regimen

PPI, amoxicillin 750 mg, clarithromycin 200 mg to 400 mg twice daily PPI, amoxicillin 750 mg, metronidazole 250 mg twice daily
Duration: 7 d
Duration: 7 d
PPI, amoxicillin 1 g, clarithromycin 500 mg twice daily
PPI, bismuth 120 mg four times daily, tetracycline 500 mg four times
daily, metronidazole 500 mg three times daily
Duration: 7-14 d
Duration: 7-14 d
PPI-clarithromycin containing triple therapy OR
Bismuth-containing quadruple therapy OR levofloxacin-containing
triple
Bismuth or non-bismuth containing quadruple1
Duration: 7-14 d
Duration: 10 d
No preferential choice. Options include:
(1)PPI, amoxicillin 1 g, clarithromycin 500 mg twice daily
(2) PPI, amoxicillin 1 g, levofloxacin 200 mg twice daily (or levofloxacin 500 mg daily)
(3) PPI, amoxicillin 1 g, furazolidone 100 mg twice daily
(4) PPI, tetracycline 750 mg, metronidazole 400 mg twice daily (or metronidazole 400 mg three times per day)
(5) PPI, bismuth 220 mg plus any of the two antibiotics above twice daily
Duration: 7-14 d

1

Bismuth quadruple or non-bismuth quadruple (sequential or concomitant) as the preferred choice in regions with high clarithromycin resistance profile (>
20%). Choice of PPI includes lansoprazole 30 mg, omeprazole 20 mg, rabeprazole 20 mg, esomeprazole 20 mg, or pantoprazole 40 mg. PPI: Proton pump
inhibitor.

developed to overcome the problem of antimicrobial
resistance.

sence of small intestinal digestive enzymes. It is
currently separated into complete or incomplete
by the resemblance of small intestinal or colonic
[27]
epithelium, respectively . Another classification
[28]
was developed by Jass and Flipe , which further
classified incomplete IM into type Ⅱ or Ⅲ by the
mucin expressions. Type Ⅰ, or complete IM, expresses
only sialomucins and type Ⅲ expresses sulfomucins.
Type Ⅱ is a hybrid form which expresses a mixture
of gastric and intestinal mucins. These subtyping
would require the use of combined high-iron dia
mine and alcian blue staining which is not widely
available in routine service laboratory. It also remains
undetermined whether there are sequential changes
from type Ⅰ to type Ⅲ, and simultaneous expression
[27]
of different types of mucins are not infrequent . In
[29]
a recent review by González et al , the prevalence
of type Ⅲ IM were significantly higher in GC in 13 of
14 cross-sectional studies and there was a significant
association of type Ⅲ or incomplete IM with GC in 6 of
10 follow-up studies.
Apart from the IM subtypes, the extent of IM is also
crucial in determining the subsequent risk of GC. In
general, lesions along the lesser curve from the cardia
to pylorus [odds ratio (OR) of 5.7] and with diffuse
pattern involving essentially the entire gastric mucosa
[30]
(OR of 12.2) are at higher risk of GC . To this end,
the operative link assessment of gastritis assessment
(OLGA) staging system was proposed to stage the
severity and extent of AG into stages 0 to Ⅳ (Table
[31]
2) . This staging system was shown to be very useful
in predicting the risk of GC development, particularly
in patients with stage Ⅲ-Ⅳ AG. While the unequivocal
diagnosis of AG is sometimes difficult and IM is more
easily recognizable histologically, a modification to
the OLGA to the new staging system of operative link
for gastric intestinal metaplasia assessment (OLGIM)
[32]
by replacing AG with IM system was proposed .

Gastric pre-neoplastic lesions
and risk of GC
Whilst gastritis is seen in virtually all H. pylori infected
subjects, only around 10% of the infected individuals
with chronic active gastritis progressed to severe
[19]
AG . Since this progression is related to chronic
inflammation of the gastric mucosa, there is a strong
age-associated increase in the prevalence of IM as
[20]
well . Male gender and those with first-degree family
history of GC have been shown to have an increase
[21]
in risk of developing IM . We have also shown that
presence of certain H. pylori genotype (vacA m1) and
polymorphisms of the host inflammatory cytokines
(interleukin-1β) were associated with the presence
[22]
of gastric IM in Chinese population . In the meta[23]
analysis by Marques-Silva et al , it was also shown
that there were wide geographic variations of AG and
IM. The prevalence of AG in the worldwide population
in general was 33.4% and increased to 42% in
countries with high incidence of GC. The prevalence
of IM in the worldwide population was 25% whereas
extensive IM was found in 13%. In low-prevalence
western cohort, the annual incidence of progression
to GC is 0.1% for AG, 0.25% for IM and 0.6% for
[24]
mild to moderate dysplasia . The rate of progression
however appears to be higher in Asian population. In
[25]
a Japanese study, Uemura et al
showed that the
RR of progression to cancer was 1.7, 4.9 and 6.4 in
patients with moderate atrophy, severe atrophy and
IM, respectively.
Histologically, IM can be further classified into
complete or incomplete as originally proposed
[26]
by Matsukura et al , which depends on the pre
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[31]

Table 2 Operative Link for Gastritis Assessment

Corpus
Antrum (including incisura angularis)
No atrophy (score 0)
Mild atrophy (score 1)
Moderate atrophy (score 2)
Severe atrophy (score 3)

No atrophy (score 0)

Mild atrophy (score 1)

Moderate atrophy (score 2)

Severe atrophy (score 3)

Stage 0
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Stage Ⅰ
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Stage Ⅱ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Stage Ⅳ

Although the OLGIM was found to provide a better
inter-observer agreement than OLGA, a significant
proportion of patients with stage Ⅲ-Ⅳ OLGA were
[33]
missed if only the OLGIM was applied . In high GC
risk population such as Korea, it was found that old
age, smoking and H. pylori infection were associated
[33]
with high risk OLGA and OLGIM stages . High-risk
OLGIM stages were infrequent before the age of 40
(2.8%) but increased to 30.1% for those in the 60s.

have been used for treatment of gastric pre-neoplastic
lesions including anti-oxidants and cyclooxygenase-2
(COX-2) inhibitor. COX-2 is an enzyme responsible for
the conversion of arachidonic acid to prostaglandins.
It has been shown to be overexpressed and involved
[41]
in gastric IM and cancer . Whilst COX-2 selective
inhibitors have been shown to reduce the risk of
various cancers including colon and breast cancer,
the role of COX-2 inhibitors have been tested in two
[42,43]
randomized controlled trial in Chinese patients
.
In our previous randomized controlled study, patients
with gastric IM after eradication of H. pylori were
allocated to receive rofecoxib or placebo for 24 mo.
There was no significant difference in the percentage
of patients with regression or complete resolution of
IM after rofecoxib treatment. In another randomized
[43]
trial by Wong et al
patients with H. pylori infection
and advanced gastric lesions including severe chronic
AG, IM and dysplasia were assigned to receive
different treatment options including eradication of H.
pylori, a 2-year course of celecoxib, combination of
[44]
both or placebo . They found that when compared
to placebo, the proportions of patients with regression
of gastric lesions were significantly increased in the
celecoxib group and the H. pylori treatment group.
There was however no significant effect in the group
who received both anti-Helicobacter therapy and
celecoxib. More importantly, 9 patients developed
early gastric cancer in this study and all except one
have indefinite dysplasia or dysplasia at baseline. The
remaining patient had baseline deep IM. Together,
these data do not suggest an additional benefit of
COX-2 inhibitor over treatment of H. pylori alone in
preventing the progression of gastric IM (Table 3).
Vitamins and other anti-oxidants have also
been tested in the treatment of gastric precancerous
[44]
lesions in a randomized trial in China . Subjects
were randomly assigned in a factorial design to
receive anti-Helicobacter therapy; vitamin C, vitamin
E, and selenium (vitamin supplement); or an aged
garlic extract and steam-distilled garlic oil (garlic
supplement). Although H. pylori eradication significantly
reduced the combined prevalence of chronic AG, IM,
dysplasia or cancer, vitamin or garlic supplement had
no effect on gastric precancerous lesions. Hence, there
is so far no compelling evidence to support the routine
use of vitamins or anti-oxidants.
Smoking and high salt diet have also been linked to
[45,46]
the development of gastric pre-neoplastic lesions
.

H. pylori eradication and changes
of gastric pre-neoplastic lesions
While eradication of H. pylori could restore the
gastric mucosa to normal in individuals with H. pylori
[34,35]
associated chronic gastritis alone
, the role of H.
pylori treatment in reversing gastric pre-neoplastic
[36]
changes remain less certain . The presence of IM in
the stomach is usually associated with a lower level
of H. pylori colonization due to the change in gastric
mucus and acidity. Hence, the potential therapeutic
effect of H. pylori eradication may be minimal. In
our previous randomized controlled trial in Chinese
population, we found that progression of IM was
more often in those with persistent H. pylori infection,
[37]
male subjects and those aged more than 45 years .
However, eradication of H. pylori alone did not prevent
progression in all patients, particularly in those with
more extensive and severe IM at baseline. In a meta[38]
analysis that included 16 studies , the investigators
found that there was significant improvement of
AG in the gastric antrum and the gastric corpus
after treatment for H. pylori. As for IM, significant
improvements were only seen in the antrum but not
in the corpus. Yet, two previous meta-analyses did not
find any improvement in IM regardless of the location
[39,40]
of the lesions
.
Further long-term follow up studies are therefore
necessary to determine whether H. pylori eradication
could regress gastric IM, particularly those in the
corpus. Studies are also needed to address whether
there are any changes in gastric IM subtypes after
treatment against H. pylori.

Other treatments for gastric
pre-neoplastic lesions
Apart from treatment against H. pylori, other agents
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Table 3 Pharmacological treatment of gastric intestinal metaplasia
Ref.

Intervention

Study design

Countries

Number of patients

Results

Kong et al[38],
2014

H. pylori
eradication

Meta-analysis of 16 trials
(including 1 RCT and 15
observational studies)
RCT (vs placebo)

China, Japan,
Italy and
Columbia
China

3432

Antral IM: pooled WMD with 95%CI: 0.23 (0.18-0.29)
Corpus IM: pooled WMD with 95%CI: -0.01 (-0.04-0.02)

213 after H. pylori
eradication
1024 H. pylori
positive
3365

Antrum IM regression: 24.5% vs 26.9% in placebo
Corpus IM regression 4.3% vs 2.2% in placebo
OR for regression of gastric lesions 1.72 (95%CI:
1.07-2.76)
Both vitamins and garlic supplements have no effect
on gastric precancerous lesion

Leung et al[42],
2006
Wong et al[43],
2012
You et al[44],
2006

Rofecoxib for
24 mo
Celecoxib for RCT (H. pylori eradication,
24 mo
celecoxib or both)
Vitamins or RCT (H. pylori eradication,
Anti-oxidants
vitamins or garlic
supplements)

China
China

H. pylori: Helicobacter pylori; RCT: Randomized controlled trial; WMD: Weighted mean difference.
[51]

As yet, there is no clinical trial to look into the role of
smoking cessation or diet manipulation on changes of
gastric pre-neoplastic lesions.
Whilst gastric dysplasia can also be treated
by endoscopic resection like endoscopic mucosal
resection or endoscopic submucosal dissection, the
role of endoscopic treatment for gastric IM is not
defined. With the high success of eradicating IM in the
[47]
esophagus in patients with Barrett’s esophagus ,
we have recently examined the role of endoscopic
radiofrequency ablation (RFA) for gastric IM and
[48]
dysplasia . Although endoscopic RFA could ablate
gastric low-grade dysplasia, gastric RFA failed to
completely ablate gastric IM. Hence, endoscopic
treatment may not be indicated in these patients with
gastric IM only.

corpus should be offered surveillance every 3 years .
For patients with isolated IM in the antrum, regular
surveillance is not recommended. Figure 1 summarizes
the management approach recommended by ESGE.
It remains to be proven whether this approach is
also applicable to Asia where GC is prevalent. In
fact, screening of GC is widely practiced in Japan
[52]
and Korea
but there is no national guideline on
surveillance of gastric IM. In a recent survey from
Korea, it was shown that 95% of specialists perform
[53]
annual endoscopic surveillance for IM .
Since AG and IM are not uniformly distributed
in the stomach, proper mapping of the stomach
with biopsies taken from both antrum (including
incisura) and corpus are necessary for comprehensive
assessment of the extent of the lesions. It remains
to be determined whether further classification of
IM into different subtypes would have more clinical
implications on surveillance strategy. It is however
prudent to treat extensive IM and incomplete IM
cautiously since the risk of progression to GC appears
to be higher than patients with focal IM in the antrum
only. Further studies are needed to determine the
optimal surveillance strategy for patients with different
severities of gastric pre-neoplastic lesions, in a manner
similar to what we are practicing for surveillance of
[54]
different colonic adenoma .
Although endoscopic surveillance is recommended
by the ESGE, the way how it is performed remains
uncertain. Unlike colonoscopy performed for colorectal
adenoma detection, there is no reliable quality
indicator for gastroscopic examination. Routine white
light endoscopy with multiple biopsies taken from the
antrum and corpus to map the extent of the disease
appears to be the standard approach. A recent study
from Singapore showed that endoscopic examination
times of longer than 7 min identified a greater
number of high-risk gastric lesions including cancer,
dysplasia, IM and AG than examinations shorter than
[55]
7 min . There was a 2-fold difference in the detection
rate of high-risk lesions among slow endoscopists
regardless of their seniority. Despite the wide use
of chromoendoscopy in Japan for gastric cancer
screening, this is not widely practiced in other countries

Surveillance of pre-neoplastic
conditions
Despite the risk of progression of gastric pre-neoplastic
lesions, there is so far no definitive evidence to support
the routine surveillance of gastric IM. In a recent
Cochrane systemic review of surveillance of gastric
[49]
IM in the prevention of GC , no studies met the
inclusion criteria including randomization and a proper
comparative group. Hence, there is a genuine need for
properly conducted clinical trials to address this issue.
On the other hand, there are several western
guidelines published on the recommendation for
surveillance of gastric IM. Due to the low risk of
gastric cancer in the United States, the American
Society for Gastrointestinal Endoscopy does not
[50]
uniformly recommend surveillance for gastric IM .
However, endoscopic surveillance with topographic
mapping of the entire stomach in subjects at
increased risk of gastric cancer on the basis of ethnic
background, immigration from a geographic location
with high gastric cancer risk, or family history is
recommended. There is also no recommendation on
surveillance interval. In 2012, the European Society
for Gastrointestinal Endoscopy (ESGE) recommended
that patients with IM or GA at both antrum and
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Patients with atrophic gastritis +/- intestinal metaplasia without dysplasia

H. pylori eradication if positive

Assess extension of lesions with white light endoscopy (+/- image-enhanced endoscopy such as chromoendoscopy, highresolution magnification endoscopy and image-enhanced endoscopy combined with magnification)

At least 4 random biopsies from stomach (2 from antrum and 2 from corpus; both lesser and greater curvature) and
targeted biopsies from suspicious area

Mild/moderate atrophic gastritis or
intestinal metaplasia only in antrum

Intestinal metaplasia both in antrum and corpus
(equivalent to multifocal atrophic gastritis)

No surveillance endoscopy required

Surveillance endoscopy every 3 years

Figure 1 Flow chart for the management of patients with pre-neoplastic conditions. Modified from Dinis-Ribeiro et al[51].

due to various issues including examination time and
cost. A recent meta-analysis comparing the diagnostic
efficacy of white light endoscopy or magnifying
endoscopy with narrow band imaging showed that
the latter had a higher diagnostic sensitivity than
[56]
conventional white light endoscopy . Further
support of the use of image-enhanced endoscopy was
published from the recent Kyoto Global Consensus
[57]
Conference . In the consensus report, experts
recognized the shortfall of random biopsies using
conventional endoscopy and suggested that imageenhanced endoscopy including chromoendoscopy,
high-resolution magnification endoscopy and imageenhanced endoscopy combined with magnification to
increase the yield from biopsies. Nonetheless, there
is a need to define in future studies or guidelines the
appropriate endoscopic modality for surveillance of
these gastric pre-neoplastic lesions.
Over the last decade, there are increasing research
on the relationship between genetic alterations and
GC development. A number of genes whose functional
effects range from inflammation to signal transduction
[58]
and cell cycle regulation had been identified .
For the studies that examined H. pylori and preneoplastic changes, they generally showed positive
association with the frequency of the specific genetic
polymorphism with increased severity of changes
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in gastric mucosa. One particular genome wide
[59]
association study by Maran et al
showed specific
single nucleotide polymorphisms (SNPs), namely
UFM1, THBS4, CYP2C19 and MGST1 genes, were
associated with AG, complete IM, incomplete IM and
dysplasia, respectively. This may provide an indirect
method on surveillance of pre-neoplastic changes and
avoid the sampling error from random gastric biopsies.
Unfortunately, the genetic polymorphisms association
may only be applicable to certain ethnic group.
Therefore, the findings of these SNPs changes with
different degree of pre-neoplastic changes need to be
validated in a different cohort of patients before it can
be applied globally.
Another less invasive and simple strategy for
surveillance of gastric pre-neoplastic lesions is the
use of serum pepsinogen (PG) levels. PGI is secreted
by chief and mucous neck cells in the corpus and
fundic glands, whereas PGⅡ is secreted by these cells
as well as cells in the pyloric glands and Brunner’s
glands. Hence, any reduction in PGI levels is strongly
associated with corpus atrophy. Unlike endoscopic
examination that is invasive and skill dependent,
measurement of serum PG levels is non-invasive
and mass population screening is also possible. In
Japanese series, a low serum PGI or a PGI/Ⅱ ratio
[60]
is a reliable marker for predicting risk of GC . The
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use of serum PG screening was also found to be more
effective than endoscopic screening in a recent cost[61]
effective analysis .
Further non-invasive testing of pre-neoplastic
gastric lesions and GC via exhaled breath is being
[62]
investigated. Amal et al
demonstrated that by
applying nanoarray analysis on the exhaled volatile
organic compounds could accurately differentiate
normal gastric mucosa, pre-neoplastic gastric lesions
(based on OLGIM staging system) and GC. The
results were encouraging and could be used as a
future screening and surveillance tool for gastric preneoplastic lesions.

surveillance was not cost-effective compared to
non-surveillance policy in American patients with
IM [incremental cost-effectiveness ratio (ICER) of
US$72519 per life-year gained]. Similarly, Yeh et
[73]
al
work demonstrated that endoscopic surveillance
of less advanced lesions (for IM) did not appear to
be cost-effective (ICER of US$544500 per qualityadjusted life-year (QALY) for endoscopic mucosal
resection with surveillance every 10 years) for a cohort
of US men with a recent incidental diagnosis of gastric
precancerous lesions (AG, IM or dysplasia), except
possibly for immigrants from high risk countries.
[74]
Conversely, Areia et al
study suggested that
endoscopic surveillance every 3 years of patients with
premalignant conditions was cost-effective compared
to no surveillance in a Portuguese population (ICER
of Euro$18336 per QALY). The inconsistent results
might be likely due to different parameter estimates
on progression rates (e.g., rates from IM to dysplasia,
from dysplasia to gastric cancer) and costing data
[51]
(e.g., endoscopy) being used . There is also no costeffectiveness analysis study conducted in high-risk
population such as Chinese. More research on costeffectiveness of endoscopic surveillance in IM patients
and high-risk groups are warranted.

Cost effectiveness analysis
of H. pylori eradication and
surveillance of pre-neoplastic
conditions for GC prevention
Cost-effectiveness analysis with the use of math
ematical model is the mainstream method for
economic evaluation in health technology assessment
[63]
in recent decades . This method is particularly
useful to policy makers for making decisions related
to healthcare intervention assessment and resource
allocations in view of increased healthcare costs
and limited budget. Such model is able to simulate
disease evolution (i.e., provide insights into those
uncertain aspects of the natural history of the disease
concerned), present a comprehensive epidemiologic
model by means of model-based estimates and to
improve the basis for projecting the future course
of the disease burden. Under such mathematical
framework, multiple and diverse data sources on costs,
clinical effects, and health-related issues concerning
the effects of alternative strategies on one’s quality
of life are synthesized to estimate intermediate and
long-term clinical outcomes. This serves as one of the
valuable tools to extend the time horizon of existing
clinical trials to assess public health policies than in
a single trial, and to evaluate incremental costs and
effectiveness of alternative strategies to reduce disease
[64]
burden . Although primary preventive strategies
such as eradicating H. pylori infection have been
[65-70]
shown in both Caucasian and Asian populations
to
be cost-effective by using the mathematical modeling
approach with a population screening scenario, special
attention must be paid for the secondary prevention
which focuses on surveillance of precancerous lesions
in preventing GC. With the huge variations in the GC
incidence, prevalence of H. pylori infection and preneoplastic lesions as well as the cost of screening, the
results may not be applicable to all countries. A recent
systematic review summarized that there was no
consistent evidence on cost-effectiveness of endoscopic
[51,71]
surveillance for premalignant gastric conditions
.
[72]
Hassan et al study concluded that yearly endoscopy
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CONCLUSION
H. pylori is one of the most important causes of GC as
well as pre-neoplastic gastric lesions. Eradication of H.
pylori appears to be the best approach in preventing
the development and subsequent progression of
gastric pre-neoplastic lesions. Treatment of H. pylori
should ideally be given at an early stage prior to the
development of gastric pre-neoplastic lesions to have
the best long-term outcome, but encouraging results
are still seen in more recent data of subgroup analysis
of older patients with advanced gastric lesions. On the
other hand, the role of endoscopic surveillance of these
advanced gastric lesions remain uncertain. Universal
surveillance is unlikely to be helpful, particularly in
low risk population. A selected group of patients at
high risk of GC development as identified by proper
mapping and staging of gastric histology by OLGA or
OLGIM would be the likely sustainable surveillance
strategy. More clinical data is desperately needed to
characterize the best screening tool as well as the
optimal surveillance interval for patients with gastric
pre-neoplastic lesions.
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Cytomegalovirus in inflammatory bowel disease: A
systematic review
Tessa EH Römkens, Geert J Bulte, Loes HC Nissen, Joost PH Drenth

Abstract

Tessa EH Römkens, Loes HC Nissen, Joost PH Drenth,
Department of Gastroenterology and Hepatology, Radboud
University Nijmegen Medical Centre, 6500 HB Nijmegen, The
Netherlands

AIM: To identify definitions of cytomegalovirus (CMV)
infection and intestinal disease, in inflammatory bowel
disease (IBD), to determine the prevalence associated
with these definitions.

Tessa EH Römkens, Geert J Bulte, Loes HC Nissen,
Department of Gastroenterology and Hepatology, Jeroen Bosch
Hospital, 5200 ME Hertogenbosch, The Netherlands

METHODS: We conducted a systematic review
and interrogated PubMed, EMBASE and Cochrane
for literature on prevalence and diagnostics of CMV
infection and intestinal disease in IBD patients. As
medical headings we used “cytomegalovirus” OR “CMV”
OR “cytomegalo virus” AND “inflammatory bowel
disease” OR “IBD” OR “ulcerative colitis” OR “colitis
ulcerosa” OR “Crohn’s disease”. Both MeSH-terms and
free searches were performed. We included all types of
English-language (clinical) trials concerning diagnostics
and prevalence of CMV in IBD.
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RESULTS: The search strategy identified 924 citations,
and 52 articles were eligible for inclusion. We identified
21 different definitions for CMV infection, 8 definitions
for CMV intestinal disease and 3 definitions for CMV
reactivation. Prevalence numbers depend on used
definition, studied population and region. The highest
prevalence for CMV infection was found when using
positive serum PCR as a definition, whereas for CMV
intestinal disease this applies to the use of tissue PCR >
10 copies/mg tissue. Most patients with CMV infection
and intestinal disease had steroid refractory disease
and came from East Asia.
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CONCLUSION: We detected multiple different
definitions used for CMV infection and intestinal disease
in IBD patients, which has an effect on prevalence
numbers and eventually on outcome in different trials.
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Römkens TEH et al . CMV in IBD: A systematic review
of controlled trials, until December 2014, according to
the Preferred Reporting Items for Systematic Reviews
[10,11]
. The study
and Meta-Analyses (PRISMA) guidelines
was registered in the PROSPERO database registry
(PROSPERO registration number CRD 42015017451).
The search strategy was designed to identify Englishlanguage (clinical) trials concerning diagnostics and
prevalence of CMV in IBD. The following medical search
headings were used: “cytomegalovirus” OR “CMV”
OR “cytomegalo virus” AND “Inflammatory Bowel
Disease” OR “IBD” OR “ulcerative colitis” OR “colitis
ulcerosa” OR “Crohn’s Disease”. Both MeSH-terms and
free searches were performed. Studies were eligible if
they reported on prevalence and/or diagnostic criteria
to define CMV infection or CMV intestinal disease in
IBD (Table 1).
Because of the paucity of prospective, randomized,
controlled trials on this subject, we aimed to consider
all types of evidence available. To this end, we also
included observational studies, case-control studies
and retrospective studies. We excluded non-English
literature, case reports, case series with n < 10
cases and review articles. We also excluded studies
that concerned CMV and pouchitis, or studies that
concerned the causative relationship of CMV and IBD.
Two independent reviewers (Römkens TEH, Bulte
GJ) performed the first selection, and screened title
and abstract of the papers identified by electronic
search. They completed an inclusion form for eligible
studies. Additional articles were obtained through
citation snowballing to locate primary sources. When
no abstract was available, the article was always
screened by full text. Three investigators read all full
text papers, and disagreements were resolved by
consensus (Römkens TEH, Bulte GJ and Nissen LHC).

Core tip: The use of different definitions for cyto
megalovirus (CMV) infection and CMV intestinal
disease in inflammatory bowel disease (IBD) patients
has great impact on the reported prevalence rates
(definitions with highest prevalence: positive serum
PCR (CMV infection) and tissue PCR > 10 copies/mg
tissue (CMV intestinal disease)). In addition, prevalence
rates depend on the studied population (highest
prevalence: steroid refractory disease), and region
(highest prevalence: East Asia). Our key message is
not to develop more sensitive diagnostics to find CMV,
but to organise a global consensus meeting on CMV
in IBD to formulate one unified definition for clinically
relevant CMV (intestinal) disease in IBD.
Römkens TEH, Bulte GJ, Nissen LHC, Drenth JPH.
Cytomegalovirus in inflammatory bowel disease: A systematic
review. World J Gastroenterol 2016; 22(3): 1321-1330 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i3/1321.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i3.1321

INTRODUCTION
Cytomegalovirus (CMV) is a member of human
[1]
herpesvirus family . CMV infection is common
and mostly asymptomatic in healthy people. Ser
oprevalence data differ depending on the healthcare
circumstances or immunocompetency of the host, but
most studies give a seroprevalence of 40%-100% in
[2-4]
adults , with the highest prevalence in non-western
[5,6]
countries . In immunocompromised patients CMV
infection may follow a complicated course resulting
in retinitis, pneumonia and intestinal disease (mostly
[7-9]
colitis) or other organ specific disease . The role
of cytomegalovirus (CMV) in inflammatory bowel
disease (IBD) is under scrutiny. Here, the discussion
mainly focuses on either the association or causation
of CMV infection and intestinal disease in adverse
outcomes in IBD patients. The applied definitions for
both CMV infection and CMV intestinal disease, are
crucial in this issue, and the answer to the above key
question can only be given when there is a unified
gold standard definition of clinical relevant CMV
infection and intestinal disease, which is lacking at this
moment. Our aim was to perform a systematic review
of the literature to identify the different definitions for
CMV infection and intestinal disease in IBD patients,
and to connect the used definitions to the reported
prevalence. In addition we summarize the different
diagnostic strategies for CMV infection and intestinal
disease.

Outcome assessment

The primary outcomes were: (1) a list with all used
definitions of CMV infection or CMV intestinal disease
in IBD patients; and (2) prevalence numbers to
assess the effect that the applied definition has on
the reported prevalence of CMV in IBD patients.
Secondary outcomes were: (1) prevalence of CMV
in subpopulations as ulcerative colitis (UC), Crohn’s
disease (CD), steroid refractory disease; and (2) pre
valence of CMV in different regions of the world. We
also summarized different diagnostic strategies for
CMV infection in IBD patients.

Data extraction and assessment of risk of bias

The data extraction process was carried out using a
pre-established protocol. Full papers were reviewed
using a purpose-designed database. The following
clinical data were extracted for each trial: single- or
multicenter, country of origin, duration of follow up,
study period, sample size, characteristics of the studied
population, medication at baseline, used diagnostics
for CMV infection, criteria used to define CMV infection,
criteria used to define CMV intestinal disease, CMV

MATERIALS AND METHODS
Search strategy and study selection

A search of the medical literature was conducted using
MEDLINE, EMBASE and the Cochrane central register
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design (26/48). Some used blinding for the reviewing
pathologist (6/43) or endoscopist (2/43).

Table 1 Eligibility criteria for inclusion
Adults
Diagnosis of IBD, according to international guidelines
English language
Prevalence and/or diagnostics CMV infection or intestinal disease
reported
Minimal sample size 10 patients

Definitions and prevalence

We identified 21 different definitions for CMV infection,
and 8 definitions for CMV intestinal disease (Tables
2 and 3). Three definitions for reactivation of CMV
are listed in Table 4. Some studies do not mention or
define CMV infection, but report prevalence numbers
[12]
[13,14]
of “mucosal expression” , or “presence of CMV”
and some provide a prevalence rate without defining
[15-62]
CMV infection
.
Prevalence data for definitions used more than
once for respectively CMV infection and intestinal
disease are listed in a scatter plot (Figures 2 and 3).
By using the authors” definition of either CMV
infection or intestinal disease, we found different
prevalence numbers in various regions of the world
and in different subpopulations, which are depicted
in scatterplots for CMV infection in Figures 4 and 5.
If available CMV seroprevalence data are depicted
in Figure 6. More detailed information on this topic
and prevalence numbers for CMV intestinal disease
are given in supplementary files (Appendix 2 A, B
and Appendix 3 A, B). In general, the prevalence
is negligible in healthy controls. We found a higher
prevalence in UC than in CD both for CMV infection
(median 14% vs 2.5%) and CMV intestinal disease
(median 19.5% vs 11%). The prevalence is highest in
steroid refractory disease for CMV infection (median
32.5%) and intestinal disease (median 32.5%).

IBD: Inflammatory bowel disease; CMV: Cytomegalovirus.

prevalence and authors conclusion. Assessment of
risk of bias was performed independently by three
investigators, with disagreements resolved by
discussion. Risk of bias was assessed by recording
of study type, retrospective or prospective design,
sample size, study period and follow up, whether or
not randomization or blinding was used, and recording
specific population characteristics that pose a risk for
selection bias (type and severity of IBD, medication
use, exclusion criteria).

Statistical analysis

All abstracted data were entered into a structured
database. We displayed the results for both CMV
infection and intestinal disease in IBD patients
separately, in line with the fact that these are two
different entities. In addition to detailed tables, we
provide the main results in scatterplots in order to
give more insight in sample size, median and range
of the various definitions. Next to this, we provide
scatterplots of prevalence by definition in different
subgroups as UC, CD, steroid refractory IBD, and
IBD patients in different regions of the world. Kappa
statistics were used to analyze agreement among
the reviewers. Evidence-tables were provided for all
characteristics of the included studies. We could not
carry out a meta-analysis because head-to-head
comparison of the included studies was impossible due
to heterogeneity.

Diagnostic tests for CMV

More than 10 different tests were used to diagnose
CMV (active) infection and intestinal disease, which
can be found in the definition Tables 2 and 3.
Histology, with or without immunohistochemistry (IHC),
is most widely used to diagnose CMV disease (infection
and/or intestinal disease; n = 30/48). PCR on tissue
is used in almost one third of the included studies
(14/48). In Table 5 we present an overview of the test
[24,63-70]
characteristics as described earlier in literature
.

RESULTS
Selected studies

Our search strategy generated a total of 924 citations,
of which 190 (168 + 22) published articles appeared to
be relevant, and were retrieved for further assessment
(Figure 1). Of these, 138 (118 + 20) articles were
excluded for various reasons, leaving 52 eligible
articles. The main reasons for exclusion were case
reports; reviews; non-IBD patients; no information on
CMV (intestinal) infection and non-English literature.
Agreement in this step between reviewers was 88%
(Cohen’s Kappa 0.73) before consensus meeting.
Study (risk of bias) variables are shown in Appendix 1.
Most of the included studies have small sample sizes.
None of the included studies was randomized and most
of the study designs were single centre (n = 42/50)
with more than half of them using a retrospective

WJG|www.wjgnet.com

DISCUSSION
This systematic review maps the prevalence of both
CMV infection and intestinal disease in IBD patients.
We found that the prevalence greatly depends on
the used definition. Studies reporting the highest
prevalence of CMV infection use positive serum PCR as
test, while studies that use positive antigenemia follow
suit. In case of diagnosing CMV intestinal disease, the
highest prevalence applies for tissue PCR (> 10 copies/
mg tissue). IBD patients with steroid refractory disease
and those coming from East Asia have the highest
prevalence of CMV infection and/or intestinal disease.
In general CMV infection or intestinal disease is seen
more frequently in UC compared to CD.
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Initial search: 924 results

Removal of duplicates: 857 left

Excluded:
Reviews: 15
Case reports: 31
1
Editorials/letters/comments: 28
Etiology: 2
No CMV colitis or IBD: 19
No prevalence: 20
Duplicates: 3
Total: 118

Selection by title: 216 left

Selection by abstract: 168 left

Selection by full text: 50 left

Reference snowballing: 58 results

Selection by abstract: 22 results

Excluded:
No CMV colitis: 3
No IBD: 9
Case reports: 3
Non-English: 1
Congress abstract: 1
Duplicates: 1
Guidelines: 2
Total: 20

Selection by full text: 2 left

Final selection: 52 results

Figure 1 Algorithm of inclusion. 1Letters/comments presenting original data were included in the review.

The difference of CMV infection and clinically
relevant intestinal disease has been outlined earlier
in literature. There, CMV infection is described as
(incidental) finding of positive PCR or detection of
CMV antigens or antibodies in serum, whereas CMV
disease is a clinical syndrome where CMV infection is
[67,69,71,72]
accompanied by manifest clinical symptoms
.
Subclinical reactivation of CMV, without symptoms,
is seen in approximately 50% of active UC cases on
[62]
immunosuppressive therapy . In practice however,
the different entities described above, are used
interchangeably. Likewise, no unified definitions have
been used in clinical trials, and our study documents
that the terms CMV infection and CMV intestinal
disease are used reciprocally. This makes it difficult
to compare data from different studies and to draw
conclusions for outcome.
Interestingly, by using the author’s definition, we
found the highest prevalence of CMV infection and
intestinal disease in East Asia. Population based CMV

WJG|www.wjgnet.com

seroprevalence studies are lacking, but a review on this
topic found that seroprevalence tended to be highest
in South America, Africa and Asia, and was also higher
[6]
in parts of Europe and the Middle East . The most
likely explanation is the use of different diagnostic
methods for CMV infection in different regions of the
world. We show high prevalence numbers for CMV
infection when antigenemia is used as test (Table 2),
where 80% of these studies appear to come from
Japan. CMV infection and more importantly CMV
[13,28,29,54]
colitis is unusual in the healthy population
[71]
as described before in a systematic review . Only
one study reported presence of CMV DNA in 29% of
asymptomatic control samples, but robust replication
[14]
studies to confirm this unusual finding are lacking .
We found lower prevalence of CMV infection (and to
a lesser extent in intestinal disease) for CD compared
[13,34]
to UC
(Appendix 3). The most frequently studied
population in relation to CMV is those with steroid
resistant IBD or refractory UC. Apropos it should be
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Table 2 Prevalence by definition of cytomegalovirus-infection
Definition

Studies, n

Median

Range

Antigenemia[17-21]
Tissue PCR[22-25]
IHC1[26-29]
HE[30-32]
HE or IHC[33,34]
HE and IHC[35, 36]
IgM or HE or IHC2[37,38]
Antigenemia or Tissue PCR[39]
Serum PCR[40]
(HE and IHC) or tissue PCR[41]
Tissue PCR 10 copies/µg; OR histology OR Antigenemia[42]
Antigenemia (2 tests: C7-HRP OR C10/C11) OR histology[43]
Antigenemia or blood PCRquantitative[44]
IgM or serum PCR or HE[45]
IgM or tissue PCRqualitative or HE[46]
IgG and (blood culture, antigenemia or histology or IgM or urine culture)[47]
IgM or serum PCRqualitative or feces PCR[48]
Inclusions: HE[49]
Active infection: tissue PCR[50]
Active replication: (HE or IHC) and antigenemia[51]
Blood dissemination: (viremia, antigenemia, RNAemia) or (viremia or tissue culture)[52]
Total: 21

5
4
4
3
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Total: 36

32%
11%
13%
17%
8%
19%
9%
NA
84%
4%
54%
9%
36%
78%
16%
6%
5%
13%
13%
36%
16%

6%-34%
1%-32%
9%-23%
5%-36%
5%-11%
12%-27%
5%-13%
NA
-

1

One study defined a clinically relevant infection as > 10 IHC + cells/section but also recognized “scattered” positivity as 1-9 cells per section [29]; 2Once
mentioned as “acute infection”. PCR: Polymerase chain reaction; HE: Hematoxylin and eosin staining; IHC: Immunohistochemistry; IgM: Immunoglobulin
M; IgG: immunoglobulin G; NA: Not applicable.

Table 3 Prevalence by definition of cytomegalovirus-intestinal disease
Definition

Studies, n

Median

Range

HE or IHC1,2[38,44,53,54]
HE[20,55]
Tissue PCRquantitative > 10 copies/mg[56, 57]
Serology and (IHC or antigenemia or serum PCR or tissue PCR)[58]
IHC[59]
HE or IHC or tissue PCR[51]
(Pp65 antigenemia or tissue PCRquantitative) and IHC and intestinal symptoms[39]
IHC positive when inflammation present[52]
Total: 8

4
2
2
1
1
1
1
1
Total: 13

6%
9%
34%
6%
0%
33%
NA3
1%

2%-29%
0%-17%
30%-38%
-

1

One study tested both before and after iv-steroid administration; 2No data on prevalence: definition is used as the gold standard to compare other
diagnostics; 3No prevalence is reported in this study. PCR: Polymerase chain reaction; HE: Hematoxylin and eosin staining; IHC: Immunohistochemistry.

[54]

refractory disease, for each definition of CMV used
(Appendix 3). Whether or not CMV reactivation has a
role in the process of steroid resistance, is still under
[57,73-75]
debate
.
The surveyed literature contains 29 different
methods to diagnose CMV infection and/or intestinal
disease, probably mainly caused by the fact that still no
single gold standard exists for (clinically relevant) CMV
infection in IBD. In general, the literature recommends
[33,63,71,76]
to process biopsies for HE and IHC
and/or if
available by CMV DNA real-time PCR, with a cut off
[76]
value that is yet to be identified . The recent ECCO
[72]
guideline
mentions that different techniques for
diagnosis of CMV infection are available, but stops
short of defining a gold standard. The guideline
refers to histopathology combined with IHC (using
monoclonal antibodies) as highly specific and sensitive

Table 4 Prevalence by definition of cytomegalovirusreactivation
Definition
1[60]

IgM or HE or PCR
Serum PCR in IgG positive
patients[61]
Antigenemia or plasma PCR[62]
Total: 3

Studies, n

Median

Range

1
1

10%
0%

-

1
Total: 3

36%

-

1

Not specified what material is used for PCR testing. PCR: Polymerase
chain reaction; HE: Hematoxylin and eosin staining; IgM: Immunoglobulin
M; IgG: Immunoglobulin G.

noted that these studies use different definitions for
steroid resistant IBD or refractory UC which may affect
[71,73]
the prevalence
. We found the highest prevalence
of CMV infection and CMV intestinal disease in steroid
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Resection steroid
refractory
Surgical resection
specimens

IgM or HE or IHC
HE and IHC
HE or IHC

Steroid refractory
IBD

HE

Tissue PCR

Ulcerative colitis

Antigenemia

IBD

0

10

20

30
40
50 60 70 80 90 100
Prevalence (%)

0

Figure 2 Prevalence cytomegalovirus infection by authors definition. Size
of the squares corresponds with the population size in 5 categories (n = 0-25, n
= 25-50, n = 50-100, n = 100-250, n > 250). Median depicted as dotted line.

10
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30
40
Prevalence (%)

50
60
70
80
90
100

Crohn's disease

IHC

Figure 5 Prevalence cytomegalovirus infection in different sub
populations, by authors definition. Size of the squares corresponds with the
population size in 5 categories (n = 0-25, n = 25-50, n = 50-100, n = 100-250, n
> 250). Median depicted as dotted line.

South America

Tissue PCR >10
copies/mg

Southern Europe
HE
Northern Europe
HE or IHC

East Asia
10

20

30
40
50 60 70 80 90 100
Prevalence (%)

0
10
20
30
40

0

Figure 3 Prevalence cytomegalovirus intestinal disease by authors
definition. Size of the squares corresponds with the population size in 5
categories (n = 0-25, n = 25-50, n = 50-100, n = 100-250, n > 250). Median
depicted as dotted line.

50
60
70
80
Seroprevalence IgG (%)

90

100

Figure 6 Cytomegalovirus seroprevalence data in different regions of the
world. Size of the squares corresponds with the population size in 5 categories
(n = 0-25, n = 25-50, n = 50-100, n = 100-250, n > 250). Median depicted as
dotted line.
[67]

These definitions were updated again in 2002 . CMV
infection was defined as isolation of the CMV virus or
detection of viral proteins or nucleic acid in any body
fluid or tissue specimen. There CMV (gastro)intestinal
disease was defined by identification of a combination
of (1) clinical symptoms; (2) findings of macroscopic
mucosal lesions on endoscopy; and (3) demonstration
of CMV infection (by culture, histopathology, IHC, or in
situ hybridization) in a (gastro)intestinal tract biopsy
specimen. According to this guideline detection of
CMV by PCR alone is insufficient for diagnosis of CMV
gastrointestinal disease. Applying these criteria to IBD
patients can be more complicated, since ulceration
can also be caused by the underlying IBD. Since then,
multiple more sensitive diagnostic tests have been
developed to detect CMV, but a threshold or definition
of clinical relevant CMV infection or intestinal disease
remains to be established. We suggest that a global
multidisciplinary consensus meeting on CMV and
IBD should be held, in order to develop one unified
definition of clinically relevant CMV intestinal disease.
In this context, clinically relevant describes the
situation that symptoms appear, clinical deterioration
occurs, and (antiviral) treatment should be initiated.
This single definition could be used in clinical practice,
but also in future trials, to serve as a gold standard
in the discussion on outcome and optimal (antiviral)

Central Asia
East Asia
North America
South America
Southern Europe

0

10

20

30
40
Prevalence (%)

50
60
70
80
90
100

Northern Europe

Figure 4 Prevalence cytomegalovirus infection in different global regions
by authors definition. Size of the squares corresponds with the population
size in 5 categories (n = 0-25, n = 25-50, n = 50-100, n = 100-250, n > 250).
Median depicted as dotted line.

for verifying CMV infection in tissue. In addition the
guideline describes quantitative PCR in tissue and in
blood as the most commonly used and advantageous
technique for diagnosis of CMV infection. Quantitative
PCR has a low sensitivity for diagnosing CMV colitis
in patients with moderate to severe UC, and cannot
[44]
substitute histopathology diagnosis . Already in the
nineties consensus meetings were held to formulate
the definition for CMV infection in general and for all
organ specific involvements in transplant recipients.
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Table 5 Test characteristics different diagnostic tools for cytomegalovirus
Test

Pro

Serology
Fast, quantification possible
Antigenemia
Fast, quantification possible
Serum PCR
Fast, quantification possible
HE Histology (gold standard?) Specific, proofs intestinal disease
Histology with IHC
Specific, proofs intestinal disease
Tissue PCR
Quantification possible
Stool PCR
Quantification possible
Viral Culture
Very specific
Rapid Vial culture
Very specific

Con

Sens

Spec

Systemic, not proving intestinal disease;
Systemic, not proving intestinal disease labor intensive
Systemic, not proving intestinal disease
Slow; low sensitivity
Slow
Cut-off point unclear, uncertain clinical significance
Little experience
Very slow
Little experience

98%-100%
60%-100%
65%-100%
10%-87%
93%
65%-100%
83%%
45%-78%
68%-100%

96%-99%
83%-100%
40%-94%
92%-100%
92%-100%
40%-100%
93%
89%-100%
89%-100%

Sens: Sensitivity; Spec: Specificity; PCR: Polymerase chain reaction; HE: Hematoxylin and eosin staining; IHC: Immunohistochemistry.

than 20 definitions are used in clinical practice and for research purposes. This
review is the first to address this challenging issue and the problems resulting
from like the interpretation of study outcomes on this topic.

treatment of CMV in IBD patients.
Our study has several strengths. First of all, we
show that the use of different definitions of CMV
infection impacts reported prevalence rates. Second,
we provide CMV prevalence data for several important
sub populations, as UC, CD, steroid refractory disease,
and patients in different continents of the world.
Third, two independent reviewers reviewed all eligible
studies, and three reviewers read all full text papers,
with good agreement scores based on the presented
kappa value. Our study comes with some limitations.
None of the included studies were randomized, most
of them had a retrospective design and only some
used blinding of endoscopists or pathologists. The
heterogeneity of the design of included studies and
wide variations in used definitions for both CMV
infection and intestinal disease made it impossible to
perform a meta-analysis on these data.
In conclusion we find a wide variety in definitions
used for CMV infection and intestinal disease in IBD
patients, which impacts corresponding prevalence
rates and eventually the outcome in different trials.
A global consensus meeting is pivotal to develop one
unified gold standard definition for clinically relevant
CMV, to be used in clinical practice as well as in future
trials.

Applications

A global consensus meeting is necessary to determine one unified definition for
CMV infection and intestinal disease in IBD to be used in clinical practice and
future research.

Terminology

CMV-infection: systemic presence of viral antigens or replication markers.
CMV-intestinal disease: evidence of viral presence in intestinal tissue. Steroid
refractory disease: IBD not responding to treatment with high dose intravenous
corticosteroids.

Peer-review

This is an interesting and timely manuscript addressing a significant
discrepancy between the different definitions of CMV disease in IBD.
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David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
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Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou

II

George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
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EDITORIAL

Is irritable bowel syndrome an infectious disease?
John Richard Thompson
basic and clinical sciences suggest that underlying
infectious disease may provide a unifying hypothesis
that better explains the overall symptomatology.
The presence of small intestinal bowel overgrowth
(SIBO) has been documented in patients with IBS and
reductions in SIBO as determined by breath testing
correlate with IBS symptom improvement in clinical
trials. The incidence of new onset IBS symptoms
following acute infectious gastroenteritis also suggests
an infectious cause. Alterations in microbiota-host
interactions may compromise epithelial barrier integrity,
immune function, and the development and function
of both central and enteric nervous systems explaining
alterations in the brain-gut axis. Clinical evidence from
treatment trials with both probiotics and antibiotics also
support this etiology. Probiotics appear to restore the
imbalance in the microflora and improve IBS-specific
quality of life. Antibiotic trials with both neomycin and
rifaximin show improvement in global IBS symptoms
that correlates with breath test normalization in
diarrhea-predominant patients. The treatment response
to two weeks of rifaximin is sustained for up to ten
weeks and comparable results are seen in symptom
reduction with retreatment in patients who develop
recurrent symptoms.
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Core tip: Recent evidence from both basic and clinical
science supports the hypothesis of infectious disease as
an etiological agent in irritable bowel syndrome (IBS).
The presence of small intestinal bowel overgrowth and
its treatment as reflected in reductions of lactulose
hydrogen breath tests correlates with improvement in
IBS symptoms. Clinical trials with both probiotics and
antibiotics also appear to relieve symptoms of IBS and
have a sustained effect post-treatment. Recurrences of
symptoms post-treatment appear to respond similarly
with no loss of effect. An infectious disease etiology

Abstract
Irritable bowel syndrome (IBS) is the most common
of all gastroenterological diseases. While many
mechanisms have been postulated to explain its
etiology, no single mechanism entirely explains the
heterogeneity of symptoms seen with the various
phenotypes of the disease. Recent data from both
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of IBS may explain the heterogeneous symptoms of
the disease and varying responses seen with different
symptom phenotypes.

RATIONALE FOR INFECTIOUS ETIOLOGY
Small intestinal bacterial overgrowth (SIBO) has been
found in patients with IBS at a frequency of 4%-78%
[4]
vs 1%-40% in controls . Since post-prandial bloating
is a common symptom of IBS, abnormal fermentation
and gas production by intestinal bacteria could provide
[5]
a unifying hypothesis for the etiology of this disorder .
Up to a four-fold greater rate of maximal gas excretion
and greater total hydrogen excretion following ingestion
of lactulose in patients with IBS has been documented
[6,7]
compared with healthy volunteers . The frequency
of the diagnosis of SIBO also seems to be associated
with the phenotype and the phenotype is associated
with the type of gas produced. The frequency of
SIBO by glucose hydrogen breath test was found
to be substantially higher in patients with diarrheapredominant IBS than in IBS patients without diarrhea
[8]
or in healthy controls . Excessive methane production
[9]
has been associated with constipation . Conversely,
excessive hydrogen production has been associated
[10]
with diarrhea-predominant IBS .
Other evidence in support of an infectious etiology
for this disorder includes the onset of new IBS
symptoms following acute gastroenteritis, which has
[11]
been reported in up to 40% of patients . The clinical
features of post-infectious IBS are consistent with
the diarrhea-predominate phenotype. A recent metaanalysis of 18 studies showed an increased relative risk
of 6.5 in patients developing IBS within one year of
bacterial gastroenteritis and this risk remained elevated
[12]
at 3.9 even 36 mo later . Infective gastroenteritis
has been shown to disrupt the commensal microbiota
[13]
that normally inhibit pathogen colonization .
[14]
Hyland
has suggested that alterations in micro
biota-host interactions in IBS may contribute to the
pathogenesis of the disease in three ways. Altered
commensal flora may compromise the integrity of
the epithelial barrier and cause increases in permea
bility by altering tight junction protein expression,
localization or function, changing the microbiota,
and promoting pro-inflammatory cytokines and cell
shedding. Similarly, alterations in microbiota-host
interactions may interfere with the modulation of both
local and systemic immune responses. Importantly,
it has also been shown that the alterations in the
microbiota can influence the development and function
of the central and enteric nervous systems and
neuromuscular function, thus explaining alterations
in the brain-gut axis. Psychological stress in animal
studies has been shown to change the bacterial
composition of the gut and evoke cytokine responses
[15]
with subsequent increased intestinal permeability .
Thus, the psychological morbidity associated with the
disease could actually perpetrate the disorder through
gastroenterological mechanisms.

Thompson JR. Is irritable bowel syndrome an infectious disease?
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INTRODUCTION
Irritable bowel syndrome (IBS) is the most common
gastroenterological disorder with a worldwide prevalence
[1]
of 7%-21% . Common symptoms include bloating with
abdominal pain and altered bowel habits, with women
experiencing more constipation and men experiencing
more diarrhea. Difference in gender prevalence and
phenotype vary geographically.
While many theories have been proposed in the
past to explain the pathology of IBS, more recent
evidence from both the basic and clinical sciences
seems to point toward an infectious etiology. Our
present situation with IBS may be analogous to
that several years ago when Dr. Barry Marshall first
suggested the cause of peptic ulcer disease to be
[2]
Helicobacter pylori . At that time most people believed
excess gastric acid to be the source of the disease, but
we now all accept the bacterial etiology of that disorder
and our treatment has been directed toward it. Thus
it is appropriate to examine the current evidence and
ask if IBS might also be an infectious disease in origin.

PATHOPHYSIOLOGY OF IBS
Many things have been suggested to be the cause
of IBS symptoms including abnormalities in motility,
visceral sensation, brain-gut interaction, and psy
[1]
chosocial distress . Buckley recently proposed a
convergence of neural, endocrine, and immune
influences to explain the heterogenous symptoms
[3]
of this disease . Disordered neural signaling in IBS
may be manifested as autonomic dysfunction, visceral
hypersensitivity, sensitization of primary afferents,
central pain amplification and enhanced central
nervous system responses. Endocrine pathways may
also contribute to the pathophysiology of IBS through
the stress-induced production of corticotropin releasing
factor (CRF), cortisol, and glucagon-like peptide 1.
Immune dysregulation in IBS is evidenced by elevated
mast cells in the mucosa, pro-inflammatory cytokines,
and increased intestinal permeability. However, it is
possible that the driver of all of these systems involved
in the perpetuation of the disorder is infectious disease
within the gut itself.
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During a second double-blind retreatment phase, the
percentage of responders with rifaximin was 37% vs
29% with placebo (p = 004). Adverse event rates were
similar between groups and only one patient from
each group discontinued therapy because of adverse
events.

EVIDENCE FROM PROBIOTIC TRIALS
Additional evidence in support of an infectious
etiology for IBS comes from clinical trial results of
both probiotics and antibiotics. Alternations in the
microbiota of patients with IBS have been documented
including increases in Bacteroides and Clostridia and
[16]
a reduction in Bifidobacterium . Two clinical trials in
humans have demonstrated that supplementation with
a Bifidobacterium probiotic reduces symptoms and
[17,18]
improves overall well-being in patients with IBS
.
Additionally, one multicenter, randomized, double-blind,
placebo-controlled clinical intervention trial evaluating
a three strain combination of lactic acid bacteria in IBS
found improvement in IBS-specific quality of life and
gut-specific anxiety in patients receiving the probiotic
[19]
combination vs those receiving placebo .

CONCLUSION
IBS is clearly a very heterogenous disease by symptom
presentation and numerous mechanisms have been
offered to explain its etiology. Current evidence from
both basic and clinical science supports the role
of infectious disease as a potential etiology and a
unifying explanation of the multifaceted nature of the
disease. Further work is needed in this regard to better
understand the differences in organisms responsible
and differing responses seen with varying phenotypes
of the disorder.

EVIDENCE FROM ANTIBIOTIC TRIALS
Perhaps the most compelling data to date in support
of the infectious disease hypothesis for the origin of
IBS comes from clinical trials of antibiotic therapy
for treatment of the disorder. Pimentel first studied
neomycin treatment in IBS patients, in which 84%
had an abnormal lactulose hydrogen breath test,
suggestive of SIBO. Neomycin resulted in clinical
symptom improvement in 35% of patients compared
[20]
with 11% of patients receiving placebo . The best
outcomes were observed in patients in which neomycin
normalized the lactulose hydrogen breath test.
More recently two large randomized, doubleblind, placebo controlled trials (TARGET 1 and TARGET
2) evaluated the role of rifaximin 550 mg three
times daily for two weeks in IBS patients without
[21]
constipation . Significantly more patients in the
rifaximin group had relief of global IBS symptoms
during the first four weeks after treatment (40.7% vs
31.7%, p < 0.001 in both studies combined). There
was also greater relief of bloating, daily ratings of IBS
symptoms, abdominal pain, and stool consistency.
Adverse effects were similar between the two groups.
Interestingly, although the treatment period was only
two weeks, patients were followed for an additional
ten weeks and the improvement in percent of patients
with adequate relief of global IBS symptoms was still
statistically significant at the end of the ten weeks of
observation, suggesting a durable response to the two
week treatment course.
An additional phase 3 study was conducted to
evaluate the safety and efficacy of retreatment with
rifaximin in patients with diarrhea-predominant IBS
[22]
who previously responded to rifaximin therapy .
During an 18-wk follow-up period of open-label
treatment with rifaximin, 636 patients had recurrent
IBS symptoms and were randomized to retreatment
with rifaximin 550 mg three times daily for two weeks
or placebo. The proportion of responders with rifaximin
retreatment was 33% vs 25% with placebo (p = 0.02).
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FRONTIER

Molecular genetics and targeted therapeutics in biliary tract
carcinoma
Eric I Marks, Nelson S Yee
carcinoma and gallbladder cancer, often present at an
advanced stage and are marginally sensitive to radiation
and chemotherapy. Accumulating evidence indicates
that molecularly targeted agents may provide new
hope for improving treatment response in biliary tract
carcinoma (BTC). In this article, we provide a critical
review of the pathogenesis and genetic abnormalities
of biliary tract neoplasms, in addition to discussing
the current and emerging targeted therapeutics in
BTC. Genetic studies of biliary tumors have identified
the growth factors and receptors as well as their
downstream signaling pathways that control the
growth and survival of biliary epithelia. Target-specific
monoclonal antibodies and small molecules inhibitors
directed against the signaling pathways that drive BTC
growth and invasion have been developed. Numerous
clinical trials designed to test these agents as either
monotherapy or in combination with conventional
chemotherapy have been completed or are currently
underway. Research focusing on understanding the
molecular basis of biliary tumorigenesis will continue
to identify for targeted therapy the key mutations
that drive growth and invasion of biliary neoplasms.
Additional strategies that have emerged for treating
this malignant disease include targeting the epigenetic
alterations of BTC and immunotherapy. By integrating
targeted therapy with molecular profiles of biliary
tumor, we hope to provide precision treatment for
patients with malignant diseases of the biliary tract.
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Core tip: For patients with cholangiocarcinoma and
gallbladder carcinoma, targeted therapeutics provide
new opportunity of treatment that is potentially
less toxic and more effective. These target-specific
monoclonal antibodies and small molecule inhibitors are
directed against the signaling pathways that drive the

Abstract
The primary malignancies of the biliary tract, cholangio
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progression of biliary tract cancers. This article provides
an updated review of the molecular pathogenesis
of these malignant neoplasms as the framework for
describing the mechanisms by which targeted agents
work. The preclinical and clinical data from investigation
of targeted therapeutics in biliary tract cancer are
discussed.

options. These targeted therapies tend to be selective
for the malignant cells, thus potentially improving the
efficacy and tolerability of treatment.
Genetic studies of BTC have shed new insights upon
the pathogenic mechanisms of this disease and the
signaling pathways that drive its progression. Multiple
elements of these pathways have been identified and
targeted by this new generation of therapeutics. In this
article, we provide an updated review of the molecular
genetics of CC and GBC. The pathogenesis and cellular
patho-physiology of these malignancies are described,
with emphasis on those molecular abnormalities that
could be targeted for intervention. The mechanism of
action of each targeted agent under investigation for
treating BTC is discussed, as well as data from preclinical and clinical studies. Ongoing clinical trials of
these molecularly targeted agents in BTC are also
presented. We hope this article will help stimulate
further research with the goal of developing precision
treatment for patients with this malignant disease.

Marks EI, Yee NS. Molecular genetics and targeted therapeutics
in biliary tract carcinoma. World J Gastroenterol 2016;
22(4): 1335-1347 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1335.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1335

INTRODUCTION
Cholangiocarcinoma and gallbladder carcinoma are
relatively rare malignancies that are collectively referred
to as biliary tract carcinoma (BTC). Approximately
10000 new cases of BTC arise within the United States
each year, nearly two-thirds of which are gallbladder
[1]
carcinoma . These tumors generally present with
insidious onset of non-specific abdominal symptoms
that seldom prompt patients to seek timely medical
evaluation. As a result, approximately 90% of BTC is
not diagnosed until the disease has become locally
[2]
advanced or metastatic . The relative frequency of
each BTC subtype is provided in Table 1, along with
the stereotypical risk factors, clinical features, and
diagnostic studies that are commonly utilized.
When patients present with a localized biliary tumor
that has not macroscopically invaded the adjacent
vasculature, surgical resection may be attempted with
[3]
curative intent . However, even patients who receive
an R0 resection will often experience recurrence of
[4]
their disease . The management of patients with
recurrent tumor, as well as those with locally advanced
or metastatic disease at presentation, consists of
locoregional treatments, systemic chemotherapy, and
symptomatic control (Table 1).
For patients with BTC that is locally advanced or
metastatic, the current standard of care involves a
[5]
combination of gemcitabine and cisplatin . Alternative
regimens that are employed against GBC, intrahepatic
cholangiocarcinoma (IHCC), and extrahepatic cholangio
carcinoma (EHCC) include gemcitabine and oxali
platin (GEMOX), capecitabine and oxaliplatin, and
monotherapy with either gemcitabine, capecitabine,
[2,3]
or 5-fluorouracil . Despite these interventions, the
clinical outcomes of patients with BTC are generally
poor. Five years after diagnosis, approximately 18% of
[6]
patients with GBC or CC remain alive . Patients with
stage Ⅲ or Ⅳ disease at initial presentation seldom
[2]
survive longer than one year following diagnosis .
The recent development of targeted therapeutics
directed against the pathways that drive biliary tumor
development and growth provides additional treatment

WJG|www.wjgnet.com

PATHOGENESIS OF BILIARY TRACT
CARCINOMA
Understanding the pathogenetic mechanism that
underlies the development of biliary tumors is
important for determining the significance of the
molecular alterations that occur in this disease
and thereby directs the development of targeted
therapeutics. Both CC and GBC arise from malignant
transformation of biliary epithelium, typically occurring
in the setting of chronic inflammation. These cancers
may also arise from macroscopic polypous adenomas
that exist within the gallbladder or bile ducts of
[7]
approximately 0.3%-0.5% of the population . The
precise rate at which these lesions transform into BTC
is not known, but is believed to be low.
Aside from these fundamental similarities, the
processes by which CC and GBC develop are disparate.
The molecular and histological pathogenesis of these
malignancies is described separately. A schematic
diagram that represents these processes is provided in
Figure 1.

Cholangiocarcinoma

CC generally develops from two distinct types of pre
cursor lesions, biliary intraepithelial neoplasm (BilIN)
and intraductal papillary neoplasm of the bile duct
[8]
(IPNB) . From a molecular and histologic perspective,
these lesions are very similar to pancreatic intraepithelial
neoplasm (PanIN) and intraductal papillary mucinous
neoplasm (IPMN)-two precursors of pancreatic adeno
[8,9]
carcinoma . The similarities between pancreatic and
biliary lesions have been exploited for developing a
model of cholangiocarcinogenesis. Since CC is seldom
discovered early in its development, there is limited
data on its pathogenesis. Therefore, data obtained
from studies of pancreatic adenocarcinoma have been
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Table 1 Epidemiology and clinical features of the primary malignancies of the biliary tract
Type of malignancy
CC

Incidence

Risk factors

1-2 per 100000
population[88]

Increasing age[89]
Hispanic or Asian ethnicity[89]
PSC[89]
Helminth infection[89]
Choledochal cyst[89]
Thorotrast[89]
Metabolic syndrome[89,90]
Hepatobiliary stones[89]
Viral hepatitis[89,90]

Intrahepatic

10% of CC[89]

Extrahepatic

90% of CC[90]

Typical presentation

Diagnosis
CT or MRI: Mass lesion with contrast
uptake during arterial and venous
phases[89]

Constitutional symptoms
(fevers, night sweats,
unintended weight loss)[89]
Painless jaundice[89,90]

Differentiate from hepatocellular
carcinoma via timing of contrast
uptake[89]
ERCP with brushing can obtain
sample for cytology
EUS with FNA of lymph nodes can
assess for metastasis

GBC

1-2 per 100000
population[91]

Increasing age[92]
Painless jaundice[92]
Female gender[92]
Hispanic, Asian, or Eastern European heritage[92]
Gallstones[92]
Constitutional symptoms
Salmonella[92]
(fevers, night sweats,
Helicobacter pylori[92]
unintended weight loss)[92]
PSC[92]
Heavy metal exposure[92]
Metabolic syndrome[92]

EUS: Allows for FNA and is
considered definitive for staging[92]
CT or MRCP: Determines
resectability

CC: Cholangiocarcinoma; EUS: Endoscopic ultrasound; ERCP: Endoscopic retrograde cholangiopancreaticography; GBC: Gallbladder carcinoma; MRCP:
Magnetic resonance cholangiopancreaticography; PSC: Primary sclerosing cholangitis.

used to generate working models of BTC.
The more common of the precursor lesions, BilIN,
is a microscopic papillary proliferation of atypical
biliary epithelia. These lesions are discovered almost
exclusively in the large bile ducts and typically give
[8]
rise to EHCC . Histologically, BilIN is graded from Ⅰ to
Ⅲ on the basis of cellular atypia and loss of polarity,
[10]
much like PanIN lesions . The initial stages of BilIN
development often occur in the setting of chronic
inflammation, where inflammatory cytokines stimulate
expression of inducible nitric oxide synthase (iNOS)
[11,12]
and cyclooxygenase-2 (COX2)
. Nitric oxide,
produced by iNOS, causes oxidative damage to DNA
[11]
and limits the cellular ability to repair such damage .
This is further compounded by over-expression of
COX2, which drives cellular growth by synthesizing
[13]
prostaglandin E2 (PGE2) . As the lesion advances
from BilIN1 to BilIN3, additional genetic and molecular
abnormalities accumulate. Increased expression of
CDKN2A
mucin core protein 5AC (MUC5AC), p21
, and
[14]
S100p is generally observed during this progression .
INK4A
On the other hand, the tumor suppressor p16
[14]
is markedly decreased in advanced BilIN and CC .
Similar abnormalities of p21 and p16 are observed
in the progression of PanIN, with the exception of
pancreatic lesions being more likely to also harbor
[8,15,16]
KRAS mutations or overexpress p53
.
The other class of precursor to cholangiocarcinoma
is intraductal papillary neoplasm of the bile duct (IPNB).
Arising preferentially within the intrahepatic bile ducts,
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IPNB is characterized as a macroscopic papillary
growth of biliary epithelia that is supported by cores of
[17,18]
fibrovascular tissue
. Immunohistochemical staining
of the associated mucin further classifies IPNB lesions
into pancreaticobiliary, intestinal, gastric, or oncocytic
subtypes. In this working model, these lesions are
assumed to develop in a sequence similar to that
[8]
observed in pancreatic IPMN . Activating mutations of
KRAS are believed to be among the earliest changes,
along with loss of function of the tumor suppressors
INK4A[18]
p53 and p16
. This is followed by loss of SMAD4
function, with the latter being thought to drive the
[18]
progression to invasive malignancy .

Gallbladder carcinoma

The present model of gallbladder carcinogenesis is
built upon information gained from studying this
malignancy, as well as colorectal cancer and in vitro
[19]
studies of epithelial inflammation . In this model,
normal epithelium sequentially becomes metaplastic
or less commonly hyperplastic, then dysplastic/
intraepithelial neoplasia, and carcinoma in situ, before
eventually becoming an invasive malignancy.
Much like cholangiocarcinoma, the development of
gallbladder tumors is generally preceded by chronic
[20]
inflammation . Inflammatory cytokines cause overexpression of COX2 and epigenetic inhibition of
tumor suppressor genes. Mutations of TP53 and
mitochondrial DNA are also commonly observed at
[21,22]
this early stage
. These molecular changes drive
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BilIN1

BilIN2

BilIN3

Cholangiocarcinoma

↑iNOS, COX2
↑MUC5AC, p21, s100P
↓p16

IPNB
↑KRAS
↓p53, p16

Hyperplasia
/Metaplasia

↑COX2
↓p53
mDNA damage

Cholangiocarcinoma
↓PTEN
↓SMAD4

Intraepithelial
Neoplasia

LOH 3p, 8p
↑HER2

CIS

Invasive GB
Adenocarcinoma

LOH 9q, 18q, 22q, 17p
↓FHT
↑CDK2A

Figure 1 Molecular and genetic changes that occur during pathogenesis of malignant neoplasms in the biliary tract. BilIN: Biliary intraepithelial neoplasm;
CIS: Carcinoma in situ; COX2: Cyclooxygenase 2; FHT: Fragile histidine triad; GB: Gall bladder; HER2: Human epidermal growth factor receptor 2; iNOS: Inducible
nitric oxide synthase; IPNB: Intraepithelial papillary neoplasm of the bile duct; LOH: Loss of heterozygosity; MUC5AC: Mucin core protein 5AC.

the transformation of initially normal epithelium into
metaplastic cells.
The next step in malignant transformation is defined
histologically by the appearance of intraepithelial
neoplasia. This is generally associated with a loss of
[23]
heterozygosity at loci 3p and 8p , as well as over[24]
expression of the cell surface receptor HER2 .
The lesion then develops into carcinoma in situ, at
which point mutations of fragile histidine triad (FHT)
and cyclin-dependent kinase inhibitor 2A (CDKN2A)
arise. Loss of heterozygosity at 9q, 18q, 22q, 5q,
[19,25,26]
and 17p may also be observed at this stage
.
Subsequently, the lesion accumulates mutations
of KRAS and loss of heterozygosity at 9p, 13q,
[19,25]
and 18q
. These latter genetic aberrations are
believed to drive the lesion to develop into an invasive
carcinoma.

human epidermal growth factor receptor 2 (HER2),
vascular endothelial growth factor receptor (VEGFR),
and hepatocyte growth factor receptor (MET). Intra
cellular signaling cascades, namely the RAS-RAF-MEK
and PI3K-AKT-mTOR axes also play important functional
roles. The genetic abnormalities that arise in each
subtype of BTC have been identified and the frequency
of each is summarized in Table 2.

Growth factors and receptors

Tumors of the biliary tract often harbor activating
mutations of growth factor receptors or over-produce
ligand, thus effectively hijacking the receptor and
its downstream signaling pathways. Such receptors
include EGFR, HER2, VEGFR, and MET.
The prototypical member of the ErbB family of
receptors, EGFR, consists of an extracellular ligandbinding domain and an intracellular domain with
tyrosine kinase activity. Although EGFR is normally
present within the plasma membrane of many types
of normal cells, it is commonly over-expressed or
over-activated in malignant cells. When active, it
stimulates intracellular pathways that promote cell
proliferation and angiogenesis, in addition to evasion of
[27]
apoptosis . Increased activation of EGFR is associated
[28]
with impaired overall survival in patients with IHCC

GENETIC TARGETS OF BILIARY TRACT
CARCINOMA
The malignant behaviors exhibited by BTC are caused
largely by dysregulation of cellular signaling networks
that normally control cell growth, survival, and
differentiation. These involve cell-surface receptors,
including epidermal growth factor receptor (EGFR),
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Table 2 Frequency of mutation or abnormal expression of molecular targets in biliary tract carcinoma
Target
Growth factors/receptors
EGFR
EGFR
HER2
MET
VEGF
RAS/RAF/MEK pathway
KRAS
BRAF
MEK
PI3K/AKT/mTOR pathway
PI3K/PIK3CA
AKT
mTOR

Type of alteration

GBC

EHCC

IHCC

Ref.

Point mutation
Increased expression
Increased expression
Increased expression
Increased expression

6%-9%
12%
16%
5%-74%
55%-63%

14%-20%
5%-19%
5%-8%
0%
59%

3%-20%
11%-27%
0%-1%
21%-58%
53%

[29,84]
[28,93]
[28,93]
[93,94]
[28,34]

Point mutation
Point mutation
-

0-13%
0-33%
Unknown

0%-23%
0%-2%
Unknown

5%-54%
0%-21%
Unknown

[29,39,95-99,101]
[29,39-41,101]
-

Point mutation
Point mutation
Increased activation

4%-12%
0
47%-64%

0
0
65%

0%-9%
0-3
70%

[45,99-101]
[101,102]
[50,103]

AKT: Protein kinase B; BRAF: Proto-oncogene BRAF; EGFR: Epithelial growth factor receptor; EHCC: Extrahepatic cholangiocarcinoma; GBC: Gallbladder
carcinoma; HER2: Human epidermal growth factor receptor 2; IHCC: Intrahepatic cholangiocarcinoma; KRAS: Kirsten rat sarcoma viral oncogene homolog;
MET: Hepatocyte growth factor receptor; MAPK: Mitogen activated protein kinase; MEK: MAPK kinase; mTOR: Mammalian target of rapamycin; PI3K:
Phosphoinositide 3-kinase; VEGF: Vascular endothelial growth factor.

[35]

and suggests the presence of lymph node metastases
[28]
in IHCC . Pooling together all subtypes of BTC, EGFR
[29]
mutation is strongly predictive of increased mortality
(Table 2). Some of these mutations alter the tyrosine
kinase domain in a manner that is known to confer
[30]
responsivity to small molecule inhibitors .
Another receptor that is often implicated in biliary
tract malignancies is HER2, a member of the ErbB
family. Similar to EGFR, stimulation of HER2 activates
intracellular pathways that promote cell growth,
survival, and motility. Indeed, HER2 is a more potent
activator of these pathways than other receptors,
[31]
stimulating prolonged and more effective signaling .
While it would appear that HER2 mutation should
translate into poorer outcomes, clinical studies indicate
quite the opposite. Patients with EHCC tumors that
over-express HER2 are less likely to have metastatic
[28]
disease , suggesting that it may indicate a relatively
favorable prognosis. Increased expression of this
receptor is quite common in biliary tumors (Table 2).
Many biliary tract malignancies exploit VEGFR
through increased production of its endogenous
[28,32]
ligand, VEGF (Table 2)
. A potent stimulator of
angiogenesis, VEGF signaling fuels the production of
vascular endothelia and directs their migration to the
[33]
developing vessels . The new vasculature provides
the tumor with more oxygen and nutrients than
could be supplied by the pre-existing vascular supply,
thereby promoting tumor growth. This expanded
access to vasculature also facilitates the hematogenous
[28]
spread of disease and suggests increased probability
[34]
of metastatic disease in patients with GBC . Overproduction of VEGF is observed in various subtypes of
BTC (Table 2).
Recently, MET has been recognized for its role
in biliary tract malignancies. Also referred to as the
scatter receptor, its activation promotes the invasion
(or scatter) of tumor cells by degrading intercellular

WJG|www.wjgnet.com

junctions . This is further underscored by MET
expression being most concentrated at the invasive
[36,37]
front of biliary tumors (Table 2)
. MET signaling
also promotes angiogenesis by acting directly on the
vascular endothelia and provokes the synthesis of
[35]
VEGF and interleukin-8 (IL-8) . Increased expression
of c-MET within GBC generally indicates a poor
[36]
prognosis .

RAS-RAF-MEK-MAPK pathway

In biliary cancers, the RAS-RAF-MEK-MAPK signaling
axis is a crucial driver of growth of invasive carcinoma.
Through a complex web of interactions with cell-cycle
INK4A
CDKN2A
regulatory proteins such as p53, p16
, p21
,
this pathway can propel progression through the cell
[38]
cycle . Crosstalk between this pathway and the
PI3K-AKT signaling axis also enables these cells to
evade apoptosis, often via BCL-2 signaling. The first
component of this pathway, KRAS, is of particular
importance due to its ability to cross-stimulate the
PI3K-AKT pathway in addition to propagating a signal
down the RAS-RAF-MEK-MAPK sequence. Despite its
theoretical importance and relatively high frequency
in biliary tumors (Table 2), KRAS mutation status has
not been found to correlate with clinical outcomes in
[29,39]
either CC or BTC as a whole
. The protein kinase
BRAF, the direct downstream target of KRAS, is also
mutated in a subset of biliary tract cancers (Table
2). The frequency of BRAF mutation demonstrates
considerable geographic variability, with about 20% of
[39]
biliary tumors harboring such mutations in Germany
[40]
[29]
and Greece
compared to less than 1% in Taiwan
[41]
and 0% in Chile . Similar to KRAS, the mutation
status of BRAF is not considered to be prognostic of
[39]
clinical outcomes in BTC . The third element of this
pathway is mitogen-activated protein kinase-kinase
(MEK). Although the frequency of MEK mutation has
not been established, it is likely to be quite low.
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PI3K-AKT-mTOR pathway

COX2 over-expression is commonly observed in GBC
and it suggests shortened overall survival as well as
[57,58]
increased likelihood of metastases
. Research in
animal models of CC has shown that COX2 inhibition
[59]
suppresses tumor growth and induces apoptosis .

The PI3K-AKT-mTOR signaling cascade demonstrates
over-activity in nearly half of human cancers, including
[42]
tumors of the biliary tract
(Table 2). Like RAS-RAFMEK, this pathway is stimulated by receptors for EGF,
VEGF, and hepatocyte growth factor. When active, it
functions to protect neoplastic cells from apoptosis
by stimulating BCL-2 and blocking the activity of
[43]
caspase-9, the “death protease” . This pathway also
drives progression through the cell cycle and facilitates
[39]
angiogenesis . There is also evidence that PI3K-AKTmTOR signaling regulates the production of matrix
metalloproteinases, which are instrumental in local
[44]
invasion .
The first component of this pathway is phos
phoinositide-3-kinase (PI3K), which propagates its
signal downstream through the activity of a phos
photidylinositol-3-kinase catalytic alpha (PIK3CA)
domain. Activating mutations of this kinase in BTC
and other human malignancies typically occur at
[45,46]
“hotspots” located within exons 9 and 20
.
PI3K acts directly to stimulate AKT, which is strictly
[47]
conserved in all subtypes of BTC . Downstream of
AKT is the mammalian target of rapamycin (mTOR).
In its activated state, mTOR works through a number
of intermediates to facilitate key aspects of malignant
behavior. It drives progression through the cell cycle
[48]
by inhibiting the regulatory protein 4E-BP1 . Its
other functions include accelerating cell proliferation
and promoting angiogenesis via production of hypoxia
[48,49]
inducible factor
. Although it is rarely mutated in
BTC, hyperactivity of mTOR is associated with shortened
[50]
overall survival in CC .

TARGETED THERAPEUTICS IN BILIARY
TRACT CARCINOMA
Many of the growth factors receptors and signaling
pathways have become targeted for therapy in BTC.
This targeted therapeutics, typically monoclonal
antibodies or tyrosine kinase inhibitors, seek to block
the signaling networks that promote tumor survival,
growth, and invasion. The mechanism of action, effi
cacy, and safety of each targeted agent is discussed
as follows. The sites of action for the targeted drugs
are illustrated in Figure 2. In addition, the outcome
data for the combination regimens of targeted agents
investigated in clinical trials of BTC are described in
Table 3.

EGFR inhibitors

Erlotinib is a tyrosine kinase inhibitor (TKI) that pre
vents activation of EGFR through reversible blockade
of the receptor’s ATP binding site. This results in the
receptor being unable to activate its effector pathways
such as RAS-RAF-MEK and PI3K-AKT-mTOR. Initial
studies of erlotinib as a monotherapy demonstrated
[60]
activity against BTC in general , but subsequent
investigations of this agent in combination with other
drugs have thus far been disappointing. Erlotinib
has been studied as an adjunct to either GEMOX
[61]
(gemcitabine and oxaliplatin) , or the VEGF inhibitor
[62]
bevacizumab . Aside from a slight improvement in
progression free survival (PFS) when added to GEMOX
in the treatment of CC, the addition of erlotinib fails to
prolong survival beyond that which would be expected
from GEMOX or bevacizumab alone in patients with
CC or GBC. Despite this, erlotinib displayed activity
as a monotherapy and is consistently well tolerated,
thus suggesting that it may carve out a niche in
treating BTC. At the present time, there are several
studies of erlotinib in combination with both traditional
chemotherapy and targeted agents underway.
Evidence regarding the use of monoclonal antibodies
against EGFR has been similarly mixed. Cetuximab
and panitumumab are monoclonal antibodies that
selectively block the extracellular ligand-binding domain
of the receptor, thereby preventing its activation (Figure
2). In combination with GEMOX, cetuximab was found
to increase the rate of 4 mo progression-free survival
in patients with BTC without significant increase in
[63]
toxicity . This response was short lived, however,
and the final analysis failed to demonstrate a benefit
of progression-free or overall survival. Panitumumab,
on the other hand, has consistently produced a
survival benefit in patients with BTC. A single arm

Inflammation-associated pathways

As described earlier, inflammation is often a key
element in the pathogenesis of GBC, IHCC, and
EHCC. The inflammatory cytokine, IL-6, is produced
by malignant cholangiocytes and acts as a potent
[51,52]
stimulator of CC growth and survival
. IL-6
functions predominantly through activation of STAT3,
a transcription factor that promotes expression of
[52]
the anti-apoptotic protein Mcl-1 . This induces
resistance to TNF-related apoptosis-inducing ligand
(TRAIL) mediated apoptosis, a major mechanism by
which apoptosis is induced in normal cells. In a study
using human cholangiocarcinoma cell lines, the multikinase inhibitor sorafenib was found to induce STAT3
[53]
dephosphorylation and reduce expression of Mcl-1 .
Increased serum concentration of IL-6 is present in
[54]
nearly all patients with cholangiocarcinoma , whereas
[55]
62% display constitutive activation of STAT3 .
Another mediator of inflammation, COX2, is normally
involved in the synthesis of inflammatory cytokines
and growth factors. In neoplastic cells, however, it also
promotes angiogenesis by increasing the expression
[56]
of VEGF . COX2 also contributes to local invasion via
[57]
the synthesis of matrix metalloproteinases . Clinically,
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Trastuzumab
Erlotinib
Gefitinib
Cetuximab
Panitumumab

Bevacizumab

Onartuzumab
Tivantinib
Crizotinib

VEGF

Lapatinib

HER-2

VEGF-R

EGFR

MET

Sorafenib
PI3K

RAS
Vemurafenib
Dabrafenib

Selumetinib
Trametinib

RAF

AKT

MEK
mTOR

Everolimus

MAPK
Cell cycle progression
Cell growth and survival
Cell invasion
Angiogenesis

Figure 2 Targeted agents and their sites of action in biliary tract carcinoma.

study of 35 patients with CC that received treatment
with gemcitabine, irinotecan, and panitumumab
boasted a median PFS and overall survival (OS) of
9.7 mo and 12.9 mo, respectively-the strongest
survival data of targeted agents in treating BTC to
[64]
date . A separate single arm trial of patients with
IHCC or EHCC demonstrated similarly encouraging
survival data when panitumumab was administered
[65]
in tandem with GEMOX followed by capecitabine .
The results of these trials, while promising, were
demonstrated in relatively small studies that both
lacked a control group for comparison. As such, further
confirmation is certainly necessary. In addition, future
studies should seek to identify biomarkers, such as
mutations in EGFR, KRAS, and BRAF, which predict
response to cetuximab and panitumumab. Similar
studies in colorectal adenocarcinoma discovered that
KRAS mutational analysis allowed identification of a
subset of patients who derive real benefit from these
agents-a relationship that has not been well studied
in BTC. Currently, clinical trials are ongoing that seek
to evaluate panitumumab in combination with either
GEMOX (NCT01206049, NCT01389414) or cisplatin
plus gemcitabine (NCT01320254).

other malignancies such as breast and gastric
carcinoma, blockade of this receptor seems to be
of little benefit in biliary tract cancers. Lapatinib is a
reversible TKI that prevents the activation of both
[66]
EGFR and HER2 (Figure 2). To date, there have been
two separate phase Ⅱ trials of lapatinib monotherapy
in patients with biliary malignancies, both of which
[67,68]
failed to register a single objective response
.
Although preclinical evidence suggests that HER2
[69]
blockade may enhance the efficacy of gemcitabine ,
this has yet to be investigated in a clinical setting.
Given the lack of success of lapatinib thus far, it is quite
possible that this will remain unexamined, as there are
not currently any clinic trials using lapatinib in BTC.
There has not yet been a clinical trial of the anti-HER2
monoclonal antibody trastuzumab in treating biliary
tract tumors, although a single case report suggests
[70]
that it may have activity against GBC .

VEGF inhibitors

Bevacizumab is a humanized monoclonal antibody that
binds VEGF, preventing it from stimulating the VEGF
receptor (Figure 2). This agent has been studied as an
adjunct to combination chemotherapy with promising
results. A single arm phase Ⅱ study of bevacizumab
with GEMOX demonstrated good efficacy against BTC,
[71]
with median PFS of 7 mo and OS of 12.7 mo . This

HER2 inhibitors

Despite the successes of HER2 inhibition in treating
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Table 3 Clinical trials of targeted therapeutics in biliary tract carcinoma
Targeted therapeutics
Erlotinib
Erlotinib
Erlotinib
Cetuximab
Panitumumab
Panitumumab
Lapatinib
Lapatinib
Bevacizumab
Selumetininb
Sorafenib
Sorafenib

Targets
EGFR
EGFR
EGFR
EGFR
EGFR
EGFR
HER2, EGFR
HER2, EGFR
VEGF
MEK
Multiple TKI
Multiple TKI

BTC Subtypes

Treatment regimen

TTP (mo)

PFS (mo)

OS (mo)

Ref.

2.6
4.4
-

5.8
6.1
9.7
8.3
1.8
2.6
7.0
3.7
2.3
6.5

7.5
9.5
9.9
11.0
12.9
10.0
5.2
5.1
12.7
9.8
4.4
14.4

[60]
[61]
[62]
[63]
[64]
[65]
[67]
[68]
[71]
[73]
[76]
[77]

GBC, IHCC, EHCC
Erlotinib
GBC, IHCC, EHCC
Erlotinib + GEMOX
GBC, IHCC, EHCC
Erlotinib + Bevacizumab
GBC, IHCC, EHCC
Cetuximab + GEMOX
IHCC, EHCC
Panitumumab + Gemcitabine + Irinotecan
IHCC, EHCC
Panitumumab + GEMOX + Capecitabine
GBC, IHCC, EHCC
Lapatinib
GBC, IHCC, EHCC
Lapatinib
GBC, IHCC, EHCC
Bevacizumab + GEMOX
GBC, IHCC, EHCC
Selumetinib
GBC, IHCC, EHCC
Sorafenib
GBC, IHCC, EHCC
Sorafenib + Gemcitabine + Cisplatin

EGFR: Epidermal growth factor receptor; GEMOX: Gemcitabine + oxaliplatin; HER2: Human epidermal growth factor receptor 2; MEK: Mitogen-activated
kinase kinase; PFS: Progression-free survival; OS: Overall survival; TKI: Tyrosine kinase inhibitor; TTP: Time-to-tumor progression; VEGF: Vascular
endothelial growth factor.

regimen was well tolerated by the majority of patients,
although one patient did suffer grade Ⅳ cardiac
ischemia during the study. Among other patients, the
most common grade Ⅲ or Ⅳ events were neutropenia
(20%), neuropathy (14%), and hypertension (14%).
These results, while encouraging, should be approached
with some skepticism as the known efficacy of GEMOX
and absence of an internal control group makes it
difficult to estimate the true benefit conferred by
bevacizumab. In addition, it is necessary to further
characterize the risks of such treatment. Further study
of bevacizumab in combination with GEMOX and other
chemotherapy regimens is certainly warranted.

several targets both within malignant cells and their
microenvironment (Figure 2). Targets of sorafenib
include the pro-angiogenic receptors VEGFR and
[75]
PDGFR, in addition to BRAF . Despite inhibiting
several important mediators of malignant behavior,
sorafenib has failed to consistently improve outcomes
in BTC. Previous trials have investigated sorafenib
[76]
as a monotherapy , as well as in combination
[77]
with gemcitabine plus cisplatin , and capecitabine
[78]
plus oxaliplatin . In these studies, the addition of
sorafenib did not produce a survival benefit over
the backbone regimen. Despite its shortcomings as
a systemic therapy, sorafenib may fill a niche as a
locoregional treatment. Preclinical studies of sorafenibloaded biliary stents have shown strong activity against
[79]
human cholangiocarcinoma cell lines - a finding that
should be further investigated in a clinical study.

MEK inhibitors

One of the newer targeted therapeutics being clinically
used is selumetinib, a small molecule inhibitor of the
protein kinase MEK (Figure 2). Selumetinib binds
selectively to an allosteric regulatory site on MEK,
locking the protein into a configuration that renders it
[72]
unable to utilize ATP . In a clinical trial of selumetinib
monotherapy, this drug demonstrated moderate antitumor activity against BTC in general, producing stable
disease in approximately two-thirds of patients with
[73]
a highly favorable toxicity profile . The only grade
Ⅳ toxicity observed was a single report of fatigue.
This favorable balance of risk and benefit could be
further modified by identifying subsets of patients who
are most likely to benefit from selumetinib. Previous
in vitro studies of human melanoma and colorectal
cancer cell lines have suggested that tumors with
activating mutations of BRAF are uniquely sensitive
[74]
to MEK inhibition . This association has not yet
been investigated in BTC. At the present time, there
are several additional trials of selumetinib, further
investigating its activity when given in combination with
cisplatin/gemcitabine (NCT01242605, NCT01949870).

CURRENT CLINICAL TRIALS IN BILIARY
TRACT CARCINOMA
A number of clinical trials of targeted therapeutics in
the treatment of BTC are currently underway. These
studies seek to investigate the use of targeted agents
as a monotherapy, in combination with chemotherapy,
and in tandem with other targeted drugs. Some of the
ongoing clinical trials of targeted agents in BTC are
listed in Table 4.

CONCLUSION
Cancers of the biliary tract are relatively uncommon
malignancies associated with high mortality rate,
and the options of systemic treatment are very limited.
Though the molecular basis of biliary tract tumorige
nesis is poorly understood, working models have
been established to help elucidate the pathogenetic
mechanisms underlying development and progression
of BTC. The growth factors and receptors, signaling
pathways, and transcription factors that promote

Multi-kinase inhibitors

Sorafenib is a multi-kinase inhibitor that blocks
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Table 4 Ongoing clinical trials of targeted therapeutics in cholangiocarcinoma or gallbladder adenocarcinoma
Treatment

Phase

Date of completion

Sponsoring institutions

ClinicalTrials.gov
identifier

GEMOX + Erlotinib
Sorafenib + Erlotinib
GEMOX vs GEMOX + Cetuximab

Ⅱ

Dec., 2014
May, 2014
Dec., 2014

NCT00832637
NCT01093222
NCT01267344

GEMOX + Panitumumab vs GEMOX + Bevacizumab
Cisplatin + Gemcitabine + Panitumumab vs
Cisplatin + Gemcitabine
GEMOX + Panitumumab vs GEMOX alone
Gemcitabine + Capecitabine + Bevacizumab
Everolimus
GEMOX + Sorafenib

Ⅱ

New Mexico Cancer Care Alliance
National Cancer Institute
National Health Research Institutes,
Taiwan
Vejle Hospital
Hannover Medical School
Fondazione del Piemonte per l'Oncologia
Roswell Park Cancer Institute
Ratchavithi Hospital
University of Miami Sylvester
Comprehensive Cancer Center
Memorial Sloan-Kettering Cancer Center
AstraZeneca
AstraZeneca
GlaxoSmithKline
National Cancer Institute
Seoul National University Hospital
University of Pittsburgh
H. Lee Moffitt Cancer Center and
Research Institute
Institut du Cancer de Montpellier-Val
d'Aurelle

NCT01389414
NCT01007552
NCT01525719
NCT00955721

Gemcitabine + Cisplatin + Sorafenib
Gemcitabine + Cisplatin + Selumetinib
Gemcitabine + Cisplatin + Selumetinib
Trametinib
Trametinib vs 5-FU + Leucovorin vs Capecitabine
Celecoxib
Regorafenib
Regorafenib
Regorafenib + mGEMOX

Ⅱ
Ⅱ

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅰ/Ⅱ

Aug., 2015
June, 2014
March, 2015
May, 2014
June, 2014
Aug., 2014

Ⅱ

March, 2014
Jan., 2015
Dec., 2014
Feb., 2015
July, 2016
Dec., 2015
Feb., 2018
Oct., 2018

Ⅰ/Ⅱ

April, 2019

Ⅱ
Ⅰ/Ⅱ
Ⅰ
Ⅱ
Ⅱ
Ⅳ
Ⅱ

NCT01206049
NCT01320254

NCT00919061
NCT01242605
NCT01949870
NCT01943864
NCT02042443
NCT01111591
NCT02053376
NCT02115542
NCT02386397

5-FU: 5-fluorouracil; GEMOX: Gemcitabine and oxaliplatin.

biliary tumor cell survival, proliferation, and invasion
have been identified. Targeted therapeutics that selec
tively inhibit these mediators of malignant neoplasia
have demonstrated potential benefits in BTC. Further
investigations regarding their efficacy and safety in
treating this malignant disease are ongoing.
Despite the considerable progress that has been
made towards molecularly profiling BTC, there remain
considerable gaps in our understanding. The causeand-effect relationship between the molecular changes
and transformation of normal biliary epithelium to
invasive malignancy is lacking. There remains an
incomplete understanding of the interactions among
the various signaling pathways and components that
produce the cancer cell phenotypes. It is likely that
these complex interactions hold the key to deepening
our understanding of the basis of cancer heterogeneity
and predicting susceptibility of individual tumors to
specific treatments. This notion is supported by the
evidence that combining multiple targeted agents
may delay the development of resistance and improve
[80]
efficacy .
In addition, a variety of therapeutic strategies have
emerged that focus upon the epigenetic alterations that
commonly occur in CC, such as hypermethylation of
[81]
particular genes and altered microRNA expression .
Improved understanding of the epigenetic mechanisms
in biliary tumorigenesis is expected to generate novel
targets for therapy. Recent advances in immunotherapy
may also provide new opportunities for treating
BTC. Data from clinical trials of peptide-based and
dendritic cell-based vaccines against BTC suggest
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that this treatment approach may confer therapeutic
[82,83]
benefit
. Antibodies that block immune checkpoint
molecules such as programmed death receptor (PD-1)
or ligand (PD-L1) may enhance treatment response
when combined with chemotherapy, targeted therapy,
or vaccines in BTC. Furthermore, recent advances in
molecular profiling of BTC may enable prediction of
treatment response of individual patients to particular
[84-87]
therapeutic agents
. Ultimately, by integrating
targeted therapy with the molecular profiles of tumor,
we hope to accomplish the goal of precision treatment
of patients with malignant diseases of the biliary tract.
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TOPIC HIGHLIGHT
2016 Alcoholic Liver Disease: Global view

Hepatic non-parenchymal cells: Master regulators of
alcoholic liver disease?
Wonhyo Seo, Won-Il Jeong
common causes of the progression of alcoholic
liver disease (ALD). In the past, alcohol-mediated
hepatocyte injury was assumed to be a significantly
major cause of ALD. However, a huge number of
recent and brilliant studies have demonstrated that
hepatic non-parenchymal cells including Kupffer cells,
hepatic stellate cells, liver sinusoidal endothelial cells
and diverse types of lymphocytes play crucial roles in
the pathogenesis of ALD by producing inflammatory
mediators such as cytokines, oxidative stress,
microRNA, and lipid-originated metabolites (retinoic
acid and endocannabinoids) or by directly interacting
with parenchymal cells (hepatocytes). Therefore,
understanding the comprehensive roles of hepatic nonparenchymal cells during the development of ALD will
provide new integrative directions for the treatment
of ALD. This review will address the roles of nonparenchymal cells in alcoholic steatosis, inflammation,
and liver fibrosis and might help us to discover
possible therapeutic targets and treatments involving
modulating the non-parenchymal cells in ALD.
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Core tip: Chronic alcohol consumption commonly causes
chronic liver diseases including liver fibrosis and cirrhosis.
According to recent studies, hepatic non-parenchymal
cells including Kupffer cells, hepatic stellate cells, liver
sinusoidal endothelial cells and liver lymphocytes are
important to modulate the pathogenesis of alcoholic
liver disease (ALD) by producing inflammatory mediators
or by interacting either hepatic parenchymal cells
(hepatocytes) or non-parenchymal cells. Therefore,
understanding the novel roles of hepatic non-parenchymal
cells during the development of ALD is important and
it will be considered as therapeutic targets for alcoholic
liver diseases.
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Abstract
Chronic alcohol consumption is one of the most

WJG|www.wjgnet.com

1348

January 28, 2016|Volume 22|Issue 4|

Seo W et al . Non-parenchymal cells in alcoholic liver disease
resident macrophage and derived from circulating
[11]
monocytes that arise from bone marrow progenitors .
The major role of Kupffer cells is to clear circulating
endotoxin, microorganism, dead cells and debris.
Endotoxins from gut activate Kupffer cells and produce
pro-inflammatory cytokines such as interleukin (IL)1β, tumor necrosis factor (TNF)-α and transforming
growth factor (TGF)-β. Liver lymphocytes are found
scattered throughout the parenchyma and in the portal
[7]
tract . Liver is especially abundant in innate immune
cells such as natural killer (NK), NKT, and γδ T cells;
[6,7]
these comprise almost half of liver lymphocytes .
For example, the population of NK and NKT cells
is approximately 30%-40% that of the total liver
lymphocytes; γδ T cells account for 3% to 5% of these
[6]
cells in mice and humans . Infiltration of the liver by
lymphocytes occurs in response to many insults such
as autoimmune and toxic damage. The distribution of
hepatic infiltration by lymphocytes varies depending
[12]
on the inflammatory stimulus . Hepatic stellate cells
are situated in space of Disse between hepatocytes
and the sinusoids. Hepatic stellate cells are generally
quiescent in normal healthy livers (quiescent HSCs),
however, they undergo morphological changes during
liver injury. They gradually become activated (activated
HSCs) and differentiate into myofibroblastic cells,
characterized by a loss of vitamin A (retinol) and
[13,14]
enhanced collagen expression
.
Recently, cell-to-cell communication within the
liver is a rising field to understand the pathogenesis
[15]
of ALD . For instance, HSCs and Kupffer cells have
also been found to be involved in the pathogenesis
[16,17]
of ALD via interaction with hepatic immune cells
.
Therefore, the development of ALD is a sort of complex
interaction between parenchymal (hepatocyte) and
non-parenchymal cells.
In the present review, we summarize the novel
specific roles of non-parenchymal cells in ALD with
particular emphasis on alcoholic liver steatosis,
inflammation, and fibrosis; we provide therapeutic
strategies for curing ALD.

Seo W, Jeong WI. Hepatic non-parenchymal cells: Master
regulators of alcoholic liver disease? World J Gastroenterol
2016; 22(4): 1348-1356 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i4/1348.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1348

INTRODUCTION
Chronic alcohol abuse increases mortality rates
[1]
worldwide due to alcoholic liver disease (ALD) .
ALD presents as a broad spectrum of liver disease,
ranging from mild steatosis to more serious types of
liver injury such as steatohepatitis, fibrosis, cirrhosis,
[2]
and hepatocellular carcinoma . From a classical
point of view, the liver has been considered a definite
metabolic organ that is generally involved in diverse
energy metabolisms of alcohol, glucose, lipid, and
[3-5]
many significant molecules . With excessive alcohol
consumption, it is generally assumed that liver injury
is due to the production of acetaldehyde-mediated
adducts and oxidative stress causing compounds such
as reactive oxygen species (ROS), which interfere with
[2,3]
the metabolism of other energy sources . These
compounds are predominantly generated through
the induction of cytochrome P450 2E1 (CYP2E1) and
[2,3]
alcohol dehydrogenases (ADHs) in hepatocytes .
However, production of alcoholic metabolites and
ROS is not enough to describe the entire pathogenesis
of ALD. Interestingly, a line of evidence suggests that
the liver seems to be another type of immunologic
organ because of its enriched, innate, and adaptive
immune cells, which play important roles in alcoholic
immune responses against pathogens or pathogen
associated molecular patterns derived from the
gastrointestinal tracts, and danger signals from injured
[6,7]
hepatocytes .
The liver is generally comprised of hepatocytes,
which make up approximately two thirds of its total
cell population (60%-70%), and non-parenchymal
cells (30%-40%). The population of non-parenchymal
cells includes liver sinusoidal endothelial cells (LSEC)
(approximately 50%), Kupffer cells (approximately
20%), lymphocytes (approximately 25%), biliary cells
(approximately 5%), and hepatic stellate cells (HSCs)
[6,7]
(approximately 1%) . Liver sinusoidal endothelial
cells have a unique morphological phenotype called
fenestrated endothelium. Normal morphology of LSEC
is flat with a nucleus and organelles regularly and
+
expresses CD45 CD146 surface marker. The distal
cytoplasm displayed as a lamina with many fenestrae,
lacking the basement membrane underneath the
[8]
endothelium . Less than 100 nm nano-molecules
are diffuse through the fenestrae, attributing a sieve
[9]
function to LSEC . Therefore, LSEC are responsible
for the clearance of various macromolecules from
the blood such as proteins, poly saccharides, lipids
[10]
and nucleic acids . Kupffer cells are known as liver
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NON-PARENCHYMAL CELLS IN
ALCOHOLIC STEATOSIS AND
INFLAMMATION OF LIVER
Hepatic steatosis is the most common response of the
liver to acute binge and chronic alcohol consumption.
If alcohol consumption is not stopped, hepatic steatosis
subsequently progresses into inflammation. Thus
steatosis and inflammation are important events in
the initiation of alcoholic liver disease. It is generally
believed that fat accumulation in hepatocytes is a
consequence of imbalanced fat metabolism, such
as up-regulated fat synthesis by sterol regulatory
element-binding protein 1c (SREBP1c) and suppressed
lipid oxidation by inhibited activation of AMP-activated
[2]
protein kinase (AMPK) .
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Contribution of activated Kupffer cell in development of
hepatic steatosis and inflammation

yet been no report on whether NOX-mediated ROS
production regulates maturation of inflammasomemediated IL-1β in alcoholic hepatitis. In the past
decade, very important studies on micro RNAs have
been performed and their regulatory functions against
messenger RNAs have been reported. MicroRNAs
including miR-125b, miR-146a, and miR-155 regulate
inflammatory responses such as nuclear factor kappa
B (NF-κB) activation and TNF-α production of LPS in
[35,36]
macrophages and Kupffer cells
. However, chronic
alcohol treatment increases the miR-155 level and
[36]
TNF-α production in the Kupffer cells of mice .
Similarly, in isolated human HSCs, LPS treatment has
been found to increase inflammatory cytokines (TNFα and IL-1β) and adhesion molecules (ICAM-1 and
[37]
VCAM-1) in NF-κB and JNK-dependent manners .

Kupffer cells are mainly involved in the development
[18,19]
of alcoholic steatosis in liver
. Enhanced gut
permeabilization by alcohol consumption allows
an increased uptake of lipopolysaccharide (LPS)
[20,21]
in portal circulation
, the delivered LPS in turn
activates Kupffer cells via the toll-like receptor 4
(TLR4) signaling pathway, consequently leading to
the production of pro-inflammatory mediators such
[2,18,22]
as TNF-α, IL-1β, IL-6, and ROS
. It has been
reported that TNF-α has the potential to increase the
expression and maturation of SREBP1c in the liver
[23,24]
of mice and human hepatocytes
. Furthermore,
a recent report demonstrated that alcohol-mediated
infiltration of macrophages into adipose tissue
decreased the amount of adiponectin (known as an
anti-steatosis peptide hormone that responses via upregulation of AMPK activity) production of adipocytes,
[25]
leading to alcoholic liver steatosis . Therefore,
Kupffer cells/macrophages might contribute to the
development of alcoholic liver steatosis by downregulating adiponectin-mediated activation of AMPK in
hepatocytes. In contrast, IL-6 production by Kupffer
cells/macrophages ameliorates alcohol-mediated
hepatic steatosis by activating a signal transducer
and activator of transcription 3 (STAT3) and inhibiting
[26-28]
SREBP1c gene expression in hepatocytes
.
If alcohol consumption is continued, alcoholic
steatosis progresses into more severe types of
liver disease such as hepatitis, in which many
types of hepatic cells participate in the initiation
of inflammation. As described above, one of the
important factors in the progression to alcoholic
hepatitis is increased LPS concentration in the portal
blood stream. Alcohol increases levels of microRNA
(miR)-212 in the gut epithelial cells that downregulate the tight junction, Zonula occludens-1,
inducing gut leakage by disruption of gut integrity
[21]
and permeability . Thereby elevated LPS activates
TLR4 of the Kupffer cells to produce inflammatory
mediators. Among these mediators, TNF-α plays the
most important role not only in the development of
steatosis but also in inflammatory responses in alcohol[29]
induced liver injury . In addition, ROS produced
by NADPH oxidase (NOX) in Kupffer cells further
enhances alcohol-mediated liver injury by stimulating
[30,31]
the production of inflammatory mediators
.
Moreover, chronic and binge ethanol drinking activates
the NLRP3 (Nucleotide-binding domain and Leucine
rich Repeat containing family, Pyrin domain containing
3) inflammasome in the Kupffer cells, inducing mature
[32]
IL-1β release in ALD . ROS has been considered one
of several important factors in the maturation of IL-1β
via NLRP3 in macrophages; LPS/TLR4 might be related
with NOX-mediated ROS production in pulmonary
endothelial cells, indicating a possible link between
alcohol-mediated ROS production and the maturation
[33,34]
of IL-1β in Kupffer cells
. However, there has as

WJG|www.wjgnet.com

HSC activation and its retinol metabolism in alcoholic
hepatic steatosis

In our previous study, we showed that chronic
alcohol consumption increased production of 2-ara
chidonoylglycerol (2-AG), an endocannabinoid, in
HSCs and that it enhanced fat accumulation in
hepatocytes by suppressing the activity of AMPK
while increasing the expression of SREBP1c and fatty
[38]
acid synthase (FAS) through CB1R in hepatocytes .
Therefore, HSCs are regarded as a crucial factor in
the endocannabinoid-dependent lipogenesis through
paracrine activation of hepatic CB1 receptors in
alcohol-induced steatosis. In contrast, chronic alcohol
feeding (5% liquid ethanol diet for 8 wk) to mice
does not induce liver fibrosis, although increased
CYP2E1 expression and loss of retinol lipid droplets
are detected in the liver and HSCs, respectively
(Figure 1A). These changes might be due to NK
cell killing of activated HSCs (Figure 1B). Previous
interesting studies have demonstrated that NK cells
can kill activated HSCs in a NKG2D-retinoic acid early
[39-41]
inducible gene 1 (RAE1)-dependent manner
.
During activation of HSCs, retinol lipid droplets are
metabolized into retinoic acid such as all-trans retinoic
acid or 9-cis retinoic acid, leading to induction of RAE1
[40]
through retinoic acid receptors . In addition, freshly
isolated HSCs from ethanol-fed mice showed enhanced
RAE1 expression and were susceptible to NK cell killing
(Figure 2). However, the mechanism of increased
retinol metabolism and RAE1 expression in HSCs from
ethanol-fed mice is not yet clearly understood. Recent
studies have reported that class Ⅲ ADH (ADH3) is
the most important enzyme for retinol metabolism
in HSCs, and that ADH3 might be involved in alcohol
[42,43]
metabolism in the liver
, suggesting that increased
retinol metabolism in HSCs is due to the activation
of ADH3 by alcohol. In rat HSCs, alcohol-mediated
protein adducts such as malondialdehyde-acetalde
hyde could increase chemokines such as monocyte
chemoattractant protein (MCP)-1 and macrophage
inflammatory protein (MIP)-2, contributing to hepatic
[44]
inflammation in ALD .
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Figure 1 Chronic ethanol consumption increases CYP2E1 expression in hepatocytes and apoptosis of activated hepatic stellate cells. Mice were fed with
5% liquid ethanol (EtOH) or isocaloric control (Pair-fed) diet for 8 wk. A: Liver tissues were stained with antibodies of CYP2E1 and α-smooth muscle actin (α-SMA).
Hepatic stellate cells (HSCs) were freshly isolated from pair-fed and ethanol-fed mice; B: Liver tissues were stained with TUNEL and apoptotic bodies of nonparenchymal cells were counted. PT: Portal triad; N: Nucleus of hepatocyte. aP < 0.05 in comparison with the corresponding control.

A

Phase contrast

NKG2D + (brown)

RAE1 (blue)

B

IFN-γ
HSCs

STAT1
NK cell

iKIR

MHC-1

NKG2D

RAE-1

Apoptosis
Retinol
RA
Retinal

Figure 2 Freshly isolated hepatic stellate cells from liquid ethanol-fed mice were susceptible to natural killer cell killing. A: Mice were fed with 5% liquid
ethanol diet for 8 wk. Hepatic stellate cells (HSCs) were freshly isolated from ethanol-fed mice and then co-cultured with natural killer (NK) cells. NK cells were stained
with NKG2D antibody and HSCs were stained with RAE1; B: Schematic overview of NKT cell cytotoxicity against activated HSCs via interferon (IFN)-γ-dependent
manner.

Dysfunction of LSEC and role of liver NKT cells during
alcohol-mediated liver injury

the pathological alternations of the LSEC and possibly
other non-parenchymal cells (e.g. HSCs) leading to
“capillarization” of the hepatic sinusoid. Consequently,
alcohol consumption inhibits the exchange between the
sinusoidal plasma and parenchymal cells, ultimately
[15]
producing liver parenchymal cell injury .
In liver lymphocytes, hepatic NKT cells also
play important roles in liver injury by producing
[32]
inflammatory cytokines . Hepatic NKT cells activated
by Kupffer cells are recruited in alcoholic steatohepatitis
of mice in NLRP3 inflammasome- and IL-1β-dependent
manners, resulting in the increased expression of
[32]
interferon-γ (IFN-γ) and TNF-α in NKT cells . In
human patients with alcoholic liver disease, CD8 and
CD4 T cells were infiltrated in the liver, that infiltration
[46]
was related with inflammation and regeneration .
In addition, chronic alcohol consumption decreases
hepatic NK cell activity [cytotoxicity against Yac-1
cells and polyinosinic-polycytidylic acid (poly I:C)-

LSEC is affected in various pathological conditions.
During liver injury, LSEC lose their fenestration in a
process called “capillarization” or “defenestration” due
to the formation of extracellular matrix resulting in
LSEC dysfunction. In acute or chronic alcohol exposure
of mice, LSEC and the hepatic sinusoid undergo
structural and functional alternations. Especially,
the impairment of scavenging function of LSEC was
observed in a dose- and time-dependent manner in
[15]
acute alcohol consumption model . Furthermore,
the number of fenestrae was significantly decreased
and the formation of the basement membrane
of LSEC occurred gradually after chronic alcohol
[8,45]
consumption
. Therefore, alcohol consumption
is associated with changes in LSEC scavenging
function and structure that precede the appearance of
detectable pathological alterations in hepatocytes and
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recommended a novel possibility that chronic alcohol
consumption accelerates liver fibrosis by modulating
hepatic non-parenchymal cells such as HSCs, Kupffer
cells, and liver lymphocytes.

EtOH (LPS)

HSCs

Kupffer
cells

TLR4

Poly I:C
NF-κB

TLR3

IL-10R

Interaction with activated HSCs and Kupffer cells during
alcohol-mediated liver fibrosis

Poly I:C

During HSC activation by various stimuli, one of several
specific markers is the loss of intracellular retinol
(vitamin A) lipid droplets. No convincing data have
been reported to address the mechanism that links
the activation of HSC to the loss of retinols. However,
a recent interesting study has reported that the gene
ADH3 is only expressed for retinol metabolism in HSCs
of humans and mice; ADH3 expression is significantly
increased in proportion to production of retinoic acid
[43]
and collagen in HSCs in vitro . Studies so far have
been suggesting that alcohol-mediated activation of
ADH3 might accelerate liver fibrosis by production
of retinoic acid in HSCs. Furthermore, CYP2E1 plays
important roles not only in alcohol metabolism but in
ROS production in hepatocytes; alcohol consumptionmediated ROS production has been considered one
of the major causes of the induction of liver fibrosis.
In co-culture experiments of HSCs and HepG2 cells
expressing CYP2E1, CYP2E1-derived ROS is responsible
[52]
for the increase of collagen in HSCs . In addition to
ROS, the LPS/TLR4 signaling pathway makes HSCs
more sensitive to alcohol and acetaldehyde in the
[56]
production of collagen and IL-6 . By using reciprocal
bone marrow transplantation between WT and TLR4
KO mice, TLR4-mediated fibrogenic responses such
as increased expression of collagen and TGF-β1 were
increased in HSCs during intragastric ethanol feeding
[57]
to WT mice . Consistently, in chemical and bile
duct ligation-mediated liver fibrosis, TLR4 activation
in HSCs induces down-regulation of Bambi, TGF-β
pseudoreceptor, and leads to the sensitizing of HSCs
to TGF-β signaling pathway, consequently enhancing
[58]
liver fibrosis . Thus, TLR4 has been considered one
of several important targets for the treatment of liver
fibrosis. In high fat diet and alcohol-induced liver fibrosis
models, this combination leads synergistically to the
development of liver fibrosis by TLR4 activation of non[59]
parenchymal cells . Furthermore, the direct impact
of Kupffer cells on the activation of HSCs has been well
recognized. In the co-culturing model of primary Kupffer
cells and HSCs, Kupffer cells enhance the activation of
[60]
HSCs by producing oxidative stress and IL-6 . Ethanol
and arachidonic acid synergize to activate Kupffer cells
and modulate the fibrogenic response via enhancing
of the production of TNF-α and generation of NOX[61]
mediated ROS, inducing activation of HSCs .

TLR3

IL-10

IL-10

IL-10R

Cytokines (TNF-α) and
Endocannabinoid
Alcohol-induced hepatic steatosis and inflammation

Hepatocyte

Figure 3 Model of ethanol-mediated hepatic steatosis and inflammation
and preventive effects of toll-like receptor 3 activation in hepatic stellate
cells and Kupffer cells against alcoholic liver injury. HSCs: Hepatic
stellate cells; EtOH: Ethanol; TLR3: Toll-like receptor 3; IL: Interleukin; LPS:
Lipopolysaccharide; TNF-α: Tumor necrosis factor α; NF-κB: Nuclear factor
kappa B.

mediated activation], thereby accelerating murine
[47]
cytomegalovirus-induced hepatitis and liver injury .
Taken together, alcoholic hepatic steatosis and
inflammation form a mixture of metabolic and immu
nologic responses between parenchymal cells and nonparenchymal cells. Especially, recent papers have focused
on and highlighted Kupffer cell-mediated inflammatory
responses and de novo lipogenesis in hepatocytes by
[2,48-50]
2-AG production of HSCs (Figure 3)
.

NON-PARENCHYMAL CELLS IN
ALCOHOLIC FIBROSIS IN LIVER
Chronic alcohol consumption is one of the causes of
liver fibrosis; the underlying mechanism of alcoholic
liver fibrosis is not completely understood, although
there are huge amounts of accumulated data in
the literature. Generally, chronic alcohol drinking
induces simple steatosis, but only 10%-40% of heavy
drinkers progress from steatosis to alcoholic liver
[22,51]
fibrosis
. In the past, it was believed that alcoholmediated hepatocyte injury and the phagocytosis
of hepatocyte apoptotic bodies in Kupffer cells and
in HSCs predispose the liver to the production of
collagen fibers, eventually leading to accelerated liver
[52-55]
fibrosis
. However, recent lines of evidence have

WJG|www.wjgnet.com

Interactions with activated HSCs and liver lymphocytes
in the pathogenesis of alcohol-mediated liver fibrosis

Recent interesting studies have suggested that
diverse types of lymphocytes are actively involved

1352

January 28, 2016|Volume 22|Issue 4|

Seo W et al . Non-parenchymal cells in alcoholic liver disease
in the pathogenesis of liver fibrosis because the
liver is normally enriched with innate and adaptive
[6,7]
lymphocytes . Among these lymphocytes, NK cells
have anti-fibrotic effects, directly killing activated HSCs
in NKG2D- and tumor necrosis factor-related apoptosis
and inducing ligand (TRAIL)-dependent manners
[41,62]
but not quiescent HSCs
. Moreover, NK cells can
suppress liver fibrosis via production of IFN-γ, which
can induce cell cycle arrest and apoptosis of HSCs in a
STAT1-dependant manner and autocrine activation of
[63,64]
NK cells
. However, lines of evidence have reported
chronic alcohol consumption-mediated impairments of
immune surveillance of lymphocytes against activated
HSCs. Decreased cytotoxicity and number of liver NK
cells against HSCs and tumor cells were observed
[39,47]
in mice subject to chronic alcohol consumption
.
Indeed, direct IFN-γ treatment failed to increase
activation of NK cells or to suppress activated HSCs in
chronically alcohol-fed mice, indicating no beneficial
[39]
effects of IFN-γ in alcoholic liver fibrosis . The
suppressed NK cell activity and low susceptibility to
IFN-γ in alcoholic liver fibrosis are due to the increased
expression and production of TGF-β1 and SOCS1 by
[39]
activated HSCs, respectively . In line with these
findings, patients with liver cirrhosis showed decreased
NK cell numbers and reduced cytotoxic activity of T
[65]
cells in peripheral blood . Similarly, NKT cells can
also suppress HSC activation by killing and IFN-γ
[66]
production in the early stages of liver fibrosis . In
chronic alcohol consumption, the significantly increased
number of NKT cells contributes in an inverse manner
to accelerated alcoholic liver injury by up-regulating the
NF-κB signaling pathway or by Fas and TNF-receptor[67,68]
mediated hepatocyte apoptosis
. Nevertheless the
effects of alcohol on NKT cells are still controversial.
A recent interesting study reported that CD4 T cellmediated IL-17A production promotes liver fibrosis by
stimulating Kupffer cells and HSCs in chemical and bile
[69]
duct ligation-mediated liver fibrosis models in mice .
In parallel with this report, CD4 T cells stimulated by
ADH peptides were found to produce higher levels of
IL-17 and IFN-γ in active drinkers, while IL-4 production
was lower than that in abstinent patients, leading to the
encouragement of liver fibrosis in patients with alcohol[70]
related cirrhosis . In addition, γδ T cells, a minor part
of the population of liver lymphocytes, could ameliorate
chemical and diet-induced liver fibrosis of mice by Fas
[71]
ligand-mediated killing of HSCs . However, there has
been no report on the role of γδ T cells in alcoholic liver
fibrosis. Therefore, in addition to information on stimuli
from damaged hepatocytes, information on the diverse
but specific roles of each of the non-parenchymal
cells (HSCs, Kupffer cells, NK, NKT, CD4 T cells, and
γδ T cells) is important in attempts to understand the
pathogenesis of alcoholic liver fibrosis.

that moderate alcoholic beverage consumption has a
beneficial effect on longevity, while another showed
that it contributed to the development of cancers of
the mouth, pharynx, larynx, esophagus, breast and
[72-74]
liver
. Similarly, a study reported that acute ethanol
treatment inhibited production of TNF-α and IL-1β,
while production of IL-10 and TGF-β was increased
in human monocytes during bacterial stimulation in
[75]
vitro . In addition, alcohol treatment can facilitate
the passive loading of glycolipid to the CD1d molecule
[76]
in CD1d transfected HeLa cells . Thus, additional
mechanistic study should be undertaken to consider
these discrepant effects of alcohol drinking.
In alcoholic patients, abstinence is the best therapy
but it is practically difficult to achieve. Although liver
transplantation might be an alternative choice, it is
not always a suitable treatment because of donor
[77]
shortage . Therefore, numerous efforts have been
conducted to create therapeutics for ALD. To reduce
or inhibit inflammation and oxidative stress, various
anti-inflammatory drugs, anti-oxidants and antifibrotics have been developed and their effectiveness
has been demonstrated in animals and patients
[78-81]
with ALD
. On the other hand, clinical studies of
treatment with antioxidants have shown no beneficial
effects of these substances for either patients with
alcoholic hepatitis or those with alcoholic cirrhosis.
To overcome these discrepancies between animal
studies and clinical trials, therapeutic strategies
should be reconstituted and made to target to
multiple cells among non-parenchymal cells. For
example, treatments for alcoholic steatohepatitis
should be targeted simultaneously at HSCs and
Kupffer cells, because the two types of cells can
concurrently produce endocannabinoid (e.g., 2-AG)
and inflammatory mediators (e.g., TNF-α and
ROS). For alcoholic liver fibrosis, the simultaneous
suppression of HSCs and Kupffer cells and activation
of NK cells should be considered because of the profibrotic cytokine production of HSCs and Kupffer cells
and the cytotoxicity of NK cells against activated HSCs.
Our recent study suggested that poly I:C-mediated
activation of TLR3 in HSCs and Kupffer cells increased
the production of IL-10, leading to the simultaneous
amelioration of alcoholic steatosis and inflammation
[49]
in 2-wk binge ethanol drinking mice (Figure 3) .
Moreover, inhibition of IL-1 receptor-mediated
signaling could ameliorate alcoholic steatohepatitis
by down-regulating TLR4-dependent inflammatory
[82]
signaling . Recently, bone marrow infusion therapy
[83]
has been highlighted as a treatment of liver fibrosis .
However, chronic alcohol consumption stimulated the
recruitment of TNF-α and TGF-β1, producing activated
[84]
HSCs from the bone marrow to the liver , inducing
a worse situation of alcoholic liver injury. Thus, in the
field of ALD treatment, we need to more carefully
arrange strategies that are capable of increasing NK
cell activity while concurrently suppressing activation
of HSCs and Kupffer cells. However, to prevent

TREATMENT
Paradoxically, one set of epidemiological data reported
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alcohol-mediated disease, no therapeutic strategy can
outperform abstinence from the drinking of alcohol.

14

CONCLUSION

15

The present review has addressed the important roles
of hepatic non-parenchymal cells in the pathogenesis of
ALD. By producing inflammatory mediators (TNF-α, IL-1β,
IL-6, IL-17, TGF-β, ROS, and miRNA) and lipid-originated
metabolites (retinoic acid and endocannabinoids) in
immune cells (Kupffer cells and lymphocytes), LSEC
and HSCs, multiple types of non-parenchymal cells
are involved in the development of alcoholic steatosis,
inflammation, and fibrosis. Moreover, interactions among
non-parenchymal cells play important roles in ALD.
Thus, we should concurrently consider the various
roles of diverse non-parenchymal cells as we search
for therapeutics for ALD. In conclusion, dedicated and
orchestrated studies for the understanding of the roles
of non-parenchymal cells will help us to conquer ALD.
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Liver pathology of hepatitis C, beyond grading and staging
of the disease
Sadhna Dhingra, Stephen C Ward, Swan N Thung

Abstract

Sadhna Dhingra, Department of Pathology and Laboratory
Medicine, University of Texas Health Science Center at Houston,
Houston, TX 77030, United States

Liver biopsy evaluation plays a critical role in
management of patients with viral hepatitis C. In
patients with acute viral hepatitis, a liver biopsy, though
uncommonly performed, helps to rule out other nonviral causes of deranged liver function. In chronic
viral hepatitis C, it is considered the gold standard in
assessment of the degree of necroinflammation and the
stage of fibrosis, to help guide treatment and determine
prognosis. It also helps rule out any concomitant
diseases such as steatohepatitis, hemochromatosis
or others. In patients with chronic progressive liver
disease with cirrhosis and dominant nodules, a targeted
liver biopsy is helpful in differentiating a regenerative
nodule from dysplastic nodule or hepatocellular
carcinoma. In the setting of transplantation, the liver
biopsy helps distinguish recurrent hepatitis C from
acute rejection and also is invaluable in the diagnosis
of fibrosing cholestatic hepatitis, a rare variant of
recurrent hepatitis C. This comprehensive review
discusses the entire spectrum of pathologic findings in
the course of hepatitis C infection.
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Core tip: The manuscript is a comprehensive review of
liver pathology of hepatitis C infection. It delves into
the historical literature and terminology of chronic viral
hepatitis. It further focuses on the entire spectrum of
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of hepatitis C infection. The diagnostic dilemmas in a
post-transplantation setting such as recurrent hepatitis
C, are also addressed. Relevant illustrations and tables
support the histological descriptions. This article would
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be of educational benefit for pathologists as well as
hepatologists.

terms had prognostic value, where “chronic persistent
hepatitis” was considered self-limited, and “chronic
active hepatitis” as well as “chronic lobular hepatitis”
progressed to chronic liver disease, if left untreated.
Subsequently hepatitis C was discovered and with
better understanding of the biologic progression of
the infection, the limitations of the classification were
recognized and the terms became obsolete. It became
apparent that disease progression to chronic liver
disease, fibrosis and ultimately cirrhosis occurred with
[6,7]
all three pathologic descriptors .

Dhingra S, Ward SC, Thung SN. Liver pathology of hepatitis C,
beyond grading and staging of the disease. World J Gastroenterol
2016; 22(4): 1357-1366 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i4/1357.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1357

INTRODUCTION

Liver biopsy sample size

With the advent of effective anti-viral treatments, the
liver biopsy became an integral part of patient care to
assess the histological severity of inflammation and
for prognostication in chronic hepatitis C. Liver biopsy
[8-10]
size is critical for staging and grading of disease
.
[9]
Colloredo et al reported that liver biopsies shorter
than 3 cm in length and less than 1.4 mm in width
show milder/lower grades and stage of disease. The
recommended sample size is at least 2 cm or 2.5 cm
in length with at least 10 portal tracts using a 16 or
18 gauge biopsy needle for appropriate grading and
[10,11]
staging of disease
Heterogeneity in distribution of
fibrosis and sampling variation can affect assessment
of fibrosis. For example, assessment of fibrosis in a
subcapsular liver biopsy can be misleading.

Hepatitis C virus (HCV) infection is the most common
cause of necroinflammation in liver biopsies in the
United States. HCV is a single stranded RNA virus
of flaviviridae family that is transmitted parenterally
[1]
and is hepatotropic . The overall prevalence of HCV
[2]
infection in the United States is 1.6% . HCV infection
is a slow and progressive disease. More commonly, it
causes a subclinical acute infection that can progress
to persistent chronic infection in about 75%-85%
individuals, 10%-20% of which develop cirrhosis over
[2]
a period of 20-30 years . There is a 1%-5% annual
risk of development of hepatocellular carcinoma
[3]
(HCC) in cirrhotic patients . Cirrhosis secondary to
HCV is the leading cause of liver transplantation in
the United States. Recurrence of hepatitis C within
the first 6 mo post-transplantation is almost universal
and occurs more commonly as recurrent hepatitis C
and uncommonly as fibrosing cholestatic hepatitis
[3]
or the cholestatic variant of hepatitis C . In keeping
with the natural history of HCV infection, the liver
pathology of hepatitis C infection encompasses a wide
spectrum of histomorphologic features, depending on
what phase of liver injury a biopsy is performed (Table
1). In general, it is a necroinflammatory process of
the hepatic parenchyma. This review focuses on the
entire histopathologic spectrum of liver damage in
HCV infection, dwells on the historical aspects and the
evolution of pathological changes with advent of newer
drugs.

LIVER PATHOLOGY OF ACUTE
HEPATITIS C
Acute HCV hepatitis in immunocompetent individuals is
largely asymptomatic and, hence, it is rarely biopsied.
However, in symptomatic patients with deranged liver
function tests, a liver biopsy plays an integral role
in clinical and laboratory work-up to determine the
[12]
etiology . The clinical picture, in this setting, may be
purely hepatitic, or a mixed hepatitic and cholestatic
type. The clinical differential diagnosis is broad and
includes autoimmune hepatitis, steatohepatitis, Wilson
disease, biliary disorders including primary biliary
cirrhosis, primary sclerosing cholangitis, or a drug
effect. Liver biopsy helps in arriving at a definitive
diagnosis in a majority of cases.
Since this is an uncommon scenario for liver bio
psy, there is limited literature on liver histology in
[13-16]
acute phase of HCV infection
. The histological
spectrum is broad and includes both bile duct and
lobular hepatocytic injury. Early phase of disease may
show a cholestatic picture characterized by mixed
portal inflammation composed of lymphocytes and
neutrophils, cholangiolar proliferation, cholestasis,
canalicular or hepatocellular, and mild to moderate
lobular inflammation (Figure 1). The biopsies done
in the later part of the acute phase show mild
[16]
nonspecific portal and lobular inflammation . Other
histologic features include a distinctive bile duct lesion

Historical perspective

Historically, the terminology used for chronic viral
hepatitis dates back to early 1980s and includes
“chronic persistent hepatitis”, “chronic active hepatitis”
[4]
and “chronic lobular hepatitis” . Chronic persistent
hepatitis referred to portal inflammation without
piecemeal necrosis (now called as interface hepatitis),
chronic active hepatitis referred to portal inflammation
with piecemeal necrosis and chronic lobular hepatitis
was used when there was lobular necroinflammation
[5]
with no significant piecemeal necrosis . These terms
dates back to era when serologic tests for hepatitis
C had not been developed, not much was known
about this virus and it was referred to as non-A-non-B
hepatitis. No antiviral treatments were available. These
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Table 1 Liver histology in hepatitis C infection
Histological features of acute hepatitis C
Cholestatic injury
Bile duct injury (Poulsen Christofferson
lesion)
Bile duct injury (Poulsen Christofferson
lesion)
Cholangiolar proliferation (mild)
Hepatocytic injury
Lobular necroinflammation with disarray
Steatosis
Sinusoidal inflammation
Histological features of chronic hepatitis C
Portal changes
Portal lymphoid aggregates/reactive
lymphoid follicles
Interface hepatitis
Bile duct damage
Isolated clusters of hepatocytes in portal
tracts
Phlebitis
Lobular injury
Necroinflammation
Steatosis
Multinucleation and nuclear pleomorphism
Sinusoidal cell hyperplasia
Microgranulomas
Fibrosis
Preneoplastic changes
Large cell change
Small cell change
Iron free foci

Figure 1 Liver biopsy with cholestasis, mild portal and lobular
inflammation, and apoptotic bodies. Hematoxylin and eosin stain,
magnification × 100.

“Poulsen-Christoffersen lesion” that shows duct-centric
lymphoid aggregates associated with lymphocytic
inflammation and injury to the bile duct proper (Figure
2), mixed portal inflammation, lobular necroinflammation
with disarray, steatosis and prominent sinusoidal
[12]
inflammatory infiltrate .
Acute hepatitis C in immunocompromised host,
specifically in the setting of concurrent human immuno
deficiency virus (HIV) infection, shows lymphoplas
macytic portal inflammation, interface hepatitis,
and necroinflammatory lobular changes, features of
chronic viral hepatitis. In addition, liver biopsies from
these patients show moderately advanced fibrosis
[17]
at presentation
(Figure 3) or rapid progression to
[18,19]
fibrosis over a period of time
.

Figure 2 Lymphocyte predominant portal inflammation and a damaged
bile duct (Poulsen Christofferson lesion). Periportal hepatocytes show
ballooning/feathery degeneration. Hematoxylin and eosin stain, magnification ×
200.

Portal inflammation

The distinctive feature of chronic hepatitis is portal
based inflammation with or without lobular inflam
mation. The patchy portal expansion by chronic lym
phoplasmacytic inflammation is readily appreciable
under low magnification as “blue portal tracts”. The
portal inflammation is composed predominantly of
lymphocytes admixed with few plasma cells and rare
eosinophil, the so called lymphoid follicles or lymphoid
aggregates (Figure 4). The inflammation is of variable
intensity, and varies among different portal tracts in
one biopsy, among serial biopsies from one patient,
and varies from patient to patient. In some cases,
plasma cells may be prominent and these can be
described as having autoimmune features. If clinical
and serological features of autoimmune hepatitis are
present, this can represent an overlap syndrome of
autoimmune hepatitis and hepatitis C (Figure 5). Portal
and lobular macrophages can be present and may
contain engulfed debris in the form of pigment or PAS
positive-diastase resistant material and is considered
to be an evidence of recent activity (Figure 6). Portal

LIVER PATHOLOGY OF CHRONIC
HEPATITIS C
Chronic hepatitis is defined as persistence of infection
[2]
for at least 6 mo after the onset of infection .
Histologically, it is characterized by necroinflammation
accompanied by variable degree of fibrosis. The
pathologic features of chronic viral hepatitis, in general,
[20-24]
have been well characterized
. These features are
not specific to chronic hepatitis C but can also be seen
in chronic hepatitis due to hepatitis B virus with or
without hepatitis D virus, and drug-induced hepatitis.
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Figure 3 Portal and periportal fibrosis in a patient with concurrent human
immunodeficiency virus and acute hepatitis C infection. Hematoxylin and
eosin stain, magnification × 100.

Figure 5 Portal lymphoid aggregate and lymphoplasmacytic inflammation
with severe interface hepatitis, indicative of an overlap syndrome of
autoimmune hepatitis and hepatitis C. Hematoxylin and eosin stain,
magnification × 100.

Figure 4 Fibrous septa with lymphocyte predominant inflammatory
infiltrates and multiple lymphoid aggregates, in a patient with cirrhosis
secondary to hepatitis C. Hematoxylin and eosin stain, magnification × 40.

Figure 6 Small clusters of lobular macrophages containing periodic acid
Schiff positive-diastase resistant cytoplasmic debris. Periodic acid Schiff
with diastase stain, magnification × 200.

and/or uncommonly central endothelialitis can be
seen.

Lobular inflammation

Lobular hepatitis is an active necroinflammatory
component of chronic hepatitis. It manifests as
isolated hepatocytic apoptosis, spotty necrosis, and
bridging or confluent necrosis. Isolated apoptotic
hepatocyte, also known as Councilman body, is
identified as a small-angulated hepatocyte without a
nucleus or with a small nuclear fragment and bright
eosinophilic cytoplasm. Spotty necrosis is composed
of small clusters of lymphocytes and/or macrophages
enclosing damaged/apoptotic hepatocytes (Figure
9). Small clusters of macrophages containing PASpositive diastase-resistant material indicate prior foci
of spotty necrosis. Bridging necrosis, a severe form of
necrosis, extending between two vascular structures,
[4]
and confluent necrosis that spans several lobules ,
are uncommon in chronic hepatitis C. Other features of
[28]
lobular injury include multinucleation of hepatocytes ,
[29]
Mallory-Denk hyaline , and sinusoidal Kupffer cell
[29]
hyperplasia .

Interface hepatitis

The portal inflammation may remain confined to portal
tracts. More commonly, it involves the adjacent hepatic
parenchyma, thus obscuring the sharp demarcation of
portal-parenchymal interface (limiting plate), and this
is called interface hepatitis. Interface hepatitis (formerly
called as piecemeal necrosis) is another distinctive
lesion of chronic hepatitis and is characterized by
spillage of lymphoplasmacytic inflammation across
the portal-parenchymal interface, into the periportal
[25,26]
hepatocytes (Figure 7)
. Interface hepatitis is
focal and often associated with hepatocytic damage,
loss and apoptosis. Emperipolesis characterized by
penetration of lymphocytes into hepatocytes has also
[27]
been described in chronic hepatitis . Isolated clusters
of hepatocytes present in portal tracts, separated from
lobules, sometimes seen in liver biopsies from patients
with chronic hepatitis, are indicative of past episode
of interface hepatitis (Figure 8). Ductular reaction is
another manifestation of regenerative response to
hepatocytic injury at the limiting plate.
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Portal lymphoid aggregates, bile duct damage, steatosis

Features characteristically seen in chronic hepatitis
C are portal lymphoid aggregates and/or lymphoid
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Figure 7 Portal lymphoid aggregate and lymphoplasmacytic inflammation
with interface hepatitis and occasional apoptotic hepatocyte at the portalperiportal interface. Hematoxylin and eosin stain, magnification × 200.

Figure 9 Spotty necrosis characterized by small foci of lobular
necroinflammation and associated apoptotic hepatocytes. Hematoxylin
and eosin stain, magnification × 200.

setting is usually mild and is periportal or azonal
in distribution. The steatosis is postulated to be
secondary to free radical mediated peroxidation that
[34]
is elicited by increased virus-induced iron storage .
Presence of moderate to marked steatosis in a liver
biopsy, especially in a centrilobular/perivenular
distribution, from a patient with hepatitis C should
raise a clinical consideration for concomitant fatty liver
disease secondary to obesity, alcohol, hyperlipidemia
or diabetes. Such cases may, in addition, show
neutrophilic infiltration, ballooning degeneration, and
Mallory-Denk-hyaline and pericellular/perisinusoidal
fibrosis.
Figure 8 Portal tract with lymphoplasmacytic inflammation, and enclosing
small clusters of hepatocytes indicative of recent episode of active
hepatitis. Hematoxylin and eosin stain, magnification × 200.

Iron deposition

Other features of chronic hepatitis C include iron deposition.
Mild iron deposition occurs in both hepatocytes and
sinusoidal lining Kupffer cells in chronic viral hepatitis.
Assessment of iron in liver biopsy is pertinent, as
hepatocellular iron deposition has been shown to
be an inverse predictor of response to interferon
[35-38]
treatment
. Perls stain is the most commonly used
stain for assessing hemosiderosis in liver because of
high sensitivity. The iron deposition in hepatocytes
is assessed and commonly graded using the Searle’
[39]
[40]
modification
of Scheuer scoring system
for iron
deposition. Hereditary hemochromatosis is always a
clinical consideration in presence of hepatocellular iron
in liver biopsies, even in small amounts, because of
variable penetrance of the disease.

follicles, bile duct damage, macrovesicular or mixed
microvesicular and macrovesicular steatosis and
[29]
Mallory-Denk-like material . These are not specific
and can be seen in other subtypes of viral hepatitis or
in non-viral hepatitis too. Portal lymphoid infiltrates
have been reported to be present in 33% to 78%
of cases and are composed of small lymphocytes,
[28,30,31]
some with germinal centers
. These occur more
[31]
frequently in HCV genotype 1B infection .
The lymphoid aggregates occur in proximity to bile
ducts and are sometimes associated with damage to
bile duct epithelium that was originally described by
[32]
Poulsen and Christoffersen . The bile duct damage
is mild and non-destructive, and is characterized by
cellular vacuolation, cytoplasmic eosinophilia, nuclear
overlapping and nuclear dropout. The bile duct lesions
are frequent and have been reported in as high as
[28]
91% of cases , and are more prevalent in hepatitis C
[33]
genotype 3a .
Steatosis, macrovesicular or mixed macrovesicular
[29]
and microvesicular type, is a viral cytopathic effect ,
that when present is a characteristic feature of chronic
hepatitis C and is commonly seen in association
[33]
with hepatitis C genotype 3a . The steatosis in this
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Fibrosis

Fibrosis is a dynamic reparative process and is a
consequence of chronic inflammation, hepatocyte loss
and regeneration in viral hepatitis. Fibrosis usually
starts in the portal tracts resulting in expansion, and
then extends to periportal tissue as thin fibrous septa
that account for the irregular contours of the portal
tracts. As the disease progresses over time (usually
10-20 years), the fibrous septa link to adjacent portal
tracts or central veins and evolves into bridging
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[22]

care .
The grading of activity is based on semi-quantitative
assessment of the amount of interface hepatitis and
lobular necroinflammation. Interface hepatitis is
graded based on the involvement of number of portal
tracts, and the amount of circumferential involvement
of portal tracts in a biopsy. Lobular inflammation is
graded based on number of foci and presence of
bridging/confluent necrosis. The stage of disease is
also assessed semi-quantitatively on a scale of 0-4 or
0-6 based on the portal fibrosis, extension of fibrotic
septa beyond the portal tracts, bridging fibrosis with
architectural distortion and cirrhosis.
Figure 10 Cirrhosis characterized by bridging fibrosis with nodule
formation. Masson’s trichrome stain, magnification × 40.

Preneoplastic/neoplastic lesions

The preneoplastic lesions that can be seen in cirrhotic
or non-cirrhotic liver in the setting of hepatitis C
comprise of large cell change, small cell change, iron
free foci, low-grade dysplastic nodule and high-grade
dysplastic nodule. It is recommended that these
features if present must be commented upon in the
liver biopsies.
Large cell change is characterized by hepatocytes
with abundant cytoplasm, large atypical nuclei with
multinucleation and with preserved nuclear to cyto
plasmic ratio. The nuclear changes reflect aneuploidy.
The hepatocytes with large cell change are irregularly
intermixed with regenerating hepatocytes and are
reported to represent cellular senescence, which is
[55]
a safeguard against malignant transformation , or
replicative senescence, predictive of malignancy in the
[56]
surrounding liver . However, others have shown that
[57]
this is a dysplastic change .
Small cell change is a preneoplastic/dysplastic
[58]
lesion , characterized by expansile clusters of small
hepatocytes with high nuclear to cytoplasmic ratio with
hyperchromatic nuclei, irregular nuclear contours and
cytoplasmic basophilia. Reticulin stain shows focal loss
of reticulin with mildly thickened trabeculae (> 1-2
[59,60]
layers)
.

fibrosis. This combined with hepatocytic regeneration
leads to architectural distortion, formation of nodules
and eventual cirrhosis (Figure 10). Cholestasis is not a
feature of hepatitis C, but can be seen in cirrhotic livers
with decompensation. The stage of fibrosis is best
assessed on connective tissue stains such as Masson’s
trichrome stain.
Fibrosis has generally been regarded as an irreversible
process. Several studies have reported decrease in
fibrosis scores following treatment of the etiological
[41]
process in a variety of diseases such as steatohepatitis ,
[42]
[43]
hemochromatosis , Wilson disease , Indian child
[44]
[45]
hood cirrhosis , biliary obstruction , autoimmune
[46]
[47]
hepatitis , chronic viral hepatitis . In liver tissue
of patients with chronic viral hepatitis, the fibrosis
has been seen to regress with antiviral treatment
[48]
and sustained viral response and eradication . The
regression is limited to decrease or disappearance of
fibrous septa on histological evaluation, however, the
sequelae of cirrhosis such as arteriovenous shunt may
[49]
persist .

GRADING AND STAGING OF CHRONIC
VIRAL HEPATITIS

Iron free foci

Assessment of liver biopsy in chronic hepatitis C is
important to determine the grade (severity) of necro
inflammation and evidence of disease progression,
which is measured by stage (fibrosis) of disease.
This has therapeutic implications, as it is helpful in
determining the response to antiviral treatment. It
also has prognostic implications as it predicts the
progression of disease. Several numerical grading and
staging systems were developed to objectively assess
the histological findings.
The earliest scoring system was proposed in 1981
[50]
by Knodell et al and formed the basis of subsequent
[51]
scoring systems that include Batts and Ludwig ,
[52]
[53]
Scheuer , Ishak (modified Knodell)
and the
[54]
METAVIR
(Table 2). Each system has its strengths
and weaknesses, but all are reproducible, easy to
use and convey the information required for patient
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Some liver tissues with advanced fibrosis can have
abundant iron deposition. In such situation, presence
[61]
of iron free foci is indicative of dysplastic change .
Dysplastic nodules are expansile lesions, with
size > 0.8 cm, visible on gross examination with a
bulging cut surface and with a color and texture that
[62]
is distinct from the surrounding liver . Low-grade
dysplastic nodules (LGDN) morphologically mimic
the regenerative nodule in cirrhotic liver because of
retained portal tracts. In addition, the LGDN may have
unpaired arteries and show features suggestive of
clonality that include fatty metamorphosis, iron/copper
accumulation and/or cytologic features of large cell
[59]
change . In contrast, high-grade dysplastic nodules
have unpaired arteries and rare portal tracts, along
with monotonous expansile populations of hepatocytes
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Table 2 Various staging systems for assessment of fibrosis in chronic hepatitis
Score
Ishak modification of Knodell staging system (1995)[53]
0
1
2
3
4
5
6
METAVIR system (1996)[54]
F0
F1
F2
F3
F4
Scheuer system (1991)[52]
0
1
2
3
4
Batts and Ludwig (1995)[51]
0
1
2
3
4

System
No fibrosis
Fibrous expansion of some portal areas with or without short fibrous septa
Fibrous expansion of most portal areas with or without short fibrous septa
Fibrous expansion of most portal areas with occasional portal to portal (P-P)
Fibrous expansion of portal areas with marked P-P and portal-central bridging
Marked bridging with occasional nodules (incomplete cirrhosis)
Cirrhosis, probable or definite (Bridging fibrosis with nodule formation)
No fibrosis
Portal fibrosis without septa
Portal fibrosis with rare fibrous septa
Numerous septae without cirrhosis
Cirrhosis
No fibrosis
Enlarged, fibrotic portal tracts
Periportal or portal-portal septa but intact architecture
Fibrosis with architectural distortion but no obvious cirrhosis
Probable or definite cirrhosis
No fibrosis (normal connective tissue)
Portal fibrosis (Fibrous portal expansion)
Periportal fibrosis (Periportal or rare portal-portal septa)
Septal fibrosis (Fibrous septa with architectural distortion; no obvious cirrhosis)
Cirrhosis

with cytologic features of small cell change and/or
iron free foci. Atypical architectural changes such
as thickened trabeculae, nodule within nodule, and
[59]
rare acinar transformation can be present . Early
hepatocellular carcinoma can develop in high-grade
dysplastic nodule or can develop independent of
dysplastic nodule. Invasion of portal tract is a feature
[63]
of malignancy in a HGDN .

C, however, presence of severe endothelialitis favors a
diagnosis of acute cellular rejection.

Fibrosing cholestatic hepatitis

Fibrosing cholestatic hepatitis or cholestatic variant of
hepatitis C is an enigmatic phenomenon seen in patients
with chronic viral hepatitis C and is characterized by an
[70]
onset within 1 year of transplantation, either liver ,
[71]
[72]
kidney
or hematopoietic stem cell transplant .
It is associated with poor prognosis due to rapid
progression of fibrosis, and resistance to conventional
antiviral therapies. Histologically, it presents as hepa
tocytic injury characterized by ballooning degeneration,
apoptotic bodies, spotty necrosis along with features
of cholestasis including predominantly canalicular
cholestasis, ductular reaction, biliary-type piecemeal
necrosis, and periportal and perisinusoidal/pericellular
[73]
fibrosis (Figures 11A and B) . The differential diagnosis
includes other causes of cholestasis such as biliary
complications, drug/toxic effect among others.

POST TRANSPLANTATION PATHOLOGY
OF HEPATITIS C
Recurrent hepatitis C

Status-post orthotopic liver transplantation (OLT),
virologic recurrence of hepatitis C is almost universal,
and is an important cause of graft loss and mortality.
Histological evidence of recurrent hepatitis C is
[64]
seen in about 70% of cases . In liver biopsies,
performed within the first 6 mo of OLT, early recurrent
hepatitis C is an important diagnostic consideration/
dilemma vs mild acute cellular rejection. Lobular
inflammation, apoptotic bodies, spotty necrosis and
lobular disarray, with portal lymphocyte predominance
[65,66]
characterize early recurrent hepatitis C
. Saxena
[67]
et al reported that presence of an average of 55
apoptotic bodies per linear cm favor a diagnosis
of recurrent hepatitis C. In contrast, acute cellular
rejection is characterized by mixed portal/periportal
inflammation composed of lymphocytes, plasma
cells and eosinophils, lymphocytic cholangitis and
[68]
[69]
endothelialitis . Yeh et al
found that minimal to
mild portal endothelialitis can be seen in viral hepatitis
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FUTURE OF LIVER BIOPSY IN HEPATITIS C
As described in this review, the histopathology of
chronic hepatitis C encompasses a wide spectrum
of features that correspond to the evolution and
progression of hepatitis C infection. Increasing use of
newer direct acting antiviral drugs- serine protease
inhibitors, with or without interferon, is expected to
have sustained viral response (SVR) for 12 mo in about
[74]
90% of patients . This will markedly slow down the
progression to cirrhosis. In addition, increasing clinical
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A

11
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13

B

14
15

16
17

Figure 11 Fibrosing cholestatic hepatitis with mixed portal inflammation,
bile duct damage, interface hepatitis, ductular reaction and fibrosis.
Hematoxylin and eosin stain, magnification × 100 (A); and extensive pericellular
and perisinusoidal fibrosis (B; Trichrome stain, magnification × 100).

18

19

use of noninvasive methods to assess fibrosis such
[75]
as ultrasonic transient elastography (fibroscan)
will
decrease the role of liver biopsies as a tool to monitor
the disease activity and stage in chronic hepatitis C.

20
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Chronic hepatitis C virus infection: Serum biomarkers in
predicting liver damage
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Abstract

Pamela Valva, Daniela A Ríos, Elena De Matteo, María V
Preciado, Laboratory of Molecular Biology, Pathology Division,
Hospital de Niños Ricardo Gutiérrez, Buenos Aires C1425EFD,
Argentina

Currently, a major clinical challenge in the management
of the increasing number of hepatitis C virus (HCV)
infected patients is determining the best means for
evaluating liver impairment. Prognosis and treatment
of chronic hepatitis C (CHC) are partly dependent on
the assessment of histological activity, namely cell
necrosis and inflammation, and the degree of liver
fibrosis. These parameters can be provided by liver
biopsy; however, in addition to the risks related to an
invasive procedure, liver biopsy has been associated
with sampling error mostly due to suboptimal biopsy
size. To avoid these pitfalls, several markers have
been proposed as non-invasive alternatives for the
diagnosis of liver damage. Distinct approaches among
the currently available non-invasive methods are (1)
the physical ones based on imaging techniques; and (2)
the biological ones based on serum biomarkers. In this
review, we discuss these approaches with special focus
on currently available non-invasive serum markers. We
will discuss: (1) class Ⅰ serum biomarkers individually
and as combined panels, particularly those that mirror
the metabolism of liver extracellular matrix turnover
and/or fibrogenic cell changes; (2) class Ⅱ biomarkers
that are indirect serum markers and are based on the
evaluation of common functional alterations in the liver;
and (3) biomarkers of liver cell death, since hepatocyte
apoptosis plays a significant role in the pathogenesis of
HCV infection. We highlight in this review the evidence
behind the use of these markers and assess the
diagnostic accuracy as well as advantages, limitations,
and application in clinical practice of each test for
predicting liver damage in CHC.
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steatosis, steatohepatitis, iron overload, etc., which
provide useful information for patient management
and prognosis, can also frequently be detected within
[5]
a biopsy . Although the biopsy represents the gold
standard for evaluating presence, type, and stage of
liver fibrosis and for characterizing necroinflammation
(portal tract inflammation, interface hepatitis, lobular
inflammation); it remains a costly and invasive pro
cedure with inherent risks. Minor complications are
relative common, and about one fourth of patients
have pain in the right upper quadrant or right shoulder
after liver biopsy. The risk of severe complications is
very low (1/4000-1/10000) and include significant
bleeding rates, perforation of other organs, and
death. Thus, it cannot be performed frequently for
[6-11]
monitoring therapeutic outcomes
. Moreover,
biopsy is considered risky in children since it carries a
higher chance for the development of complications,
consequently it is less accepted than adults. In
addition to the risks related to an invasive procedure,
liver biopsy has been associated with sampling
[12-14]
error, mostly due to suboptimal biopsy size
. The
sampling error constitutes a recognized drawback
because the needle liver biopsy, regardless of the
length or width of the core, is only a finite portion
of a very large organ with potential variability in the
expression of disease. Pathologists would certainly
prefer larger samples to review, but comparative data
now indicate that a non-fragmented specimen of at
least 20 mm in length that includes at least 11 portal
tracts would be a reliable specimen for disease grading
[15]
and staging . On the other hand, a fairly extensive
literature concerning problems inherent in histological
grading and staging systems has emerged. Histological
features (necroinflammation = grading; fibrosis =
staging) should be reported using a structured, semiquantitative method. Various scoring systems have
been validated to evaluate liver damage in CHC. The
most widely used scoring systems are METAVIR,
Scheuer, Ishak, and Knodell’s hepatic activity index
[16,17]
(HAI)
. METAVIR and Scheuer’s scores are more
reproducible and less prone to observer variation
but have less distinction capability both for fibrosis
and necroinflammation than Ishak and Knodell’s
[17,18]
HAI
. A further pitfall of biopsy examination is the
interpreter, since there is a significant degree of inter-/
intra-observer variability in the pathologic assessment
of liver samples. The practical knowledge and
experience of the pathologist could greatly influence
the interpretation of the diagnosis by improving
consistency and accuracy and minimizing problems
[19]
related to sample size . Consequently, evaluation of
liver damage by means of a biopsy will always carry a
risk, albeit low, of misclassification, thus making the
term ‘‘best” standard more appropriate than ‘‘gold”
standard for liver biopsy. Therefore, developing noninvasive tests that can accurately predict initial disease
stage and progression over time represents a high
[20,21]
priority and growing medical need
. Currently,
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INTRODUCTION
Hepatitis related to hepatitis C virus (HCV) infection is
a progressive disease that may result in chronic active
hepatitis, cirrhosis, and hepatocellular carcinoma. It
is estimated that about 160 million individuals, i.e.,
2.35% of the world population, are chronically infected
[1,2]
with HCV . The virus represents a major global
health problem, since there is no available vaccine;
and although there are recently approved direct-acting
antiviral agents (DAA) available as well as more drugs
in development, response to the current standards of
care therapy (pegylated interferon‑α and ribavirin) is
limited. Furthermore, liver failure as a consequence of
HCV infection is one of the most common reasons for
[1]
liver transplantation .
The mechanisms leading to liver injury are under
constant revision, but it is widely accepted that
both immune system-mediated reactions and viral
[3]
cytopathic effects are involved in the pathogenesis .
A major clinical challenge in the management of the
increasing number of chronic hepatitis (CHC) infected
patients is achieving the best means for evaluating liver
impairment. The assessment of histological activity,
namely cell necrosis and inflammation and the degree
of liver fibrosis, have to date been provided by liver
[2,4]
biopsy
(Table 1). The evaluation of the histological
damage is considered crucial in the management of
patients with CHC, because it provides prognostic
information and, in many cases, assists in therapeutic
decisions. While the evaluation of fibrosis is a major
decision criterion for hepatologists, fibrosis is only one
of the many histopathological features present on liver
biopsy. In effect, fibrosis is not an independent trait,
since scar tissue also results from other pathobiological
mechanisms, such as inflammatory, degenerative, and
dystrophical processes. The simultaneous evaluation
of necroinflammation shows whether fibrosis is the
result of a past event that has been stabilized or even
regressed or is an ongoing process that may continue
to worsen. Moreover, associated lesions, such as
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is unable to discriminate between intermediate stages
[29]
of fibrosis . Even though the TE examination per se
is straight forward, the results must be interpreted by
an expert clinician, knowledgeable about the clinical
background of the patient and the conditions that can
influence liver stiffness measurement. Risk factors for
failure of liver stiffness measurement include obesity,
[28]
narrow intercostal space, and ascites . Since the
liver is an organ wrapped in an expandable but nonelastic envelope (Glisson’s capsula), additional spaceoccupying tissue abnormalities independent of fibrosis,
such as edema and inflammation, cholestasis and
congestion, may interfere with TE. Acute viral hepatitis
increases liver stiffness, so it may be a condition
[30,31]
that can lead to a false positive on TE
. Thus, the
necroinflammatory status needs to be taken into
consideration, particularly in patients with absent or
low-stage liver fibrosis. In patients with extra-hepatic
cholestasis, liver stiffness significantly correlates with
bilirubin levels and may lead to false positivity of TE
[23,32]
measurement
.

Table 1 Advantages and disadvantages of liver biopsy
Liver biopsy
“Gold” standard for evaluating liver damage
Provides prognostic information and assists in therapeutic decisions
Invasive procedure with inherent risks
Cannot be applied to monitor therapeutic outcomes
Sampling error mostly due to suboptimal biopsy size
Inter-/intra-observer variability
Costly
Less accepted in children than in adults

there are several non-invasive diagnostic methods for
determining liver damage that are being validated,
[22]
such as blood markers and imaging methods . Over
the last few years, several non-invasive markers
were proposed, especially for liver fibrosis diagnosis.
Besides the clear advantage of being non-invasive,
a more objective interpretation of test results may
overcome the mentioned intra- and inter-observer
variability of liver biopsy. In addition, these tests can
theoretically offer a more accurate view of fibrogenic
events occurring in the entire liver, with the advantage
of providing frequent fibrosis evaluation without
additional risk. However, in general, these tests show
low accuracy to discriminate among intermediate
stages of fibrosis and may be influenced by several
[23]
hepatic and extrahepatic conditions .

The biological approach

The tremendous strides made in biomedicine and
biotechnology during the last decade have led to
novel, rapid, and non-invasive methods that challenge
longstanding ‘‘gold standard’’ invasive diagnostic and
therapeutic procedures. Any non-invasive method
should ideally fulfill certain characteristics: it should
be simple, accessible, easily interpretable, highly
[29]
accurate, liver-specific, and satisfactorily validated .
Despite the aforementioned limitations of liver biopsy,
there has been a clear resistance to accept noninvasive diagnosis of liver fibrosis as a viable and
preferable alternative to liver biopsy. The reasons
are various: (1) there is a paucity of well-designed
studies assessing non-invasive methods, and sufficient
external validation for some of the proposed methods
is lacking; (2) the number of proposed methods to
assess disease severity remains in a state of constant
growth, and there is practically no time to validate or
test them all; (3) specific etiology-validation of the
non-invasive methods should be provided considering
that each etiology of chronic liver disease presents
with specific pathogenesis, natural history, and
associated comorbidities; (4) a careful evaluation of
the risk factors for error and failure of a non-invasive
tool should be carried out for adequate interpretation
in clinical practice; and (5) liver biopsy itself is not
an ideal gold standard to compare serum markers.
Finally, and not least important, there is still significant
opposition to changing what has long stood as dogma.
The aforementioned reasons may explain why the
introduction of non-invasive methods in clinical
practice is making such slow headway in the field of
hepatology. An exception to this rule is France, where
three well-validated methods (FibroTest, Fibrometer,
and FibroScan) have been approved by the public
health system and are routinely used in clinical

NON-INVASIVE METHODS FOR THE
ASSESSMENT OF LIVER DAMAGE
There are two distinct approaches among the currently
available non-invasive methods: (1) the physical ones
based on imaging techniques; and (2) the biological
[24]
ones based on serum biomarkers (Figure 1). Although
complementary, these two approaches are based on
different rationales and conceptions.

The physical approach

Ultrasonography, doppler analysis, magnetic resonance
imaging, computed tomography, transient elastography
(TE), real time elastography, and acoustic radiation
force impulse imaging are examples of imaging/
scanning techniques. Of these, however, TE seems to
be the most appropriate because it is fast, reproducible
and not operator dependent. More specifically, TE
measures liver stiffness in relation to elasticity,
corresponding to a genuine and intrinsic physical
property of the liver parenchyma. Several studies
have shown a significant correlation between TE and
fibrosis stage, as assessed by the METAVIR scoring
[25-27]
system
. TE is a good predictor for severe fibrosis
and is highly accuracy in the identification of liver
cirrhosis [the area under the operating characteristic
[28]
curves (AUROC) was ≥ 0.90 in all reported studies] ;
however, a meta-analysis study indicated that
TE examination alone does not provide sufficient
information to diagnose significant fibrosis (F ≤ 2) and
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Liver damage evaluation methods
Invasive

Non-invasive

Liver biopsy
“The gold standard”

Physical approach

Biological approach

Imaging/scanning technique
Ultrasonography
Doppler analysis
Magnetic resonance imaging
Computed tomography
Transient elastography
Real time elastography
Acoustic radiation force impulse imaging

Direct serum markers (class Ⅰ biomarkers)
Single markers
Hyaluronic acid
Procollagen type Ⅲ amino-terminal peptide
Type Ⅳ collagen
Laminins
Matrix metalloproteinases
Tissue inhibitors of metalloproteinases
YKL-40
TGF-b1

Combined panels
FIBROSpect Ⅱ
Fibrometer
Hepascore
Original European Liver Fibrosis and ELF
SHASTA Index

Indirect serum markers (class Ⅱ biomarkers)
AAR
APRI
PGA
PGAA
FIB-4
Forns index
FibroTest/ActiTest

Biomarkers of liver cell death
Soluble fraction of cytokeratin-18
Soluble Fas receptor
Tumor necrosis factor-alpha

Simultaneous or sequential combined algorithms
Sequential algorithm for fibrosis evaluation
Bordeaux algorithm
Bourliere algorithm
Leroy algorithm
Forns index + FibroTest + APRI
TE + FibroTest
TE + Fibrometer

Figure 1 Non-invasive methods for liver damage assessment. APRI: Aminotransferase platelet ratio index.
[21]

practice . Serum markers offer an attractive, cost
effective alternative to liver biopsy for both patients
and clinicians with a lot of advantages (substantially
less invasive, practically no complications, little or no
sampling errors, small observer related variability, and
measurements may be performed repeatedly in any
laboratory without sophisticated equipment, allowing
for dynamic monitoring of fibrosis) and little limitation
(low accuracy to discriminate between intermediate
stages of fibrosis and the influence of several extrahepatic factors). Although no single ideal marker
exists, several markers have been proposed as useful
indicators of liver damage. The most commonly used
markers are discussed below.

be utilized to assess the dynamics of liver fibrogenesis.
The potential clinical usefulness of these markers is
extremely interesting as they could be used not only
to stage liver fibrosis but also to assess the rate and
progression of liver fibrogenesis. This assessment, in
turn, is translated into effective prognostic information
and into a tool for evaluating the response and for
monitoring the efficacy of antifibrotic drugs. However,
the data available on their performance in defining
the stage of liver fibrosis is variable. Moreover, they
may not be routinely provided in every hospital
[29,33]
setting, limiting their clinical use
. These markers
include several glycoproteins (hyaluronan, laminin,
etc.), members of the collagen family (procollagen Ⅲ,
type Ⅳ collagen, and type Ⅳ collagen 7s domain),
collagenases and their inhibitors (metalloproteinases
and tissue inhibitors of metalloproteinases), and a
number of cytokines involved in the fibrogenic process
[in particular transforming growth factor (TGF)-β1].
These have been analyzed individually as well as in
combination to assess severity and progression of
hepatic fibrosis and to follow up changes related to
[34-42]
viral treatment
.
Hyaluronic acid (HA) is the most studied direct
serum marker. It is a glucosaminoglycan that is syn

DIRECT SERUM MARKERS
(CLASS Ⅰ BIOMARKERS)
More recently, a better understanding of the path
ophysiology of liver fibrosis has prompted many
investigators to use more refined markers to identify
different fibrosis stages. Class Ⅰ biomarkers are those
that mirror the metabolism of liver extracellular matrix
(ECM) turnover and/or fibrogenic cell changes and can

WJG|www.wjgnet.com

1370

January 28, 2016|Volume 22|Issue 4|

Valva P et al . Serum biomarkers in chronic hepatitis C
thesized and distributed throughout the extracellular
space by hepatic stellate cells (HSCs). HA is degraded
[43]
by hepatic sinusoidal endothelial cells . Elevated
serum HA levels have been associated with decreased
hepatic removal of HA in the development of hepatic
sinusoid capillarization, increased production of HA
in the damaged liver, and increased extrahepatic
[44,45]
production of HA during inflammation
. HA
levels correlate with liver fibrosis and are particularly
increased in cirrhosis in both patients monoinfected with HCV and co-infected with HCV/human
[39-42,45]
immunodeficiency virus (HIV)
. Moreover, HA
serum levels have been strongly associated with
advanced stages of liver fibrosis, with AUROC for
significant fibrosis ranging from 0.73 to 0.86 and
[36,39-42,46,47]
for advanced fibrosis from 0.92 to 0.97
.
Furthermore, a cross-sectional study on 201 HCV/
HIV co-infected patients revealed that the diagnostic
accuracy of serum HA is better than other noninvasive indices like fibrosis-4 (FIB-4), aspartate
aminotransferase (AST) platelet ratio index (APRI),
[47]
and Forns . Although data suggest that HA alone is
clinically useful for predicting severe fibrosis, it has
been demonstrated that the best results could be
obtained when it is combined with other markers of
[34]
liver fibrosis .
In the healthy human liver, the most abundant
collagens are the fibril-forming types Ⅰ and Ⅲ. In its
mature form, collagen is integrated into the ECM.
Particularly, procollagen type Ⅲ amino-terminal
peptide (PⅢNP) is a major constituent of the con
nective tissue. During fibrogenesis, the ratio of the
type Ⅰ/Ⅲ changes from 1:1 in the healthy liver to 1:2
[48]
in the cirrhotic liver . The relative concentration of P
ⅢNP in the basement membrane is higher in hepatic
fibrogenesis and is closely followed by an increase in
[49]
its serum level . In acute hepatitis, the serum level
of PⅢNP correlates with aminotransferase levels,
whereas in chronic liver disease serum PⅢNP reflects
[50]
the stage of liver fibrosis , although the diagnostic
[36]
value of PⅢNP shows discordant results. Leroy et al
described that the diagnostic accuracy of PⅢNP was
better than that of HA, but the capability to distinguish
F0/F1/F2 from F3/F4 was minimal, and the staging
power of both markers was very similar (AUROC 0.88
[51]
for PⅢNP and 0.81 for HA). Likewise, Zheng et al
reported that PⅢNP showed better accuracy than
HA for the assessment of liver fibrosis, showing an
AUROC of 0.80 and 0.72, respectively. In contrast,
other authors described that the diagnostic value of P
ⅢNP seem to be lower than other markers, such as
[40,42,52]
type Ⅳ collagen or HA
. Unfortunately, PⅢNP is
not specific for liver fibrosis, since it is also elevated
in acromegaly, lung fibrosis, chronic pancreatitis, and
[48]
rheumatologic disease . On the other hand, type Ⅳ
collagen was also studied as a possible serum marker
for the diagnosis of advanced fibrosis. However, the
diagnostic value of type Ⅳ collagen assessment seems
[29,40,52]
to be inferior to that of HA
.
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Laminin is a major non-collagenous glycoprotein
synthesized by the HSC, which is deposited in the
basement membrane of the liver. During fibrosis,
laminin accumulates around the vessels, in the
[53]
perisinusoidal spaces, and near the portal tract .
Elevated levels of laminin and pepsin resistant laminin
(laminin P1) were found to correlate with the degree of
[54]
perisinusoidal fibrosis ; however, the diagnostic value
of laminin proved to be not as high as those of HA and
[55,56]
type Ⅳ collagen
.
It is well known that liver fibrosis is characterized
by pathological accumulation of ECM, resulting
from alterations of synthesis and/or degradation of
matrix proteins. Matrix metalloproteinases (MMPs)
constitute a family of zinc endopeptidases capable of
degrading collagens. They play an important role in
the physiologic processes of tissue remodeling, wound
healing, and in several pathological states, including
[57]
liver fibrosis . As the activity of MMPs is regulated
by specific tissue inhibitors of metalloproteinases
(TIMPs), the imbalance between MMPs and TIMPs
is thought to be an important determinant of ECM
[36,58,59]
deposition and breakdown
. MMP-2 and tissue
inhibitors of MMP-1 and -2 (TIMP-1 and -2) have some
diagnostic potential for the detection of liver fibrosis in
[36,60]
CHC patients
. TIMP-1 especially was thoroughly
studied as a serum marker of liver damage; however,
conflicting results were reported. Many authors found
a link between TIMP-1 levels and fibrosis stage in
[36]
[42,61,62]
adults , while others did not
. Nevertheless,
the best results were obtained when TIMP-1 was
combined or included in an algorithm together with
[34,38]
other markers of liver fibrosis
.
YKL-40 (chondrex) is a mammalian homologue
of the bacterial chitinases involved in remodeling or
[63]
degradation of the ECM . In liver diseases, serum
[50]
levels of YKL-40 correlate with fibrosis severity . A
study including 109 CHC patients showed a discrete
performance for significant liver fibrosis (AUROC 0.81,
specificity of 81% and sensitivity of 78%); and its
accuracy for the prediction of liver cirrhosis was even
[40]
lower (AUROC 0.80) .
During the development of liver fibrosis, multiple
cytokines activate HSCs and transform them into
myofibroblasts with new phenotypic properties, such
as collagen synthesis and cytokine activation. TGF-β1
is one of the multifunctional cytokines related to the
production and degradation of ECM and the apoptosis
[58]
of hepatic cells . However, the relationship between
TGF-β1, a pro-fibrogenic cytokine, and hepatic fibrosis
[64]
is not well established. Nelson et al
stated that
fibrogenesis is a long process and that the level of
fibrosis was a summation of all the effects in the past;
therefore, active TGF-β1 at a certain time point might
not correlate with the fibrosis score. In a recent study,
we described that serum TGF-β1 levels in CHC adult
patients displayed an inverse relationship with fibrosis
stage, where lower TGF-β1 values corresponded
[42]
to more severe fibrosis stages (AUROC 0.835) .
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Moreover, the lowest levels of TGF-β1 were detected in
serum samples from adult cirrhotic patients. Then, in
accordance with other authors, lower levels of TGF-β1
might indicate advanced liver fibrosis, suggesting
that this marker may reflect fibrogenesis rather than
[65,66]
fibrosis
.
Direct markers have also been proposed as combined
panels for increasing the diagnostic performance of a
single parameter.
The FIBROSpect Ⅱ test uses a combination of
several components of the fibrogenic cascade, such
as HA, TIMP-1, and α2-macroglobulin, to calculate a
composite score. The test is intended to differentiate
mild fibrosis (METAVIR stages F0 to F1) from more
severe disease (METAVIR stages F2 to F4) and has
[67]
been shown to do well in CHC cohorts . FIBROSpect
Ⅱ showed an AUROC of 0.82-0.87 for significant
[67-69]
fibrosis
.
®
Fibrometer is a patented test combining age,
platelets, HA, AST, prothrombin index, urea, and α2macroglobulin. In CHC patients, AUROC values were
reported to be between 0.85-0.89 for significant liver
[70-72]
fibrosis and 0.91 for liver cirrhosis
. In addition, direct
®
comparisons showed that the Fibrometer performed
®
better than APRI and the FibroTest in detecting both
[73,74]
significant fibrosis and cirrhosis
.
®
Hepascore is another patented test that combines
age, gender, HA, bilirubin, gamma glutamyl-trans
peptidase (γGT), and α2-marcoglobulin. An interesting
®
advantage of Hepascore is that it can be totally
automated using a single analyzer and only one
[75]
serum sample . In CHC patients, AUROC values
®
of Hepascore were 0.79-0.85 for diagnosis of
significant fibrosis and 0.89-0.94 for diagnosis of
[72,76,77]
cirrhosis, indicating an excellent performance
.
The Original European Liver Fibrosis (OELF) panel
proposed by the European liver fibrosis study group
includes HA, TIMP-1, PⅢNP, and age. OELF was shown
to be specific and sensitive in the evaluation of liver
[21]
fibrosis in chronic liver disease of different etiology .
The European Liver Fibrosis (ELF) panel is a simplified
[38]
version of the OELF that excludes the age variable .
ELF showed an AUROC range for significant fibrosis
of 0.77-0.87 in the CHC patient and an AUROC of
[37,38,78]
0.82-0.90 for cirrhosis
.
The SHASTA Index, which consists of HA, AST, and
albumin, was evaluated in a cohort of 95 patients with
[79]
HIV/HCV co-infection . This index showed an AUROC
for significant fibrosis of 0.88, and this performance
was significantly better than the APRI test in this HIV/
[50]
HCV cohort .

markers and are based on the evaluation of common
functional alterations in the liver, alterations that do
not necessarily reflect ECM turnover and/or fibrogenic
cell changes. These indirect markers are based
mainly on a single or an algorithmic elaboration of
commonly observed alterations in liver function (e.g.,
platelet count, AST, and total cholesterol). In general,
assessment through indirect markers is, therefore,
easy to obtain as it is based on laboratory tests
already available in hospital general laboratories. The
best known tests based on indirect markers include:
AAR index (AST/alanine aminotransferase (ALT)
[80]
ratio), APRI index (AST/platelet ratio) , the PGA
(prothrombin index, γ-glutamyl-transpeptidase-GGT-,
[81]
and apolipoprotein) , the PGAA (same as PGA plus
[82]
α2-macroglobulin) , FIB-4 score (which combines
platelet count, ALT, AST, and age), Forns index (age,
[83]
platelet count, γGT, cholesterol) , and FibroTest (α2macroglobulin, haptoglobin, γGT, apolipoprotein A1,
[84,85]
and bilirubin)
.
Concerning AAR, although some studies have found
promising results, its performance as a non-invasive
marker of fibrosis is generally low, especially for the
[86,87]
diagnosis of less advanced stages of fibrosis
.
An AAR increase over 0.8 reflects a progressive liver
functional impairment, while a ratio ≥ 1 is indicative
[88]
of cirrhosis . The diagnostic accuracy of ARR for
distinguishing between cirrhotic patients and noncirrhotic ones in different studies is variable, with an
[29]
AUROC of 0.51-0.83 . Moreover, the AAR had low
performance for detecting significant fibrosis (AUROC
of 0.661) as compared to other simpler models, such
[75]
as APRI (AUROC 0.793) and FIB-4 (AUROC 0.811) .
The APRI is a useful tool to discern or exclude
significant liver fibrosis (cut off 0.5-1.5) and liver
cirrhosis (cut off 1-2). However, in a substantial
number of patients (30%-50%), APRI values are
within an intermediate area, and classification is
unreliable. Nonetheless, to date, APRI remains one
of the most validated non-invasive biomarkers for
liver fibrosis, and it is among the most referenced
[10]
by guidelines . In the first study in which APRI
was proposed, a high precision for the prediction
of significant fibrosis (AUROC 0.88) and cirrhosis
[80]
(AUROC 0.94) was demonstrated . Subsequent
studies indicated, however, an irregular performance
with AUROC for significant fibrosis ranging between
[28,89]
0.69-0.88 and for cirrhosis between 0.61-0.94
.
This variability could be partially explained by the
different cutoff values chosen in each study and by
the population heterogeneity. A recent meta-analysis
of 40 studies, which included 8739 patients with CHC,
concluded that APRI can be used in clinical practice
for the confirmation of severe fibrosis/cirrhosis when
other clinical signs and examination are non-decisive
(AUROC for the diagnosis of significant fibrosis, severe
fibrosis, and cirrhosis were 0.77, 0.80, and 0.83,
[90]
respectively) . In this meta-analysis, the best cutoff
for diagnosing significant fibrosis was 0.7 while for the

INDIRECT SERUM MARKERS (CLASS Ⅱ
BIOMARKERS)
The first approach used to assess the degree of liver
fibrosis by non-invasive means consisted of routine
biochemical and/or hematological tests. These
so-called class Ⅱ biomarkers are indirect serum
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detection of cirrhosis it was 1.0. Since it is cheap and
simple, it should be considered a reference test against
which other non-invasive methods are compared.
Therefore, APRI is still the first choice for CHC patients
to identify fibrosis in regions with limited healthcare
resources. A major advantage of APRI is that it was
validated in special populations, such as individuals
[90,91]
with HIV/HCV co-infection
, in whom the overall
performance seems to be lower than HCV mono[90,92]
infected individuals
.
The PGA and PGAA index are very interesting
since they implicate both inflammation and fibrosis in
chronic liver diseases; however, their overall accuracy
[50]
is relatively low to other indices .
The Forns index can be used to differentiate
patients with mild (F0-F1) fibrosis from those with
severe (F2-F4) fibrosis, but it shows less accuracy
for distinguishing patients with stage F2 versus F4.
However, several studies revealed a wide dispersion
in the diagnostic performance of the Forns index
for the detection of significant fibrosis (AUROC
[72,83,89]
0.76-0.79)
. The major limitation of the Forns
index is that it does not offer conclusive information
regarding cirrhosis, while it leaves a high number of
[75]
cases unclassified .
The FIB-4 was originally developed for HIV/HCV coinfected patients, with cutoff values of 1.45 or 3.25 to
[93]
rule-out or rule-in significant fibrosis, respectively .
This model was subsequently validated by Vallet[94]
Pichard et al in a large cohort of HCV mono-infected
patients. The FIB-4 index correctly identified patients
with severe fibrosis (F3-F4) and cirrhosis with an
AUROC of 0.85 and 0.91, respectively. A FIB-4 index
< 1.45 had a negative predictive value of 94.7% to
exclude severe fibrosis and a sensitivity of 74.3%. A
FIB-4 index higher than 3.25 had a positive predictive
value of 82.1% for the confirmation of significant
fibrosis (F3-F4), with a specificity of 98.2%. Since the
FIB-4 index is simple and inexpensive, it has been
validated in a number of studies with a variable degree
[95-97]
of accuracy in HCV infected subjects
. Amorim
[98]
et al
compared FIB-4 and APRI and found similar
AUROCs for both models (0.81 vs 0.79, respectively),
but the proportion of biopsies that could have been
correctly avoided was substantially higher with FIB-4
than with APRI (63% vs 47%), suggesting that FIB-4
is probably a more useful tool for incorporation into
[98]
daily practice .
The FibroTest/FibroSure (identical tests but diffe
rent names in Europe and America, respectively)
and ActiTest are for the assessments of fibrosis and
necroinflammatory activity. Their score is computed
by accessing a proprietary website and entering the
patient’s data (age, sex, haptoglobin, α2-macroglobulin,
apolipoprotein A1, GGT, and bilirubin) and can only be
[99,100]
performed in validated laboratories
. It generates
a score that is correlated with the degree of liver
damage in people with a variety of liver diseases. This
test showed an AUROC range of 0.74-0.89 for the
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diagnosis of significant fibrosis and an AUROC range of
[21]
0.82-0.92 for cirrhosis . Among the patented panels
combining parameters for diagnosis of liver fibrosis,
FibroTest/Fibrosure is the most validated; however,
it is important to note that risk factors leading to
errors of this test include elevated bilirubin levels
unrelated to fibrosis (for example due to cholestasis or
Gilbert syndromes), reduction of haptoglobin related
to hemolysis, and elevation of haptoglobin and α2[29]
macroglobulin due to non-hepatic inflammation .
In contrast to the numerous liver fibrosis biomarkers,
only a few biomarkers of necroinflammatory histological
activity have been published. ActiTest is a biomarker of
liver necroinflammatory histological activity that was
[84,101]
initially validated in patients with CHC
and then
[85]
in patients with chronic hepatitis B (HBV) . ActiTest
is widely used in association with FibroTest as a non[102]
invasive alternative to liver biopsy
. It combines
ALT and the five components of FibroTest. Poynard et
[102]
al
assessed the accuracy of ActiTest in comparison
with ALT in a meta-analysis of six studies including
2017 patients and described that the accuracy of
ActiTest for grading the necroinflammatory activity
of patients with CHC is significantly higher than ALT
serum activity alone. The overall accuracy of ActiTest
for the diagnosis of any activity grade ranged between
0.79-0.74. Notably, the non-invasive assessment
of necroinflammatory grade combined with fibrosis
stage is still crucial for at least three reasons: (1) for
treatment prescription, which could be discussed in
patients without advanced fibrosis but with moderate
[1]
or severe necroinflammatory activity
and for
maintenance therapy in patients with cirrhosis in order
[103,104]
to reduce necrosis and inflammation
; (2) for the
risk of false positives induced by necroinflammatory
[105]
activity on fibrosis biomarkers
and on liver stiffness
[106,107]
measurements by fibroscan
; and (3) for the risk
of over interpretation of fibrosis improvement after
antiviral treatment if the impact on necroinflammatory
[102,105]
activity is not taken into account
.
In addition to the combined panels that include
different markers, many authors have proposed
improving the accuracy of non-invasive methods for
the correct diagnosis of liver damage in CHC using
serum-based algorithms as a simultaneous or a
sequential procedure. The use of two or more noninvasive methods increases the diagnostic accuracy
[72,89,108-110]
of an individual assay
. The choice of the
algorithm to be used in the clinical practice may be
based on some considerations: (1) what is locally
available; (2) what has been recently validated; (3)
what is not affected by patient co-morbidities; and (4)
[29]
which method does the physician feel comfortable .
There are a large number of proposed algorithms that
involve different markers; but we will only discuss the
[111]
most widely applied. Sebastiani et al
investigated
the viability of combining APRI and FibroTest/Fibrosure
(Sequential Algorithm for Fibrosis Evaluation) to identify
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significant fibrosis and cirrhosis in more than 2000
patients with CHC. This model uses APRI as a first line
test because of its simplicity and low cost and FibroTest
as a second line test because of its accuracy and higher
cost. Importantly, the model uses liver biopsy as a third
line test only in cases where the combined non-invasive
biomarkers fail to classify with adequate accuracy. The
algorithm used to identify significant fibrosis avoided
50% of liver biopsies, whereas an algorithm used to
identify cirrhosis avoided more than 80% of biopsies.
[25]
Castera et al
proposed the Bordeaux algorithm.
They showed that the combination of TE and FibroTest
was very useful for diagnosing significant fibrosis
and cirrhosis, with AUROC measuring 0.88 and 0.95,
[112]
respectively. Boursier et al
proposed a new fibrosis
index that combined Fibrometer and TE. This index
identifies patients with clinically significant/severe
fibrosis with more accuracy than FibroTest, Fibrometer,
or TE; avoiding 86% of liver biopsies. It is important
to note that the combination of TE with serum-based
tests is currently a common modern practice. Calès
[113]
et al
described a new test called Elasto-Fibrometer
(E-Fibrometer that includes all eight single components
of Fibrometer and Fibroscan, resulting in a binary
logistic regression targeted to F ≥ 2 or F4. E-Fibrometer
provides higher accuracy than the other tests with
AUROCs at 0.848 for F ≥ 2 and 0.926 for F4.
Another proposed stepwise algorithm combines
®
[114]
Hepascore with APRI named Bourliere’s algorithm .
This approach yielded 91% diagnostic accuracy and
reduced liver biopsies for significant fibrosis by 45%.
To date, its main drawback is the lack of extensive
®
validation data for Hepascore , as compared to APRI,
[108]
FibroTest, and Forns index. Moreover, Bourliere et al
proposed another combination algorithm consisting
of Forns index, FibroTest, and APRI that showed good
performance for diagnosing both significant fibrosis
and cirrhosis, saving around 50% and 80% of liver
[72]
biopsies, respectively. Moreover, Leroy et al proposed
another combination algorithm using FibroTest and
APRI in concordance, which demonstrated exceptional
performance in the diagnosing of significant fibrosis.

new options for the development and testing of novel
[124]
serum markers of liver damage
. Unfortunately,
although there are many studies that evaluate these
serum apoptosis markers in CHC patients related to
liver damage, the study of the diagnostic accuracy of
these markers for the diagnosis of liver injury severity
is lacking.
The cellular content of the soluble fraction of cyto
keratin-18 (CK18), the major intermediate filament
protein in the liver, has been shown to be released
into the extracellular space during cell death both in
vitro and in vivo. CK18 is cleaved by caspases at two
conserved residues during apoptosis, one of them
(Asp396) represents a neoepitope (M30), which is not
detectable in vital or necrotic cells. Circulating levels
of M30 have been shown to be elevated in various
other liver disorders, but it was particularly studied
for the diagnosis of nonalcoholic steatohepatitis
(NASH) among patients with nonalcoholic fatty liver
[125]
[119,126-128]
disease . However, Bantel et al
extensively
studied hepatocyte cell death and the release of M30
in patients with CHC. They found that serum M30
quantification is a highly sensitive method to detect
[126]
early fibrosis severity
. They observed that M30
levels were associated with more severe stages of
fibrosis only in patients with normal transaminase
values, but no association between M30 and either
hepatitis or fibrosis severity in general adult CHC
patients was found. On the other hand, Seidel et
[129]
al
found that M30 was elevated in adult patients
with severe steatosis. Finally, Papatheodoridis et
[130]
al
found that M30 was associated with global liver
damage severity, because its levels correlated with
hepatitis severity, fibrosis, and steatosis. Jazwinski et
[131]
al
found elevated M30 levels in CHC patients when
compared to controls, and while the stage of fibrosis
was associated with increasing serum CK18 levels,
there was no association between M30 and the grade
[132]
of steatosis. In contrast, Joka et al
described that
M65, another epitope that is present in both caspasecleaved and uncleaved CK-18, was more sensitive
and specific than M30 for the detection of lower
fibrosis stages and steatosis severity in many forms
of chronic liver disease, including CHC; although M65
and M30 were not individually analyzed in the context
of each disease etiology. Moreover, in a previous
study, we described that while M30 showed a trend of
association with advanced fibrosis, it did not correlate
[133]
with steatosis severity in adult patients
. Finally,
while these studies support the association of CHC
with increased circulating levels of M30, the potential
clinical role and utility of these biomarkers in patients
with CHC remains uncertain.
Fas receptor/Fas ligand interaction is the primary
initiator of the extrinsic apoptosis pathway in the
liver. Therefore, the elimination of apoptotic bodies in
pathological conditions may induce an inflammatory
reaction with consequent activation of HSCs, which
[134]
in turn favors the development of liver fibrosis
.

BIOMARKERS OF LIVER CELL DEATH
Based on the morphological characteristics of liver
biopsies, it is currently accepted that hepatocyte
damage is a result, at least in part, of apoptosis
induction. Both in vitro studies and in vivo models
have demonstrated the induction of apoptosis by
[3,115-117]
HCV
. Furthermore, some studies including
adult patients indicated that hepatocyte apoptosis
plays a significant role in the pathogenesis of HCV
[116,118-123]
infection
. Non-invasive biomarkers of cell
death are evolving as promising tools to diagnose and
monitor liver damage in various acute and chronic liver
diseases. The understanding and identification of key
molecules involved in biochemical cascades leading
to cell death in liver pathophysiology have offered
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Several authors postulated that soluble Fas receptor
(sFas) is associated with liver damage severity because
significantly increased sFas levels were observed in
patients with terminal disease stages, such as cirrhosis
[135,136]
and hepatocellular carcinoma
. In turn, Toyoda
[137]
et al
reported that sFas levels in CHC patients
[138]
correlated with hepatitis severity. Kakiuchi et al
corroborated this result, but reported that this marker
was not associated with fibrosis severity. In contrast,
our previous study indicated that sFas was not related
to hepatitis severity but instead was associated with
[133]
fibrosis severity
. It follows then that serum sFas
levels are high in patients with CHC; however, the
clinical relevance of circulating sFas is not completely
[135,138-143]
understood
.
Tumor necrosis factor-alpha (TNF-α) is a pleiotropic
monocyte derived cytokine that has been associated
with cancer progression, severe inflammatory diseases,
[144]
and liver injury
. In order to fulfill inflammatory
reactions in the tissue, TNF-α binds to two distinct
receptors: TNFR1 and TNFR2. Plasma TNF-α levels
were significantly higher in patients with CHC, liver
cirrhosis, and hepatocellular carcinoma compared
to those with acute or mild CHC. Moreover, positive
correlations between disease progression and soluble
TNFR1 and soluble TNFR2 were described in patients
[124]
with CHC .

is time dependent, even though it is a slow and nonlinear process. As mentioned above, biopsy in children
is still perceived to carry a higher risk of complications,
so it is less accepted than in adults. However, none
of the several non-invasive tests proposed as an
alternative to liver biopsy for grading and staging
CHC have been investigated and/or validated in the
pediatric population, so little is known about these
tools in children.
In a recent study of a cohort of pediatric patients
with CHC, we evaluated the presence of a profibrogenic cytokine (TGF-β1) and certain matrix
deposition markers (HA, PⅢNP, and TIMP-1) and then
correlated them with liver injury. TGF-β1, TIMP-1, HA,
and PⅢNP levels were higher in CHC patients than
in age matched controls. Concerning liver damage,
serum TGF-β1, PⅢNP, and HA showed no statistically
significant differences among fibrosis stages; however,
higher values of TIMP-1 were observed in pediatric
patients with more severe fibrosis stages. Indeed,
its accuracy for discriminating significant fibrosis was
lower than that for discriminating advanced fibrosis
[42]
(AUROC of 0.625 and 0.800, respectively) . This
observation is in agreement with data reported by
[153]
Lebensztejn et al
on pediatric HBV patients. It is
worthwhile to note that the highest TIMP-1 values
were cirrhosis cases, so it would be interesting to
analyze more cases from this condition to assess the
actual diagnostic accuracy for cirrhosis. Finally, we
compared the TIMP-1 result with APRI and AAR as
surrogate indirect serum markers of liver fibrosis; but
these approaches in our cohort did not improve the
diagnostic accuracy performance of TIMP-1. In the
pediatric series, neither APRI nor AAR reached the 0.80
[42]
AUROC value, and TIMP-1 remained the best option .
FibroTest and ActiTest are potential non-invasive
methods for assessing hepatic fibrosis and necro
inflammatory activity in pediatric CHC patients. Since
they observed AUROC of 0.97 when diagnosing patients
with mild stage of fibrosis. these tests could discriminate
them from those cases with no (or minimal) fibrosis.
AUROC of 0.93 was useful to successfully discriminate
between patients with moderate activity and those with
[154,155]
mild activity
.
Moreover, considering that HCV, apoptosis, and
immune responses are all involved in CHC pathoge
[123]
nesis in both pediatric and adult groups
, we have
recently evaluated the presence of different apoptosis
markers and analyzed their correlation with liver
[133]
injury in a cohort of CHC pediatric patients
. In
particular, we measured sFas and M30 and found
that sFas was associated with fibrosis severity (both
significant and advanced fibrosis) and that M30
levels were elevated in pediatric patients with severe
steatosis. The diagnostic accuracy was good for sFas
to evaluate advanced fibrosis (AUROC: 0.812) and
for M30 to determine steatosis severity in children
(AUROC: 0.833). Serum sFas could be considered a
possible marker of advanced fibrosis both in pediatric

SERUM MARKERS IN PEDIATRIC
PATIENTS
HCV infection in adult patients has been explored
so far; however, the natural history of HCV infection
acquired in infancy and childhood remains poorly
characterized, and the long-term outcome of the
[145]
disease is still a matter of debate
. The spread of
HCV infection in childhood is much more limited, but
vertical transmission, in spite of its low efficiency,
contributes to the maintenance of a reservoir of
infection. Most children are asymptomatic with mildly
[145-148]
abnormal hepatic transaminases
. Nevertheless,
the full spectrum of elementary histological lesions
described in adult patients can be observed in
the liver of children and adolescents, including
the typical triad of HCV-associated lesions; i.e.,
steatosis, portal aggregates of mononuclear cells,
and bile duct damage. The prevalence of both portal
lymphoid aggregates and bile duct injury seems to
[145,149,150]
be significantly higher among older children
.
Whether or not this ‘‘adult phenotype’’ of hepatitis
C is related to the host’s immunoreaction remains
speculative. In comparison with adults, children
more often exhibit a mild disease activity. Septal
fibrosis is not rare, but cirrhosis hardly ever develops
during childhood. Liver fibrosis increases with the
patient’s age and/or the duration of disease, so older
adolescents and young adults have more severe
[150-152]
fibrosis than children
. The progression of fibrosis

WJG|www.wjgnet.com

1375

January 28, 2016|Volume 22|Issue 4|

Valva P et al . Serum biomarkers in chronic hepatitis C
and adult patients with CHC, and M30 might be a
good predictor of steatosis severity in children. This
last finding is particularly important since M30 is being
widely studied as a marker of steatosis severity both in
[156-162]
pediatric and adult patients with NASH
. However,
it would be useful to study larger pediatric cohorts,
perhaps in a multicenter study, to validate and confirm
these findings. Consequently, this approach would be
potentially translatable to the bedside.

4
5

6
7

CONCLUSION
8

The accurate diagnosis of liver damage is essential for
decision-making in CHC. Liver biopsy has traditionally
been considered the gold standard for the evaluation
of tissue damage, as it provides useful information for
patient management and prognosis. However, it is an
invasive procedure with a risk of potential complications
and is prone to sampling errors. Even though in the
last decade remarkable achievements have been
made in the non-invasive diagnosis of liver damage,
it is an evolving field, and there is still room for
improvement. A number of non-invasive techniques,
ranging from serum biomarker assays to advanced
imaging techniques, are being developed. In general,
these tests show low accuracy in discriminating among
intermediate stages of fibrosis and may be influenced
by several hepatic and extrahepatic conditions. In
order to improve the accuracy of non-invasive methods
to achieve the correct diagnosis of liver damage in
CHC, algorithms combining different markers as well
as the use of two or more non-invasive methods either
simultaneously or in a sequential procedure have been
proposed. Continued research in this area will give us
the opportunity to offer our patients more precise and
non-invasive diagnostic tools. Further research on the
pathophysiology of CHC may identify novel markers
that are able to accurately detect both progression
and regression of liver damage. Liver biopsy will still
be part of clinical practice in the coming years, but
progress in biomedicine will challenge previously
entrenched assumptions and will change our current
approach to liver diseases in the next decade.
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TOPIC HIGHLIGHT
2016 Hepatitis C Virus: Global view

Vertically acquired hepatitis C virus infection: Correlates of
transmission and disease progression
Pier-Angelo Tovo, Carmelina Calitri, Carlo Scolfaro, Clara Gabiano, Silvia Garazzino
infection in children is 0.05%-0.4% in developed
countries and 2%-5% in resource-limited settings,
where inadequately tested blood products or un-sterile
medical injections still remain important routes of
infection. After the screening of blood donors, motherto-child transmission (MTCT) of HCV has become the
leading cause of pediatric infection, at a rate of 5%.
Maternal HIV co-infection is a significant risk factor for
MTCT and anti-HIV therapy during pregnancy seemingly
can reduce the transmission rate of both viruses.
Conversely, a high maternal viral load is an important,
but not preventable risk factor, because at present no
anti-HCV treatment can be administered to pregnant
women to block viral replication. Caution is needed in
adopting obstetric procedures, such as amniocentesis or
internal fetal monitoring, that can favor fetal exposure
to HCV contaminated maternal blood, though evidence
is lacking on the real risk of single obstetric practices.
Mode of delivery and type of feeding do not represent
significant risk factors for MTCT. Therefore, there is no
reason to offer elective caesarean section or discourage
breast-feeding to HCV infected parturients. Information
on the natural history of vertical HCV infection is
limited. The primary infection is asymptomatic in
infants. At least one quarter of infected children shows
a spontaneous viral clearance (SVC) that usually
occurs within 6 years of life. IL-28B polymorphims and
genotype 3 infection have been associated with greater
chances of SVC. In general, HCV progression is mild or
moderate in children with chronic infection who grow
regularly, though cases with marked liver fibrosis or
hepatic failure have been described. Non-organ specific
autoantibodies and cryoglobulins are frequently found
in children with chronic infection, but autoimmune
diseases or HCV associated extrahepatic manifestations
are rare.
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Abstract
The worldwide prevalence of hepatitis C virus (HCV)
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positive children (< 15 years) has been calculated,
[3]
with 5 million viremic infections : such a surprising
high proportion of infected children with spontaneous
viral clearance (SVC) is presumably due to the intrinsic
limits of these studies that can only partially reflect the
real burden of infection.
Before the universal screening of blood products,
pediatric HCV infection was predominantly due
to iatrogenic transmission; then, mother-to-child
transmission (MTCT) became the leading source
of infection in childhood in developed countries.
Notably, the increased safety of blood products and
injection equipment also reduced the number of HCV
infected women of childbearing age and consequently
the number of vertical infections and the relative
distribution of single genotypes. For instance, in
Italy the total number of pediatric infections has
been decreasing as well as the percentage of the
transfusion-associated type 1b genotype, while the
relative percentages of genotype 3 or 4 infections have
[7]
been increasing . On the other hand, many cases of
hepatitis C in children and adolescents from resourcelimited settings are still due to inadequately screened
[8,9]
blood products and/or parenteral transmission .
These variations in risk factors account for the different
prevalence of pediatric HCV infection that ranges from
0.05% to 0.36% in developed countries and from 1.8%
[10-12]
to 5% in the developing world
.
This review gives insights into the most relevant
data about the risk of vertical HCV infection and
correlates of transmission and highlights the evolution
of the infection in children and adolescents.

Core tip: Approximately 5% of exposed infants acquire
hepatitis C virus (HCV) infection from the mother.
Several correlates of vertical transmission have been
identified, but no preventive intervention is available.
Spontaneous viral clearance takes place in 25%
of infected children within 6 years of age. Chronic
infection has a mild/moderate course in the majority
of children, though severe liver damage may develop.
The new direct acting antiviral agents open exciting
therapeutic perspectives for HCV infected children and
offer an immediate opportunity to prevent the vertical
transmission by reducing the burden of infected women
of child-bearing age.
Tovo PA, Calitri C, Scolfaro C, Gabiano C, Garazzino S.
Vertically acquired hepatitis C virus infection: Correlates of
transmission and disease progression. World J Gastroenterol
2016; 22(4): 1382-1392 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i4/1382.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1382

INTRODUCTION
Hepatitis C virus (HCV) is a small, enveloped, singlestrand RNA virus of the Flaviviridae family, which is
[1]
transmitted via parenteral route . In a high proportion
of infected subjects the virus can persist and give rise
to chronic liver disease, cirrhosis and hepatocellular
carcinoma.
The total global prevalence of HCV infection is
estimated to be 2%-3%, affecting approximately
160 million chronically infected individuals worldwide,
with highly variable local prevalence rates between
[2]
countries and within countries . A recent literature
[3]
review described lower total global numbers (115
million HCV seropositive subjects, 80 million viremic
infections), with a prevalence (1.6%) that might
be decreasing. However, in other analyses the total
disease burden is expected to increase in the next
[4,5]
decade . In fact, several risk factors have changed
after the discovery of the virus. First of all, with the
screening of blood donors the risk of contracting HCV
from infected transfusions or blood products became
extremely rare in resource-rich countries, where,
conversely, needle exchange among intravenous
drug users remains a paramount mode of horizontal
transmission. Un-sterile medical injections and surgical
procedures still remain a threat in a few regions of
[6]
Africa . Deaths due to long-lasting infections and
immigration from high endemic areas may also play a
role on the epidemiology of HCV infection, whereas the
impact of antiviral treatments is irrelevant.
Few analyses have outlined the age distribution of
HCV infection: a global number of 11 million anti-HCV
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HCV INFECTION DURING PREGNANCY
The prevalence of HCV infection in pregnant women
mirrors that of the general population: ranging from
0.5%-2% in high-income countries to 5%-15%
[13-16]
in some developing countries
. Most infected
women do not develop HCV-mediated clinical
manifestations during pregnancy, although an increase
in gestational cholestasis has been described in some
[17-19]
studies
. Indeed, there is a decrease of serum
alanine aminotransferase (ALT) levels, a marker of
liver cytolysis, in the advanced phase of pregnancy
[16,20-22]
with concomitant increase in HCV viral load
.
Conversely, in the post-partum period there is a
[23-25]
rebound in ALT levels and a reduction in viral load
.
Gestation is characterized by a down regulation of
[26]
the immune responses , in particular of the T cell[27]
mediated reactivity
with expansion of regulatory
[28]
T cells , presumably to prevent maternal immune
aggression against the fetus. This impaired cellular
response on one hand may result in a reduced
immune-mediated liver damage; on the other hand, it
may favor the viral replication. In contrast, in the postpartum period the T-cell mediated cytotoxicity against
HCV epitopes would recover with consequent decline
in viral burden and rebound of liver injury.
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A large observational study concluded that infants
born to women with HCV infection appear to be at risk
for poor birth outcomes, such as preterm delivery, low
[29]
birth weight and congenital anomalies . However,
most studies did not evidence any increase in
[16,30,31]
obstetric complications in HCV infected women
.
Concomitant diseases, such as coagulation disorders
or digestive tract malformations were also noticed in
some vertically infected children, but these disorders
[32]
do not appear HCV-related .

either virus are comparable. However, in contrast to
HIV-1, mode of delivery and type of feeding have no
significant impact on HCV MTCT rate. Furthermore, the
risk of transmitting HCV to the offspring is lower than
HIV-1, despite the higher maternal viral load of the
former, attesting that the underlying mechanisms and
correlates of transmission are quite different for each
virus.

Mother-to-child transmission of HCV

Maternal viral load

CORRELATES OF TRANSMISSION
Vertical transmission is virtually restricted to women
[33,36,39,44,58-62]
with detectable viremia
, even though
anecdotal cases from mothers with undetectable
[36,38,63-65]
viremia have been reported
. A clear association
between maternal viral load and risk of vertical
transmission has been demonstrated: the higher the
viral burden, the greater the risk of infection for the
offspring. However, there is a broad overlap in the HCV
RNA levels between transmitting and non-transmitting
mothers and no threshold value has been identified to
precisely quantify the risk of transmission.
HCV RNA is found in about 70% of seropositive
pregnant women, but the percentage of viremic
infections among antibody-positive women changes
[2,3]
greatly in distinct geographical areas : this might
explain, in part, the different estimates of HCV MTCT
rates from studies that did not take into consideration
the maternal viremia.
HCV can infect and replicate in PBMCs and a
relationship was found between HCV RNA in PBMCs
[66]
of pregnant women and vertical transmission . In
this view, the HLA concordance between mother and
offspring might facilitate the persistence of maternal
cells in the newborn blood and the infection of newborn
target cells (see below).

The vertical HCV transmission rate is estimated to be
[12,15,33-44]
about 5%, ranging from 3% to 10%
. These
variations are mostly due to the small sample size of
some investigations, differences in diagnostic criteria,
population’s risk factors, type of study (retrospective or
prospective), and duration of follow-up. The diagnosis
of HCV infection in exposed infants is complicated
by passively acquired maternal antibodies. These
usually wane by 12 mo of age, but sometimes persist
[45]
longer . Furthermore, the first PCR assays were
poorly standardized with consequent limits of sensitivity
[46,47]
and specificity
.
[48]
HCV can infect placental cells . In addition,
maternal cells can cross the placenta and reach
the fetus. Therefore, fetal exposure to HCV would
take place more frequently than actual in utero
transmission. Natural killer (NK) cells and NK T cells
seem to play an important role in the clearance
[49,50]
of acute HCV infection
. NK T cell and γδ T cell
frequencies are higher in placenta from HCV-infected
women and production of cytokines and cytotoxicity
mediated by NK cells and NK T cells are increased in
[51]
HCV-exposed placenta .
Vertical transmission takes place with every
genotype. Studies on the quasispecies profile of HCV[52-55]
infected infants revealed a limited diversity
,
suggesting that only a restricted number of viral
variants, not dominant in the mother, are involved in
MTCT. Characterization of circulating viral quasispecies
during and after consecutive pregnancies in two
women revealed loss of some escape mutations in HLA
class I epitopes during pregnancy, presumably due
to reduced cytotoxic T lymphocyte control. This was
associated with emergence of viruses with optimized
replicative fitness, which were also found in their
[56]
infected children .

HCV/HIV-1 co-infection

The rate of HCV MTCT is increased when the mother
[35,37,39,41,67,68]
is co-infected with HIV-1
; a recent metaanalysis concluded that maternal HIV co-infection
is the most important determinant of vertical
transmission risk (adjusted odds ratio 2.56; 95%CI:
[43]
1.50-4.43) . The HIV-1-induced immunosuppression
could lead to a higher HCV viral load, although this
[21]
was not consistently observed . In this context,
when HIV/HCV co-infected pregnant women were
treated with highly active antiretroviral therapy
(HAART) the significant increase in HCV transmission
[38,39]
disappeared
. It is worth noting that HIV-1 and
HCV are mostly acquired independently from women
with double infection, even though simultaneous
transmission may occur.

When does HCV MTCT occur?

We documented that one third of exposed infants
ultimately shown to be infected are HCV RNA positive
in the first 3 d of life, demonstrating that early in
utero infection may occur; the others mostly become
[57]
HCV RNA positive in the second/third month of life .
Interestingly, the time of appearance of viremia is
similar in children vertically infected with HIV-1.
This would suggest that the relative percentages of
children infected before, during or post-delivery with
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Obstetric factors and rupture of membranes

HCV RNA has been detected in amniotic fluid, although
[69]
inconsistently . Amniocentesis was considered a
likely explanation for diamniotic twins discordant
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[82]

for HCV infection, as the needle punctured the sac
[70]
of one fetus . However, in other diamniotic twins,
only one was infected but amniocentesis was not
[71]
performed . Procedures that allow contact between
maternal and fetal blood, such as amniocentesis, are
expected to increase the risk of HCV transmission,
though the limited studies available do not support
[39,68]
this hypothesis
. Internal fetal monitoring was
[39]
linked to a higher transmission rate and a significant
increase was observed in women who underwent
perineal or vaginal lacerations, whereas episiotomy
[59]
was irrelevant . The duration of rupture of membranes
(ROM) was longer in mothers of infected infants
[61,72]
vs uninfected infants
. This association also
[39]
emerged by comparing a duration of ROM > 6 h
between transmitting and non-transmitting mothers.
[68]
Antithetical results were reported by Delotte et al ,
who concluded that HCV infection does not appear
to be a legitimate indication for modifying common
obstetric practices.

study . Another investigation on concordance degree
in HLA-DRB1 locus revealed that a HLA mismatch
between mother and child was a protective factor,
suggesting that alloreactive immune responses are
involved in preventing HCV vertical transmission;
in addition, maternal HLA-DRB104 correlated with
protection, while HLA-DRB110 in children was a risk
[83]
factor . Others found that HLA-Cw*07, -G*010401,
-DRB1*0701, -DRB1*1401 and homozygosis for
HLA-G 14bp deletion can be considered as risk
factors for HCV vertical transmission; on the contrary,
protection was conferred by the HLA-DQB1*06,
-G*0105N, -Cw*0602, DRB1*1104 and -DRB1*1302
[84]
alleles . The role of IL-28B polymorphisms on MTCT
[60]
rate is irrelevant .
Cytokine gene polymorphisms, which affect the
expression levels of the produced protein, were
also investigated for TNF-α, interferon (IFN)-γ,
IL-10, TGF-B1. No significant differences emerged
between infected and uninfected children or between
transmitting and non-transmitting mothers by
comparing intermediate and low cytokine producers
[83]
with high cytokine producers .

Mode of delivery

Theoretically, elective caesarean section (CS) might
reduce the HCV MTCT risk by preventing contact of
the newborn with maternal blood during labor and
infected genital secretions during the passage through
the birth canal. Some studies observed a lower risk
[72-74]
of infection in children born by CS
. However,
the majority of targeted investigations, including
[20,36-38]
the largest observational studies
, consistently
concluded that mode of delivery does not influence
the HCV vertical transmission rate and such findings
[75]
have been confirmed by a targeted meta-analysis .
Indeed, it is worth considering that elective CS might
have protective effects in women with high viral load,
a situation that has not been sufficiently analyzed.
In fact, most expert recommendations or guidelines
conclude that there is no reason to offer elective CS to
[19,62,76-79]
HCV infected pregnant women
.

Other factors

Maternal age, number of pregnancies, prematurity,
cigarette smoking, and alcohol intake have no
significant impact on HCV MTCT rate. Discordant
[42,72,85,86]
results were reported for Ⅳ drug use
.
Notably, broadly reactive maternal neutralizing
antibodies do not contribute to prevent vertical
[87,88]
transmission
.
A higher HCV transmission rate in females than
[38,89]
in males emerged from a few studies
. Curiously,
[90,91]
the same gender effect emerged for HIV
and
[92]
human T-cell leukemia/lymphoma virus type Ⅰ .
One wonders whether differences between males
and females in hormonal or genetic background can
modulate their immune response and thus their
susceptibility to a few viral infections.

Type of feeding

The data concerning the viral content in breast milk
[39,64,72,80,81]
are contradictory
, presumably following the
differences in maternal viral load, methods used or
portion of milk studied.
A few studies reported higher HCV transmission
[64,72]
rates in breast-fed infants
. However, most results
attest that type of feeding has no significant impact
[36-39,62,81]
on the risk of HCV transmission
. Therefore,
there is a consensus that breast-feeding should not be
[62,76-79]
discouraged in HCV infected mothers
. However,
these should consider abstaining from breast-feeding
if their nipples are cracked or bleeding according to the
[78]
Centers for Disease Control and Prevention .

NATURAL HISTORY OF VERTICALLY
ACQUIRED HCV INFECTION
The evolution of vertically acquired HCV infection is
ill-defined, because there are few large prospective
studies on children identified at birth and with
prolonged follow-up, while the majority also include
patients who acquired parenteral infections or who
were referred to tertiary centers. Consequently,
these analyses may underestimate the number of
children with spontaneous clearance of infection and
overestimate that of symptomatic children or with
biochemical signs of hepatitis.

Genetic background

Primary infection

Few studies addressed the role of genetic factors in
HCV MTCT. Differences in HLA system between mother
and infant did not affect HCV transmission in one
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At birth and in the first weeks of life HCV infected
newborns are asymptomatic and without any evidence
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Humoral immunity

[93,94]

of liver damage
. Subsequently, some infants
exhibit high ALT levels, while others maintain normal
[94-96]
or almost normal levels
. In general, acute HCV
infection does not cause disturbances in infants,
whereas in adults it may have a severe or even fatal
evolution; furthermore, on average, ALT levels are
considerably lower in the former.
Even if the fetal immune system can mount
[97]
effector responses, e.g., against cytomegalovirus ,
no specific T cell responses against HCV were observed
[98]
in umbilical cord blood samples of exposed children .

A few HCV RNA-positive, antibody-negative asympto
[60,65,94]
matic children have been described
. However,
virtually all vertically infected children develop specific
antibodies against HCV. These persist even after SVC,
although a fraction of these subjects can serorevert
[32]
after many years .
The presence of cross-reactive neutralizing anti
bodies during the chronic phase of infection does not
[88]
correlate with better control of viremia . In contrast,
the humoral response drives the evolution of viral
quasispecies (see below).

Spontaneous resolution of viremia

Chronic HCV infection

In our large, prospective European study 20% of
vertically infected children had a SVC by the age of 5
[99]
years ; in the cohort of our patients prospectively
followed from birth, 27% cleared circulating HCV RNA
[32]
[100]
over a 10-year period , and Yeung et al
observed
that viremia disappeared in 25% of infected children,
in comparable proportion between vertical and
transfusional infections. More pessimistic estimates
emerged from other studies, e.g., loss of HCV RNA
[101,102]
in 9%-11% of infected subjects
: these figures
may be accounted for by the fact that also children not
identified at birth were enrolled in the analyses. SVC is
associated with biochemical remission of hepatitis and
[32,100,103]
it usually occurs by 7 years of age
. Antiviral
therapy should thus be postponed beyond the preschool
age, unless in selected cases, in order to avoid useless
treatments. Interestingly, children who reached SVC
had higher ALT levels in the first two years of life when
[32,95]
compared to those with persistent infection
, as if a
stronger cytolytic effect would mirror a more vigorous
immune response ultimately resulting in resolution of
infection.
Understanding the mechanisms responsible for
SVC plays a crucial role for development of future
vaccines. Both viral and host factors have been
[32,95]
associated with SVC, such as genotype 3 infection
or positive IFN-γ responses against structural and non[104]
structural recombinant HCV antigens . Furthermore,
children with the rs 12979860 single-nucleotide C/C
polymorphism located on chromosome 19q13.13,
upstream of the interleukin 28B gene, have a higher
[105,106]
probability of SVC
, particularly with genotype
[60]
1 infection . IL-28B is one of the three IFN-γ genes
that code type Ⅲ IFNs. These elicit the transcription
of interferon-stimulated genes that are responsible
for antiviral activity. Therefore, variations in genes
involved in the immune response against the virus
influence the spontaneous clearance of HCV. The
aforementioned marked differences in the percentage
of viremic subjects in distinct areas of the world further
support the importance of the genetic background in
favoring the resolution of viremia, though even the
different distribution of viral genotypes could have a
[3]
role .
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The chronic infection has a different clinical course in
children as compared to adults. Every study highlights
that HCV progression is minimal or mild in children,
though severe hepatic damage may develop and liver
[12,13,44,95,96,99,101,102,107]
transplantation may be required
.
Hepatocellular carcinoma is extremely rare and, to our
knowledge, it was described only in one adolescent
[108]
with possible vertical infection
. Children grow
regularly without variations from normal height
[109]
and weight ranges
, only a quarter develop
[99]
hepatomegaly in the first decade of life , and they
disclose mild variations in peripheral lymphocytes and
[110]
neutrophils .
A broad range of ALT concentrations has been
observed in vertically infected children: the majority
shows modest alterations. ALT levels are highest in the
[94]
first two years of life then decline ; from the practical
point of view, they are not a reliable prognostic marker,
because they are poorly predictive of the underlying
liver damage.
A wide spectrum of histopathological alterations
has been found in the liver of children with vertical
infection. The characteristic lesions of chronic hepatitis
C described in adults, such a steatosis, sinusoidal
and portal aggregates of lymphocytes, and bile duct
abnormalities have been observed also in children.
Based on signs of structural alterations, inflammatory
activity, and necrosis, the grade of disease usually
varies from minimal to moderate; however, a few
children show variable degrees of fibrosis or, rarely,
[94-96,107,111-113]
pictures of overt cirrhosis
. Liver biopsy
is not a routine procedure in the management of
HCV infected children; transient elastography may
help, distinguishing the evolution of liver fibrosis over
[32]
time .

Viral quasispecies

One of the most important characteristics of HCV
is its capacity to mutate very quickly. In addition,
it can impair both the innate and adaptive host’s
immune response, e.g., by inhibiting the activation of
dendritic cells, the IFN production, and by evading or
[114]
exhausting the T cell responses . The consequence
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is a persistent infection with many viral variants
(quasispecies) replicating simultaneously in each
infected individual.
The impact of the evolution of viral quasispecies
on the course of pediatric HCV infection has been
examined in several studies with contrasting results.
We observed that children who developed hepatic
damage had mono- or oligoclonal populations of viral
variants, whereas heterogeneous viral quasispecies
emerged in those with mild or no liver damage,
in coincidence with the appearance of anti-HCV
[55]
antibodies . High ALT levels might be the result of a
vigorous cell-mediated immune response against the
virus, while normal ALT levels would result from an
absent or weak cellular response in the presence of a
robust humoral response; the latter could exert strong
selective pressures leading to a broad spectrum of HCV
quasispecies. A mechanism of long-lasting nucleotide
invariability with purifying selection operating on the
[115]
[54]
HVR1 has been confirmed
. However, others
found that changes in the HVR-1 sequence occurred
irrespective of the ALT profile; indeed, the study
population included only children > 1 year, whereas
the diversification of the HCV population takes place
[52]
between 6 and 12 mo after birth .
The importance of humoral response in determining
the evolution of quasispecies is further supported by
limited or no variations in a persistently seronegative
[65]
child , in children and adults suffering from
[116]
agammaglobulinemia
, and in children with HIV-1
[53,117]
co-infection whose humoral response is defective
.

of NOSAs remains to be elucidated and autoantibodies
[125]
do not predict liver fibrosis progression . Despite the
high prevalence of NOSAs, autoimmune diseases are
[126]
rare in HCV infected children and adolescents .
In a series of 36 subjects, 4 had subclinical hypo
thyroidism without antithyroid antibody and 2 anti
[127]
thyiroglobulin antibody with normal TSH levels .
The presence of cryoglobulins and autoantibodies
represents the chronic stimulation of the immune
system by HCV by mechanisms such as molecular
mimicry or interactions between the HCV E2 protein
[128]
and CD81 molecule expressed by B-lymphocytes
.
It must be underlined that sometimes cryoglobulins
[32]
or NOSAs developed or persisted even after SVC ,
suggesting that HCV can elicit a chain of events within
the immune system that can proceed independently
from active viral replication. Whether this might give
rise to significant morbidity even after SVC remains
to be verified. On the other hand, HCV RNA has been
detected in liver and/or in PBMCs of seropositive
subjects after disappearance of serum/plasma
[128,129]
viremia
. Furthermore, recent studies show that
after successful interferon-based treatment, HCV
traces are still detectable and this correlates with a
[130]
peak of HCV-specific CTL response . Therefore, this
occult infection might be responsible for virus-induced
immune reactions in sustained responders. HCV does
not integrate into the host genome. Whether HCV
persists in the liver in a form that is also refractory to
eradication by successful direct acting antiviral agent
(DAA) treatment has to be evaluated in long-term
follow-up studies.
Anecdotally, other associations of chronic HCV
infection and extrahepatic disorders have been described,
[32,131]
[130]
such as diabetes
, inflammatory myopathy , and
[132]
opsoclonus-myoclonus syndrome .

Extrahepatic manifestations

A wide array of extrahepatic manifestations has
been associated with chronic HCV infection. Among
these, mixed cryoglobulinemia is the most frequent in
[118]
adults . It is due to an unregulated clonal expansion
of B-lymphocytes, which may give rise to membranoproliferative glomerulonephritis in one third of cases,
to purpura, arthralgia, peripheral neuropathy and
ultimately it may evolve in non-Hodgkin’s lymphoma.
Mixed cryoglubulinemia had not been described in
children. In our cohort of 45 children prospectively
followed-up from birth, surprisingly we found that
one third developed cryoglobulins at a median age
of 6.6 years (range 2.0-13.3 years) and two affected
adolescents initially exhibited C4 reduction and then
[32]
developed mild persistent proteinuria . In fact,
membrano-proliferative glomerulonephritis may occur
[119,120]
in children with chronic HCV infection
.
Non-organ specific autoantibodies (NOSAs) are
frequently detected in subjects with chronic hepatitis
C, including children. Anti-liver-kidney microsomal
type-1 (LKM-1) antibody seems peculiar of HCV
infection: it was found in 2%-15% of children with
[32,121-123]
chronic infection
and LKM-1-positive children
had a more advanced liver disease than LKM-1[124]
negative children . In general, the pathogenetic role
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CONCLUSION
HCV infection affects a large number of women of
child-bearing age worldwide, and transmission of the
virus from mother to child remains a serious public
health problem.
Several correlates of vertical transmission have
been identified; however, none is modifiable and no
interventions can prevent or reduce the transmission
risk, with the exception of anti-HIV treatment in
women with HIV/HCV co-infection. In particular, there
is no reason to offer elective caesarean section or
discourage lactation in infected mothers. The lack of
effective preventive measures is not a contraindication
for pregnancy; on the other hand, it makes useless
the routine screening for the diagnosis of HCV infection
in pregnant women. Invasive obstetric procedures
favoring the contact with contaminated maternal blood
should be avoided, though specific evidence is lacking.
The reduced reactivity of the immune system
during pregnancy is presumably responsible for the
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increased viral replication in the third trimester of
gestation, a condition that might facilitate the virus
transmission to the offspring. Despite the massive
exposure of the fetus to viral particles and maternal
HCV-infected PBMCs, the rate of MTCT is surprisingly
low when compared to other viral infections, such
as HIV-1, a further proof that different defensive
mechanisms protect the offspring from distinct maternal
viral infections. Further research is needed to better
define these mechanisms and understand the innate
and adaptive immune responses that regulate the
host-virus interactions, so that new therapeutic
strategies and preventive vaccines can be developed.
There is a clear association between maternal
viral load and risk of HCV vertical transmission. An
antiviral treatment during pregnancy in HCV RNApositive women is expected to reduce significantly the
MTCT rate. Theoretically, the IFN-free and ribavirinfree therapeutic regimens might represent an exciting
perspective, because the new DAAs can give rise to
a dramatic reduction in plasma HCV RNA level in few
[133]
weeks . However, at present they cannot be used in
pregnant women, because any risk of toxic effects on
the fetus must be excluded. Meanwhile, a significant
decrease in vertical infections may derive, indirectly,
from using these highly effective, pan-genotypic DAAs
in infected women of child-bearing age.
Spontaneous clearance of vertically acquired HCV
infection occurs in at least one quarter of cases during
childhood. Children with genotype 3 infection or
polymorphisms of IL-28B gene locus or higher ALT
levels in the first two years of life have greater chances
of SVC. Since this mostly takes place in preschool age,
postponing antiviral treatments beyond this age seems
appropriate in the great majority of cases.
Chronic infection is generally asymptomatic in childhood,
although a low to moderate level of hepatomegaly and
liver fibrosis may develop. Most infected children grow
regularly and have a good quality of life. Occasionally,
HCV can however progress, leading to severe liver
disease or hepatic failure. Although the importance of
a few viral or host factors are emerging, in the daily
practice there are no reliable early prognostic markers.
With the new drugs on the horizon, the possibility to
better outline the natural history of vertically acquired
HCV infection is waning. Who and when should be
treated remains thus questionable. The answer is
presumably every HCV infected child, provided that
the ongoing trials confirm the safety and effectiveness
of the new DAAs in children and, last but not least,
their costs are affordable for a generalized use.
The presence of NOSAs and cryoglobulins is frequent
in HCV infected children and adolescents, whereas
associated clinical manifestations are rare. Larger
prospective studies possibly following children through
the adult age are needed to clarify the influence of
the vertical infection on the immune system and
on the development of autoimmune diseases. The
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next availability of DAAs is expected to represent a
paramount cornerstone for blocking not only the
HCV-driven liver damage, but also the associated
extrahepatic disorders.
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Abstract
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Hepatitis C virus (HCV) has a high propensity to
establish chronic infections. Failure of HCV-infected
individuals to activate effective antiviral immune
responses is at least in part related to HCV-induced
impairment of dendritic cells (DCs) that play a central
role in activating T cell responses. Although the impact
of HCV on DC phenotype and function is likely to
be more prominent in the liver, major HCV-induced
alterations are detectable in peripheral blood DCs
(pbDCs) that represent the most accessible source of
DCs. These alterations include numerical reduction,
impaired production of inflammatory cytokines and
increased production of immunosuppressive IL10. These
changes in DCs are relevant to our understanding the
immune mechanisms underlying the propensity of HCV
to establish persistent infection. Importantly, the noninvasive accessibility of pbDCs renders the analysis of
these cells a convenient procedure that can be serially
repeated in patient follow-up. Accordingly, the study
of pbDCs in HCV-infected patients during conventional
treatment with pegylated interferon and ribavirin
indicated that restoration of normal plasmacytoid
DC count may represent an additional mechanism
contributing to the efficacy of the dual therapy. It also
identified the pre-treatment levels of plasmacytoid DCs
and IL10 as putative predictors of response to therapy.
Treatment of chronic HCV infection is changing, as
new generation direct-acting antiviral agents will soon
be available for use in interferon-free therapeutic
strategies. The phenotypic and functional analysis of
pbDCs in this novel therapeutic setting will provide a
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valuable tool for investigating mechanisms underlying
treatment efficacy and for identifying predictors of
treatment response.

the 2013 World Health Organization report, about
150 million people are chronically infected by HCV
worldwide and more than 350000 people die every
[1]
year due to HCV-related complications .
Up to the 1990’s, the principal routes of HCV
infection, were blood transfusion, unsafe injection
procedures and intravenous drug use. Taken together
these routes are estimated to be responsible for
approximately 70% of chronic cases in developed
countries. Currently screening of blood products for
HCV by means of enzyme immunoassays (EIA) and
nucleic acid testing has virtually eradicated transfusionassociated hepatitis C. Similarly, in the developed
world, new HCV infections are infrequently related
to unsafe medical or surgical procedures and spread
among the community of people using intravenous
drugs now accounts for the vast majority of incident
cases. Other invasive behaviors, such as tattooing
and acupuncture with unsafe materials are also
implicated in occasional HCV transmissions. The risk
of perinatal and of heterosexual transmission of HCV
is low while male homosexual activity has become an
[4]
important transmission route in Western Countries .
Conversely, the situation is quite different in resourcepoor countries, where lack of public awareness and
continuous use of unsafe medical tools still account for
a considerable proportion of new HCV infections.
HCV is a positive strand RNA virus characterized by
high sequence heterogeneity. Seven HCV genotypes,
numbered 1 to 7, and a large number of subtypes
[5]
have been described . Genotypes and subtypes (which
are identified by lowercase letters), differ among
themselves by about 30% and 20% of their sequences
respectively.
Acute hepatitis C is rarely severe, and symptoms
[4]
occur in 10% to 50% of cases . The incidence of acute
HCV infection has decreased and it is about 1/100000
per year but this figure is probably underestimated
because it mainly refers to symptomatic patients.
Progression to chronic infection occurs in about
75% of cases but again, the estimate is very roughs
mainly due to difficulties in the diagnosis of the acute
[6]
infection and possibly to difference related to the
route of infection. For example, in a small outbreak
of acute hepatitis C (genotype 2c) among subjects
who took part in pharmacokinetics studies, chronicity
occurred in less than 50% of subjects and some cases
of very late clearance (up to 24 mo from the date
of infection) were also described. In this latter case,
unsafe procedures of blood sampling were supposed
[7]
to be responsible for HCV infection .
Chronic hepatitis C is characterized by a variable
degree of inflammation and with variable rates of
fibrosis progression. Only exceptionally, HCV infection
clear spontaneously in the chronic stage. Depending
on the viral genotype, between 15% and 45% of
infected cases will spontaneously resolve the infection
within six months of infection without any treatment
whilst the remaining proportion of cases will maintain

Key words: Hepatitis C virus; Peripheral blood dendritic
cells; cytokines; peg-interferon; ribavirin
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Dendritic cells (DCs) are professional antigenpresenting cells that play a primary role in the activation
and coordination of primary immune responses. In
this review we will illustrate and discuss the emerging
understanding of DC impairment occurring in patients
with chronic hepatitis C virus (HCV) infection and the
impact of therapy on DCs. Particular attention will be
paid to HCV-induced alterations of DCs in the peripheral
blood, as the non-invasive accessibility of these cells
renders their analysis a convenient procedure that can
be serially repeated in patient follow-up.
Crosignani A, Riva A, Della Bella S. Analysis of peripheral
blood dendritic cells as a non-invasive tool in the follow-up of
patients with chronic hepatitis C. World J Gastroenterol 2016;
22(4): 1393-1404 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1393.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1393

INTRODUCTION
One of the main features of the hepatitis C virus (HCV)
is its high propensity to establish chronic infections that
is related to impaired function and a decreased number
[1,2]
of HCV-specific T cells . Given the important role of
[3]
dendritic cells (DCs) in activating T cell responses ,
DCs have become the target of investigation demons
trating that failure of HCV-infected individuals to
activate effective antiviral immune responses is at
least in part the result of HCV-induced impairment
of DC function. Because of the difficulties in gaining
access to liver DCs, although the liver is the primary
site for HCV replication most studies addressing DC
involvement in chronic HCV infection have focused on
peripheral blood DCs (pbDCs). These studies provided
useful information on the impact of HCV on DCs, the
contribution of DCs to the pathogenesis of hepatitis
C, the effects of therapy on DCs and DC features
predictive of response to treatment.

CHRONIC INFECTION WITH HEPATITIS C
VIRUS
Epidemiological aspects and natural history

HCV infection has a worldwide distribution and has
been recognized as a major cause of chronic hepatitis,
cirrhosis and end-stage liver disease. According to
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[9,12]

the virus for years, with a risk of developing liver
[1]
cirrhosis within 20 years up to 15%-30% . On
average, 20%-30% of patients develop cirrhosis over
[6]
20-30 years of infection . The risk of developing
hepatocellular carcinoma (HCC) in patients with
HCV liver cirrhosis is approximately 1% to 5% per
year. Patients with a diagnosis of HCC have a 33%
[8]
probability of death during the first year of diagnosis .
Overall the standardized mortality rate in anti-HCVpositive persons ranges from 1.6 to 4.5 and was as
[9]
high as 25 in a recent study from Scotland .
Hepatitis C progression to cirrhosis is highly
variable depending on the presence of cofactors
capable of accelerating the fibrotic process. Proven
cofactors for fibrosis progression include older age at
infection, male gender, chronic alcohol consumption,
obesity, insulin resistance and type 2 diabetes, and
immunosuppression (such as that occurring after
solid organ transplantation and in untreated HIV
[10]
infection) . The clinical management of these
cofactors represents a mainstay of HCV treatment,
especially because many of these cofactors are
associated with poor response to clinical treatment.

efficacy and poor tolerability
and these limitations
have stimulated research to explore the feasibility
of new therapeutic tools. HCV interferon-dependent
therapies rely on host factors such as IL28B poly
morphism, liver fibrosis stage, and prior peg/IFN-RBV
[13,14]
history to predict treatment response
.
Recently, improvement in our knowledge of the
molecular biology of the HCV replication life cycle led
to the discovery of several molecules that specifically
[15,16]
block various viral proteins
. These compounds
are called direct-acting antiviral agents (DAA) and
target different nonstructural proteins involved in
the HCV life cycle, including the NS3/4A protease,
the NS5B polymerase and the NS5A protein. There
are 4 classes of DAAs: NS3/4A protease inhibitors;
NS5B nucleos(t)ide inhibitors; NS5B nonnucleos(t)ide
[17]
inhibitors; NS5A inhibitors . The first DAAs approved
for the treatment of chronic HCV infection were the
protease inhibitors (PI) telaprevir and boceprevir.
Efficacy of these two first PI generation is limited
to genotype 1, being genotype 1a less responsive
than genotype 1b. The addition of PI to dual therapy
significantly improved the efficacy of treatment
for genotype 1 HCV infection but at the expenses
of worsened side effect profile with the potential
for severe adverse events, mainly hematological
[18-21]
complications
.
All naive patients with compensated disease due
to HCV should be considered for therapy. Treatment
should not be deferred in case of significant fibrosis
(METAVIR score F3-F4). For genotype 1 the addition
of telaprevir or boceprevir to the dual therapy is the
approved standard of care. Duration of therapy ranges
between 24 and 48 wk depending on the rapidity
of viral clearance. However, these triple-therapy
regimens are complexes, with variable viral monitoring
and stopping rules. All patients with cirrhosis should
be treated for 48 wk. Only selected patients with
contraindication to boceprevir or telaprevir and/or with
highly likelihood of SVR should be administered dual
[9]
therapy .
The combination of pegIFN and RBV is the approved
standard of care for chronic hepatitis C, genotypes 2, 3,
4, 5 and 6. Dual-treatment duration should be tailored
to on-treatment virological response. The likelihood of
SVR is directly proportional to the speed of HCV RNA
disappearance. Treatment should be stopped at week
12 if the HCV RNA decrease is less than 2 log UI/ml
[9]
and at week 24 if HCV RNA is still detectable . In
patients with rapid virological response (undetectable
HCV RNA at week 4), duration of treatment should
be 24 wk but, for genotype 1 and 4, 24 wk of therapy
may be sufficient only in the presence of low viral
load (< 400000 UI/ml) at baseline; the remaining
patients should be treated for 48 wk. Patients with
later virological response should be treated for 48 wk,
[9]
as well .
The protease inhibitor, Simeprevir and the nucleo
s(t)ide polymerase inhibitor, Sofosbuvir have been the

Clinical management

The primary goal of HCV therapy is to cure the infection,
which is generally associated with the resolution of liver
disease in patients with less advanced disease, that is,
in patients without cirrhosis. However, patients with
cirrhosis who have eradicated viral infection remain at
risk of severe complications, mainly the development
[11]
of HCC
and therefore need to continue active
ultrasonographic follow up for early detection of HCC.
The infection is cured in more than 99% of
patients who achieved a sustained virological response
(SVR), defined as undetectable HCV RNA 24 wk
[9]
after treatment completion . Until recently, the only
therapeutic option for chronic HCV infection was the
combination of pegylated interferon (pegIFN) plus
ribavirin (RBV), also known as dual therapy. With this
regimen, patients infected with genotype 1 had SVR
rates ranging from 40% in North America to 50%
in Western Europe. Genotype 4 too, is characterized
by low SVR rate. Higher SVR rates were achieved
in patients infected with other HCV genotypes. For
genotype 2, SVR rates accounted for about 80% while
for genotypes 3, 5 and 6 the success rate appears to
be lower. Both pegylated IFN molecules, pegylated
IFNα2b (1.5 mcg/kg/wk) and pegylated IFNα2a (180
mcg/wk) can be used. Ribavirin should be given at a
weight based daily dose (15 mg/kg) for genotypes 1, 4,
5 and 6 whereas, for genotype 2 and 3, a flat dose of
[9]
800 mg/d is indicated .
Although they do not target a specific HCV protein
or nucleic acid, both pegIFN and RBV exert their
antiviral activity through induction of various antiviral
proteins and through different immunomodulating
actions. Dual therapy has been largely used for all
genotypes but it is characterized by both limited
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The role of IFNγ and other cytokines

first DAAs approved for HCV treatment. They were
shown to be safer and more effective compounds
compared with interferon-based therapy. Subsequently
several other DAAs have also been approved and many
other compounds from all DAA families are still under
evaluation. Therefore, interferon-free strategies for
the therapy of HCV chronic infection will be available
in the near future with many advantages in terms of
tolerability. This is the reason why many doctors and
patients are now choosing to defer treatment rather
than to proceed with dual or triple therapy.

IFNγ is the most powerful T cell-derived antiviral
factor and inducer of pro-inflammatory responses
[29,30]
(reviewed in
). Amongst its functions, IFNγ boosts
+
the cytotoxic activities of CD8 T cells and NK cells,
favours the differentiation of Th1 cells, enhances the
killing activities mediated by phagocytes of the innate
immunity, upregulates the expression of both class I
and class Ⅱ MHC molecules on by-stander cells and
also stimulates activated B cells to perform antibody
isotype switch towards IgG classes that are favourable
for opsonisation and phagocytosis, complement
activation and antibody-dependent cell cytotoxicity.
Furthermore, besides its immune activities IFNγ canlike the other interferons, alpha, beta and lambdaact directly on infected cells, inducing intracellular
genetic programs of direct antiviral response involving
the expression of several interferon-stimulated genes
that directly target viral metabolites suppressing viral
replication. Infected cells can therefore be purged of
the virus without undergoing immune-mediated killing,
and by-stander cells can achieve an antiviral state that
renders them refractory to infection. The production of
IFNγ is facilitated by innate pro-inflammatory cytokines
such as IL12, IL15 and IL18, which are mainly
produced by activated antigen-presenting cells.

IMMUNE EFFECTOR MECHANISMS IN
THE CONTROL OF HCV INFECTION
The role of T cells

The mechanisms causing the high propensity of
HCV to establish chronic infections are not clearly
defined, but it is believed that alterations of the antiviral immunity play a central role in determining the
clinical outcome of infection. Indeed, the presence
of strong and multi-specific T cell mediated antiviral
responses is a hallmark of positive outcome of
infection. It has been previously shown that a higher
proportion of subjects who spontaneously cleared
the HCV infection in the past have T cell proliferative
responses to HCV peptides in comparison with patients
[22,23]
with established chronic infection
. Furthermore,
the magnitude of these responses was also greater
[22]
in past resolvers . In addition to different antigenspecific T cell proliferation profiles, different clinical
outcomes of the HCV infections also correlate with
different profiles of antigen-specific T cell cytokine
production. T cells producing high amounts of IFNγ in
response to multiple HCV antigens can be detected (1)
in subjects with acute HCV infections as they progress
to spontaneously clear the virus but not in subjects
[24]
with acute HCV infection who become chronic ; (2)
in subjects with past resolved HCV infection but not
[23]
in patients with established chronic infection ; (3)
in subjects with chronic HCV infection who respond
to IFNα plus Ribavirin and pharmacologically clear
[25]
the virus but not in those who do not respond ; and
also (4) in chronic HCV treatment responders with
faster response kinetics (fast responders) but only to a
[26]
lesser extent in slow responders . Furthermore, the
presence of virus-specific T cell mediated responses
can be observed even in the absence of anti-HCV
antibodies in subjects who cleared the infection years
[23,27]
before
and also in HCV-negative children born
[28]
from HCV-positive mothers , where detectable HCVspecific T cells show increased production of IFNγ
and reduced production of IL10 in response to HCV
peptides in comparison to T cells obtained from the
infected mothers, revealing a potential use of antigenspecific T cell detection as a powerful diagnostic
marker to identify cases of viral exposure even in
the absence of antibodies detectable with currently
available methods.

WJG|www.wjgnet.com

IL10 and other inhibitory pathways

If the production of IFNγ develops hand-in-hand with
and favours the control of the infection, the production
of anti-inflammatory IL10 follows different kinetics.
In contrast with the pro-inflammatory and antiviral
role of IFNγ, IL10 is one of the strongest endogenous
immune suppressing agents physiologically produced
by multiple cell subsets of both the innate and
the adaptive immune system, including antigenpresenting cells (monocytes, dendritic cells) and
[31,32]
subsets of antigen-specific T cells (reviewed in
).
The physiological role of IL10 is to shut down no
longer required immune responses, thus preventing
continuous immune activation and immune-mediated
tissue damage. Functionally speaking, IL10 contrasts
several functions exerted by IFNγ, effectively suppressing
antigen processing and presentation by antigenpresenting cells and T-cell-mediated antiviral functions,
both direct and indirect. IL10 can suppress the
production of almost all pro-inflammatory cytokines
[32]
and chemokines , and can direct the differentiation of
anergic T cells from naïve precursors, thus contributing
[33-35]
to the development of impaired T-cell responses
.
The production of IL10 can be induced in com
bination with other immunological negative check
points that share functional similarities, such as the
programmed-death-1 (PD1) pathway. Several groups
have shown that in patients with established chronic
HCV infection HCV-specific T cells manifest with an
[36-38]
immune exhausted phenotype
characterized by
suppressed antigen-specific proliferation and cytokine
production together with increased expression of

1396

January 28, 2016|Volume 22|Issue 4|

Crosignani A et al . pbDCs in follow-up of HCV-infected patients
PD1 and other T-cell activation markers that act
as inhibitory immune check points, such as T-cell
immunoglobulin mucin-3 (TIM3), lymphocyte attivation
gene-3, cytotoxic T-lymphocyte-associated protein
[39]
4 and CD244 . Furthermore, antigen-specific T-cell
exhaustion is not specific of chronic HCV infections
only, but it can be observed during other chronic viral
[40-44]
[45-47]
infections, including HBV
and HIV
. Monocytes
expressing PD1 were shown to produce IL10 in
[48]
response to PD1 engagement during HIV infections ,
with the consequence of suppressing HIV-specific
immunity. Furthermore, in alcoholic liver disease
the production of IL10 was correlated with reduced
expression of IFNγ and increased expression of the
immune inhibitors PD1 and TIM3 on several immune
[49]
subsets in response to bacterial stimulation . Several
dysfunctions associated with immune exhaustion can
be successfully reversed using blocking antibodies
targeting these hyper-expressed immune inhibitory
[45-47,50-52]
receptors and their respective ligands
, and
immunotherapeutic protocols using these antibodies
are currently being evaluated in clinical studies for a
plethora of medical conditions, including viral infections
[53,54]
and cancer
.
In the context of acute HCV infections, strong
HCV-specific IL10 responses develop only during
later stages of the acute infection in subjects who
[24]
develop chronicity , possibly as a compensatory
anti-inflammatory mechanism dedicated to suppress
unwanted immune-mediated tissue damage in the
infected livers, and are also detectable in subjects with
established chronic infection and in treatment non[23,25]
responders
. It has also been previously shown
that there is an inverse correlation between IL10
production and the presence of HCV-specific T-cell
proliferative responses in patients with established
[22,23]
chronic HCV infection
, supporting the hypothesis
that effective endogenous anti-inflammatory and
immune inhibiting responses take place in association
[55]
with a poorer outcome of the infection .

dipeptidyl peptidase-4 (DPP4) activity present in
[24,58-61]
their bloodstream
. The role of DPP4 in skewing
the clinical outcome of HCV infections has also been
demonstrated anecdotally on the basis of these
publications, in a case report of a patient with diabetes
on the background of chronic HCV infection who was
treated with the DPP4 inhibitor sitagliptin (a commonly
used anti-diabetic drug) before undergoing antiviral
treatment. During treatment with sitagliptin alone, the
patient experienced a 2-log reduction in HCV viral load,
which could not be ascribed to any cause other than
[62]
the DPP4 inhibitor .

DENDRITIC CELLS AND CHRONIC HCV
INFECTION
DCs are professional antigen-presenting cells and
have a primary role in the activation and coordination
of primary immune responses. Different types of
DCs exist through the body. They express different
markers and home to different tissues; some re[3,63-65]
circulate in the bloodstream
. Dendritic cells
sense pathogen-associated molecular patterns of
bacterial, fungal or viral origin (PAMPs) thanks to their
expression of several innate receptors such as TLRs and
[3,64]
RLRs
. Immature DCs are primarily sampling the
immunological milieu of the tissue where they reside.
However, upon activation immature DCs undergo a
transformation process that includes upregulation of
class Ⅰ and class Ⅱ MHC molecules and co-stimulatory
molecules such as CD80 and CD86, production of
type-1 and type-3 interferons (IFNα, IFNβ, IFNλ),
production of pro-inflammatory cytokines IL12, IL15,
IL18 (amongst others), production of tissue-protecting
IL10, and radical changes in their chemokine receptor
[3,63-65]
and adhesion molecule profile
. Activated mature
DCs migrate to the lymphoid organs, where they
interact with and activate both naïve and experienced
T cells. Interactions between DCs and NK cells are
also important for the modulation of the innate
[66]
immunity (reviewed in ). The induction of a proinflammatory milieu locally also activates tissue[67-69]
resident fibroblasts
, and the production of new
extracellular matrix (fibrogenesis) marks the beginning
of the healing response and the deposition of scar
tissue. In the liver, this is associated with the activation
of hepatic stellate cells (HSCs), which favours the
development of fibrosis and cirrhosis, hallmarks of
[70,71]
chronic liver disease
.
The idea that DC functions may be impaired during
HCV infection has been evaluated in a multiplicity of
studies, often with conflicting results depending on the
experimental conditions and the cohorts of patients
studied. However, on the overall, all these studies point
at the non-equivocal conclusion that DCs do behave
differently in patients with hepatitis C than they do in
healthy subjects.

The role of NK cells

Immunological events developing early on during the
first phases of the acute infection are key in defining
and shaping the subsequent adaptive responses. The
innate immunological signatures in subjects with acute
HCV infection differ in respect to their clinical outcome.
Cytotoxic NK cells are proportionally predominant
in comparison to CD56bright NK cells in acutely
infected subjects who are spontaneously resolving
the infection whilst this predominance is absent in
[24,56,57]
patients progressing to chronicity
. Furthermore,
the relocation of innate and adaptive immune cells
into the infected liver may be compromised in
subjects progressing to chronicity, because these
patients produce higher concentrations of CXCL10
antagonist in comparison to those who spontaneously
resolve the infection as a consequence of a higher
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Liver dendritic cells in chronic HCV infection

stimulated with either IL4 or IFNα in the presence
[85]
of GM-CSF (monocyte-derived DCs, moDCs) , and
this has allowed researchers to bypass the issue
of low availability in the peripheral blood and has
granted them a useful in vitro model for the functional
characterization of these cells.

As the liver is the primary site of HCV replication,
it is conceivable that DCs would migrate into the
infected tissues and that DC changes induced by
the virus are prominent in the liver. Investigation of
DCs in the liver of HCV-infected patients is indeed
hampered by difficulties in gaining access to liver DCs.
Therefore, our knowledge about liver DCs during HCV
infection are limited. The few studies that investigated
these cells demonstrated by either direct or indirect
methods that DCs are enriched in the liver of HCV[72-75]
[76,77]
infected patients
(reviewed in
). Contrasting
results have been reported regarding the reciprocal
[73,78]
distribution of DC subsets in the liver
. Notably,
the demonstration that DCs in livers from patients
[79]
with hepatitis C localize in areas of liver necrosis ,
together with the experimental observation that DCs
and T cells are together recruited within HCV-infected
[80]
human liver slices , strongly support a role for DCs
in the activation of HCV-specific immune responses.
The mechanisms underlying DC enrichment in the liver
of HCV-infected individuals are still poorly defined.
Beyond an increased local recruitment, the observation
that in vitro the migration of DCs is strongly inhibited
by the interaction of DCs with the viral protein HCV
[81]
E2 may suggest that DC entrapment within the liver
may contribute to the process.

Impairment of peripheral blood DCs in chronic HCV
infection

Several studies investigated the impact of HCV
infection on DCs by analyzing pbDCs. The main
findings are illustrated in Figure 1, that recapitulates
the current view on pbDCs involvement in HCV
pathogenesis. In particular, most studies reported a
numerical reduction of pbDCs in patients with chronic
HCV infection, yet with some conflicting results on
whether either mDCs or pDCs or both subsets are
[22,73,86-92]
affected
. Although pDCs are undoubtedly
specialized in antiviral defenses, the reduction of
mDCs may be relevant to HCV infection as well, as
mDCs through IL12 production and the subsequent
polarization of Th1 responses may contribute to the
activation of cellular immunity. However, the reason
for pbDC reduction is still unclear. pbDC reduction has
been reported to be associated with the degree of liver
[93]
inflammation , possibly suggesting that the reduction
of DCs in the peripheral blood may be due, at least in
part, to an enhanced recruitment of these cells in the
inflamed liver. pbDC reduction has also been reported
to be more pronounced in patients infected with
[22]
HCV genotype 2 , but not correlated with the viral
[22,73,86,88,91]
load
, suggesting that multiple viral and non
viral mechanisms may directly and indirectly contribute
to the decrease of mDCs and pDCs in the circulation.
Notably, our previous demonstration that the number
of pbDCs is unaffected in healthy HCV-seropositive
patients who underwent spontaneous resolution of
[22]
their HCV infection
clearly indicate that active HCV
infection is needed in order to determine a reduction of
pbDCs.
The functional assessment of pbDCs could also
demonstrate that pbDCs from patients with chronic
HCV infection are functionally impaired. Several studies
demonstrated indeed that, upon stimulation with TLR
ligands, viruses or interaction with T cells, both mDCs
and pDCs from HCV-infected patients have impaired
production of pro-inflammatory and anti-inflammatory
cytokines compared with healthy controls. Due to the
important role played by pDCs and IFN in antiviral
immune responses, many Authors investigated the
ability of pDCs to produce IFNα in response to distinct
TLR ligands, with impaired IFN production observed in
[87,88,90,91]
HCV-infected patients by some Authors
, but
[89,94,95]
not by others
. Moreover, mDCs from patients
with chronic HCV infection were demonstrated to
be characterized by impaired production of IL12,
that in some cases was associated with impaired
allostimulatory activity, and increased production

Dendritic cells in the peripheral blood

pbDCs are the most accessible source of DCs. They
can be divided into two main subsets: myeloid DCs
[3,63-65]
(mDCs) and plasmacytoid DCs (pDCs)
. Neither
of them express lineage-specific markers (CD3, CD14,
CD16, CD19, CD20), but both of them express high
levels of HLA-DR. mDCs are characterized by high
expression of the integrin CD11c and the blood DC
antigens (BDCA) 1 (CD1c) or 3 (CD141). pDCs do
not express CD11c and BDCA1-3, but express high
levels of the IL3 receptor (CD123), BDCA2 (CD303)
[82]
and BDCA4 (CD304) instead . Activated mDCs
and pDCs have very distinct cytokine profiles. mDCs
produce preferentially IL12 and IL10, whilst pDCs
are the strongest producers of type-1 and type-3
[3,63-65]
interferons (IFNα, IFNλ)
. pDCs express high
levels of TLR3, 7-9, and are therefore highly sensitive
to viral nucleic acids, nucleobases and ribonucleosides.
mDCs may play a stronger role as orchestrators of
pro-inflammatory responses, but pDCs are certainly
strongly involved in the development of anti-viral
responses. mDCs and pDCs can be counted and
characterized by flow cytometry directly performed on
[83,84]
peripheral blood samples
.
The frequency of pbDCs in the bloodstream is
extremely low. This has hampered the study of these
cell populations, as high concentrations of pbDCs
can only be obtained starting from high volumes of
peripheral blood. However, DCs can be successfully
differentiated from peripheral blood monocytes
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Myeloid DCs

Plasmacytoid DCs

Monocyte-derived DCs

Decreased number

Decreased number

Decreased IL-12 production

Decreased IL-12 production

Decreased IFN-a production

Increased IL-10 production

Increased IL-10 production

Decreased allogenic T cell
activation
Decreased HCV-specific T cell
activation

Figure 1 Summary of the hepatitis C virus-associated alterations of dendritic cells detectable in the peripheral blood. Patients with chronic hepatitis C
undergo changes in the number and function of both myeloid dendritic cells (mDCs) and plasmacytoid DCs (pDCs) that may be relevant to the pathogenesis of
chronic HCV infection. In particular, several Authors demonstrated that pDCs, which are specialized in antiviral immune responses, are decreased in HCV-infected
patients and are endowed with a reduced ability to produce interferon (IFN). mDCs, that contribute to the activation of cellular immunity through the production of
interleukin (IL)12, are decreased as well and characterized by reduced production of IL12 and increased production of the immunosuppressive cytokine IL10. These
last functional defects are shared by monocyte-derived DCs that are also endowed with decreased ability to activate T cells. All references are reported in the text.
[22,87,88,96,97]

of IL10
. All together, these observations
indicate that, despite discrepancies among studies
possibly due to differences in the patient cohorts and
the experimental procedures, the analysis of circulating
pbDCs can detect numerical and functional alterations
of DCs occurring during HCV infection.
Similarly to pbDCs, also moDCs have been de
monstrated to be impaired in HCV-infected patients,
with reduced IL12 production, reduced allostimulatory
activity and increased IL10 production reported in
many studies but not confirmed in others, as reviewed
[92]
elsewhere . moDCs have been suggested to be less
representative of in vivo functions compared with
[22]
pbDCs, as discussed elsewhere . Nevertheless,
they have proven to be a very useful model for the
study of DC functions. Yet, they have been largely
used for studying the effects of cell culture-adapted
strains of HCV on DCs and they provided insight
into the molecular interactions of recombinant HCV
[98]
proteins with DCs in vitro (reviewed in ). Although
the mechanisms whereby HCV affects DC function
still remain largely elusive, the effects of many
viral components and proteins on DCs have been
[99]
defined .

response, in order to define the impact of treatment
on DCs and to possibly identify correlates of clinical
response. In most of the studies, the standard
treatment with pegIFN plus RBV for 24 or 48 wk
induced an increase of the number of pDCs in patients
[100-102]
who achieved a SVR
. An early increase of
pDCs during treatment was considered a correlate of
[100,103]
favourable response in two studies
. pDC increase
[102]
was accompanied by mDC increase in one study
.
Only one study reported no variation in the number
[104]
, but
of pbDC subsets during treatment follow-up
the reasons for this discrepancy are not evident. In
this context, we can add our evidence supporting the
impact of the dual therapy on pDCs. We analyzed
pbDCs in a cohort of 14 HCV-infected patients (11
males, 3 females; mean age 49 years, range 29-68
years) undergone standard treatment with pegIFN
and RBV for 24 or 48 wk depending on the viral
genotype. pbDCs were analyzed before, after 1 mo
of treatment, at the end of therapy and 6 mo after
treatment completion. pbDCs analysis was performed
[22]
by flow cytometry as previously described , in order
to assess DC count, subset distribution, expression of
activation/maturation markers (CD80, CD86, CD40,
CD83), expression of molecules involved in HCV
entry (CD81, DC-SIGN) and production of cytokines
(IL12 and IL10). As shown in Figure 2, we observed
that pegIFN and RBV treatment restored correct
proportions of pDCs in SVR patients by inducing a
rapid and progressive increase of these cells that was
observed after 1 mo of treatment, further increased
at the end of treatment and persisted after the end
of treatment. SVR patients showed higher pDC levels
than non-SVR at any time point. pegIFN and RBV
treatment also induced a transient increase of IL12
production by pbDCs, that was observed after 1 mo
of treatment but decreased thereafter, and that was

Effects of therapy with pegIFN plus RBV on peripheral
blood DCs

As reported above, the analysis of pbDCs from patients
with chronic HCV infection allows the detection of
DC defects that can be relevant to the inadequate
activation of immune responses leading to HCV per
sistence. Until recently the only therapeutic option
for chronic HCV infection was the dual therapy with
pegIFN plus RBV that achieved a sustained SVR only
in part of the patients. For these reasons, several
studies investigated the effects of dual therapy on
pbDC number and functions according to virological
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A

0.60

and chemokine receptors in regulating DC migration,
Mengshol and coll. also investigated the expression
of CXCR3 and CXCR4 demonstrating that these
molecules, upregulated on pbDCs at baseline, are
[101]
normalized by pegIFN plus RBV, as well .
The effects of therapy have also been assessed
on moDCs, in order to investigate the mechanisms
responsible for the impaired stimulation of T cells by
DCs from HCV-infected patients. In an elegant crossover study involving chronic HCV patients undergoing
[105]
anti-viral treatment with pegIFN and RBV
,
peripheral blood DCs and T cells were independently
purified from the same patient at two time points:
baseline (BL), with high serum HCV viral load, and
treatment week 12 (TW12), with pharmacologically
reduced serum HCV viral load. Co-cultures of
autologous T cells and DCs were prepared using all
four possible combinations from each subject (BL
DCs plus BL T cells or TW12 T cells, and TW12 DCs
plus BL T cells or TW12 T cells) and DC-induced T cell
responses were measured in order to ascertain the role
of DCs or T cells in the context of altered HCV-specific
responses. The study showed that the measurable
reduction in T-cell responses was not dependent on
the T cells used, but it was always only the use of
DCs obtained at baseline, with high viral presence,
which was associated with low T cell immunity.
Conversely, DCs obtained at the later time point, after
pharmacological viral clearance, were able to stimulate
with similar higher efficiency both BL T cells and TW12
T cells.
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Non-SVR patients

pDCs % MNCs
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a
0
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30
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Non-SVR patients

Peripheral blood DCs as predictors of response to
treatment

20

Predicting the outcome of a treatment that is admini
stered to a patient is a goal for both patients and
physicians. Accordingly, the identification of pbDC
parameters measured at baseline or at the beginning
of treatment that may predict SVR or non-SVR was
a primary aim of the studies that analyzed pbDCs in
HCV-infected patients treated with pegIFN and RBV.
Notably pDCs, whose increase represented the most
relevant treatment-induced pbDC modification, also
resulted good predictors of response in two studies,
where higher levels of pDCs during the first weeks of
[100,103]
treatment were associated with SVR
. High levels
of pDCs at baseline was a predictor of SVR in our cohort
of patients, as well, independent from other clinical
features including viral genotype and viral load (Figure
2). An increased pbDC production of IL-10 at baseline
has been reported as non-SVR predictor by Liang and
[102]
coll , and confirmed in our cohort of patients.

+

% IL10 pbDCs

C

t1

10

0
t0

t1

t2

t3

Figure 2 Effects of dual therapy with pegylated interferon and ribavirin on
peripheral blood dendritic cells. The treatment induced a rapid, progressive
and persistent increase of plasmacytoid dendritic cells (pDCs) in sustained
virological response (SVR) but not in non-SVR patients. The frequency of
pDCs was higher in SVR than non-SVR patients at all the time points. pegIFN
and RBV treatment also induced a transient increase of peripheral blood DC
production of interleukin (IL)12, that was observed after 1 mo of treatment but
decreased thereafter, and that was more pronounced in SVR than non-SVR
patients. IL10 production showed a similar trend and tended to be higher in
non-SVR patients. ap < 0.05 and bp < 0.01, respectively, any time vs t0 within
each group, as assessed by Wilcoxon signed rank test; cp < 0.05, SVR vs nonSVR, as assessed by Mann-Whitney test. t0: before treatment; t1: after 1 mo of
treatment; t2: at the end of treatment; t3: 6 mo after treatment completion.

CONCLUSION
Although the impact of HCV on DC phenotype and
function is likely to be more prominent in the liver
as it is primarily infected by the virus, nevertheless
several HCV-induced alterations are detectable in

more pronounced in SVR than non-SVR patients. The
other pbDC parameters were not affected by the dual
therapy. Because of the role played by chemokines
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pbDCs that represent the most accessible source of
DCs. These alterations include numerical reduction,
impaired production of IL12 and IFNα, impaired
allostimulatory activity and increased production
of immunosuppressive IL10. Despite somehow
controversial because variably observed among
different cohorts of patients, these HCV-associated
DC features are relevant to our understanding the
immune mechanisms underlying the propensity of
HCV to establish persistent infection. Importantly,
the non-invasive accessibility of pbDCs renders the
analysis of these cells a convenient procedure that can
be serially repeated in patient follow-up. Accordingly,
the study of pbDCs in HCV-infected patients during
conventional treatment with pegIFN and RBV indicated
that restoration of normal pDC count may represent a
further novel mechanism contributing to the efficacy
of the dual therapy. It also identified pDCs and
IL10 as putative predictors of response to therapy.
Treatment of chronic HCV infection is changing, as new
generation direct-acting antivirals will soon be available
for use in interferon-free therapeutic strategies. The
phenotypic and functional analysis of pbDCs in this
novel therapeutic setting will provide a valuable tool
for investigating mechanisms underlying treatment
efficacy and for identifying predictors of treatment
response.
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Rheumatic manifestations of hepatitis C virus chronic
infection: Indications for a correct diagnosis
Carlo Palazzi, Emilio D’Amico, Salvatore D’Angelo, Michele Gilio, Ignazio Olivieri
agent that is able to induce several autoimmune
rheumatic disorders: vasculitis, sicca syndrome,
arthralgias/arthritis and fibromyalgia. The severity of
clinical manifestations is variable and sometimes lifethreatening. HCV infection can mimic many primitive
rheumatic diseases, therefore, it is mandatory to
distinguish HCV-related manifestations from primitive
ones because the prognosis and therapeutic strategies
can be fairly dissimilar. The new direct-acting antivirals
drugs can help to avoid the well-known risks of wor
sening or new onset of autoimmune diseases during the
traditional interferon-based therapies.
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Core tip: As a consequence of its lymphotropic nature,
hepatitis C virus (HCV) can trigger and sustain a clonal
B-cell expansion which causes a wide spectrum of
autoimmune/lymphoproliferative disorders, through a
multistep process. These extrahepatic manifestations
become clinically manifest in 40%-70% of the patients
and they can be frequently classified among the
rheumatic ones. Furthermore, HCV can promote the
production of several autoantibodies complicating
the differential diagnosis between primitive and HCVrelated rheumatic disorders.
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Abstract
Hepatitis C virus (HCV) is a hepato- and lymphotropic
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because monoclonal RF is represented in type Ⅱ
[9]
MC, while type Ⅲ MC contains polyclonal RF . C4 is
frequently low while C3 is usually normal. However,
both complement and cryocrit levels do not correlate
[9]
with the severity of skin manifestations .
HCV may also have extracutaneous manifestations,
being renal involvement one of more severe ones. In
patients with type Ⅱ MC (IgMκRF positive), the renal
involvement is characterized by membranoproliferative
glomerulonephritis (MPGN) causing micro-haematuria
[14-17]
and proteinuria
. However, HCV can also induce
non-cryoglobulin related MPGN in which IgG staining
is the most typical finding. Furthermore, membranous
glomerulonephritis in association with HCV-related
[18,19]
MC was also described
. MC-related MPGN has
been also reported in patients with positive HCVantibodies and undetectable HCV in serum, peripheral
blood mononuclear cells and bone marrow; in these
patients the HCV NS3 antigen was instead found in the
[20]
glomeruli .
A neurological involvement is often present in MC.
The more frequent neurological complication of MC
is a subacute distal sensory-motor polyneuropathy
moreover, mono and multiple mononeuritis have also
been reported. The severity of symptoms seems to be
[21,22]
related to the level of cryocrit
. The involvement
of central nervous system (CNS) secondary to a
vasculitic damage has been rarely reported. Some
cases of cognitive function impairment associated with
white matter brain lesions on MRI were attributed to
[23-25]
HCV
. Life-threatening MC-related manifestations
are described in up to 10% of the cases; they
mainly consist in progressive renal failure and in
vasculitic acute damages localized in CNS, lung, and
[26-28]
gastrointestinal tract
.
[29]
Cacoub et al
found that the 19.3% of a group
of 161 patients suffering from HCV-related vasculitis
had a diagnosis of polyarteritis nodosa (PAN). This
particular subset of PAN is characterized by severe
and acute onset with more frequent fever, weight loss,
gastrointestinal involvement, severe acute sensorymotor multifocal neuropathy, severe hypertension
[29]
and microaneurysms in both liver and kidney . The
rate of treatment-induced remission is high but more
frequent relapses than in other forms of PAN can
occur. Survival rates at 1, 3 and 5 years was similar to
[29]
patients suffering from HCV-related CV .

INTRODUCTION
Hepatitis C virus (HCV) is a linear, small size (55-65
nm) single stranded RNA virus belonging to the family
of Flaviviridae. It is a bloodborne virus commonly
transmitted because of inadequate sterilization of
medical devices (syringes, needles) and unscreened
blood products. Moreover, it can also be transmitted
sexually and from mother to foetus but not through
[1]
breast milk . HCV is a hepato- and lymphotropic agent
and its infection usually occurs without symptoms and
chronicizes in 70%-80% of cases leading to serious
liver damage (cirrhosis and liver cancer) after years.
As a consequence of its lymphotropic nature,
HCV can trigger and sustain a clonal B-cell expansion
which causes a wide spectrum of autoimmune/
lymphoproliferative disorders, through a multistep
[2,3]
process . The extrahepatic manifestations become
clinically manifest in 40%-70% of the patients
and they can frequently be included among the
[2,3]
rheumatic ones . Furthermore, HCV can promote
the production of several autoantibodies complicating
the differential diagnosis between primitive and HCV[4,5]
related rheumatic disorders .

HCV-related vasculitis
The term cryoglobulinemia indicates the presence in
the serum of one (monoclonal cryoglobulinemia) or
more (mixed cryoglobulinemia, MC) immunoglobulins,
which precipitate at temperatures below 37  ℃ and resolubilize with heating. Cryoglobulinemic vasculitis (CV)
[3,6,7]
mainly involves the small vessels
. The pathogenetic
mechanism consists in immune complexes deposition
(containing cryoglobulins or not) and leucocytoclastic
vasculitis is the commonest pattern detected by
[3,6,7]
skin biopsy
. Cryoprecitates are made by several
components including HCV core proteins, anti-core
IgG antibodies, IgM rheumatoid factor (RF) and C1q
[8]
proteins .
Vessels are clinically involved in less than 5% of
HCV infected subjects. The typical clinical manifestation
of MC is represented by purpura, weakness and
[3,6,9]
arthralgia
. Purpura is mainly localized in the lower
limbs (orthostatic purpura), is frequently palpable and
[3,6,7,9]
often shows an intermittent course
. In many
cases it is mild, but very serious purpuric lesions, also
with a confluent evolution, are not rare. Other skin
lesions such as petechiae, ulcers (often preceded by
Raynaud’s phenomenon or acrocyanosis), necrosis and
[9-11]
urticaria in both legs and toes can also occur
. In
two thirds of subjects the recurrence of purpura causes
the appearance of an ochereus coloration in the lower
[9]
part of legs . HCV is more frequent in elderly women
and in patients with long-lasting HCV infection and in
[12,13]
type Ⅱ MC
.
Laboratory tests show HCV infection in about 80%
[12]
of the totality of MC patients . RF is often present
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Sicca Syndrome
Dryness of mucosae (in particular of mouth and eyes)
is commonly reported by patient suffering from HCV
chronic infection. In a large series of 1614 French HCV
[30]
patients, sicca symptoms were reported in 11% .
The clinical features may be indistinguishable from
those observed in primary Sjögren’s syndrome (SS).
HCV-associated sicca syndrome (SiS) is due to a
functional impairment of exocrine glands related to a
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mild sialoadenitis presenting some histological features
[31]
distinguishable from those observed in primary SS .
Focal lymphocytic infiltrates of SS are predominantly
+
composed by CD4 T-cells while the percentage of
B-cells increases in late and more severe stages of
[32,33]
the disease
. Conversely, in the HCV-related focal
+
sialoadenitis, CD8 T-cells are more commonly found
+
+
and the CD4 /CD8 ratio is usually lower in comparison
[31,34]
with SS
. Furthermore, lympocytic infiltrates are
mainly localized in the pericapillary zones rather than
in the peri-ductal areas, with no destruction of the
[35,36]
ducts
. Genetic differences were also found: in the
*
HCV-SiS a frequent association with the HLA-DQB1 02
has been described while in the SS the HLA-DR3 allele
[37,38]
is more common
. Although the published data
concerning HCV replication in the salivary glands are
[36]
controversial , the presence of the virus in both
saliva and salivary epithelial cells has been clearly
[39,40]
demonstrated
.
Differences concerning clinical aspects were also
reported. Older age, liver disease, hypocomplementemia,
cryoglobulinemia, lung disease are more common in
HCV SiS; on the contrary, female sex, frequent and
severe sicca symptoms and parotid gland enlargement
[41,42]
are more common in SS
. The frequency of antiSSA/SSB antibodies is higher in SS although antiSSA/SSB positivity was also described in HCV-SiS
(up to 23%) as well as in subjects suffering from
[42,43]
HCV chronic infection without SiS
. Both disorders
can be complicated by the emergence of a B-cell
[3,31]
lymphoma
.
According to the America-European Consensus
Criteria, patients with HCV-SiS cannot be classified as
[44]
SS .

when compared with RA and rheumatoid nodules were
[51,53]
never reported
. Two reports described joint erosions
[47,50]
on 20%-30% of HCVrA patient radiographs
.
When these two studies were published serum tests
for anti-CCP antibodies were still unavailable; as a
consequence, a casual coexistence of both RA and
HCV infection cannot be excluded. Anti-CCP antibodies
can be helpful in the differential diagnosis between
HCVrA and RA because they are rarely detected in
[54,55]
HCVrA
. However, in two recent studies antiCCP antibodies were found in 20% and 33% of HCV
[56,57]
patients with articular symptoms, respectively
.
The IMO subset of HCVrA typically involves the
medium and large joints of the lower limbs, mainly the
[51,53]
ankles
. Its course is usually acute with frequent
relapses. The IMO subset is closely related to the
presence of MC in serum and to the cutaneous and
laboratory manifestations of CV. Often IMO flares
simultaneously occurs to skin flares of CV.

Fibromyalgia
A clinical picture characterized by widespread pain
typical of fibromyalgia (FM) is reported by 1.9%
to 57% of patients suffering from HCV chronic
[58-62]
infection
.
Although in a Spanish study anti-HCV antibodies
were found in 15.2% of the enrolled FM subjects,
other studies did not confirm the increased prevalence
[63,64]
of HCV infection in FM
. However, HCV infection
should be ever kept in mind as a possible cause of
[4]
secondary FM .

Autoantibodies
The occurrence of autoantibodies usually used in the
diagnosis of rheumatic diseases during chronic HCV
[5]
infection has been recently and extensively reviewed .
Levels of RF, anti-CCP and anti SSA/SSB antibodies
are increased as well as several other non-organ
specific autoantibodies that have been reported in up
[65]
to 79% of HCV-positive subjects . Higher frequencies
were found for anti-nuclear antibodies (ANA) (≤
63%), cANCA (≤ 64%), anti-Cardiolipin (≤ 62%),
anti-DNA (≤ 25%).
ANA and anti-double stranded DNA antibodies,
often present in low titres and with a speckled pattern,
are clinically irrelevant. Inconsistent data were instead
published as regards the clinical relevance of cANCA
[5]
and anti-Cardiolipin antibodies in HCV patients. Some
studies showed a correlation between anti-Cardio
lipin antibodies, thrombocytopenia and thrombotic
[66,67]
disorders
. A single study reported an increased
prevalence of purpura, skin nodules, livedo reticularis
and Raynaud’s phenomenon in cANCA-positive
HCV patients in comparison with the negative ones.
However, life-threatening manifestations commonly
seen in the primitive ANCA-related vasculitis were
[68]
absent .

Musculo-skeletal disorders
Arthralgias are a common complaint of HCV-infected
patients. Inflammatory joint involvement is quite
rare. However, the Italian group of Iagnocco et
[45]
al
described ultrasound features consistent with
inflammatory signs of large joints (knees, hips or
shoulders) in more than 95% of the enrolled HCV
patients without any rheumatic symptoms. Articular
symptoms are much less common as showed by
French Authors which found joint pain in only 23% of
their 1614 patients suffering from chronic hepatitis
[30]
C . Arthritis is even more rare, in fact, the prevalence
of HCV-related arthritis (HCVrA) was estimated in
[4,46]
4%-5% of the total of HCV patients
.
Two different subsets of HCVrA were identified in
some studies enrolling limited groups of patients: the
more common symmetrical polyarthritis (SP) and the
[47-50]
intermittent mono-oligoarthritis (IMO)
. The SP
subset shares several aspects with rheumatoid arthritis
(RA): symmetrical involvement of wrists and hands;
positive rheumatoid factor in more than 50% of
[51-53]
patients, and increased markers of inflammation
.
However, the course of HCVrA is much less aggressive
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Notes of Treatment
The treatment of HCV-related rheumatic disorders
includes: etiological therapies with antiviral drugs
aiming to HCV eradication; and pathogenetic and
[3]
symptomatic pharmacological approaches . They are
not reciprocally exclusive and can be combined for
[69]
best management of patients . Among their possible
adverse effects, care must be taken to different
formulations of INFα that can worsen or promote many
autoimmune disorders such as arthritis, vasculitis,
peripheral neuropathies and kidney disease. The
combination of new anti-HCV agents will permit INF[70-72]
free treatments
. Combined/sequential therapies
with antivirals and the anti-CD20 monoclonal antibody
(Rituximab) represent a real progress in the treatment
of most severe manifestations of HCV-related MC (renal
involvement, skin ulcers, neuropathy, widespread
[69,73]
vascultis)
. Some studies have also reported
favourable results with rituximab alone. However, the
persistence of MC despite HCV eradication with new
[74]
antiviral drugs is possible . In severe cases, high oral
doses of corticosteroids (prednisone 0.5-1.5 mg/kg per
day) or intravenous pulses (methylprednisolone 0.5-1
g/d, for 3 d) followed by oral prednisone, are also often
[17]
prescribed . Plasma exchange is useful to rapidly
[17]
remove cryoglobulins and immune-complexes .
Milder forms of CV can be easily managed with low
[60]
doses of corticosteroids
as well as HCVrA can
be approached with low doses of steroids and/or
[70]
hydroxychloroquine .
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CONCLUSION
Chronic hepatitis C virus infection can induce several
rheumatic manifestations that should be differentiated
from the primitive rheumatic ones. Treatments for
these two kinds of disorders are usually different
and the lack of detection of HCV infection could
represent a real risk for patients. As a consequence,
HCV testing should be routinely performed in patients
showing rheumatic signs and/or symptoms. In some
patients, it remains unrealistic, also for experienced
rheumatologist, to discriminate if the presence of HCV
is casual or plays an active role in causing autoimmune
disorders.
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Abstract
Alcohol consumption and hepatitis C virus (HCV)
infection have a synergic hepatotoxic effect, and
the coexistence of these factors increases the risk
of advanced liver disease. The main mechanisms of
this effect are increased viral replication and altered
immune response, although genetic predisposition
may also play an important role. Traditionally, HCV
prevalence has been considered to be higher (up
to 50%) in alcoholic patients than in the general
population. However, the presence of advanced
alcoholic liver disease (ALD) or intravenous drug use
(IDU) may have confounded the results of previous
studies, and the real prevalence of HCV infection in
alcoholic patients without ALD or prior IDU has been
shown to be lower. Due to the toxic combined effect of
HCV and alcohol, patients with HCV infection should be
screened for excessive ethanol intake. Patients starting
treatment for HCV infection should be specifically
advised to stop or reduce alcohol consumption
because of its potential impact on treatment efficacy
and adherence and may benefit from additional
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support during antiviral therapy. This recommendation
might be extended to all currently recommended drugs
for HCV treatment. Patients with alcohol dependence
and HCV infection, can be treated with acamprosate,
nalmefene, topiramate, and disulfiram, although
baclofen is the only drug specifically tested for this
purpose in patients with ALD and/or HCV infection.

a challenge to physicians. In patients with chronic
HCV infection, alcohol consumption is a well-known
risk factor for progression to advanced forms of liver
[12]
disease and cirrhosis ; it also increases the risk of
[13]
developing hepatocellular carcinoma (HCC) . Indeed,
HCV infection and alcoholic liver disease (ALD) are the
two main causes of liver transplantation in developed
countries, and the coexistence of these diagnoses is
linked to 10%-14% of cirrhosis cases and 8%-10% of
[14]
liver transplants in the United States .
The deleterious effects of this association may
extend beyond ALD-specific outcomes. In patients
with chronic HCV infection, alcohol consumption
significantly reduces survival time, with a stronger
[15]
effect in females . In addition, alcoholic patients
with HCV infection have been reported to have a
two- to eight-fold increased risk of all-cause mortality
[16,17]
compared with those without this infection
.

Key words: Alcohol use disorder; Alcohol dependence;
Alcoholism; Alcoholic liver disease; Hepatitis C virus
infection; Hepatitis C virus infection treatment
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alcohol favors hepatitis C virus (HCV) re
plication and diminishes immune response against
it, increasing the risk of advanced liver disease. HCV
infection prevalence among alcoholics, initially thought
to be much higher (up to 50%) than in the general
population, has been reported to be lower in recent
studies. Intravenous drug use and advanced alcoholic
liver disease may confound the prevalence of HCV
infection among alcoholics. Before starting HCV infection
treatment, patients should be screened for alcohol use
disorder and abstinence should be achieved. Baclofen
may be the drug of choice for patients with alcohol
dependence and advanced liver disease.

INTERACTION BETWEEN ALCOHOL AND
HCV
The development of in vivo models to study the
pathophysiological mechanisms underlying the
interaction between alcohol consumption and HCV
infection represents a major challenge because
of methodological and technical problems. Thus,
although a synergic hepatotoxic effect appears to
explain the negative consequences of the interaction
[18]
between alcohol and HCV in the liver , the exact
mechanisms of this interaction remain incompletely
understood. The amount of alcohol consumption
necessary to increase the risk of ALD in patients with
HCV infection also remains unknown. Some studies
have found that 30-40 g alcohol per day increased the
[19,20]
risk of liver disease progression
, but other authors
have suggested that larger amounts (approximately
[21,22]
80-120 g/d) are necessary to produce this effect
.
In any case, many studies have analyzed potential
mechanisms of liver damage by the combined effects
of HCV and alcohol, which may be summarized as
follows.

Novo-Veleiro I, Alvela-Suárez L, Chamorro AJ, GonzálezSarmiento R, Laso FJ, Marcos M. Alcoholic liver disease
and hepatitis C virus infection. World J Gastroenterol 2016;
22(4): 1411-1420 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1411.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1411

INTRODUCTION
The relationship between alcohol consumption and
hepatitis C virus (HCV) infection has been a high[1-3]
activity focus of investigation for decades
. The
first studies addressing this association, published
in the early 1990s, showed an increased prevalence
of HCV antibodies in alcoholic patients, with up
to 30%-40% prevalence of chronic HCV infection
[4]
reported in this population . These high figures
[5-7]
decreased in subsequent years , and our research
group has documented an estimated average
weighted prevalence of HCV infection of 16.32%
among alcoholics, after a systematic review on this
[8]
topic . Nevertheless, this prevalence is much higher
than in the general population, reported to be about
[9,10]
1.5%-2%
.
Although HCV prevalence is expected to decrease
[11]
dramatically due to the availability of new treatments ,
the association of HCV with alcohol consumption still
represents a problem of great relevance. Furthermore,
complex interactions between these factors pose

WJG|www.wjgnet.com

Altered cell-mediated immunity

Several studies have demonstrated that both alcohol
and HCV can alter the differentiation and function of
[23-25]
host dendritic cells
. Alcohol modifies the antigenpresenting function and diminishes the host response
to viral peptides in hepatic cells, such as NS5 protein.
Alcohol consumption may thus favor HCV evasion from
[25]
immune response .

Increased oxidative stress

Chronic ethanol intake increases oxidative stress
through several pathways. For instance, alcohol upregulates the expression of cyclooxygenase 2 (COX-2),
which is closely related to augmented oxidative
[26]
stress and free oxygen radical production . HCV
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also increases COX-2 expression; thus, this common
pathway can amplify liver damage. Furthermore,
toxic effects of alcohol on mitochondrial function may
[27,28]
inhibit cellular regeneration in the liver
, and HCV
core proteins can also cause mitochondrial damage
[29]
through free oxygen radical generation . In line with
these hypotheses, animal models have shown that
alcohol-fed mice with deficient antioxidant function
[30]
developed more severe forms of ALD . Recently,
concomitant alcohol consumption and HCV infection
have been found to induce post-transcriptional
modification of the expression of FOXO3, a component
of the hepatic antioxidant system, leading to altered
antioxidant function and potential out-of-control cell
[31]
proliferation .

GENETIC FACTORS ASSOCIATED WITH
PROGRESSION OF LIVER DISEASE IN
PATIENTS WITH ALCOHOLISM AND HCV
INFECTION
The susceptibility to advanced liver disease due to
[49]
[50]
ethanol intake
or HCV infection
is known to be
influenced by genetic factors. The identification of
genetic variants associated with the development of
liver disease due to the combined effects of ethanol
and HCV would thus be of interest, as it could provide
insight into the pathophysiology of alcohol-HCV
interaction and help to identify high-risk patients.
Regrettably, very few studies have been performed
in patients with liver disease due to both excessive
[51,52]
alcohol consumption and HCV infection
, and
data are insufficient to draw definite conclusions.
Nonetheless, many studies have separately analyzed
genetic susceptibility to these two forms of liver
disease, and their findings enable the identification
of common genetic factors involved in liver disease
progression due to alcohol or HCV.
In this regard, many allelic variants, including
single nucleotide polymorphisms (SNPs), have been
analyzed, but only one genetic variant has been shown
to clearly influence the risk of both ALD and HCVinduced liver damage. Namely, the rs738409 SNP in
the adiponutrin or patatin-like phospholipase domain
containing 3 (PNPLA3) gene has been associated in
[53]
several meta-analyses with ALD , fibrosis progression
[54]
in HCV-infected patients , and HCC in patients
with cirrhosis due to HCV infection and/or alcohol
[55]
consumption .
Some researchers have suggested, however, that
the association of this SNP with HCV-related liver
fibrosis is due to confounding factors, such as ethanol
[54]
intake among HCV-infected patients . This hypothesis
stems mainly from the lack of biological plausibility
of the association between this polymorphism and
HCV infection, and the findings of one study showing
that the relationship of this polymorphism to HCVrelated liver disease was present only in patients with
[56]
significant ethanol consumption . This study has not
been replicated, and a large body of evidence identifies
this genetic variant as a risk factor for advanced
liver disease due to many causes, including not only
ethanol and HCV infection, but also non-alcoholic fatty
[53,54,57,58]
liver disease and hepatitis B virus infection
.
Furthermore, although the functional role of this
polymorphism was initially described as involvement in
lipid metabolism, this genetic variant may also directly
[59,60]
influence inflammation and fibrogenesis
. Thus, it
is very likely to be a common factor for liver injury.
Allelic variants in glutathione S-transferase (GST)
detoxification enzymes may also be associated with
susceptibility to liver disease due to ethanol and HCV

Increased viral replication

Some in vitro hepatocyte studies have demonstrated an
[32,33]
increase in HCV replication with alcohol exposure
,
although this effect has not been demonstrated clearly
in humans. Indeed, a meta-analysis performed in
2005 reported no increase in HCV RNA levels in the
[34]
blood of patients with chronic alcohol consumption .
Recent evidence has suggested that miR-122 facilitates
the replication of HCV and that alcohol induces upregulation of this micro-RNA, thereby promoting HCV
[35,36]
replication
. These observations highlight the
potential relevance of micro-RNA in alcohol-induced
[37-39]
organ damage, which has been described recently
.

Quasi-species generation

Free oxygen radicals induce viral genome mutations,
and alcoholic patients had been shown to have greater
quasi-species complexity than do non-alcoholic
[40,41]
controls
. Although the clinical relevance of this
finding is unclear, it could reduce the response to HCV
treatment.

Liver steatosis

[42]

Most heavy drinkers develop liver steatosis
and it is
also known that HCV infection is associated with liver
[43]
steatosis . Further, non-alcoholic fatty liver disease
is the main cause of chronic liver disease in developed
[44]
countries . The concomitant presence of ethanol,
HCV infection and steatosis is associated with liver
fibrosis and is able to accelerate the development of
[20,45]
advanced liver damage
.

Iron accumulation

Liver iron is increased in patients with ALD and,
to a lesser extent, in patients with HCV chronic
[46,47]
infection
. Iron overload is associated with increased
liver inflammatory response due to the production
of reactive oxygen species and may impair immune
response against HCV virus infection. Therefore, it is a
key mechanism of liver injury among patients with HCV
[48]
infection and excessive ethanol consumption .
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infection. Specifically, null variants of GSTM1 and
GSTT1 have been associated with the development
[61-63]
of HCC in HCV-infected patients
, and alcoholic
patients carrying the GSTM1 null, but not the GSTT1,
[64]
genetic variant have an increased risk of ALD .
Although the strength of evidence from candidate gene
association studies is weak to moderate, we have to
consider that this relationship is biologically plausible
due to the role of GST enzymes in liver disease.
The roles of inflammation-related genes in ALD
and HCV-related liver injury have been extensively
studied, but discordant results have been reported. An
association was found between the -592C/A interleukin
(IL)-10 gene polymorphism and liver cirrhosis in HCV
[65]
infected patients , but this SNP was not related
[66]
to the risk of ALD . Similarly, the -174 G/C IL-6
polymorphism was associated with liver cirrhosis and
[67]
HCC in HCV-infected patients , but not in alcoholic
[68]
patients . On the other hand, allelic variants -238G/A
and -308G/A within the tumor necrosis factor-alpha
gene (TNFA) may be significant predictors of HCC
[69-72]
in HCV-infected patients
, and the A allele of the
-238G/A SNP of this gene was also associated with
[73]
ALD in a meta-analysis .
In summary, strong evidence supports the asso
ciation of the rs738409 SNP in the PNPLA3 gene with
both ALD and HCV-related advanced liver disease.
Evidence for the associations of other genetic variants,
such as GSTM1 null and TNFA -238G/A, is weak or
moderate.

numbers of patients with IDU and/or ALD, was lower
[8]
than reported in most previous studies , and was
[80]
similar to that described in a recent paper (5.2%) .
Apart from a potential decrease in HCV prevalence
[81]
in the general population during the last decade ,
these low prevalence rates observed in recent studies
may be caused by the current low prevalence of IDU
among alcoholic patients in developed countries (2.3%
[8]
in our series) . Furthermore, advanced ALD and IDU
may confound the real prevalence of HCV infection in
alcoholic patients.
Indeed, many previous studies of HCV prevalence
among alcoholics included large numbers of patients
[1,77,79]
with advanced forms of ALD
or even restricted
[4,82-85]
inclusion to patients with liver disease
, which
could be considered selection bias. As HCV infection
is a risk factor for the development of liver disease,
alcoholics with liver disease are more likely to have
HCV infection. Accordingly, these patients are more
likely to be tested for HCV infection, favoring their
inclusion in cohort studies. On the other side, alcoholic
patients showing minor or no alteration of liver
function, who are less likely to be HCV infected, may
be under-represented in most studies. The situation
is similar for IDU, as many studies have included
large proportions of patients with this risk factor,
whose presence could be considered a confounding
factor of HCV infection prevalence among alcoholic
[1,6,7]
patients
. In our series, the prevalence of HCV
infection among alcoholics without ALD or IDU was
only 1.1%, similar to that in the general population in
[9]
Spain (1%-2.6%) . In light of these data, the high
prevalence of chronic HCV infection among alcoholics
appears to be restricted to those with liver disease
and/or IDU. Although alcohol intake may promote
some risk behaviors for HCV infection, this association
is controversial and evidence for ethanol as a risk
[86-88]
factor for HCV infection per se is lacking
.

HCV INFECTION PREVALENCE AMONG
ALCOHOLIC PATIENTS
The prevalence of HCV infection has traditionally been
assumed to be much higher in alcoholic patients than
in the general population, which is estimated around
[74]
0.5%-2% in developed countries . The reported
prevalence of HCV infection in alcoholic patients is very
[75]
[76]
high, but variable (ranging from 2.1%
to 51% ).
This variability may be related to differences in the
distribution of risk factors for HCV infection among
[77-79]
study populations
.
In an attempt to integrate the findings of these
studies, we recently carried out a systematic review
of previous literature, including data from our own
series. After combining data from 25 studies that
reported the prevalence of chronic HCV infection in
[8]
alcoholic patients , we found an average weighted
[8]
prevalence of 16.32% . Of interest, however, the
average prevalence was much lower in alcoholic
patients without that in those with prior intravenous
[8]
drug use (IDU; 6.6% vs 72.8%) . We also found
relevant differences in HCV infection prevalence
between patients with severe forms of liver disease
[8]
(32.9%) and those without liver disease or with
only steatosis (5.9%). Indeed, the overall prevalence
of HCV in our series (3.5%), which included small
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MANAGEMENT OF HCV INFECTION IN
ALCOHOLIC PATIENTS
Testing

Whether all alcoholic patients, or only those with
risk factors (such as IDU), should be screened for
HCV remains unclear. Current European Association
for the Study of the Liver (EASL) guidelines and
recommendations advise HCV testing in patients
[89]
with proven ALD
or persistent abnormal alanine
[90]
aminotransferase levels , but no specific recom
mendations have been provided for alcoholic patients
without ALD. Centers for Disease Control and Pre
[90]
vention guidelines
do not include alcoholism as a
risk factor for HCV infection (HIV infection and IDU
are included), but many patients with past or present
histories of heavy alcohol intake should likely be
tested, in light of current recommendations for testing
[90]
of all adults born between 1945 and 1965 .
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Assessment of liver disease

use alcohol consumption as an exclusion criterion, but
[101,102]
data regarding alcohol intake were not reported
.
The pivotal study examining the new combination of
paritaprevir/ritonavir/ombitasvir plus dasabuvir, not
yet approved in Europe, excluded patients with recent
histories of drug or alcohol abuse or positive screening
[103]
results for drug or alcohol use . Therefore, very little
data regarding HCV treatment with new drugs among
patients with alcohol consumption is available.
Previous studies, however, show that alcohol
consumption is associated with a poorer response to
[104]
the classical treatment of interferon and ribavirin
,
and heavy drinkers had a reduced sustained viral
response (SVR) in comparison with moderate drinkers.
In a Swiss cohort, SVRs were similar in patients who
consumed ≤ 24 g/d alcohol during therapy and those
[105]
who abstained
. Alcohol is known to interfere with
[106]
the action of interferon
, and poor adherence to
treatment in alcoholic patients could play an important
[104]
role in the efficacy of ribavirin as well
. Of note,
SVR rates are similar in alcoholic patients who achieve
[107]
abstinence and non-alcoholics
. In any case, no
ethanol consumption threshold guiding the noninitiation of HCV treatment with interferon and ribavirin
or the selection of a different treatment scheme
[104]
has been established
. Accordingly, current EASL
guidelines do not recommend a minimum abstinence
period before starting treatment for HCV infection in
alcoholic patients, but insist on the need to achieve
[91]
abstinence before treatment .
Finally, previous HCV treatment guidelines recom
mended telaprevir and boceprevir as useful secondline drugs in combination with classical treatment;
however, current EASL guidelines recommend the use
of these drugs only as a last alternative when other
[91]
combinations have failed . No recommendation
for boceprevir and telaprevir use has been provided
[108-111]
specifically for alcoholic patients
.
In summary, evidence on HCV treatment with
newer drugs in alcoholics is lacking compared with
interferon and ribavirin treatment. Regardless of
the drug used, patients should be advised to stop or
reduce alcohol consumption before starting treatment
because of the potential impacts on treatment efficacy
and adherence. HCV treatment for patients who
cannot abstain completely from alcohol should be
individualized, with consideration of their ability to
adhere to medication regimens. Patients with ongoing
alcohol consumption during HCV treatment may
benefit from additional support in order to achieve
abstinence and should be advised about potential
[91]
interactions .

Liver biopsy is the gold standard for assessing
liver disease severity in both ALD and HCV chronic
infection, which is of particular relevance for the choice
[89,91]
and timing of antiviral therapy
. Liver biopsy,
however, is associated with significant morbidity, and
several non-invasive methods have been developed
that can be used to assess liver disease severity,
including liver stiffness measurement and panels
®
of biomarkers of fibrosis (scores like Hepascore ,
®
® [92]
Fibrometer , or Fibrotest ) . Therefore, liver biopsy
it is not recommended in all patients with suspected
liver disease due to ethanol and/or HCV infection.
Although the indications of this technique are not
clearly established, it may be required in patients
with contradictory results after assessment with noninvasive markers or with other confirmed or suspected
risk factors (such as obesity, iron overload, or even
surreptitious alcohol use), which could influence the
development of liver disease. It is indicated in patients
with suspected aggressive forms of liver disease, like
acute alcoholic hepatitis, which could benefit from
specific treatments, and it is recommended in the
[89]
setting of clinical trials .
The remainder of patients, especially those with high
risk of complications from liver biopsy, could be correctly
diagnosed by clinical, biochemical and radiological
data. In this setting, liver stiffness measurement
by elastography, alone or in combination with other
methods, can safely provide enough information about
the grade of liver fibrosis in patients with liver disease
[93]
due to HCV infection and alcoholism .

Treatment

HCV infection treatment in alcoholic patients presents
a challenge, as most studies testing the efficacy of new
drugs for HCV infection have excluded these patients.
EASL guidelines published in April 2014 included
mention of possible first-line treatment drugs such
as daclatasvir, sofosbuvir, and simeprevir, in addition
to or in combination with interferon and ribavirin,
[91]
for HCV genotype 1-infected patients . However,
exclusion criteria of clinical trials that supported the
use of these new drugs included chronic liver disease
[94-96]
other than HCV infection
. Furthermore, none of
these studies specified the level of participants’ alcohol
[94-96]
consumption
. The situation is similar for sofosbuvir
and ribavirin regimens for patients infected by other
genotypes, since there are no data regarding alcohol
[97-99]
consumption to make specific recommendations
.
American Association for the Study of Liver Diseases
guidelines published in January 2015 recommend
ledipasvir/sofosbuvir, paritaprevir/ritonavir/ombitasvir
plus dasabuvir, or sofosbuvir/simeprevir with or
without ribavirin as the only three valid regimens for
[100]
genotype 1 HCV infection treatment
. The efficacy
of the new combination of ledipasvir and sofosbuvir
was demonstrated in a recent study, which did not
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MANAGEMENT OF ALCOHOL USE
DISORDERS IN PATIENTS WITH HCV
INFECTION
The most recent version of the Diagnostic and
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Statistical Manual of Mental Disorders groups the
diagnoses of alcoholic abuse and dependence under a
[112]
new term: alcohol use disorder (AUD) . The coexis
tence of HCV infection and AUD may be common in
[113]
patients with liver damage, as explained previously .
Thus, assessment of alcohol consumption in HCVinfected patients is of great relevance, due to the
interaction between these factors and availability of
various screening tools to detect excessive alcohol
intake. The widely used Alcohol Use Disorders
Inventory Test has been validated in several medical
[114]
[115]
settings
and applied to HCV-infected patients ; it
could thus be recommended in this setting. However,
World Health Organization (WHO) recommendations
[116]
for the care of people infected with HCV
suggest
the use of the Alcohol, Smoking and Substance
[117]
Involvement Screening Test
. In any case, the
detection of excessive ethanol intake or at-risk drinking
should prompt evaluation of patients for the presence
of AUDs. Apart from clinical suspicion and screening
tools, biological markers of excessive alcohol intake,
such as gamma-glutamyltransferase and aspartate
aminotransferase, may be useful for the identification
of heavy drinkers, although the specificity of these
tests is lower in this setting due to HCV-induced liver
damage. Increased mean corpuscular volume and/or
elevated serum carbohydrate-deficient transferrin
concentration may play a more relevant role in the
suspicion of AUD or heavy ethanol intake in HCV[113]
infected patients .
Once heavy drinking and/or AUD are diagnosed,
treatment of these disorders in patients with HCV
infection should not be delayed. For patients with heavy
ethanol intake but no diagnosis of AUD, the WHO and
other guidelines recommend a brief intervention or the
use of self-help guides immediately after detection of
[118,119]
risky alcohol consumption
. Patients with AUD may
require specialized treatment for alcoholic dependence,
including specific drug treatment and/or psychosocial
intervention. Many clinical tools are available for
psychosocial intervention, such as the Twelve-Step
Facilitation Therapy, motivational enhancement therapy,
cognitive-behavioral therapy, and mutual help groups
[113]
and associations such as Alcoholics Anonymous .
Regarding pharmacologic treatment, a recent metaanalysis showed that naltrexone and acamprosate are
the most effective drugs for AUD, with moderately
strong evidence supporting the use of nalmefene and
[120]
topiramate in some consumption outcomes
. Less
evidence was found to support the use of disulfiram.
These recommendations apply to patients with HCV
infection, but the potential for liver toxicity should
be considered in patients with liver disease due to
alcohol and/or HCV infection. In patients with mild
forms of liver disease, anti-craving treatment with
naltrexone could be used with caution and monitoring
[121]
of liver function
. However, many of these drugs
are potentially harmful to patients with advanced liver
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disease, due to the risk of liver injury; disulfiram,
[122,123]
naltrexone, and nalmefene should be avoided
.
Acamprosate and topiramate may be options in these
patients because of mainly renal metabolism and
the lack of reported liver toxicity. However, no large
clinical trial has supported the continued use of these
drugs in patients with advanced liver disease, and
no study has focused on patients with ALD and/or
[124,125]
HCV infection
. To date, baclofen is the only
drug tested in a randomized control trial including
patients with cirrhosis that has shown the benefits
[126]
of reducing alcohol consumption and craving
. A
subgroup analysis of data from this trial also reported
a positive effect in patients with alcohol dependence
[127]
and HCV infection . In line with these findings, EASL
guidelines recommend baclofen as the only option in
[89]
patients with advanced ALD .
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New approaches in the treatment of hepatitis C
Rocío González-Grande, Miguel Jiménez-Pérez, Carolina González Arjona, José Mostazo Torres
reason for having a liver transplant. The main aim of
antiviral treatment is to eradicate the virus. Until a few
years ago the only treatment strategy was based on
the combination of pegylated interferon and ribavirin
(PEG/RBV). However, in genotypes 1 and 4 the rates
of viral response did not surpass 50%, reaching up to
80% in the rest. In 2011 approval was given for the
first direct acting antiviral agents (DAA), boceprevir and
telaprevir, for treatment of genotype 1, in combination
with traditional dual therapy. This strategy managed
to increase the rates of sustained viral response (SVR)
in both naive patients and in retreated patients, but
with greater toxicity, interactions and cost, as well as
being less safe in patients with advanced disease, in
whom this treatment can trigger decompensation or
even death. The recent, accelerated incorporation since
2013 of new more effective DAA, with pan-genomic
properties and excellent tolerance, besides increasing
the rates of SVR (even up to 100%), has also created
a new scenario: shorter therapies, less toxicity and
regimens free of PEG/RBV. This has enabled their
almost generalised applicability in all patients. However,
it should be noted that most of the scientific evidence
available is based on expert opinion, case-control
series, cohort studies and phase 2 and 3 trials, some
with a reduced number of patients and select groups.
Few data are currently available about the use of these
drugs in daily clinical practice, particularly in relation
to the appearance of side effects and interactions
with other drugs, or their use in special populations
or persons with the less common genotypes. This
situation suggests the need for the generalised
implementation of registries of patients receiving
antiviral therapy. The main inconvenience of these new
drugs is their high cost. This necessitates selection and
prioritization of candidate patients to receive them, via
strategies established by the various national organs,
in accordance with the recommendations of scientific
societies.
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Abstract
About 130-170 million people, is estimated to be
infected with the hepatitis C virus (HCV). Chronic
HCV infection is one of the leading causes of liverrelated death and in many countries it is the primary
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The recent, accelerated incorporation since
2013 of new more effective DAA, with pan-genomic
pr operties and excellent tolerance , besides
increasing the rates of SVR (even up to 100%),
has also created a new scenario: shorter therapies,
less toxicity and regimens free of interferon and/
or RBV. This has enabled their almost generalised
[5]
applicability in all patients .
However, it should be noted that most of the
scientific evidence available is based on expert
opinion, case-control series, cohort studies and
phase 2 and 3 trials, some with a reduced number
of patients and select groups. Few data are currently
available about the use of these drugs in daily clinical
practice, particularly in relation to the appearance
of side effects and interactions with other drugs, or
their use in special populations or persons with the
[6]
less common genotypes . This situation suggests
the need for the generalised implementation of
registries of patients receiving antiviral therapy.
The main inconvenience of these new drugs is their
high cost. This necessitates selection and prioritization
of candidate patients to receive them, via strategies
established by the various national organizations, in
accordance with the recommendations of scientific
societies.
The purpose of this article is to review the drugs
currently available for the treatment of hepatitis C
and update the recommendations according to the
genotype.

Core tip: About 130-170 million people, is estimated to
be infected with the hepatitis C virus. Chronic hepatitis
C is one of the leading causes of liver-related death
and in many countries it is the primary reason for
having a liver transplant. Until a few years ago the only
treatment strategy was based on the combination of
pegylated interferon and ribavirin (RBV). Since 2011
the accelerated incorporation of direct acting antiviral
agents has created a new scenario: increasing the
rates of sustained viral response, shorter therapies, less
toxicity and regimens free of interferon and/or RBV and
can even modify the natural history of the disease.
González-Grande R, Jiménez-Pérez M, González Arjona C,
Mostazo Torres J. New approaches in the treatment of hepatitis C.
World J Gastroenterol 2016; 22(4): 1421-1432 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i4/1421.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1421

INTRODUCTION
About 3% of the world population, some 130-170
million people, is estimated to be infected with
the hepatitis C virus (HCV). Of these, 55%-85%
will develop chronic hepatitis, 30% will later have
[1]
cirrhosis, and 2% will have hepatocarcinoma .
Chronic HCV infection is one of the leading causes
of liver- related death and in many countries it is the
primary reason for having a liver transplant.
The main aim of antiviral treatment is to eradicate
the virus, defined as a viralRNA that is undetectable
by highly sensitive methods (lower detection limit of 15
IU/mL). There is considered to be a sustained viral
response (SVR) if this RNA remains undetectable 12
wk after ceasing treatment (SVR12).
Until a few years ago the only treatment strategy
was based on the combination of pegylated interferon
and ribavirin (PEG/RBV) for 24 or 48 wk depending on
the genotype. However, in genotypes 1 and 4 the rates
of viral response did not surpass 50%, and were only
slightly higher in the other genotypes.
Better understanding of the replication cycle of
HCV has led to the identification of new therapeutic
targets. In 2011 approval was given for the first
direct acting antiviral agents (DAA), boceprevir
and telaprevir, for treatment of genotype 1, in
[2,3]
combination with traditional dual therapy
. This
strategy managed to increase the rates of SVR in
both naive patients and in retreated patients, but
with greater toxicity, interactions and cost, as well
as being less safe in patients with advanced disease,
in whom this treatment can trigger decompensation
[4]
or even death .
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DIRECT ACTING ANTIVIRAL AGENTS
DAA currently available

The United States Food and Drug Administration (FDA)
has approved the following, currently commercialised
DAA:
Sofosbuvir (Sovaldi): a nucleotide NS5B polymerase
inhibitor, essential for viral replication. The dose is
400 mg (one pill) per day. This is a prodrug that
undergoes intracellular metabolism to form its active
metabolite. In 2013 the FDA approved its use for
the treatment of HCV. Although its action is pangenotypic, it is approved for genotypes 1, 2, 3 and
4 but always in combination with other DAA or with
[7]
PEG/RBV, never in monotherapy .
Simeprevir (Olysio): a pan-genotypic NS3/4a pro
tease inhibitor that intervenes in the HCV life cycle.
The dose is 150 mg (one capsule) per day. The FDA
approved it in 2014 for the treatment of genotype 1
HCV, in combined therapy. In genotype 1a patients,
the presence of the Q80K polymorphism is associated
with a significant reduction in SVR12 in patients treated
with simeprevir+PEG/RBV. In these cases, therefore,
[8]
alternative treatment is recommended .
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Daclatasvir (Daklinza): non-structural NS5A protein
inhibitor that forms part of the viral replication complex.
It also inhibits virion assembly. The dose is 60 mg (two
pills) once a day. The FDA approved its use in 2014 for
[9]
HCV genotypes 1, 3 and 4 .

identify the presence of extrahepatic manifestations
of HCV.
Virologically, it is necessary to know the genotype
and its subtype, as well as the viral load, for which
the use of sensitive (detection limit of 10-15 IU/mL)
and easily available methods is recommended. In
some cases it is advisable to determine the IL28B
polymorphism or Q80K mutation.
Once the patient has been categorised clinically
and virologically, treatment should be prioritised in
cases of advanced fibrosis (F2-F4), in patients on
the active liver transplant waiting list, liver transplant
patients with recurrence of the infection, non-liver
transplant patients with HCV hepatitis (independently
of the degree of fibrosis), non-responders to triple
therapy, or patients with extrahepatic manifestations
of HCV. In addition, and independently of the disease
status, treatment should also be considered for
patients at high risk of transmission or women of
child-bearing age. Treatment in patients with mild
degrees of fibrosis (F0, F1) can be deferred, though
[14,15]
these patients should be assessed individually
.
Interferon-free regimens should be considered
the choice.

Sofosbuvir + ledipasvir (Harvoni): combination
of sofosbuvir (400 mg) plus ledipasvir (90 mg),
potent NS5A inhibitor, in a single pill taken once per
day. Approved by the FDA for treatment of genotype
[10]
1 , with trials in genotype 3.
Ombitasvir-Paritaprevir/Ritonavir and dasabuvir
(Viekirax): Oral regimen combining four drugs
(12.5-75-250-50 mg). Ombitasvir is a pan- genotypic
NS5A inhibitor, paritaprevir inhibits NS3/4A protease,
and dasabuvir is a non-nucleoside NS5B polymerase
inhibitor. Ritonavir is a potent CYP3A4 enzyme inhibitor
that, given with the other drugs, can increase the
plasma concentration, mainly of paritaprevir. The
FDA approved it in 2014 for genotype 1, but only in
combination therapy. The individual use of each drug is
[11]
not approved .

Future DAA

Drugs pending commercialization in the near future
are combinations of various antivirals.

TREATMENT IN GENOTYPE 1 PATIENTS
Sofosbuvir + Pegylated interferon + Ribavirin

MSD (Merck Sharp and Dohme) combo: Grazoprevir
(MK-5172), 100 mg, a second generation protease
inhibitor, + Elbasvir (MK-8742), 50 mg, a second
[12]
generation NS5A inhibitor .

Efficacy data on the combination of bitherapy with
sofosbuvir (SOF) are based on the NEUTRINO
registry, which includes naive patients treated with
SOF + PEG/RBV (1000-1200 mg per day) for 12 wk.
This regimen obtained SVR12 rates in genotype
1% of 90% (somewhat greater in genotype 1a vs
genotype 1b), falling to 80% in cirrhotic patients,
[16]
though this was just a small group (17%) .
The secondary effects were those expected with
bitherapy.
In naive genotype 1 patients with no contraindication
for interferon the regimen SOF + PEG + RBV obtained a
SVR of around 90% in the non-cirrhotic and 80% in the
cirrhotic patients.

BMS (Bristol-Myers Squibb) combo: Asunaprevir+
daclatasvir+beclabuvir: a combination of daclatasvir,
asunaprevir (NS3 protease inhibitor), and beclabuvir
(a non-nucleoside NS5B polymerase inhibitor) with
activity in genotypes 1, 2, 3, 4 and 5; and variable
[13]
activity in genotype 6 .

SELECTION OF CANDIDATE PATIENTS
FOR ANTIVIRAL TREATMENT

SOF + RBV

All patients with chronic hepatitis C, whether
monoinfected or coinfected with HIV, are candidates
for antiviral therapy, both naive and those who
have failed to respond to previous treatment,
independently of the regimen received.
To select the suitable therapeutic regimen the
patients must be classified as naive, or if they have
been treated previously, as non-responders or
relapsers.
Clinically, it is necessary to evaluate the severity
of the liver disease, measuring the degree of fibrosis,
using elastography or fibrotest, and in certain
cases take a liver biopsy. In cases of cirrhosis, it is
necessary to discriminate between compensated
and decompensated disease. It is also necessary to
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The results of the phase 2 studies QUANTUM and
ELECTRON, with low rates of SVR in genotype 1
patients treated for 12 wk with SOF + RBV, particularly
in the retreated patients, show this to be a suboptimal
[17]
option, even when prolonged for 24 wk . The adverse
effects were those associated with the use of RBV.
SOF + RBV in genotype 1 is considered a suboptimal
therapy.

SOF + Simeprevir

The phase 2 study COSMOS included a cohort of
patients who were null responders to treatment
with interferon and RBV with F0-F2 and another
cohort of naive and null responder patients with
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F3-F4 (compensated cirrhosis). They received SOF+
Simeprevir (SIM) + RBV for 12 wk or 24 wk. The rate
of SVR12 was above 90%, similar in both groups (mild
fibrosis vs advanced fibrosis). There were no differences
in SVR12 according to the duration of the treatment
(12 wk vs 24 wk), nor did it change with the addition
of RBV, even in F4 patients. Nor were differences
found between the naive patients and those treated
[18]
previously . The presence of the Q80K polymorphism,
which is associated with a reduction in the activity
of simeprevir in genotype 1a patients when used in
[19]
combination with PEG and RBV , had no impact on
the rates of SVR.
The secondary effects were generally mild, mainly
headache, fatigue and nauseas. Only 2% presented
serious adverse events.
Observational studies provide data from real
clinical practice. The TARGET cohort included over
2300 patients grouped in four arms: SOF + PEG +
RBV, SOF + RBV, SOF/SIM, and SOF + SIM + RBV.
The efficacy of SOF/SIM was very high, around
90%, in both genotype 1a and 1b patients, and
similar in cirrhotic and non-cirrhotic patients. The
[20]
addition of RBV did not increase the rates of SVR .
The factor predicting a lower response was failure
with previous treatment. The adverse effects were
those seen in the clinical trials.
The TRI cohort randomised 1211 patients to receive
SOF + PEG + RBV, SOF + RBV, or SOF + SIM + RBV.
One third was cirrhotic. A total of 42% received
SOF + SIM + RBV with a SVR of 82% (90% per
protocol) in genotype 1; 3% discontinued treatment
due to adverse effects or lack of treatment
adherence. Overall in this study cirrhosis was found
to be a predictor of less response, mainly to triple
[21]
therapy .
SOF + SIM for 12 wk in genotype 1 (1a, 1b)
showed a SVR of 90%, in both non- cirrhotic patients
and in compensated cirrhotic patients (slightly lower),
whether or not they were naive or had received
previous therapy. The addition of RBV or prolonging
the treatment did not influence the SVR. It is not
advised in Child C and may be suboptimal in cirrhotic
patients who have failed to respond to previous
treatment. The Q80K mutation has a lower impact
on the SVR when SIM is combined with SOF.

RBV was added.
The importance of these results concerns the
SVR achieved with SOF + DCV at 24 wk in patients
[22]
who had failed using triple therapy with PI . The
most common adverse effects were headache,
nausea and fatigue.
SOF and DCV for 12 wk is a good treatment
option in patients with genotype 1a/1b, with or
without RBV, as well as being a good alternative (24
wk) in patients with failure after triple therapy.

SOF + Ledipasvir

This combination was analysed in the ION-1 study,
which included naive genotype 1 patients, 16% of
them cirrhotic, treated with SOF/Ledipasvir (LDV)
randomised to 12 or 24 wk, with or without RBV.
No statistically significant differences were found in
SVR between 12 and 24 wk of treatment (99% vs
98%), nor were there significant differences when
[23]
RBV was added to the treatment .
The ION-2 study included patients previously
treated with bitherapy or triple therapy with first
generation PI, including 20% of cirrhotic patients,
treated for 12 and 24 wk, with or without RBV. The
results were again similar, with a similar SVR (96%)
after 12 and 24 wk of treatment, with or without
RBV. Nevertheless, in the group of cirrhotic patients
previously treated with PI, the option of SOF +
LDV + RBV for 12 wk or SOF + LDV for 24 wk did
increase significantly the rate of SVR, as opposed to
[24]
the option SOF + LDV for 12 wk (99% vs 94%) .
The ION-3 study, which aimed to evaluate the
possibility of shortening treatment, included naive,
non-cirrhotic genotype 1 patients randomised to 8
or 12 wk of treatment with SOF/LDV, with or without
RBV. The percentage of SVR12 was similar in those
treated for 8 and for 12 wk; the addition of RBV
provided no extra benefit. However, a subgroup
of patients, those with a viral load above 6 million
IU/mL, had a greater risk of recurrence if they just
received treatment for 8 wk. Cases of resistance
to LDV, but not to SOF, were seen but this was not
shown to impact on treatment response or the risk
[25]
of recurrence .
Finally, the SOLAR-1 study analysed the efficacy
of SOF/LDV in decompensated cirrhotic patients (Child
B and C, but with bilirubin < 10 mg/dL, haemoglobin
> 10 g/dL and platelets > 30000) who had been
excluded from previous studies, treated for 12 and
24 wk, all with RBV. The SVR12 was almost 90% in
both groups: Child stages B and C, similar with 12 or
[26]
24 wk of treatment . However, there were notable
secondary effects and even deaths, mainly due to
septic complications.
SOF + LDV obtained SVR rates nearly 100%,
but in cirrhotic patients with failure to previous
therapy or decompensated cirrhotic patients it is
necessary to add RBV if treatment is for 12 wk or
else prolong treatment for 24 wk if it is not possible

SOF + Daclatasvir

The combination of SOF + Daclatasvir (DCV) was
assessed in an open-label phase Ⅲ trial, which
included patients with different genotypes. One
naive genotype 1 group, treated for 12 wk with
or without RBV, and another genotype 1 group
previously treated with triple therapy with protease
inhibitors (PI), in whom treatment with SOF +
DCV was prolonged to week 24. 98% of the naive
patients and the retreated patients had SVR12 with
this regimen. The results were similar for genotypes
1a and 1b, and remained unchanged whether or not
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to treat with RBV.
In non-cirrhotic naive patients with a basal viral
6
load less than 6 × 10 IU/mL treatment can be
shortened to 8 wk.

cirrhosis, as well as assessing the possibility of short[32]
term treatment, 4 or 8 wk, in the C-SWIFT study .
Although at some time during the study or after
ending it, all the patients were negative for the virus,
in those treated for 4 wk there were many cases of
recurrence (19 out of 31). The patients treated for 8
wk, even the cirrhotic patients, had 94% SVR, with
just one recurrence.

3D Abbvie: Paritaprevir + Ombitasvir + Dasabuvir + RBV

Phase 3 studies have analysed the results of this
combination plus RBV in naive non-cirrhotic genotype 1
patients, SAPHIREⅠ, and previously treated, SAPHIRE
Ⅱ. In both studies the SVR12 was 96%, with no
[27]
differences between genotype 1a/1b .
The phase 3 study TURQUOISE Ⅱ included com
pensated cirrhotic genotype 1 patients, both naive
and pretreated with this combination from Abbvie plus
RBV for 12 or 24 wk. The percentages of SVR12 were
[28]
similar .
The impact of RBV on the SVR was analysed in
the PEARL study, which showed that the SVR was
higher when RBV was added in the cirrhotic genotype
1a and 1b patients. However, RBV had little effect on
[29]
the SVR in non- cirrhotic genotype 1b patients .
Paritaprevir + Ombitasvir + Dasabuvir given for
12 wk is efficient in naive and retreated patients,
though it is necessary to add RBV in cirrhotic
patients and in genotype 1a patients (whether
cirrhotic or not). Consideration should be given to
prolonging treatment to 24 wk if RBV cannot
be added in these cases, and always in retreated
cirrhotic genotype 1a patients.

Asunaprevir + DCV + BMS-791325

This BMS combo, soon to be commercialised, ana
lysed non-cirrhotic naive and retreated patients
in the UNITY-1 study. A SVR of around 90% was
achieved, slightly lower in the genotype 1a patients,
[33]
but similar in both naive and pretreated patients .
The cirrhotic patients were analysed in the UNITY-2
study, receiving this combination with or without
RBV. In this group of cirrhotic patients RBV increased
the rates of SVR in both naive and pretreated
[34]
patients .
The BMS combo obtained a SVR in 90% of cases,
but cirrhotic patients require the addition of RBV.
The current recommendations for therapy in
patients with genotype 1 HCV are summarised in
Tables 1 and 2.

TREATMENT IN GENOTYPE 2 PATIENTS
SOF + PEG + RBV

The combination of SOF plus pegylated interferon
and RBV for 12 wk in genotype 2 patients was
analysed in the LONESTAR-2 study, a phase Ⅱ
trial that included previously treated patients, even
[35]
cirrhotic, with a SVR of 96% .

Grazoprevir (MK-5172) + Elbasvir (MK8742)

Grazoprevir 100 mg per day plus elbasvir 50 mg
per day: This MSD combo will soon be available.
[30]
It was analysed in the c-WORTHY study , which
examined this combination, with and without RBV,
in naive, non-cirrhotic genotype 1 monoinfected
and HIV coinfected patients. The genotypes 1a/1b
monoinfected patients were randomised to one
of three arms: combo plus RBV for 8 wk, combo
plus RBV for 12 wk, and combo without RBV for 12
wk. The 8-wk regimen proved insufficient (80%
SVR), but treatment for 12 wk achieved 98% SVR,
independently of whether RBV was or was not added.
This combo was used in cirrhotic patients and
patients with treatment failure, null responders, with
[31]
and without RBV, for 12 and 18 wk . The results
showed that naive cirrhotic patients treated for 12
wk without RBV reached 97% SVR, and the null
responders with or without cirrhosis treated for
12 wk without RBV had a SVR of 98%. Thus, RBV
did not change the rates of SVR, nor were there
significant changes when prolonging the treatment
18 wk.
MSD combo for 12 wk, SVR of 98% whether
genotype 1a/1b, naive or pretreated, cirrhotic or noncirrhotic. RBV did not change the SVR.
These drugs have also been combined with
sofosbuvir in naive patients with and without

WJG|www.wjgnet.com

SOF + RBV

[36]

In the FISSION study
sofosbuvir was administered
in combination with RBV for 12 wk to naive genotype
2 (and 3) patients, analysing the response (compared
with standard therapy) according to the degree of
fibrosis, although only 20% had cirrhosis. The SVR12
was 91% in the cirrhotic patients and 98% in the
non-cirrhotic patients.
Another trial (POSITRON) also included naive
patients treated with SOF + RBV, obtaining a SVR
of about 90%, in both cirrhotic and non-cirrhotic
[37]
patients .
Previously treated genotype 2 patients were
assessed in the phase 3 FUSION study, which
also analysed their degree of fibrosis. A response
was obtained in 96% of the non-cirrhotic patients
treated with SOF + RBV for 12 wk, but inonly
60% of the cirrhotic patients, though this could be
increased to 76% when the treatment was prolonged
[38]
to 16 wk .
The VALENCE study included naive and retreated
patients and found similar results, with a lower
[37]
response in the cirrhotic patients .
Thus, the only current interferon-free regimen
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Table 1 Recommendations for therapy in patients with genotype 1a
Patient characterization
Genotype 1a naive noncirrhotic

Genotype 1a
naive cirrhotic

Genotype 1a retretated noncirrhotic

Genotipo 1a retreated cirrhotic

Recommended

Duration (wk)

Scientific evidence

Real-world evidence

SOF + LDV
SOF + LDV (CV < 6 × 106 UI/mL)
OBV + PTVR + DSV + RBV
SOF + SIM
SOF + DCV
SOF + PEG + RBV
SOF + LDV
OBV + PTVR + DSV + RBV
SOF + SIM
SOF + DCV
SOF + PEG + RBV
SOF + LDV
OBV + PTVR + DSV + RBV
SOF + SIM
SOF + DCV
SOF + LDV + RBV
SOF + LDV
OBV + PTVR + DSV + RBV
SOF + SIM
SOF + DVC

12
8
12
12
12
12
12
12
12
12
12
12
12
12
12/24
12
24
12/24
12
24

ION-1
ION-3
SAPHIRE I PEARL
COSMOS

TARGET TRIO

NEUTRINO
ION-1
TURQUOISE-Ⅱ PEARL
COSMOS
NEUTRINO
ION-2
SAPHIRE-Ⅱ
COSMOS
ION-2
ION-2
TURQUOISE-Ⅱ PEARL
COSMOS

SOF: Sofosbuvir; LDV: Ledipasvir.

Table 2 Recommendations for therapy in patients with genotype 1b
Patient characterization
Genotype 1b naive noncirrhotic

Genotype 1b naive cirrhotic

Genotype 1b retreated noncirrhotic

Genotype 1b retreated cirrhotic

Recommended

Duration

Scientific evidence

Real-world evidence

SOF + LDV
SOF + LDV (CV < 6 × 106 UI/mL)
OBV + PTVR + DSV
SOF + SIM
SOF + DCV
SOF + PEG + RBV
SOF + LDV
OBV + PTVR + DSV + RBV
SOF + SIM
SOF + DCV
SOF + PEG + RBV
SOF + LDV
OBV + PTVR + DSV
SOF + SIM
SOF + DCV
SOF + LDV + RBV
SOF + LDV
OBV + PTVR + DSV + RBV
SOF + SIM
SOF + DVC

12
8
12
12
12
12
12
12
12
12
12
12
12
12
12/24
12
24
12
12
24

ION-1
ION-3
SAPHIRE I PEARL
COSMOS

TARGET TRIO

NEUTRINO
ION-1
TURQUOISE-Ⅱ PEARL
COSMOS
NEUTRINO
ION-2
SAPHIRE-Ⅱ
COSMOS
ION-2
ION-2
TURQUOISE-Ⅱ PEARL
COSMOS

SOF: Sofosbuvir; LDV: Ledipasvir.

recommended for genotype 2 patients is SOF + RBV
for 12 wk, in both naive and pretreated patients,
advising it be extended to 16 wk in cirrhotic patients.
In the absence of a contraindication for interferon,
SOF + PEG + RBV for 12 wk is a better alternative.

increased if the patient was naive. If there is no
contraindication to interferon, this is one of the best
alternatives in genotype 3 patients.

SOF + RBV

The analysis in the FISSION study of the genotype
3 patients, treated with SOF + RBV for 12 wk,
showed low rates of SVR12, around 60% in the non[7,16]
cirrhotic and 30% in the cirrhotic patients
.
Likewise the genotype 3 patients in the FUSION
study showed a low SVR with SOF + RBV for 12
wk, though a 60% response rate was achieved if
they were treated for 16 wk, both cirrhotic and non-

TREATMENT IN GENOTYPE 3 PATIENTS
SOF + RBV + PEG

The genotype 3 patients retreated with SOF + PEG
+ RBV for 12 wk, also included in the LONESTAR-2
study, presented a SVR12 of 83%, both the cirrhotic
[35]
and the non-cirrhotic patients . This percentage
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Table 3 Recommedation for therapy in patients with genotypes 2 and 3
Patient characterization
Genotype 2 naive noncirrhotic/cirrhotic
Genotype 2 retretated noncirrhotic
Genotype 2 retreated cirrhotic
Genotype 3 naive and retreated noncirrhotic/cirrhotic

Recommended

Duration (wk)

Scientific evidence

SOF + RBV
SOF + PEG + RBV
SOF + RBV
SOF + PEG + RBV
SOF + PEG + RBV
SOF + RBV
SOF + RBV
SOF + PEG + RBV
SOF + LDV + RBV
SOF + DVC (No en cirróticos)

12
12
12
12
12
16
24
12
12
12

Fission positron
Lonestar-2
Fussion valence
Lonestar-2
Lonestar-2
Fussion valence
Valence
Lonestar-2
Electron-2
Ally-3

SOF + PEG + RBV

cirrhotic patients.
However, the genotype 3 patients in the VALENCE
study (naive and retreated), who received SOF +
RBV for 24 wk, attained a SVR of 94% in the naive
patients (cirrhotic and non-cirrhotic) and 60% in the
[39]
retreated cirrhotic patients .
In general terms SOF + RBV for 24 wk may
be an option in genotype 3 patients, except in
retreated cirrhotic patients where it is considered
suboptimal.

The phase 2 ATOMIC study, although designed to
analyse genotype 1 patients, also included a small
group of genotypes 4 and 6 patients treated for
24 wk. A SVR12 of 82% was obtained in the
genotype 4 patients and 100% in the genotype
[43]
[16]
6 patients . The NEUTRINO trial also included a
few genotypes 4, 5 and 6 patients, with a SVR12 of
96%-100%.

SOF + LDV

SOF + DCV

The ALLY-3 study included naive and retreated
genotype 3 patients who received SOF plus DCV
for 12 wk. The non-cirrhotic patients had a SVR12
of 97% if they were naive and 94% if they were
retreated. However, the cirrhotic patients had a
suboptimal response, 58% SVR in naive and 69% in
[40]
retreated patients .
SOF + DCV is considered suboptimal in cirrhotic
genotype 3 patients.

A small group of naive and retreated genotype 4
patients was evaluated in the SYNERGY study. Those
treated with SOF + LDV had a SVR of 95% (33%
[44]
were cirrhotic) .
Around 20 genotype 6 patients were included in
[41]
the ELECTRON-2 study , most retreated and 8%
cirrhotic, with a SVR of 96%.
Although this combination shows in vitro efficacy
in genotype 5 patients, no study yet exists to
support its recommendation.

SOF + LDV

SOF + RBV

[41]

The ELECTRON-2 trail randomised naive genotype
3 patients to receive SOF + LDV or SOF + LDV
+ RBV. Only 15% had cirrhosis. In the group
treated with RBV the SVR12 was 100%, versus 64%
in the arm without RBV. Later, previously treated
patients were included, even if they were cirrhotic,
resulting in 89% SVR12 with SOF + LDV + RBV.
Nevertheless, in vitro, LDV has a limited activity in
[42]
genotype 3 patients , so that, although it can be
considered a possible alternative, further studies and
data are necessary before it can be recommended as
a first choice option.
If treatment is with SOF + LDV it is advisable to
add RBV.
The treatment options for genotypes 2 and 3
patients are summarised in Table 3.

The Egyptian ancestry study grouped genotype
4 patients, 50% retreated and 17% cirrhotic,
treated with SOF + RBV for 12 or 24 wk. The noncirrhotic patients treated for 12 wk had a similar SVR
to those treated for 4 wk (around 90%), but the
cirrhotic patients treated for just 12 wk had a worse
[45]
response .

Paritaprevir + ombitasvir

Use of this combination, with or without RBV, in
genotype 4 patients was analysed in the PEARL-1
study, which did not include any cirrhotic patients.
The SVR12 was 95% in the naive patients and 100%
in the retreated patients, provided RBV was added;
[29]
otherwise the response was lower in both groups .
The treatment options recommended for genotypes 4,
5 and 6 patients are summarised in Table 4.

TREATMENT IN GENOTYPES 4, 5 and 6
PATIENTS

TREATMENT IN SPECIAL POPULATIONS
Patients on the active liver transplant waiting list

The lower frequency of these genotypes means their
analysis in phase 2 and 3 trials is skewed by the
reduced number of patients.
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Patients on the active liver transplant waiting list
are a difficult group to treat, particularly those
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Table 4 Recommendations for therapy in patients with genotypes 4, 5 and 6
Patient characterization
Genotype 4

Genotype 5
Genotype 6

Recommended

Duration (wk)

Scientific evidence

SOF + PEG + RBV
SOF + LDV
SOF + RBV

12
12
12
24
(cirrhotics and nulls responders)
12
12
12
16

Atomic neurino
Synergy
Egyptian

OBV + PTV + RBV (noncirrhotics)
SOF + PEG + RBV
SOF + PEG + RBV
SOF + LDV

who have advanced cirrhosis. Even so, antiviral
therapy is indicated in all wait list patients, as it can
prevent the recurrence of post-transplant disease,
a situation associated with worse graft and patient
survival. Negativization of the HCV-RNA before
[46]
transplantation reduces the risk of recurrence .
Except for those patients on the waiting list
due to hepatocarcinoma, with good liver function,
in whom interferon-based therapy could have
some indication. Interferon-free regimens are the
treatment of choice
The combination of SOF + RBV for 48 wk has
been evaluated in patients on the wait list due to
hepatocarcinoma, the vast majority with Child A
[47]
status . At the time of transplantation 92% had a
negative viral load, with 69% having a SVR12. The
main predictor of SVR12 was the duration of an
undetectable viral load prior to transplantation. Only
one patient whose HCV-RNA was negative for 28 d
before transplantation experienced recurrence.
However, most patients on the liver transplant
waiting list have advanced disease, and the option
of SOF + RBV in these patients has been shown to
be suboptimal. The recommendations referring to
the general population should be applied to these
patients, considering that data are available related
[20,21]
to real clinical practice using SOF + SIM
and
that SOF + LDV has been used in decompensated
[26]
cirrhotic patients , whilst few data are available
concerning the use of DAA in patients with Child C or
MELD > 20.

with cyclosporine and paritaprevir with cyclosporine
and tacrolimus, but it is not generally necessary
[49]
to adjust the dose of any of these drugs . The
combination of SOF + RBV for 24 wk can give a
SVR of 70%. Although there were no episodes of
rejection, side effects associated with RBV were
[50]
noted .
Data are available from real clinical practice
of SOF + SIM for 12 wk, with or without RBV (in
genotype 1) with SVR12 above 90%, very good
tolerance and few side effects, though there was one
death related with possible pulmonary toxicity. Only
a minimum adjustment of immunosuppressants was
necessary. The addition of RBV had no impact on the
SVR, though the degree of fibrosis did have an effect,
[51]
with a fall in the SVR in patients with F4 .
The CORAL-1 study included patients with posttransplant recurrence of HCV (genotype 1a) treated
[52]
with the Abbvie combo plus RBV for 12 and 24 wk .
An SVR of 97% was obtained in those treated for
12 and 24 wk, though again an advanced degree of
fibrosis reduced this percentage.

Patients with chronic kidney failure on haemodialysis

Patients with moderate chronic kidney failure (CrCl 30-80
mL/min) can follow the general recommendations,
bearing in mind that no dose adjustment is necessary
for sofosbuvir, simprevir, ledipasvir or the Abbvie
[53]
combo . However, no efficacy or safety data are
available for patients with a CrCl < 30 mL/min.
Patients on haemodialysis have a high prevalence
of HCV infection, which suggests a possible nosocomial
transmission, with a negative impact on quality of
life and an increase in mortality as compared with
[54]
haemodialysis patients without HCV . Although
these patients are considered candidates for antiviral
therapy, particularly if they are scheduled for kidney
transplantation, they should receive treatment free
of interferon and RBV, though no safety data are
available with the use of DAA.

Patients with post-transplant relapse

Recurrence of HCV reduces both graft and patient
survival. Historically, treatment of recurrence was
based on interferon strategies, with low response
rates and a high risk of adverse events and/or
[48]
severe rejection . However, the appearance of new
DAA has changed the panorama. If treatment is not
possible before transplantation, it is recommended
in all patients who experience post- transplant
recurrence.
Again the recommendations can be extrapolated
from studies in the general population. Possible
interactions between DAA and immunosuppressive
drugs should be considered. Simeprevir can interact
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Pearl-1
Neutrino
Atomic
Electron-2

Patients with extrahepatic manifestations of HCV

Cryoglobulinemic vasculitis is an indication for
antiviral therapy. As interferon, although it induces
remission, can occasionally exacerbate the symptoms,
interferon-free regimens are recommended, using
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new DAA in conjunction with the usual measures, like
[55]
plasmapheresis or immunosuppressors . Glomerular
disease due to deposits of immunocomplexes also
benefits from antiviral therapy, though so far the
previous therapies have failed to completely revert
[56]
the disease . The new DAA could have a better
repercussion on kidney disease given the high SVR, but
no data are yet available.
The prevalence of type 2 diabetes is increasing
in patients with HCV, due to complex and not well
understood mechanisms, but in relation to an increase
[57]
in insulin resistance . In fact, virus negativisation after
antiviral treatment is associated with an improvement in
markers of insulin resistance and a lower incidence of
diabetes, as well as a reduction in diabetic nephropathy
[58]
and cardiovascular complications . Accordingly, the
high effectiveness of the new DAA can again provide
great benefits.
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Abstract
Even in cases where viral replication has been
controlled by antiretroviral therapy for long periods of
time, human immunodeficiency virus (HIV)-infected
patients have several non-acquired immunodeficiency
syndrome (AIDS) related co-morbidities, including liver
disease, cardiovascular disease and neurocognitive
decline, which have a clear impact on survival. It has
been considered that persistent innate and acquired
immune activation contributes to the pathogenesis of
these non-AIDS related diseases. Immune activation
has been related with several conditions, remarkably
with the bacterial translocation related with the
intestinal barrier damage by the HIV or by hepatitis
C virus (HCV)-related liver cirrhosis. Consequently,
increased morbidity and mortality must be expected in
HIV-HCV coinfected patients. Disrupted gut barrier lead
to an increased passage of microbial products and to an
activation of the mucosal immune system and secretion
of inflammatory mediators, which in turn might
increase barrier dysfunction. In the present review,
the intestinal barrier structure, measures of intestinal
barrier dysfunction and the modifications of them in
HIV monoinfection and in HIV-HCV coinfection will be
considered. Both pathogenesis and the consequences
for the progression of liver disease secondary to gut
microbial fragment leakage and immune activation will
be assessed.
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GUT EPITHELIAL BARRIER DESCRIPTION
The intestinal mucosa is made up of the epithelium,
[10]
the lamina propria and the muscularis mucosa .
Innate and adaptative immune cells are distributed
in the intestinal mucosa and submucosa. Effector
immune cells are located primarily in the epithelium
and lamina propria. The epithelium contains T cells,
whereas lamina propria contains T and B lymphocytes
and several cellular elements implicated in innate
response, such as dendritic cells, macrophages,
eosinophils and mast cells. Organized structures of
the gut-associated lymphoid tissue (GALT) lie in the
[11]
mucosa and submucosa .
In an expanded sense, we define the intestinal
barrier as the sum of commensal intraluminal bacteria,
the epithelial lining of intestine and the immune
system. There are three barriers against pathological
bacterial translocation: firstly, structures and mediators
that limit the direct contact between the epithelial
surface and the intestinal bacteria; secondly, the
integrity of intestinal epithelial lining; finally, immune
protection, characterized by the rapid detection and
[12]
killing of bacteria that manage to penetrate .

Core tip: Even in patients with a long-term controlled
human immunodeficiency virus (HIV) replication by
antiretroviral therapy, HIV-infected patients have
several non-acquired immunodeficiency virus (AIDS)
related co-morbidities, including liver disease. Persistent
innate and acquired immune activation contributes to
the pathogenesis of these non-AIDS related diseases.
Immune activation has been related with bacterial
translocation secondary to gut barrier damage by the
HIV or the hepatitis C virus (HCV)-related liver cirrhosis.
Modifications in gut barrier structure and function and
immune activation in HIV-HCV coinfected patients will
be reviewed.
Márquez M, Fernández Gutiérrez del Álamo C, GirónGonzález JA. Gut epithelial barrier dysfunction in human
immunodeficiency virus-hepatitis C virus coinfected patients:
Influence on innate and acquired immunity. World J Gastroenterol
2016; 22(4): 1433-1448 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i4/1433.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1433

Intestinal bacterial flora

In healthy subjects, the composition of the gut
microbiome is essential to maintain both local and
[13]
systemic immunity . The microbial density increases
5
from 10 colony forming units (CFU)/ml in the jejunum to
8
12
[14]
10 in distal ileum and cecum, up to 10 in the colon .
Most intestinal bacteria belong to two phylogenetic
lineages, Firmicutes and Bacteroidetes, and in minor
[15]
proportion, Actinobacteria and Proteobacteria .
Small intestinal bacterial overgrowth is defined as
5
> 10 CFU/ml and/or the presence of colonic bacteria
[16]
in upper jejunal aspirate .
Anaerobes are 100 times more abundant than
[17]
aerobes. Anaerobic bacteria do not easily translocate .
In contrast, gram-negative aerobic bacteria [Escherichia
coli (E. coli), Klebsiella pneumoniae, Pseudomonas
aeruginosa (P. aeruginosa)], Enterococci and other
Streptococci, translocate readily, even across a his
[18,19]
tologically intact intestinal epithelium
and are
those mainly implicated in infections in conditions
characterized by pathological bacterial translocation,
[20]
such as liver cirrhosis . Alterations in the intestinal
ecosystem equilibrium (dysbiosis) has been correlated
[21]
with several pathologies .

INTRODUCTION
Human immunodeficiency virus (HIV) infection has
evolved from a relative rapidly fatal disease to a chronic
entity as a consequence of antiretroviral treatment
(ART). However, even in patients with a long-term
controlled disease, HIV-infected patients have several
non-acquired immunodeficiency syndrome (AIDS)
related co-morbidities, including cardiovascular
and liver diseases, malignancy and neurocognitive
[1,2]
decline, with a clear impact on survival . It has
been considered that persistent innate and acquired
immune activation contributes to the pathogenesis of
[3]
these non-AIDS related diseases .
Immune activation has been related to several
situations, such as the persistence of HIV replication
in the lymph nodes (even when peripheral blood HIV
[4]
replication has been controlled) , the existence of
[5]
other coinfections, [such as cytomegalovirus and
[6]
hepatitis C virus (HCV) infection] and bacterial
translocation which is an effect of the intestinal
[7]
barrier damage caused by the HIV itself . Bacterial
translocation is defined as the translocation of
bacteria and/or bacterial products from the gut to the
mesenteric lymph nodes and other extra-intestinal
[8,9]
organs .
In the present review the intestinal barrier structure,
measures of intestinal barrier dysfunction and the
modifications of them in HIV monoinfection and HIVHCV coinfection will be considered.
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Intestinal epithelial barrier

In the normal individual, the intestinal epithelium
absorbs water and nutrients while effectively pre
[22]
venting translocation of intraluminal bacteria .
Intestinal defensive mechanisms include the following
[23]
elements: (1) Bile ; (2) Mucin and antimicrobial
peptides, secreted by goblet cells and Paneth cells
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[24-26]

[46]

respectively
. Intestinal epithelial cells directly
transport secretory immunoglobulin A (IgA), synthesized
by plasma cells in the lamina propria, across the
epithelial barrier; and (3) Intestinal epithelium. The
barrier is formed by individual epithelial cell membranes
and junction proteins. Intestinal epithelial cells express
pattern-recognition receptors (PRRs), such as toll-like
receptors (TLRs), cell surface C-type lectin receptors,
and intracytoplasmic nucleotide oligomerization domainlike receptors (NLR), that enable them to act as sensors
of the microbial flora and as necessary elements to
[27-31]
maintain the mutualism
. Pathogen-associated
molecular patterns (PAMPs) are conserved molecular
[32]
patterns that are recognized by these PRRs .
Transmembrane adhesion molecules organized into
structures called tight junctions, adherens junctions
and desmosomes, connected to the actin cytoskeleton,
[33,34]
ensure the stability of the epithelial barrier
.
Inflammation and immune-related cytokines might
modify the epithelial integrity and the function of
the tight junctions: (1) Interferon gamma (IFN-γ)
modifies actin-myosin contractility, resulting in intestinal
tight junctions disruption and increased paracellular
[35]
permeability ; (2) Tumor necrosis factor alpha (TNF-α)
induce an inflammatory response and apoptosis in
[36]
intestinal epithelial cells ; (3) Interleukin (IL)-10
antagonizes the cellular functions induced by TNF-α
[37]
and IFN-γ ; and (4) Likewise, transforming growth
factor-β (TGF-β) has protective effects on intestinal
[38]
barrier function .

induce mucosal B and T cells

MEASURES OF INTESTINAL
PERMEABILITY
Measures of gut barrier dysfunction has been recently
[47]
revised . They can be classified as histological
[48-52]
(structural) or functional measures
.
Methods of evaluating the intestinal function
in vivo can be classified as follows: (1) Intestinal
permeability can be assessed analyzing the urinary
recovery of orally administered inert test markers
(sugars, such as monosaccharides and disaccharides,
[47,53]
polyethylene glycols or radiolabeled chelates)
;
(2) Intestinal barrier dysfunction can be assessed by
measuring intestinal fatty acid binding protein (I-FABP)
[54,55]
in plasma or urine
. I-FABP is uniquely located in
mature small-intestinal enterocytes. Its leakage into
the circulation from enterocytes is detected when
[56]
intestinal mucosal damage occurs . Serum levels of
zonulin, a protein linked to tight junctions, have been
studied as markers of intestinal permeability, although
further analyses are needed; and (3) Another method
to analyze barrier permeability is the measurement
in extraintestinal fluids, such as the systemic blood,
[57]
of gut-derived microbial fragments levels: LPS ,
[58]
[59]
bacterial 16S ribosomal DNA or bacterial flagellin .
Markers of intestinal inflammation are the following:
(1) Fecal calprotectin, a zinc-binding protein complex,
is a sensitive marker of intestinal inflammation. It
constitutes one of the cytosolic proteins in neutrophil
[60,61]
granulocytes and in activated macrophages
; and
(2) Alpha-1-antitrypsin is a protease inhibitor, highly
resistant to proteolysis in the intestine. Alpha-1antitrypsin can be extravasated from serum into the
gut in the case of increased intestinal permeability, and
[62]
finally be detected in the faeces .

Intestinal immune system

The peaceful coexistence with the intestinal bacterial
flora is demonstrated by the lack of inflammatory
responses against commensal bacteria. In healthy
people, bacteria present in the autochthonous flora
translocate in low numbers, but are killed during
their passage through the epithelial barrier or in the
[39]
mesenteric lymph nodes . In fact, mesenteric lymph
nodes are normally sterile.
Microbial antigens access to innate system by
various routes: (1) Microfold cells (M cells), located
within epithelium or in the follicle-associated structures
of the GALT, can sample microbial antigens and
transport them from the lumen into the dendritic
[40]
cell-rich region ; (2) Dendritic cells that underlie
the epithelium may open tight junctions, sending
processes into the lumen that directly sample microbes
[41]
and present them to lymphoid cells ; and (3) When
the intestinal integrity failed, dendritic cells recognize
[42]
the antigenic material in lamina propria .
Myeloid and plasmocitoid dendritic cells (DCs) are
two subsets of DCs with ability to recognize different
[43]
PAMPs . For instance, E. coli lipopolysaccharide (LPS)
[44]
stimulates myeloid DCs through TLR4 and induces a
Th1 differentiation via secretion of IL-12. Viral particles
are recognized by plasmocytoid DCs via TLR-7, TLR-8
or TLR-9, which secrete interferon-alpha (INF-α) as
[45]
response to them . Once activated, intestinal DCs
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.

ALTERATIONS IN INNATE AND
ADAPTATIVE IMMUNITY SECONDARY
TO GUT EPITHELIAL BARRIER
DYSFUNCTION
LPS is a component of the outer membrane of Gramnegative bacteria, considered a major marker of
microbial translocation. LPS elicit several responses
in the innate immune system, after the interaction
with the liver-derived LPS binding protein (LBP),
which transfers LPS onto membrane CD14-TLR4
complex. TLR4 transduces the signal to the cell
nucleus, leading to transcription factor nuclear factor
[63]
κ-B (NF-κB) activation and cytokine production .
CD14 is shed during activation as soluble CD14
(sCD14). Both increased sCD14 and proinflammatory
citokines (TNF-α, IL-6) are considered evidence of this
proinflammatory state.
Continuous exposure to antigens is associated
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HIV infection
Enterocyte
apoptosis

CD4+Th17+ cell depletion
Disruption of tight
junction proteins

Decrease of secretion
of proinflammatory
cytokines in gut wall

Damage of
intestinal epithelium

Decrease of
polymorphonuclear
neutrophils chemotaxis

Decrease of
antimicrobial peptides
in gut lumen

Defects in preventing
bacterial dissemination

Bacterial translocation

Disbiosis

Local inflammatory and immune response

Serum increase of microbial-derived
products (LPS, bacterial DNA)

Macrophage activation

Lymphocyte activation and
immunosenescence

Serum increase of IL-6 and sCD14

Poor immune recovery

Increased morbidity and mortality from nonAIDS defining causes (neurocognitive impairment,
cardiovascular diseases, etc .)

Figure 1 Effect of bacterial translocation on innate and acquired immune activation in human immunodeficiency virus-infected patients. In the
gastrointestinal tract, human immunodeficiency virus (HIV) infection induces a Th17 CD4+ T helper cells depletion and a damage of intestinal epithelium as a
consequence of the HIV exposure itself or by immune-induced enterocyte damage. The consequence of the alteration in gut barrier is the bacterial translocation.
Increased plasma concentrations of several markers indicative of pathological bacterial translocation [lipopolysaccharide (LPS), bacterial DNA] have been
detected in these patients. These molecules induce a monocyte and lymphocyte activation implicated in the increased morbidity and mortality from non-acquired
immunodeficiency syndrome (AIDS) defining causes (neurocognitive impairment, cardiovascular diseases, etc.) and in the poor immune recovery. IL: Interleukin;
sCD14: Soluble CD14.
[64]

mucosa (Figure 1): (1) early mucosal CD4+ depletion;
(2) immune hyperactivation/persistent inflammation;
(3) damage to the integrity of the intestinal epithelium;
[69]
and (4) modifications of the gut microbiome .

with lymphocyte activation , increase of “exhausted”
[65]
cytotoxic populations (CD8+CD45RO+CD57+)
and
an increase of lymphocytes that have evolved close to
[66]
apoptosis . To down-regulate the chronic activation,
a modification of lymphocyte co-stimulatory molecules
(monocyte CD80 and CD86 and lymphocyte CD28
[67]
molecules)
and an expansion of the population of
suppressor or regulatory T lymphocytes (CD4+CD25hi
[68]
ghFoxP3+) , is expected.

Mucosal CD4+ T cell depletion

The simian immunodeficiency virus (SIV) model has
been very valuable to define host-virus interactions
[70]
and immunologic consequences in GALT . During
acute infection of SIV-infected macaques or HIVinfected patients, it has been clearly demonstrated
the massive and rapid destruction of memory CD4+ T
[4,71,72]
cells within the gastrointestinal tract
, due to both
direct virus cytopathicity and CD8+ T-cell-mediated
[69,73,74]
killing of infected CD4+ T cells
.
Th17 CD4+ T helper cells generate a rapid
response to microbial pathogens at mucosal sites
(including the intestinal mucosa), inducing chemokine
expression for recruitment of neutrophils, monocytes
[75]
and lymphocytes . Also, Th17 stimulate the production
[76-79]
of antimicrobial proteins and peptides
. Moreover,
Th17 cells, through the expression of IL-17, regulate
[80]
the synthesis of tight junction proteins .

GUT EPITHELIAL BARRIER AND IMMUNE
DYSFUNCTION IN HIV PATIENTS
Even in patients with a long-term controlled HIV
replication by antiretroviral therapy, HIV-infected
patients have several non-AIDS related co-morbidities,
including liver disease. Persistent innate and acquired
immune activation contributes to the pathogenesis of
these non-AIDS related diseases. Immune activation
has been related with bacterial translocation secondary
[68]
to gut barrier damage by the HIV .
HIV-associated microbial translocation results from
a series of events occurring at the gastrointestinal
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Th17 cells express the CCR5 receptor and are severely
[81,82]
depleted during acute HIV and SIV infections
. The
consequences of gut Th17 depletion in SIV and HIV
infections are the following: (1) The Th17-derived
cytokines IL-17 and IL-22 induce the production
of antimicrobial peptides that controls microbial
replication at the luminal surface of the intestine. In
a HIV or SIV infection, Th17 depletion could favors
a disbiosis in the intestinal flora; (2) During SIV
infection, gut Th17 cell depletion impairs the ability to
secrete proinflammatory cytokines and to mount local
acute inflammatory responses after gram negative
bacilli challenge; the impaired Th17 response has been
associated with increased bacterial translocation across
[83]
the epithelial barrier ; and (3) Th17 depletion results
[84,85]
in a reduced number and activity of neutrophils
,
which may contribute to defects in preventing bacterial
dissemination.
A significant support for the importance of Th17
cell depletion in pathogenic HIV infection comes
from investigations of HIV-infected elite controllers
(those who maintained CD4+ T cell levels at healthy
levels and control HIV replication without ART). Elite
controllers retain the gut Th17 subset and do not
[86]
exhibit systemic immune activation .
Regulatory T cells (FoxP3+ Treg) are essential
to control inflammation and autoimmunity. The loss
of Treg lymphocytes in GALT, demonstrated during
[87]
primary SIV infection , might contribute to chronic
[88]
immune activation in HIV and SIV infections .
Numbers and functions of other gut immune cell
subsets are also altered during HIV infection. Increased
turnover, cell activation, apoptosis, and altered function
in cytotoxic CD8 T cells, natural killer cells, innate
[89,90]
lymphoid cells and B cells have been reported
.

to the intestinal gut barrier and stimulate further
[69]
translocation .

Damage to the integrity of the intestinal epithelium

Damage of intestinal epithelium might occur as a
consequence of the HIV exposure itself or by immuneinduced enterocyte damage.
In vitro, a disruption of tight junction proteins has
been observed after exposure to HIV glycoprotein
[94]
gp120 . In addition, the HIV transactivator factor
Tat alters microtubule and actin cytoskeleton and
[95]
induce apoptosis . These data have been supported
by immunohistochemical studies of gut mucosa from
HIV-infected individuals: an alteration of enterocyte
microtubules and increased paracellular permeability
[96]
has been observed .
Immune-induced enterocyte damage is also observed
in HIV infection. In acute HIV and SIV infection, a
noticeable perforin expression of mucosal CD8+ T cells
has been detected and was associated with significant
[97]
numbers of apoptotic epithelial cells . In acute SIV
infection, increased expression of Fas-ligand on lamina
propria lymphocytes and Fas on enterocytes has been
[74]
found . Furthermore, proinflammatory cytokines,
secreted by activated gut macrophages, can induce
[98]
enterocyte apoptosis . Finally, the induction of the
kynurenine pathway of tryptophan catabolism by
indoleamine 2,3-dioxygenase-1 in infiltrating activated
myeloid cells contributes to suppress T-cell proliferation
[99,100]
and Th17 development
. Taken together, these
data suggest that altered tight junction composition
and cellular apoptosis may contribute to the barrier
defect.
Antiretroviral therapy improves the immune func
tion in the periphery, but restoration of GALT is only
[101,102]
partial
. ART-treated chronic HIV infected patients
continue to show increased neutrophil infiltration in the
[92]
gut compartment and epithelial cell apoptosis , as well
[103]
as persistent pathological microbial translocation .

Mucosal immune hyperactivation/persistent
inflammation

Immunohistochemistry and confocal fluorescence
microscopy have detected the presence of LPS in the
gut mucosa since the earliest phases of infection,
[91]
associated with epithelial barrier dysfunction ,
persisting even after ART-induced control of HIV
[92]
replication . The extent of damage to the epithelial
barrier is correlated with the degree of microbial
[91]
[92]
translocation , and of innate immune activation .
However, whereas an intense macrophage phagocytosis
occurs during acute infection in SIV-infected animals,
intestinal macrophages appear free from bacterial
cells during chronic infection although accumulation
[93]
of microbial components persists , suggesting a
progressive exhaustion of macrophage phagocytic
function.
Reciprocal interactions between immune activation
and microbial translocation would be hypothesized
in HIV infection: the sustained activation induces a
cycle whereby new susceptible HIV targets (activated
CD4+ T lymphocytes) are created and cytotoxic
and inflammatory responses increase damage
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Modifications of the gut microbiome

There is evidence of gastrointestinal dysbiosis in HIV[104]
infected individuals . Previous studies demonstrated
an abundance of P. aeruginosa and Candida albicans
and a reduction of bifidobacteria and lactobacilli in
faecal samples of HIV-infected patients compared
[105]
with healthy controls
. More recently, Dillon et
al. have showed that HIV-infected individuals had
increased proportion of Proteobacteria and decreased
percentages of Firmicutes in the colonic mucosa. At the
genus level, a significant outgrowth of Prevotella and
[106]
a decrease of Bacteroides were detected
. In these
patients, dysbiosis is associated with increased tryptophan
[107]
catabolism and biomarkers of inflammation . Dysbiosis
[104,106]
is persistent in ART-treated HIV-infected patients
.
It must be noted that those patients with virological
response to ART (control of HIV replication) but poor
immunological reconstitution (limited increase of
peripheral blood CD4+ T cells, maintaining values
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3

lower than 200/mm ) exhibit a translocating bacterial
microflora enriched in Enterobacteriaceae compared
[108]
with those with a good immunological response
,
suggesting that changes in the intestinal microflora
could affect the immune reconstitution via continued
lymphocyte activation.

altered intestinal permeability or immune activation:
circulating levels of intestinal permeability markers
or immune activation parameters decrease after ART,
even though they did not return to the levels observed
[109,110,124-128]
in healthy individuals
.
The prognostic importance of markers of intestinal
permeability and immune activation has been
analyzed. Whereas bacterial translocation markers,
such as LPS, have been inconsistently associated with
[129,130]
the progression of HIV infection
, multiple studies
have demonstrated that the main determinant of
disease progression is the chronic immune activation,
[131,132]
independent of the HIV load
.
Two types of clinical consequences of the maintained
intestinal permeability have been described: (1) A
poor immune recovery in those patients with higher
values of bacterial translocation parameters. An
inverse correlation between serum concentrations of
barrier damage or immune activation markers and
the magnitude of recovery of peripheral blood CD4+
T cell count has been demonstrated in ART-treated
[109,110,126,133]
individuals
; and (2) Increased morbidity
and mortality from non-AIDS defining causes, such as
neurocognitive impairment or cardiovascular diseases,
in those patients with a more pathological bacterial
[113]
translocation and immune activation .
In ART-treated patients, causes of death are
different of those classically associated with AIDS:
[134]
most of patients in the Hunt’s study
died by nonAIDS related causes, such as cardiovascular diseases
(19%-27%), non-AIDS related cancer (11%-13%)
and end-stage liver disease (8%-11%), among
others. It has been demonstrated that chronic
inflammation markers are independent prognostic
factors of non-AIDS related morbidity (myocardial
infarction, stroke, non-AIDS-defining cancer, nonAIDS-defining serious bacterial infection) or death in
[135]
HIV-infected patients
. However, not every marker
has the same prognostic value at each stage of HIVinfection. In a recently published nested case-control
study of individuals with ART-suppressed HIV infection,
[134]
Hunt et al
have assessed the relationship between
intestinal barrier alteration, monocyte activation
markers and immunologic factors with mortality. Both
gut epithelial barrier function markers (serum levels of
I-FABP) and parameters of innate immunity activation
(serum levels of sCD14 or IL-6, kynurenine/tryptophan
ratio) strongly predicted mortality in individuals
with ART-suppressed HIV infection and a history of
AIDS. However, T-cell activation (percentages of
CD8+CD38+ cells) or T-cell senescence (proportion
of CD28-CD57+ lymphocytes) failed to predict
mortality in treated patients with an acceptable stage
of immunocompetence. Other investigations have
demonstrated the importance of T cell activation and
senescence in untreated or immunodeficient-treated
[131,136]
[134]
HIV-infected patients
. Thus, Hunt et al
stated
that T-cell activation may predict mortality in situations

Systemic consequences of the bacterial translocation in
HIV infection

Increased plasma concentration of several markers
indicative of pathological bacterial translocation
or systemic inflammation has been detected in
[109]
[110]
HIV-infected patients: LPS
, bacterial DNA
,
[111]
[112]
[113]
[113]
bacterial flagellin
, LBP
, sCD14
, IL-6
and
[114]
EndocAb .
During acute and chronic HIV-infection, LPS
is identified not only in mucosa, but also within
systemic lymph nodes, liver and peripheral blood:
LPS concentrations in gut mucosa, lymph nodes and
liver are positively correlated, therefore supporting
the systemic passage of gut-derived microbial
[91]
fragments .
In acute HIV infection, serum levels of LPS are
normal but EndoCAb (IgM, IgG and IgA antibodies
directed against LPS core antigen) titers are increased,
thus suggesting that the translocation of LPS is rapidly
counteracted by the host Ig response. In chronic
HIV infection, EndoCAb titers decrease progressively
[109]
and higher plasma levels of LPS are detected
.
[109]
Brenchley et al
reported that increased levels of
circulating LPS in chronically HIV-infected individuals
positively correlate with measures of immune
activation. This finding has been corroborated by other
[91,94,115,116]
groups
.
Chronic immune activation is observed in HIVinfected patients. HIV- and SIV-associated chronic
immune activation is characterized by high T-cell
turnover of both CD4+ and CD8+ T cells, increased
surface expression of HLA-DR and CD38 molecules,
high levels of circulating proinflammatory cytokines
[117,118]
and chemokines and polyclonal B-cell activation
.
The HIV-related immunosenescence is another concept
characteristic of both HIV infection and aging; it is
defined by an expansion of CD28-/CD57+CD8+ T
cells, shortened telomeres, reduced IL-2 production,
[119,120]
elevated IL-6 levels, and resistance to apoptosis
.
It is accepted that one of the most important forces
inducing immunoactivation and immunosenescense
in these individuals is gut bacterial translocation. In
vitro stimulation by microbial TLR ligands induces T-cell
activation in ART-naïve and ART-treated, HIV-infected
[121]
patients
. In accordance with these findings, the
concentration of bacterial-derived fragments has been
correlated with systemic immune activation, mainly
measured as circulating activated CD8+ lymphocytes
[109,110,122,123]
(CD8+HLA-DR+CD38+ T cells)
.
Notably, ART-induced complete suppression
of HIV replication is not sufficient to fully turn off
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in which persistent T-cell immunodeficiency may play
an important role in susceptibility to opportunistic
infections and AIDS-related malignancies, but not
necessarily in treated patients with less advanced
immunodeficiency; in these less advanced phases, gut
barrier dysfunction or monocyte activation markers are
the predominant prognostic factors.
Several therapeutic interventions aimed at reducing
microbial translocation and its downstream effects
[137]
have been proposed :

Limiting immune activation: Chloroquine (which
inhibits toll-like receptor signalling) has been also
assayed in a pilot study. CD4 and CD8 T-cell counts,
T-cell activation, and the kynurenine/tryptophan
ratio did not change after 24 wk of chloroquine
[144]
treatment .
Also, statins have been used to decrease the
immune activation. After 24 wk of rosuvastatin,
significant decreases in plasma levels of sCD14 but
not in levels of T-cell activation were detected; these
findings were independent of the lipid-lowering effect
[145]
of rosuvastatin and the use of protease inhibitors .

Restoring the normal composition of the intestinal
microbiome: Prebiotics and probiotics can be used to
modify the altered intestinal microbioma. In a pilot,
placebo-controlled study, untreated HIV-infected
individuals received a prebiotic oligosaccharide mixture
[138]
for 12 wk
. Microbiota composition improved
substantially, increasing the proportion of bifidobacteria;
also, there was a significant reduction in sCD14 levels
and in activated CD4+ T cell lymphocytes.
In HIV-infected subjects during ART, non-absorbed
antibiotics available for oral administration, such as
rifaximin, have been also assayed to decrease the
intestinal load of aerobic gram-negative bacilli and
reduce gut microbial translocation and immune activation
levels. However, results showed only minimal effect on
serum levels of LPS and sCD14 or on the CD8+ T cell
[139]
activation .

Antagonizing molecules implicated in lymph
node or liver lesions: TGF-β1 has been implicated
in the lymph node fibrosis (which hinders CD4+ T
[146]
cell reconstitution)
and in the progression of liver
[147]
disease
. Angiotensin 2 is proinflammatory and
[148]
induces fibrosis by increasing levels of TGF-β1
.
Angiotensin-converting enzyme inhibitors have
consistently proven beneficial in a number of clinical
settings, but emerging data suggest that these drugs
[149,150]
may also have anti-fibrotic properties
. We are
waiting more data in HIV-infected patients.
In brief, some interventions (probiotics, IL-7,
statins) have shown beneficial effects on gut barrier
damage effects. However, until now these interventions
have not been applied to the care of HIV-infected
patients.

Decreasing the intestinal concentration of microbial
products to be translocated: Studies in patients
with renal insufficiency have demonstrated that
blocking microbial translocation using sevelamer, a
LPS-binding resin, decreased both systemic microbial
translocation and systemic T cell activation and
[140]
inflammation
Oral sevelamer has been assayed in
HIV-infected individuals naïve to antiretrovirals as a
proof-of-principle in this strategy. Sevelamer did not
significantly change markers of microbial translocation,
[141]
inflammation, or T-cell activation .

GUT EPITHELIAL BARRIER AND IMMUNE
DYSFUNCTION IN HIV-HCV COINFECTED
PATIENTS
HCV-related liver cirrhosis is associated with gut barrier
defects, thus increasing the bacterial permeability
observed in individuals with HIV monoinfection. Also,
bacterial translocation contributes to accelerating the
process of liver fibrogenesis (Figure 2).

Bacterial translocation in liver cirrhosis

Improving intestinal barrier damage: IL-7 is a
cytokine produced by non-marrow-derived stromal
and epithelial cells, required for the development
and persistence of T cells. The administration of
recombinant IL-7 to a cohort of subjects with lowlevel CD4+ T-cell recovery on ART has demonstrated
to be efficacious in increase the peripheral and, more
importantly, gut T lymphocyte numbers, decreasing
the inflammatory infiltrate of the gut lamina propria
[142]
and reducing plasma levels of sCD14 .
The anti-inflammatory drug mesalamine has
been assayed to reduce the inflammation and
consequently the intestinal barrier damage. After 12
wk of treatment, no significant changes in activated T
lymphocytes counted at gut mucosa or at peripheral
blood, or in the serum levels of sCD14 or IL-6
were observed in mesalamine-treated HIV-infected
[143]
individuals .
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It has long been appreciated that liver disease
is associated with increased intestinal barrier
[151]
permeability
. When classical culture methods are
used as measurement of intestinal permeability, the
presence of enteric-derived bacteria in mesenteric
lymph nodes occurs more frequently in patients
with cirrhosis compared with controls, and bacterial
translocation is more frequent in Child C compared
[152-155]
to Child A and B
. In contrast, if we consider
the translocation of non-viable organisms (bacterial
DNA), translocation to mesenteric lymph node and
to systemic circulation also occurs in non-ascitic
cirrhosis and it is independent from the severity of
[156]
[157]
liver disease
. Liver insufficiency
and portal
[158]
hypertension
are the driving forces for bacterial
translocation.
Several excellent reviews have been recently
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HIV infection

Bacterial translocation

Serum increase of microbial-derived products

Recognition by specific pathogen receptors in Kupffer cells

Activation of Kupffer cells

Secretion of transforming
growth factor beta1

HCV infection

Secretion of
proinflammatory
cytokines

Activated stellate cells

Increase of synthesis of matrix rich in type 1 collagen

Hepatic fibrosis

Figure 2 Increased fibrogenesis rate in human immunodeficiency virus-hepatitis C virus coinfected patients. In human immunodeficiency virus (HIV)-hepatitis
C virus (HCV) coinfection, translocated bacterial products contribute to liver disease progression by binding to specific pathogen recognition receptors in Kupffer cells.
Activated Kupffer cells secrete proinflammatory cytokines and transforming growth factor β1. Activated stellate cells, stimulated by transforming growth factor β1,
produce a matrix rich in type 1 collagen, increasing the effect of HCV on hepatic fibrosis.
[12,21,28,53,159]

published on this subject
. As a summary,
factors influencing pathological intestinal permeability
and its consequences in cirrhotic patients include:
(1) Advances stages of liver cirrhosis are frequently
[160]
associated with malnutrition
, which has been
reported to contribute to decreased epithelial cell
proliferation and synthesis of mucins and antimicrobial
[161,162]
peptides
; (2) Significant decreases in intraluminal
[163,164]
concentrations of bile acids
; (3) A deficit of
Paneth cell-derived defensins, accompanied by a
diminished in vitro antibacterial activity against various
enterobacteria has been observed in experimental
[165]
cirrhosis . In cirrhosis, a reduced secretion of mucosal
[159,166]
IgA into the jejunum have been detected
; (4)
Higher gastric pH and autonomic neuropathy-related
intestinal hypomotility, seen in patients with cirrhosis
and exposition to health care structures and antibiotic
therapy, may lead to failure in the control of bacterial
intestinal growth with both qualitative (dysbiosis) and
[167-169]
quantitative (overgrowth) differences
. A depletion
of the beneficial Lachnospiraceae and Bacteroidetes
(mainly the Bacteroidaceae family) and enrichment
in Proteobacteria (mainly Gammaproteobacteria class
and among those, particularly Enterobacteriaceae) has
[169]
been observed
, with differences more marked in
[170]
patients with advanced cirrhosis ; (5) Alterations in
[171]
tight junction proteins have been demonstrated
;
(6) A mononuclear cell infiltrate in the lamina propria
[172,173]
has been detected in cirrhotic patients
, as well as
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increased faecal concentrations of polymorphonuclear
[166]
[174]
elastase
and calprotectin
. Activated monocytes
in the lamina propria disrupt epithelial tight junctions
[175]
and perpetuate pathological bacterial translocation ;
(7) Plasma markers of enterocyte necrosis (I-FABP),
microbial translocation (LPS), and monocyte activation
(sCD14) are increased in subjects with chronic
hepatitis B or C infection, with higher values in those
[176]
with advanced fibrosis
; (8) Immune activation
and immunosenescence has been also demonstrated
[177]
in cirrhotic patients
; and (9) Serum levels of
inflammation markers are independently associated
[178-182]
with cirrhosis complications and with mortality
.
In HIV-HCV coinfected patients the additive effects
of HIV and liver cirrhosis on intestinal permeability
have been demonstrated. Increased sCD14 levels
have been detected in HIV-HVC coinfected patients
with liver cirrhosis compared with those with minimal
[176,183,184]
or moderate fibrosis
. Elevated levels of barrier
damage markers and proinflammatory cytokines have
been observed in those HIV-HCV coinfected patients
with more advanced forms of liver cirrhosis: significant
higher concentrations of plasma LBP, sCD14 or IL-6
levels were observed in HIV-HCV coinfected patients
with decompensated cirrhosis compared with those
[185]
with compensated cirrhosis
. However, lymphocyte
activation parameters show similar values than those
[6]
observed in HIV-monoinfected patients , suggesting
the existence of a maximal plateau in lymphocyte
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activation as result of gut bacterial fragment stimulus.

attempted in two main ways: (1) Treatment of HIV
infection down-regulates the accelerated course of
liver fibrosis in HIV-HCV coinfected patients: ARTtreated individuals show a progression rate of HCVrelated liver fibrosis similar to those patients with
[191,199]
out HIV coinfection
. As has been previously
commented, circulating levels of intestinal permeability
markers or immune activation parameters decrease
after the initiation of ART, although they did not
return to the levels observed in healthy individuals;
and (2) Treatment of HCV infection. The attainment
of a sustained virological response after HCV
treatment is associated with a lower rate of the
[190]
progression of liver disease
, and lower mortality
[200]
due to liver-related causes
and non-liver and
[201]
non-AIDS related causes
. There is only limited
data about modifications in gut barrier damage or
proinflammatory cytokines related with the HCV
[202]
treatment .

Increased fibrogenesis rate in HIV-HCV coinfected
patients

It has been demonstrated that the liver fibrosis
progression is more rapid in HIV-HCV coinfected than
in HCV-monoinfected patients, with a lower period of
HCV infection being required for the development of
[186,187]
liver cirrhosis
. Furthermore, the progression of
liver cirrhosis towards death is accelerated in HIV-HCV
coinfected patients, compared with HCV-monoinfected
[188-190]
individuals
. Death occurs in these individuals
[191]
by causes mainly related with liver disease
.
Liver function indexes (Child-Pugh, MELD score),
immunodepression and absence of ART have been
considered prognostic factors in HIV-HCV coinfected
[189,191]
patients
.
Microbial translocation has been suggested to exert
a major pathogenic role in the worsened liver disease
[192]
in HIV-infected individuals
. Translocated bacterial
products contribute to liver disease progression by
[193]
binding to specific pathogen recognition receptors .
Several cells in the liver express significant levels of
multiple Toll like receptors. TLR2, TLR3, and TLR4 are
highly expressed in Kupffer cells. Free LPS binds to
[194]
Kupffer cells via interaction with LBP and CD14 . The
LPS-LBP-CD14 complex, via TLR4 and NFκB, lead to
[12]
the rapid production of superoxide, TNF-α and IL-6 .
Also, LPS sensitizes hepatic stellate cells to Kupffer[147]
derived TGF-β
. Activated stellate cells produce
a matrix rich in type 1 collagen, leading to liver
[195]
fibrosis . In support of this hypothesis, it has been
observed that a polymorphism in the gene encoding
TLR4, which attenuates the signaling downstream
of the receptor in response to LPS stimulation, has
been associated with a decreased risk of developing
[196]
cirrhosis . Furthermore, deficiency in TLR4 signalling
[147]
reduces hepatic fibrosis after bile duct ligation
.
Likewise, our group has demonstrated that a
polymorphism in the TNF-α gene influences the rate of
liver cirrhosis, probably due to a decreased synthesis
[197]
of TGF-β .
[198]
Recently, French et al
, in a 5-year longitudinal
study of HIV-HCV coinfected patients, demonstrated
that those individuals in whom liver disease pro
gresses showed higher levels of intestinal mucosal
lesion (I-FABP), macrophage activation (sCD14),
and inflammation (IL-6) markers compared with non
progressors. In progressors, I-FABP levels increased
significantly with time. Studies carried out by our
group have demonstrated that in these patients,
proinflammatory cytokines levels were correlated
with parameters indicative of haemodynamic altera
tions in cirrhotic patients, such as renin activity or
the aldosterone concentration, as well as with the
[185]
mortality
.
Modification of the natural history of HCV-related
liver disease in HIV-coinfected patients has been
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CONCLUSION
Both HIV and HCV infections could modify intestinal
permeability, allowing the pass of gut bacterial
fragments into the peripheral blood. Both markers
of intestinal damage, increased gut permeability and
immune activation, have been related to increased
morbidity due to neurocognitive, cardiovascular or liver
lesions. The combined effect of HIV infection and HCVderived liver cirrhosis increases even more the levels of
proinflammatory molecules and could be implicated in
the elevated mortality observed in HIV-HCV coinfected
patients compared with those with HIV- or HCVmonoinfection.
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Abstract

Joo Chun Yoon, Youkyong Song, Department of Microbiology
and Tissue Injury Defense Research Center, Ewha Womans
University School of Medicine, Seoul 158-710, South Korea

Patients infected with the hepatitis C virus (HCV) are
characterized by a high incidence of chronic infection,
which results in chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma. The functional impairment
of HCV-specific T cells is associated with the evolution
of an acute infection to chronic hepatitis. While T cells
are the important effector cells in adaptive immunity,
natural killer (NK) cells are the critical effector cells
in innate immunity to virus infections. The findings of
recent studies on NK cells in hepatitis C suggest that NK
cell responses are indeed important in each phase of
HCV infection. In the early phase, NK cells are involved
in protective immunity to HCV. The immune evasion
strategies used by HCV may target NK cells and might
contribute to the progression to chronic hepatitis C. NK
cells may control HCV replication and modulate hepatic
fibrosis in the chronic phase. Further investigations
are, however, needed, because a considerable number
of studies observed functional impairment of NK cells
in chronic HCV infection. Interestingly, the enhanced
NK cell responses during interferon-α-based therapy
of chronic hepatitis C indicate successful treatment.
In spite of the advances in research on NK cells in
hepatitis C, establishment of more physiological HCV
infection model systems is needed to settle unsolved
controversies over the role and functional status of NK
cells in HCV infection.
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Core tip: Natural killer (NK) cells protect our body from
viral infections by killing infected cells and secreting
cytokines that inhibit viral replication. Unlike T
lymphocytes that require priming by antigen presenting
cells, NK cells directly recognize virus-infected cells
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and immediately exert antiviral effector functions.
Researchers who investigate immunity to hepatitis C
virus (HCV), therefore, have been interested in NK cells.
This review will give readers an overview of reports
on NK cells in hepatitis C and insights into the role
of NK cells in the defense against HCV infection, the
immunopathogenesis of hepatitis C, and the prediction
of the treatment response.

genome replication. The NS3-4A complex is a serine
protease that cleaves the polyprotein into individual
nonstructural proteins. NS5B is a viral RNA-dependent
RNA polymerase that duplicates HCV RNA genome.
NS5A is a regulator of viral replication and virion
[15,16]
assembly
. Newly developed direct acting antivirals
(DAAs) inhibit HCV replication by targeting NS3-4A
(telaprevir, boceprevir, simeprevir, asunaprevir, etc.),
NS5B (sofosbuvir, dasabuvir, and others), or NS5A
[16]
(ledipasvir, ombitasvir, daclatasvir, etc.) .

Yoon JC, Yang CM, Song Y, Lee JM. Natural killer cells in
hepatitis C: Current progress. World J Gastroenterol 2016;
22(4): 1449-1460 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1449.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1449

NATURAL KILLER CELLS
[17,18]

Since their identification in 1975
, NK cells have
been considered lymphocytes because they originate
from the common lymphoid progenitor cell in the
bone marrow. Unlike other lymphoid cells in adaptive
immunity, such as T lymphocytes and B lymphocytes,
NK cells lack antigen-specific cell surface receptors
and do not require antigen presentation by antigenpresenting cells or clonal expansion to initiate their
[19]
effector functions .
[20,21]
NK cells participate in innate immunity to viruses
[22]
and tumors . NK cells lyse virus-infected cells and
tumor cells through degranulation of cytotoxic gra
nules and the subsequent release of perforin and
[23]
granzymes . Another mechanism that NK cells
utilize to exert cytotoxicity is the induction of target
cell apoptosis through tumor necrosis factor-related
apoptosis inducing ligand (TRAIL). In addition to their
cytotoxic activity, NK cells are able to produce and
secrete cytokines such as interferon (IFN)-γ and tumor
[24]
necrosis factor (TNF)-α, which have antiviral activity .
The antiviral activity of NK cells is tightly regulated
by interactions between NK cell surface receptors and
[25,26]
their cognate ligands
. NK cells express a wide
variety of inhibitory and activating receptors on the
[27]
plasma membrane . Killer cell immunoglobulin-like
receptors (KIRs), natural killer group 2A (NKG2A), and
killer cell lectin-like receptor subfamily G member 1
(KLRG1) are examples of the inhibitory receptors, and
NKG2D, NKG2C, and natural cytotoxicity receptors
(NCRs), including NKp30, NKp44, and NKp46, are
[19]
well-known activating receptors . Normal nucleated
cells express inhibitory ligands, such as class Ⅰ major
histocompatibility complex (MHC) molecules, on
their surfaces and inhibit NK cell activation through
interactions between the MHC molecules and the KIRs.
Normal cells do not express activating ligands such as
major histocompatibility complex class I-related chain
A/B (MICA/B) and UL16-binding proteins (ULBPs).
In contrast, virus-infected cells may reduce the
class Ⅰ MHC molecules and display activating ligands
on their surfaces. NK cells that recognize the activating
ligands become activated and exert their antiviral
[19,27]
effector functions
.
+
Human NK cells are CD3 CD56 lymphocytes and
are divided into two subsets based on the density of

INTRODUCTION
Hepatitis C virus (HCV) is a major cause of chronic
viral hepatitis, liver cirrhosis, and hepatocellular
[1]
carcinoma . Chronic hepatitis C occurs in 60%-80%
[2]
of individuals with acute HCV infection , liver cirrhosis
arises in 20%-30% of individuals with chronic HCV
infection, and hepatocellular carcinoma develops
in 1%-4% of individuals with HCV-related liver
[3]
cirrhosis . HCV infection is, therefore, a leading cause
of end-stage liver diseases throughout the world and
the most common reason for liver transplantation in
[4]
Western countries . Although the characteristics of
T lymphocyte and B lymphocyte responses against
[2,5-8]
HCV have been revealed
, natural killer (NK) cell
responses are rather ill-defined and there are still many
[9-14]
controversies to be resolved
. This review describes
the current views on the role of NK cells in the defense
against HCV infection, the relationship between NK cell
responses and the immunopathogenesis of hepatitis
C, the characteristics of NK cell responses in the
coinfection of human immunodeficiency virus (HIV)
and HCV, and the NK cell response as a predictor of
treatment outcomes.

HEPATITIS C VIRUS
HCV belongs to the Flaviviridae family and has a
single-stranded, positive sense RNA genome that is
approximately 9.6 kb in length. The RNA genome has 5’
and 3’ untranslated regions (UTRs). An open reading
frame (ORF) is flanked by the UTRs and translated into
a polyprotein via an internal ribosome entry site (IRES)
in the 5’ UTR. The polyprotein is cleaved by host
and viral proteases to yield three structural proteins
(core, E1, and E2) and seven nonstructural proteins
(p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B).
The core proteins form a capsid that surrounds the
HCV RNA genome. E1 and E2 are envelope proteins
that comprise a viral envelope. The nonstructural
proteins are not incorporated into the viral particles
but play important roles in viral protein processing and
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[28]

CD56 expression on their surfaces . Approximately
10% of NK cells in the peripheral blood and nearly
100% of NK cells in the secondary lymphoid tissues,
such as the lymph nodes, have high surface expression
bright
bright
of CD56 (CD56
NK cells). The CD56
subset can
produce a large amount of cytokines and chemokines
upon activation but has little or no ability to kill
[29]
the target cells . The majority of NK cells in the
peripheral blood have relatively low surface expression
dim
dim
of CD56 (CD56 NK cells). The CD56 subset has a
reduced ability to produce cytokines, but some of them
[22]
can spontaneously kill the susceptible target cells .
NK cells comprise 30%-50% of liver-resident
[30,31]
lymphocytes
, whereas 5%-15% of peripheral
blood mononuclear cells (PBMCs) are NK cells.
Hepatitis further increases the number of NK cells in
[32-34]
the liver
. Chemokines secreted by Kupffer cells
recruit NK cells to the liver, and cytokines secreted
by the Kupffer cells, liver sinusoidal endothelial cells,
and T cells promote the survival of the recruited NK
[35]
cells . Because of their enrichment in the liver and
their ability to eliminate viral infections, NK cells may
play key roles in the immune response against HCV
[9,14,36]
infection
.

not impair the effector functions of NK cells, if they are
[47,48]
soluble and mobile
(Figure 1, A). These results
suggest that HCV E2 can induce cross-linking of CD81
and inhibit NK cell function. However, this might be
less likely in vivo, because CD81 cross-linking requires
immobilization and a high concentration of cell-free
HCV virions in the liver.

Interaction between HCV-infected cells and NK cells

Direct contact of NK cells with HCV-infected hepatoma
cells reduces the functional capacity of the NK
[49]
cells . The activating receptors NKG2D and NKp30
are downregulated on the surface of NK cells after
cell-to-cell contact with the HCV-infected cells.
Downregulation of the activating receptors results in
the reduced functional capacity of the NK cells and the
[49,50]
inhibition of the ex vivo NK cell functions
(Figure
1, B). It appears that this phenomenon is associated
with the NS3-4A protease activity in the infected cells,
because inhibition of the NS3-4A protease eliminated
contact-dependent suppression of NK cells by the HCVinfected cells (unpublished data). The findings imply
that HCV may impair the effector functions of NK cells
in the infected liver.
Interestingly, NK cells that are prestimulated with
exogenous IFN-α can kill HCV-infected hepatoma
[51,52]
cells
. This implies that the effect of innate
cytokines, such as type Ⅰ IFNs including IFN-α and
[12,53]
IFN-β, interleukin (IL)-8, IL-12, IL-15, and IL-18
,
should be considered when evaluating the interactions
between NK cells and HCV-infected cells.

INTERACTIONS BETWEEN HCV AND NK
CELLS
The importance of NK cells in antiviral immune
responses has promoted studies on the interactions
between NK cells and HCV. Noninfectious HCV model
systems, including recombinant HCV proteins,
expression vectors encoding HCV proteins, and HCV
replicon-containing hepatoma cell lines have been
employed to investigate the interplay between NK
[37-41]
cells and HCV
. The conclusions of the studies are,
[39-41]
however, often contradictory
, because the different
experimental systems yield dissimilar results. Because
there is still a lack of efficient small animal models for
investigating the immunopathogenesis of hepatitis
[42,43]
C
, it is difficult to resolve the controversies over
the functional status of NK cells in HCV infection. In
2005, several research groups reported establishment
[44-46]
of an HCV cell culture system
, which produces
infectious HCV virions. It provides researchers with
an opportunity to simulate every step of the natural
HCV life cycle in vitro. This revolutionary method
has, therefore, encouraged in vitro studies on the
interactions of NK cells with infectious HCV particles.

Role of accessory cells in the interplay between NK
cells and HCV-infected cells

IFN-α and other innate cytokines secreted by
accessory immune cells may modulate the interaction
between NK cells and HCV-infected hepatocytes.
The activation of NK cells by some pathogens indeed
requires cytokines from accessory cells such as
monocytes, macrophages, conventional dendritic cells
[54-58]
(cDCs), and plasmacytoid dendritic cells (pDCs)
.
In the liver, Kupffer cells can act as accessory cells that
sense the viral RNA and indirectly activate NK cells by
[59,60]
secreting innate cytokines
.
Accessory cells regulate IFN-γ production by
primary human NK cells after interacting with HCVinfected hepatoma cells. In particular, the IFN-α
produced by pDCs activates NK cells to produce
[61]
IFN-γ . This suggests that the IFN-α secreted by the
accessory cells may overcome the inhibitory effect
induced by direct contact between NK cells and HCVinfected cells. Although HCV virions do not infect
[62]
PBMCs , the interaction of pDCs with HCV-infected
[63-66]
cells stimulates pDCs to secrete type Ⅰ IFNs
,
because the pDCs sense the HCV RNA in exosomes
[66]
derived from the infected hepatoma cells
(Figure
1, C). Therefore, close contact among HCV-infected
hepatocytes, NK cells, and pDCs may simultaneously
induce both inhibitory and activating signals, and

Interaction of HCV proteins or virus particles with NK
cells

The early studies that observed interactions between
HCV and NK cells employed recombinant HCV
proteins. Plate-bound E2 inhibits the effector functions
of primary human NK cells by cross-linking CD81 on
[37,38]
the surface of NK cells
. Cell-culture-generated
HCV virions are also able to inhibit NK cells when they
[47]
are bound to a plate . Nevertheless, HCV virions do
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pDC

HCV
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HCV virion

IFN-a
CD81

Exosomes with
HCV RNA

NK cell

TGF-b
IL-10
IL-18
HCV-infected hepatocyte

HCV
NS5A

Monocyte

Figure 1 Interactions of natural killer cells with hepatitis C virus-infected hepatocytes and accessory cells. A: HCV virions may inhibit NK cells by crosslinking of CD81 on the NK cells with the HCV E2 protein, if the HCV virions are immobilized and concentrated; B: Direct cell-to-cell contact of NK cells with HCVinfected hepatoma cells reduces functional capacity of NK cells by downregulating the activating receptors NKG2D and NKp30; C: Exosomes harboring the HCV RNA
are released from HCV-infected hepatoma cells and stimulate pDCs to secrete IFN-α which activates NK cells; D: The interaction with hepatoma cells containing
HCV replicons stimulates monocytes to secrete IL-18 which activates NK cells; E: The HCV NS5A protein from HCV-infected hepatoma cells stimulates monocytes
to secrete IL-10 and TGF-β which suppress NK cell function. HCV: Hepatitis C virus; NK cell: Natural killer cell; pDC: Plasmacytoid dendritic cell; IFN: Interferon; IL:
Interleukin; TGF: Transforming growth factor; E2: Envelope 2 protein; NS5A: Nonstructural 5A protein. NKG2D: Natural killer group 2D.

the balance between the two signals may determine
whether the NK cells are activated or inhibited.
In addition, monocytes sense HCV repliconcontaining cells and secrete IL-18 which activates NK
[67]
cells to produce IFN-γ
(Figure 1, D). Another study,
however, reported somewhat different conclusions.
The HCV NS5A protein stimulates monocytes
through toll-like receptor (TLR)-4 and induces the
secretion of IL-10, which is an immunosuppressive
cytokine, while inhibiting the production of IL-12,
which activates NK cells. IL-10 then stimulates the
secretion of transforming growth factor (TGF)-β, which
downregulates NKG2D on the NK cell surface, resulting
in the subsequent functional impairment of the NK
[68]
cells
(Figure 1, E). The discordance between the
two studies may be due to the different experimental
systems used. Further investigations are needed to
clearly elucidate the role of accessory cells in the
modulation of NK cells in HCV infection.

three distinct phases: the incubation phase, in which
exposure to HCV occurs, but hepatitis and viremia are
not yet detected; the acute phase, in which hepatitis
and viremia are detected; and the chronic phase,
which begins six months after the onset of the acute
phase and is characterized by persistent HCV infection
and chronic liver inflammation. The early phase of
HCV infection generally refers to the period from the
beginning of the incubation phase to the end of the
[12]
acute phase .
NK cell activation in the early phase is influenced
by the interactions between KIRs on NK cells and
class Ⅰ MHC molecules, such as human leukocyte
antigen (HLA)-A/B/C, on the HCV-infected cells.
Genetic studies reveal that specific KIR and HLA-C
pairs are associated with the spontaneous resolution of
[69,70]
HCV infection
, as host genetic factors, such as HLA
genotypes, affect the T lymphocyte-related outcome
[71]
of HCV infection . NK cells from homozygous HLA-C
group 1 (HLA-C1) individuals exert their effector
functions more rapidly than those from homozygous
[72]
HLA-C2 individuals . This results from the reduced
inhibition of NK cells by the KIR2DL3/HLA-C1
interaction than that observed with other KIR/HLA

NK CELL RESPONSES IN THE EARLY
PHASE OF HCV INFECTION
The natural course of HCV infection can be divided into
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interactions. NK cell cytotoxicity is increased only in
individuals with KIRs that interact with HLA-C1 and is
[73]
maximal in the spontaneously resolved cases . The
results suggest that NK cells are indeed important in
the antiviral immune responses in the early phase of
HCV infection. Therefore, it may be feasible that NK
cell responses are not optimal in the acute phase of a
substantial number of HCV infection cases, because
60%-80% of individuals in the acute phase do not
achieve spontaneous resolution and develop chronic
[8]
hepatitis C .
Healthcare workers who have been accidentally
exposed to HCV but do not develop acute hepatitis and
viremia have strong NK cell responses against the very
small amount of HCV in the incubation phase, which
[74]
is within weeks after the exposure . Increased NK
cell degranulation in the early phase of HCV infection
is also found in intravenous (IV) drug users who clear
[75]
HCV spontaneously . NK cells from individuals with
spontaneous resolution show increased expression
[74]
of the activating receptors, NKp46 and NKp44
and decreased expression of the inhibitory receptor
[75]
NKG2A . Moreover, increased NK cell cytotoxicity in
the early phase is related to strong T cell responses
[74,75]
in both healthcare workers and IV drug users
.
Another study shows that NK cells from individuals
who spontaneously eradicate HCV in the acute phase
exhibit stronger IFN-γ secretion and express higher
levels of NKG2D and NKp46 than NK cells from
individuals who do not achieve spontaneous clearance
[76]
of HCV infection . These findings imply that sufficient
and optimal NK cell responses in the early phase
are associated with HCV clearance and prevent HCV
infection from transitioning to the chronic phase. On
the other hand, it is possible that individuals who do
not spontaneously clear HCV and develop chronic
hepatitis C cannot exert strong and optimal NK cell
responses in the early phase. Weak and suboptimal
activation of NK cells might be associated with the
immune evasion strategies observed in the interactions
of NK cells with HCV and accessory cells (Figure 1).

cells is due to the persistent exposure to endogenous
IFN-α, which upregulates the expression of signal
transducer and activator of transcription 1 (STAT1) in
NK cells and induces preferential phosphorylation of
STAT1 over STAT4. Phosphorylated STAT1 (pSTAT1)
then stimulates NK cell cytotoxicity, while the lack of
STAT4 phosphorylation impairs IFN-γ production, which
[81-84]
is stimulated by phosphorylated STAT4
.
It is reported that NKp46 expression is upregulated
on peripheral blood NK cells and intrahepatic NK cells
[77]
in chronic HCV infection . NK cells with high surface
high
expression of NKp46 (NKp46
NK cells) exert strong
high
cytotoxicity and produce more IFN-γ. NKp46 NK cells
are enriched in the inflamed liver and show enhanced
cytolytic activity against HCV-infected hepatocytes and
the hepatic stellate cells that are involved in hepatic
[85]
fibrosis . Another report reveals that NK cells induce
[86]
the apoptosis of activated hepatic stellate cells .
These observations suggest that intrahepatic NK cells
may control HCV replication and modulate hepatic
fibrosis. However, intrahepatic NK cells also contribute
to the immunopathology of chronic hepatitis C by
[87]
inducing inflammation in the liver . In contrast, other
+
studies report that the increased numbers of NKp46
NK cells in the peripheral blood are associated with the
production of IL-10 which is an immunosuppressive
cytokine. These results imply a lack of virus control
[88]
rather than virus clearance in chronic hepatitis C .
Moreover, degranulation and TRAIL expression by
intrahepatic NK cells are quite reduced in chronic HCV
infection, even though NKp46 expression increases,
suggesting that the NK cell response is impaired in
[89]
the HCV-infected liver . Thus, both defensive and
pathogenic roles of NK cells should be considered
together to properly interpret the NK cell response in
the chronic phase of HCV infection (Table 1).
Other activating receptors, such as NKG2D, NKG2C,
NKp30, and NKp44, may also be highly expressed on
the surface of NK cells from individuals with a chronic
[34,77,88]
HCV infection
. A noticeable number of studies
describe, however, a reduction in the expression of the
[68,80]
activating receptors NKG2D, NKp30 and NKp46
and an increase in the expression of the inhibitory
[78-80,90]
receptors NKG2A and KLRG1
(Table 1). Although
the reason for this significant controversy is unclear, it
may be due to the differences in patient numbers and
[9]
selection methods .

NK CELL RESPONSES IN THE CHRONIC
PHASE OF HCV INFECTION
Ex vivo studies using NK cells in PBMCs or intrahepatic
lymphocytes from individuals with chronic hepatitis
C have provided insights into the functional status of
NK cells in chronic HCV infection. Although there are
[34,68,77-80]
discrepancies in the ex vivo studies
, it appears
that the role of NK cells in the chronic phase of HCV
infection is different from that in the early phase.
NK cells may be persistently activated in the chronic
[77]
phase . However, chronic activation of NK cells does
not necessarily mean that all aspects of NK cell function
are enhanced. NK cell cytotoxicity is increased, but
IFN-γ production by the NK cells is reduced in chronic
[34,77]
HCV infections
. This functional polarization of NK
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NK CELL RESPONSES IN THE
COINFECTION OF HCV AND HIV
The importance of NK cell responses for HCV clearance is
also observed in HCV/HIV coinfection. The spontaneous
resolution of acute hepatitis C is associated with an
effective IFN-γ-mediated NK cell response, which inhibits
[76]
HCV replication, in HCV/HIV-coinfected patients .
However, preexisting HIV infection may hinder
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Table 1 Controversies over phenotype and function of natural killer cells in chronic hepatitis C virus infection
Phenotype/function

Ref. reported increase

Activation marker
CD69
Activating receptor
NKG2D
NKG2C
NKp46
NKp30
NKp44
Inhibitory receptor
KIR3DL1
NKG2A
KLRG1
Cytotoxicity
Degranulation
TRAIL expression
Immunostimulating cytokine
IFN-γ
Immunosuppressive cytokine
IL-10

Ref. reported decrease

[34]

Ref. reported no change
[88]

[34]
[77]
[77,88,89]
[88]
[77]

[68]
[80]
[80]

[34]
[78-80]
[90]
[34,77]
[77]

[68,80,89]
[89]

[78]

[78]

[34,68]

[77,88]

[88]

IL: Interleukin; IFN: Interferon; NKG2D: Natural killer group 2D; TRAIL: Factor-related apoptosis inducing ligand; KLRG1: Killer cell lectin-like receptor
subfamily G member 1.
[91,92]

+

NK cell responses against HCV infection
. HIV
inhibits cDC activation, and this leads to the functional
impairment of NK cells, because the crosstalk between
activated cDCs and NK cells is important for the
[21]
activation of the latter . Therefore, the loss of cDC-NK
cell interactions in HCV/HIV coinfection may result in
[91]
defective NK cell responses to HCV . In addition, NK
cells are less sensitive to type Ⅰ IFNs secreted by pDCs
during HIV infection. This reduced responsiveness may
attenuate NK cells’ ability to control HCV infection,
because type Ⅰ IFNs stimulate NK cell proliferation and
[21,91]
cytotoxicity
.
HCV/HIV coinfection results in an accelerated
development of liver cirrhosis compared to HCV
+
monoinfection. Because CD4 T cells can stimulate NK
cells to exert antifibrotic activity, the loss and functional
+
impairment of CD4 T cells by HIV may contribute to
[93]
the faster progression to liver fibrosis .

NK CELLS AND THE TREATMENT
RESPONSE
The treatment response to the pegylated IFN-α
(PEG-IFN-α)/ribavirin combination therapy in chronic
HCV infection is related to the patients’ KIR and
[94,95]
HLA-C genotypes
. NK cells are important not
only in spontaneous resolution in the early phase of
infection but also in HCV clearance by IFN-α-based
therapy in the chronic phase. In the latter, the injection
of exogenous IFN-α activates NK cells to increase
[53,96]
cytotoxicity
.
The levels of NK cell activating receptors NKp30
and NKp46 before PEG-IFN-α/ribavirin therapy may
[97]
predict the treatment outcome . In addition, higher
IFN-α receptor (IFNAR) expression on the surface of
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-

CD16 CD56 NK cells before the combination therapy
[98]
is associated with the treatment response .
Within hours of the first dose of IFN-α, the NK cells
from the treated individuals are activated and express
the NK cell activation marker CD69 and the activating
receptors NKG2D and NKp30 on their surfaces. This
phenomenon is more prominent in individuals who
[99]
achieve early virological response . Maximal NK cell
cytotoxicity occurs at 24 h after treatment onset and
is correlated with increased alanine aminotransferase
in the serum, suggesting that the NK cells activated
by exogenous IFN-α kill the HCV-infected cells in the
liver. The functional polarization of NK cells observed
in chronic HCV infection is intensified by IFN-α-based
[99]
[81]
therapy and mediated by STAT1 phosphorylation .
That is, both persistent exposure to endogenous IFN-α
and acute exposure to large amount of exogenous
recombinant IFN-α are able to induce preferential
phosphorylation of STAT1 over STAT4 in intrahepatic
NK cells.
NK cells from individuals with a rapid first-phase
decrease in the HCV RNA level induce maximal STAT1
phosphorylation, whereas NK cells from individuals
with slow first-phase decrease in the HCV RNA
level induce lower levels of STAT1 phosphorylation.
Interestingly, the NK cells from the former persons
become refractory to stimulation by IFN-α within 72
h after the onset of the therapy. Therefore, the NK
cell response in the first several days of PEG-IFN-α/
ribavirin therapy may be important for successful
[81]
treatment .
+
The increase in activated CD69 NK cells during
IFN-α-based therapy predicts the rapid virological
response. The sustained virological response (SVR)
is associated with a higher NK perforin content and
dim
higher proportion of CD56 CD16 NK cells. Indeed,
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individuals achieving SVR exhibit higher NK cell
[100]
cytotoxicity
. This implies that NK cell activation
is required to achieve the early treatment response
to HCV infection and that NK cell cytotoxicity is
important to steadily suppress HCV replication in vivo.
The NK cell response may be, therefore, used as a
predictor of the treatment outcome for IFN-α-based
[12]
therapy , and may supplement other predictors, such
as the pretreatment level of interferon gamma-induced
[101,102]
protein 10 (IP-10; CXCL10)
and the IL-28B (IFNL)
[103-106]
genotype
.
The IL-28B polymorphism is related to the altered
expression of NK cell receptors, such as KIRs, NKG2A,
[106,107]
and NKp30
. It is unclear, however, whether IL28B (IFN-λ) directly affect NK cell responses in HCV
[108-111]
infection
. The IL-28B-favorable (CC) genotype is
[95]
unassociated with favorable KIR/HLA-C haplotypes .
Therefore, it would be better to utilize the NK cell
response in hepatitis C as an additive predictor of the
IFN-based treatment outcome.
It appears that TRAIL expression is also increased
in NK cells from individuals achieving SVR after PEGIFN-α/ribavirin treatment, suggesting that the NK
cells activated by IFN-α kill the HCV-infected cells by
employing not only perforin and granzymes but also
[52]
TRAIL .
In HCV/HIV coinfection, the baseline frequency
+
of the CD56 CD16 NK cell subset, which is highly
dysfunctional, is negatively correlated with response to
[112]
IFN-α-based treatment
.
Several DAAs, such as NS3-4A protease inhibitors,
NS5B polymerase inhibitors, and NS5A inhibitors, have
been developed to treat chronic hepatitis C. Highly
efficient combinations of these DAAs allow IFN-free
[16]
regimens . Unlike IFN-α-based therapy, the clearance
of HCV by the NS5A inhibitor (daclatasvir)/NS3-4A
protease inhibitor (asunaprevir) combination therapy
leads to the loss of intrahepatic immune activation by
IFN-α and the normalization of functionally polarized
[113]
intrahepatic NK cells . Therefore, the restoration of
the NK cells’ ability to produce IFN-γ during IFN-free
DAA therapy may indicate the treatment response.

vitro HCV infection is supported by a limited number
[44-46]
of Huh7-derived human hepatoma cell lines
.
Although cultured primary human hepatocytes can
be infected with cell-culture-generated HCV in vitro,
they support only low levels of HCV replication, which
requires the detection of the negative strand viral RNA
[116]
by polymerase chain reaction (PCR) . In terms of NK
cell research, the major drawback of the in vitro HCV
infection model is that both hepatoma cell lines and
primary hepatocytes in a cell culture dish or a plate are
unable to precisely reproduce the organization of the
immune environment in the liver and in the adjacent
lymph nodes.
Because T lymphocytes have antigen specificity,
HCV-specific T cells are easily distinguished from
other T cells ex vivo. However, NK cells do not possess
[19]
antigen specificity . It is, therefore, uncertain
whether the majority of peripheral blood NK cells
tested ex vivo have really interacted with the HCVinfected hepatocytes or HCV virions in vivo. The use
of intrahepatic NK cells does not necessarily ensure
that the NK cells have directly contacted HCV-infected
hepatocytes, because the proportion of infected
hepatocytes in the liver of individuals with chronic HCV
infection could be as low as 1% and the infected cells
[117]
only occur in clusters throughout the liver .
NK cells that actively exerted their effector functions
on HCV in vivo and thereby have no remaining effector
capacity may appear as functionally impaired cells ex
vivo. In contrast, NK cells that could not exert any
effector functions against HCV infection in vivo and
thereby retain their effector capacity may appear as
functionally competent cells ex vivo. Therefore, our ex
vivo observations may not accurately reflect the real
role and functional status of the NK cells in the HCVinfected liver.
Indeed, in vitro studies and human ex vivo studies
have frequently produced contradictory results.
Thus, advances in the experimental methods in the
field of HCV research, such as the development of
a genetically humanized, immunocompetent mouse
[118,119]
model
, are required to obtain clearer insights
into the functional status of NK cells in HCV infection.
Currently, a balanced interpretation of the results from
various papers is needed to appropriately understand
the role of NK cells in each phase of HCV infection.

PROBLEMS TO BE SOLVED IN RESEARCH
ON NK CELLS IN HCV INFECTION
The lack of small animal models has greatly hampered
research on the role of NK cells in hepatitis C. Although
[114,115]
it supports the entire life cycle of HCV
, the
chimpanzee model is not readily available because
[42]
of high costs and ethical concerns . In vitro models
and human ex vivo models are, therefore, the best
currently available HCV model systems. These models
have, however, several drawbacks.
In vitro infection of human hepatoma cell lines with
cell-culture-generated HCV supports high-level HCV
replication, but it cannot precisely mimic the natural
HCV infection in normal hepatocytes. Moreover, in
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CONCLUSION
While T cell responses are critical for adaptive
immunity to HCV, NK cells are crucial players in innate
immunity to HCV. In the early phase of HCV infection,
the enhanced functional capacity of NK cells is corre
lated with spontaneous resolution and strong T cell
responses. It appears that NK cells play an important
role in preventing the conversion of the early phase
of HCV infection to the chronic phase. The various
strategies that are employed by HCV to evade NK cell
responses may interfere with the protective functions
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of NK cells in the early phase and might contribute to
the progression to chronic hepatitis C, which develops
in about three fourths of individuals with an acute
HCV infection. In the chronic phase, it appears that
NK cells are important for controlling HCV replication
and the resistance to hepatic fibrosis. A considerable
number of studies, however, refute this possibility
by showing that the NK cells’ function is impaired in
chronic HCV infection. The NK cell response is also
associated with the treatment response. Increased
NK cell effector functions during IFN-α-based therapy
may predict the treatment outcome. Although there
has been significant progress in the research on NK
cells in hepatitis C, physiological models, such as an
immunocompetent mouse model, must be established
to solve the problems of the current experimental
methods and settle the controversies over the role
and functional status of NK cells in each phase of HCV
infection.
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TOPIC HIGHLIGHT
2016 Hepatitis C Virus: Global view

Metabolic alterations and hepatitis C: From bench to
bedside
Ming-Ling Chang

Abstract

Ming-Ling Chang, Liver Research Center, Department of Gastro
enterology and Hepatology, Chang Gung Memorial Hospital,
Taoyuan 33305, Taiwan

In addition to causing cirrhosis and hepatocellular
carcinoma, hepatitis C virus (HCV) is thought to cause
hypolipidemia, hepatic steatosis, insulin resistance,
metabolic syndrome, and diabetes. The viral life cycle
of HCV depends on cholesterol metabolism in host
cells. HCV core protein and nonstructural protein 5A
perturb crucial lipid and glucose pathways, such as
the sterol regulatory element-binding protein pathway
and the protein kinase B/mammalian target of
rapamycin/S6 kinase 1 pathway. Although several lines
of transgenic mice expressing core or full HCV proteins
exhibit hepatic steatosis and/or dyslipidemia, whether
they completely reflect the metabolic alterations in
humans with HCV infection remains unknown. Many
cross-sectional studies have demonstrated increased
prevalences of metabolic alterations and cardiovascular
events in patients with chronic hepatitis C (CHC);
however, conflicting results exist, primarily due to
unavoidable individual variations. Utilizing anti-HCV
therapy, most longitudinal cohort studies of CHC
patients have demonstrated the favorable effects of
viral clearance in attenuating metabolic alterations
and cardiovascular risks. To determine the risks of
HCV-associated metabolic alterations and associated
complications in patients with CHC, it is necessary to
adjust for crucial confounders, such as HCV genotype
and host baseline glucose metabolism, for a long
follow-up period after anti-HCV treatment. Adipose
tissue is an important endocrine organ due to its
release of adipocytokines, which regulate lipid and
glucose metabolism. However, most data on HCV
infection and adipocytokine alteration are inconclusive.
A comprehensive overview of HCV-associated metabolic
and adipocytokine alterations, from bench to bedside,
is presented in this topic highlight.
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The inconsistencies primarily result from individual
variations, including the different viral and host
factors studied. The eradication of HCV by either
[24]
interferon-based therapy or direct-acting antiviral
[25]
(DAA) drugs
provides the opportunity to study
the causal relationship between HCV infection and
metabolic alterations in the same individuals without
individual variation. In contrast, hepatitis B virus
(HBV), which infects 350 million individuals worldwide,
is another main pathogen leading to liver cirrhosis
[26]
and hepatocellular carcinoma , and conflicting data
regarding its association with hypolipidemia have been
[27,28]
reported
. Chronic HBV infection is not associated
[29]
with hepatic steatosis, IR, or diabetes . Hepatic
steatosis may even promote spontaneous hepatitis B
[30]
surface antigen seroconversion . Furthermore, data
on HBV-associated metabolic alterations are mainly
based on case-control studies rather than cohort
[31]
studies to view the influence of viral clearance .
Together, host metabolic alterations are much less
associated with HBV infection than with HCV infection.
Adipose tissue has emerged as an important
[32]
endocrine organ due to its release of adipocytokines ,
which regulate lipid and glucose metabolism via the
[33]
adipoinsular axis . Because both HCV infection and
alterations in adipocytokines are critical in lipid and
glucose metabolism, their potential relationship has
[34,35]
attracted attention
. However, most data regarding
HCV infection and adipocytokine alterations are
inconclusive.
Thus, the current review aims to provide a com
prehensive overview of HCV-associated metabolic and
adipocytokine alterations, from bench to bedside, to
serve as a cornerstone for future research and clinical
practice.

Core tip: Hepatitis C virus (HCV) is thought to cause
hypolipidemia, hepatic steatosis, insulin resistance,
and diabetes. Its life cycle depends on host cholesterol
metabolism. HCV core protein and nonstructural
protein 5A perturb crucial metabolic pathways. Many
cross-sectional studies have demonstrated increased
cardiometabolic risks in HCV patients. Utilizing antiHCV therapy, most cohort studies have demonstrated
the favorable effects of HCV clearance in attenuating
cardiometabolic risks. Adipose tissue is an important
endocrine organ due to its release of adipocytokines,
which strongly regulate metabolism. A comprehensive
overview of HCV-associated metabolic and adipocyto
kine alterations, from bench to bedside, is presented in
this topic highlight.
Chang ML. Metabolic alterations and hepatitis C: From bench
to bedside. World J Gastroenterol 2016; 22(4): 1461-1476
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i4/1461.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1461

INTRODUCTION
Hepatitis C virus (HCV) infection is a substantial global
health burden. HCV infects an estimated 170 million
people globally, with millions newly infected each year,
and chronic infections are established in the majority
[1]
of infected individuals . Its variants can be classified
into 6 major genotypes, which differ in 30%-35%
[1]
of the nucleotides in the complete genome . HCV
causes cirrhosis and hepatocellular carcinoma and
is thought to cause metabolic alterations resulting in
hypolipidemia, hepatic steatosis, insulin resistance
[2,3]
(IR), metabolic syndrome (MS), and diabetes
.
Much of the HCV life cycle is closely associated with
lipid metabolism, and this association includes entry
into naïve cells, infectivity, RNA replication, viral
[2]
assembly and viral secretion . Furthermore, HCV
[4-10]
core protein
and nonstructural (NS) protein 5A
participate in crucial lipid and glucose metabolic
[11-14]
pathways in host cells
. Additionally, some
organelles harbor virions and/or viral proteins during
the HCV life cycle, leading to increased oxidative
[15]
stress , which in turn modifies cellular metabolism.
These factors contribute to a cascade of systemic
metabolic alterations in the host. Although several
lines of transgenic mice expressing either HCV
[16-21]
[22,23]
core
or full HCV proteins
have demonstrated
phenotypes revealing metabolic alterations and have
revealed potentially altered pathways, whether these
mice completely reflect the effects of human HCV
infection remains unknown. Furthermore, conflicting
data exist among various cross-sectional human
studies on HCV-associated metabolic alterations.

WJG|www.wjgnet.com

HCV GENOME, PROTEINS AND LIFE
CYCLE
HCV, a member of the Hepacivirus genus within the
Flaviviridae family, has a viral genome consisting
of single-stranded RNA with positive polarity that is
[36]
approximately 9.5 kb long . Untranslated regions
(UTRs) located at the 5’ and 3’ ends of the genome
flank a single open reading frame (ORF), which
encodes a polyprotein of approximately 3000 amino
[36]
acids . The polyprotein is processed by viral and
cellular proteases that produce mature viral structural
and NS proteins. Structural proteins, including the core
protein and envelope glycoprotein 1 (E1) and E2, are
encoded in the N-terminal region of the ORF, whereas
NS proteins, including NS1, NS2, NS3, NS4B, NS5A
and NS5B, reside in the C-terminal region (Figure
1). HCV core protein is not only a component of the
viral nucleocapsid but also a multifunctional protein
[37]
that modulates viral and cellular gene expression .
The assembly of HCV requires a platform of cellular
lipid droplets and interactions between NS5A and the
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Figure 1 Diagram of the hepatitis C viral genome. Hepatitis C virus is a single-stranded RNA virus, and its genomic organization shows highly conserved 5’ and 3’
nonstructural proteins. UTR: Untranslated region; C: Core protein; E1 and E2: Envelope glycoprotein 1 and 2; NS: Nonstructural protein.
[38]

core protein
(Figure 2). Thus, most HCV-associated
[4-10]
metabolic alterations in hosts involve HCV core
[11-14]
and NS5A
proteins. Assembled particles bud into
the endoplasmic reticulum (ER) and traffic through
the secretory pathway, from which they are exported
from the cell in conjunction with lipoprotein secre
[39,40]
tory pathways
. In the blood, HCV particles are
heterogeneous in size and density as a result of their
association with serum lipoproteins, namely, lipoviral
[41]
particles (LVPs) (Figure 2).

HCV influences host lipid metabolism in three ways,
causing enhanced lipogenesis, impaired degradation
[2]
and impaired export (Figure 3). Hepatic steatosis
arises from these conditions.
Enhanced lipogenesis: Inhibiting sterol regulatory
element-binding protein (SREBP) activation by
[49]
treatment with 25-hydroxycholesterol , cholesterol
[50]
[51]
25-hydroxylase , nordihydroguaiaretic acid
[52]
and subtilisin/kexin-isozyme-1 or site-1 protease
blocks HCV replication. Fatty acid synthase (FAS), an
enzyme primarily involved in the de novo synthesis of
fatty acids, is up-regulated during HCV infection, and
the inhibition of FAS activity inhibits HCV replication
[53,54]
and release
. One product of the mevalonate
pathway produced during the synthesis of cholesterol,
geranylgeranyl lipid, that is required for HCV RNA
replication, as shown by experiments in which the
inhibition of HCV RNA replication by lovastatin was
[55,56]
overcome by the addition of geranylgeraniol
.
This finding is further supported by the observation
that HCV replication can be blocked by an inhibitor
[55]
of geranylgeranyl transferase I . Inhibitors of
the synthesis of triacylglycerides and cholesterol
esters, triacsin C and YIC-C8-434, which inhibit
long-chain acyl-CoA synthetase and acyl-CoA:
cholesterol acyltransferase, respectively, reduce HCV
[57]
RNA synthesis . These observations highlight the
importance of up-regulating the de novo synthesis of
fatty acids and cholesterol to enhance the availability
of important lipid constituents and to establish
[2]
efficient HCV replication . Altered pathways have
been documented in HCV replicon-expressing cells
using the Kyoto Encyclopedia of Genes and Genomes
Pathway database; these pathways include mitogenactivated protein kinase, steroid biosynthesis, steroid
biosynthesis and sphingolipid metabolism pathways,

METABOLIC ALTERATIONS AND HCV: IN
VITRO STUDIES
Most clinically isolated HCV is difficult to replicate
[42]
in cultured cells . Therefore, cells harboring HCV
subgenomic replicons are widely used to study HCV
[43]
replication . Although very effective at replication, the
replicon system is unable to produce infectious HCV
particles. In contrast, a strain of genotype 2 (G2) HCV
is capable of replicating in Huh7 cells and producing
[44,45]
HCV particles that are infectious in cultured cells
.
HCV particles produced through cell culture (referred
to as HCVcc) are able to establish long-term infections
in chimpanzees and in mice containing human liver
[46]
grafts . Pseudoparticles of HCV (HCVpps) are
retroviral nucleocapsids surrounded by a lipid envelope
[47]
containing authentic HCV glycoprotein complexes .
HCVpp is an ideal system for studying receptor
binding and entry and has been used to characterize
[48]
neutralizing antibodies . Most data from in vitro HCV
studies use the aforementioned systems.

Lipid metabolism

The HCV life cycle is closely associated with the
cholesterol and lipogenesis pathways in hepatocytes.
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Figure 2 Life cycle of hepatitis C virus in the hepatocyte. Hepatitis C virus (HCV) LVPs enter hepatocytes via receptor-mediated endocytosis. Released viral RNA
is translated at the endoplasmic reticulum (ER), producing a single polyprotein precursor that is cleaved by host and viral proteases. The viral NS proteins (e.g., NS5A
protein) form RNA replication complexes in lipid rafts, where positive-strand RNA is replicated via a negative-strand intermediate. Newly synthesized positive-strand
RNA is encapsidated by the HCV core protein in close proximity to LDs, and envelope glycoproteins are acquired through budding into the ER lumen. LVPs mature in
the ER through interactions with lipoproteins and exit the cell via the cellular Golgi apparatus. LD: Lipid droplet; LVP: Lipoviral particle; Golgi: Golgi apparatus.
[58]

which are required for efficient HCV replication

[8]

.

reported . It has been suggested that HCV core
protein directly interacts with retinoid X receptor
α, a transcriptional regulator that controls many
[9]
cellular functions, including lipid metabolism . HCV
core protein acts as a pathogenic factor involved
in lipid droplet accumulation, changes in lipogenic
gene expression, and/or the activity of lipogenic
[62]
proteins in a genotype-specific manner . Amino acid
substitutions at positions 182 and 186 of genotype 3a
(G3a) HCV and at amino acid 70/Q of genotype 1b
(G1b) HCV affect lipid metabolism and contribute to
[63]
the development of steatosis . Hepatic steatosis is
most common in patients infected with genotype 3 (G3)
HCV, possibly due to the direct effects of G3 HCV core
[64]
proteins . However, HCV core protein may not be the
only viral protein involved in HCV-induced steatosis.
An interaction between HCV NS5A and apolipoprotein
AI was observed in vitro, and core protein/NS5A
colocalization was observed in cytoplasmic lipid
[12,13]
droplets after transfection
. The expression of HCV
NS5A in human hepatoma cells increased lipid droplet
formation through enhanced lipogenesis and the
transcriptional expression of PPARγ coactivator (PGC)1α and diacylglycerol acyltransferase-1 but reduced
[11,12]
the transcriptional expression of MTTP and PPARγ
.

Impaired degradation: HCV impairs mitochondrial
lipid β-oxidation, which results in low lipid combustion
and the inhibition of mitochondrial trifunctional protein
[59]
by HCV, as noted in HCV-infected hepatocytes .
Additionally, a systems biology approach identified the
mitochondrial fatty acid oxidation enzyme dodecenoyl
coenzyme A delta isomerase as a bottleneck protein
controlling host metabolic reprogramming during HCV
[60]
infection .
Impaired export: HCV has been shown to impede
lipid export from the liver by reducing microsomal
triglyceride transfer protein (MTTP) activity in animal
[16]
studies .
Viral proteins and associated alterations to
lipid metabolism: HCV infection, mainly through
the activity of the HCV core protein, decreases the
expression and activity of peroxisome proliferator[61]
activating receptor (PPAR)-α/γ in hepatocytes . HCV
core protein localizes in the membrane of lipid vesicles
and induces hepatic fat accumulation by activating
[6,7]
SREBP-1c . An in vitro interaction between HCV
core protein and apolipoprotein AII has also been
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Figure 3 Hepatitis C virus-associated metabolic alterations in the hepatocyte, data from bench studies. SREBP: Sterol regulatory element-binding proteins;
PPAR: Peroxisome proliferator-activated receptors; Glu: Glucose; Glut: Glucose transporter; ER: Endoplasmic reticulum; SRE: SREBP response element;
FA: Fatty acid; PPRE: PPAR response element; PI3K: Phosphatidylinositide 3-kinase; Akt: Protein kinase B: Fox: Transcription factor forkhead box; PEPCK:
Phosphoenolpyruvate carboxykinase; G6Pase: Glucose 6-phosphatase; IR: Insulin receptor; IRS: Insulin receptor sustrate; NS5A: HCV nonstructural protein 5 A; TG:
Triglyceride; ApoB: Apoliporptoein B; MTTP: Microsomal triglyceride transfer protein; VLDL: Very low-density lipoprotein-cholesterol; SOCS: Suppressor of cytokine
signaling proteins; mTOR: Mammalian target of rapamycin; TNF: Tumor necrosis factor; TNFR: Tumor necrosis factor receptor; LD: Lipid droplet.

promotes the accumulation of HCV RNA through
a direct interaction with viral RNA and stimulates
the mevalonate pathway in the liver, the inhibition
of miR-122 has negligible effects on the rate of
3-hydroxy-3-methyl-glutaryl-CoA reductase RNA
synthesis. These findings suggest that miR-122 does
not directly affect HCV RNA abundance through the
[65]
mevalonate pathway .

increasing tumor necrosis factor production while
enhancing the activity of suppressor of cytokine
[66,69]
signaling 3 (SOCS-3)
in inhibiting insulin receptor
substrate (IRS) function to perturb glucose metabolism
via the down-regulation of GLUT4 and the up[10,70]
regulation of PCK2 for IR
(Figure 3).
Viral proteins and associated alterations to
glucose metabolism: HCV proteins associate with
mitochondria and the ER to promote oxidative stress,
which involves p38 mitogen-activated protein kinase
[71]
and activates nuclear factor kappa B . HCV core
protein induces the proteasomal degradation of IRS-1
[10]
and IRS-2, blocking intracellular insulin signaling .
Genotype-specific impairment of insulin signaling
was observed during HCV infection; the expression of
the G3 HCV core protein led to the down-regulation
of PPARγ and the up-regulation of SOCS-7, whereas
[72]
the G1 core protein activated mTOR . HCV NS5A
was directly linked to FoxO1-dependent increased
[67]
gluconeogenesis and to cellular hexokinase 2, the
[14]
first rate-limiting enzyme of glycolysis . HCV NS5A
also increased the serine phosphorylation of IRS-1,
thereby hampering metabolic activity and contributing
[11]
to IR (Figure 3).

Glucose metabolism

Altered pathways: HCV down-regulates glucose
transporter 2 (GLUT2), which transports glucose
to hepatocytes, and up-regulates the genes for
phosphoenolpyruvate carboxykinase (PEPCK) and
glucose 6-phosphatase (G6Pase), which are ratelimiting enzymes for hepatic gluconeogenesis. PEPCK
and G6Pase are regulated by the transcription factor
[66]
forkhead box O1 (FoxO1) . The phosphorylation of
FoxO1 was diminished in HCV-infected cells, resulting
[67]
in an increased nuclear accumulation of FoxO1 .
Additionally, increased hepatic expression of PGC1α has been implicated in the elevation of G6Pase
[68]
secondary to HCV infection . HCV modulates the
protein kinase B/mammalian target of rapamycin/S6
kinase 1 (Akt/mTOR/S6K1) signaling cascades by
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[16]

HCV and cellular organelles: Evidence suggests
that the impairment of mitochondrial functions,
including the modification of metabolic fluxes, fatty
acid oxidation, the generation and elimination of
2+
oxidative stress, Ca signaling and apoptosis, plays a
central role in HCV-associated metabolic alterations,
particularly as several HCV proteins localize to
[73]
mitochondria . Attention has been focused on
the PPARs due to their role in controlling liver lipid
[74]
metabolism . HCV infection also induces ER stress
[75]
that results in the up-regulation of PGC-1α . Upon
envelopment at the ER, HCV exits the cell via the
secretory pathway, as shown by the localization of HCV
core protein to the Golgi and its co-trafficking with
[76]
components of the recycling endosome .

cholesterol, hampering lipid export from the liver .
Using a line of conditional HCV core transgenic mice,
we have shown the topological relationship between
[19]
HCV core protein and hepatic lipid vesicles ; we
also demonstrated that HCV core-induced nonobese
hepatic steatosis is associated with the downregulation of the leptin gene in visceral fat and con
[20]
current hypoadiponectinemia , and gene expression
analyses in HCV core transgenic mice revealed SREBP
pathway activation and the dysregulation of genes
involved in lipid metabolism, including 3-hydroxy-3methylglutaryl-coenzyme A synthase 1, apolipoprotein
AII, apolipoprotein CI, acyl-CoA thioesterase I, and
[21]
fatty acid binding protein 1 . In transgenic mice
expressing the full-length HCV ORF, hepatic steatosis
was associated with reduced plasma triglyceride
levels. Triglyceride secretion was impaired, whereas
activated lipogenesis was evidenced by increased
lipogenic enzyme transcription resulting from the
maturational activation and nuclear translocation of
[22]
SREBP1c . Another transgenic mouse line expressing
all HCV proteins showed that fatty acid synthase was
redistributed from its normal periportal expression into
the midzone of the lobule. The alteration of zonation
was not limited to lipogenic enzymes and appeared to
be driven by systemic signaling via the Wnt/β-catenin
pathway. These results help to explain the systemic
effects of HCV on liver metabolism, which are triggered
[23]
by a minority of infected cells . HCV-infected Tupaia
belangeri chinensis demonstrated a perturbation of the
taurine, hypotaurine, ether lipid, glycerophospholipid,
arachidonic acid, tryptophan, and primary bile acid
[81]
metabolism pathways .

Generalized metabolic alterations: Proteomic and
lipidomic profiling performed in acute HCV-infected
Huh-7.5 cells has shown that HCV induces early
perturbations in glycolysis, the pentose phosphate
pathway, and the citric acid cycle; these changes
favor host biosynthetic activities supporting viral
replication and propagation. These effects are followed
by a compensatory shift in metabolism aimed at
maintaining energy homeostasis and cell viability
during elevated viral replication and increasing cellular
stress. Thus, HCV infection may be associated with a
delay in cell cycle progression that is accompanied by
an adaptive metabolic response aimed at channeling
[77]
substrates from synthetic to energetic purposes .
In a persistently HCV-infected cell line displaying
prominent steatosis and supporting HCV infection
for more than 2 years, the citric acid cycle was
preferentially facilitated over the glycolysis pathway
[78]
with marked increases in most amino acids . Another
study involving transcriptome sequencing, microarray
analysis, and proteomic analyses of HCV infection in
Huh 7.5 cells showed that HCV caused X receptor/
retinoic acid receptor activation as a potential host
antiviral response, and integrin-linked kinase signaling
served as an entry factor. These responses also led
to increases in cellular cholesterol and free fatty acid
levels, which were associated with a profound and
[79]
specific decrease in cellular glucose levels .

METABOLIC ALTERATIONS AND HCV:
HUMAN STUDIES
Cross-sectional studies

In cross-sectional human studies, HCV genotype,
baseline glucose profile and ethnicity were crucial
[82-90]
confounders for metabolic alterations
. The
metabolic alterations and complications associated
with HCV infection are discussed below (Figure 4):
Hepatic steatosis and hypolipidemia: The overall
prevalence of hepatic steatosis in patients with HCV
infection is 55.54%, which is higher than in uninfected
[91]
individuals . In contrast to non-alcoholic fatty
liver disease (NAFLD), which is usually associated
[92]
with hyperlipidemia , chronic hepatitis C (CHC)
is strongly linked to hypolipidemia, including hypocholesterolemia, hypo-triglyceridemia and low low[93,94]
density lipoprotein (LDL) cholesterol levels
. The
presence of NAFLD in patients with HCV is strongly
associated with features of MS and is a risk factor for
[95]
advanced fibrosis . In G3-HCV infections, hepatic
steatosis is related to viral load and hypolipidemia
but not to metabolic factors and is termed “viral

METABOLIC ALTERATIONS AND HCV:
ANIMAL STUDIES
Studies using constitutional HCV core transgenic mice
have demonstrated the augmented production of
oxidative stress and the activation of the scavenging
[17,79]
system, including catalase and glutathione
.
[80]
Together with the observed activation of PPARα ,
these findings may account for the hepatic steatosis
[17]
induced by HCV infection . In another line of cons
titutional HCV core transgenic mice, core expression
led to reductions in MTTP activity and in the particle
size of nascent hepatic very low-density lipoprotein
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LDL-cholesterol, lower levels of triglycerides, and a
lower prevalence of IR and moderate-severe steatosis
[105]
than patients without this genotype
. Moreover, an
inverse correlation between microvesicular steatosis
[106]
and level of autophagy was reported . The activation
of hepatic cannabinoid receptor 1 [CB(1)] is associated
with steatosis and fibrosis, and CB(1) is up-regulated
and is associated with increased steatosis in G3 CHC
[107]
patients .

Stroke

CA, high IMT

IHD, CHF

FL

IR, diabetes, MS and obesity: High prevalences
of IR, diabetes, MS and obesity (increased levels of
mesenteric fat) in CHC patients compared with controls
[82,107-110]
have been demonstrated in several studies
. IR
was shown to be associated with high serum HCV RNA
[82,83]
levels in G1, G2, G3 and G4 patients
, but IR was
more common in patients with G1 and G4 than in those
[84]
with G2 and G3 , or more common in those with
[85]
G1, 2, and 4 than in those with G3 HCV infection .
Whether a dose-response relationship between the
HCV RNA level and the presence of IR exists in Asian
[86,88,105]
G1 and G2 CHC patients remains unclear
. MS
was more frequent in G1 patients than in G2 patients,
and MS and G1 were significantly related to SOCS-3
[89]
overexpression . Among nondiabetic CHC patients,
[90]
IR does not seem to be associated with viremia .
Ethnicity and BMI might be individually associated
with the progression of fibrosis and the presence of
[111,112]
cirrhosis
because Hispanics had the highest
fibrosis indices and prevalences of cirrhosis, whereas
[112]
African Americans had the lowest . Visceral obesity
was associated with high viral loads and histological
damage in elderly (≥ 60 year) patients with reduced
[113]
adiponectin levels
. In a study of the effects of
genetics on IR, G2 CHC patients carrying the patatinlike phospholipase domain containing 3 protein
(PNPLA3) I148M allele had increased IR and lower viral
[114]
loads at baseline
. However, among non-diabetic
G1 and G4 CHC patients, the rs738409 (PNPLA3) GG
genotype was associated with advanced fibrosis and
steatosis but not with IR. In contrast, the IL28B non[115]
CC genotype was an independent risk factor for IR .

H/T
CKD

Obesity, high WC
Hypolipidemia
IR, DM

Figure 4 Hepatitis C virus-associated metabolic alterations and
cardiovascular events, data from human studies. CA: Carotid
atherosclerosis; IMT: Intima-media thickness; IHD: Ischemic heart disease;
CHF: Congestive heart failure; FL: Fatty liver; H/T: Hypertension; WC: Waist
circumference; IR: Insulin resistance; DM: Diabetes; CKD: Chronic kidney
disease.

steatosis.” In G1, G2, or G4 HCV infections, steatosis
appears to be secondary to IR/MS and is regarded as
[85,96-98]
“metabolic steatosis”
. MTTP may play a central
role in HCV-related steatosis because it is modulated
by different genotype-specific mechanisms, mainly
hyperinsulinemia in non-G3 CHC patients, and by
more profound and direct virus-related effects in G3
[99]
CHC individuals . Viral steatosis as observed in G3
CHC does not contribute significantly to liver fibrosis.
IR, rather than steatosis, was independently associated
[100]
with fibrosis for both G1 and G3 HCV
. However,
other studies with 160 to 3026 CHC patients confirmed
the positive role of steatosis in G3 CHC in accelerating
[101,102]
fibrosis
. HCV-associated hypolipidemia is most
[103]
prominent in G3 CHC
. A proportional relationship
between serum lipid profiles and G2 HCV viral load
has been reported based on a study of more than 500
[87]
Asian CHC patients . Concordantly, triglyceride levels
have been shown to be associated with HCV levels in
[104]
Western G1 CHC patients . In a study of the impacts
of genetics on metabolic alterations, Caucasian G1
CHC patients with the CC polymorphism in interleukin28B (IL28B) had higher levels of total cholesterol and
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Cardiovascular events: Despite the favorable
lipid profile caused by HCV infection noted above,
many studies have shown an unfavorable role of
HCV infection in cardiovascular events. Higher waist
[116,117]
circumferences, hypertension rates
, prevalences
[118]
of late chronic kidney disease
, stroke and past
[119]
ischemic heart disease
, intima-media thicknesses
[120]
(IMT, an index of early atherosclerosis)
, rates of
[117]
congestive heart failure
, serum homocysteine
[121]
[122]
levels
and rates of carotid atherosclerosis (CA)
were noted in CHC patients compared with normal
controls. However, a Japanese study of 88 CHC
patients showed that carotid IMT was reduced in CHC
[123]
patients compared with controls
. Notably, IMT,
carotid plaques and coronary heart disease were found
to be significantly associated with HCV infection only

1467

January 28, 2016|Volume 22|Issue 4|

Chang ML. Metabolic alterations in HCV
after adjustment for “classical” cardiovascular risk
factors, particularly LDL cholesterol and systolic blood
[110]
pressure
. These results may suggest that HCV
affects cardiovascular risk mainly via non-conventional
pathways rather than by virus-induced metabolic
modifications, such as IR and good lipoprotein profiles,
[124]
which may balance one another . Furthermore, HCV
RNA levels were found to be independently associated
with CA in both the early phases of IMT lesions and the
[122]
advanced phases of plaques
. Direct viral invasion
of cardiovascular tissues and systemic inflammation
caused by HCV infection are potentially responsible
for the high rates of cardiovascular events in CHC
[125]
patients .

synthesis pathway, as shown by lower distal sterol
metabolites and preserved lanosterol levels. This distal
[142]
interference resolves with SVR .
IR, diabetes, MS and obesity: Among CHC patients
without baseline glucose abnormalities, HCV clearance
[143]
did not reduce the risk of glucose intolerance
.
However, another study showed that among nondiabetic CHC patients, HCV ameliorates β-cell
[144]
function
. The data on genotype-specific effects
are even more diverse. For example, the eradication
of HCV was thought to reduce the incidences of type
[145]
2 diabetes in both G1 and G2 patients
. However,
reduced IR at 12 wk after treatment was observed
[146]
in G1 but not G2 or G3 patients with SVR
.
Concordantly, a study based on Virahep-C showed that
among G1 CHC patients with IR before treatment, viral
clearance results in improvements in the HOMA-IR
[147]
index 24 wk after treatment completion . Although
a prospective study that enrolled non-diabetic G1,
2, 3 and 4 CHC patients failed to demonstrate any
differences between the mean pre- and 24 wk postanti-HCV treatment HOMA-IR values in patients with
SVR, there was an increased rate of de novo IR in
non-SVR patients compared with SVR patients 24
mo after treatment completion, regardless of viral
[148]
genotype
. All of the above results indicate that
follow-up > 24 wk after treatment completion is
essential for studying favorable glucose metabolism
alterations after HCV viral clearance, especially in G1
CHC patients, after adjusting for baseline metabolism.
In a study of patients who underwent orthotopic liver
transplantation (OLT) in the setting of recurrent HCV
after OLT, MS was strongly associated with long-term
[149]
fibrosis progression . CHC subjects were more likely
to be overweight and obese at the time of transplant,
and these conditions are associated with a higher risk
of post-transplant diabetes that persists for up to 5
years post-transplant compared with that for CHB
[150]
patients . Interestingly, a study of G1 CHC patients
showed that a high visceral adiposity index score is
independently associated with steatosis and has a
[151]
direct correlation with viral load .

Longitudinal studies

The combination of pegylated interferon (Peg-IFN)-α
and ribavirin has provided a “cure” for a considerable
proportion of patients with CHC, particularly in patients
[24]
with the favorable IL28B genotype . These cure rates
were further improved by replacing interferon-based
[25]
therapy with potent DAA drugs . Thus, the many
longitudinal studies of CHC patients receiving Peg-IFNbased or DAA therapy provide a landscape in which
to study metabolic alterations and the associated
manifestations caused by HCV clearance by comparing
pre- and post-anti-HCV treatment metabolic profiles.
Predictors for the therapeutic failure of anti[126]
HCV therapy: High waist circumference
, high
homeostatic model assessment (HOMA)-IR (for G1b,
[105,127-129]
G2, G3 and G4 HCV infection)
, high preanti-HCV treatment HCV RNA level, old age (for
[128]
G1b)
, low serum total and LDL-cholesterol and
[130]
oxidative stress (for G1, 2 and 3)
, steatosis (for
[131,132]
[133]
non-G3)
, DM
, IL28B non-CC genotype
[129]
[134]
(for G1 and 4)
and high serum uric acid level
predict anti-HCV treatment failure. Although hepatic
steatosis is associated with lower sustained virological
response (SVR), this effect is attenuated by IL28B in
[135]
G1 Caucasian CHC patients
. Furthermore, studies
of 96 to 932 CHC patients have shown that steatosis
independently predicts relapse in G3 CHC patients with
[136,137]
SVR
. However, IR does not predict rapid virologic
[138,139]
responses or SVRs in CHC patients without MS
.

Cardiovascular events: A retrospective United
Kingdom cohort study of 4809 HCV-infected patients
and 71668 controls failed to demonstrate different
incidences of myocardial infarction between HCVinfected and HCV-uninfected patients during a median
[152]
follow-up of 3.2 years
. In contrast, a communitybased prospective Taiwanese cohort study of 1095 antiHCV seropositive and 18541 anti-HCV seronegative
patients showed higher circulatory and renal disease
mortality in anti-HCV seropositive than in anti-HCV
seronegative patients during an average follow-up
[153]
period of 16.2 years
. Several large populationbased cohort studies using the Taiwan National Health
Insurance Research Database have recently shown
that anti-HCV therapy is associated with decreased

Hepatic steatosis and hypolipidemia: Although the
reversal of both hepatic steatosis and hypolipidemia
has been reported only in G3 CHC patients and is not
[140]
shared by other genotypes , accumulating evidence
demonstrates that the reversal of hypolipidemia is not
[3,141]
genotype specific
. In a study of genotype-specific
HCV-associated lipid alteration, G2 CHC patients were
shown to benefit more than G1 CHC patients from viral
clearance resulting from lipid alterations, particularly
[3]
in those without baseline IR . Using a targeted paired
cholesterol metabolomics study of CHC patients who
received anti-HCV therapy, G3 but not G2 HCV was
shown to selectively interfere with the late cholesterol

WJG|www.wjgnet.com

1468

January 28, 2016|Volume 22|Issue 4|

Chang ML. Metabolic alterations in HCV
positive role of serum adiponectin in anti-HCV specific
[161]
immune responses has been demonstrated . Thus,
[159]
after SVR, the decrease in adiponectin in G4
patients
may reflect the reversal of hepatic fibrosis and hypotriglyceridemia, whereas the increase in adiponectin in
[163]
G3
patients may indicate an improvement in hepatic
[167]
steatosis, which is most evident in G3 CHC .

Table 1 The reversibility of hepatitis C virus-associated
cardiometabolic diseases after viral clearance
HCV-associated
cardiometabolic diseases
Hypolipidemia
Hepatic steatosis
Obesity
Glucose intolerance, insulin
resistance and diabetes
Cardiovascular events

Reversible after viral
clearance

Ref.

Yes
Yes
No
No
Yes
No
Yes

[3,110,140-142]
[140]
[110]
[110,143]
[145-148]
[152]
[153-155]

PAI-1: Serum PAI-1 levels were identified as positive
[168]
predictors of interferon-based therapeutic response .
Visfatin: No correlation between visfatin and HCV
genotypes, viral load, or treatment response to Peg[169]
IFN/ribavirin therapy has been shown .

HCV: Hepatitis C virus.

8-year cumulative cardiovascular incidences in CHC
[154,155]
patients
. These conflicting reports suggest the
importance of follow-up duration (likely more than 8
years) when evaluating the effects of HCV infection on
cardiovascular complications.
The HCV-associated cardiometabolic diseases and their
recoverability after viral clearance, which were mainly
obtained from longitudinal studies, are listed in Table 1.

HCV infection and adipocytokine alterations
[156]

RBP4: CHC patients had lower RBP4 levels than did
control subjects. Higher RBP4 levels were linked to
lower alanine aminotransferase, hyperlipidemia and
[170]
high HOMA-IR in CHC patients . Only patients with
SVR had higher post-anti-HCV treatment RBP4 levels
[171]
than pre-anti-HCV treatment levels .
Resistin: Hyper-resistinemia in CHC patients has
[172-175]
been consistently reported
. This condition is
[176]
reversed after viral clearance
and determines
[174]
moderate to severe fibrosis
but is not associated
[176]
with therapeutic response .

[157-162,164-167]

Adipocytokines, including leptin , adiponectin
,
[168]
[169]
plasminogen activator inhibitor-1 (PAI-1) , visfatin ,
[170,171]
[172-176]
retinol-binding protein 4 (RBP4)
and resistin
,
are discussed below:
Leptin: In a study of 42 patients, the serum leptin
[156]
levels in CHC patients were higher than in controls .

CONCLUSIONS AND PROSPECTIVE
STUDIES

Adiponectin: The data regarding adiponectin
alteration and its correlation with HCV viral load are
quite diverse among studies involving various HCV
genotypes. For example, G3 CHC patients showed
lower adiponectin levels than those of patients with
[157]
other genotypes
. High HCV load and G2 were
significantly associated with lower serum adiponectin
[158]
levels
. Adiponectin level increases with the
progression of hepatic fibrosis but is not related to
[159]
viral load in G4 CHC patients
. In G1 or G3 CHC
patients, adiponectin was associated with steatosis
only in males and paradoxically increased with hepatic
[136]
inflammation
. IR was associated with a decrease
[160]
in adiponectin in G3 but not G1 CHC patients
.
Adiponectin levels were significantly decreased in G1
[161]
and G3 CHC patients . Whether HCV viral clearance
leads to hyper- or hypo-adiponectinemia remains
[159,163]
unclear and may differ between G3 and G4 HCV
.
The lack of clarity regarding HCV infection and
adiponectin alterations may stem from heterogeneous
hepatic pathologies, metabolic conditions and immune
reactions of the patients involved in various studies. In
patients with CHC, fibrosis and steatosis are associated
with hyperadiponectinemia and hypoadiponectinemia,
[164,165]
respectively
. Furthermore, adiponectin is negatively
[166]
correlated with IR, hepatic steatosis and MS
. The

Using in vitro systems and animal models, the
basis for HCV-associated metabolic alterations
has been elucidated in detail in the literature.
However, in human studies, various viral factors,
especially HCV genotype, and host factors, including
IL28B genotype, ethnicity and baseline metabolic
conditions, may obscure metabolic alterations and
complications attributed to HCV. By using anti-HCV
therapy, prospective studies of CHC patients with
viral clearance after anti-viral therapy followed by
long periods of off-therapy observation provide the
opportunity to study genuine metabolic homeostasis
and establish personalized care for CHC patients. The
future challenge for hepatologists, in an era in which
almost all HCV is eradicable by potent DAAs, will be
to determine whether hepatitis C virus-associated
metabolic alterations and cardiovascular events are
completely reversible or whether some are aggravated
after viral clearance by anti-hepatitis C therapy. These
discoveries will help to provide personalized care for
patients with chronic or past HCV infection.
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TOPIC HIGHLIGHT
2016 Hepatitis C Virus: Global view

Host restriction factors for hepatitis C virus
Li-Ya Zhou, Lei-Liang Zhang
informed fundamental concepts of viral replication
and pathogenesis and provided novel insights into
host cell biology. These findings are illustrated by the
recent discovery of host-encoded factors that restrict
HCV infection. In this review, we briefly discuss these
restriction factors in different steps of HCV infection.
In each case, we discuss how these restriction factors
were identified, the mechanisms by which they inhibit
HCV infection and their potential contribution to viral
pathogenesis.
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Core tip: Hepatitis C is a liver disease caused by the
hepatitis C virus (HCV), which chronically infects
approximately 130-150 million people. The ultimate
outcome of HCV infection depends on host-viral
interactions. Host cells encode multiple proteins to
suppress HCV infection, known as host restriction
factors. In this review, we will summarize the host
restriction factors in different steps of the HCV life
cycle. The possible mechanisms of the host restriction
factors will also be discussed.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a major cause
of liver disease, with approximately 130-150 million
[1]
people chronically infected . Chronic HCV infection
frequently develops into liver fibrosis, cirrhosis,

Abstract
Host-hepatitis C virus (HCV) interactions have both

WJG|www.wjgnet.com

1477

January 28, 2016|Volume 22|Issue 4|

Zhou LY et al . HCV host restriction factors
hepatocellular carcinoma (HCC), and eventually
[2]
death . Currently, there are two strategies for curing
hepatitis C, including interferon (IFN)/ribavirin and
[3,4]
direct-acting antiviral agents (DAAs) .
HCV is a single-stranded positive RNA enveloped
virus that belongs to the family Flaviviridae. The viral
RNA is 9.6 kb long and encodes a large polyprotein
precursor of approximately 3000 amino acid residues.
HCV polyprotein is proteolytically processed by cellular
and viral proteases into structural (core, E1, and
E2) and nonstructural (p7, NS2, NS3, NS4A, NS4B,
[5]
NS5A and NS5B) proteins . The majority of hostvirus interactions are beneficial for the virus, including
[6]
HCV . Recently, a group of intracellular proteins/
peptides that specifically evolved to interfere with HCV
was identified. These proteins/peptides are collectively
[7,8]
called host restriction factors . Host restriction factors
affect almost all stages of the HCV life cycle, including
viral entry, replication, assembly and secretion.
However, the involvement of these host restriction
factors in the regulation of the HCV life cycle has not
been fully elucidated. A better understanding of the
interactions between HCV and host restriction factors
will help to facilitate the identification of potential novel
molecular targets for anti-HCV therapies.
IFNs belong to a family of cytokines that respond
[9]
to external stimuli, such as viral infection . IFNs
activate the JAK-STAT signal amplification cascade and
induce expression of a number of interferon stimulated
genes (ISGs), including double-stranded RNA-depen
[10]
dent protein kinase R (PKR) , 2’-5’-oligoadenylate
[11]
[12]
synthetase (OAS) , myxovirus resistance 1 (MxA) ,
[13]
and interferon-induced protein 56 (IFI-56K) . However,
for most ISGs, little is known regarding their specific
targets or their modes of action.
The development of selectable subgenomic RNAs
[14]
[15]
(replicons) , cell culture infection systems
and
animal models has enabled the identification of ISGs
responsible for suppressing HCV replication and their
molecular mechanisms (Table 1). One strategy from
Metz and coworkers involved identifying candidate
genes up-regulated by IFNs in the HCV replicon
[16]
system using cDNA microarray technology . Next,
they devised an siRNA-based rescue assay by
individually knocking down each candidate gene in
IFN-treated cells and screening for the subsequent
restoration of HCV replication. Finally, overexpression
of newly identified HCV restriction factors confirmed
[16]
their antiviral activity . In contrast to this RNA
interference (RNAi)-based “loss of function” assay,
“gain of function” studies can also be designed using
[17,18]
an overexpression screening approach
.

Table 1 Summary of host restriction factors for hepatitis C
virus
HCV life cycle
step

IFN induceble
or not

Ref.

IFITM1
IFITM1
Ficolin-2
EMR
Moesin
TRIM14
NOS2
IFITM3
ISG56
viperin
CIDEB
Xrn1
Xrn2
APOBEC3G
Sac1
ACBD3
SOCS3
MSR1
BST-2

Entry
Replication
Entry
Entry
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Particle
production and
release
Secretion and
release
Particle
production

Y
Y
N
N
N
Y
Y
Y
Y
Y
N
N
N
N
N
N
N
N
Y

[19]
[38]
[20]
[21]
[21]
[16]
[16]
[16]
[38]
[17,58,59]
[33,63]
[66-70]
[67,68]
[76,77]
[83,84]
[91]
[97]
[103]
[125-127]

N

[132]

N

[137,138]

PKD
YB-1

HCV: hepatitis C virus; IFN: Interferon; IFITM1: interferon-induced
transmembrane protein 1; EMR: ezrin-moesin-radixin; TRIM14: tripartite
motif containing 14; NOS2: nitric oxide synthase 2; IFITM3: interferoninduced transmembrane protein 3; CIDEB: cell-death-inducing DFFA-like
effector b; APOBEC3G: apolipoprotein B messenger RNA-editing enzyme
catalytic polypeptide-like 3G; ACBD3: acyl-coenzyme A binding domain
containing protein 3; SOCS3: suppressor of cytokine signaling 3; BST-2:
bone marrow stromal cell antigen 2; PKD: protein kinase D; YB-1: Y-boxbinding protein 1.

envelope glycoproteins that mediate membrane fusion
[22]
during virus uptake into hepatocytes . HCV enters
hepatocytes through a multi-step process that employs
[23,24]
numerous host factors. Glycosaminoglycans
and
[25]
low-density lipoprotein receptor (LDLR)
are thought
to facilitate initial attachment, followed by interactions
[26]
with CD81 , scavenger receptor class B type 1
[27]
[28]
(SRBI) , the tight junction proteins claudin-1
and
[29]
[30]
occludin , EGFR , the cholesterol uptake receptor
[31]
[32]
Niemann-Pick C1-like 1 , transferrin receptor 1
and the cell-death-inducing DFFA-like effector b
[33]
(CIDEB) .
The IFITM family proteins, including IFITM,
IFITM2 and IFITM3, have recently been shown to
inhibit a number of viruses, including influenza A
virus, SARS corona virus, West Nile virus and human
[34-36]
immunodeficiency virus (HIV)
. IFITM1 was
identified as a potential anti-HCV effector through a
high-throughput genomics screen of ISGs, indicating
[37]
a link between IFITM1 and its antiviral effects .
A previous study showed that IFITM1 restricts
HCV replication, although the mechanism remains
[38]
unclear . A recent study defined IFITM1 as a hepatic
tight junction protein and an ISG with activity against

RESTRICTION FACTORS IN HCV ENTRY
Some restriction factors have been shown to inhibit
HCV entry, including interferon-induced transmembrane
[19]
[20]
protein 1 (IFITM1) , ficolin-2
and ezrin-moesin[21]
radixin (EMR) protein . HCV E1 and E2 are viral
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HCV entry. IFITM1 can disrupt the coordination of HCV
coreceptor interactions, including that of CD81 and
[19]
occludin, to suppress viral entry .
Ficolin-2 (L-ficolin/p35) is a lectin-complement
system activator that recognizes surface carbohydrates
of microorganisms, and it plays an important role in
[39,40]
innate immunity
. Ficolin-2 can specifically bind to
N-glycans of the HCV envelope glycoproteins E1 and
E2, which leads to activation of the lectin-complement
[41]
pathway . Recently, ficolin-2 was identified as a
new HCV entry restriction factor regardless of the
[20]
viral genotype . Ficolin-2 blocks the attachment of
HCV cell entry by interfering with HCVcc binding to
the LDL and SRBI receptors and also weakly to the
CD81 receptor. The C-terminal fibrinogen domain of
ficolin-2 is the critical binding region of HCV-E1-E2.
Ficolin-2 appears to bind to the HCV envelope surface
glycoproteins E1 and E2 and inhibits HCV entry by
blocking the interactions between HCV and LDLR,
[20]
SR-B1, and CD81 .
The ezrin-moesin-radixin (EMR) family includes
closely related cytoskeletal regulatory proteins that
regulate retroviral infection by modulating stable
[42,43]
microtubule formation
. Chronic HCV infectioninduced expression of moesin and radixin, but not
ezrin, was found to be significantly decreased in
Huh7.5 cells and liver biopsies from patients. This
decrease in moesin and radixin was associated with
an increase in stable microtubule formation. The EMR
family differentially modulates HCV infection. CD81
engagement by HCV E2 induces spleen tyrosine kinase
[44]
(SYK) phosphorylation . SYK induces phosphorylation
of ezrin/radixin and mostly likely modulates post-entry
HCV trafficking towards the endoplasmic reticulum
(ER). Only moesin plays a role in HCV RNA replication
[21]
in the Con1 HCV replicon system .

protein 3 (ACBD3), suppressor of cytokine signaling 3
(SOCS3), and class A scavenger receptor 1 (MSR1).
TRIM14, NOS2 and IFITM3 were identified as
novel IFN-α and IFN-γ stimulated genes contributing
to the suppression of HCV replication through an RNA
[16]
interference (RNAi)-based “gain of function” screen .
Overexpression of each gene inhibited viral replication,
whereas this inhibition was less efficient than that
of IFN, indicating the IFN-induced antiviral effects
against HCV are caused by the combined action of
[38]
multiple ISGs. Raychoudhuri et al
recently showed
that ISG56 (also known as IFIT1), which is induced in
response to type Ⅰ IFNs, also serves to restrict HCV
infection. It was previously implicated in the antiviral
[50]
action of IFNs against West Nile virus and LCMV , and
it inhibits human HPV DNA replication by binding to
[51]
the viral protein E1 . Transient expression of ISG56
suppresses subgenomic HCV RNA replication, whereas
[38]
knockdown of ISG56 enhances HCV RNA replication .
Viperin is an evolutionarily conserved types Ⅰ and Ⅱ
[52]
ISG . Previous studies have suggested that viperin,
in combination with other antiviral ISGs, has antiviral
[53,54]
effects against HCV in vitro
and many other
[55]
viruses, including human cytomegalovirus (HCMV) ,
[56]
yellow fever virus , influenza, alphaviruses, HIV
[57]
and dengue . Viperin localizes to both lipid droplets
(LDs) and the ER, and the localization of viperin
to LDs via its N-terminal amphipathic α-helix may
reflect the mechanism that viperin uses to limit HCV
[58]
replication . Recent studies have found that viperin
exerts its anti-HCV effect via its C-terminus. Viperin
suppresses replication of HCV in both replicon and
HCVcc systems, and it interacts with HCV NS5A via its
C-terminal region at the LDs interface and within the
[17]
HCV replication complex . Moreover, viperin inhibits
HCV replication, possibly through binding to VAP-A via
its C-terminal region and interfering with its interaction
[59]
with HCV NS5A .
The cell death-inducing DFFA-like effector (CIDE)
family of proteins, including CIDEA, CIDEB, and
CIDEC/fat-specific protein 27, were initially identified
based on their homology to the N-terminal domain of
DNA fragmentation factors, and they were implicated
[60]
in the induction of apoptosis . Of these three
members, CIDEB is expressed in liver tissue and
[61]
regulates hepatic lipid homeostasis . A potential
interaction of CIDEB with the HCV protein NS2 was
[62]
identified by a yeast-two hybrid assay . Recently,
CIDEB was suggested to be an essential cofactor in a
late step of HCV entry, and it may facilitate membrane
[33]
fusion between HCV and endosomes . By contrast,
Singaravelu and colleagues recently demonstrated that
CIDEB can act as an anti-HCV host factor against HCV
replication. They showed that HCV activates CIDEB
expression in a human serum differentiated hepatoma
cell line. CIDEB overexpression inhibits HCV replication,
whereas siRNA-mediated knockdown of CIDEB
expression promotes HCV replication and secretion
of viral protein. Furthermore, CIDEB inhibits HCV

RESTRICTION FACTORS IN HCV
REPLICATION
After successful binding to a target cell, HCV
penetrates the cell membrane and hijacks many host
factors for the next step of its lifecycle. Although the
HCV viral positive-strand RNA is translated on the
endoplasmic reticulum, its RNA genome replicates
within a ribonucleoprotein complex on ER-derived
membranous structures termed the “membranous
[45-47]
web”
. It is thought that the membranous structure
[48]
is enriched in cholesterol
and unsaturated fatty
[49]
acids . NS3, NS4A, NS4B, NS5A and NS5B form
the replicase complex, which is essential for viral RNA
[14]
replication . Here, we will summarize a series of host
restriction factors suppressing the replication of HCV,
such as tripartite motif containing 14 (TRIM14), nitric
oxide synthase 2 (NOS2), IFITM3, ISG56, viperin,
CIDEB, Xrn1, Xrn2, apolipoprotein B mRNA-editing
enzyme catalytic polypeptide-like 3G (APOBEC3G),
Sac1, acyl-coenzyme A binding domain containing
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replication independently of its ability to regulate lipid
metabolism. Interestingly, CIDEB-induced cell death
and HCV inhibition occur in a caspase-independent
[63]
manner .
The cytoplasmic 5’-3’ exoribonuclease Xrn1 plays
an important role in the 5’ exonucleolytic mRNA
decay pathway, whereas the nuclear exoribonuclease
Xrn2 possesses similar 5’ exoribonuclease activity
and regulates RNA polymerase Ⅱ transcription
[64,65]
termination
. Recent studies have demonstrated
that these two exoribonucleases are both responsible
for the degradation of HCV RNA, against which
[66-69]
miR-122 provides protection
. Xrn1 is a host
restriction factor for all HCV strains tested, including
JFH1, H77S.3, H77D and HJ3-5 viruses, but Xrn2
[67]
restricts the replication of only JFH1 and H77D .
Depletion of either Xrn1 or Xrn2 affects HCV RNA
stability. Xrn1 depletion causes significant decay of
JFH1 and HJ3-5 virus RNA, whereas Xrn2 depletion
has a relatively modest effect on JFH RNA decay and
[66-68]
has no effect on HJ3-5 RNA decay
. However,
the 5’ UTR IRES element for translation of HCV and
bovine viral diarrhea virus represses the cellular
Xrn1 exoribonuclease. Repression of Xrn1 activity
results in general repression of cellular mRNA decay
and thus dysregulation of cellular gene expression,
which may promote viral-induced cytopathology and
[70]
pathogenesis .
Human APOBEC3G (hA3G) belongs to the APOBEC
superfamily. Substantial evidence indicates that hA3G
is a cellular restriction factor for a group of viruses,
including HIV-1, hepatitis B virus, T-cell leukemia
[71-75]
virus type 1, and parvoviruses
. Indeed, hA3G is
also a host innate immunity factor for HCV infection.
Introduction of external hA3G into HCV-infected Huh7.5
cells inhibits HCV replication, whereas treatment of
HCV-infected Huh7.5 cells with specific hA3G siRNA
enhances HCV replication. Stabilization of hA3G
with RN-5 or IMB-26, two known hA3G stabilizers,
[76]
effectively suppresses HCV replication . The antiviral
molecular mechanism of hA3G for HCV occurs through
the direct binding of its C-terminus to the C-terminus
of the HCV non-structural protein NS3, which leads to
a decrease of NS3 helicase activity and inhibition of
[77]
HCV replication; this differs from HIV-1 .
Sac1 is an evolutionarily conserved phospha
tidylinositol phosphatase that dephosphorylates
phosphatidylinositol-4-phosphate [PtdIns(4)P] and
plays important roles at endoplasmic reticulum
(ER)/plasma membrane contact sites and in Golgi
[78-80]
localization, retention and trafficking
. Sac1 is an
integral membrane protein and cycles continuously
between the Golgi and ER via the canonical trafficking
mechanisms involving coat protein complex Ⅰ (COP-I)
[81,82]
and COP-Ⅱ
. Recent studies have uncovered
the anti-HCV role of Sac1. Overexpression of Sac1
[83]
inhibits HCV replication , whereas knockdown of
Sac1 expression by siRNA significantly enhances HCV
[84]
replication . HCV NS5A hijacks the cellular factor
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ARFGAP1 (the GTPase-activating protein for ARF1) to
remove the COP-I cargo Sac1 from the HCV replication
area to maintain a PI4P-enriched microenvironment in
[84]
favor of HCV replication .
ACBD3, also known as GCP60 and PAP7, is a
highly conserved Golgi protein involved in several
[85]
signaling pathways and cellular regulation . Recent
work has demonstrated that ACBD3 functions as a
novel interaction partner of PI4KB to regulate the
replication of picornaviruses through a different mode
of action, including members of the Enteroviruses
(poliovirus, coxsackieviruses and human rhinoviruses)
[86-90]
and Kobuviruses (Aichi virus)
. Moreover, ACBD3
exhibits a genotype-dependent antiviral role in HCV
replication. Overexpression of GFP-ACBD3 was found
to inhibit HCV replication, while knockdown of ACBD3
by siRNA clearly enhanced the core protein level
in HCV-infected Huh7.5.1 cells. Furthermore, HCV
NS5A co-localized with ACBD3, and NS5A from OR6
cells (GT1b) had higher binding affinity with ACBD3
than that from JFH1-infected Huh7.5.1 cells (GT2a).
Moreover, NS5A competed with PI4KB for binding
to ACBD3, and the colocalization efficiency between
PI4KB and PI4P in OR6 cells (GT1b) was higher than
[91]
that in JFH1-infected Huh7.5.1 cells (GT2a) .
SOCS3 is a member of the SOCS (also known
as JAB or SSI) family, and it acts in a negative
feedback loop to regulate inflammatory responses
and inactivate the JAK/STAT pathway. SOCS3
abolishes STAT3 phosphorylation and inhibits phosphoSTAT1 expression, which impairs the IFN defense
[92,93]
pathway
. Several groups have reported a role
for SOCS3 during HCV infection. Among patients
with chronic HCV infection, SOCS3 expression is
significantly higher in patients nonresponsive to IFN
[93-95]
[96]
treatment than in responders
. Bode et al
found that the HCV core protein can induce SOCS3
expression and inhibit phospho-STAT1 expression
to block the IFN-induced formation of ISGF3 in cell
[97]
lines. Shao et al
demonstrated that SOCS3 exhibits
antiviral effects, downregulating HCV replication in an
mTOR-dependent manner. SOCS3 overexpression in
OR6 cells and JFH1-infected Huh7.5.1 cells suppresses
HCV core protein levels and HCV replication despite
the SOCS3-related inhibition of classical type Ⅰ IFN
signaling. Moreover, knockdown of SOCS3 enhances
HCV protein and RNA levels. Furthermore, SOCS3 also
downregulates mTOR expression, and inhibition of
mTOR could reverse the inhibitory effects of SOCS3 on
[97]
HCV replication .
MSR1, also known as SCARA1, SR-AI, or CD204,
is a macrophage-specific trimeric integral mem
brane glycoprotein that has been implicated in
many macrophage-associated physiological and
pathological processes, including Alzheimer’s disease,
atherosclerosis and host defense. MSR1 can mediate
the endocytosis of a range of ligands, such as
acetylated LDL, bacterial cell wall constituents, and
[98-100]
both ssRNA and dsRNA
. Recently, it was shown
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[119]

that MSR1 contributes to antiviral responses evoked
[98]
by extracellular dsRNA . MSR1-deficient mice exhibit
a marked decrease in mLDL uptake and increased
susceptibility to infection by Listeria monocytogenes or
[101]
herpes simplex virus type-1 . MSR1 is required for
induction of the Toll-like receptor 3 (TLR3)-mediated
signaling that triggers pro-inflammatory responses
[102]
in HCMV-exposed monocytes
. MSR1 is also an
essential component of TLR3 sensing that exerts an
antiviral role in HCV infection. Knockdown of MSR1
blocks TLR3 sensing of HCV in infected cells, leading
to increased cellular permissiveness to HCV infection.
MSR1 mediates the establishment of a localized
antiviral state in neighboring uninfected hepatocytes
and restricts viral replication in cell culture. As a result,
MSR1 limits the effect of HCV proteins that disrupt IFN
responses in infected cells, restricting the spread of
[103]
HCV in the human liver .

associated herpesvirus)
, Arenaviridae (Lassa
[116]
fever virus)
, Rabdoviridae (vesicular stomatitis
[120,121]
virus)
, and Paramyxoviridae (Sendai virus
[122]
and Nipah virus)
. BST-2 tethers or traps budding
virions on the cell surface to block their release, and
they are subsequently endocytosed and degraded
[123,124]
in lysosomes
. As for HCV, it has also been
demonstrated that BST-2 restricts its production and
release in human hepatocytes, including Huh7.5.1
cells, primary human hepatocytes, and HepG2
[125-127]
[125]
cells
. Amet et al
found that overexpression
of BST-2 by stimulation with all three types of IFNs
significantly suppresses HCV production, whereas
knockdown of endogenous BST-2 markedly enhances
HCV production. Knockdown of BST-2 expression
attenuates IFN-mediated anti-HCV activity, indicating
that BST-2 is directly involved in IFN-mediated inhibition
[125]
of HCV production . Another group showed that HCV
production is inhibited by BST-2 overexpression in a
[127]
concentration-dependent manner .
PKD is a serine/threonine kinase including three
isoforms, PKD1, PKD2, and PKD3. PKD is implicated
in multiple intracellular processes and signaling
pathways, such as vesicle trafficking, cell motility,
[128]
cell adhesion and survival responses
. It regulates
the trafficking of secretory vesicles by promoting the
fission of these vesicles from the trans-Golgi network
[129]
to the plasma membrane . Recent work has shown
that ceramide transfer protein (CERT) and oxysterol
binding protein (OSBP), which are both phosphorylated
by Golgi-associated PKD, play crucial roles in Golgi lipid
[130,131]
trafficking and biogenesis
. HCV maturation and
secretion require sphingolipid biosynthesis, which also
occurs in the Golgi and is affected by CERT and OSBP.
[132]
Amako et al
found that PKD negatively regulates
HCV secretion and/or release through the attenuation
of CERT and OSBP function by phosphorylation
inhibition. HCV infection downregulates PKD activation
and subsequently impairs the secretory capacity
of the host cell. PKD inhibition or downregulation
promotes HCV secretion, whereas overexpression of
a constitutively active form of PKD suppresses HCV
secretion. Moreover, the suppressive effect of PKD on
HCV secretion is subverted by the overexpression of
nonphosphorylatable serine mutants of CERT (S132A)
and OSBP (S240A). These observations indicate that
the restrictive role of PKD in HCV secretion and/or
release occurs through the Golgi network (Amako et
[132]
al , 2011).
YB-1 belongs to a DNA/RNA-binding protein family,
and it contains an evolutionary conserved cold-shock
[133]
domain . It was originally identified as a transcription
factor that specifically binds to the Y-box (an inverted
[134]
CCAAT box) in the promoter region of MHC class Ⅱ .
Subsequently, it was found to be a major component
of a ribonucleoprotein complex in the cytoplasm of
mammalian cells and to participate in various cellular
processes, including DNA repair, RNA transcription
and splicing, mRNA packaging, exon skipping, drug

RESTRICTION FACTORS IN HCV
PROPAGATION
The late stage of the HCV life cycle includes virus
assembly, production and secretion. The HCV viral
replication complex is assembled close to cytosolic
lipid droplets (cLDs), and all viral proteins participate
in this process. The core protein localizes around the
cLDs, where it recruits the viral replication complex
by core-NSA interaction. NS2 is also a key player of
viral assembly that engages in crosstalk with both
[104]
structural and nonstructural proteins
. HCV particle
production and secretion are tightly linked to cellular
very low density lipoprotein components known as
[105]
lipoviral particles (LVPs) . LVPs consist of viral RNA,
the capsid protein, envelop glycoproteins, cholesterol,
triacylglycerol, apolipoprotein E (ApoE), ApoA1,
ApoC1, ApoB, and microsomal triglyceride transfer
[106-112]
protein
. Although the HCV virion secretory
pathway has not been completely characterized,
it is believed to occur through the Golgi network,
where HCV E1 and E2 glycoproteins undergo
[113,114]
modifications
. Multiple host factors are involved
and hijacked by HCV to promote HCV assembly,
production and secretion; few cellular factors have
been found to restrict this process, including bone
marrow stromal cell antigen 2 (BST-2), protein kinase
D (PKD), Y-box-binding protein 1 (YB-1) and its
partners.
Bone marrow stromal cell antigen 2 (BST-2, also
known as tetherin, CD317, or HM1.24) is an IFNinduced glycosylated protein that is mainly localized
to the cell membrane. It has recently been identified
as a host restriction factor that inhibits the production
and release of a wide range of enveloped viruses,
including at least six virus families, Filoviridae (Ebola
[115,116]
and Marburg viruses)
, retroviruses (HIV-1,
HIV-2, lentiviruses, and simian immunodeficiency
[117,118]
virus or SIV)
, Herpesviridae (Kaposi’s sarcoma-
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[135,136]

resistance and cancer progression
. Using a
powerful TAP approach and mass spectrometry,
YB-1 was identified as a novel partner of NS3/4A
and HCV genomic RNA. Importantly, knockdown of
YB-1 expression impairs HCV RNA replication and
unexpectedly stimulates HCV virus production and/
or release. Moreover, HCV infection induces YB-1
redistribution to the surface of core-containing lipid
droplets. These data show that YB-1 interacts with
HCV NS3/4A, and it is involved in HCV replication
[137]
and restricts HCV viral particle production
.
Recently, the same group demonstrated that the YB-1
ribonucleoprotein complex negatively regulates HCV
virus production without affecting virus assembly in
[138]
an NS3-dependent manner
. They identified 71
YB-1-associated proteins using quantitative mass
spectrometry. Among these candidates, they found
a restrictive set of YB-1 partners, C1QBP, LARP-1,
and IGF2BP2, which redistribute to the surface of
lipid droplets upon HCV infection and also restrain
late steps of HCV particle production. Moreover, the
NS3 Q221L mutant virus partially restores YB-1complex-dependent negative regulation upon particle
[138]
production .

4
5
6

7
8
9
10
11
12

13

CONCLUSION
HCV triggers a wide variety of cellular responses
in different stages of its life cycle through intricate
interactions between viral and host proteins. Here,
we have briefly reviewed host restriction factors for
HCV that have emerged in recent years (Table 1).
Although great progress has been made in resolving
the host restriction factors and HCV’s physical and
functional networks, we have yet to understand
how these factors protect hepatic cells from viral
infection or how HCV possesses elaborate strategies
to evade these restrictions. These intricate HCV
restriction and counter-restriction mechanisms govern
the ultimate outcome of HCV/cell infection. Powerful
molecular virology tools and adequate experimental
systems should be developed to further understand
the molecular mechanisms underlying this delicate
balance between restriction factors and HCV. A better
understanding of this regulation may shed lights on
more effective therapeutic approaches and may help
to exploit the inhibitory properties of restriction factors
to develop novel anti-HCV drugs and vaccines.
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Abstract

Hu Li, Jian-Dong Jiang, Zong-Gen Peng, Institute of Medicinal
Biotechnology, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100050, China

MicroRNAs (miRNAs) are small noncoding RNAs.
More than 2500 mature miRNAs are detected in
plants, animals and several types of viruses. Hepatitis
C virus (HCV), which is a positive-sense, singlestranded RNA virus, does not encode viral miRNA.
However, HCV infection alters the expression of host
miRNAs, either in cell culture or in patients with liver
disease progression, such as liver fibrosis, cirrhosis,
and hepatocellular carcinoma. In turn, host miRNAs
regulate HCV life cycle through directly binding to HCV
RNAs or indirectly targeting cellular mRNAs. Increasing
evidence demonstrates that miRNAs are one of the
centered factors in the interaction network between
virus and host. The competitive viral and host RNA
hypothesis proposes a latent cross-regulation pattern
between host mRNAs and HCV RNAs. High loads of
HCV RNA sequester and de-repress host miRNAs
from their normal host targets and thus disturb host
gene expression, indicating a means of adaptation for
HCV to establish a persistent infection. Some special
miRNAs are closely correlated with liver-specific disease
progression and the changed levels of miRNAs are
even higher sensitivity and specificity than those of
traditional proteins. Therefore, some of them can serve
as novel diagnostic/prognostic biomarkers in HCVinfected patients with liver diseases. They are also
attractive therapeutic targets for development of new
anti-HCV agents.
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Core tip: Hepatitis C virus (HCV) infection changes the
expression of host miRNAs in vitro and in vivo , while
host MicroRNAs (miRNAs) in turn regulate HCV life cycle
through directly binding to HCV RNA and/or indirectly
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targeting cellular mRNAs. The miRNA-centered
competitive viral and host RNA network displays a
cross-regulation pattern between host mRNAs and
HCV genome. Evidence based on the miRNA-mediated
host/viral interactions suggests that specific miRNAs
can serve as novel diagnostic/prognostic biomarkers
in HCV-infected patients with liver diseases and
therapeutic targets for development of anti-HCV agents
in the future.

regulation modes of miRNA have been clarified. One
is that bases of miRNA pair with target sequences of
mRNA by precise or nearly precise complementarity
in plants, and then trigger the degradation of the
target mRNA. The other is that bases of miRNA pair
imperfectly with target sequences and generally inhibit
[12]
the translation of mRNA . The nucleotide sequence
from site 2 to 7 at the 5’ end of miRNA, which is called
the seed region, determines the specificity of miRNA in
[13]
miRNA-mediated RNAi . However, any given miRNA
could theoretically bind to a broad spectrum of mRNAs,
resulting in potentially disturbing enormous regulatory
networks.
Increasing evidence shows that HCV infection
regulates the expression of many cellular miRNAs,
which in turn directly or indirectly up- or down[14]
regulate HCV replication . From the viewpoint of
evolution, it is not difficult to predict that HCV utilizes
cellular miRNAs for its replication, because HCV is an
obligate intracellular microorganism. However, host
cells also change the expression of some miRNAs to
defend against infection. In this review, we describe
the reciprocal interaction mediated by host miRNAs
between host cells and HCV, and then summarize the
predictive applications of miRNAs.

Li H, Jiang JD, Peng ZG. MicroRNA-mediated interactions
between host and hepatitis C virus. World J Gastroenterol 2016;
22(4): 1487-1496 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1487.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1487

INTRODUCTION
Hepatitis C virus (HCV) is a hepatotropic virus
classified in the hepacivirus genus of the Flaviviridae
family, and infection can cause acute or chronic
[1]
hepatitis in humans . To date, about 2.8% of the
human population worldwide (> 185 million people)
has been infected with HCV, and about 20% of cases
eventually lead to liver fibrosis, cirrhosis, or even to
[2]
hepatocellular carcinoma (HCC) . The HCV genome
is a positive-sense, single-stranded RNA about 9.6
kb with a conserved 5’ noncoding region (NCR), one
open reading frame (ORF) and following a conserved
3’-NCR. The only ORF encodes a polyprotein of about
3000 amino acids, and its N terminus is cleaved by
endoplasmic reticulum (ER) signal peptidase and/or
signal peptide peptidase (SPP) into three structural
proteins (core, E1 and E2). The other sequence of
the polyprotein is processed by the viral NS2 and/or
NS3/4A protease into seven nonstructural proteins (p7,
NS2, NS3, NS4A, NS4B, NS5A and NS5B), which play
[3]
important roles in the HCV life cycle (Figure 1). HCV
isolates are grouped into seven genotypes and several
subtypes with distinct geographic distribution and
[2,4,5]
different response to anti-HCV agents
.
MicroRNAs (miRNAs) are small noncoding RNAs
(about 22 nt) firstly discovered in Caenorhabditis
[6]
elegans in 1993 , which regulate the expression
of complementary mRNA. To date, > 2500 mature
[7]
miRNAs have been identified in humans . A cellular
gene encodes primary miRNA transcript (pri-miRNA),
which is recognized and cleaved into a 70-100-nt
hairpin form precursor miRNA (pre-miRNA) by RNase
[8]
Ⅲ enzyme called Drosha . The pre-miRNA is then
further processed into a mature miRNA duplex of
about 22 bp by Dicer in the cytoplasm. After strand
separation, only the single-strand mature miRNA is
incorporated into the RNA-induced silencing complex,
which then cleaves the mRNA or induces translational
repression by binding to the target sequences of
[9-11]
complementary mRNA
. Over the last decade, two
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HCV INFECTION ALTERS EXPRESSION
OF HOST miRNAs
Expression of miRNAs in HCV-infected cells in vitro

In 2005, a full-length infectious HCV culture system
[15]
was established in hepatoma cells , which facilitated
exploring miRNAs and their roles in HCV infection.
After analyzing the HCV-infected human hepatoma
line Huh7.5.1 with a comprehensive microarray, Liu et
[16]
al found that expression of 108 human miRNAs was
changed more than twofold. Among them, miR-122
was downregulated 2.8-fold, and conversely, miR-351
and miR-296 were upregulated 15.2- and 4.9-fold at
day 4 post-infection, respectively. Similarly, Ishida et
[17]
al
demonstrated that HCV infection upregulated
expression of miR-192, miR-194 and miR-215 and
downregulated expression of miR-320 and miR-491
in vitro. Further evidence showed that some of these
changes might, in turn, enhance HCV replication.
Moreover, seven miRNAs (miR-30b, 30c, 130a, 192,
301, 324-5p and 565) were downregulated in Huh7.5
cells infected with HCV genotype 2a, however, those
changes were reversed after subsequent treatment
[18]
with interferon (IFN)-α . Although the detailed
mechanism is unclear, expression of many cellular
miRNAs is directly changed after HCV infection and
these changes might in turn facilitate or inhibit HCV
replication.

Expression of miRNAs in HCV-induced liver diseases

HCV infection causes liver-specific injury, including
progressive liver fibrosis, cirrhosis and HCC. These
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Figure 1 Hepatitis C virus genome structure and processing of polyprotein. Hepatitis C virus (HCV) genome is a positive-sense, single-stranded RNA about 9.6
kb with a conserved 5’-NCR, one ORF and a conserved 3’-NCR. The polyprotein is cleaved by host ER signal peptidase (SP) or signal peptide peptidase (SPP) into
three structural proteins (core, E1 and E2) and by the viral NS2 and/or NS3/4A protease into seven nonstructural proteins (p7, NS2, NS3, NS4A, NS4B, NS5A and
NS5B). Arrows denote the cleavage sites of host or virus proteases. NCR: Noncoding region; ORF: Open reading frame; ER: Endoplasmic reticulum.

diseases result from both direct dysregulation of
cellular metabolism by viral proteins and indirect
consequence of the host response to HCV infection.
Cellular miRNAs are important factors in HCV-induced
liver disease progression.
Accumulating evidence shows that changes of
miRNAs induced by HCV infection subsequently influence
liver fibrosis progression. After comparing chronic HCV
[19]
patients with normal controls, Ramachandran et al
identified 22 upregulated and 35 downregulated miRNAs
(> 2-fold). Among them, miR-200c, which is highly
expressed in chronic HCV patients, down-regulates
fas-associated protein (FAP)-1 and subsequently
activates Src kinases-mediated profibrotic signaling
pathway, suggesting that it is a promoting factor of
[20]
hepatic fibrosis. In 2012, Ogawa et al
reported that
miR-222 and its homolog miR-221 were significantly
increased during liver fibrosis progression in HCVinfected patients and mice. Further results showed
that miR-221/222 inhibited expression of cyclindependent kinase inhibitor 1B (CDKN1B) via binding
to the 3’UTR of CDKN1B and positively correlated with
the expression of ﬁbrosis-related α-1 type Ⅰ collagen
(Col1A1) and α-smooth muscle actin (SMA). Therefore,
miR-221/222 might potentially serve as new fibrosis
biomarkers in HCV-infected patients. By contrast,
in patients infected with HCV, down-regulation of
miR-29 in activated hepatic stellate cells (HSCs)
might potentiate synthesis of collagen by dramatically
derepressing the expression of COL1A1 and COL3A1,
[21,22]
which eventually promotes progression of fibrosis
.
In hepatic fibrosis patients infected with HCV, miR449a is decreased and thus derepressed expression of
NOTCH1, which results in stabilization of p65 in nuclear
by the NOTCH signaling pathway and eventually
activates the expression of inflammatory biomarker
[23]
YKL40 . Recent studies also revealed that, in liver
needle biopsies from patients infected with HCV, the
level of miR-21 is positively correlated with fibrotic
stage and could finally lead to increased fibrogenesis
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by targeting SMAD7 in the transforming growth factor
(TGF)-β signaling pathway, while the level of miR-122
[24]
is negatively correlated with fibrotic stage .
miRNAs are directly involved in hepatocellular
[25]
carcinogenesis in HCV-infected patients . In 2006,
after analyzing the expression profiles of miRNAs in
25 pairs of HCC and adjacent non-tumorous tissues
and nine additional chronic hepatitis specimens with
[26]
a human miRNA microarray, Murakami et al
found
that eight miRNAs had significantly different expression
patterns. Among them, miR-92, 20, 18 and precursor
miR-18 had a signiﬁcantly negative correlation with
differentiation of HCC, while expression of miR-99a
was consistent with the degree of tumor differentiation.
Likewise, after investigating the expression of 2226
miRNAs in HCC patients infected with HCV, Diaz et
[27]
al
identified 18 HCC-exclusive miRNAs, including
three new HCC-related miRNAs (miR-497, 1269
and miR-424-3p). Seventeen of these miRNAs were
connected into a regulatory network centered on p53,
phosphatase and tensin homolog (PTEN) and all-trans
retinoic acid, which are three important modulators
[27,28]
in the development of HCC
. miR-199a-3p, which
is derived from its precursor mir-199a-1 or mir199a-2, contains the same base sequences as miR199b-3p. Reduction of miR-199a/b-3p in HCC tissues
is dramatically correlated with poor survival of HCC
patients and thus could be a potential biomarker for
[29]
predicting prognosis of HCC . miR-199a/b-3p inhibits
HCC growth through targeting tumor-promoting
[29]
PAK4 to inhibit the PAK4/Raf/MEK/ERK pathway
or
through targeting c-Met and mTOR to inhibit HCC cell
[30,31]
cycle progression
.
However, only some abnormal expression of
miRNAs was induced directly by HCV, even though
altered expression of miRNAs in liver diseases has
been reported frequently. HCV-induced changes in
expression of several critical miRNAs highlight their
clinical implications in liver disease progression (Table
1). Analyzing the changes of host miRNAs and mRNAs
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Table 1 Aberrant expression of representative miRNAs after hepatitis C virus infection
miRNA

Expression after
HCV infection

Target

miR-200c

Up

FAP-1

miR-221/222

Up

miR-29

Down

miR-449a

Down

miR-21

Up

miR-122

Down

miR-199a/
b-3p

Down

miR-196

Down

miR-20a

Up

miR-618

Up

miR-650

Down

miR-155

Up

Biological process

Clinical relevance

Down-regulate FAP1 and subsequently Promoting factor of hepatic fibrosis
activate Src kinases-mediated profibrotic
signaling pathway
CDKN1B
Inhibit CDKN1B expression and correlate
New marker for stellate cell
with expression of ﬁbrosis-related
activation and liver ﬁbrosis
Col1A1 and α-SMA
progression
COL1A1,COL3A1
Decrease collagen synthesis and thus
Therapeutic and diagnosis
suppress fibrosis progression
biomarker of liver fibrosis
NOTCH1
Repress YKL40 expression by targeting
Negative correlation with HCVcomponents of NOTCH signaling
induced liver inflammation and
pathway and then inhibit liver fibrosis
fibrosis
SMAD7
Enhance TGF-β-mediated fibrosis
Positive correlation with fibrotic
stage
HCV RNA, Bach1/ Directly promote HCV replication and
Inverse correlation with fibrosis
HO-1
translation; Enhance HCV replication
stages
indirectly through Bach1/HO-1
PAK4, c-Met,
Suppress HCC growth through inhibiting Potential diagnostic/prognostic
mTOR
PAK4/Raf/MEK/ERK pathway or HCC marker and therapeutic target in
cell cycle progression
HCC
Bach1, HCV RNA
Inhibit HCV replication directly by
Potential predictive/prognostic
targeting HCV NS5A and indirectly
factor in HCV infection
through Bach1 mRNA suppression
Predictive biomarker in HCVmediated early to late stage fibrosis
LPR12
Suppress LPR12 and lead to progression
Promising biomarker for early
of HCC
detection of HCC among high-risk
HCV-positive population
TRAF4
Down-regulate tumorigenesis-associated Promising biomarker for the early
TRAF4
detection of HCC among high-risk
HCV-positive population
APC
Promote hepatocarcinogenesis by
Negative predictive/prognostic
activating Wnt signaling pathway
marker and therapeutic target in
HCV infection

Therapeutic
strategy

Ref.

Antagonist

[19]

Antagonist

[20]

Mimic

[21,22]

Mimic

[23]

Antagonist

[24]

Antagonist

[24]

Mimic

[29-31]

Mimic

[36,68,73]

-

[69]

-

[70]

-

[70]

Antagonist

[71-74]

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

in response to HCV infection might provide us with a
deeper understanding of HCV-induced liver diseases.

directly targeting HCV RNAs. The highly conserved
internal ribosome entry site (IRES) is in the 5’-un
translated region (UTR) of the HCV genome, and it
recruits ribosomes to initiate translation of the HCV
genome into a single polyprotein. Several miRNAs
target the 5’-UTR region and thus inhibit translation
of HCV polyprotein. Representatively, miR-199a*
targets domain Ⅱ of the HCV 5’-UTR IRES region,
overexpression of miR-199a* decreases HCV replica
tion in HCV 1b or 2a replicon cells while silencing
expression of miR-199a* by speciﬁc antisense
[34]
oligonucleotides facilitates viral replication . Similarly,
let-7b suppresses HCV replication and downregulates
HCV accumulation by targeting the 5’-UTR and NS5B
[35]
[36]
region in the HCV genome . Pedersen et al
identified about 30 miRNAs differentially expressed in
interferon-stimulated lymphocytes using miRNA array
analysis. Among them, eight miRNAs (miR-1, 30, 128,
196, 296, 351, 431 and miR-448) displayed nearly
perfect complementarities in their seed sequences with
the HCV genome. The following study verified that
miR-448 and miR-196 directly targeted the core and
NS5A coding region in the HCV genome, respectively,
[36]
and thus showed antiviral activity .

HOST miRNAs REGULATE HCV LIFE
CYCLE
Virus-encoded and host-gene-derived miRNAs are both
involved in the regulation of viral life cycle. However, it
is now commonly believed that HCV, which is a singlestranded RNA virus that replicates in the cytoplasm,
[32,33]
does not encode viral miRNAs
. Host miRNAs
inhibit or stimulate viral replication in almost all stages
of the viral life cycle by targeting viral RNAs and/or
host mRNAs (Figure 2).

Host miRNAs regulate HCV life cycle via targeting HCV
RNA

The single-stranded HCV RNA genome serves as a
template for its replication and translation and as a
binding site for cellular miRNAs. So, host miRNAs could
theoretically influence HCV replication through directly
targeting the HCV genome.
Most host miRNAs prevent HCV replication through
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Plasma membrance

Hepatocytes

Inhibition
Promotion

miR-27a

miR-192, 215, 373

Release

miR-196, 448,
296, 351, let-7b

+
+

Assembly

Replication

Endosome

A

4B

miR-491,130a,923
4A

NS5

NS5B
Endoplasmic reticulum

NS

miR-122

NS2

miR-149*, 373*,
638, 888, 940,
1181, 1234 Entry

NS3

NS

P7
Nucleus
E2

miR-199a*

E1

Translation

C

Cytoplasm

Figure 2 Effect of some cellular miRNAs on hepatitis C virus life cycle. Host miRNAs inhibit or promote hepatitis C virus (HCV) replication through targeting
entry, translation, replication, or assembly. Red blunt arrows denote anti-HCV effects and the blue solid arrows denote promotion effects on HCV replication.

to innate immunity, in which type Ⅰ IFN signaling
pathway and inﬂammatory cytokines play essential
[38,39]
roles
. IFN-induced transmembrane (IFITM)
1 protein disrupts the process of viral entry by
interacting with HCV co-receptors, such as CD81
[40]
and occluding . miR-130a was the ﬁrst reported
miRNA to be directly involved in HCV-mediated innate
immune response. Upregulation of miR-130a induced
by HCV infection blocks expression of IFITM1 protein
and thus subsequently facilitates HCV entry into host
[27,40,41]
cells through an IFN signaling pathway
. The
JAK/STAT signaling pathway plays critical roles in
transcription of IFN-stimulating gene and initiation
[42]
of host antiviral response . The expression level of
Janus kinase (JAK) 1 and the phosphorylation status of
signal transducer and activator of transcription (STAT)
1 were signiﬁcantly decreased because upregulation of
miR-373 resulted from HCV infection. On the contrary,
knockdown of miR-373 in hepatocytes enhances typeI-IFN-mediated antiviral response through directly
targeting JAK1 and IRF9 and thus reduces HCV RNA

In contrast, a few miRNAs can facilitate HCV
replication by directly targeting HCV RNA. For instance,
liver-specific miRNA-122 positively modulates HCV
replication, mainly through cooperatively binding
[37]
to two targets in the 5’-UTR . Although it has not
been confirmed, miR-192/miR-215 might bind to the
[17]
HCV genome and thus enhance HCV replication .
In addition, overexpression of miR-923 or inhibition
of miR-149*, 373*, 638, 888, 940, 1181 and 1234
enhances the entry into cells of HCV pseudotype
particles, though the detailed mechanism remains
[16]
unclear .

Host miRNAs regulate HCV life cycle via targeting host
mRNAs

Generally, drug treatment or HCV infection induces
host physiological changes and alters miRNA expression.
The changes in miRNAs partly act on regulatory genes
associated with host signaling pathways to regulate
HCV life cycle indirectly.
Abnormal expression of miRNAs is closely related
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[42]

replication . miR-30 targets SOCS1 and SOCS3 and
influences the helper T cell differentiation and the
[18,43]
cytokine-activated JAK/STAT signaling pathway
.
Therefore, down-regulation of miR-30 in HCV-infected
Huh7.5 cells might finally create a permissive environ
[18]
ment for viral replication .
However, miRNAs also affect HCV replication
through other signaling pathways. For instance,
miR-491 promotes HCV replication possibly through
regulating the viral-entry-associated PI3K/Akt pathway,
[17,44]
although the target gene has not been verified
.
Putative target genes of miR-320c and miR-483-5p are
involved in the PI3K/Akt, NF-κB and MAPK signaling
pathways, which contribute to HCV pathogenesis or
[45]
participate in host defense against infection . HCV
infection or lipid overload up-regulates expression
of miR-27a, and this change in turn inhibits the
expression of many genes related to lipid metabolism
signaling pathways, such as ApoA1, ApoB100 and
ApoE3, and consequently represses lipid storage in
[46-49]
cells and production of infectious HCV particles
.
This negative feedback mechanism has the benefit of
maintaining a low viral load to escape host immune
surveillance and thus establish persistent HCV
infection.

miRNA-mediated cvhRNA networks exist in
HCV-infected hepatocytes. HCV RNA can specially
sequester and de-repress miR-122 from its normal
[59]
host targets . miR-122 positively modulates HCV
replication by cooperatively binding to two sites on
the 5’-UTR sequence, while the sequence binding
with it in the 3’-UTR does not appear to have any
[37]
functional relevance . However, the well-conserved
fourth miR-122 recognition element in the NS5B
coding region of the HCV genome potently inhibits
HCV replication at the level of both translation and
replication. This negative feedback regulation of
miR-122 might contribute to immune evasion of HCV
[60]
infection and progression to chronic HCV infection .
As the key element of the miR-122-centered cvhRNA
network, miR-122 also regulates replication of HCV
and host gene expression by targeting host mRNAs.
[61]
Shan et al showed that miR-122 indirectly promoted
HCV replication partly through Bach1-mediated
upregulation of heme oxygenase-1. miR-122 can
also lead to low expression of endogenous cationic
amino acid transporter (CAT)-1 by targeting the
[62,63]
3’- of CAT-1 mRNA
. Through targeting cyclin
G1, miR-122 indirectly influences the stability and
transcriptional activity of p53 protein and thus reduces
[64]
the invasiveness of HCC-derived cells . miR-122
participates in the whole regulatory network through
targeting other non-liver-specific genes, such as
the prominent proliferation- and differentiationassociated transcriptional repressor gene CUTL1,
lipid-metabolism-associated genes FASN, ACC1,
ACC2, SCD1 and ACLY, and apoptosis- and cellcycle-associated genes Bcl-w, ADAM10, SRF and
[51,65-67]
Igf1R
. All the targets serve as endogenous
competitors for miR-122 and thus jointly form the miR122-centered cvhRNA network, which can alter host
homeostasis and thus contribute to the establishment
of persistent viral infection (Figure 3).
Analogous to miR-122, miR-196 inhibits HCV
replication by directly targeting the HCV genome or
indirectly binding to two sites of the Bach1 3’-UTR, and
[68]
might also form the cvhRNA network . In principle,
numerous host miRNAs, which could bind to host and
HCV RNAs, potentially form cvhRNA networks. The
phenomenon that virus-speciﬁc host miRNAs regulate
the HCV life cycle through the cvhRNA networks
might also reflect a means of immune evasion and
adaptation for HCV to establish a persistent infection.

MIRNAS MEDIATE HOST/HCV
INTERACTIONS VIA COMPETITIVE VIRAL
AND HOST RNA (cvhRNA) NETWORK
Although the biological functions of miRNAs in
regulating HCV replication have been intensely
studied, the potential roles of miRNAs in the genomewide gene regulatory networks are not exactly
defined. Many miRNAs, such as miR-122, can both
positively and negatively modulate tens or hundreds
of mRNAs, and several miRNAs can also regulate
[50-52]
the same mRNA
. During HCV infection, many
cellular miRNAs are involved in regulatory networks.
After reviewing experimental evidence of reciprocal
interactions between viral and host mRNAs during viral
[53]
infections, Li et al
proposed a cvhRNA hypothesis
that exogenous viral RNAs harbor the same miRNAbinding sites as cellular RNAs and act as competitors
with host RNAs for the common miRNA pools in
infected cells. The crosstalk mechanisms of cvhRNAs
are dependent on the ability to sequester or degrade
the common miRNAs by binding to viral RNAs and the
extent of de-repression for host mRNAs by miRNA
[53]
down-regulation . Many factors might contribute
to cvhRNA interactions, such as recognition/pairing
ability, relative abundance, and intracellular localization
of common miRNAs and the number of miRNA
[53,54]
recognition elements in virus/host RNAs
. In fact,
cvhRNA networks are present in many viral infections,
such as hepatitis B virus, herpesvirus saimiri, lytic
murine cytomegalovirus and human cytomegalovirus
[55-58]
infections
.
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MIRNAS ARE PREDICTIVE BIOMARKERS
AND DRUG TARGETS
Expression profiles of miRNAs are significantly changed
after HCV infection and can be partly reversed by drug
[36]
treatment . Therefore, it is possible to deﬁne speciﬁc
miRNAs as diagnostic/prognostic biomarkers, and
assessment indicators of drug therapeutic effects as
well (Table 1).
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CDS region
Host cell

Host cell
5'-UTR

CDS

miR-122 binding site
Host mRNA

5'-UTR

3'-UTR

5'-UTR

CDS

CDS

3'-UTR

3'-UTR

miR-122
HCV RNA

HCV infection

Host mRNAs

Host mRNAs

Host mRNAs homeostasis

HCV RNAs

Disruption of host mRNAs homeostasis
Expression level of HCV RNAs
Expression level of host miR-122
target mRNAs

Persistent chronic HCV

Host immune response

infection establishment

HCV immune evasion

Enhance HCV abundance (target HCV or regulate Bach1/HO-1 )
Aberrant bidirectional transport of cationic amino acids (CAT-1 )
Decrease p53 protein stability and transcriptional activity (cyclin G1 )
Derepress cellular proliferation and inhibit differentiation (CUTL1 )
Repress lipid synthesis, enhance fatty-acid oxidation (FASN,ACC1, etc .)
Inhibit apoptosis (Bcl-w )
Promote tumorigenic properties of HCC cells (ADAM10, SRF , and Igf1R )

Figure 3 miR-122-centered cvhRNA network disrupts host homeostasis and establishes persistent hepatitis C virus infection. Hepatitis C virus (HCV)
RNAs harbor miR-122 binding sites in the 5’ and 3’-UTRs and coding sequence regions and thus efficiently sequester cellular miR-122 from binding to its host target
mRNAs. In this manner, HCV RNAs de-repress expression of host target mRNAs, such as CAT-1, cyclin G1 and CUTL1, alter host homeostasis, and partly cause a
host antiviral response. The interplay between host and HCV finally forms persistent chronic HCV infection. UTR: Untranslated region; CDS: Coding sequence.

Clinically, alterations of circulating miRNAs are
associated with HCV infection and disease progression.
For instance, upregulation of miR-134, 198, 320c
and 483-5p in serum might be predictive biomarkers
[45]
reflecting the pathophysiology after HCV infection .
Likewise, miR-20a might serve as a good predictive
biomarker in HCV-mediated early to late fibrosis,
because its expression is significantly elevated in
[69]
the fibrotic stage of HCV infection . The putative
targets of miR-650 and miR-618 are tumorigenesisassociated gene TRAF4 and tumor-suppressor gene
LRP12, respectively. Down-regulated miR-650 and upregulated miR-618 in urine are strongly associated
with HCC in high-risk HCV patients and thus might
serve as early diagnostic biomarkers, whose changes
show even higher sensitivity and specificity than those
[70]
of traditional α-fetoprotein . Likewise, HCV-induced
miR-155 expression promotes hepatocarcinogenesis
by inhibiting expression of adenomatous polyposis
coli (APC) and activating Wnt/β-catenin signaling
[71,72]
pathway
. Increased expression of miR-155 in
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serum, peripheral mononuclear cells, and liver tissues
of patients with chronic HCV genotypes 1, 2 and 3
infection could be a negative prognostic marker, which
suggests incomplete virus elimination, and increased
[71-74]
risk of liver damage and HCC
. Also, miRNAs might
be biomarkers for evaluation of drug therapeutic
effects. Kałuzna reviewed a large number of studies
and suggested that overexpression of miR-196, in
response to IFN-β treatment, might serve as a positive
prognostic marker indicating decreased inﬂammation,
inhibition of HCV replication, and an efficacious
[36,73]
response to IFN-based therapy
.
miRNAs have gradually emerged as promising
drug targets. Miravirsen (SPC3649), a locked nucleic
acid form of anti-miR-122 oligonucleotides, decreases
HCV viral load in a genotype-independent manner
through inhibiting the biogenesis of miR-122, and it
[75]
has been approved for clinical trial . This provides
a molecular rationale for combination therapy with
silencing of miR-122 function during HCV infection.
In contrast to the high level of miR-122 in the liver,
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miR-199a* is expressed at a low level in liver tissues,
but in high quantities in extrahepatic tissues. miR199a* also precludes efficient HCV replication through
multiple mechanisms and thus might potentially be
[34,76,77]
another anti-HCV therapeutic target
. In recent
years, investigators have proposed a miRNA-based
decoy mechanism in cvhRNA networks as therapeutic
[78-80]
approaches for human diseases
.

10
11

12
13

CONCLUSION
The replication of HCV in liver cells differentially
triggers extensive expression of host miRNAs, which
in turn positively or negatively regulate HCV life cycle
through directly targeting the HCV genome and/or
genes associated with cellular signaling pathways. This
interaction makes miRNAs regulatory intermediates
and finally develops a genome-scale regulatory
network. miRNAs play important roles in disease
progression and drug treatment, and they can be
predictive and prognostic biomarkers and even drug
targets. However, research on miRNAs associated with
HCV is still in the early stage, and their functions are
still to be clarified, especially in cvhRNA networks. The
complicated cvhRNA networks mediated by miRNAs
possibly indicate an adaption of HCV infection and host
resistance. miRNAs will undoubtedly be useful tools for
selecting agents to combat HCV infection in the future.
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Abstract

Korri E El-Khobar, Susan I Ie, David H Muljono, Laboratory
of Hepatitis and Emerging Disease, Eijkman Institute for
Molecular Biology, Jakarta 10430, Indonesia

Hepatocellular carcinoma (HCC) is one of the most
common causes of cancer-related death worldwide.
Chronic infection of hepatitis B virus (HBV) and/or
hepatitis C virus (HCV) is a major risk factor in the
development of the HCC, independently from excessive
alcohol abuse and metabolic disease. Since the biology
of HBV and HCV is different, their oncogenic effect
may go through different mechanisms, direct and/or
indirect. Viral hepatitis infection is associated with
cellular inflammation, oxidative stress, DNA damage,
that may lead to subsequent hepatic injuries such as
chronic hepatitis, fibrosis, cirrhosis, and finally HCC.
Direct oncogenic properties of these viruses are related
with their genotypic characteristics and the ability
of viral proteins to interact with host proteins, thus
altering the molecular pathways balance of the cells.
In addition, the integration of HBV DNA, especially the
gene S and X , in a particular site of the host genome
can disrupt chromosomal stability and may activate
various oncogenic mechanisms, including those in
hematopoietic cells. Recently, several studies also had
demonstrated that viral hepatitis could trigger the
population of hepatic cancer stem cells. This review
summarize available pre-clinical and clinical data in
literature regarding oncogenic properties of HBV and
HCV in the early initiation of HCC.
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[3,9,10]

higher in gender male compared to female
. It
has been thought to occur because of life style, male
is more prone to viral infection and alcoholic cirrhosis.
However, it is important to note that hormones
(testosterone, progesterone, and estrogens) also take
[10]
part in viral infection and subsequent liver damages .
HCC is a heterogeneous disease with various
features and prognostic types. HCC is commonly
developed in an extended period and different
treatment options may vary between individuals.
Based on the consensus of the Barcelona Clinic Liver
Cancer (BCLC) staging system, liver resection is
the best treatment option for HCC very early stage
(0), liver transplantation and radiofrequency or
percutaneous ethanol injection (PEI) for early stage
(A), trans-arterial chemoembolization (TACE) for
intermediate stage (B), molecular treatment with
Sorafenib for advanced stage (C), and supportive
[11]
palliative care for terminal stage (D) . Based on
continental and geographical policy, Fong and Tanabe
compared the guidelines in Asia, Europe, and America,
and they showed that mostly the guidelines are similar
with some variances in disease surveillance and
[12]
treatment allocation recommendations .
It has been widely known that hepatocarcino
genesis is accompanied with complex aberrations in
developmental and oncogenic molecular signaling
[13,14]
pathways (excellently reviewed by
). Until now,
a number of molecule-targeted drugs has been
developed or under development to treat patients that
cannot receive curative intervention. Various novel
and promising drugs have been developed and tested
in various phases of clinical trials, as a single agent
[15]
or as a combined regimen . As mentioned above,
Sorafenib is the approved drug for the treatment of
advanced HCC. Sorafenib is a multikinase inhibitor
agent that targets the molecular pathway alteration
commonly observed in HCC, including that of Wnt-β
[16,17]
catenin pathway
.

Core tip: According to the most recent data released
by the International Agency for Research on CancerWorld Health Organization, liver cancer is the second
most common cause of cancer mortality worldwide.
Hepatocellular carcinoma (HCC) accounts for around
90% of liver cancer cases and it is variably distributed
according to its main risk factors. The hepatotropic
viral [hepatitis B virus (HBV) and hepatitis C virus
(HCV)] infection can cause a disarrangement in cellular
pathways through an indirect and/or direct mechanism
in liver injury. This review summarize available data in
literature regarding the oncogenic properties of HBV
and HCV in the initiation of HCC, including their role in
the activation of hepatic stem cells.
Sukowati CHC, El-Khobar KE, Ie SI, Anfuso B, Muljono
DH, Tiribelli C. Significance of hepatitis virus infection in
the oncogenic initiation of hepatocellular carcinoma. World J
Gastroenterol 2016; 22(4): 1497-1512 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i4/1497.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i4.1497

HEPATOCELLULAR CARCINOMA:
EPIDEMIOLOGY AND RISK FACTORS
Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancers, it accounts for around
[1]
90% of all cases . According to the Globocan 2012
data of the International Agency for Research on
Cancer-World Health Organization, it is the fifth most
common cancer in men and the ninth in women, and
the second most common cause of cancer-related
death, estimated to be responsible for around 9% of
[2-4]
all cases in 2012 .
The global distribution of HCC is associated with
the prevalence of its dominant risk factors. Infection of
endemic hepatitis B virus (HBV) is the major cause of
HCC in eastern Asia and sub-Saharan Africa for around
70%. In Europe and North America countries, hepatitis
C virus (HCV) infection ranges from 50%-70% while
excessive alcohol consumption leading to alcohol
steatohepatitis (ASH) contributes for around 20%
[1,5,6]
of all cases
. In its development, HCC is usually
emerged from a long-term chronic disease course with
[7]
underlying liver cirrhosis (around 80%) . However, it
should be noted that HCC can be also occurred in non[8]
cirrhotic liver, accounts for around 20% of all cases .
Besides the infection of hepatotropic viruses
and alcohol, obesity and diabetes that commonly
associated with non-alcoholic steatohepatitis (NASH)
also increased the risk of HCC. Synergism between
hepatitis virus infection and metabolic liver disease
seem to worsen the course of the disease. Certain
toxins and chemical agents such as aflatoxin B1
and vinyl chloride monomer also contribute in the
progression of HCC. The cumulative risk for HCC is

WJG|www.wjgnet.com

HEPATITIS VIRUS INFECTION
HBV infection

HBV, a member of Hepadnaviridae family, is a partially
double-stranded DNA virus with 3.2 kb genome size.
HBV genome contains 4 major open reading frames
(ORF) that encode for polymerase (pol) for reverse
transcriptase activity and replication, surface protein
(HBsAg), core that form nucleocapsid and secreted
[18,19]
HBeAg, and X that is important in viral replication
.
Hepatitis B is one of the major public health problems
that affect approximately 2 billion people globally,
with more than 240 million chronic carriers and more
[20]
than 780000 deaths annually . By 2010, half of HCC
cases are HBV-related, with or without history of liver
[4,21,22]
fibrosis
.
Based on several studies, HBV-related HCC
development is mainly associated with risk factors
such as male gender, persistently high HBV DNA levels,
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hepatitis B e antigen (HBeAg) positivity, presence of
liver cirrhosis, older age, persistently high ALT levels,
family history of HCC or chronic infection from perinatal
transmission, and co-infection with HIV and/or
[23-28]
HCV
. For example, male gender have hazard ratio
(HR) 2-8 times more for HCC development compared
[23-26]
to females
. Similarly, higher HBV DNA levels is
associated with higher incidence of HCC compared
[24]
to HBV DNA levels lower than 10000 copies/mL .
HBeAg positivity and ALT levels ≥ 45 U/L has HR 4.3
and 4.1, respectively, while liver cirrhosis is associated
with 10.8-33.3 increased risk of HCC development
compared to chronic hepatitis B patients without
[24,25,29]
cirrhosis
. Based on these analyses, algorithms
to screen and monitor high-risk populations have been
proposed in many guidelines, which may reduce the
incidence of HCC-related mortality because of the poor
[30-33]
prognosis of advanced HCC development
.
Prevalence of HBV has been shown to be reduced
with the introduction of hepatitis B immunization
program in newborns, complemented with admi
nistration of hepatitis B immunoglobulin for those born
[34-36]
to mothers with chronic HBV infection
. Due to
the commitment to eradicate the vertical transmission
of HBV through national mass vaccination policy, the
prevalence of hepatitis B can be decreased that leads
to reduction of HCC cases, as demonstrated in the
[37,38]
successful national program in Taiwan
. Prevention
of HCC development by HBV vaccination is in line with
the new Sustained Development Goals proposed by
WHO, in which HBV-related HCC is one of the three
preventable cancers that make up the bulk of cancer[22]
related mortality globally .

B is associated with better response to treatment,
enhancing the prognosis and reducing the risk of
[45,51]
advanced disease progression
. Even compared
to other genotypes, genotype C appeared to have
worse prognosis in term of severe advanced liver
disease development, with HR 2.05-2.34 times more
than HBV genotype B or A and D, the four major
[52]
HBV genotypes associated with HCC development .
This might be because HBV genotype C has higher
tendency to induce DNA double-strand breaks and
accumulate reactive oxygen species that causes
endoplasmic reticulum (ER) stress, in addition to more
efficient cellular homologous-recombination events
that increase the risk of chromosomal rearrangements
and DNA damage, stimulating the formation and
[53]
development of HCC . Thus, genotyping of HBV is an
important diagnostic tool in predicting the prognosis
and response of therapy in hepatitis B patients.

HBV genetic mutation

Based on many reports, a double mutations in the
basal core promoter (BCP) region of HBV genome
(A1762T/G1764A) is associated with 1.7-10.6 fold
increased risk of HCC incidence, particularly for those
infected with HBV genotype C compared to genotype
[46,54-57]
B
. In addition, in combination with C1653T
and T1753V point mutations, these BCP mutations
are associated with increased risk of HCC in HBeAgpositive than HBeAg-negative subjects, which can
[24,46]
predict up to 80% of HCC development
. On the
other hand, precore G1896A mutation is associated
with HBeAg-negativity, but not with increased risk of
[46,54,55]
liver cirrhosis or HCC development
. A report
on novel mutations in genotype D observed the
significance of T1858C mutation in the precore region
that is associated with HCC progression in HBeAg[53]
negative sample . This report also identified several
amino acid changes in HBV core antigen (HBcAg) that
is associated with HCC development, namely I116L,
P130Q, and T147C; two of which are parts of B- and
[58]
killer T-cell epitopes .
Mutations in other regions of HBV genome have
also been linked with disease progression, especially
the PreS region. Mutations or deletions in the PreS
region accumulates with the progression of chronic
hepatitis B, and is associated with significant increase
[46,59]
of HCC risk, even in adolescent
. An amino acid
change S98T in the PreS1 region showed significant
association with progression of liver fibrosis to cirrhosis
[58]
and HCC, particularly in HBeAg-negative patients .
The accumulation of HBsAg particle in the endo
plasmic reticulum (ER) of hepatocytes leads to the
histological appearance of ground glass hepatocytes
[60]
(GGH) . It was repeatedly shown that hepatocytes
expressing various forms of PreS2 mutants often
developed into type Ⅱ GGH, which exhibited ER
and oxidative stress due to protein retention and
DNA damage, while simultaneously created genomic

HBV genotype

HBV naturally-occurring genetic variations such as
genotypes and subgenotypes, as well as mutations
in some of the HBV genomic regions have been
associated with different clinical manifestations
[27,39]
such as development of cirrhosis and/or HCC
.
Currently, HBV is classified into 9 genotypes (A to I)
and one putative genotype (J) based on genome-wide
[40,41]
divergence of more than 7.5%
. The distribution of
the different HBV genotypes is geographically-related,
most likely in association with the distribution of the
[42-45]
different ethnic populations worldwide
.
Since hepatitis B is endemic mainly in the Asia
Pacific regions with HBV genotype B and/or C
domination, most reports on the relation between
genotype and HCC development concerns these
two genotypes. Most reports propose HBV genotype
B to be more lenient than genotype C, with some
[39,46,47]
exceptions
. In general, HBV genotype C is
commonly associated with later HBe seroconversion,
more severe liver diseases, as well as faster
progression of liver fibrosis and HCC development,
although the life-long risk remain similar between
[46-50]
genotype B and C
. In addition, HBV genotype
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instability and up-regulation of cell cycle progression
[61-63]
and proliferation
. A mutation in codon 38 of X
gene was preferentially found in patients with HCC
and can be used as an independent risk factor for
[64]
the development of HCC . These newly defined
oncoproteins may be utilized to develop novel
[62]
biomarkers to predict HCC development .

the last decade has caused a decline in the incidence
[85]
rate of viral infection . However, the disease burden
of HCV-related liver diseases is predicted to continue
[86]
increasing in the approaching years . HCV lifecycle
occurs mostly in the cytoplasm, with the viral
replication complex enclosed within a membranous
web structure that is closely associated with the ER
membrane, mitochondrial outer membrane, and lipid
[87,88]
droplets
.

Co-infection HBV/HDV

Hepatitis D virus (HDV) is an imperfect RNA virus
[65]
which needs HBV to be able to replicate . Therefore,
HDV always presents as co-infection or super-infection
in approximately 5% of HBV-infected individuals,
and causes more severe outcome such as fulminant
[65-67]
hepatitis, liver cirrhosis, and HCC
. Super-infection
often manifests in a rapidly progressive disease leading
[68]
to cirrhosis within 2 years in 10%-15% of patients .
HBV/HDV co-infected patients usually have higher
ALT and bilirubin levels as well as a higher prevalence
[69]
of liver cirrhosis and HCC . HDV co-infection is
considered as a risk factor for HCC (HR 1.4-6.0 fold
compared to HBV mono-infection), with lower survival
[56,70-73]
rate
. In addition, HDV co-infection significantly
increases the incidence rates of other gastrointestinalrelated diseases in enhanced magnitude, as well as
[74]
mortality rate of severe hepatitis manifestations .
Recently, it has been reported that high serum level of
HDV RNA can be used as a predictor of cirrhosis and
[75]
liver cancer in patients with chronic HDV infection .
Interestingly, although HBV/HDV co-infection leads
to faster cirrhosis or HCC development in immunocompetent individuals, it may actually take part in
lengthening the survival of liver-transplant or graft
patients that are immuno-compromised, even though
[76]
the mechanism is still unclear .
Recent advances in the development of highly
effective HBV vaccine can be used as a preventive
measure not only in the reduction of HBV infection,
but also in the decrease of HDV, its associated
[77]
pathogen . The development of animal model with
[78]
chronic hepatitis delta infection
can be utilized
as a tool to study its pathogenesis per se and to
discover its significance in the development of HCC.
Detailed aspect on HDV viral biology, epidemiology,
[79,80]
pathogenesis, and treatment is reviewed in
.

HCV genotype

HCV is highly heterogeneous and can be classified
into seven recognized genotypes (genotype 1 to 7)
and multiple subtypes based on the differences of the
whole viral genome. Genotypes and subtypes can be
[89]
divided into quasispecies based on genetic diversity .
HCV genotypes have different susceptibility to interferon
(IFN), thus HCV genotyping is used to determine the
[90]
type and duration of antiviral therapy . Treatment
with IFN-based regiment resulted in high sustained
virological response (SVR) (about 80%) in genotype 2
and 3-infected patients, while genotypes 1 and 4 have
lower SVR (about 50%) and genotypes 5 and 6 have
[91,92]
intermediate response rates
.
HCV genotypes have been associated with distinct
pathological features, such as liver steatosis, insulin
[93-98]
resistance, inflammation, and hepatitis reactivation
.
In regards of the association between HCV genotype
and risk of developing HCC, the available evidences
[10]
are quite inconsistent . Early study showed that
genotype 1b patients have a significantly higher
[99]
risk of developing HCC . This early observation
is supported by the result of a seventeen-year
prospective cohort study, which showed 44 out of 104
[100]
genotype 1b followed-up patients developed HCC
.
A meta-analysis study that calculated age-adjusted
risk estimates genotype 1b patients had almost
double the risk of developing HCC in comparison with
[101]
patients infected with other genotypes
. On the
other hand, recent studies suggest the association
between genotype 3 and accelerated liver disease
[102]
progression . A retrospective cohort study involving
353 patients showed that genotype 3 patients develop
[103]
more HCC compared to non-3 patients (44%-26%) .
These data were confirmed by successive studies
with large cohort of infected patients that showed,
even after adjustment of age, clinical, and antiviral
treatment factors, genotype 3 had a higher risk
of developing cirrhosis and HCC than genotype 1
[104,105]
patients
.

HCV infection

HCV, a member of Flaviviridae family, is a single
stranded RNA virus with 9.6 kb genome size. HCV
genome is processed into structural proteins core, E1,
and E2, and non-structural proteins p7, NS2, NS3,
[18]
NS4A, NS4B, NS5A, and NS5B . Chronic HCV infection
affects approximately 170 million people worldwide,
and may lead to development of liver fibrosis, cirrhosis,
[81,82]
and HCC
. HCV infection may also result in extra
hepatic manifestations and metabolic disorder, including
insulin resistance, type 2 diabetes and cardiovascular
[83,84]
disease
. The rapidly evolving HCV treatment in
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ONCOGENICITY OF HEPATITIS VIRUS
HBV X protein

Chronic infection of HBV and/or HCV as a risk factor
in the development of HCC is clearly acknowledged,
as shown in Figure 1. Advances in in vitro technique
and transgenic animal model with the insertion and
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Figure 1 Oncogenicity of hepatitis B virus and hepatitis C virus in hepatocarcinogenesis. HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular
carcinoma.
[106]

modification of viral transgene
has opened many
possibilities to understand the involvement of viral
proteins in cellular damage. However, their pathogenesis
in the oncogenic initiation of hepatotocarcinogenesis
is still unclear. Limitation in the cellular biology, for
example a low efficiency in viral replicon in vitro
hampers the study of the pathogenicity of these
agents.
HBV infection causes immunological response
that may lead to oxidative stress and successive
[107]
DNA damages of the cells (reviewed in
). Direct
oncogenic property of HBV sequence by integration
of its DNA into human genome can explain the
[108]
incidence of non-cirrhotic HCC . This insertion might
involve deletions, cis/trans-activation, translocations,
production of fusion transcripts and generalized
[109,110]
genomic instability
. Consequently, it may lead to
disruption of the host cellular pathway. Nevertheless,
non-cirrhotic HCC with low grade fibrosis can be found
[111,112]
also in HCV and NASH-related HCC
, probably
through a different oncogenic cascade. HBV DNA
integration is present in majority of HBV-related HCC,
even though it is also found in non-tumor tissue and
[113,114]
chronic hepatitis B without HCC
. HBV DNA
integration was considered as a strong oncogenic
effect in hepatocarcinogenesis even though a recent
[115]
study had proposed a contrasting evidence .
Direct oncogenic property of HBV, in particular
for HBx and surface protein HBs has been intensely
investigated. HBx is composed of 154 amino acids with
a molecular mass of approximately 17.5 kDa. It has
pleitropic functions as an important regulator in viral
life cycle, a transcriptional activator, and a stimulator
[116]
in the cytoplasmic signal transduction pathways
.
Expression of HBx protein was found to be present in
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around 50%-60% of HBV-infected liver cirrhotic and
HCC tissues, noticed in the cytoplasm of parenchymal
[117]
and neoplastic cells .
The presence of HBx has been associated with
[118]
tumor suppressor p53 rescue of apoptosis
. A
European study showed p53 is a frequent altered
pathway in HBV-related HCC. Mutations of host TP53
was associated with shorter survival and interestingly
it was also related with genotype B of the patients
[119]
from Asia and sub-Saharan Africa
. The interaction
between phosphorylated Ser41-Pro motif of HBx and
peptidyl-prolyl isomerase Pin1, a regulator of p53,
followed by cis-trans isomerization and stabilization,
significantly augmented the expression of HBx
[120]
downstream target genes, leading to oncogenesis .
Based on this study, it was revealed that Ser41-Pro
motif was conserved in HBV genotype A and B, but
altered in most of the genotype C. Further analysis
of eight HBV genotypes A-H showed a correlation
between this motif and HBV genotypes, associated
[121]
with HCC distribution and age .
Integration of HBV X sequence into host genome
[113]
is a common event in HCC
. It was reported that
HBV X integration occurred more often in HCC than
in cirrhosis and it was positively related with the
level of cell-cycle and apoptotic protein, including
Cyclin A, retinoblastoma protein (Rb), Fas-associated
death domain protein (FADD), tumor necrosis factor
receptor-associated death domain protein (TRADD),
[122]
and nuclear factor kappa B (NF-κβ) . Whole genome
sequencing of HCC samples have demonstrated HBV
X DNA integration within or upstream the sequence of
telomerase reverse transcriptase (TERT), epigenetic
regulator MLL4, and cell cycle gene CCNE1 as “hot
[123-125]
site” breakpoints
. DNA integration was frequently
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observed in the tumors (around 85%) compared to
[125]
adjacent liver tissues (around 30%) . Large numbers
of HBV integration (defined as ≥ 3) was positively
associated with the serum level of HBsAg and AFP,
and importantly, with low survival time compared to
[125]
those with no or low numbers of integration
. HBx
is associated with epigenetic modifications through
interaction with histone deacetylase 1 and DNA
[126-128]
methyltransferase during hepatocarcinogenesis
.
A recent article reported development of HCC
in the absence of severe liver damage in a HFEhaemochromatosis patient that was seronegative
for hepatitis B and C infections. HBx gene sequence
was detected in tumor but not in non-tumor. HBV
integration involved a 5’-deleted X gene with an
intact enhancer-Ⅱ/basal-core promoter region and
integrated upstream of the partitioning-defective-6[129]
homolog-gamma gene (PARD6G) . The role of HBV
[130,131]
X gene in hepatocarcinogenesis is reviewed in
.

A recent study reported that in HCC patients
with occult hepatitis B, HBV DNA integration was
found in around 75% of cases, in which the inserted
viral genes were mainly X and PreS/S, followed by
[138]
C and Polymerase sequences
. Furthermore, in
a prospective 12-years study in chronic hepatitis C
patients with occult hepatitis B, X integration can be
associated with HCC development in the absence
[139]
of cirrhosis
. The HBV DNA integration is not only
observed in liver cells but also in blood cells. The
transcript of HBsAg coding gene and the integration of
HBV DNA in bone marrow haematopoietic stem cells
[140]
from chronic HBV infection patients was observed .

HCV and oxidative stress

Since HCV RNA cannot integrate into human genome,
at the beginning, the mechanism in HCV-related
HCC pathogenesis is thought majorly to be indirect
pathways via the effects of chronic inflammation and
oxidative stress. Subsequently, it leads to fibrosis and
eventually cirrhosis as observed in the other HCC
etiologies such as ASH, NASH, and obesity-related
disorder. However, current literatures also showed a
[141]
direct oncogenic effect of the viral proteins .
Oxidative stress has been implicated as one of the
[142]
mechanisms of HCV-induced hepatocarcinogenesis .
Oxidative stress occurs when there is imbalance in the
production and clearance of reactive oxygen species
(ROS). ROS is a normal by-product of numerous cell
processes including proliferation, apoptosis, and cell
[143]
senescence . In the liver, ROS is mainly produced by
mitochondria in hepatocytes, and from nicotinamide
adenine dinucleotide phosphate oxidase and xanthine
oxidase reactions in Kupffer cells and inflammatory
[144]
cells
. Long-term oxidative stress may induce DNA
damage, and since ROS can also functions as second
messenger in cellular signaling, increased ROS level
may trigger the activation of oncogenic signaling
[107,142]
pathways
.
Increased oxidative stress in chronic hepatitis
C patients has been shown through elevated levels
of several oxidative stress biomarkers, including
8-hydroxydeoxyguanosine (8-OHdG), malondialde
hyde, and thioredoxin in both sera and liver biopsy
[145-147]
samples
. Chronic hepatitis C patients have also
been shown to have higher expression of 8-OHdG,
also an indicator for DNA damage, in comparison
with chronic hepatitis B patients; suggesting that
hepatic oxidative DNA damage is more common in
[148]
chronic hepatitis C
. Further, some clinical studies
have shown that addition of antioxidant agent could
improve oxidative stress-caused liver injury and
maybe important for treatment management of HCV
[149,150]
patients
.
HCV-effect on increased oxidative stress has
been mainly attributed to the expression of viral core
protein, although other viral proteins have also been
[151]
shown to induce oxidative stress . The expression of

HBV S protein

ORF S gene region with three translational start sites
PreS1, PreS2, and S, encodes for large (L), middle
(S) and small (S) surface protein (HBs), respectively.
S protein is composed of 226 amino acids, M protein
is S with additional 55 amino acids, and L protein is
M with additional 108 or 119 amino acids, based on
[132,133]
virus genotype
. S region is conserved while both
PreS1 and PreS2 are variable and prone to genetic
mutations. Besides genotyping based on whole
genome sequence, the variation in PreS2 region has
[134]
been used to determine HBV subgenotypes
. As
mentioned previously, different GGH appearances
showed different mutated S proteins. Several studies
[61-63]
from the group of Su et al
had shown that
type Ⅰ GGH harbored mutants with deletions within
the pre-S1 region while type Ⅱ GGH contained PreS2
[61-63]
mutants
. In hepatocarcinogenesis, PreS2 mutant
was demonstrated to produce an aberrant Cyclin A
expression and centrosome over-duplication through
[135]
ER stress that led to chromosomal instability .
A transgenic animal model with the insertion of
PreS/S gene regions expressed high level of HBsAg,
showed inflammation and appearance of GGH,
preneoplastic lesion, and finally it led to HCC in major
[136]
number of animals
, indicating a direct oncogenic
input of this gene. Gene expression profile of 3-month
old mice showed differentially expressed genes
involved in various regulations such as apoptosis,
cell cycle, NF-κB signal transduction pathway, and
[137]
inflammatory response .
As that of HBV X DNA, the insertion of S regions
into host genome has been widely reported, first
noticed in the WHV-infected animals. In their study,
[125]
Sung et al
observed recurrent integration of PreS1,
PreS2, and S sequences in human genes TERT and
MLL4, even though they did not notice it in CCNE1
gene as HBV X sequence.
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HCV core protein, either in vitro or in vivo, have been
shown to induce alteration of mitochondrial function,
increased ROS levels, and increased intrahepatic
[152-154]
lipid peroxidation
. HCV NS5A protein has been
shown to alter intracellular calcium level and induces
[155]
oxidative stress in an in vitro model
. Increased
ROS is linked to dysregulation of various cells
signaling pathways, particularly those that regulate
cell survival, apoptosis, and inflammation. Indeed,
increased oxidative stress resulted in activation of p38
[155-157]
MAPK, JNK, NF-κβ and STAT3
, which promotes
cell survival. Increased ROS have been linked to
dysregulation of various cells signaling pathways,
particularly those that regulate cell survival, apoptosis,
and inflammation. Indeed, increased oxidative stress
resulted in activation of p38 MAPK, JNK, NF-κβ and
[155-157]
STAT3
, which promote cell survival. These
[158]
activations induce subsequent activation of TGFβ1
,
a major profibrogenic factor in the liver, causing
[159]
activation of hepatic stellate cells
.
HCV core protein has also been shown to induce
upregulation of TGFβ1 transcription, showing a more
[160]
direct role of HCV protein in inducing fibrogenesis .
Activated stellate cells could also produce TGFβ1 and
other pro-inflammatory cytokines, which facilitate
[161]
further inflammatory response
and demonstrate
close association between oxidative stress and
inflammation in chronic hepatitis C. In addition,
increased ROS production along with persistent
viral expressions might also induced cell death,
either through TNFα- or mitochondria-mediated
[162,163]
apoptosis
. The resulting apoptotic bodies
will release alarming molecules that serve as proinflammatory mediators, further aggravating the
oxidative stress-associated inflammation. Oxidative
stress can also damage telomeres, causing them
[164]
to shorten
that has been reported occurring in
the presence of increased oxidative stress marker
[165]
8-oHdG expression
, signifying the effect of HCVinduced oxidative stress on telomere shortening and
senescence.
One of the consequences of chronic oxidative
stress is oxidative DNA damage. ROS could interact
[107]
directly with DNA to induce DNA damage
, and
mitochondrial DNA (mtDNA) that has no protective
[144]
histone protein is more susceptible to the damage .
HCV infection has been reported to induce a mutator
[166]
phenotype by causing dsDNA breaks
. In line with
this, decreased mtDNA in peripheral blood leukocytes
of chronic hepatitis C patients have been reported, and
the degree of DNA damage was found to be correlated
[167]
with increased liver inflammation
that may lead to
progressively liver damage including HCC.

site of production and posttranslational modifications
of cell proteins is perturbed, which then triggered the
unfolded protein response (UPR) pathway to restore
[170,171]
protein homeostasis
. This effect is achieved by
initiating transmembrane protein ATF6 proteolytic
[169]
cleavage , subsequently activating the transcription
[172]
of ER chaperone genes, GRP78
. Furthermore, upregulation of both GRP78 and transcription factor
CHOP/GADD153 have been correlated with downregulation of anti-apoptotic Bcl-2 gene expression,
increased NF-κβ, and cleavage of caspase-3 and
[173-175]
PARP
. Increased GADD153 expression has also
[173]
been linked to cell susceptibility to oxidant injury
,
suggesting that ER stress and oxidative stress is
closely related in pathogenesis of HCV-infection.
The expression of singular HCV proteins, particularly
core, NS5A, and NS2 proteins and/or HCV subgenomic
[169,174,176]
replicons in in vitro induced the UPR pathways
.
These findings were later confirmed using HCV
[175,177]
transgenic mice model
. The HCV-induced ER
stress is reduced following treatment with interferon-α
[177]
[176]
2a treatment
or NS3 protease inhibitor , resolving
UPR response and restoring protein homeostasis. ER
is also major site for intracellular calcium storage, and
these calcium ions are trafficked to and from the ER to
[171]
regulate various cellular signal transduction
. HCV
core, and also NS5A, altered ER calcium homeostasis
by inducing ER stress and depleting ER calcium
[174,178]
content
, resulting in mitochondrial membrane
depolarization and triggering mitochondria-mediated
apoptosis. This HCV-core effect is fully diminished by
[174]
restoring the ER calcium storage
. The changes in
calcium homeostasis in HCV-infected cells have been
suggested as the result of viral-induced increase ROS
[178]
production and oxidative stress , again indicating a
strong correlation between oxidative stress, ER stress,
and mitochondrial dysfunction.

HCV direct oncogenicity

Recent literatures demonstrated that HCV protein core,
NS3, NS4B, and NS5A, can induce cell transformation
[179]
in vitro and in vivo mice transgenic model
. The
fact that HCV transgenic mice with the expression
of a HCV viral protein can develop HCC, suggests a
direct oncogenic effect rather than an inflammatory
[180]
mechanism
. Viral protein in cytoplasm has the
ability to interact with host protein and to alter
the stability of the cellular mechanism leading to
carcinogenesis. Further, direct interactions between
these viral proteins with numerous host cell factors
have been shown to lead to dysregulation of wide
range of cellular signaling, particularly those involved in
cell proliferation, apoptosis, cell metabolism, immune
[179,181]
responses and also oxidative stress
.
Core protein has been reported to directly deregulate
the tumor suppressor p53 pathway based on viral
protein over-expression cell culture system. The level
of deregulation is unclear, since available reports
have shown for both HCV-induced activation and

HCV and ER stress

The close association of the HCV viral replication
complex to the ER membrane might cause ER dys
function. Indeed, HCV have been shown to cause ER
[168,169]
stress
. ER stress occurs when ER function as the
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[182]

[182]

repression of p53-dependent gene expression
.
Host genetic variation and somatic mutation in TP53,
as well as CTNNB1 encoding β-catenin, was found
to be significantly associated with young age and
[183]
moderate and poor differentiated HCV-related HCC .
CTNNB1 activating mutations were also found to be
more frequent in HCV-related compared to HBV[119]
related HCC . In an in vitro study, HCV core protein
activates canonical Wnt signaling via regulations of
several important molecules upstream of β-catenin and
[184]
presumably results in promotion of cell proliferation
Recent report showed that expression of HCV
protein also increased proto-oncogene c-Myc ex
pression in vivo and in infected human livers. This
change is mediated through Akt-dependent activation
of β-catenin and might further contribute to HCV[185]
related oxidative stress and genetic damage
.
Furthermore, it had been demonstrated that the
expression of NS5A stabilized and accumulated
β-catenin through the phosphorylation and inactivation
[186,187]
of GSK3β
.
HCV NS5B RNA-dependent RNA polymerase forms
a cytoplasmic complex with Rb, downregulating the
[188,189]
Rb expression and its DNA damage responses
.
HCV core has also been reported to inhibit Rb
[190]
expression
. HCV NS3/4A protein directly interacts
with ataxia telangiectasia mutated kinase (ATM); a
tumor suppressor protein that detects dsDNA breaks,
[191]
resulting in impaired DNA repair
. In addition,
HCV core also binds to NBS1 protein to inhibit
Mre11/NBs1/Rad50 defective DNA-sensing complex,
resulting in impaired ATM activation and inhibition of
[192]
repair enzymes DNA binding
. HCV also impaired
the expression of NEIL1 DNA-excision glycosylases,
as shown in vitro and in liver biopsy specimens of
[193]
advanced liver disease patients . These observations
suggested that HCV induces accumulation of DNA
damage by inhibiting multiple DNA repair processes
and promoting chromosome instability with consequent
malignant transformation.
The association between HCV viral proteins with
several tumor suppressor genes as listed above might
affect the regulation of cellular senescence. Senescence
pathway responds to cellular stress and acts to limit
[194]
the proliferation of damaged cells
. Inflammation,
oxidative, and oncogenic stress can induce premature
senescence, and this change is characterized by cellcycle arrest, resistance to apoptosis, and oncogenic
[142,194]
epigenetic changes
.
Recent studies had implied the role of several
microRNAs in HCV-related HCC. Several studies
had shown that miR-122, a liver-specific microRNA,
was down-regulated in the majority of HCC samples
analyzed, apart from HCV-related HCC (reviewed by
[195]
Borel et al
). Previously it had been shown that
the miR-122 regulated cell cycle protein Cyclin G1
that affected the stability of p53 and also altered
[196]
chemotherapy sensitivity
. The involvement of
miR-122 in HCV-induced hepatocarcinogenesis is
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reviewed in

.

ACTIVATION OF HEPATIC STEM CELLS
Accumulating evidences highlight the importance of
cancer stem cells (CSC) in HCC biology. Hepatic CSCs
have been reported in various subtypes of HCC and
they are considered as the master regulators of HCC
[197,198]
initiation, progression, and metastasis
. By using
immunostaining and RNA-FISH for stem cells markers
OV6, CK19, and CD133, the frequency of positive
stem cell markers in liver cirrhosis and HCC roughly
correlated with the relatively frequency of HCC that
[199]
develops in the clinical setting .
Despite the increasing importance of this hetero
geneous population in driving carcinogenesis, little is
known about the effect of viral hepatitis in the biology
of CSC. Histological analysis of human tissue found
a positive correlation between HBV infection and
[200]
[201]
CD90
and an inverse correlation with CD133
.
However, since co-staining of the CSC markers and
the HBV proteins was not performed, is not clear if and
how HBV alters the physiology of CD90+ and CD133+
CSC. Furthermore, it will be also important to put
virus genotype in consideration to assess the role of a
specific virus type with the phenotype of the cells.
Several reports have described the involvement
of HBV in the generation of CSC. In particular, a
correlation between HBx expression and EpCAM+
CSC appearance was clearly demonstrated since
[202]
Arzumanyan et al
showed that the pluripotent
stem cell transcription factors Oct-4, Nanog, and
Klf-4, as well as EpCAM and β-catenin, were upregulated in HBx expressing cells. Phenotypically, HBx
stimulated cell migration, growth in soft agar, and
spheroid formation. These data were confirmed in HBx
transgenic mice fed with 3,5-diethoxycarbonyl-1,4dihydrocollidine where an elevated number of EpCAM+
cells with characteristics of human progenitor cells was
[203]
observed . Transformation of rat oval cells with HBx
and the subsequent injection in nude mice treated with
aflatoxin B1 in vivo, gave rise to tumor that expressed
markers of adult hepatocytes as albumin and CK18,
[204]
undifferentiated marker AFP, and oncoprotein c-Myc .
Moreover, clinical evidence showed that high HBx
expression in human HBV-related HCC was statistically
associated with expansion of EpCAM+ or OV6+ tumor
[203,205]
cells, aggressive clinicopathological features
,
activated β-catenin signalling, and up-regulation of
[202]
[206]
miR-181
. In 2015, Fan et al
investigated the
molecular mechanism by which HBx induces EpCAM
expression, suggesting DNA demethylation as major
mechanism driving the re-expression of EpCAM into
hepatocytes.
Infection of HCV has also been associated in the
induction of CSC, perhaps in a direct oncogenesis
manner. The expression of an HCV subgenomic
replicon in cultured cells resulted in the acquisition
of CSC traits including an enhanced expression of
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doublecortin and CaM kinase-like-1, Lgr5, CD133, AFP,
cytokeratin-19, Lin28, and c-Myc. Conversely, curing
of the replicon from these cells results in diminished
expression of these factors. The analysis of liver tissues
from HCV-positive patients and liver tissue microarrays
[207]
reiterated these observations .
The effect of the HCV nonstructural NS5A protein
was studied in a transgenic mouse model. Viral protein,
in synergy with alcohol-induced endotoxemia, induced
the up-regulation of the Toll-like receptor 4 (TLR4)
with the consequent expression of the pluripotency
gene Nanog, a downstream gene up-regulated by
[208]
TLR4, and CD133 . On the other side, the CD133+/
CD49f+ cells isolated from HCC developed in HCV core
transgenic mice were tumorigenic both in vitro and in
vivo and the TLR4-Nanog pathway was necessary for
[209]
the maintenance of tumorigenic properties .

3

4
5

6
7

8

FUTURE PERSPECTIVE
Collectively, literature review had demonstrated the
significances of hepatotropic HBV and HCV during
hepatocarcinogenesis. In the oncogenic initiation,
they can induce immunological response leads to
successive damages of the liver cells that may direct
to the development of HCC. Since the biology of HBV
and HCV is different, their oncogenic effect may go
through a different mechanism, direct and/or indirect,
as had been demonstrated in many pre-clinical and
clinical studies. Even though studies in in vitro and
transgenic animal model had expanded the knowledge
of viral-specific proteins, the mechanism of the viral
particle in inducing hepatocarcinogenesis is still unclear
and open for discussion. This is partially due to several
methodological limitations such as the difficulty on
viral culture, and transgenic animal model cannot
reflect the entire virus particle and its interaction with
host cells receptor (e.g., hepatocyte, immune cells,
etc.). Furthermore, genetic characteristic of the virus
(genotypes, subgenotypes, and quasispecies) can
be related to different disease outcomes, treatment
options, and viral susceptibilities.
In order to prevent HCC development in chronic
hepatitis patients, antiviral therapy is a treatment
choice to suppress viral replication and improve
general status of the patients. However, as reviewed
[210]
by Papatheodoridis et al
current nucleos(t)ide
analogs against HBV can reduce but not eliminate the
risk of HCC. It is of importance to increase awareness
among health-care personnel and the public in the
urgency to protect new generations, particularly in
endemic areas, as well as to raise the population-wide
immunity by neonatal immunization program and
booster and/or catch-up vaccination.
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Nutrition therapy: Integral part of liver transplant care
Lucilene Rezende Anastácio, Maria Isabel Toulson Davisson Correia
gain/metabolic disturbances in post-surgery are still
a challenge in LTx care. The aim of this review is to
support an interdisciplinary nutrition approach of these
patients. Cirrhotic patients are frequently malnourished
before LTx and this is associated with a poor prognosis.
Although the relation between nutritional status versus
survival, successful operation and recovery after LTx is
well established, prevalence of malnutrition before the
operation is still very high. Emerging research has also
demonstrated that sarcopenia pre and post-transplant
is highly prevalent, despite the weight gain in the
postoperative period. The diagnosis of the nutritional
status is the first step to address the adequate
nutritional therapy. Nutritional recommendations and
therapy to manage the nutritional status of LTx patients
are discussed in this review, regarding counseling on
adequate diets and findings of the latest research
on using certain immunonutrients in these patients
(branched chain amino-acids, pre and probiotics).
Nutrition associated complications observed after
transplantation is also described. They are commonly
related to the adverse effects of immunosuppressive
drugs, leading to hyperkalemia, hyperglycemia and
weight gain. Excessive weight gain and post-transplant
metabolic disorders have long been described in
post-LTx and should be addressed in order to reduce
associated morbidity and mortality.
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Core tip: Cirrhotic patients are frequently malnourished
before liver transplantation (LTx) and this is associated
with a poor prognosis. Emerging research has also
demonstrated that sarcopenia pre and post-transplant
is highly prevalent, despite the weight gain in the
postoperative period. The diagnosis of the nutritional
status is the first step to address the adequate
nutritional therapy. Nutritional recommendations and

Abstract
Managing malnutrition before liver transplantation
(LTx) while on the waiting list and, excessive weight
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therapy to manage the nutritional status of LTx patients
are discussed in this review. Nutrition associated
complications observed after transplantation is also
described. Excessive weight gain and post-transplant
metabolic disorders have long been described in postLTx and should be addressed to reduce associated
morbidity/mortality.

Table 1 Factors associated with malnutrition in patients on
the waiting list for liver transplantation
Factors
Anorexia
Ascites
Altered taste perception
Metabolic and inflammatory derangements
Inadequate diet restrictions
Decreased social status
Polypharmacy
Multiple paracentesis
Variceal bleeding
Long fasting periods for labs and diagnostic procedures

Anastácio LR, Davisson Correia MIT. Nutrition therapy:
Integral part of liver transplant care. World J Gastroenterol
2016; 22(4): 1513-1522 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i4/1513.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1513

[13]

to the development of hypoalbuminemia . Adequate
nutrient utilization may be impaired because digestion,
absorption and metabolism seem also to be affected in
cirrhotic patients. When there is associated excessive
alcohol intake or diseases affecting the biliary system,
[14,15]
malabsorption is impaired
. The latter is also
influenced by the use osmotic laxatives, as lactulose.
Also, liver impairment negatively impacts the capacity
of macronutrient metabolism, specially the reduction
of protein synthesis, the decrease in glycogen
[7]
storage and glycogenolysis . Patients with endstage liver disease may have impaired synthesis of
polyunsaturated fatty acids from essential fatty acids
precursors, with increases in the levels of n-6 and n-9
and decreases in n-3 fatty acids in plasma and adipose
[16]
tissue . Also, some authors have reported increased
[17,18]
resting energy expenditure in cirrhotic patients
.
As a consequence, nowadays, the prevalence of
[1]
malnutrition is still very high and seems not to have
decreased from what was reported more than twenty
[4,19]
years ago
. Thus, malnutrition may currently affect
almost all cirrhotic patients. This could be justified by
the fact that patients undergoing transplantation today
are generally sicker than those who underwent it
before the use of the model of end-stage liver disease
(MELD) score. Therefore, it could be hypothesized
that nutrition could play a more significant role today
than in the past, placing patients at additional nutrition
[20]
challenges for post-operative recovery .
Malnutrition related outcomes have been well
recognized with many studies showing the negative
impact after transplantation, which is associated to
longer hospital andintensive care unit stay, infections,
[21-24]
graft impairment and mortality
. Nevertheless, a
recent metanalysis of randomized clinical trials has
failed to demonstrate that nutritional therapy improves
[25]
clinical outcomes . Some reviews, however, reported
beneficial effects of oral supplements, enteral and
[26-28]
parenteral nutrition
in reducing complications and
mortality of cirrhotic patients.
One fact that may have influenced the previous
study results is related to the diagnosis of malnutrition
in cirrhotic patients as well as the surrogate outcome
measures used to assess nutrition interventions. Due

INTRODUCTION
Nutritional therapy is an integral part of liver transplant
care. Although many nutritional aspects of liver trans
plantation patients have previously been addressed, it
[1]
is still a challenge to manage malnutrition in the pretransplant phase and, excessive weight gain/metabolic
[2,3]
disturbances
postoperatively. Recent reports still
show that little has changed in the last years with
[4,5]
increased prevalence of both entities .
Interdisciplinary teams should definitely prioritize
nutritional therapy as an integral part of liver transplant
care in order to change this reality. The aim of this article
is to review the nutritional status of liver transplant
patients as well as the recommendations and therapy
before and after liver transplantation.

NUTRITIONAL STATUS
Malnutrition is still highly prevalent in cirrhotic patients,
despite the medical advances in liver transplantation
[1]
care . Causes of malnutrition in these patients are
well described and, essentially, include the effects of a
catabolic chronic illness accompanied by reduced food
[6,7]
[8]
intake
leading to negative energy balance (Table
1). Many reasons are cited to explain decreased diet
intake in cirrhotic patients such as: anorexia caused
by zinc deficiency, hyperglycemia and, increased
inflammatory cytokine productions (e.g., TNF-α and
[7,9,10]
IL-6) and leptin
; frequent fasting periods for
medical examsand procedures as well as iatrogenic
diet counseling, usually indicating the avoidance of
protein sources, especially for those patients at higher
[11]
risk of encephalopathy and/or low-salt unpalatable
diets. Furthermore, autonomic neuropathy observed
in liver cirrhosis causes altered gustatory sensation,
gastroparesis and delayed bowel transit time, which
together with bacterial overgrowth and tense ascites,
[7,12]
cause nausea and early satiety
. Protein losses due
to gastrointestinal bleeding and frequent parecentesis
also contribute to malnutrition, which may further be
worsened by protein-losing enteropathy, contributing

WJG|www.wjgnet.com

1514

January 28, 2016|Volume 22|Issue 4|

Anastácio LR et al . Nutrition in liver transplant
[31]

the best reliable tool (Table 2) . Also, functional
instruments such as handgrip strength and the six
minute walk test have been advocated as potential
good parameters not only to asses but also to follow up
[1,2,32]
nutritional interventions
.
Therefore, despite the vast knowledge from
research in the fields of metabolism, clinical nutrition
and intervention, there is no generally accepted
or standardized approach for the diagnosis and
[33]
classification of malnutrition in these patients .
However, we suggest that because all cirrhotic
patients are at high risk of malnutrition, it is strongly
recommended that nutritional assessment be performed
in every liver transplant candidate as an integral part
[1,6,32]
of the evaluation protocol
.
Recently, many researches have focused on
sarcopenia, a condition defined as severe muscle
wasting, and the related outcomes before and
[34-38]
after liver transplantation have been reported
.
The diagnosis can be done using dual energy
X-ray absorptiometry, computed tomography and,
bioelectrical impedance with sex-specific cutoffs for
[39,40]
sarcopenia diagnosis
. Bioelectrical impedance
testing is an easy, fast, a low cost tool that can be
applied in nutritional transplant care to diagnose
[41]
sarcopenia . Prevalence of sarcopenia before
transplantation is pointed in more than a half of
[37,42]
cirrhotic patients
. It’s absolutely important to
stress that muscle wasting is a consequence od
inadequate nutritional status - malnutrition -, thus,
the relationship of sarcopenia and outcomes should
be the same as that of malnutrition. After surgery, the
[43]
prevalence of sarcopenia does not seem to decrease
although patients gain weight, sarcopenic obesity co[44-48]
exists
. Greater food intake and physical inactivity
are responsible for the positive energy balance,
which is observed in up to 88% of patients after
[49]
liver transplant . This is a risk factor for metabolic
syndrome, described in half of patients after liver
[50]
transplant .

Table 2 Subjective Global Assessment for patients on waiting
[31]
list for transplantation
performance
Subjective Global Assessment
I. History
A. Weight
Height_______ Current weight______
Pre-illness weight _____
Weight in past 6 months: High_____ Low______
Overall change in past 6 months:_________
B. Appetite
Dietary intake change relative to normal
Appetite in past two weeks: ____good ____fair ____poor
Early satiety: _____none _____1-2 weeks _____ > 2 weeks
Taste changes: _____none _____1-2 weeks _____ > 2 weeks
C. Current intake per recall
Calories____ Protein______
Calories needs _____ Protein needs______
D. Persistent gastrointestinal symptoms
Nausea: _____none _____1-2 weeks _____ > 2 weeks
Vomiting: _____none _____1-2 weeks _____ > 2 weeks
Diarrhea (loose stools, > 3/day)
Number of stools per day_____/Consistency______
_____none _____1 weeks _____ > 1 weeks
Constipation: _____none _____1-2 weeks _____ > 2 weeks
Difficulty chewing: _____none _____1-2 weeks _____ > 2 weeks
Difficulty swallowing: _____none _____1-2 weeks _____ > 2 weeks
E. Functional capacity
_____ No dysfunction ____Dysfunction
_____ weeks
_____ working suboptimally
_____ ambulatory
_____ bedridden
II. Physical exam
A. Status of subcutaneous fat (triceps, chest)
_____ good stores _____ fair stores _____poor stores
B. Muscle wasting (quadriceps, deltoids, shoulders)
_____none _____mild to moderate _____ severe
C. Edema and ascites
_____none _____ mild to moderate _____ severe
III. Existing conditions
A.Encephalopathy
_____ none _____ stage I-II _____stage III _____ stage IV
B.Chronic or recurrent infection
_____ none _____ 1 week _____> 1 week
C.Kidney function
_____good/_____decreased (no dialysis)/_____decreased (with
dialysis)
D.Varices
_____none/_____ varices (no bleeds)/_____ varices (with bleeds)
IV. Subjective Global Assessment Rating (based on sections I, II, III)
A._____ Well nourished
B._____ Moderately malnourished (or suspected of being
malnourished)
C.______ Severely malnourished

NUTRITIONAL RECOMMENDATIONS
Pre liver transplantation

Guidelines for nutritional therapy in cirrhosis have
[33,51-53]
been proposed and updated in the last decades
.
Recommendations to avoid malnutrition include a
dietetic plan contemplating a caloric intake of 35-40
kcal/kg and a protein intake of 1.2-1.5 g/kg (Table
2). If patients present with water overload, the latter
should be considered and discounted for dry weight
estimation and nutritional requirement calculation.
Obviously, this is absolutely a subjective decision
and, that’s why a probably better approach would
be to estimate the ideal weight according to body
[54]
height . Indirectly calorimetry, if available, should
[30]
be performed
as energy needs might be better
[55]
estimated by this test, in liver transplant candidates .

to the hepatic disease, some common nutritional
parameters are generally altered, such as the weight
- if the patient presents with fluid overload and, also
albumin - since it can be lower because of impaired
hepatic protein synthesis. Other anthropometric mea
surements, as triceps skinfold and mid-arm muscle
circumference, which assess subcutaneous fat and
[29,30]
muscle mass, can also be affected by fluid retention
.
The adapted subjective global assessment, an essential
clinical assessment tool has been suggested as probably
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A high protein intake may classically been known as
a cause for encephalopathy. Nonetheless, there should
be less fear in the prescription of higher amounts of
protein, once modulation of nitrogen metabolism in not
[56]
only due to the nutritional issue
and, on the other
hand, protein restriction is no doubt one of the causes
of malnutrition. For more than a decade, Cordoba et
[57]
al
showed that diets containing 1.2 g/kg of protein
can safely administered to patients with liver cirrhosis
suffering from episodic encephalopathy. The authors
also showed that protein restriction does not confer
any benefit during an episode of encephalopathy.
Besides, insufficient protein intake (< 0.8 g/kg) has
been independently associated with malnutrition
and mortality in a large cohort with 630 cirrhotic
[22]
patients . It is suggested that diets rich in vegetables
and dairy protein may be beneficial and are therefore
recommended, but tolerance varies considerably in
[56]
relation to the nature of the diet .
Considering other nutritional aspects of encepha
lopathy, a meta-analysis of randomized controlled
trials pointed out that oral branched chain amino-acid
(BCAA - valine, isoleucine and leucine) supplements
have beneficial effects on manifestations of hepatic
encephalopathy compared with control supplements,
by improving the grade of encephalopathy, but not for
[58]
the resolution or worsening of this condition . Some
reviews have addressed that BCAA supplementation
appears to be associated with decreased frequency of
complications of cirrhosis and improved nutritional status
[59,60]
when prescribed as maintenance therapy
. BCAA
supplementation is suggested to allow recommended
nitrogen intakes to be attained/maintained in patients
[56]
who are intolerant of dietary protein . However, these
[61]
observations are not universal . A recent prospective
study showed that an oral BCAA supplement enriched
with leucine reverted the impaired mTOR1 signaling
and increased autophagy in skeletal muscle of patients
with alcoholic cirrhosis, and could be a promise in
[62]
the treatment of sarcopenia . Cost and palatability
may limit the potential applicability of this treatment
modality.
Caloric intake should be guaranteed by 50%-70%
[30,51]
of carbohydrates
. It must be acknowledged
that patients with liver failure are at a high risk of
hypoglycemia, due to the limitation in storage of
[53]
glycogen and, liver neoglucogenesis . Reach caloric
intake both with carbohydrates and less fats (to avoid
slower gastric emptying) is important to prevent
the utilization of amino acids for glucose production,
and consequent depletion of protein tissue and
[63]
production of ammonia . Patients should be advised
to avoid fasting for longer than 3-6 h during daytime
and, should be encouraged to take small, frequent
[56]
meals distributed throughout the day . A lateevening snack of 50 g of complex carbohydrates is
suggested to reverse aberrant substrate utilization and
improve nitrogen retention. This has been described
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to improve quality of life, survival and, reduce the
frequency and severity of hepatic encephalopathy
[64]
episodes . Regarding the consumption of nondigestible carbohydrate (prebiotics), patients should
be encouraged to ingest approximately 25-45 g a
[56]
day . These can either be supplemented as prebiotic
formula, or those present in a rich fiber diet, whose
fermentation seems to have a beneficial effect on
neuropsychiatric performance. On the other hand,
probiotic (beneficial bacteria) and symbiotic (prebiotic
+ probiotic) supplementation should be discouraged
[65,66]
in the treatment of hepatic encephalopathy
,
[67]
but, they may be an option for the prevention
[65]
and treatment of minimal cases of this condition .
Future researches are needed in this population for a
[56]
consistent recommendation .
Fat is important in order to reach caloric recom
[30]
mendations (not more than 30%) , thus dietary fat
should not be restricted, unless true fat malabsorption
has been diagnosed using a fecal fat test or slower
[7]
gastric emptying is reported . Medium chain trigly
cerides are an alternative form of fat not requiring
bile salts for absorption and can be used both in
[68,69]
oral, enteral or parenteral nutrition formulations
.
Essential fatty acids and their derivates should be
provided, as patients with end stage liver disease may
[7]
have impaired synthesis of them . Supplementation
of n-3 fatty acids have been suggested as a strategy to
delay disease progression in liver cirrhosis and, in posttransplant, it reduces injury of the transplanted liver as
well as it has been reported to decrease the incidence
[70,71]
of infectious morbidities
.
Oral supplements can be useful to help meet
nutritional recommendations and some studies
have shown that cirrhotic patients receiving daily
supplements plus adequate oral nutrition had better
[72-75]
outcomes compared with controls
. However,
one randomized, controlled trial demonstrated
that regular dietary counseling is as effective in
increasing energy intake as providing a nutritional
supplement, since patients who receive a nutritional
supplement might decrease the amount of food
[76]
intake . Nonetheless, this is definitely a matter of
adequate counseling, which should encompass various
strategies to guarantee compliance, such as different
supplement preparations/options (the use of healthy
gastronomy). Another strategic action should be the
use of supplements in modest quantities (e.g., 50 mL)
every time the patient as to take any medication. This
ensures increased nutrition intake with probably low
impact on satiety, however, diet-drug interactions must
be addressed.
In relation to micronutrients, chronic liver disease
generally courses with nutrient deficiencies, thus
dietary counseling and planning should consider
[30]
Dietary Reference Intakes .Thiamine, folate and
[75]
magnesium, specially, when there is alcohol abuse ,
and deficiency of fat-soluble vitamins in advanced
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Table 3 Nutritional recommendations in pre and peri liver transplant
Nutrients/Diet

Recommendations

Observations

Pre-transplant
Calories

35-40 kcal/kg

Avoid fasting for longer than 3-6 h during daytime; encouraged to take small,
frequent meals distributed throughout the day
It is suggested diets rich in vegetables and dairy protein
A late-evening snack of 50 g of complex carbohydrates is suggested to reverse
aberrant substrate utilization and improve nitrogen retention
It should not be restricted, unless true fat malabsorption has been diagnosed using
a fecal fat test or slower gastric emptying is reported
Prebiotics fermentation seems to have a beneficial effect on neuropsychiatric
performance
Or pharmacological doses in case of deficiency

Protein
Carbohydrates

1.2-1.5 g/kg
50%-70%

Fat

30%

Fiber

25-45 g/d

Vitamin and minerais
Peri-transplant
Calories
Proteins

Dietary Reference Intakes
25-30 kcal/kg
1.5-2.0 g/kg

Food/enteral nutrition

Use indirect calorimetry if it is available
In the immediate phase after the operation, protein catabolism is markedly
increased
Early normal food or enteral nutrition (12 h) after liver transplant is advisable as
long as the patient is hemodynamically stable and has no nausea or vomiting

liver disease, especially in those with cholestatic liver
[76]
disease are very common. Also, vitamin D deficiency
[77,78]
in cirrhotic liver patients is universal
not only
due to the malabsorption but also as a consequence
of inadequate dietary intake and decreased UV
light exposure. There is also impairment in hepatic
[79,80]
activation of this vitamin in cirrhosis
. This
condition leads to calcium deficiency, and eventually
osteomalacia or osteoporosis, contributing to fractures
[81]
seen in 40% of patients with chronic liver disease .
Vitamin D (800-1000 IU) and calcium (1.000 mg)
supplementation should be implemented in deficiency
[82]
and in the case of corticosteroid use . Calcium
supplementation should be 1.200 to 1.500 mg for
[29,30]
those patients with osteopenia and osteoporosis
.
Cirrhotic patients usually have salt retention,
which leads to hypernatraemia demanding treatment
with diuretics. Depletion of potassium, magnesium,
phosphate, zinc and other intracellular minerals are,
then, usually observed. However, cirrhotic patients
seem to have decreased serum zinc, magnesium and
selenium levels with the progression of liver disease
and, it is suggest that micronutrient supplementation
could play a role in preventing progression of liver
[83]
disease and its complications . Nonetheless, no
routine recommendation on the requirement of
micronutrients can be made on the basis of controlled
studies and, administration of micronutrients has no
proven therapeutic effect apart from the prevention or
[51]
correction of deficiency states . Sodium restriction to
2 g/d is recommended for those patients with ascites/
[30]
edema . But patients should be encouraged to use
alternative seasonings, as herbs and spices,in order to
avoid reducing food intake due to unpalatable diets.

similar to those for other postoperative situations. It is
specially important to stress that preoperative fasting
from midnight and interruption of nutritional intake
after surgery is unnecessary and even contra-indicated
[84]
in most patients . Because in deceased donor
transplantation, no one can predict when a patient will
[20]
receive a transplant , aggressive early post-operative
nutrition support (by enteral route if possible) should
be allocated to those patients with highest MELD
scores, especially when they are undernourished
and, if it is anticipated that patients will be unable
to eat within for more than two days. Also, this
approach should be considered when patients cannot
maintain oral intake above 60% of the recommended
[84]
intake for more than 10 d . For those undergoing
transplantation from living donors, new opportunities
for nutrition therapy, as the transplant operation may
be scheduled, preoperative nutrition interventions
should be considered for recipients and donors
when applicable based on the previous addressed
[20]
discussion .
After the liver transplant operation, energy and
protein requirements are still increased for weeks.
Metabolism in liver recipients only improves at 4
wk after LTx, especially considering the non-protein
respiratory quotient, serum non esterified fatty acids
[85]
and nitrogen balance . In the immediate phase
after the operation, protein catabolism is markedly
increased and patients should receive about 1.5-2.0
g/kg of protein (Table 3). Non-protein energy
requirements, in this period, vary according to the
metabolic and inflammatory status, with unstable
patients demanding lower intakes while the others
more. When indirect calorimetry is not available,
estimates between 25 to 30 kcal/kg per day maybe
[30,51]
used
. Electrolyte abnormalities, thereby, serum
potassium, phosphorus, and magnesium levels should
be monitored, due to routine diuretic use, abdominal
drains and fluid overload. Also, refeeding syndrome

PER AND EARLY POST LIVER
TRANSPLANTATION
Per and postoperative nutrition recommendations are
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[30]

should be taken as a risk factor for these disorders .
In summary, early normal food or enteral nutrition
(12 h) after liver transplant is advisable as long as the
patient is hemodynamically stable and has no nausea
[20,33,53]
or vomiting
. A whole polymeric enteral formula
is recommended and the use of immunonutrition (n-3
fatty acids, arginine, BCAA, nucleotides) in this period
[20,86]
is still controversial
.
After liver transplant, patients will have to take
immunosuppressant medication to the end of their
lives. Although modern drugs with less side effects
are available, increased survival rates and decreased
overall complications have led to many nutrition status
implications associated with the use of cyclosporine,
tacrolimus and corticosteroids. New onset diabetes
or glucose impairment is common initially after the
operation as the consequence of immunosuppressant
[87,88]
regiment
. Diabetic dietary advice is usual required,
and if necessary, the use of oral hypoglycemic or
insulin regimens should be tethered according to the
progression of diet. If hyperglycemia persists, it should
be managed by reducing glucoseintake, since higher
insulin might hamper increasedglucose oxidation in
this period. Also, the diabetogenic potential of the
immunosuppressant tacrolimus may be lowered by
[51]
reducing its dose, without undue risk of rejection .
Many patients may concomitantly present with
high potassium levels shortly after the operation.
This usually results from the nephrotoxicity of the
prescribed immunosuppressant medication. Thus, in
the early post-transplant periods, it might be important
to control potassium food sources as well as, it the
recommendation of the use of dietary techniques
[89]
which are able to reduce its content in nutrients . In
the long term, this is not indicated, as this condition
mostly disappears. Hypomagnesemia also rises as
a consequence of immunosuppression and, patients
generally receive magnesium supplementation,
however, some progress with diarrhea. The intake of
magnesium rich food sources should be encouraged,
such as dark cocoa, whole grains, nuts, legumes,
fruits and green vegetables. Important to point that
the consumption of this kind of food should not be
restricted, even considering the immunocompromised
host as a result of anti-graft rejection drugs. Patients
should receive food safety advice to prevent food
borne infections, which can be achieved with the
[90]
correct handling of fruits and vegetables .
In the long-term after liver transplantation, weight
gain is mostly observed. It is important to recover the
nutritional status, since the patients lose an average of
[45]
9.1 kg during the course of liver disease . Greatest
relative weight gain occurs in the first six months
[47]
after the operation
and, recovery of all weight loss
[45]
happens in the first post-transplant year . However,
unfortunately, patients do not stop gaining weight in
[44]
the subsequent years , resulting in the alarming
[3]
prevalence of overweight and obesity . During the
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first 12 mo, the fat mass progressively increases in
those patients who had previously depleted overall
body mass, but muscle mass recovery is subtle
[91]
and non-significant by the end of the first year .
So, despite the weight gain, the high prevalence of
sarcopenia does not change after transplantation
and, new cases of this statusare incident leading to
[36]
increased risk of morbidity and mortality .

LONG-TERM POST LIVER
TRANSPLANTATION
Several metabolic complications related to weight gain
and the immunosuppression are developed in longterm post-transplant. The risk of arterial hypertension,
dyslipidemia and diabetes mellitus incidence increase
after surgery and, impact outcomes as well as
[92]
survival . This set of metabolic disorders yield an
increased risk of metabolic syndrome, described in
[2,50]
approximately half of liver transplant recipients
.
Every effort should be encouraged to avoid
excessive weight gain and its consequences in the
long-term after liver transplantation. There is, once
again, the need for interdisciplinary, early, and
close weight monitoring of all the patients, who
certainly could benefit from counseling regarding
[44]
weight gain and its consequences after surgery .
Beyond nutritional intervention, exercise counselingis
essential to improve body composition (essentially
sarcopenia),overall muscle function and metabolic
[32,91]
parameters
. Specific nutritional and exercise
[93-98]
guidelines are available and should be followed
.

CONCLUSION
In summary, patients with terminal liver disease suffer
from nutritional and metabolic disorders that are
mostly associated to the disease per se, impacting
morbidity, mortality and quality of life throughout
their life spam either while on the waiting list for liver
transplantation and thereafter. These derangements
maybe prevented or decreased if adequate interdisciplinary
approach is adopted, by providing adequate nutritional
counseling and intervention, when necessary. These
attitudes positively impact on overall outcomes in
the perioperative period and in the long run after
transplantation, avoiding future associated morbidity
and mortality, such as metabolic syndrome.
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Liver transplantation in acute liver failure: A challenging
scenario
Manuel Mendizabal, Marcelo Oscar Silva
between jaundice and encephalopathy, age, and the
degree of coagulopathy. Determining the prognosis for
this population is vital. Unfortunately, prognostic models
with both high sensitivity and specificity for prediction
of death have not been developed. Liver transplantation
has dramatically improved survival in patients with
acute liver failure. Still, 25% to 45% of patients will
survive with medical treatment. The identification of
patients who will eventually require liver transplantation
should be carefully addressed through the combination
of current prognostic models and continuous medical
assessment. The concerns of inaccurate selection for
transplantation are significant, exposing the recipient
to a complex surgery and lifelong immunosuppression.
In this challenging scenario, where organ shortage
remains one of the main problems, alternatives to
conventional orthotopic liver transplantation, such
as living-donor liver transplantation, auxiliary liver
transplant, and ABO-incompatible grafts, should
be explored. Although overall outcomes after liver
transplantation for acute liver failure are improving,
they are not yet comparable to elective transplantation.
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Abstract

Mendizabal M, Silva MO. Liver transplantation in acute liver
failure: A challenging scenario. World J Gastroenterol 2016;
22(4): 1523-1531 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1523.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1523

Core tip: Acute liver failure is the most dramatic clinical
situation in which liver transplantation is performed. In
this manuscript, we describe the timing and benefits
of this procedure by analyzing the different prognostic
scores and surgical techniques.

Acute liver failure is a critical medical condition defined
as rapid development of hepatic dysfunction associated
with encephalopathy. The prognosis in these patients
is highly variable and depends on the etiology, interval
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Described in 1989, the King’s College Hospital
criteria (KCC) are amongst the most common set
of tests applied for patient selection, and were the
first to distinguish between paracetamol-induced and
[11]
other ALF etiologies . The criteria have a clinically
acceptable specificity, in that patients fulfilling the
criteria are very likely to die if they do not receive
transplants. Conversely, sensitivity is less, as a
certain number of patients not meeting criteria do
[20,21]
not survive
. A recent meta-analysis from 18
studies analyzing KCC performance in patients with
nonparacetamol-induced ALF, totaling 1105 patients,
reported an overall sensitivity of 68% and a specificity
[22]
of 82% . Interestingly, specificity increased to 88%
when criteria were applied dynamically, and to 93%
in patients with more advanced encephalopathy.
Sensitivity fell in studies published after 2005,
suggesting modern medical management of ALF
[22]
may affect KCC performance . Two separate metaanalyses studied paracetamol-induced ALF reporting
an overall sensitivity of 58%-69% and specificity of
[20,23]
92%-94%
. Again, sensitivity was considered
to be low as a result of non-dynamic application of
[23]
the criteria . The model has been refined and both
specificity and sensitivity improved, for example,
[24]
with the inclusion of lactate . In a cohort of patients
with paracetamol-induced ALF, the addition of
the postresuscitation lactate concentration to the
established KCC increased the ability to identify
patients unlikely to survive unless they received
[24]
transplants . The rationale for including lactate
as a prognostic marker is based on the fact that
hyperlactatemia reflects not only systemic tissue
dysfunction, but, most importantly, substantially
decreased hepatic clearance of lactate. Two significant
points to remember regarding KCC application are:
first, its use is clearly most effective in patients with
high-grade encephalopathy; and second, KCC were
not formulated as part of a static model, but rather
as a dynamic evaluation system, and therefore, their
most effective application will arise from continued
patient monitoring.
The Clichy criteria were described in 1986, and
originated from the study of a cohort of 115 patients
[12]
with fulminant hepatitis B . The model is based on
decreased levels of factor Ⅴ, age, and the presence of
grade 3-4 encephalopathy, with a positive predictive
value of 82% and a negative predictive value of
[12]
98% . Validation studies have shown the Clichy
criteria to be not only less accurate than originally
reported, but also less accurate than KCC for predicting
[25,26]
outcome
. Seeking a better alternative to the KCC
and Clichy criteria, the following scores were also
evaluated: the Sequential Organ Failure Assessment
(SOFA), and the Acute Physiology and Chronic Health
Evaluation Ⅱ (APACHE Ⅱ). The rationale of evaluating
non-liver-specific scores is based on the uncontrolled
inflammatory response observed in patients with
ALF. The SOFA and APACHE Ⅱ scores are strongly

LIVER TRANSPLANTATION IN ACUTE
LIVER FAILURE: A CHALLENGING
SCENARIO
Acute liver failure (ALF) is characterized by a rapid
deterioration of the liver function (international norma
lized ratio ≥ 1.5) and the development of hepatic
encephalopathy within 26 wk of jaundice in a patient
[1]
with no previous history of liver disease . ALF
accounts for 8% of indications for liver transplantation
[2,3]
(LT) in Europe and 7% in the United States . Globally,
viral hepatitis infections are probably responsible for
the majority of cases of ALF. Hepatitis A and E are
common in developing countries, while hepatitis B is
a common cause in some Asian and South American
[4-6]
countries . In developed countries, drug-induced
liver injury, especially with paracetamol, accounts for
[7]
approximately 50% of cases . Before the era of LT,
[8]
ALF mortality rates ranged between 80% and 85% .
Advances in the field of critical care management
and LT, however, have dramatically improved survival
[9,10]
outcomes for patients with ALF
. Current LT results
are especially good considering the emergency
context of the surgical indication, with one- and
five-year patient survival rates of 80% and 75%,
[9,10]
respectively
. Nevertheless, LT candidate selection
in the ALF setting must be carefully addressed. Risks
of emergency transplantation in patients with evolving
or established multiple organ failure (MOF) must be
balanced against survival with continued medical
supportive care alone. In this review, we discuss
current decision-making strategies used to indicate LT
in this challenging clinical scenario.

Timing of LT

Several prognostic evaluation systems use different
variables correlating with outcome in ALF patients to
[11-15]
identify patients with high likelihood of mortality
(Table 1). When evaluating the accuracy of a
prognostic score to identify those patients who will
die if an LT is not performed, one should consider the
positive and negative predictive values. The positive
predictive value is the probability that a positive
prognostic test will truly reflect the need for an LT.
On the other hand, the negative predictive value will
describe which patients will survive without LT. Four
variables are considered key determinants to assess
prognosis: etiology, interval between jaundice and
encephalopathy, age, and synthetic markers of disease
[16,17]
severity
. Most importantly, prognostic models
need to be able to capture critical data at crucial time
[18]
points during the course of disease . Many prognostic
models are used worldwide, most based on historic
cohorts of patients not receiving a transplant. Although
details among the systems differ, they share many
common variables (Table 2). Unfortunately, prognostic
models have limitations, and their predictive accuracies
[16,19]
vary
.
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Table 1 Comparison between different prognostic scoring systems for acute liver failure
n

Ref.
Bernuau et al[8] (1986)

Etiologies

Parameters
Clinical
Age

115

Hepatitis B

Factor V levels

332

Non-paracetamol

Bilirubin, INR

431

Paracetamol

Bismuth et al[63] (1996)

139

All patients

Arterial pH, Creatinine, INR,
grade 3-4 encephalopathy
Factor V levels

Mitchell et al[30] (1998)

102

Paracetamol

APACHE Ⅱ

Schmidt et al[37] (2002)

125

Paracetamol

Serum phosphate > 1.2 mmol/L

Bernal et al[24] (2002)

210

Paracetamol

Lactate

Larson et al[46] (2005)

275

Paracetamol

APACHE Ⅱ

Ganzert et al[44] (2005)

198

Amanita phalloides

Schmidt et al[36] (2005)

239

Paracetamol

Prothrombin time < 25%,
creatinine > 1.2 mg/dL
α-fetoprotein

Schiødt et al[41] (2005)

252

All patients

Actin-free Gc-globulin

Taylor et al[45] (2006)

29

Hepatitis A

Schiødt et al[35] (2007)

206

All patients

70

Paracetamol

Monocyte HLA-DR ≤ 15%

64

Non-paracetamol

MELD score

Dhiman et al[32] (2007)

144

Acute viral
hepatitis

Creatinine ≥ 1.5 mg/dL,
prothrombin time ≥ 35 s

Schimdt and Larsen[31]
(2007)
Escudié et al[43] (2007)

460

Paracetamol

Serial MELD score

27

Amanita phalloides

INR > 6 at day 4

Volkmann et al[38] (2008)

70

All patients

698

All patients

Caspase activation (measured
by Cytokeratin 18 fragments,
M30 and M65)
Prothrombin time < 10%,
bilirubin ≥ 18 mg/dL

[11]

O´Grady et al

(1989)

[40]

Antoniades et al

[13]

Yantorno et al

(2006)

(2007)

Mochida et al[15] (2008)

Comments

Laboratory

Clichy criteria

Age, etiology, jaundice
First model to differentiate between
to encephalopathy > 7 paracetamol-induced and other etiologies

Age, grade 3-4
encephalopathy
APACHE Ⅱ score > 15: sensitivity 82%,
specificity 98%; similar to KCC
Applicable from day 2-4 after overdose;
sensitivity 89%, specificity 100%; superior
to KCC
Addition of post resuscitation lactate to
KCC improved sensitivity
APACHE Ⅱ score > 20: sensitivity 68%,
specificity 87%; superior to KCC
Applicable from day 3 after ingestion;
sensitivity 100%, specificity 98%
Dynamic α-fetoprotein measurement

Cutoff level 40 mL/L; similar prognostic
information as KCC in a single
measurement admission
ALT ≤ 2600 IU/L, creatinine ≥ Intubation, vasopressors
Superior to MELD score and KCC
2.0 mg/dL
requirement
Ratio ≥ 1 indicated better prognosis
α-fetoprotein ratio day 1 and 3

Age ≥ 50, jaundice to
encephalopathy > 7,
cerebral edema, grade
3-4 encephalopathy

Ingestion diarrhea
interval < 8 h

MELD superior to KCC and Clichy
criteria
Presence of any of three variables
superior to KCC and MELD score

MELD score did not provide more
information than KCC or INR alone
Encephalopathy not needed to decide
transplantation
Caspase activity might predict
spontaneous recovery

Age ≥ 45, jaundice to Re-evaluates within 5 d if patient remains
encephalopathy ≥ 11 d alive and liver transplantation was not
performed
Hadem et al[14] (2008)
102
All patients
Bilirubin, lactate
Etiology
Bile score, better prognostic accuracy
than MELD score or KCC
Bechmann et al[33] (2010) 68
All patients
Cytokeratin 18 (M65), creatinine,
MELD-M65 score
INR
Westbrook et al[42] (2010) 54 Pregnancy-related
Lactate ≥ 2.8 mg/dL
Encephalopathy
Sensitivity 90%, specificity 86%; superior
to KCC
Cholongitas et al[28]
125
Paracetamol
SOFA score, APACHE Ⅱ score,
SOFA score was superior to KCC, MELD
(2012)
KCC, MELD
and APACHE Ⅱ
Rutherford et al[34] (2012) 500
All patients
INR, bilirubin, phosphorus ≥ Encephalopathy grade
ALFSG index sensitivity 86% and
3.7 mg/dL, log10 M30
specificity 65%; superior to MELD score
and KCC
Mendizabal et al[6] (2014) 154 Non-paracetamol
MELD score
MELD superior to KCC and Clichy
criteria
ALFSG: Acute liver failure study group; ALT: Alanine aminotransferase; APACHE: Acute physiology and chronic evaluation; INR: International
normalized ratio; KCC: King’s College Criteria; MELD: Model for end-stage liver disease.

[27]

was performed with KCC, Model for End-Stage Liver
[28]
Disease (MELD), SOFA, and APACHE Ⅱ . The SOFA
score performed better than the other prognostic

associated with MOF and blood lactate levels . In a
retrospective study that included 125 patients with
paracetamol-induced ALF, assessment of the prognosis
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Table 3 Determinants associated with poor outcomes
following liver transplantation in patients with acute liver
failure

Table 2 Variables that correlate with outcome in patients
with acute liver failure
Clinical/demographic
Age
Encephalopathy
Etiology
Cerebral edema
Jaundice to encephalopathy
interval
Mechanical ventilation
Vasopressors requirement
Functional/physiologic
APACHE Ⅱ
Hepatic artery resistance index
changes

Serologic
Bilirubin
Creatinine
INR/factor V
Lactate
pH
Gc globulin

Phosphate
Ketone body ratio
α-fetoprotein
Cell death markers
(M30, M65)
Monocyte HLADR

Graft-related

Clinical

Age > 45 yr
Male sex
Non-viral etiology

Donor > 60 yr
ABO mismatch
Steatosis
Reduced liver

Vasopressors
Creatinine
Body mass index ≥ 30 kg/m2

negative predictive values, which should not lower
specificity. In order to improve LT candidate selection,
prognostic models should be applied continuously
over time, as part of overall clinical monitoring by
experienced multidisciplinary transplant teams.

Morphologic
Hepatocyte necrosis
Liver volume

LT

scores with an area under the curve of 0.79, sensitivity
of 67%, and specificity of 80%. Interestingly, temporal
changes in SOFA score were also evaluated. A SOFA
score > 6 by 72 h or > 7 by 96 h post-paracetamol
overdose predicted death/transplantation with negative
[29]
predictive values of 97% and 99%, respectively .
The APACHE Ⅱ model has similar sensitivity and
specificity to the KCC, but cannot be applied as early
[30]
after admission .
More recently, interest has been focused on
application of the MELD score to predict ALF outcomes
in both paracetamol-induced and nonparacetamolinduced groups. However, a consistent advantage
[6,13,19,31,32]
has not been conclusively demonstrated
.
In order to improve the predictive value of MELD
scores, a prognostic score substituting M65 (a
cell death-associated marker) for bilirubin was
[33]
described . Fatal outcome predictability with the
MELD-M65 score was superior to both classic MELD
[33]
and KCC . Characterization of cell death-related
serum factors were further explored. The Acute Liver
Failure Study Group proposed an index based on a
composite of different clinical markers on admission
(international normalized ratio, coma grade, bilirubin,
and phosphorus level) with an additional apoptosis
[34]
marker: M30 . This index outperformed MELD and
KCC, improving sensitivity to 86%, but reducing
specificity to only 65%. Markers of cell death or
apoptosis are encouraging, though their use is
technically more complex, and published results still
need to be confirmed in further studies. Alternative
prognostic variables have also been suggested to
improve the selection of transplant candidates. A
wide variety of blood markers have been proposed
[35,36]
[37]
including: α-fetoprotein
, serum phosphate ,
[38,39]
apoptosis and necrosis markers
, monocyte HLA[40]
[41]
DR expression , and Gc-globulin levels . However,
widespread clinical application of these blood markers
and other prognostic scores are limited due to lack of
[42-45]
external validation and general availability
.
Ideally, prognostic models should be simple,
accurate, and rapidly measured with high positive and
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Demographic

In the transplant era, overall survival in patients with
ALF underwent considerable improvement. Still, nearly
[6,9,10]
30% of patients with ALF die
. Reasons restricting
transplantation of more patients include: organ
shortage, clinical complications, substance abuse
issues, or involvement of other organ systems (i.e.,
heart failure, malignancy). Outcomes differ between
regions mostly due to differences in etiology and to
access to a suitable organ (Figure 1). In Argentina,
for example, we reported a large ALF series with no
cases of paracetamol toxicity, in clear contrast to series
[6,7,9]
from the United States and the United Kingdom
.
ALF associated with paracetamol toxicity has not only
a better prognosis than most other etiologies, but is
often associated with concomitant psychosocial issues,
explaining why general transplantation rates for ALF in
the Unites States are lower than in Argentina, at 24%
[6,7,46]
and 54%, respectively
.
One-year survival following LT in ALF patients
ranges between 74% and 84%. These results
are worse than those of patients grafted for other
[7,10,47]
indications
. In spite of this fact, outcomes remain
better compared to a 64% one-year survival described
in patients in ICU immediately prior to LT, and to 54%
observed in patients on mechanical ventilation at the
[7,47]
time of organ allocation
. Most deaths occur in
the first three months after surgery, from neurologic
[10,48-50]
complications, MOF, or sepsis
. Great efforts have
been made to determine which factors affect outcome
(Table 3). Those better predicting survival without
transplant are not the same as those predicting
survival after LT. Graft quality and recipient clinical
condition were described as the most relevant factors
[10,50,51]
influencing transplant outcome in this setting
.
Multivariate analysis of variables in the United Network
for Organ Sharing (UNOS) database identified four
factors associated with poor outcome: recipient age
> 50 years, history of life support, body mass index
≥ 30 kg/m2, and serum creatinine > 2.0 mg/dL[50].
Five-year survival ranged from 47% for those with all
four variables, to 83% for those with none. Limitations
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60

Table 4 One-year survival following liver transplantation
depending on the type of graft used

64%
69%

[50]

Auxiliary LT

50

[45]

53%
62%

United States

45

Japan

40

LDLT: Living-donor liver transplantation; LT: Liver transplantation; OLT:
Orthotopic liver transplantation.

30

30

28

25

23

25

25
21

19

20

identified were that the high-risk group accounted
for only 2% of the study population, that cumulative
effects of adverse graft factors were not considered,
and that the analysis included patients who underwent
LT, exclusively.
Data from the European Liver Transplant Registry
(ELTR) were analyzed, including 4903 patients with
[10]
ALF . Despite certain limitations of the multivariate
model, authors identified major risk factors with a
detrimental impact on post-LT mortality as: use of
reduced-sized organs, recipient age > 50 years, male
sex, donor age > 60 years, and incompatible ABO
group matching. A prognostic model constructed for
patients > 50 years of age foreseeably indicated that
presence of multiple risk factors (ABO incompatibility,
male recipient, use of partial graft, and donor age >
60 years) had negative impact both on patient and
graft survival. In this model, a male patient over 50
years of age receiving a graft from a donor older than
60 years, for example, would have an estimated 57%
risk of death or graft loss at one year. Limitations of
the ELTR database relate to insufficient information on
pretransplant renal function, encephalopathy grade,
brain edema, and/or mechanical ventilation, all of which
could improve LT prognosis assessment.
King’s College Hospital presented their experience
[51]
in 310 patients with ALF over a ten-year period .
Four variables associated with 90-d post-LT mortality
were observed, namely: recipient age > 45 years,
vasopressor requirement, transplantation era, and
use of high-risk grafts. The latter were defined by
the presence of any two of the following: donor age
> 60 years, liver steatosis, ABO non-identical match,
and use of non-whole graft. Interestingly, older
recipient age presented the strongest link to increased
mortality; 90-d survival was only 47%, compared to
80% in the younger cohort. An age-related reduction
in physiologic hepatic reserve was proposed to explain
[51]
the higher mortality rate observed in this group .
Based on pre-LT evaluation of the factors described,
transplant teams should attempt to establish when
an outcome might be unacceptable. Recipient and
donor factors associated with poor post-LT outcomes
are similar in transplants performed electively or
secondary to ALF. Particular causes of graft failure
or patient death could potentially explain the gap in
survival rates in ALF compared to other LT indications,
especially during the first three months following
surgery. For example, multisystem disorder triggered
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Figure 1 Outcomes of patients with acute liver failure in different
countries. Mendizabal M, Liver Transplant 2014; Escorsell A, Liver Transplant
2007; Lee W, Hepatology 2008; Oketani M, Hepatol Res 2013.

by ALF, as well as marked activation of systemic
inflammatory response, can extend into the posttransplant period. In UNOS and ELTR reviews of
databases, infection was the most common cause
of mortality following LT for ALF (24% and 18%,
respectively). Remarkably, in the UNOS data, almost
22% of infectious complications were associated
with fungal infections. Neurologic complications were
reported as the second-most common cause of death
following transplantation (13%). Fortunately, with
better intensive care management of these critical
patients, intracranial hypertension incidence has fallen
dramatically, coinciding with survival improvement
[9,10]
observed over time
. Another important and
alarming issue is death or graft failure related to
psychosocial problems. According to the ELTR, patients
transplanted for paracetamol overdose present ten
times higher rates of death or graft failure, resulting
from suicide or lack of compliance, than patients
[10]
transplanted for other etiologies . The finding is
even more alarming if we consider that in Europe,
transplantation for paracetamol-induced ALF has
increased sevenfold, from 2% (1973-1978) to 14.1%
[10]
(2004-2008) . Patients with ALF due to paracetamol
need very close post-transplant monitoring, including
improved psychologic and social patient care.

Graft-related issues

In this challenging scenario in which patients with
ALF quickly deteriorate and organ shortage remains
one of the main problems, risk of mortality while
on the waiting list should be weighed against risk
of complications or failure resulting from use of
an alternative graft. Different LT procedures can
be selected depending on donor organ availability,
including use of: deceased organ donor, living-donor
liver transplantation (LDLT), auxiliary liver transplant,
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and variable ABO status (Table 4).

complex vascular reconstruction. Initial reports of
auxiliary LT showed relatively high anastomotic
complications and retransplantation rates, though
[63-65]
recent outcomes have improved substantially
.
In Europe, auxiliary transplantation peaked at 4%
between 1994 and 1998, but has since fallen to only
[10]
1.9% in 2004-2009 . Optimal indications for auxiliary
transplantation include patient age < 40 years,
excellent temporary liver graft, and hemodynamic
stability. However, it is difficult to predict which
patients will present regeneration of the native liver.
This appears to be the case in those with hyperacute
presentation and viral or paracetamol etiology, as well
as certain histology subtypes (diffuse pattern, map-like
[65,66]
necrosis) and timing of hepatectomy
.

LDLT: LDLT provides an alternative source of grafts to
overcome the problem of organ shortage, accounting
for up to 4% of LTs in the United States. However, this
figure could account for more than 90% of LTs in some
[47,52,53]
Asian countries
. The indication in the pediatric
ALF population is well established, and in experienced
centers, patient and graft outcomes are similar to
[54,55]
those of conventional cadaver donor transplants
.
ALF is the indication for transplantation in only 1% of
[56]
patients evaluated for LDLT in the United States .
This contrasts sharply with LDLT indication for ALF in
Asia, where different groups report rates between 6%
[57,58]
and 15%
. Use of living-donor grafts in againstthe-clock emergency settings is often complicated
by insufficient time to assess potential donor’s
spontaneous willingness to donate or for transplant
teams to evaluate important ethical and medical
issues. Pressing donor evaluation raises special
concerns regarding possible donor coercion. Potential
consequences of expedited donor evaluation could
increase donor postoperative complication rates and
worsen psychosocial problems. Transplant centers
with great expertise in LDLT report living-donor
complication rates in ALF to be 34%, similar to those
of other indications.
Graft size is a crucial variable in LDLT. Graftto-recipient weight ratios < 0.8% are generally
[59]
associated with poor outcome . The optimal graftto-recipient weight ratio appears to be closer to 1.0%.
However, some authors believe smaller grafts can still
be used in ALF, given that this is an acute condition
[60]
and most patients do not have portal hypertension .
In countries where wait-list mortality rates are high
or access to deceased donors is limited, LDLT allows
[61]
better control over surgical procedure timing .
Additionally, once donor evaluation is completed,
LDLT can be performed at the first sign of patient
decompensation using a good quality graft.

ABO-incompatible graft: Length of time on the
waiting list also influences policies related to use
of ABO incompatible grafts. Early results with
ABO-incompatible LTs were disappointing because
of increased risk of severe cellular and humoral
graft rejection, biliary complications, and vascular
thrombosis. Recent analysis of the ELTR showed
the rate of graft loss at three months doubled in
ABO-mismatched grafts used during emergency
[10]
transplantation . Different strategies have been
implemented to improve results with ABO-incom
[67]
patible livers and other grafts. Toso et al
reported
acceptable graft and patient survival in 14 patients
using a quadruple immunosuppressive regimen
without splenectomy; 64% and 56% of ABOincompatible grafts remained functional after one
and five years, respectively. Recent approaches
have been described with promising results. Paul
Brousse Hospital reported three patients treated with
antigen-specific immunoadsorption and a quadruple
immunosuppressive regimen combined or not
with anti-CD20 humanized monoclonal antibodies
[68]
(rituximab) . Keio University proposed a complex
but successful protocol for ABO-incompatible LDLTs
that included multiple perioperative plasmaphereses
together with rituximab, splenectomy, and triple
systemic immunosuppression. In addition, portal veininfusion therapy was administered after transplant with
methylprednisolone, prostaglandin E1, and gabexate
[69]
mesylate . Thirteen adult patients underwent ABOincompatible LDLTs under this protocol, for which
authors reported a three-year survival of 76%,
[69]
almost identical to that of ABO-compatible cases .
Regardless of these promising results, close monitoring
of the patient’s immune status and adjustment of
immunosuppression need to be implemented, as
infection remains the major cause of morbidity and
mortality. The protocols described should be viewed
as important treatment options in select adult patients
with ALF. However, they are very complex and require
maximum expertise. Controversy remains as to
whether ABO-compatible or -incompatible LT can really
present similar post-transplant outcomes.

Auxiliary transplantation: Auxiliary liver transplantation
is an attractive alternative to total transplantation.
A partial left or right donor lobe is used, acting as
temporary support to replace the damaged recipient
liver, while all or part of the native liver remains in
situ. The partial graft can be placed below the native
liver (heterotopic) or replacing the resected right or
left native lobe (auxiliary transplantation). Increased
incidence of portal vein thrombosis or primary
nonfunction has been observed with heterotopic
transplantation compared to auxiliary partial or
[62]
standard LT . Auxiliary transplantation provides
temporary support of liver function until spontaneous
regeneration and recovery of the native liver occurs, at
which time immunosuppressive treatment is withdrawn
and the implant atrophies or is removed. The surgical
procedure is challenging because it requires partial
native liver resection in a critically ill patient and
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CONCLUSION
Despite progressive and constant improvement in
ALF survival after LT, high mortality and graft loss
rates persist, especially within the first three months
post-transplant. Current prognostic models are
helpful in identifying individuals who will need LT;
nonetheless, fine-tuning of these scores is needed to
improve identification in patients who would benefit
from transplantation. Newer technologies are being
developed and enhanced to improve survival. Different
extracorporeal support devices have been advocated
to supplant liver function in patients with ALF, either
to improve native liver regeneration or to stabilize
patients before transplantation. However, conclusive
[70,71]
evidence has not been reported
. Mesenchymal
stem cell infusion also appears promising, but several
problems remain in relation to use of this therapy,
including conflicting data on the potential risk of
malignant transformation, as well as degree of liver
[72]
engraftment and their long-term efficacy .
With increasing knowledge on encephalopathy
pathogenesis, hepatic regeneration, and mechanisms
of liver cell injury, outcomes should continue to
improve. Early referral to a transplant center and
prompt treatment of patients with worsening liver
failure remain, however, the backbone behind outcome
improvement.
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Different behaviour of BK-virus infection in liver transplant
recipients
Ilaria Umbro, Francesca Tinti, Paolo Muiesan, Anna Paola Mitterhofer

Abstract

Ilaria Umbro, Francesca Tinti, Paolo Muiesan, The Liver
Unit, Queen Elizabeth Hospital Birmingham, Mindelsohn Way,
Edgbaston, Birmingham B15 2GW, United Kingdom

Polyomavirus BK (BKV) infects up to 90% of the
general population. After primary infection, occurring
early during childhood, a state of non-replicative
infection is established in the reno-urinary tract,
without complications for immunocompetent hosts.
In immunocompromised individuals, particularly
transplanted patients, asymptomatic BKV viremia and/
or viruria can be observed. Renal grafts may also be
sources of infection as BKV prefers kidneys rather than
other solid organs for transplantation such as the liver.
The mechanism behind the higher incidence of BKV
infection in kidney transplant patients, compared to liver
or heart transplantation, is unclear and the prevalence
of BKV infection in non-renal solid organ transplants
has not been yet thoroughly investigated. We evaluated
the prevalence of Polyomavirus BK infection among liver
transplant recipients. A PubMed search was conducted
using the terms BKV infection AND liver transplant
recipients; BKV AND non-renal solid organ transplant*;
BKV infection AND immunosuppression; the search was
limited to title/abstract and English-language articles
published from 2000, to March 2015. Eleven relevant
studies suggest that the prevalence of BKV viruria and/
or viremia among liver transplant recipients is less than
that reported in kidney or heart transplant recipients,
except when chronic kidney disease (CKD) is present
at the same time. Data also suggest that viruric and
viremic patients have higher levels of serum creatinine
than BKV negative patients. Moreover, no specific
immunosuppressive drugs are associated with the onset
of BKV nephropathy. The comorbidity of transplantation
and CKD could play a major role in promoting BKV
replication.
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host cell and disrupts its division, collecting factors to
[6]
promote viral DNA replication .
After production of proteins constituting the viral
capsid, the virion is assembled in the nucleus with
subsequent lysis of the host cell and discharge of the
viral progeny. As viral antigens are released in the
host’s circulation a reactive nonspecific inflammatory
response mounts, followed by a specific immune
[1]
response .

Core tip: The prevalence of polyomavirus BK (BKV)
infection among non-renal solid organ transplant
recipients has been insufficiently investigated. Our
review suggests that BKV viruria and/or viremia in liver
transplantation is less prevalent than what has been
reported in kidney or heart transplants, except when
renal dysfunction is present. In general, viruric and
viremic liver transplant patients have higher levels of
serum creatinine. Therefore, renal dysfunction in liver
transplantation may be an additional factor causing
immunologic dysfunction that could make patients
more susceptible to BKV infection.

BKV EPIDEMIOLOGY
Polyomavirus hominis 1 infects up to 90% of the
[1,7,8]
general population
. Primary BKV infection occurs
early during childhood, in the first decade of life,
[9]
more often at an age of 4-5 years . During the first
10 years of life, the sero-prevalence reaches 50%
of the individuals whilst in the adult population it is
recorded as more than 70% worldwide with exception
[7]
of isolated populations of Asia and South America .
Immunosuppression, as in the elderly and pregnant
women, is a known risk factor for an increased
prevalence of BKV infection.
Natural BKV transmission is likely to occur via the
[1]
respiratory or oro-pharyngeal tracts . The primary
route of transmission is likely to be via fomites or
aerosol given the association of primary infection with
[10,11]
upper respiratory infections
. Further possible
routes of BKV transmission are related to semen, blood
products transfusions and transplantation of organs, in
[7,12-15]
particular of the kidney
.
After primary infection, BKV colonizes the reno[1,16]
urinary tract, most likely, via a primary viremia
.
Latency is a state of silent infection which is localised
in urothelial cells and in the tubular epithelium, without
known complications for the immunocompetent host.
Other sides of detection of BKV genomes include
prostatic tissue, ureteric and bladder urothelial, renal
[12,16]
cortex and medulla
.
Reactivation and asymptomatic shedding in the
urine of healthy BKV sero-positive immunocompetent
[8,17,18]
individuals ranges from 0%-62%
. About 5%
of healthy individuals intermittently reactivate BKV
replication with low detectable level of asymptomatic
[1,13]
viruria
.
In individuals with impaired immune functions,
particularly after solid organ transplantation (SOT) or
hematopoietic stem cell transplant (HSCT), asymptomatic
high-level urinary BKV replication is observed with
appearance of “decoy cells” in urine cytology and virus
particles detectable by direct negative staining electron
[19-21]
microscopy
.

Umbro I, Tinti F, Muiesan P, Mitterhofer AP. Different behaviour
of BK-virus infection in liver transplant recipients. World J
Gastroenterol 2016; 22(4): 1532-1540 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i4/1532.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i4.1532

INTRODUCTION
Polyomaviruses are widespread among vertebrates.
Man is the natural host for BK virus (BKV) also known
as Polyomavirus hominis 1. The human Polyomavirus
[1,2]
BK was first isolated in the 1970s
from the urine
of a renal transplant patient with ureteric stenosis,
shedding cytopathically altered cells with atypical
[2]
nuclear morphology . This patient’s initials gave the
name to the virus.

BKV GENOME
BKV and JCV are species of Polyomavirus of the family
Polyomaviridae, which are characterized by a typical
morphology of non-enveloped virions with icosahedral
capsids of 45 µm diameter. These capsids enclose
the viral genome, a small circular double-stranded
DNA genome of 5300 base pairs coated by host-cell
histones. The BKV genome shares an overall homology
of 75% with JCV and can be divided into regulatory,
[3]
early, and late regions .
The Polyomavirus genome architecture is conserved
and encodes only 6 proteins. It consists of the noncoding control region (NCCR) that contains the origin
of DNA replication and bidirectional promoters. The
two early gene proteins, the small and the large
tumour antigen (LTag), are encoded by the early
genes. The four late gene proteins, including the
three viral capsid proteins and the agnoprotein, are
encoded by the late genes. The LTag is a conserved
multifunctional regulator of transcription and replication
of polyomavirus. Rearrangements of the NCCR occur
with persisting BKV replication increasing replication
[4,5]
capacity . The LTag interacts with proteins of the
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BKV REACTIVATION
High prevalence, latent infection, and asymptomatic
reactivation of BKV interfere with a straightforward
knowledge/comprehension of the pathogenic role of
this virus. Therefore, BKV infection, BKV replication
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and BKV disease were defined as stated in a previous
[1]
review by Hirsch et al : (1) BKV infection is diagnosed
by serological evidence of replicative and nonreplicative virus exposure (latency); (2) BKV replication
is confirmed by demonstration of active or lytic
infection with multiple modalities. Primary infection
is diagnosed by isolation of viral genes or products in
sero-negative individuals. When the BKV replicates in
sero-positive individuals, this is defined as secondary
infection. Reinfection is defined by diagnosis of a new
subtype and reactivation by detection of replication
of a latent virus; and (3) BKV disease occurs when
the replicating BKV leads to organ dysfunction and
failure as shown by tissue disease together with viral
replication.

liver and heart, therefore it is unlikely that it could be
transmitted by these organs.
BKV reactivation may be allowed by some factors,
such as inflammation. This could be showed by the
greater association between BKV infection and KT
from deceased donors compared to living donor KT,
[35]
probably due to the longer cold ischaemia time .
Moreover, BKV replication in KT could be related to
ischaemic injury which occurs during the surgical
procedure or to kidney graft rejections.
The immunosuppressive regimens have also been
suggested to play a key role. Although immunosuppressive
therapy is administered to all SOT patients, induction
therapy is more often used in renal transplantation
and steroids are typically administered for longer time
[37]
in KT compared to LT . The role of steroids in the
reduction of immune reaction has been demonstrated.
They may cause T-cells apoptosis and granzyme B
downregulation. The latter has a pivotal role in granule
[39]
exocytosis used by natural killer and cytotoxic T-cells .
Furthermore they are able to prevent production and
[40,41]
normal activity of dendritic cells
. The impaired
function of natural killer, dendritic and T-cells related to
the use of steroids may be associated with the major
predilection of PVAN for KT patients. Nevertheless,
immunodepression on its own, could not clarify the
elevated BKV incidence in KT, since renal transplant
recipients do not seem to be significantly more
[35,42-44]
immunosuppressed than LT and HT recipients
.
Chronic kidney disease (CKD) occurs in up to half
[45-48]
cases of NRSOT in the long-term follow-up
and
it is associated with a worse prognosis compared to
[45]
patients without CKD . In particular, CKD is very
common after LT and its cause is often multifactorial,
though calcineurin-inhibitor nephrotoxicity plays
a pivotal role. Therefore, among LT patients, pretransplant renal function, hepatitis-C virus infection,
diabetes and older age have been identified as risk
[45]
factors for CKD . In this context, the role of BKV
infection in the occurrence of CKD has not been
systematically studied. As renal biopsies are not
performed in a routine way after NRSOT, unrecognized
[49]
factors such as PVAN could also play a role .

BKV DISEASES
Major symptoms are uncommon and restricted to
patients with an impairment of immune system.
The Polyomavirus BK is closely linked to two major
complications in transplant recipients, polyomavirus
associated nephropathy (PVAN) in 1%-10% of kidney
[22-25]
transplant (KT) patients
and polyomavirusassociated haemorrhagic cystitis in 5%-15% of HSCT
[26-28]
patients
. Both diseases occur only sporadically in
patients with non-renal SOT (NRSOT) or with inherited,
[1,29]
acquired or drug-induced immunodeficiency
. Besides
these major problems, BKV has been associated with
other pathologies such as tubulo-interstitial nephritis,
ureteral stenosis, vasculopathies, pneumonia, hepatitis,
encephalitis, retinitis, as well as multi-organ failure,
[1,30-33]
autoimmune disease and cancer
.

BKV INFECTION IN LIVER TRANSPLANT
RECIPIENTS
Polyomavirus BK-associated nephropathy represents
the most important cause of graft dysfunction after
KT. Risk factors for PVAN are related to donor, graft,
virus, recipient characteristics and immunosuppressive
regimens.
Renal grafts may also be sources of infection as
BKV prefers kidneys rather than other solid organs
[34]
for transplantation such as the liver . As suggested
in literature, BKV is known for its tropism for renal
epithelial cells. The mechanism by which BKV infection
incidence is greater in KT compared to heart transplant
(HT) and liver transplantation (LT) is not clear. It is
plausible that different viral genome may be passed
from donors into susceptible recipients with the
[35-37]
transplanted kidney as a new infection
. Such
mechanism would not be open to transplantation of
different solid organs. Therefore, BKV-specific cytotoxic
T-lymphocytes would be impotent in eliminating viral
genome which is thus able to escape the immune
[34,36,38]
system causing PVAN
. On the contrary, it seems
that BKV genome is not able to resist in cells from
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RESEARCH
A PubMed search was conducted using the terms
BKV infection AND liver transplant recipients; BKV
AND non-renal solid organ transplant*; BKV infection
AND immunosuppression. Results were limited to
title/abstract and English-language articles published
from 2000, to March 2015. From this search, relevant
articles presenting clinical data on the prevalence of
BKV infection among liver transplant recipients were
identified. The PubMed search retrieved 125 articles,
and these abstracts were screened for relevance. Case
reports, case series, review articles, and editorials
were not considered.
Studies on children and renal transplantation only
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were removed from the list. Of the remaining 19
articles, 11 studies were identified that specifically
evaluated the prevalence of BKV infection among
adult liver transplant recipients. The relevant studies
involved 490 liver, 498 kidney, 121 heart, 51 lung,
11 kidney-heart, 8 kidney-pancreas, 5 kidney-liver,
1 heart-lung and 1 kidney-heart-liver transplant
recipients.

with BKV viruria, and 3.5 mg/dL in patients with BKV
viremia. The authors also showed that the association
between BKV replication and renal function was
significant in HT patients but not in LT or KT patients.
Independent factors associated to renal dysfunction
were renal transplantation, BKV replication, and MMF
therapy.
[52]
In a cross-sectional study by Randhawa et al , BKV
viral load among 103 KT at risk for viral nephropathy
and 44 LT patients were compared with BKV viral
load among 23 non-immunosuppressed subjects with
suspected urinary tract infection. Immunosuppression
consisted primarily of pre-transplant induction with antiCD52 antibody and maintenance on TAC, prednisone
and MMF. In the KT group, BK viruria was found in
36 recipients (34.9%), whereas BK viremia was
showed in 8/103 (7.7%) recipients. Plasma viral
load was significantly less than urine load in the
corresponding patients. In LT patients, BKV viruria
was observed in 7 (15.9%) recipients. No cases of
BKV viremia were observed in LT recipients. Among
23 non-immunosuppressed patients, BKV viruria was
found in 2 (8.7%). Mean BKV urinary viral load in KT
patients was greater than in LT recipients. Moreover,
BKV viruria was more common in KT recipients than
in non-immunosuppressed individuals. The 2 KT
recipients showing high urinary BKV load had viral
interstitial nephritis; plasma viral load was available
for only one of these. In the other cases, renal
dysfunction was associated to acute cellular rejection,
calcineurin inhibitors (CNI) toxicity and chronic allograft
nephropathy.
[53]
Razonable et al
conducted a longitudinal sur
veillance study considering epidemiology and clinical
consequences of BKV infection in 263 SOT patients (121
LT, 92 KT, 45 HT and 5 kidney-pancreas transplants)
at high risk of Cytomegalovirus (CMV) disease. BKV
viremia was found in 32/263 (12.2%) at the median
time of 100 d after transplantation and 24 of them (75%)
were KT recipients. Thus, among 92 KT patients, BKV
viremia incidence was 26%. In most cases BKV DNA
positivity in the blood was subclinical whereas coexisted
with clinical or biopsy-proven acute kidney rejection in
6 patients (25%). Three out of 32 (25%) patients with
BKV DNAemia were HT (6.7%) and 5 were LT (4.1%)
recipients. All HT recipients and 1 LT recipient had BKV
DNAemia after treatment for acute graft rejection.
Notably none of these patients had renal dysfunction
within a month before or 1 mo and 1 year after BKV
DNAemia. Seventeen of 32 (53%) BKV DNAemic
patients developed CMV viremia, 10 of whom (32%)
had CMV disease, compared to 16% of BKV DNAemic
recipients.
In the prospective, single-centre, cross-sectional
[54]
study conducted by Barton et al , 34 recipients of
lung, liver, heart, or heart-lung transplants with CKD
of unknown aetiology were enrolled with the purpose
of defining the prevalence of BK-related viruria/
viremia, and risk factors associated with BK infection.

RESULTS
[50]

Splendiani et al conducted a single-centre prospective
analysis among 118 consecutive ambulatory patients
(37 LT and 81 KT) evaluating the prevalence of BKV
infection activity and potential associations with
renal dysfunction. They looked for BKV genome by
urinary PCR. In positive patients, they repeated PCR
on plasma. Furthermore they considered hepatitis-C
infection in order to highlight associations with
renal dysfunction. Mycophenolate mofetil (MMF),
tacrolimus (TAC), and sirolimus (SRL) were the most
commonly used immunosuppressive agents. Among
KT, transplant mean age was 7 years, mean serum
creatinine level was 1.4 mg/dL, BUN 57 mg/dL, GOT
18 UI/L, GPT 16 UI/L; 5 recipients showed hepatitis
C virus (HCV)-positivity. Eleven patients were BKV
positive on urine and 7 also on plasma; all patients
were HCV-negative. Among LT, transplant mean age
was 4 years, mean sCr level was 1.2 mg/dL, BUN 55
mg/dL, GOT 36 UI/L, GPT 46 UI/L; 13 recipients were
HCV-positive. Five patients had BKV in their urine
and only one had BKV viremia. Three of these were
also HCV-positive. Considering only BKV-positivity, 16
patients had BKV viruria (5 among liver and 11 among
kidney recipients) and 8 had BKV viremia as well (1
and 7 in liver and kidney recipients respectively). All LT
recipients with BKV viruria had normal renal function
whereas viruric KT patients had renal dysfunction,
more severe in case of BKV viremia.
In another single-centre prospective study Muñoz
[51]
et al , investigated the prevalence of BKV replication
and the association between BKV replication and renal
function among 156 non-selected recipients of a SOT
(49 KT, 43 HT and 64 LT). Urine and plasma samples,
collected about 559 d after transplantation, were
analysed for BKV by qualitative PCR. Mycophenolate
acid and TAC were the most commonly used
immunosuppressive agents. Renal dysfunction (defined
as sCr level of 1.5 mg/dL) was present in 42% of
recipients, BKV viruria and viremia in 19% and 6%
of transplant patients, respectively. Incidence of BKV
viruria and viremia was significantly higher in KT
and HT compared to LT patients. Among 9 viremic
patients (6 KT and 3 HT), 1 heart transplant and all
KT recipients had elevated levels of sCr at the time of
detection of viremia. Interestingly when the authors
investigated the association between BKV replication
and renal function, they found mean sCr of 1.3 mg/
dL in BKV-negative patients, 1.9 mg/dL in patients
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[55]

Immunosuppressive therapy included cyclosporine,
TAC, azathioprine, MMF, SRL and prednisone. Five out
of 34 patients (15%) had BK viruria, but viremia was
not detected in any patient and no renal biopsy was
performed during the study period. Polyomavirus BK
viruria was significantly associated to CMV disease,
MMF and cyclosporine, and inversely associated to
TAC. No associations with episodes of rejection were
found.
[37]
Puliyanda et al
investigated the predisposition
to BKV infection by plasma PCR analysis in 173 KT,
11 kidney-heart, 5 kidney-liver, 3 kidney-pancreas,
1 kidney-heart-liver, 24 heart and 37 LT patients
between 3 and 18 mo after transplantation. Among
KT, immunosuppressive therapy included induction
with interleukin-2 receptor blockers or Thymoglobulin
and maintenance with TAC or cyclosporine, MMF
and prednisone. Antiviral CMV prophylaxis was
based on ganciclovir or valganciclovir for donorpositive/recipient-negative patients and acyclovir for
others. Among HT, induction therapy was based on
Thymoglobulin or OKT3 while maintenance therapies
included cyclosporine or TAC, MMF and prednisone.
Among LT, induction therapy was not often used
while maintenance therapy was based on TAC and
prednisone. Four percent of KT, 9.1% of kidneyheart, 20% of kidney-liver and 2.7% of LT patients
showed BKV viremia. Nine out of 10 (90%) recipients
who were BKV positive on plasma were on MMF
compared to 166/244 (65%) recipients who were
BKV plasma negative. No significant differences
were found between cyclosporine or TAC-based
immunosuppression regimens among patients with or
without BKV viremia.
In the single-centre, prospective longitudinal study
[49]
by Doucette et al , BKV infection and its association
with renal dysfunction were analysed in 60 patients
(7 HT, 25 LT, 28 lung transplant recipients). They
evaluated BKV on urine by quantitative PCR while
plasma was analysed only if urine was positive.
Patients with (n = 9) and without (n = 51) BK viruria
were not significantly different in their baseline
characteristics. Immunosuppressive therapy was
also similar in the two groups with about half of
the patients receiving TAC. In BKV viruric patients
baseline glomerular filtration rate (GFR) was not
significantly less than in patients without viruria. In
both groups, baseline renal dysfunction was mainly
related to hepatorenal syndrome, diuretic therapy and
low cardiac output, altogether conditions which could
potential improve after transplantation. Five out of
9 patients with BKV viruria had only one episode of
documented viruria; 1/9 and 3/9 had BK viruria in two
and three occasions, respectively. The trend of GFR
was similar in those with and without BKV viruria from
baseline to 9 mo after transplantation. BKV viruria was
found in 15% (9/60) of recipients. No patient had BKV
viremia and no association was found between BKV
viruria and renal function.
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Salama et al
performed a cross-sectional
prevalence study in 41 unselected LT patient looking
at BKV viruria/viremia prevalence and its association
with renal function. Immunosuppressive therapy was
based on cyclosporine, azathioprine, and prednisolone.
Tacrolimus and MMF were started when more effective
immunosuppressive therapy was required and CNI
were decreased in recipients affected by CKD. None
patients had antibody induction as standard therapy.
Blood and urine specimens were collected from all
recipients for BKV viremia, viruria or decoy cells
recognition. Authors found 24.3% of BKV viruria
positive patients without any significant difference in
terms of time after transplantation, renal dysfunction
and immunosuppressive therapy when compared
to BKV viruria negative recipients. Decoy cells were
detected in 4/41 recipients even if none of these
resulted positive for BKV viruria by PCR. Furthermore,
no measurable BKV viremia was found in LT patients.
A condition of moderate CKD was diagnosed in 83%,
whereas severe CKD was diagnosed in 7% of patients.
The GFR decline in recipients with BKV viruria was not
different from those without viruria. No association
was found between CNI therapy and CKD, though
CNI was associated with a quicker reduction in GFR
after one year post-transplantation. In the multivariate
analysis, pre-transplant renal function, time after
transplantation, gender, hepatitis status, CNI therapy
and blood levels, and BKV viruria did not interact with
the annual GFR modification.
In a prospective longitudinal study, Loeches et
[56]
al
described the incidence of BKV infection and its
association with renal dysfunction in 62 LT patients.
They analysed urine and plasma samples for BKV by
qualitative and quantitative PCR. Quantitative analysis
showed BKV viremia in 11 (18%) and viruria in 13
(21%) patients. The median BK viral load was 2.01 ×
5
6
10 copies/mL in plasma and 7.58 × 10 in urine. The
authors did not report any significant association with
age, gender, race and immunosuppressive therapy
between BKV-negative recipients, viruric and viremic
patients. Immunosuppressive therapy consisted
of TAC, MMF and corticosteroids. No differences in
the rates of diabetes and HCV infection were found.
Notably, a significant more frequent BKV viremia
was showed in patients who experienced a rejection
episode (10.6% vs 40%). The authors found no
differences in renal function when BKV infection was
present. In particular, 19 patients (30.6%) had renal
dysfunction at some time during the follow-up. Viremia
was found in the first month after transplant in 7
patients, in the third month in 3 and on day 270 in one
recipient. No BKV viremia was identified after 1 year
post-transplant.
[34]
Our group
first performed a study on the
evaluation of BKV replication on plasma and urine
samples, using quantitative PCR, in 20 patients
with end stage liver disease (ESLD) and listed for
LT. The assumption was that ESLD patients are
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Table 1 Summary of studies evaluating the prevalence of BK virus infection among liver transplant recipients n (%)
Ref.

Organ

n

Study Design

Viruria

Viremia

Splendiani et al[50]

Liver
Kidney

1 (2.7)
7 (8.6)

Liver
Kidney
Heart

Single-centre
prospective
analysis
Prospective
prevalence
study

5 (13.5)
11 (13.6)

Muñoz et al[51]

5 (7.8)
13 (26.5)
11 (25.6)

0 (0)
6 (12.2)
3 (7.0)

Randhawa et al[52]

Liver
Kidney

Cross-sectional
study

7 (15.9)
36 (34.9)

0 (0)
8 (7.7)

Razonable et al[53]

Liver
Kidney
Heart
Kidney-pancreas

37
81
Total 118
64
49
43
Total 156
44
103
Total 147
121
92
45
5
Total 263
8
2
23
1
Total 34
37
173
5
24
11
3
1
Total 254
25
7
28
Total 60
41
Total 41
62
Total 62
20
Total 20
9
22
Total 31

Longitudinal
surveillance
study

No urine
analysis

5 (4.1)
24 (26.1)
3 (6.7)
0 (0)

Barton et al[54]

Liver
Heart
Lung
Heart-lung

Puliyanda et al[37]

Liver
Kidney
Kidney-liver
Heart
Kidney-heart
Kidney-pancreas
Kidney-heart-liver

Doucette et al[49]

Liver
Heart
Lung

Salama et al[55]

Liver

Loeches et al[56]

Liver

Mitterhofer et al[34]

Liver

Mitterhofer et al[57]

Liver plus
CKD
Liver no CKD

Prospective,
single-centre,
cross-sectional study

0 (0)
1 (50.0)
4 (17.4)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)

Single centre,
prospective
study

No urine
analysis

1 (2.7)
7 (4.0)
1 (20.0)
0 (0)
1 (9.1)
0 (0)
0 (0)

Single centre,
prospective
longitudinal
study
Cross-sectional point
prevalence study
Prospective
longitudinal study
Single-centre
prospective study
Single-centre
prospective
study

3 (12)
1 (14.3)
5 (17.8)

0 (0)
0 (0)
0 (0)

10 (24.4)

0 (0)

13 (21.0)

11 (18.0)

1 (5.0)

1 (5.0)

1 (11.1)
5 (23.0)

5 (55.5)
3 (13.6)

CKD: chronic kidney disease.

immunocompromised and immunosuppression is a
known cause of BKV reactivation. Of 20 patients one
[57]
(5%) had both viremia and viruria. A second study
looked at the prevalence of BKV among 31 LT patients
with CKD in order to assess the possible role of renal
dysfunction as risk factor for BKV infection in patients
with ESLD. We recognized 2 groups of patients on
the basis of the presence of CKD: No CKD group (22;
71%) and CKD group (9; 29%). We did not show
significant differences in the baseline characteristics
of the 2 groups. The prevalence of BKV viremia and
viruria was 14% (3/22) and 23% (5/22) respectively
in patients without CKD whereas it was 56% (5/9) and
12.5% (1/8) respectively in recipients with CKD.
A summary of all these studies evaluating the
prevalence of BKV infection among liver transplant
recipients is reported in Table 1.
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CONCLUSION
We identified a total of 11 relevant studies in the
literature that specifically evaluated the prevalence of
BKV infection among adult LT recipients. Overall these
studies included 490 liver, 498 kidney, 121 heart, 51
lung, 11 kidney-heart, 8 kidney-pancreas, 5 kidneyliver, 1 heart-lung and 1 kidney-heart-liver transplant
recipients. Our review suggests that the prevalence
of BKV viruria and/or viremia among LT patients is
less than that reported in KT or HT recipients, except
when CKD is present at the same time. Data also
suggest that viruric and viremic patients have higher
levels of sCr than BKV-negative patients. Moreover,
though KT recipients are usually exposed to higher
levels of immunosuppression, the anti-rejection drugs
used are similar to those prescribed in liver or heart
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5

transplantation and no specific immunosuppressive
drugs are associated with the onset of PVAN.
The higher prevalence of BKV infection among
KT recipients could have other explanations. Chronic
kidney disease seems to represent a risk factor
for BKV replication. Immunosuppression is recog
nised as the major cause of BKV replication and
patients affected by CKD are considered immuno
[57]
compromised . The immune system controlling BKV
infection requires the production and the activation of
specific antibody, antigen-presenting cells (APC),
[58]
and cytotoxic T-cells . Patients who develop CKD
have disorders of acquired immunity related mainly
to the function of T-lymphocytes and APC. As a
result, patients may be susceptible to viral infections
and show deficient responses to vaccinations.
Furthermore, KT patients have disturbances of
viral-specific immunity, as revealed by functional
deterioration of dendritic and cytotoxic T-cells. These
alterations may clarify the higher prevalence of PVAN
[57]
identified in this population . On the contrary, liver
immunodysfunction is characterised by impairment
of the antibacterial rather than antiviral immunity,
with amplified apoptosis, activation of T-cells and
monocytes, and macrophagic dysfunction responsible
[57]
for microorganism’s opsonisation and elimination .
In support of this different immunological mechanism
no case of PVAN is reported among liver transplant
patients. Nevertheless, CKD in LT could be a risk
factor for BKV infection in this particular population.
[57]
In fact Mitterhofer et al
showed a significant higher
prevalence of BKV infection in plasma of ESLD patients
with CKD prior to LT, whereas in LT recipients without
CKD the prevalence was similar to normal subjects.
Therefore, renal dysfunction in LT may be an additional
factor causing immunologic dysfunction that could
make patients more susceptible to infections. Thus,
the transplant-associated comorbidity and CKD
could promote BKV replication in plasma. This could
represent an attractive explanation regarding the
mechanisms involved in the different behaviour of BKV
infection in LT recipients. Further studies will be needed
to better identify the risk factors for BKV replication in
NRSOT.
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Hemostasis in liver transplantation: Pathophysiology,
monitoring, and treatment
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Abstract

Matthias Hartmann, Cynthia Szalai, Klinik für Anaesthesiologie
und Intensivmedizin, Universitätsklinikum Essen, Universität
Duisburg-Essen, D-45122 Essen, Germany

Recent findings in the pathophysiology and monitoring
of hemostasis in patients with end stage liver disease
have major impact on coagulation management during
liver transplantation. There is increasing evidence,
that the changes in both coagulation factors and
platelet count regularly observed in patients with liver
cirrhosis cannot be interpreted as a reliable indicator
of diffuse bleeding risk. Instead, a differentiated view
on hemostasis has led to the concept of a rebalanced
coagulation system: While it is important to recognize
that procoagulant factors are reduced in liver cirrhosis,
it is also evident that synthesis of anticoagulant
factors and fibrinolytic proteins produced in the liver
is also diminished. Similarly, the decreased platelet
count may be counterbalanced by increased platelet
aggregability caused by highly active von Willebrand
multimeres. The coagulation system is therefor stated
to be rebalanced. While under normal “unstressed”
conditions diffuse bleeding is rarely observed, however
both diffuse bleeding or thrombus formation may occur
when compensation mechanisms are exhausted. While
most patients presenting for liver transplantation have
severe cirrhosis, liver function and thus production
of pro- and anticoagulant factors can be preserved
especially in cholestatic liver disease. During liver
transplantation, profound changes in the hemostasis
system can occur. Surgical bleeding can lead to
diffuse bleeding as coagulation factors and platelets
are already reduced. Ischemia and tissue trauma
can lead to alterations of hemostasis comparable to
trauma induced coagulopathy. A further common
disturbance often starting with the reperfusion of
the transplanted organ is hyperfibrinolysis which
can eventually precipitate complete consumption
of fibrinogen and an endogenous heparinization by
glycocalyx shedding. Moreover, thrombotic events in
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liver transplantations are not uncommon and contribute
to increased mortality. Besides conventional laboratory
methods, bed-side monitoring of hemostasis (e.g. ,
thrombelastography, thrombelastometry) is often
used during liver transplantation to rapidly diagnose
decreases in fibrinogen and platelet count as well as
hyperfibrinolysis and to guide treatment with blood
products, factor concentrates, and antifibrinolytics.
There is also evidence which suggests when algorithms
based on bed-side hemostasis monitoring are used a
reduction of blood loss, blood product use, and eventual
mortality are possible. Notably, the bed-side monitoring
of anticoagulant pathways and the thrombotic risk is
not possible at time and thus a cautious and restrictive
use of blood products is recommended.

can be regularly observed in end stage liver disease .
Von Willebrand factor, which plays an important role
in hemostatic processes, is synthesized in endothelial
cells and often exhibits increased activity in liver
[3,4]
disease .
In addition, most inhibitors of coagulation (anti
thrombin, heparin cofactor Ⅱ, protein C, protein S,
and tissue factor pathway inhibitor), and components
of the fibrinolytic sytem (plasminogen, α2-antiplasmin,
plasmin inhibitor) are synthesized in the liver and thus
decreased levels are correspondingly observed in liver
disease. In contrast, tissue type and urokinase-type
plasminogen activator, and thrombomodulin are not
synthesized by the liver and thus not affected by liver
[2]
diseases .
Tissue factor produced by hepatocytes is thought
to contribute to the pathophysiology of liver diseases.
Tissue factor is the principle physiological activator of
coagulation. The fact, that hepatocytes express tissue
factor and coagulation factors has been claimed as a
[5]
“match in a dynamite factory” in a recent review . In
several models of liver injury, tissue factor deficiency
was associated with reduced hepatic injury and
inflammation. In accordance to the experimental
findings, low molecular weight heparin reduced the
frequency of hepatic decompensation in a prospective
[6]
randomized study in 70 patients with cirrhosis .
Moreover, tissue factor showed a 38-fold increase
in platelet poor plasma from patients with acute
[7]
liver failure and was associated with mortality .
In another study, a 17-fold increase in circulating
microparticle-bound tissue factor was observed in Child
[8]
C patients . For these reasons, increased tissue factor
concentration may play a role in the hypercoagulable
aspects of liver diseases. Some important mechanisms
which may lead to hemostatic distubances in patients
presenting for liver transplantation are given in Figure
1. Further details are given in the respective chapters
of the review.

Key words: Liver transplantation; Hemostasis; Bed-side
monitoring; Thrombelastography; Thrombelastometry;
Coagulation factors
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hemostasis in patients presenting for liver
transplantation is often characterized by a reduction in
both pro- and anticoagulant factors. During surgery,
the rebalanced hemostasis system can be stressed
by bleeding, hemodynamic shock, tissue damage or
substitution of blood products with resultant diffuse
bleeding or thrombus formation. Thrombelastography/
thrombelastometry can guide substitution of blood
products and reduces bleeding, transfusion of blood
products, and eventual mortality. It is, however,
important to state that bed-side methods are not
capable of detecting alterations in anticoagulant
pathways. Thus cautious coagulation management is
recommended to avoid potential devastating thrombotic
complications.
Hartmann M, Szalai C, Saner FH. Hemostasis in liver
transplantation: pathophysiology, monitoring, and treatment.
World J Gastroenterol 2016; 22(4): 1541-1550 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i4/1541.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1541

PLATELETS IN LIVER DISEASE
Platelet count is often decreased in advanced liver
disease and several contributing mechanisms have
been described. Hypersplenism represents the most
important cause of thrombocytopenia followed by
reduced platelet production due to the reduced
synthesis of thrombopoietin, a hematopoietic growth
[9]
factor, in the liver (for review see ). Further causative
factors may include consumption of platelets due
to coagulopathy and bone marrow suppression for
examples in cases of Hepatitis C, or the use of antiviral
or anticancer agents.
Similarly, platelets have been demonstrated to be
involved in inflammatory processes in hepatitis B and
preclinical data of antiplatelet therapy in liver disease
suggest that inhibition of platelet function might
be an effective mean to limit inflammation, fibrosis

COAGULATION SYSTEM IN LIVER
DISEASE
Patients with end stage liver disease most often exhibit
profound changes in hemostatic variables. An elevated
international normalized ratio (INR) is common in
cirrhosis and is used in conjunction with bilirubin and
creatinine concentrations to determine the model of
end-stage liver disease, which describes the severity
[1]
of liver disease . The liver synthesizes nearly all
coagulation factors (FⅡ, FⅤ, FⅦ, FⅧ, FⅨ, FⅩ, FXI,
FXII, FXIII), therefore, a reduction of factor activities
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Coagulation
factors + platelets

Coagulation inhibitors,
fibrinolytic system

Coagulation factors and
platelets are reduced in
liver cirrhosis resulting
in reduced clot formation upon injury

Inhibitors of coagulation and fibrinolysis
are reduced in liver
cirrhosis thus favoring intravascular clot
formation

vWF

TF
TF

Physiological state

Coagulation
inhibitors,
fibrinolytic system
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Liver cirrhosis

Coagulation
factors + platelets



Intravascular space

Endothelial cell layer

DIC +
platelet activation

Tissue factor (TF), the
physiological activator of
hemostasis, is increased
in liver disease and
favors disseminated
intravascular coagulation (DIC) and platelet
aggregation

Platelet count is decreased but aggre-gation
is increased due to
highly active multimeric
von Wil-lebrand factor.
Inactivation of vWF is
disturbed due to reduced
ADAMTS13

Shedding of anticoagulant glycocalyx
may occur during liver
transplantation, leading
to systemic anticoagulation and a procoagulatory shift of the
endothelium

Figure 1 Pathophysiology of hemostasis in patients presenting for liver transplantation. A reduction in coagulation factors due to end stage liver disease
worsens clot quality. Decreases in anticoagulant factors, fibrinolysis and ADAMTS 13 as well as increases in tissue factor and von Willebrand factor multimeres
may favor disseminated intravascular coagulation. Shedding of glycocalyx induces a systemic anticoagulation and contributes to the procoagulatory shift of the
endothelium. Note that pathophysiology may vary upon the underlying liver pathophysiology.
[10]

and even hepatocellular carcinoma development .
Importantly, platelet activity is often increased in
liver disease as von Willebrand factor, derived from
endothelium, is often elevated and the inactivating
metalloproteinase ADAMTS13, synthesized in the liver,
[3,4]
is often decreased .

A further argument against a general bleeding
risk is the fact that nowadays liver transplantations
can often be performed without requirement of blood
product replacement, suggesting that the observed
derangements in hemostatic variables might not
[14,15]
translate to diffuse bleeding risk
.
There are numerous reports on pulmonary embolism
and cardiac thrombosis in liver transplantation. In a
review of the 74 cases described in literature, symptoms
most often included a decrease in arterial pressure,
an increase in pulmonary arterial pressure and often
complete circulatory collapse. Mortality rate was 68%
with most deaths occurring already in the operation
[16]
theatre .
[17]
Søgaard et al
demonstrated in a nationwide
population-based case-control study, that liver disease is
associated with a worsening risk for thromboembolism,
the odds ratio was 2.1.
Liver biopsies and placement of intracranial
pressure monitoring devices rarely led to bleeding
[18,19]
complications
.

END STAGE LIVER DISEASE AND
REBALANCED HEMOSTASIS
The above alterations in the hemostatic system were
historically interpreted as indicators of bleeding risk
in liver disease and patients were thought to be
autoanticoagulated. There are many lines of evidence
which contradict this point of view. Not only are pro
coagulant pathways reduced in liver disease but also
anticoagulant and fibrinolytic mechanisms are impaired.
Moreover, low platelet count can be counterbalanced
by increased platelet activity. Several clinical studies
on the risk of bleeding and thrombosis suggest that
liver disease is not simply a bleeding disorder but also
confirm the concept of Lisman that the hemostatic
[11]
system in liver disease is rebalanced .
The most common cause of bleeding in patients
with liver disease is the rupture of esophageal varices.
Every third patient with liver disease is affected by this
[12]
life threatening complication . Portal hypertension and
local abnormalities of esophageal veins are significant
contributing factors in the rupture while hemostasis is
[13]
thought to be of minor importance at best .
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HEMOSTATIC SYSTEMS IN
PATIENTS PRESENTING FOR LIVER
TRANSPLANTATION VARY WITH THE
UNDERLYING DISEASE
Many patients presenting for liver transplantation have
end stage liver disease and thus present with reduced
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[11,20]

synthesis capacity and rebalanced hemostasis
.
However, there is a minority of patients who are
transplanted for other causes. Hemostasis system
can be unaltered in patients presenting with hepa
tocellular carcinoma and intact liver function. Even
hypercoagulability may be observed, particularly in
cases of cholestatic liver disease and non-alcoholic fatty
liver disease, due to inflammation, procoagulant shift of
the endothelium, and the acute phase response.

as hyperfibrinolysis are common events and are
[27,28]
independent predictors of mortality
. Hyperfibrinolysis
is also common in liver transplantation and associated
[29]
with bleeding . During the anhepatic phase, the
clearance of tissue plasminogen activator is inhibited and
additionally in the reperfusion phase accelerated release
[30,31]
can occur from graft endothelium
.

REGIONAL HYPERCOAGULABILITY IN
LIVER TRANSPLANTATIONS

DILUTION COAGULOPATHY IN LIVER
TRANSPLANTATION

The pathophysiology of portopulmonary hyperten
sion and hepatopulmonary syndrome are nowadays
thought to be related to hemostasis. Hepatopulmonary
syndrome is characterized by a ventilation perfusion
mismatch observed in fifteen to twenty percent of
patients presenting for liver transplantation and is
[32]
associated with increased mortality . Portopulmo
nary hypertension occurs in three to eight percent of
patients and mortality is increased especially in severe
[33,34]
cases
. It is thought that the procoagulant shift
of the pulmonary endothelium might be central to
[35]
the pathophysiology of both diseases . Accordingly,
intrapulmonary microthrombi have been demonstrated
in an autopsy study in patients with portopulmonary
hypertension. During liver transplantation, reperfusion
[36]
of the organ can lead to an entrapment of platelets .
Sinusoidal obstruction syndrome, formely called venoocclusive disease occurs after liver transplantation, the
incidence was described to be 1.9% in a large series
and is thought to be associated with acute rejection,
endothelialitis, and extravasation of fibrinogen and
[37-39]
platelets finally resulting in fibrosis
. Although
only tested in patients after stem cell transplantation,
defibrotide and tissue plasminogen activator are
claimed to improve the prognosis.

Without doubt, surgical experience and technique
has largely improved over time thus allowing liver
transplantations to be performed in many cases without
the need of transfusion. In certain situations (e.g.,
retransplantation, previous intraabdominal surgery),
however, massive surgical bleeding can still occur. The
resultant dilution of coagulation factors and platelets may
result in diffuse bleeding as the rebalanced hemostasis
system is especially susceptible to further dilution of
components. A combination of observed blood loss,
platelet count and deterioration of both classical and bedside hemostatic variables in conjunction with the onset
of diffuse bleeding can easily lead to the appropriate
diagnosis of a dilution coagulopathy.

TRAUMA INDUCED COAGULOPATHY IN
LIVER TRANSPLANTATION?
Recently, it has been recognized that trauma can
induce a disturbance of hemostasis which cannot be
explained by dilutional coagulopathy. Instead, tissue
damage and hemodynamic shock are supposed to
cause the so called trauma induced coagulopathy. Liver
transplantation shares important characteristics with the
pathophysiology of trauma induced coagulopathy, due
to the huge surgical trauma and eventual hemodynamic
disturbances caused by crossclamping of vena cava,
cardiac decompensation, and massive bleeding.
Comparable alterations in molecular mechanisms
of hemostasis can be observed in trauma and liver
transplantation patients.
Derangements in the thrombin-thrombomodulinprotein C system leads to anticoagulation in trauma
[21]
induced coagulopathy . Accordingly, consumption of
activated protein C in the liver was measured during
transplantation. Activation and thus consumption of
the protein C pathway, however, seems to be beneficial
for the organism in trauma and liver transplantation,
as a blockade of this system was detrimental in
experimental shock and low protein C levels were
[22-24]
associated with thrombosis in liver transplantation
.
A further mechanism in both trauma and liver trans
plantation which leads to anticoagulation is the shedding
[25,26]
of the anticoagulant glycocalyx from endothelium
.
In trauma, a decrease in fibrinogen levels as well
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MONITORING OF HEMOSTASIS DURING
LIVER TRANSPLANTATION
In patients presenting for liver surgery, hemostasis
differs from patient to patient. Moreover, further
alterations commonly occur during transplantation.
Therefore, it seems plausible, that hemostasis
monitoring might be beneficial. Plasma based laboratory
tests and whole blood based bed-side monitoring are
most commonly used.
Conventional tests for the monitoring of hemostasis
often include INR, aPTT, fibrinogen values, and
platelet count. Bed-side devices often used in liver
transplantation are often thrombelastography
(TEG, Haemonetics, Niles, IL, United States) and
thrombelastometry (TEM; ROTEM, TEM Innovations,
Munich, Germany). Several recent reviews on different
[31,40-42]
aspects of the methods are available
. Both bedside methods measure the viscoelastic properties of a
clot in a time dependent manner. Differences between
the devices are related to the number of channels,
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Figure 2 Thrombelastometry variables most often used to interpretate
a tracing. The thrombelastogram shows the firmness of a clot during the
measurement time. The clotting time is defined as the time from recalcification
and activation of blood samples to the onset of coagulation. The maximum clot
firmness describes the physical properties of a clot, which is defined by platelet
count and fibrinogen concentration. The α angle and the clot formation time
describe the kinetics of clot generation.

Hyperfibrinolysis

Heparin

Figure 3 Typical changes in thrombelastometry tracings. Shown are
the effects of hypofibrinogenemia, thrombocytopenia, hyperfibrinolysis, and
heparin.

It is, however, important to state that both devices are
used in liver transplantations.
Dilutional coagulopathy can easily be detected by the
reductions in clot firmness in both tissue factor and sialic
acid activated assays. In these assays the clot firmness
is dependent on both fibrinogen concentration and
platelet count. More specifically, contribution of platelets
to clot firmness can be eliminated by cytochalasin D
resulting in a thrombelastogram, the amplitude of which
is then solely dependent on fibrinogen concentration
(and eventual disturbances of fibrin polymerization).
TEM is ideal to detect hyperfibrinolysis. Normally,
clot firmness only marginally decreases with time. In
the case of hyperfibrinolysis, however, the clot is often
completely degraded. The time to lysis can vary, in
extreme cases the absence of clot formation can also
be observed. Measurement in the presence of aprotinin
abolishes clot lysis and confirms the diagnosis of
hyperfibrinolysis.
Autoheparinization caused by shedding of the
glycocalyx results in a prolongation of sialic acid activated
clotting time. Diagnosis of heparin or glycocalyx
mediated anticoagulation can be obtained by addition of
heparinase.
Hypercoagulability can be diagnosed by increases
in fibrinogen concentration and platelet count resulting
in an increased clot firmness. Moreover, shortening of
clotting time may be indicative for hypercoagulability.
TEM cannot detect alterations in anticoagulant
pathways, namely protein C, protein S, or antithrombin.
Moreover, neither increased nor decreased platelet
function can be distinguished (exceptions are eventually
platelet mapping and impedance aggregometry module,
respectively).

technical differences, and costs. Both devices allow
to determine the time to onset of clot formation, the
kinetics of clot formation, the firmness of a clot and
eventual clot lysis. TEG allows to determine platelet
function by the “platelet mapping test”, TEM allows
the use of activators of the extrinsic and intrinsic
system (called EXTEM, INTEM), as well as inhibitors
of platelet aggregation (FIBTEM) and fibrinolysis
(APTEM). A typical thrombelastogram obtained by TEM
and the variables are given in figure 2. Characteristic
changes due to hypofibrinogenemia, thrombocytopenia,
hyperfibrinolysis, and heparin are shown in figure
3. In a new version, platelet function can also be
determined by an impedance aggregometry module.
Activated partial thromboplastin time, INR, fibrinogen,
and platelet count are correlated with TEM findings.
However, the hemochron signature device (ITC, NJ,
United States), which is capable to measure aPTT and
INR in whole blood samples, demonstrated far better
[43]
correlation with laboratory findings .
The advantages of laboratory based assays are the
simplicity and reliability for the anesthetist, however
a practical drawback includes the turnaround time
of more than one hour. This implies, that results
are often too late to guide immediate treatment of
bleeding patients. In contrast, bed-side assays can be
determined within a relative short time, often 10 to 30
min, as transportation and centrifugation of samples
are not necessary. However, time and technical
expertise for the measurements and interpretation of
results by the anesthetist are still necessary.

DOES GUIDANCE BY BED-SIDE
MONITORING OR CONVENTIONAL
COAGULATION ASSAYS REDUCE
BLEEDING AND THROMBOSIS?

WHICH ALTERATIONS IN HEMOSTASIS
CAN BE DETECTED BY TEM
Several alterations in hemostasis can be monitored
by viscoelastic monitoring. Due to the fact, that our
personal experiences are restricted to TEM, we limit
our discussion to the typical findings with this device.
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Concerning conventional coagulation assays, it is
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important to note that aPTT and INR were developed
to monitor anticoagulation. Although often used
as standard coagulation tests, there are no data
to suggest that on the results of these, the risk of
bleeding can be predicted or hemostasis therapy
[44]
can be guided by these assays (for review see ).
Conventional laboratory assays also failed to detect
[41]
hypercoagulability . Determination of thrombinantithrombin-complexes, however, was predictive
for portal vein thrombosis in patients with liver
disease, but this method of monitoring is not readily
[45]
available .
In contrast there is some evidence to indicate
that viscoelastic methods can predict bleeding
and thrombosis risk in patients presenting for liver
transplantation. Potentially, whole blood viscoelastic
methods containing both platelets and coagulation
factors better simulate hemostasis alterations in vivo
than highly artificial laboratory assays with platelet
poor plasma. In a randomized controlled study, Wang
[46]
et al
demonstrated that TEG in combination with
a treatment algorithm reduced the transfusion of
fresh frozen plasma but not 3-year survival in liver
[47]
transplantation. Alamo et al
in a case-control study
demonstrated that the use of TEM was associated with
lower bleeding complications and mortality in high risk
patients. Apart from liver transplantation, Wikkelsoe et
[40]
al
concluded in their systemic review there is only
weak evidence to support use of viscoelastic methods
in patients at risk for massive bleeding. Intraoperative
hypercoagulability was common in liver transplantation
patient, especially in those presenting with cholestatic
disease. Moreover thromboembolism was often
associated with a hypercoagulable state as determined
[41]
by viscoelastic methods .

potentially decrease bleeding and transfusion demand
in major surgery however further high quality studies
[49]
were recommended .

PROPHYLAXIS AND TREATMENT
OF COAGULOPATHY IN LIVER
TRANSPLANTATION
Evidence for the benefits of blood products is low
in perioperative medicine, while the supporting
evidence for side effects like negative transfusion
effect, transfusion associated lung injury, transfusion
associated circulatory overload, and infectious
complications is increasingly acknowledged. Increased
morbidity and mortality have been demonstrated to
be associated with transfusion of blood products in
liver surgery and liver transplantation (fresh frozen
[50-53]
plasma, platelets, red blood cells)
. Besides
improvements in surgical experience and techniques
in liver transplantation, strategies to reduce the use
of blood products termed patient blood management
are increasingly used. For monitoring of hemostasis
disturbances, TEG/TEM are increasingly used and can
guide the application of plasma components, platelets,
[54]
and antifibrinolytics . As bed-side-monitoring is
increasingly used, the simple substitution of blood
products by the 1:1:1 rule (red blood cells, fresh
frozen plasma, platelets) is not encouraged in many
liver transplantation centers.

Prophylaxis of coagulopathy

Concerning the use of a prophylactic interven
tion in hemostasis system, no benefit has been
demonstrated so far for the use of fresh frozen
plasma. Arguments against the use include the fact,
that liver transplantations are nowadays increasingly
done without blood products and fresh frozen plasma
was associated with an increase in mortality in liver
[14,15,55]
surgery
. In a multicenter randomized trial, use
of recombinant activated factor Ⅶa failed to reduce
bleeding but increased arterial thrombotic events by
[56]
70% . Controversity persists with respect to the
importance of prophylactic antifibrinolytics in liver
transplantation, both detrimental effect and no effect
on blood transfusions have been described after
[57,58]
withdrawal of aprotinin
. In a recent meta-analysis,
the authors come to the conclusion, that aprotinin
and tranexamic acid reduce transfusion requirements
in patients undergoing liver transplantation and that
there was no evidence that antifibrinolytic drugs
[59]
increase thromboembolic events . However, as
TEG/TEM can detect hyperfibrinolysis, a prophylactic
antifibrinolytic therapy seems not to be necessary
nowadays. Some basic measures during surgery are
of outstanding importance to prevent coagulopathy:
body temperature has to be monitored and decreases

VISCOELASTIC MONITORING TO GUIDE
HEMOSTASIS INTERVENTIONS
Due to the complex alterations in hemostasis in
liver transplantation, hemostasis treatment differs
from patient to patient. Alterations in procoagulant
pathways can best be detected by viscoelastic
methods. However, there is no method to monitor all
hemostasis alterations and anticoagulant pathways.
Assuming a reduction of the procoagulant pathways
is accompanied by comparable reductions in
anticoagulant pathways, it seems logical (although not
proven), that the thrombotic risk might be highest in
those patients with the most pronounced decreases
in procoagulant factors and platelet count. Therefore,
in our opinion, it is of outmost importance to reduce
procoagulant interventions in those patients. The
need for transfusion can be guided by transfusion
[48]
algorithms based on bed-side-viscoelastic methods .
In a Cochrane metaanalysis the authors came to the
conclusion that use of viscoelastic methods might
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can be prevented by forced air-warming devices and
[60,61]
warming of intravenous fluids
. Also of relevance
risk for coagulopathy increases with ischemic time
and the transplantation of dysfunctional and marginal
[14,62]
grafts
.

hypertension, and hepatopulmonary syndrome
[32-39]
has been suggested
. Transfusion of platelets
was associated with increased mortality in liver
[51]
transplantations . Contribution of platelet count
to clot firmness can be assessed by TEG/TEM. The
originally methods are not sensitive for alterations
in platelet function, however, platelet mapping and
impedance aggregometry module, respectively, may
extend the diagnostic capabilities. In a recent study,
we demonstrated, that platelet function, determined
with whole blood impedance aggregometry, was
markedly increased in patients presenting for liver
transplantation (manuscript in preparation). It might
thus be conceivable, that bed-side platelet function
testing during liver transplantation can provide further
information on the use of platelet transfusions and the
thromboembolic risk.

Fibrinogen in disturbances of hemostasis

Fibrinogen is the first factor to reach critical levels
[63]
when haemodilution or massive bleeding occurs .
Advantages of fibrinogen use in comparison with
fresh frozen plasma are the reduced rate of pathogen
transmission as well as decreased risk of transfusion
induced lung injury and transfusion induced circulatory
overload. Fibrinogen concentration can easily be
monitored by TEM and substitution therapy based on
guidance according to the clot firmness reduced the
rate of red blood cells, fresh frozen plasma and platelet
transfusion by more than 50%. Additionally the rate
of transplantation without transfusion of the above
[64]
blood related products rose from 3.5% to 20% .
In a recent review on fibrinogen and fresh frozen
plasma in surgery and trauma, the authors concluded,
that fibrinogen level was generally associated with
improved outcome measures, while fresh frozen
plasma failed to show evidence for effectivity and had
[65]
severe side effects .
TEM-guided treatment with fibrinogen concentrate
and/or prothrombin complex concentrate (PCC) did
not appear to increase the occurrence of thrombosis,
pulmonary and ischemic events compared to patients
[15]
who did not receive these concentrates .

Prothrombin complex concentrate

Besides fibrinogen, other coagulation factors may
decrease during liver transplantation resulting in a
reduction of thrombin generation and prolongation of
clotting time. In these cases, prothrombin complex
concentrate can correct coagulopathy. In principle,
there are four factor PCC and three factor PCC. Four
factor PCC contain the factors Ⅱ , Ⅶ , Ⅸ , and Ⅹ ,
and the anticoagulant factors protein S and protein
[69]
C . Infectious risk is reduced or eliminated by virus
elimination and thromboembolic complication occurs
in only 0.9%. In liver transplantation, TEM guided
substitution of blood products including prothrombin
complex concentrate in liver transplantation did not
increase the occurrence of thrombosis and ischemic
[15]
events . The safety and effectivity of prothrombin
complex concentrate in liver transplantation is investi
[70]
gated in a prospective randomized study .

Platelet transfusion

Besides their proven and essential role in hemo
stasis, platelets are involved in innate immunity and
inflammation. Platelet transfusion, in general, may
lead to complications such as febrile non-hemolytic
transfusion reactions, allergic reactions, transfusionassociated sepsis, and transfusion associated lung
[66]
injury . Furthermore, evidence from a multicenter
observational studies with 504208 patients demon
strates that platelet transfusion was associated with
venous and arterial thromboembolism as well as
[67]
death in patients with cancer . Prophylactic use of
platelets in internal medicine should be restricted to
[68]
a platelet count below 10000/µl .Higher values are
recommended for surgical procedures, however, platelet
count in patients presenting for liver transplantation
are often above these limits. Thrombopoeitin receptor
agonists may in the future be used to increase platelet
count in liver disease, however, the possible risks and
[9]
benefits are at present unknown .
In patients presenting for liver transplantation,
platelet count is often reduced but platelet function
is increased due to highly active von Willebrand
[4]
multimeres . Platelets are supposed to be entrapped
after reperfusion of the liver, and an involvement in
sinusoidal obstruction syndrome, portopulmonary
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CONCLUSION
Alterations of hemostasis of patients presenting
for liver transplantation are complex and can
differ according to the underlying liver disease.
In patients with end stage liver disease, standard
laboratory findings like INR and platelet count
suggest hypocoagulability. However, both pro- and
anticoagulant pathways are often reduced resulting in
a rebalanced system. Thus, both diffuse bleeding and
thrombosis can occur during liver transplantation. The
most common used methods for the timely diagnosis
of hemostatic disturbances currently available are
TEG/TEM which with appropriate use can reduce the
use of blood products. Substitution with coagulation
factors, platelets, and antifibrinolytics can be guided
by algorithms if diffuse bleeding occurs (or can be
supposed to occur by the results of measurements). At
time, no bed-side method is capable to measure the
alterations in anticoagulant pathways, thus cautious
substitution of coagulation factors is recommended.
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Post reperfusion syndrome during liver transplantation:
From pathophysiology to therapy and preventive strategies
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Abstract
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Tommaso Bardi, Laura Lorenzini, Stefano Faenza, Division
of Anesthesiology, Alma Mater Studiorum University of Bologna,
40138 Bologna, Italy

This review aims at evaluating the existing evidence
regarding post reperfusion syndrome, providing a
description of the pathophysiologic mechanisms involved
and possible management and preventive strategies. A
PubMed search was conducted using the MeSH database,
“Reperfusion” AND “liver transplantation” were the
combined MeSH headings; EMBASE and the Cochrane
library were also searched using the same terms. 52
relevant studies and one ongoing trial were found. The
concept of post reperfusion syndrome has evolved through
years to a multisystemic disorder. The implications of the
main organ, recipient and procedure related factors in the
genesis of this complex syndrome are discussed in the text
as the novel pharmacologic and technical approaches to
reduce its incidence. However the available evidence about
risk factors, physiopathology and preventive measures is
still confusing, the presence of two main definitions and
the numerosity of possible confounding factors greatly
complicates the interpretation of the studies.
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Core tip: Post reperfusion syndrome (PRS) is a serious
intraoperative complication of liver transplantation
that can influence recipient’s morbidity and mortality.
This review provides a description of the evolution
throughout the years of the concept of PRS, and gathers
the existing evidence regarding the pathophysiologic
mechanisms involved and the possible management
and preventive strategies.
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min after reperfusion of the liver graft (unclamping of
hepatic hilum).
[2]
Hilmi et al later expanded this definition intro
ducing a classification of PRS in mild and severe: (1)
mild PRS, defined by a decrease of MAP and/or heart
rate (HR) not reaching 30% of baseline value, lasting
for less than 5 min, and responsive to an intravenous
bolus dose of Calcium Chloride (1 g) and/or epi
nephrine (≤ 100 mcg) without the need to start a
continuous infusion of vasopressors; and (2) significant
PRS, defined by greater hemodynamic instability, a
drop in MAP/HR exceeding 30% of baseline, asystole
or hemodynamically significant arrhythmias; or the
need to start the infusion of vasopressors during the
intraoperative period and to continue throughout the
postoperative period. Other presentations of significant
PRS include a prolonged (defined as lasting more than
30 min) or recurrent (defined as reappearing within
30 min after resolution) fibrinolysis that requires
treatment with antifibrinolytic agents.
[3]
Recently, Fukazawa et al , considering a large
study population, gave a temporal description of the
phenomenon, dividing post reperfusion hemodynamic
recovery into three phases:
Phase 1 - from portal vein reperfusion to 5 min
after portal vein reperfusion.
Phase 2 - from 5 min after portal vein reperfusion
to hepatic artery reperfusion.
Phase 3 - from hepatic artery reperfusion to 240
min after portal vein reperfusion.
During phase 1, an abrupt hypotension is observed,
vasopressors and volume loading are often used to
manage hemodynamics in this phase.
Phase 2 is characterized by a progressive decline of
MAP until the hepatic artery reperfusion is completed.
Finally during Phase 3 a sustained hemodynamic
recovery is seen.
Patients with PRS had a significantly higher fall in
arterial blood pressure (ABP) in phase 1, and maintained
a lower MAP in phase 2, but in phase 3, hemodynamic
recovery restored parameters comparable to baseline
[1]
values. In this study the Aggarwal et al definition of
PRS was used.
PRS incidence varies largely among the con
[4,5]
[6]
sidered studies, ranging from 12%
to 77% . This
variability could be the result of differences in the
patient population, and standard pretreatment in
each single transplant center. Also the PRS definition
[2]
used has a role, in fact Hilmi et al considered a
broader time frame, and added fibrinolysis to their
definition of PRS, making it wider than the Aggarwal
definition.

INTRODUCTION
Liver transplantation is a major surgical procedure
involving important fluid shifts, and which is often
performed on patients with hemodynamic alterations
related to the underlying liver pathology.
Post reperfusion syndrome is a serious intraoperative
complication that typically appears after portal vein
declamping, and involves dramatic cardiovascular and
metabolic derangements that can influence recipient’s
morbidity and mortality.
The definition of post reperfusion syndrome (PRS) has
evolved throughout the years and its pathophysiology,
risk factors and management are still debated.
This review intends to gather the existing evi
dence regarding PRS, provide a description of the
pathophysiologic mechanisms involved and possible
management and prevention.

LITERATURE RESEARCH
A PubMed search was conducted using the MeSH
database. “Reperfusion” AND “liver transplantation”
were the combined MeSH headings.
EMBASE, Cochrane library ClinicalTrials.gov and
clinicaltrialsregister.eu were also searched using the
same terms.
The abstracts were reviewed by three independent
researchers and those not relevant to the search were
excluded, only English language articles were taken
into consideration.
The quality of the studies was assessed using the
Jadad Scale.
The search in PubMed, EMBASE and Cochrane
library produced a total of 359 results. Based on
the review of the abstracts 307 were found not to
be relevant and excluded. The full papers of the
remaining 52 articles were independently reviewed by
3 researchers.
The Clinicaltrials.gov search produced a total of 48
studies, only 3 of these were relevant to our review,
2 of them were already published and the complete
articles had already been obtained. None of the trials
found in clinicalregister.eu were relevant to the search
terms (Figure 1).

DEFINITION AND INCIDENCE OF PRS

RISK FACTORS FOR PRS AND CLINICAL
IMPLICATIONS

Post reperfusion syndrome was first defined by
[1]
Aggarwal et al as a decrease in mean arterial pressure
(MAP) greater than 30% below the baseline value,
lasting for at least 1 min, occurring during the first 5
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Several authors have attempted to list possible risk
factors for PRS in order to promote better management
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PubMed, EMBASE and
Cochrane initial search
results:
n = 359 articles

Clinicaltrials.gov
initial search results:
n = 48 trials
Excluded n = 45 not
relevant to search

Excluded n = 307 not
relevant to search
Considered articles:

n = 52 relevant full text
articles obtained

Pathophysiology
n = 14

Abstracts reviewed:
n =3
Excluded n = 2 already
published

Incidence and risk factors
n = 15

Pharmacological and
surgical prevention
strategies
n = 23

Considered trials:
n =1

Figure 1 Flow chart showing selection of studies.
[14]

and possibly preventive strategies. The data emerging
from the literature however is not univocal. A simple
schematization of the current knowledge on this matter
can be made, by dividing the risk factors in three
categories: donor/organ related, recipient related and
procedure related.
Literature studies investigating PRS risk factors and
clinical implications are synthesized in Table 1.
The main risk factors related to the donor and the
liver graft which emerged from the literature review
[3,7,8]
were the age of the donor
, the cold ischemia time
[5,9,10]
(CIT)
and, in more recent reports, the Donor Risk
[3]
Index . The presence of macrovescicular steatosis
[11]
was also reported by Chung et al
as a risk factor.
Finally the mismatch in size between the recipient and
the grafted organ, described by the Body Surface Area
Index, represents a risk factor for the incidence and
[7]
severity of PRS ; in fact the syndrome is more severe
and frequent in patients transplanted with large organs
for their size.
Most of the risk factors emerging from the lite
rature review are related to the recipient of the liver
[2]
graft. These include the recipient age , the model
[11,12]
, a high
for end-stage liver disease (MELD) score
[11,12]
[5]
creatinine level
, a high potassium level , a low
[13]
[11]
calcium level , and a low hemoglobin level . Only
one study has associated the occurrence of PRS with
the presence of left ventricular diastolic dysfunction
[9]
preoperatively , whilst others have correlated it with
[4,11,13]
an elevated heart rate (HR)
and reduced central
[3,13]
venous pressure (CVP)
. One study has pointed out
a correlation between fulminant hepatic failure and
[12]
an increased incidence of PRS . The hemodynamic
response to clamping of the inferior vena cava (IVC)
is also correlated with the development of PRS and
has been proposed as an intraoperative “test” for the
syndrome. In particular PRS occurs more frequently
in those patients who do not react with a substantial
increase in systemic vascular resistance index (SVRI)
after the clamping of the IVC, showing weaker

WJG|www.wjgnet.com

cardiovascular reflexes .
Finally some aspects of the surgical technique
have been positively associated with the occurrence
of PRS, in particular a prolonged warm ischemia time
[2]
(WIT) , the curtailment of the anhepatic phase of the
[13]
procedure , and the use of classical technique with
[4]
veno-venous bypass (VVB) .
A rapid and homogeneous graft reperfusion visually
evaluated by the attending surgeon and an impaired
sympathetic activity, were also correlated with the
[15,16]
incidence of PRS
.
Most of the studies reviewed were retrospective
and involving single transplant centers using different
anesthesia protocols, hence it is hard to draw a
decisive picture of the most important risk factors for
PRS.
[9,10,12]
PRS increases perioperative mortality
, intra
[2,4,17]
operative need for blood derivatives transfusions
,
[2,17]
intensive care unit (ICU) and hospital length of stay
[9,10]
and postoperative kidney injury
.

MECHANISMS OF PRS
PRS genesis involves multiple systems, in this section
the main hemodynamic aspects of this syndrome and
the implications of the above described risk factors in
its occurrence, are described.
Table 2 synthesizes the considered literature
studies investigating the mechanisms of PRS.

Hemodynamics

PRS is frequently characterized by a rapid fall of
ABP, a reduction of HR and SVRI associated to an
increase or, sometimes, a reduction in cardiac index
(CI). Pulmonary capillary wedge pressure (PCWP)
can decrease or increase, stroke volume index
decreases (SVI) while there is usually an increase of
both pulmonary vascular resistance index (PVRI) and
[18,19]
pulmonary arterial pressure (PAP)
.
It is clear that both the cardiac and vascular func
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PRS pretreatment

?

?

1554
30% drop in MAP
within 5' lasting for 1'

30% drop in MAP
within 5' lasting for 1'
Hilmi definition

30% drop in MAP
within 5' lasting for 1'

94

58

184

340

?

?

N/A

None

30% drop in MAP
Colloids, 500 mL
within 5' lasting for 1'

75

30% drop in MAP
20% mannitol +
within 5' lasting for 1' Ca gluconate 1-2
g + 30-50 mEq
NaHCO3
Hilmi definition
?

MAP < 60
mmHg together
with classical
hemodynamic
disturbance (?)
30% drop in MAP
within 5' lasting for 1'

Paugam-Burtz Postreperfusion syndrome during liver Prospective
et al[10]
transplantation for cirrhosis: outcome
and predictors
Cordoví de
Rapid and homogeneous reperfusion
Prospective
Armas et al[15]
as a risk factor for postreperfusion
syndrome during orthotopic liver
transplantation
Siniscalchi et Hyperdinamic circulation in acute liver Retrospective
al[12]
failure: reperfusion syndrome and
outcome following liver transplantation
Khosravi et
Postreperfusion syndrome and
Retrospective
al[17]
outcome variables after orthotopic liver
transplantation
Bukowicka et
The occurrence of postreperfusion
Retrospective
al[4]
syndrome in orthotopic liver
transplantation and its significance in
terms of complications and short-term
survival

145

Definition of PRS
30% drop in MAP
Fluid challenge
within 5' lasting for 1' to achieve PCWP
at least 12 mmHg
before clamping
the IVC

338

The impact of postreperfusion
syndrome on short-term patient
and liver allograft outcome in
patients undergoing orthotopic liver
transplantation

Retrospective

100

321

94

No. subjects

Retrospective

Hilmi et al[2]

Ayanoglu et
al[13]

Analysis of postrevascularization
syndrome after orthotopic liver
transplantation: the experience of an
Australian liver transplantation center
Causes of postreperfusion syndrome
in living or cadaveric donor liver
transplantations

Nanashima et
al[8]

Retrospective

Postreperfusion syndrome in orthotopic Retrospective
liver transplantation

Type of study

Chui et al[5]

Title

Response to clamping of the inferior Retrospective
vena cava as a factor for predicting
postreperfusion syndrome during liver
transplantation

Garutti
Martinez et
al[14]

Ref.

Table 1 Incidence, risk factors and graft effects

17.4%
(significant
PRS)
12.10%

41%

32.90%

25%

55%
(significant
PRS)

48.9%

29%

12.8%

28.7%

Incidence

Risk factors

-

↑ post reperfusion lactate
and transaminase; ↑
creatinine on POD 7

-

N/A

↑ hospital mortality, ↓
survival rates at 3, 6, 12 mo

N/A

↑ post reperfusion blood
loss and need for RBC, FFP,
PLT. ↑ hospital stay
↑ CIT, classical technique with
↑ intraoperative RBC
VVB, higher HR at the beginning
and FFP requirements,
of operation, no correlation with
↑ early postoperative
donor' age, and recipient' age or sex
complications

-

↑ MELD, creatinine, FHF

SQR (reperfusion's speed-quality)
can be considered an unambiguous
predictor of PRS

1

1

0

1

1

1

1

1

1

1

Graft and recipient effects Jadad score

↑ days on ventilator, ICU
stay, hospital stay, need
for retransplantation, RBC,
FFP, CRYO tansfusions and
fibrynolisis, no differences
in recipient survival
↑ CIT, absence of porto-caval shunt ↑ severe acute renal failure,
↑ 15 d mortality

Shorter duration of anhepatic
phase, ↑ calcium requirements, ↑
HR pre-post reperfusion, ↓ CVP
during the dissection period
↑ WIT, older recipient age

older donor age

A low increase in SVRI after
clamping of IVC is predictive
of PRS, this could be correlated
to the sensitivity of baroreflexes
and hence a more responsive
cardiovascular system in those
patients who did not develop PRS
↑ CIT, ↑ potassium and ↓ bT after
reperfusion
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Postreperfusion syndrome during
orthotopic liver transplantation: a
single-center experience

Sympathetic withdrawal is associated
with hypotension after hepatic
reperfusion

Hemodynamic recovery following
postreperfusion syndrome in liver
transplantation

Xu et al[9]

Kim et al[16]

Fukazawa et
al[3]

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

715

218

330

152

30% drop in MAP
within 5' lasting for 1'

30% drop in MAP
within 5' lasting for 1'

30% drop in MAP
within 5' lasting for 1'

30% drop in MAP
within 5' lasting for 1'

1228 (3 groups:
30% drop in MAP
small for size;
within 5' lasting for 1'
controls; large for
size)

?

100 mcg
phenylephrine,
or 10 mcg
epinephrine if SBP
< 90 mmHg, graft
flushed with 500
mL of 5% albumin
before reperfusion
-

None

N/A

31.6%

35% (77
PRS vs 141
No-PRS)

Low LF/HF and SBP measured
before hepatic graft reperfusion
were significantly correlated
with subsequent PRS occurrence,
suggesting that sympathovagal
imbalance and depressed SBP
may be key factors predisposing
to reperfusion-related severe
hypotension in liver transplant
recipients
↑ donor age, DRI, CVP before
reperfusion

No effects on graft survival
or early graft dysfunction

N/A

49% control
Lower BSAi is associated with
N/A
group, 51%
↓ incidence in PRS, while older
large for donor age ↑ PRS. Note: lower BSAi
size
group had significantly lower age
and significantly higher CIT. Low
BSAi significantly ↑ arterial hepatic
artery thrombosis risk; both low
and high BSAi ↓ graft survival
34.2%
Macrovescicular graft steatosis,
↑ Bilirubin peak in the first
↑ recipient MELD score, ↑
five POD
preoperative HR, INR, bilirubin
and creatinine; lower preoperative
haemoglobin, ↑ prereperfusion RBC
requirements, lower prereperfusion
urine output
17%
Preoperative LVDD, ↑ CIT
↑ Intraoperative mortality,
postoperative renal failure,
hospital mortality

1

1

1

0

0

Global hemodynamic aspects: At the time of reperfusion, the recipient’s heart has to handle a sudden load of cold, acidotic, diselectrolitemic blood, coming from the
liver graft, which can impair its functional reserve. This produces a ventriculo-arterial decoupling which has a multifactorial etiology, involving the composition of the blood
load, and also the inflammatory mediators deriving from the liver graft. These mediators have a differential effect on right and left ventricular circulations. In particular,

tion are involved in the genesis of the syndrome.

PRS: Post reperfusion syndrome; MAP: Mean arterial pressure; PCWP: Pulmonary capillary wedge pressure; IVC: Inferior vena cava; SVRI: Systemic vascular resistance index; CIT: Cold ischemia time; bT: Body temperature; POD:
Post operative day; HR: Heart rate; CVP: Central venous press; FFP: Fresh frozen plasma; CRYO: Cryoprecipitate; SQR: Reperfusion speed-quality; MELD: Model For end-stage liver disease; FHF: Fulminant hepatic failure; PLT:
Platelets; VVB: Veno-venous bypass; BSAi: Body surface Area index; SBP: Systolic arterial blood pressure; LVDD: Left ventricular diastolic disease; LF: Low frequency power; HF: High frequency power; DRI: Donor risk index.

Incidence and predictors of
postreperfusion syndrome in living
donor liver transplantation

Body surface area index predicts
outcome in orthotopic liver
transplantation

Chung et al[11]

Fukazawa et
al[7]
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Table 2 Pathophysiology
Year

Ref.

1993 De Wolf et
al[22]
1994

Ronholm
et al[36]

1995

Blanot et
al[41]

1995

Scholz et
al[38]

1997 Bellamy et
al[33]

1999

Title

Type of study

No.
subjects

Findings

Jadad
score

Right ventricular function
during orthotopic liver
transplantation
Complement system activation
during orthotopic liver
transplantation in man

Prospective

20

RVEF maintained throughout the OLT procedure

1

Prospective

16

1

Circulating endotoxins and
postreperfusion syndrome
during orthotopic liver
transplantation
Activation of the plasma
contact system and
hemodynamic changes after
graft revascularization in liver
transplantation
Changes in inflammatory
mediators during orthotopic
liver transplantation

Prospective

15

The complement cascade activation demonstrated during OLT is
located in the gut and triggered by hypoperfusion of the gut due
to clamping of the portal and caval veins. There was a significant
correlation between activation of complement with high
concentration of C3a anaphylatoxin and development of PRS
No correlation between plasma endotoxins detectable with the
LAL (limulus amoebocyte lysate) test and PRS. However the
endotoxenemia is still an important risk factor

17 (19 OLT Liver graft reperfusion was associated with a significant increase
procedures) in Kallikrein activity with a concomitant drop in antiprotease
activity and high molecular weight kininogen. Hemodynamic
changes correlated with the plasmatic concentrations

0

Acosta et
al[21]

Effect of reperfusion on right
ventriculoarterial coupling in
liver transplantation
1999 Acosta et
Changes in serum potassium
al[31]
during reperfusion in liver
transplantation
2004 Bellamy et Complement membrane attack
al[37]
complex and hemodynamic
changes during human
orthotopic liver transplantation
2008 Ripoll et Cardiac dysfunction during liver
al[25]
transplantation: incidence and
preoperative predictors

Prospective

Prospective

10

Prospective

52

Retrospective

106

Prospective

40

Retrospective

209

2011 Bezinover
Release of cytokines and
Prospective
et al[34]
hemodynamic instability during
the reperfusion of a liver graft
2012

Xu et al[23]

Evaluation of the right
Prospective
ventricular ejection fraction
during classic orthotopic
liver transplantation without
venovenous bypass
2013 Siniscalchi Hyperdynamic circulation in Retrospective
et al[18]
cirrhosis: predictive factors
and outcome following liver
transplantation
2013 Escobar et
Stroke volume response to
Prospective
al[26]
liver graft reperfusion stress in
cirrhotic patients
2014 Tsai et al[35]

Ischemic reperfusion injuryinduced oxidative stress and
pro-inflammatory mediators in
liver transplantation recipients

Prospective

1

After reperfusion SVRI decreased and CI increased; these
were accompanied by increases in TNF-a , TNF-a-R, IL-1β,
IL-1 receptor antagonist, IL-6, IL-8; no changes in PAF and
Thromboxane B2; Leukotriene C4, D4, E4 decreased
Similar ↑ in CI, RVEDVI, RVSWI in both PRS and non PRS
patients, better ventriculo-arterial coupling in non PRS patients
due to a decrease in pulmonary vascular elastance
No correlation between changes in serum potassium and PRS

1

The formation of MAC complex and degradation of C3,C4
increased markedly at the time of liver graft reperfusion.
Concomitantly SVRI decreased and CI increased, with changes
correlated to the activation of the MAC
22.5% abnormal cardiac response to reperfusion, predictive
factors: hyponatremia, lower PAP and lower CVP and PCWP, at
the beginning of the intervention. Preoperative echocardiography
couldn't predict abnormal response
The concentration of TNF-a correlated directly with the amount
of catecholamines used to treat hemodynamic instability. No
correlation between any cytokine levels and the duration of CIT,
the surgical technique, and the quality of the liver graft
RV function is impaired during the anhepatic and early
reperfusion stages, particularly in the high MELD score patients

1

242

Hyperdynamic circulation is associated to ↓ MAP, SVI and ↑
PCWP and PVRI 10 min after reperfusion

1

271

Non-responder patients (35.7%) had higher MELD score, left
atrial diameter and low SVRI at the beginning of the intervention.
These patients experienced more early cardiovascular events and
ICU stay
Malondialdehyde (MDA) is one of the intermediate metabolites
from lipid peroxidation and representing a indirectly measure
of oxidative stress-induced liver injury. Recipients with higher
values of preoperative bilirubin, AST, ALT, MELD score, INR,
and blood loss tended to have significantly higher levels of MDA
and may suffer more injury from this insult

1

17

30

14

1

1

1

1

1

1

RVEF: Right ventricular ejection fraction; OLT: Orthotopic liver transplantation; C3a: Complement anaphylatoxin 3a; PRS: Post reperfusion syndrome;
SVRI: Systemic vascular resistance index; CI: Cardiac index; TNF: Tumor necrosis factor; IL: Interleukin; PAF: Platelet activating factor; RVEDVI: Right
Ventricular end-diastolic volume index; RVSWI: Right ventricular stroke work index; MAC: Complement membrane attack; PAP: Pulmonary arterial
pressure; CVP: Central venous pressure; PCWP: Pulmonary capillary wedge pressure; CIT: Cold ischemia time; RV: Right ventricular; MELD: Model for
end-stage liver disease; MAP: Mean arterial pressure; SVI: Stroke volume index; PVRI: Pulmonary vascular resistance index; SVRI: Systemic vascular
resistance index; ICU: Intensive care unit.
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many inflammatory mediators have a vasoconstricting
effect on pulmonary arterioles, and are implicated in
[20]
the sudden increase of PVRI and PAP
in PRS. At the
same time the global effect on the systemic circulation
is a reduction of the indexed vascular resistance.
Arrhythmias are frequent during reperfusion and can
further contribute to the hemodynamic deterioration.

to an increase in end-diastolic ventricular pressure.
This indicates an inadequate ventricular reserve, and
an impairment of ventricular relaxation with reduction
of ventricular filling. This could have an important role
in liver transplantation considering the extreme fluid
shifts and preload variations that characterize this
surgical procedure.
The role of cirrhotic cardiomyopathy in relation
to PRS in unknown and the literature review did
not find any study considering this specific aspect.
[9]
However Xu et al found that a left ventricular
diastolic dysfunction, diagnosed at the preoperative
echocardiogram, was associated with the development
of PRS intraoperatively.
[25]
Ripoll et al defined an abnormal cardiac response
as a reduction in preload-recruitable stroke work,
evaluated 10 min after reperfusion. They did not find
an association between preoperative echocardiographic
variables and this intraoperative abnormal cardiac
response. However they did find an association of this
abnormal cardiac response with hyponatremia and
a lower CVP, PAP and PCWP at the beginning of the
intervention.
[26]
Escobar et al
used a different definition of
myocardial dysfunction as less than 10% increase
of SVI after graft reperfusion (non-responder) and
found a correlation between non-responders and high
preoperative MELD score, left atrial diameter and low
preoperative SVRI.

Right cardiac function and pulmonary circulation:
The contribution of right cardiac function and pulmonary
circulation to PRS are still a matter of debate.
[21]
Acosta et al
studied a population of cirrhotic
patients undergoing OLT in order to evaluate the
right ventricular (RV) function in PRS. Their findings
show that both non-PRS and PRS patients have a
similar increase in CI, right ventricular end diastolic
volume index (RVEDVI) and right ventricular systolic
work index (RVSWI). On the other hand, patients
who did not develop PRS had a greater decrease in
the elastance of the pulmonary arterial bed, entailing
a better ventriculo-arterial coupling. These results
suggest that RV function is not strictly implicated in
PRS, but it is the alterations in the pulmonary arterial
response to reperfusion that alters ventriculo-arterial
coupling, leading to the hemodynamic manifestations
of the syndrome.
The stability of RV function throughout OLT, had
[22]
already been described by De Wolf et al .
[23]
More recently, Xu et al evaluated right ventricular
ejection fraction (RVEF) in a series of 30 patients
undergoing classic OLT without VVB, finding that baseline
RVEF was lower than the expected normal value,
decreased significantly throughout the procedure until
5 min post reperfusion. After 5 min post reperfusion
RVEF started to increase, reaching levels higher than
baseline value at 48 h post operatively. In this study
RVEF correlated significantly with intraoperative SVI
alterations and PRS incidence. Moreover, higher MELD
patients had lower baseline RVEF. These findings are
in contrast with the ones of previous studies, and this
divergence was attributed to the different surgical
techniques adopted. In fact, the surgical technique
adopted greatly influences RV preload during the
anhepatic and reperfusion phases, and notably RVEF is
highly preload dependent.

Hyperdynamic circulation: Hyperdynamic circu
[27]
lation
is a typical feature of advanced cirrhosis, and
its severity is often reflected by the MELD and Child
scores.
The pathogenesis of this condition is not completely
understood, however it is characterized by a splanchnic
arteriolar vasodilatation, mainly responsible for a
reduction in SVRI. This is also associated with sodium
retention, and a compensatory increase in CI and
HR. Nitric oxide (NO) production induced by various
cytokines seems to play a role in the development of
this condition, since augmented levels of NO are found
[28]
in advanced cirrhotic patients .
[18]
In a study from our group , patients with hyper
dynamic circulation presented a higher blunt in ABP
and higher PVRI, PCWP and lower SVI at 10 min after
reperfusion, underlying also a possible concurrent
cardiac dysfunction.
[29]
Bezinover et al
found a correlation between
the preoperative plasmatic cyclic guanosine mono
phosphate (cGMP) levels and hemodynamic instability
after reperfusion; cGMP is produced by soluble
guanylate cyclase that is activated by NO. NO is
also responsible for oxidant species production by
reacting with the superoxide anion radical, producing
peroxynitrite and hydroxyl radical that are powerful
oxidants. Patients with advanced cirrhosis present also
reduced concentrations of antioxidant species such as
[30]
glutathione .

Cirrhotic cardiomyopathy: Cirrhotic cardiomyopathy
was initially described as a complication of alcoholic
cirrhosis, and has been recently recognized as an
independent entity. To date, there are no definite
diagnostic criteria for this condition.
It is characterized by an increased stiffness of the
cardiac fibers associated with hypertrophy, fibrosis
and subendothelial edema. This configures a systolic
and/or diastolic dysfunction, electrophysiological
abnormalities with a prolonged QT interval and
[24]
chronotropic incompetence .
This condition induces a non-proportional increase
in CI or left ventricular (LV) ejection fraction in response
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Considering the supra cited involvement of NO in
hyperdynamic circulation, this could be a molecular
base for the more pronounced hemodynamic instability
clinically observed at reperfusion, and could be an
interesting target for eventual pharmacotherapies.

with the quantity of cytokines released and with the
need for vasopressors. The other aspect underlined
by the authors is that the excess of cytokines is
not completely removed by the flushing technique
used, so that other flushing techniques or alternative
pharmacologic strategies need to be investigated.
The baseline pro/antioxidant equilibrium of the
recipient could also play a role in the hemodynamic
response to liver reperfusion. This aspect, in particular
the possible implication of NO, has been partially
discussed in the paragraph dedicated to hyperdynamic
circulation.
[35]
Tsai et al
studied the plasmatic levels of malon
dialdehyde, one of the intermediate metabolites of lipid
peroxidation, during OLT, and found significantly higher
levels of malondialdehyde at 5 min after reperfusion in
higher MELD recipients, confirming that more advanced
cirrhosis sensitizes recipients to oxidative damage.
The complement system also plays a major role in
immune and inflammatory response, and is therefore
involved in the reactions to graft reperfusion. Rønholm
[36]
et al
investigated the activation of the complement
system by dosing the levels of C3, C5 and their
degradation products and the formation of the MAC
complex during OLT and around the reperfusion
period. Their results show a correlation of the severity
of the hemodynamic derangement with the levels of
C3a, and a stronger activation of the complement
system in the portal blood and the intestines. It is
speculated that this stronger activation is triggered
by the hypoperfusion of the gut during portal and
[37]
caval clamping. Bellamy et al
demonstrated a
significant activation of the complement cascade
after graft reperfusion. Their results show an increase
in the formation of the Membrane Attack Complex
and concentration of C3 degradation product, with a
concomitant drop in C3 and C4 plasma concentrations.
The activation of the complement system was significantly
correlated with the hemodynamic derangements of
the post reperfusion period, but did not influence
postoperative liver function tests.
The plasmatic contact system has also been
demonstrated to take part in the development of
[38]
PRS. Scholz et al
evaluated the levels of Kallikrein,
prekallikrein, High Molecular weight Kininogen and
some circulating inhibitors such as α2Macroglobulin
and Kallikrein inhibitor. Their results show a progressive
reduction of the plasmatic levels of the evaluated
proteins throughout the anhepatic phase of OLT,
followed by a great increase in the activity of Kallikrein
in the post reperfusion period, associated with a
continued drop in the concentrations of other proteins.
This indicates an activation of the plasmatic contact
system, most likely caused by the endothelial damage
of the grafted organ, which exposes negatively
charged subendothelial surfaces. The activation of
Kallikrein leads to the production of Bradikinin, a very
potent vasodilator, which can mediate some of the

Electrolytes and PRS: After reperfusion, an increase
in serum potassium and a reduction in serum
Calcium are usually observed, evidence in this field is
[31]
conflicting, Acosta et al
did not find a direct relation
between post reperfusion potassium increase and PRS,
[5]
whilst Chui et al found an increased incidence of PRS
in patients with higher post reperfusion potassium
levels.
Severity of cirrhosis in the recipient: Preoperative
MELD score is indicated as a risk factor in some of the
[11,12]
considered studies
. A more compromised liver
function correlates with hyperdynamic circulation,
cirrhotic cardiomyopathy, renal dysfunction with
alterations in serum electrolytes and impaired
coagulation with a higher need for blood products
transfusions, these conditions and their role in PRS
pathophysiology were already described above.

Ischemia-reperfusion injury to the liver graft and organrelated factors

The ischemic injury starts developing during the
storage period of the liver graft, and it is characterized
by the activation of xanthine oxidase, NADPH oxidase
and various lytic enzymes by the cytoplasmic increase
in calcium levels within liver cells, together with the
production of reactive oxygen species (ROS) and
inflammation. After reperfusion, cellular swelling is
+
+
observed due to an altered Na /K /ATPase function
and the release and delivery of ROS in the local and
the systemic circulation, inducing Kupffer cells to
produce cytokines. There is also a local imbalance
between endothelin-1 and NO production, which
induces a vasoconstriction of sinusoids that fosters the
[32]
entrapment of platelets and neutrophils .
These numerous processes produce a wide array
of consequences on the grafted organ and most
importantly on the recipient’s organism, contributing
greatly to the pathophysiology of PRS.
[33]
Bellamy et al
demonstrated a post reperfusion
increase in tumor necrosis factor (TNF)-a, TNF-a
receptor 1, interleukin (IL)-1β, IL-1 receptor antagonist,
IL-6 and IL-8 along with the reduction in SVRI and the
increase in CI.
[34]
More recently, Bezinover et al
demonstrated
a significant correlation between the concentration
of TNF-a obtained from the flushed blood at the end
of the irrigation of the liver graft, and the need for
vasopressors to treat hemodynamic instability after
reperfusion; this correlation was not confirmed for IL1β, IL-2 and IL-8.
Interestingly, cold ischemia time did not correlate
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[2,3]

phenomena observed in PRS.
Activated Protein C (APC) and Protein C are largely
involved in both the regulation of fibrinolysis during
OLT and the modulation of the immune response to
reperfusion.
[39]
As Ilmakunnas et al
showed in their study, a
large amount of Protein C and APC is sequestered
within the liver graft at the time of reperfusion. This
is related to the activation of Kupffer cells as part
of ischemia reperfusion injury, and has a role in
modulating the immune response triggered by it, by
reducing the amounts of TNF-a and IL-8 released by
the graft after reperfusion, in part responsible for the
hemodynamic response of the recipient.
The extremely wide array of processes described
give a picture of the physiopathological response
to ischemia-reperfusion injury, and the extreme
complexity of PRS. However if on the one hand side
the syndrome is produced by a large number of
factors, all these mechanisms and plasmatic cascades
also constitute potential therapeutic and preventive
targets of the syndrome.

Marginal grafts: Some studies
found that reci
pients receiving marginal grafts were more susceptible
to developing PRS. The two aspects more frequently
involved were graft steatosis and donor age.
Graft steatosis is associated with micro or macrovesicular intracellular lipid deposits, which increase
cellular volume and may result in partial or complete
obstruction of the sinusoidal space. Moreover,
steatotic livers are more susceptible to ischemiareperfusion damage because of a reduction in energy
stores, a decreased capacity to restore ATP levels
after reperfusion, a dysfunction of Kupffer cells, an
increased leukocyte adhesion and a more vigorous
lipid oxidation.
These aspects could explain the more pronounced
hemodynamic derangement observed in patients
transplanted with fatty livers.
Donor age is a quite non-specific factor, liver
ageing implies an increased level of steatosis, higher
susceptibility to endothelial injury and decreased
[43]
synthetic function .
Ischemia time: CIT of the liver graft is the most
frequently appointed risk factor in the reviewed
[4,5,9,10]
studies
. At a microscopic level, a prolonged CIT
is associated with marked alterations of sinusoidal
endothelial cells followed by hepatocyte apoptosis, the
activation of nuclear factor kappa B (NF-kB) seems to
have a role in liver injury and inflammatory response
after reperfusion.
[44]
In an animal study, Gu et al
found a significant
correlation between the length of CIT and the
production of various transcription factors and cytokines
such as NF-kB and TNF-a. Neutrophil activity was
also interested with an increase in cellular adhesion
molecules such as intracellular adhesion molecule
(ICAM)-1 and myeloperoxidase.
Interestingly, as mentioned above, Bezinover et
[34]
al
did not find a correlation between CIT and the
amount of cytokines detected in the blood flushed
from the transplanted liver in humans, however we
have to say that the temporal frame of CIT evaluated
in this study was more restricted (6-10 h) than the
[44]
one experimentally induced by Gu et al
(6-24 h).
Moreover, differences in graft resistance to ischemiareperfusion injury could have an effect in modifying
these results.
WIT, especially if prolonged, could deteriorate
the cellular metabolic deficit because of the toxic
[2]
metabolites present in venous blood. Only one study
indicated WIT as a possible risk factor for PRS.

Intestinal ischemia-reperfusion injury: During
the hepatectomy phase of OLT the intestines can be
badly perfused due to venous congestion and surgical
manipulation. After the hepatectomy is completed
and without a VVB in place this condition can be
further worsened, leading to a degree of failure of the
intestinal barrier to contain bacterial products in the
lumen. At the same time hepatic Kupffer cells are not
in place to detoxify these products from the blood.
For these reasons some investigators have suggested
that intestinal bacterial products could be involved in
[40,41]
the pathophysiology of PRS. Blanot et al
collected
blood samples from 15 patients undergoing OLT to
assess the presence of measurable endotoxemia at the
end of the anhepatic phase and after graft reperfusion.
Their study found no correlation between the presence
of detectable endotoxemia and the occurrence of
PRS. However it must be noted that the number of
patients considered in this study was very small, hence
these results do not categorically exclude a possible
involvement of lipopolysaccharide (LPS) and its
multiple effects in the pathophysiology of PRS. Tsoulfas
[42]
et al
in an animal model investigated the activation
of the whole LPS signalling cascade, including CD14,
LPS-binding protein, and toll-like receptor expression,
induced by different CIT of the liver grafts being
transplanted. They found a significant induction of the
components of the LPS signalling cascade, which was
directly and proportionally correlated to a longer CIT
of the grafts. However their study did not address the
precise clinical role of this signalling activation and its
consequences. To our knowledge to this date no other
studies involving the possible role of LPS or other
bacterial derived substances in PRS have been carried
out.
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The three most important procedure related aspects
highlighted by the studies considered, concern the
preservation solutions, the transplantation technique
and the washout technique used before reperfusion.
Table 3 describes the considered studies involving
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procedure related factors.

surgical technique.
VVB offers some advantages, such as a restoration
of the intestinal and renal venous drainage, that allow
for a longer anhepatic phase, increased cardiac filling
pressures and improved hemodynamic stability. This is
balanced with an increased risk of venous thrombosis
and embolism.
Because of the improved hemodynamic stability it
offers, the VVB technique has been thought to prevent
the development of PRS. To the contrary, various
studies have demonstrated that VVB has no protective
effect or, in some reports, worsens the hemodynamic
[4,49,50]
response to reperfusion
.
However, it is difficult to ascribe a clear causative
effect to VVB because of the important biases of the
studies evaluated. In fact, the VVB technique nowadays
is mainly utilized in a limited number of cases with
specific indications, such as re-transplantation or when
technical difficulties can be anticipated. These can
increase the length of the surgical intervention and
possibly CIT and WIT, which also have a role in causing
PRS.

Preservation solutions: Preservation solutions are
designed to blunt the repercussions of hypothermia
and hypoxemia during storage on tissues and cells.
The most important repercussions are cell swelling
and cytoskeletal alterations, expansion of the inters
titial space, intracellular acidosis and generation of
oxygen derived species. The main components of a
preservation solution are electrolytes, oncotic agents
and additives.
On the basis of the main electrolyte concentration,
preservation solutions can be divided in Intracellular
and Extracellular. Intracellular compositions (EuroCollins solution, University of Wisconsin solution) present
high potassium concentrations, whilst Extracellular
compositions (Celsior solution, Histidine-TryptophanKetoglutarate solution, Institute Georges Lopez solution
and Tissue and Organ Conservation Solution) have low
potassium concentrations.
Oncotic agents are added in order to reduce cell
swelling and are represented by hydroxyethyl starch or
polyethylene-glycol.
Additives are substances that have various functions
mainly related to the reduction of ischemia-reperfusion
injury, such as trimetazidine, hormones, proteasome
[45]
inhibitors, carbonic anhydrase and statins .
The different preservation solutions could influence
the incidence of PRS by exerting an effect on the liver
graft and/or the recipient.
The effects on the graft are related to the rapidity
of tissue cooling and the capacity to wash out during
flushing before reperfusion. The effects on recipients
are due to the possible hemodynamic effects of the
specific components of the solution.
We found three literature studies comparing pre
servation solutions in relation to PRS.
[46]
Ko et al compared University of Wisconsin solution
(UW) with histidine-tryptophan-ketoglutarate solution
(HTK), finding a significantly higher incidence of PRS in
the HTK group. The incidence of PRS was reduced and
not significantly different to UW in the subgroup where
the HTK solution was flushed before reperfusion. This
effect can be explained by the higher potassium levels
found in UW group, and the high Histidine concentration
in HTK solution, which can be easily converted into
Histamine, resulting in a longer transient vasodilatation
in the HTK group. These results were confirmed in
[47]
another study by Ghafaripour et al .
[48]
García-Gil et al
compared Celsior solution (CS)
with UW, finding a reduced incidence of PRS, lower
potassium, magnesium and glucose levels in CS group.
They ascribed this hemodynamic effect to the different
electrolytes concentrations between the two solutions.

Washout technique: The delivery into the systemic
circulation of all the mediators produced by the graft
subject to ischemia-reperfusion injury is a fundamental
step in the pathogenesis of PRS. Graft washout
technique has been shown to influence the incidence
of hemodynamic alterations after reperfusion.
[51]
Fukazawa et al studied the effects of a backwards
reperfusion from the supra-hepatic Vena Cava after
a crystalloid portal flush, against the classical portal
blood flush with forward unclamping; they found a
significant reduction in intraoperative cardiac arrests,
total intraoperative epinephrine dose, post-reperfusion
transfusions of RBC and FFP and a nearly significant (P
= 0.074) reduction in PRS. The more gradual rewarming
of the liver graft, associated to a reduction in blood loss
and an improved recipient volemic status granted from
the crystalloid flush with backward unclamping, may all
have concurred to the improved hemodynamic stability,
as observed by the authors.
[52]
Ducerf et al found a lower reduction in SVRI and
MAP 15 min after liver reperfusion in patients where
arterial reperfusion anticipated portal reperfusion,
vs patients where portal reperfusion was performed
first. However, the amount of drugs used to treat
established PRS did not differ between the two
groups. They hypothesized that the gradual release of
mesenteric venous pressure in the arterial reperfusion
group could be the basis for the improved stability
observed.
[53]
These data were not confirmed by Moreno et al ,
who found a higher increase in CI, PAP, and MAP in
the group receiving portal reperfusion first. Gastric
and arterial pH decrease was more accentuated in
the group receiving the arterial reperfusion first. The
incidence of PRS and the use of inotropes were not

Transplantation technique: The use of VVB during
OLT has been extensively discussed in the past, and its
role has progressively changed with the advances in the
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1992

1997
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Moreno et
al[53]

2011

2010

2008

Title

Type of study

Rationale

No. subjects

Comparison of two different techniques
of reperfusion in adult orthotopic liver
transplantation

Hemodynamic profile and tissular
oxygenation in orthotopic liver
transplantation: Influence of hepatic
artery or portal vein revascularization of
the graft

Simultaneous arterial and portal
anastomosisis feasible due to
the hemodynamic improvement
offered by the piggy-back
technique with temporary
portacaval shunt
Better hemodynamic stability of
caval venting than flushing with
cold Ringer Lactate solution

60 (30 IAR vs 30
IPR)

Definition of PRS

102 (51 CS vs 51
UW)

89

Effects
No differences in PRS incidence

30% drop in MAP within 5'
lasting for 1'

Significant ↓ of PRS incidence in CS group;
greater control over magnesium, potassium
and glucose levels, no differences in long term
outcomes

30% drop in MAP within 5' ↑ PRS incidence in both flushed and non flushed
lasting for at least 1' and up
HTK groups, flushing the solution ↓ PRS
to more than 1 h
incidence

↑ PRS incidence in non flushed HTK group,
flushing the solution ↓ PRS incidence similar to
UW

↑ hemodynamic and metabolic stability in the
group with portal vein flush

20% drop in MAP within Initial arterial revascularization of the liver graft
the first 10' lasting for 5'
leads to a more stable hemodynamic profile. The
time lag between arterial revascularization and
the following portal anastomosis allows venous
mesenteric pressure release
30% drop in MAP within 5' IPR leads to ↑ values of preload parameters, ↑
lasting for 1'
CO and MAP values than IAR. This increase
in pulmonary pressure was lower in the artery
group so that IAR of the graft may be indicated
in case of poor pulmonary and cardiac reserve

Three criteria: MAP < 60
↓ PRS incidence in patients transplanted with
mmHg at 1'; MAP < 60
a portal vein flush without vena caval venting
mmHg at 5'; and a decrease versus arterial flush with/without vena caval
of 30% or more for the MAP
venting
percent area under the curve
(%AUC) during the first 5'
30% drop in MAP within 5'
The greatest percent decrease in SVRI, and
lasting for 1'
incidence of PRS, occurred in the VVBP group

30% drop in MAP within 5'
lasting for 1'

50 (25 portal vein 30% drop in MAP within 5'
flush, no caval
lasting for 1'
venting vs 25
caval venting, no
portal vein flush)
Retrospective Different vasoactive substances
87 (28 UW vs 59 30% drop in MAP within 5'
concentration in the two solutions
HTK)
lasting for at least 1' and up
to more than 1 h

Retrospective

Randomized
Controlled
Trial

The failure of venovenous bypass to
Prospective
VVBP should grant a better
58 (29 VVBP vs 29
prevent graft liver postreperfusion
interventional hemodynamic stability during
NBP)
syndrome
reperfusion
Randomized controlled trial to evaluate Randomized The techniques used to flush and
88 (4 groups:
flush and reperfusion techniques in liver
Controlled
reperfuse the graft could have an hepatic arterial or
transplantation
Trial
impact on PRS
portal vein flush
with or without
vena caval
venting)
Influence of surgical technique on
Prospective The stability granted by the piggy- 71 (8 VVBP vs 43
postreperfusion syndrome during liver interventional back (PGB) technique during the NBP vs 20 PGB)
transplantation
anhepatic phase without the need
for VVBP could be extended to
the initial minutes of reperfusion
Hemodynamic profiles during piggyback Prospective, The techniques used to flush and 59 (29 HA vs 30
liver grafts using arterial or portal
randomized reperfuse the graft could have an
PV)
revascularization
impact on PRS

Greater hemodynamic instability with
histidine-tryptophan-ketoglutarate
solution than University of Wisconsin
solution during the reperfusion period in
living donor liver transplantation
Ghafaripour
Hypotension after reperfusion in liver
Randomized Different vasoactive substances
et al[47]
transplantation: histidine-tryptophanControlled concentration in the two solutions
ketoglutarate versus University of
Trial
Wisconsin solution
Garcìa-Gil et
Celsior versus University of
Randomized
Different potassium
al[48]
Wisconsin preserving solutions for
Controlled
concentrations in the two
liver transplantation: postreperfusion
Trial
solutions may imply different
syndrome and outcome of a 5-year
PRS outcomes as the outcome is
prospective randomized controlled study
closely related to hyperkalemia

Ko et al[46]

2006 Gruttadauria
et al[55]

2006

2000 Durcef et al[52]

1999 Acosta et al[49]

Ref.

Jugan et al[50]

Year

Table 3 Surgical prevention/treatment strategies

4

3

1

1

3

3

1

5

1

Jadad score
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Regulated hepatic reperfusion mitigates A pilot study The modification of reperfusion
ischemia-reperfusion injury and improves in a animal
perfusate and cellular
survival after prolonged liver warm
model
environment after warm ischemia
ischemia: a pilot study on a novel concept
would reverse the metabolic
of organ resuscitation in a large animal
deficit and facilitate recovery of
model
organ function

12 (6 RHR vs 6
control)

30% drop in MAP within 5'
lasting for 1'

Regulated hepatic reperfusion (RHR) by using
an energetic substrate-enriched, oxygensaturated, and leukocyte-depleted perfusate
delivered under regulated reperfusion pressure,
temperature, and pH mitigates ischemiareperfusio injury, facilitates liver function
recovery, and improves survival after prolonged
WI
Fukazawa et
Crystalloid flush with backward
Retrospective
CB flush grants a lower blood 478 (313 CB vs 165 30% drop in MAP within 5'
No differences in PRS incidence, ↓ PNF and
al[51]
unclamping may decrease postreperfusion
loss during reperfusion, a gradual
PF)
lasting for 1'
cardiac arrest incidence; ↑ 30-d graft survival in
cardiac arrest and improve short-term
rewarming wich could foster
CB group
graft function when compared to portal
systemic hemodynamics and graft
blood flush with forward unclamping
survival
during liver transplantation

Hong et al[56]

1

1
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The use of antioxidant therapies during liver transplantation has been advocated as a possible preventive strategy for PRS.
Acetylcysteine has been widely investigated in liver pathology, mainly in relation to acetaminophen, or amanita phalloides poisoning. This drug acts as an antioxidant
by restoring intracellular glutathione stores and could reduce oxidative stress and the release of oxygen radicals and cytokines from the reperfused liver graft.
[57]
Bromley et al
in a randomized controlled trial tested the effects of Acetylcysteine during OLT. Their results show a significant improvement in oxygen delivery

Antioxidant therapies

PRS involves a severe multisystemic alteration of homeostasis and may negatively affect patient and allograft outcomes. To this date the treatment of established PRS by
the anesthesiologist is supportive, involving, amongst other strategies, vasoactive drugs (phenylephrine, epinephrine and norepinephrine), calcium chloride repletion and
volume loading. However, the severity of the syndrome can vary greatly and so the efficacy of its treatment.
A number of strategies to prevent the occurrence of the syndrome or reduce its hemodynamic and systemic effects have been proposed, and could improve
outcomes, yet to this date none of these are strongly supported by evidence.
Table 4 synthesizes the considered literature studies involving pharmacological interventions to reduce PRS incidence.

PREVENTION AND MANAGEMENT OF PRS

different between the two groups.
[54]
Millis et al
found a lower incidence of PRS in patients transplanted with a portal vein flush without venting of the vena cava, vs arterial flush with or without
venting of the vena cava or portal flush with venting of the vena cava, VVB was used in all the patients of this series.
The superiority of portal vein flush without venting of the vena cava against portal flush with venting of the vena cava, in terms of hemodynamic stability, was
[55]
confirmed in a later study by Gruttadauria et al in a series of patients transplanted with a classical technique without VVB.
[56]
A recent animal study by Hong et al evaluated the effects of a regulated hepatic reperfusion with a substrate-enriched, oxygen-saturated and leukocyte-depleted
perfusate, under regulated reperfusion pressure, temperature, and pH. The study was conducted using a model of experimentally induced warm ischemia of the liver,
and found a significant reduction in PRS incidence in the regulated hepatic reperfusion group.

PRS: Post reperfusion syndrome; VVBP: Veno-venous bypass; NBP: Without veno-venous bypass; MAP: Mean arterial pressure; PGB: Piggy-back; SVRI: Systemic vascular resistance index; HA: Hepatic artery revascularization;
PV: Portal vein revascularization; IAR: Initial arterial revascularization; IPR: Initial portal revascularization; CO: Cardiac output; UW: University of wisconsin solution; HTK: Histidine-tryptophan-ketoglutarate solution; CS:
Celsior solution; RHR: Regulated hepatic reperfusion; WI: Warm ischemia; CB: Crystalloid flush with backward unclamping; PF: Portal blood flush with forward unclamping; PNF: Primary non function.
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2012

2011

2011

2003

Randomized Controlled
Trial

Koelzow et The effect of methylene blue on
Randomized Controlled
Methylene blue (MB) is an inhibitor
al[58]
the hemodynamic changes during
Trial
of inducible NO synthase and an NO
ischemia reperfusion injury in
scavenger
orthotopic liver transplantation
Findlay et
Aprotinin reduces vasoactive
Data obtained from
Aprotinin ↓ fibrinolysis and
63 (33 aprotinin vs 30
al[62]
medication use during adult liver
patients enrolled in a
inflammatory response
placebo)
transplantation
previously completed,
prospective, randomized,
double-blind study
Fukazawa
The effect of methylene
Retrospective
Methylene blue (MB) is an inhibitor 715 (105 MB bolus dose
et al[59]
blue during orthotopic liver
of inducible NO synthase and an NO
vs 610 control)
transplantation on post
scavenger
reperfusion syndrome and
postoperative graft function
Ryu et al[63] Nafamostat Mesylate attenuates Randomized Controlled Aprotinin has been proven effective
61 (31 treated vs 31
post reperfusion syndrome
Trial
in preventing PRS but it has been
placebo, 42 excluded)
withdrawn from the market,
Nafamostat is a protease inhibitor that
acts similarly and could prove useful
Ryu et al[6] Epinephrine and phenylephrine Randomized Controlled
Pretreatment with a vasopressor
96 (32 normal saline vs
pretreatments for preventing
Trial
should reduce PRS incidence and need 33 epinephrine vs 31
postreperfusion syndrome during
for continous vasopressor support in
phenylephrine)
adult liver transplantation
late postreperfusion period

Reduced need for vasopressors
in patients receiving aprotinin
during orthotopic liver
transplantation

2002

No. subjects

Aprotinin ↓ fibrinolysis and
inflammatory response

Pretreatment with atropine could
partially prevent the developing of
PRS

Aprotinin ↓ fibrinolysis and
inflammatory response

-

-

Definition of PRS

Effects
NAC ↑ DO2 and CI; ↓ MAP and
SVRI, no difference in reperfusion
events or postoperative outcome
Aprotinin ↑ SVRI and ↓ CI in
aprotinin group, no differences in
vasopressors need

No differences in PRS incidence,
post reperfusion MAP, need for
vasopressors or transfusions and
secondary outcomes

↓ use of vasoactive infusions in the
aprotinin group

Nafamostat ↓ PRS incidence,
hastened post reperfusion MAP
recovery to normal values
and ↓ need for early and late
postreperfusion vasopressors
30% drop in MAP within 5'
↓ PRS incidence and ↓ need for
lasting for 1'
vasopressors in late postreperfusion
period in both pretreatment groups.
Overshoot MAP in 6% of patients
in both pretreatment groups.
No differences in perioperative
laboratory data and mortality

30% drop in MAP within 5'
lasting for at least 1' and up
to more than 1 h

30% drop in MAP within 5'
lasting for at least 1' and up
to more than 1 h

-

41 (11 PRS vs 30 NPRS) 30% drop in MAP within 5'
No significant changes in HR
lasting for at least 1' and up
occurred, bradycardia was
to more than 1 h
prevented. No change in MAP was
recorded
67 (24 high-dose
Syndrome characterized
Aprotinin ↓ need for vasopressors
aprotinin vs 21 regular- by a decrease in MAP and during OLT, especially during the
dose aprotinin vs 22
SVRI and an increase in
early postreperfusion period
placebo)
CI and mean pulmonary
artery pressure
36 (18 MB 1.5 mg/kg vs 30% drop in MAP within 5' MB ↑ MAP and CI, ↓ epinephrine
18 placebo )
lasting for at least 1' and up requirement, SVR did not change
to more than 1 h
significantly, ↓ lactate levels

55 (3 drop outs, 26
placebo, 26 aprotinin)

50 (25 NAC vs 25
glucose)

Molenaar
et al[19]

Rationale
NAC could be beneficial in blunting
the reperfusion effects of OLT

2001

1999

1995

Type of study

Effects of intraoperative
Prospective
N-acetylcysteine in orthotopic
liver transplantation
Milroy SJ
Improved haemodynamic
Randomized Controlled
et al[61]
stability with administration of
Trial
aprotinin during orthotopic liver
transplantation
Acosta et
Atropine prophylaxis of the
Prospective
al[66]
postreperfusion syndrome in liver
transplantation

1995

Title

Authors

Bromley et
al[57]

Year

Table 4 Pharmacological prevention/treatment strategies

5

5

1

3

1

3

1

5

3
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Fayed et
al[67]

2014

Epsilon-aminocaproic acid
improves postrecirculation
hemodynamics by reducing
intraliver activated protein C
consumption in orthotopic liver
transplantation
Effects of magnesium
pretreatment on the levels of
T helper cytokines and on the
severity of reperfusion syndrome
in patients undergoing living
donor liver transplantation
Goal directed preemptive
ephedrine attenuates the
reperfusion syndrome during
adult living donor liver
transplantation

Randomized Controlled
Trial

Randomized Controlled
Trial

Randomized Controlled
Trial

Preemptive ephedrine administration
prereperfusion targeting a rational
level of MAP may reduce the
incidence of PRS

Magnesium has a protective role over
ischemia-reperfusion injury

APC has a role in coagulation and
inflammation and could influence the
levels of cytokines involved in the
developement of PRS after reperfusion

100 (50 control vs 50
ephedrine)
30% drop in MAP within 5'
lasting for 1'

↓ PRS incidence, need for
postreperfusion vasoconstrictor
support without over shooting
of hemodynamic indices. ↓ need
for postoperative mechanical
ventilation

↓ PRS incidence

30% drop in MAP within 5' ↓ PRS incidence, ↑ MAP, ↓ need for
lasting for at least 1' and up vasopressors, blood transfusion and
to more than 1 h
FFP in EACA group

40 (20 mg pretreatment 30% drop in MAP within 5'
vs 20 controls)
lasting for at least 1' and up
to more than 1 h

59 (31 EACA vs 28
controls)

5

5

5
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Fibrinolysis has a major role in the pathophysiology of PRS. The use of serine protease inhibitors such as aprotinin, mainly investigated to reduce the need for blood
[60]
products transfusion during OLT , has been proposed and used to blunt the hemodynamic effects of PRS. Aprotinin was marketed to improve surgical hemostasis by
inhibiting plasmin and therefore fibrinolysis; the drug, especially at higher doses also has an effect on other serine proteases such as Kallikrein. It is the drug’s effect on
the Kallikrein-Kinin system that is most likely involved in aprotinin effects on PRS and hemodynamic stability during OLT.

Protease inhibitors

and CI, associated with a decrease in MAP and SVRI; base deficit did not significantly differ between groups. Based on these results Acetylcysteine acted as a mild
vasodilator and had no significant effects on reperfusion events and OLT outcomes.
Methylene blue (MB) is a dye used in several settings in medicine. It acts as a specific inhibitor of soluble guanylate-cyclase and Inducible NO synthase (iNOS). Due
to this unusual mechanism of action, MB has been studied as an adjunct to vasopressor therapies in several settings including septic shock and post bypass hypotension
in cardiovascular surgery. The drug produces a contraction in vascular muscle, increasing the SVR, MAP and cardiac contractility. Moreover MB, as a modulator of the
production of NO, could be expected to improve graft function by reducing ischemia-reperfusion injury.
[58]
The use of MB in OLT was first investigated by Koelzow et al in a randomized controlled trial. Their results showed a significant increase in MAP and CI with
no improvement in SVRI. Lactate levels one hour after reperfusion were lower in the treatment group possibly indicating a positive effect on graft function of MB.
Interestingly this study showed that the predominant mechanism of action of MB on OLT hemodynamics was the increase, or preservation, of cardiac contractility, whilst
in other scenarios such as sepsis its action had been more pronounced on the peripheral vasculature and SVR.
[59]
More recently Fukazawa et al retrospectively analyzed a large cohort of patients undergoing OLT and the effects of MB administration on post reperfusion events
and post-operative outcomes. Their results did not show any statistically significant effect of a single dose of MB on PRS and intraoperative hemodynamics, nor any
detrimental or positive effect on graft function. However it must be noted that the incidence of Primary Non Function and retransplantation after 60 d were lower in the
MB treated group, as was the graft survival, even if these results were not statistically significant. The role of MB in OLT is therefore still not supported by evidence and
a large randomized trial would be needed to shed light on its real potential as an additional therapy during OLT.

PRS: Post reperfusion syndrome; NAC: N-acetylcysteine; OLT: Orthotopic liver transplantation; DO2: Oxygen delivery; CI: Cardiac index; MAP: Mean arterial pressure; SVRI: Systemic vascular resistance index; NPRS: Without post
reperfusion syndrome; HR: Heart rate; MB: Methylene blue; NO: Nitric oxide; SVR: Systemic vascular resistance; CIT: Cold ischemia time; APC: Activated protein C; EACA: Epsilon-aminocaproic acid; FFP: Fresh frozen plasma.

Chung et
al[68]

Kong et
al[64]

2013

2013

Siniscalchi A et al . A review about post reperfusion syndrome

January 28, 2016|Volume 22|Issue 4|

Siniscalchi A et al . A review about post reperfusion syndrome
[61]

Milroy et al
were the first ones to investigate a
possible role of aprotinin in the hemodynamic mana
gement of OLT patients, especially during the early post
reperfusion period, their work showed a significant
improve in SVRI, but no significant difference in vaso
pressor requirements.
[19]
Later Molenaar et al
in a randomised controlled
trial showed a reduction in vasopressor requirements
during OLT, which was particularly pronounced in
the early post reperfusion period. This reduction
in vasopressor requirements was not caused by a
reduction in surgical bleeding, but mainly correlated to
an improved hemodynamic stability and vascular tone.
Their protocol for the use of aprotinin entailed a bolus
dose at induction of anaesthesia and a subsequent
continuous infusion.
[62]
Findlay et al later reproduced the same results by
using a lower dosing protocol of aprotinin, suggesting
that the effect of the drug on serine proteases other
than plasmin is different in liver transplant patients
compared to other populations. Aprotinin is no longer
available for clinical use in several settings after a
number of trials have questioned the drugs safety.
[63]
More recently Ryu et al
have used Nafamostat
Mesylate, also a synthetic serine protease inhibitor
mainly used for anticoagulation in CRRT or in the
treatment of pancreatitis, to reproduce the same
effects previously obtained with aprotinin in other
studies. The administration of Nafamostat reduced the
incidence and the severity of PRS, and patients treated
with the drug had shorter ICU length of stay. These
interesting results were achieved with only a bolus
dose of Nafamostat before reperfusion.
[64]
Kong et al have investigated epsilon-aminocaproic
acid (EACA) as an antifibrinolytic agent, and its effect on
PRS and the levels of APC. The results of their study show
a significant reduction in blood products requirements
in the EACA group, associated with a lower incidence of
PRS and reduced need for vasopressors. The measured
levels of APC show that, EACA treated patients, had
less intrahepatic consumption of the protein after
reperfusion of the graft, indicating a generally less proinflammatory state. This could explain the improved
hemodynamic profile of the patients treated with EACA.
The use of EACA in OLT as an antifibrinolytic agent
has been less widespread compared to Tranexamic
Acid. This is mainly related to the fact that Dalmau et
[65]
al
have compared the two antifibrinolytic agents in
OLT finding that Tranexamic Acid reduced transfusion
requirements more than EACA.

challenge to the right ventricle at reperfusion. Their
results showed no occurrence of bradycardia after
reperfusion, but no effect on MAP and hypotension in
patients developing PRS.
[6]
Later Ryu et al in a randomized controlled trial
tested the preemptive use of phenylephrine (100
mcg) or Epinephrine (10 mcg) at reperfusion on the
occurrence of PRS and its severity. Their result show a
significant reduction in the occurrence of PRS in both
treatment groups, associated with a reduced need
for vasopressors in the post reperfusion period. Few
episodes of blood pressure overshooting occurred,
and no effects on perioperative laboratory variables
or mortality rates and hospital length of stay were
recorded.
[67]
Fayed et al
replicated similar results using a
goal directed administration of ephedrine starting 5
min before reperfusion and aiming at a MAP level of
85 to 100 mmHg. Their results show a reduction of
the incidence of PRS, no occurrence of hemodynamic
overshooting episodes and a reduction in the duration
of postoperative mechanical ventilation.

Magnesium sulphate

Magnesium sulphate has been shown to have protective
effects in a number of conditions involving ischemiareperfusion injury. The supplementation of magnesium
stabilizes the transmembrane electrophysiologic
potential, reducing the intraplasmatic Calcium influx,
which is responsible for many of the mechanisms
involved in ischemia-reperfusion injury.
[68]
A recent study by Chung et al
investigated the
effects of MgSO4 pretreatment on PRS and the immune
response to graft reperfusion. Patients were given 35
mg/kg of MgSO4 intraoperatively before reperfusion.
The results showed a significant reduction in the
incidence and duration of PRS, and a variation in the
expression of cytokines, indicating a modulation of the
immune response. The administration of magnesium
produced a reduction of IFN-γ, and an increase in
IL-4 and IL-10. This indicates a shift in T cell activity
towards Th2 lymphocytes, which provided a more
favorable cytokine balance and fewer hemodynamic
events.

Ischemic preconditioning

Ischemic preconditioning (IPC) is a surgical strategy,
which aims at protecting tissues from ischemiareperfusion injury. It has been described first in the
[69]
heart muscle , and has been later successfully
applied to several other tissues including the liver.
The technique consists in applying brief periods of
ischemia and reperfusion to the tissue before a more
prolonged ischemic period. In Liver surgery IPC
has been widely applied to warm ischemia in liver
[70]
resections , whilst the data regarding its use in OLT
are more conflicting. A number of clinical trials and a
Cochrane review have investigated the application of

Vasopressor pretreatment

A more practical approach to pharmacological pre
treatment of PRS is the preemptive administration of
vasoactive drugs. The first study to address this matter
[66]
was conducted by Acosta et al
who used Atropine
pretreatment before reperfusion to prevent the
triggering of the Bezold-Jarisch reflex by the preload
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IPC in donor liver retrievals
demonstrating positive
effects on ischemia reperfusion injury but not certain
improvements in the clinical outcomes. Considering
the pathophysiology of PRS the possibility of blunting
the ischemia-reperfusion injury to the liver graft could
theoretically be beneficial to the patients. However to
this date the application of an ischemic preconditioning
technique to the liver graft is still debated and to our
knowledge no clinical trial has addressed the effects of
the application of this technique to the incidence and
severity of PRS. Finally newer approaches to ischemic
preconditioning are being investigated in animal
models such as remote ischemic preconditioning,
indicating the beneficial effect on ischemia-reperfusion
injury provided by intermittent conditioning of a tissue
[76-78]
other than the one subject to ischemia
. These
newer techniques and their investigation could allow
for a more deep understanding of the mechanisms of
ischemia-reperfusion injury and preconditioning, and
could represent a potentially useful technique to be
applied to liver transplant.

recent ones, are well designed and contemplate larger
samples. Overall it appears clear that the number of
possible confounding factors influencing the results is
extremely high, involving both the surgical procedure
technique, the organ graft and the patient conditions.
For these reasons it is also difficult to design rigorous
future studies evaluating therapeutic and preventive
strategies for PRS, as the number of variables that
should be controlled and standardized is very high.
Given these premises, there is a need to establish
a single consensus definition of PRS.
Since the complexity of the phenomenon is high,
future studies evaluating risk factors and therapeutic
strategies should pay much attention in granting the
better homogeneity possible in confounding factors
and an adequate numerosity.
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Liver transplantation for viral hepatitis in 2015
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Marco Senzolo, Patrizia Burra, Francesco Paolo Russo
patients with end-stage liver disease and for patients
with liver cell cancer related to liver disease. Acute and
chronic liver diseases related to hepatitis viruses are
between the main indications for liver transplantation.
The risk of viral reinfection after transplantation is
the main limiting factor in these indications. Before
the availability of antiviral prophylaxis, hepatitis B
virus (HBV) recurrence was universal in patients who
were HBV DNA-positive before transplantation. The
natural history of recurrent HBV was accelerated by
immunosuppression, and it progressed rapidly to graft
failure and death. Introduction of post-transplant
prophylaxis with immunoglobulin alone first, and
associated to antiviral drugs later, drastically reduced
HBV recurrence, resulting in excellent long-term
outcomes. On the contrary, recurrence of hepatitis
C is the main cause of graft loss in most transplant
programs. Overall, patient and graft survival after LT for
hepatitis C virus (HCV)-associated cirrhosis is inferior
compared with other indications. However, successful
pretransplant or post transplant antiviral therapy
has been associated with increased graft and overall
survival. Until recently, the combination of pegylated
interferon and ribavirin was the standard of care for the
treatment of patients with chronic hepatitis C. Highly
active antiviral compounds have been developed over
the past decade, thanks to new in vitro systems to
study HCV entry, replication, assembly, and release.

Alberto Ferrarese, Alberto Zanetto, Martina Gambato, Ilaria
Bortoluzzi, Elena Nadal, Giacomo Germani, Marco Senzolo,
Patrizia Burra, Francesco Paolo Russo, Gastroenterology/
Multivisceral Transplant Unit, Department of Surgery, Oncology
and Gastroenterology, Padua University Hospital, 35128 PD
Padua, Italy
Author contributions: Ferrarese A and Zanetto A equally
contributed to create this manuscript; Ferrarese A, Zanetto
A and Gambato M wrote the manuscript; Bortoluzzi I, Nadal
E, Germani G, Senzolo M and Burra P retrieved articles and
analyzed data; Russo FP edited the manuscript.
Conflict-of-interest statement: The authors declare they have
no conflicts of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Francesco Paolo Russo, MD, PhD,
Assistant Professor, Gastroenterology/Multivisceral Transplant
Unit, Department of Surgery, Oncology and Gastroenterology,
Padua University Hospital, Via Giustiniani 2, 35128 PD Padua,
Italy. francescopaolo.russo@unipd.it
Telephone: +39-49-8217024
Fax: +39-49-8760820

Key words: Liver transplantation; Hepatitis B virus;
Hepatitis C virus; Recurrence post-transplantation;
Antiviral therapy; Prophylactic therapy

Received: May 7, 2015
Peer-review started: May 11, 2015
First decision: August 31, 2015
Revised: September 20, 2015
Accepted: November 19, 2015
Article in press: November 19, 2015
Published online: January 28, 2016

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review explores the available data in
the literature concerning the treatment of hepatitis
B virus and hepatitis C virus in the setting of liver
transplantation in 2015. In particular, we will discuss
regarding the possibilities to treat patients before and/
or after the transplantation.

Abstract
Liver transplantation (LT) is a life-saving treatment for
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to decrease the risk of HBV re-infection in those
who eventually undergo LT. Five oral nucleos(t)ide
analogues (NAs) have been licensed for the treatment
of CHB: three nucleoside [lamivudine (LAM), telbivudine
(TBV), entecavir (ETV)] and two nucleotide [adefovir
dipivoxil (ADF) and tenofovir disoproxil fumarate
[5]
(TDF)] analogues . Antiviral therapy should be started
immediately in patients with HBV decompensated
cirrhosis, regardless level of detectable serum HBV
DNA and/or ALT activity. LAM (100 mg/die) was
the first NA approved for treatment of CHB and its
efficacy has been confirmed in randomized controlled
trials and cohort studies showing stabilization or even
[6]
improvement of liver function . However, long-term
LAM monotherapy is associated with progressively
increasing rates of viral resistance due to YMDD
[7]
mutations (15%-25% at year 1, 65%-80% at year 5)
and for these reason it is not currently recommended
for patients with HBV decompensated cirrhosis.
[8]
Furthermore, Lau et al clearly demonstrated in
27 CHB patients that the HBeAg positive special
population was at higher risk of LAM resistance (48
mo resistance 13/17 vs 1/10, P < 0.0011), due to a
baseline higher HBV-DNA, (P < 0.1). ADF (10 mg/
die) was the second NA approved for the treatment
of CHB. However, due to the risk of resistance during
long-term therapy in naive patients (29% at year 5),
[9]
higher costs and worsening of renal function , it has
been replaced by tenofovir, which is a more effective
and cheaper NA. TBV is a potent nucleoside analogue,
however, its use in CHB monotherapy is still associated
[10]
with selection for YMDD mutations . For these
reasons, the role of telbivudine monotherapy in the
treatment of HBV decompensated cirrhosis is unclear
due to its unfavorable resistance profile compared
to ETV and TDF; they are the newer potent NA with
[11]
a minimal or even no risk of resistance , thus are
currently considered the treatment of choice in patient
with decompensated liver cirrhosis. Anyway, ETV
monotherapy is not a good option for patients with
lamivudine resistance, as HBV resistance develops in
approximately 50% of lamivudine resistant patients
[12]
after five years of ETV treatment . Regarding NA
side effects, lactic acidosis has been reported in small
[13]
group of patients treated with ETV and even thought
similar rates of renal adverse events has been reported
in patients treated with TDF or ETV, renal function
[14]
should be carefully monitored .

Ferrarese A, Zanetto A, Gambato M, Bortoluzzi I, Nadal E,
Germani G, Senzolo M, Burra P, Russo FP. Liver transplantation
for viral hepatitis in 2015. World J Gastroenterol 2016;
22(4): 1570-1581 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i4/1570.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i4.1570

INTRODUCTION
Liver transplantation (LT) is the only effective solution
for patients with end-stage liver disease. Viral hepatitis
B and C are among the most common causes of
cirrhosis and hepatocellular carcinoma and the most
frequent indications for liver transplantation.
Introduction of post-transplant prophylaxis with
immunoglobulin alone first, and associated to antiviral
drugs later, drastically reduced hepatitis B virus (HBV)
recurrence, resulting in excellent long-term outcomes.
On the contrary, recurrence of hepatitis C is the main
cause of graft loss in most transplant programs. New
antiviral therapies have been recently introduced in the
market, while former therapeutic approaches were far
from optimal, because sustained virologic responses
were only achieved in one-third of treated patients,
and adverse effects were common and severe.
The following manuscript will discuss, in turn, the
approach to management of HBV and hepatitis C virus
(HCV) patients in the setting of liver transplantation.

HBV IN LIVER TRANSPLANTATION
Despite massive vaccination campaigns, chronic
hepatitis B (CHB) remains one of the most important
causes of liver disease worldwide. About 25% of
all chronic HBV carriers can develop serious liver
diseases, such as chronic hepatitis, cirrhosis, and
[1]
primary hepatocellular carcinoma , and HBV
infection is responsible for a mortality rate of 2.7
[2,3]
and 3.5 persons per 100000 inhabitants per year .
Furthermore, cirrhosis or hepatocellular carcinoma
(HCC) due to HBV infection represented one of the
most important indications for liver transplantation in
the last ten years (14.4%), without a decreasing rate
[4]
in respect of the previous decade . The introduction of
new antiviral therapies has dramatically changed the
clinical scenario, because of the improvement obtained
either in the pre-transplant setting and after LT. The
management of hepatitis B surface antigen (HBsAg)
positive transplant patients can be divided into the
pre-transplant, prophylactic post-transplant and
therapeutic post-transplant approach. Moreover, HBV
prophylaxis is needed for LT recipients who receive
graft from anti-hepatitis B core (HBc) positive donors.

Referral for liver transplantation

Patients with HBV infection are listed for LT for three
main causes: presence of HCC within Milan criteria and
well-compensated liver function; decompensated liver
function, with or without development of HCC; acute
liver failure or fulminant hepatitis.

Anti-HBV therapy in HBV decompensated cirrhosis

HBV decompensated liver cirrhosis

The aim of antiviral therapy is to reverse or delay
complications of cirrhosis and the need for LT, and
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should be monitored carefully at least every 3 mo for
virologic response and possible virologic breakthrough
[16]
in order to achieve serum HBV DNA undetectability .
In patients treated with lamivudine monotherapy
levels of baseline HBV DNA have been independently
associated with the outcome. In the same prospective
multicenter study including 154 LAM-treated patients
with HBV decompensated cirrhosis, most of the deaths
(78%) occurred within the first 6 months suggesting
that LAM may not be able to reduce the short-term
mortality or the need for LT in patients with very
[17]
advanced liver failure . In contrast, initiation of
antiviral therapy at earlier stages is associated with
better chances of liver function recovery, since clinical
benefit may take 3-6 mo. Whether these results are
still valid with the current more potent anti-HBV agents
is not clear. ETV and TDF are currently considered the
treatments of choice in this group of patients, due to
safety, tolerability, and efficacy; moreover, Buti in a
systematic review demonstrated the cost-effectiveness
[18]
of this new therapeutic alternatives . In detail, ETV
and TDF were considered safe, well tolerated and
effective, as reported in a landmark study on 112
[14]
[19]
patients by Liaw et al . Moreover, Chang et al
in 2010 demonstrated an histological improvement
on 96% of 57 patients after 3-years therapy with
ETV, showing that the reversal of cirrhosis could
be an achievable goal with new NA. An immediate
consequence of this histological improvement is
[20]
the reduction of MELD score: Peng et al
in 2012
analyzed that the reduction of MELD score after oral
therapy was about 2 points analyzing studies on oral
therapies in HBV decompensated patients. Finally, a
recent retrospective study on 5374 patients with CHB,
demonstrated that ETV therapy was associated with a
significantly lower risk of death or transplantation than
[21]
LAM (HR = 0.42; 95%CI: 0.31-0.57; P < 0.001) .
Current guidelines state that in all decompensated
patients lifelong treatment with ETV or TDF should be
[5]
introduced, unless contraindicated . The last point
to highlight for patients awaiting LT is monitoring
the effectiveness in the context of recurrence of HBV
infection after LT. The main goal remains to reduce
viral load under 100000 copies/mL before surgery,
[22]
as demonstrated by Marzano et al
in a landmark
study in 2005, in which the recurrence rate amongst
recipients with pre-transplant viral load higher than the
above mentioned values was extremely higher (50%
and 0%, respectively). For these reasons, especially
in those patients with long term therapy with LAM
and listed for LT, the viral load should be carefully
monitored.

the viral replication, whose load was strictly connected
with the risk of HCC - independently of HBeAg antigen,
presence of liver cirrhosis and serum ALT level - in a
[24]
large coohort of Taiwanese patients ; second, the
cytokine release mediated by the immune response,
which ensures acceleration of hepatocyte cell cycles
[25]
and genetic alterations . Available treatments for
HBV infection were demonstrated to be effective in
reducing oncogenic damage due to HBV replication
and integration. In a recent paper, Vlachogiannikos
reviewed the most important metanalysis which
evaluated the role of antiviral therapy among HCC
[26]
[23,27-31]
development . Interestingly, six metanalysis
agreed that the use of NAs or IFN-based regimes
were effective in reducing the risk of HCC, but
relevant issues about the benefit on different ethnic
backgrounds and presence of absence of cirrhosis
were not completely cleared; the authors stated that
the higher risk coohort - cirrhosis - could reach the
higher benefit from treatment. Nervertheless, the
reduced risk of decompensation of liver disease could
not be counterbalanced by a similar reduction of the
risk of HCC development; thus all the patients, treated
and untreated, have to perform six-months active
surveillance.

Acute-fulminant hepatitis B

In patients with acute liver failure due to acute or
acute-on-chronic hepatitis B the treatment strategy
remains not well defined. In case of fulminant
hepatitis, specific supportive care is still considered
the treatment of choice, even though efficacy of NA,
and in particular LAM, has been already proved for
[32]
prevention of post-transplant recurrence . In the
latter setting, acute flare in chronic HBV infection is
mainly noted amongst immunosuppressed patients
or in patients taking immunomodulant drugs, as
anti-TNF alfa or monoclonal antibodies; in those
who require LT, introduction of lamivudine in naive
patients, or treatment modification with another NA
if mutations have been identified, could be a rational
[33]
approach . On the other side, trials assessing the
efficacy played by newer antivirals seem to be very
difficult to perform and only few cases are currently
[34,35]
reported in literature
. In a prospective study, Chen
[36]
et al demonstrated that treated patients with acuteon-chronic liver failure experienced better long-term
survival than untreated ones (64.7% vs 36.2%, P =
0.006), even though in the first three months there
were no difference between the cohorts.

Prevention of recurrence after LT

The introduction of newer therapies has reduced
the recurrence of HBV infection after LT, which was
considered a major problem in the past, because
of severe reduction of graft and patient survival.
These encouraging data were also confirmed by a
recent study published on the ELTR registry, which
stated that disease recurrence is going to be no

Hepatocellular carcinoma

The incidence of HCC in CHB is estimated to be
different between treated and untreated patients,
[23]
ranging from 2.8% to 6.4%, respectively . Two main
factors contribute to development of HCC in CHB,
which is 100-fold higher than in non infected: first,
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longer a significant cause of death/graft loss. HBV
decompensated patients had a significantly better
patient and graft survival at 1, 3, 5, and 10 years (83%,
78%, 75%, and 68% and 80%, 74%, 71%, and 64%
respectively), compared to HBV/HCC patients (84%,
73%, 68%, 61%, and 81%, 70%, 65%, and 58%; P
[37]
= 0.001 and P = 0.026 respectively) . If untreated,
recurrence after LT is universal and its association with
rapidly progressive hepatitis that jeopardizes longterm patient and allograft survival. In fact, recurrence
is initially characterized by serum HBsAg and HBV-DNA
reappearance, and followed by biochemical, histological
and clinical evidence of recurrent liver disease.
A multicentric study published in 1993 by Samuel
investigated risk factors for recurrence among 201 LT
recipients with HBV-related cirrhosis from 17 Centers
in Europe. Long-term Immunoglobulin administration
(P < 0.01), HBV-DNA negativization before LT (P <
0.05), and the abscence of HBeAg before LT (P < 0.001)
were evaluated as major factors against recurrence
[38]
[39]
at multivariate analysis . More rencently, Xu et al
identified pre-transplant HBV DNA level, presence
of HCC, antiviral treatment and post transplant viral
mutation as the major risk factors associated with
recurrence after LT. However, the first point is matter
of debate. Analyzing data from ELTR registry, the
proportion of recipients with HBV-DNA negative at LT
progressively decreased (from 81.2% to 51% and
from 82% to 57.4% in HCC patients, respectively;
each P < 0.001), without statistical difference in terms
of patient and graft survival. Initially, prophylaxis
against HBV re-infection was successfully performed
with anti-HBV immunoglobulins (HBIg), as showed
[38]
by Samuel et al
in 1993, and then with the use of
[40]
LAM in a pilot study provided in 1996 by Grellier .
Then, other NAs have been tested after LT, with good
results. At present, LAM and/or ADV in combination
with HBIg are still considered the treatment of choice
for prevention of HBV re-activation, since they reduced
[5]
the risk of graft infections to less than 10% .
Costs, patient’s compliance and viral mutation
represent the most intriguing factors which lead
clinicians to find the optimal type of treatment. A meta[41]
analysis published by Katz et al
in 2010 analyzed
ten studies which compared the combination therapy
(NA + HBIg) and mono-therapy with LAM or ADV:
treatment with HBIg and LAM was demonstrated to be
better than HBIg alone in reducing HBV recurrence (RR
2
= 0.28; 95%CI: 0.12-0.66, 10 studies, I = 60.7%)
and HBV DNA levels (RR = 0.21; 95%CI: 0.04-0.98,
2
I = 0%), all-cause mortality (RR = 0.44; 95%CI:
2
[42]
0.25-0.77, I = 6.4). More recently, Wang et al
performed a systematic review which demonstrated
that, evaluating a total of 1484 patients of seventeen
studies, treatment with HBIg reduced HBV recurrence
(P < 0.001; RR = 0.16; 95%CI: 0.12-0.20) and viral
mutations (P < 0.001; RR = 3.13; 95%CI: 1.86-5.26),
and improved patient's early survival (1-year survival
P = 0.03; RR = 0.08; 95%CI: 0.01-0.15; 3-year
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survival P = 0.005; RR = 0.17; 95%CI: 0.05-0.28).
Interestingly, the Authors showed that the efficacy
of HBIg administration was demonstrated only in the
subgroup of patients who were HBV-DNA positive
before LT (P < 0.001; RD = 0.42; 95%CI: 0.32-0.52).
If the results were confirmed, the use of HBIg should
be limited only in high selected or limited fields,
even though the difference in survival has not been
confirmed when evaluating long term follow-up. Other
Authors recently proposed an "on-demand therapy",
personalized on the individual risk: for instance,
Cholongitas demonstrated in a prospective study that
28 patients with HBV DNA levels undetectable before
LT were safely treated against HBV infection with 6 mo
therapy with HBIg and then with monotherapy with
[43]
TDF or ETV . Also Hu in a recent study demonstrated
that on demand dose HBIg (adjusted for anti-HBs titer)
plus ETV were efficient in preventing HBV recurrence,
[44]
which developed only in 2/145 (1.37%) patients .
The choice between TDF or ETV should depend only on
the presence of LAM resistance before transplant: in
this case, TDF should be preferred.
Two more factors should be considered when
choosing the best therapy for HBV transplanted
patients: costs and adherence; in fact, in a retro
[45]
spective study, Chang et al
demonstrated that
non-compliance to HBIg was equal to 14% in a small
cohorts of LT patients, and that also amongst these
patients anti-HBs titers were satisfactorily achieved.
For these reasons, many studies assessing the efficacy
[46]
of monotherapy have been published , but more
efforts to investigate stronger risk factors of recurrence
and to individualize treatment should be performed.
Lastly, vaccination after LT has been investigated
and used as a prophylactic tool against HBV recurrence.
It was currently used either in pre and in the post
[47]
transplant setting before introduction of HBIg .
In a pilot study performed in 2000, Sanchez Fueyo
[48]
et al
demonstrated that HBV vaccination after
1-year therapy with HBIg was useful and costeffective in a small cohort of 16 selected patients,
who were transplanted for cirrhosis or fulminant HBV
hepatitis. However, at present long term follow-up
data evaluating this strategy amongst large cohorts of
patients are still missing.

Treatment of recurrence after LT

In those patients who experience post-LT HBV reac
tivation (for non compliance, viral mutations), viral
recurrence determines the rapid development of severe
liver dysfunction, comprising graft loss and death.
Fortunately, huge cases of fibrosing cholestatic hepatitis
[49]
due to HBV after LT are rare . The role of TDF or
ETV for the treatment of recurrence seems to be
optimal, but two main aspects have to be considered:
first, HBV mutation: patients who experience postLT HBV reactivation during LAM therapy should
be treated with TDF instead of ETV; second: renal
function, which is a major problem in all LT patients
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due to immunosuppression, aging, pre-transplant
hepatorenal syndrome. TBV was demonstrated to
be effective in improving renal function: in a recent
[50]
prospective study by Cholangitas et al , 17 patients
who received TBV after 12 mo of standard therapy
presented a significant improvement of renal function
if compared to controls. Another retrospective study
highlighted a significant decrease of eGFR in CHB
patients after 17 mo treatment of TDF (P < 0.001),
with a recurrence rate of 0%; TDF was considered
a risk factor at multivariate analysis together with
[51]
diuretic treatment and chronic renal failure . This
study showed data similar to what reported in TDFtreated HIV population, who have experienced a time[52]
dependent impairment of renal function (P < 0.007) ,
even though contrasting data and confounding factors,
as multiple drugs co-administration, have to be taken
into account. In this setting, some new trials focused
on LT population and comparing effectiveness about
HBV recurrence and renal function between ETV and
TDF, should be encouraged.

LAM therapy; notwithstanding, costs and absence of
significance about HBV-associated graft failure seemed
to discourage this therapeutic alternative.

HDV IN LIVER TRANSPLANTATION
HDV coinfection has a variable prevalence among CHB
patients. In a recent Chinese study, 426 out of 6604
[59]
patients were positive for HDV IgM . The coinfection
is a known risk factor for end-stage liver disease,
thus the main goal in such patients is represented by
suppression of HDV replication. However, treatment
options are very limited, because NAs used for the
treatment of HBV are ineffective and decompensated
cirrhosis could not benefit from IFN based regimens.
[60]
Thus, LT often remains the main choice in this setting .
Coinfection has remained a stable indication for LT in
[4]
the last two decades, having a prevalence of 2% .
Furthermore, analyzing data from ELTR Registry, HDV
co-infection was associated with better short and
long term patients survival (1-5-10 years survival:
92%, 89%, 86%, and 83%,75%, 60%, each P <
0.001); These data were confirmed also for grafts
(1-5-10 years graft survival: 81%, 85%, 80%; 80%,
71%,64%; each P < 0.001). The better survival
amongst coinfected patients is presumably due to
inhibition of HBV replicative cycle performed by
[37]
HDV . Conversely, no difference in terms of patients
and graft survival was seen among patients with HCC.

Prophylaxis of patients who receive livers from anti-HBc
positive donors

Anti-HBc grafts represent a major source of organs
worldwide, having a prevalence ranging from 10% to
[53]
50% in endemic HBV areas . Use of anti-HBc graft
is considered safe, since it does not affect graft or
[54,55]
patient survival
. However, patients who receive
these organs have an increased risk of de novo HBV
infection; however, this is not the only way to develop
a de novo HBV infection after LT: for instance, a recent
[56]
study published by Xie et al
highlighted that occult
HBV infection had a prevalence of > 40% in alcohol
related liver transplanted recipients.
There is some debate on the optimal strategy
after liver transplantation when anti-HBc organs are
allocated. The current guidelines recommend indefinite
[5]
prophylaxis with LAM for HBsAg negative recipients .
This recommendation was retrieved by a landmark
[57]
study made by Cholongitas et al , who reviewed the
entire literature of the field. The Authors confirmed
the need to allocate the anti-HBc organs preferentially
to HBSAg positive or anti-HBc positive donors, but
also stated that the risk of HBV infection after LT can
be higher than 40% without prophylaxis. The study
provided also interesting data regarding treatment:
if vaccination alone seemed to be ineffective (100%
infection rate), combination therapy with LAM + HBIg
seemed inadequate, due to costs, compliance and
good results provided by LAM monotherapy (2/75,
2.6% of infection rate). Interestingly, the Authors
proposed an algorithm for therapy which takes
into account the serological status of the recipient,
assessing the need to combined therapy with HBIg and
LAM only in antiHBc donor/HBSAg Recipient matching.
[58]
Similarly, Brock et al , analyzing 958 patient from
UNOS database, demonstrated that use of HBIg alone
could confer less risk of mortality if compared to
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HCV IN LIVER TRANSPLANTATION
Nowadays, cirrhosis secondary to chronic hepatitis
C, with or without hepatocellular carcinoma, is
the leading indication for LT worldwide. Recurrent
hepatitis C infection of the allograft is universal if HCV
is detectable at the moment of transplant surgery.
Approximately one third of the patients will progress
to liver cirrhosis in the graft within only 5 years after
transplantation and, subsequently, graft and patient
survival are significantly worse in patients undergoing
LT for HCV-related cirrhosis than in those transplanted
[61,62]
for other causes
. Two strategies, including pretransplant treatment of HCV infection in cirrhotic
patients and post transplant treatment of liver graft
infection, can be adopted for achieving sustained
virological response (SVR), virus eradication and finally
improving clinical outcomes of HCV-infected recipients.

Antiviral treatment in waiting list for liver transplantation

The aim of antiviral treatment while on the waiting
list is to achieve either an SVR or an on-treatment
undetectable HCV-RNA at time of transplantation to
avoid HCV infection of the graft. Few studies have
shown that peg-IFN + ribavirin (RBV) treatment can
prevent graft infection in patients who achieve viral
clearance (undetectable HCV-RNA) during therapy
[63,64]
before LT
. As expected, response rates are mainly
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influenced by genotype (better results in non-G1
patients) and, in those patients who achieve viral
clearance, it appears that duration of treatment may
be relevant (> 16 wk of therapy is associated with
[63]
prevention of graft infection after LT) . Overall,
efficacy of this therapy was suboptimal (30% of SVR
rates).
The first direct acting antivirals (DAAs) approved in
2011, the protease inhibitors telaprevir and boceprevir,
increased the efficacy of Peg-IFN-RBV, both in cirrhotic
patients treated in waiting list (WL) (pTVR up to
67%), as well as in transplant recipients (SVR12 up
to 62%). In HCV-infected patients awaiting LT limited
[65]
data were reported. Verna et al
showed results of
triple therapy in a small series of HCV-infected G1
cirrhotics (n = 20) in the waiting list for LT; patients
underwent therapy for a median time of 14 wk. Most
of them were previous non responders, 20% had
ascites and 45% had a hepatocellular carcinoma at
the time of treatment initiation. Post-transplant SVR12
was 67% (8 out of 12 transplanted patients). From
safety point of view, serious adverse events occurred
in nine patients (31%), including one death (3%)
and 8 hospitalizations (28%). Despite these results,
the proportion of patients on the waiting list that
may benefit from triple therapy with telaprevir (TPV)
or boceprevir (BOC) is small, for several reasons:
in decompensated patients IFN-based therapies are
contraindicated, efficacy rates are very low in cirrhotic
patients who are previous null-responders to PR (a
common situation in patients awaiting LT) and PIbased regimens in real-life compensated cirrhotic
patients are associated with serious adverse events
[66]
and even death . More importantly, with the recent
approval of IFN-free regimens, the use of boceprevir
[67]
and telaprevir are no longer recommended .
The use of DAAs has been a step forward in the
treatment of chronic hepatitis C. The combination of
several of these drugs in the absence of interferon
(IFN-free regimens), has shown high SVR rates and
a significantly better tolerance when compared with
IFN-containing regimens. The results from the first
clinical trial including patients in waiting list for LT
treated with an IFN-free regimen, was the proof of
concept that eradicating HCV before LT is possible in a
[68]
large proportion of patients . In this phase 2, openlabel study, 61 patients with HCV of any genotype and
cirrhosis (Child-Turcotte-Pugh score, ≤ 7) who were
on waiting list for LT for HCC, received up to 48 wk
of Sofosbuvir (SOF) and RBV before LT. Thus, 70%
of transplanted patients treated with SOF and RBV
during the WL, who had HCV-RNA levels < 25 IU/L
prior to transplant, get SVR 12 wk after LT. All patients
included in this study had compensated cirrhosis
and hepatocellular carcinoma, as indication for
transplantation. Importantly, the time of RNA target
not detectability before LT (> 30 d) has emerged as
the only crucial factor for preventing HCV recurrence.
Data from clinical trials and real-life cohorts
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including compensated or decompensated cirrhotic
patients not in waiting list are very encouraging, as
high safety and efficacy can be obtained with several
regimens. The safety and efficacy of the combination
Sofosbuvir and Simeprevir (SIM) with or without
[69]
RBV was assessed in COSMOS trial
and in large
real-life cohorts. In the primer, the combination was
assessed for 12 or 24 wk in 167 G1 patients including
80 previous null responders without significant fibrosis
(F0-2) and 87 treatment naïve or prior null responders
with significant fibrosis (F3-4). The global SVR rate was
92% and remained high (93%) when decompensated
cirrhotic patients (n = 41) were considered separately.
[70]
In the TRIO network real-life cohort , the subgroup
of patients with cirrhosis (n = 125) achieved SVR rates
of 75%, significantly lower than non cirrhotic patients.
Another high efficacious IFN-free regimen is the
fixed-dose combination of sofosbuvir and ledipasvir,
that was explored in three large clinical trials of G1
patients (ION-1, ION-2 and ION-3). The ION-1 and
[71,72]
ION-2
evaluated this combination with or without
RBV in G1 treatment-naïve and experienced patients,
respectively. In both studies SVR rate was excellent,
irrespectively of the presence of cirrhosis. Moreover,
a pooled integrated analysis including of all the G1
cirrhotic patients (n = 513) treated with Sofosbuvir
plus ledipasvir (LDV) along the phase Ⅱ and Ⅲ trials
[73]
was conducted . In naïve cirrhotic patients (n =
161), neither treatment duration nor RBV use showed
to have a significant impact on SVR12 (96%-100%).
Regarding treatment-experienced cirrhotic patients (n
= 352), 90% of patients achieved SVR12 after 12 wk
without RBV, 96% after 12 wk with RBV, 98% after
24 wk without RBV, and 100% after 24 wk with RBV,
suggesting a beneficial role for RBV or extension of
treatment duration in this group.
A phase Ⅱ, randomized, prospective, multicenter
trial, using fixed-dose combination of SOF + LDV
plus RBV for 12 or 24 wk in treatment-naıve and
treatment-experienced patients with GT1 or four and
decompensated liver disease who were awaiting LT,
[74]
was recently reported . The exclusion criteria were
as follows: Child-Pugh scores from 13 to 15; history
of major organ transplant, including liver; presence of
HCC; total bilirubin ≥ 10 mg/dL; hemoglobin ≤ 10
g/dL; creatine clearance ≤ 40 mL/min; and platelets
≤ 30000. Fifty-three patients were treated for 12 wk,
including 30 CTP B and 23 CTP C patients, while 55
patients were treated for 24 wk, including 29 CTP B
and 26 CTP C patients. Patients were predominantly
male (67%), Caucasian (93%), and had been
previously treated for HCV (65%). Mean baseline HCVRNA was 5.8 log10 IU/mL range 3.2-7.1 log10 IU/mL.
Twenty-eight patients (26%) had a MELD score > 15.
At baseline, 96% of CPT class C patients had ascites
and 88%-91% encephalopathy, in the 12- and 24-wk
arms, respectively. Overall, the SVR12 was 87%
and 89% for the patients treated for 12 and 24 wk,
respectively. No significant difference was observed
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for the CTP B patients (87% vs 89%) or for the CTP
C patients (86% vs 90%). Biochemical and clinical
improvement of the patients with successful HCV
therapy (documented by an improvement in MELD
score as well as an increase in serum albumin) was
reported. However, clinical condition of some patients
stabilized, while it worsened in other patients, meaning
that cirrhosis was already too advanced to improve
despite obatining SVR.
Administration of LDV/SOF + RBV in patients with
decompensated cirrhosis has been evaluated in US
(SOLAR 1) and Europe, Canada, Australia and New
Zealand (SOLAR 2), the largest study of such patients
[75]
to be evaluated to date . Amongst patient with Child
B liver cirrhosis SVR4 was observed in 24/28 patients
(86%) and 11/11 patients (100%) in 12 and 24 wk
arms, respectively. 14/16 patients (88%) and 3/6
patients (50%) Child C patients achieved SVR4 in 12
and 24 arms, respectively. In the same cohort the drug
safety was evaluated. Among 215 patients with liver
cirrhosis (117 Child B and 98 Child C) only 22 (Child B)
and 35 (Child C) experienced serious adverse events,
mainly anemia due to RBV.
Safety and efficacy of 12-wk combination regimen
with daclatasvir and sofosbuvir in patients with
[76]
advanced liver disease were recently presented .
If the patients were transplanted during treatment
they could receive 12 wk of extended treatment
immediately posttransplant, regardless of treatment
duration before transplant. Sixty patients with liver
cirrhosis were included of whom 40% were treatmentnaive and 75% G1. The prevalence amongst ChildPugh classes was 20% A, 53% B, and 27% C. MELD
score ranged from 8 to 27. Overall, 83% of patients
in the cirrhosis cohort achieved SVR12, with higher
SVR12 rates in patients with Child-Pugh class A or B
disease than in those with class C. SVR12 rates were
comparable regardless of prior treatment experience
or baseline demographic characteristics. Four cirrhotic
patients received a liver transplant during treatment;
3 of 4 extended treatment posttransplant and all 4
achieved SVR12. The most common AEs (any grade)
were headache, fatigue, anemia, diarrhea, and nausea,
without serious ones.
The clinical and biochemical improvements experi
enced by decompensated cirrhotics who achieved SVR
take on great relevance in LT setting, as some patients
may be delisted and improve their quality of life. So far
[77]
this event has been reported only as anecdotal case ,
concerning a 67-year old woman who was listed for
LT for decompensated cirrhosis (CTP 12, MELD 16),
refractory ascites, and chronic encephalopathy. After
successful treatment with Sofosbuvir and Ribavirin and
SVR12, liver function and clinical status improvement
allowed for her to be removed from the liver transplant
waiting list. At the present time, criteria for de-listing
patients have not been identified yet, and a successful
treatment before LT is not always correlated to a
clinical and biological improvement. Patients with
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advanced liver disease and high MELD scores will
probably not benefit from a viral clearance. However,
it is true that in the next years the availability of
interferon-free highly effective therapies of HCV
infection promise to bring about a ‘revolution’ in the
field of end-stage liver disease, as did NAs in patients
with HBV infection, representing a life-saving therapy
that could also reduce the burden of patients needing
liver transplantation. Efficacy results from clinical trials
cannot be totally translated to waiting list scenario,
being the waiting time unpredictable and the treatment
duration as well. More results from clinical trials will be
needed for allowing a better selection of patients who
have higher chance to eradicate HCV before receiving
a new liver. Anywise, for those patients in whom
treatment in waiting list will not be efficacious a good
option is the post-transplant antiviral treatment.

Antiviral treatment after liver transplantation

One of the main characteristics of hepatitis C recurrence
after LT is the accelerated course of the disease when
[78-80]
compared to immunocompetent patients
. This
accelerated fibrosis rate impacts both the allograft and
recipient survival, which is significantly reduced when
[81]
compared with non-HCV liver recipients . It is well
established that the presence of significant fibrosis
[82,83]
in the graft (F ≥ 2, METAVIR)
or significant
[84]
portal hypertension (HVPG ≥ 6)
one year after
LT identifies patients with aggressive hepatitis C
recurrence. The most common approach to treat
hepatitis C after LT has been to start Peg-IFN +
RBV once histological damage is confirmed in the
graft. Overall SVR rates with combined therapy were
low, ranging between 30% to 40% across different
series, which have been combined thereafter in three
[85-87]
systematic reviews
. These poor virological results
were mainly explained by high rates of treatment
discontinuation, dose reductions and poor tolerance
or adverse events. Despite these results, the positive
impact of SVR on survival was well demonstrated.
Patients achieving SVR after LT have better survival
curves compared to non-responders, as shown by
[85]
[88]
Berenguer et al . Carrion et al
also demonstrated
the positive impact of SVR on HVPG when performed
before and after antiviral treatment: portal pressure
decreased or stabilized in responders compared to non
responders, in whom HVPG increased rapidly overtime.
Regarding triple therapy with PIs in the post-LT
setting, several studies have evaluated the safety
and efficacy of such regimens in liver transplant
[89,90]
recipients
. Most of the patients had an advanced
fibrosis stage (METAVIR F ≥ 2) or cholestatic HCV.
[91,92]
SVR12 rates ranged between 48% and 62%
.
Even though the addition of PI to PEG/RBV increased
SVR rates, the major drawbacks of triple therapy in LT
recipients were the high rate of severe adverse events
leading to treatment discontinuation and drug-drug
interactions especially with immunosuppressive drugs.
In the last year, multicentric clinical trials, com
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passionate use programs and real-life cohorts combining
oral DAAs for treating HCV-infected liver transplant
recipients have reported very good SVR12 rates,
ranging from 70% to 96%. The first multicenter,
open-label pilot study including transplant recipients
assessed the safety and efficacy of the combination
[93]
of sofosbuvir and ribavirin for 24 wk . The cohort
included 40 patients, 40% of them with cirrhosis.
SVR12 rate was 70%. The excellent efficacy and safety
profile of this regimen was confirmed from sofosbuvir
compassionate use program results. Fifty-nine percent
of patients, who received up to 48 wk of sofosbuvir
and ribavirin, with or without pegylated Peg-IFN,
achieved SVR12. Importantly, those with a cholestatic
hepatitis C (including fibrosing cholestatic hepatitis)
showed higher viral responses (SVR 73%) compared
[89]
to patients with cirrhosis (SVR 43%) .
The combination of LDV-SOF-RBV has demonstrated
high rates of SVR in a part of the SOLAR-I study.
Recipients infected with HCV genotype 1 or 4 received
[94]
this combination for 12 or 24 wk . In patients with
Child-Pugh class B or C, there was a reduction in
SVR rates as compared to patients with mild disease.
Specifically, among individuals with Child-Pugh C class,
the SVR rates were 60% and 67%, respectively. Of
note, the number of patients included was very small (8
total across the 2 arms).
The combination of SOF and SIM was assessed
in 68 liver transplant recipients included in the real[90]
life HCV TARGET study . The overall SVR4 rate was
90%, that remained higher in cirrhotic patients (86%).
The efficacy and safety of this combination was
[95]
investigated in another real-life study
that showed
excellent results: 91% of liver transplant recipients
achieved an SVR12 after receiving 12 wk with or
without RBV. In both studies slower SVR12 were
showed in subtype 1a than subtype 1b patients (83%
vs 95%, respectively; and 88% vs 96% respectively.
Most importantly in the later study all failures in F3-F4
patients were in subtype 1a patients.
[96]
The open-label phase Ⅱ CORAL-I study assessed
treatment with 24 wk of ombitasvir/paritaprevir/
ritonavir with dasabuvir and ribavirin in a cohort of
34 orthotopic liver transplantation recipients with a
METAVIR score of 2 or less and recurrent genotype 1
HCV infection. The SVR12 rate was excellent (97%).
Even though small data are available for daclatasvir
(DAC) combined with SOF or SIM, mostly from real-life
cohort and compassionate use programs, high rates
of SVR were observed in patients with post transplant
[97-99]
HCV recurrence treated with these combinations
.
From a safety point of view, very few severe
adverse events were reported so far throughout
studies. Most deaths occurred in cirrhotic patients
were drug-unrelated. Regarding drug interactions,
neither SOF nor LDV showed any important drugdrug interactions with the calcineurin inhibitors.
Conversely, because of significantly increased plasma
concentrations of SIM, the concomitant use of SIM and
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cyclosporine is not recommended in liver transplant
recipients. Using the combination of ritonavir-boosted
paritaprevir, ombitasvir, plus dasabuvir with ribavirin
adjusted doses of tacrolimus and cyclosporine are
needed.

CONCLUSION
Viral hepatitis, such as HBV and HCV, is still the largest
indication for liver transplantation.
The antiviral therapy with NA - especially with TDF
or ETV - represent the most efficacious therapy for
HBV related cirrhotics awaiting liver transplantation,
in whom the viral load should be carefully evaluated.
Continuation therapy after LT, adding HBIg, minimize
the risk of HBV recurrence. Liver grafts from antiHBc positive donors can be safely used, also in HBsAg
negative recipients, preferentially anti-HBc/antihepatitis B surface antibody positive ones.
To prevent HCV recurrence after LT, the ideal
strategy might be to achieve HCV eradication before
transplant, having more than 30 d of HCV-RNA TDN.
However, data on patients who are in the waiting list
are still scarce, and in special population (i.e., seriously
ill recipients, HCC), the choice to start treatment
of HCV before the transplant have to be carefully
evaluated; furthermore, several DAAs regimens are
now available for successfully treat patients who
experience HCV recurrence after LT. As we become
more experienced in treating these patients, we will
gain more information about which patients would
benefit from treatment before transplantation and
for which patients it would be best to treat after
transplantation.
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TOPIC HIGHLIGHT
2016 Liver Transplantation: Global view

Modulation of splanchnic circulation: Role in perioperative
management of liver transplant patients
Ahmed Mukhtar, Hany Dabbous
regulates volumes of circulating blood and systemic
blood pressure in patients with cirrhosis accompanied
by portal hypertension. Recently, interest has been
expressed in modulating splanchnic circulation in
patients with liver cirrhosis, because this capability
might produce beneficial effects in cirrhotic patients
undergoing a liver transplant. Pharmacologic modulation
of splanchnic circulation by use of vasoconstrictors
might minimize venous congestion, replenish central
blood flow, and thus optimize management of blood
volume during a liver transplant operation. Moreover,
splanchnic modulation minimizes any high portal blood
flow that may occur following liver resection and the
subsequent liver transplant. This effect is significant,
because high portal flow impairs liver regeneration, and
thus adversely affects the postoperative recovery of a
transplant patient. An increase in portal blood flow can
be minimized by either surgical methods (e.g. , splenic
artery ligation, splenectomy or portocaval shunting) or
administration of splanchnic vasoconstrictor drugs such
as Vasopressin or terlipressin. Finally, modulation of
splanchnic circulation can help maintain perioperative
renal function. Splanchnic vasoconstrictors such as
terlipressin may help protect against acute kidney injury
in patients undergoing liver transplantation by reducing
portal pressure and the severity of a hyperdynamic
state. These effects are especially important in patients
who receive a too small for size graft. Terlipressin
selectively stimulates V1 receptors, and thus causes
arteriolar vasoconstriction in the splanchnic region, with
a consequent shift of blood from splanchnic to systemic
circulation. As a result, terlipressin enhances renal
perfusion by increasing both effective blood volume
and mean arterial pressure.
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Splanchnic circulation is the primary mechanism that
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mL of fluid loading produces a 5 mmHg increase in
blood pressure (Figure 1). However, total vascular
compliance is significantly increased (values of 1.5-2.5
[4]
mL/mmHg/kg body weight) in patients with liver
cirrhosis (Figure 2). Thus it is questionable whether
the traditional approach of maintaining systemic
arterial pressure by optimizing cardiac output via
aggressive volume resuscitation is the best strategy
to employ during the intraoperative management
[2]
of liver transplant patients . Moreover, extensive
fluid loading may result in increased blood loss due
to aggravation of portal hyperemia and increased
splanchnic venous congestion, but have minimal effect
[1]
on cardiac output . Therefore, when performing the
dissection phase of a liver transplant, restrictive volume
management has been suggested as the preferred
method for minimizing venous congestion and reducing
[5]
blood loss . However, volume restriction is associated
with increased risks for both postoperative acute renal
[6]
failure and mortality . Pharmacologic modulation
of splanchnic circulation by use of vasoconstrictors
might produce the same response as obtained when
using a restrictive volume strategy (minimization of
venous congestion and replenishment of central blood
volume). However, the question regarding which
pharmacologic agent to use has not been answered.
To help answer this question, we have provided an
overview of the distribution patterns of catecholamine
and vasopressin receptors in the splanchnic area.

Core tip: Perioperative modulation of splanchnic
circulation may be beneficial when managing liver
transplant recipients. The possible benefits include
improved maintenance of central blood volume and
renal perfusion, and minimization of high portal flow
in small for size livers. Terlipressin is a promising drug
candidate for use as a splanchnic modulator.
Mukhtar A, Dabbous H. Modulation of splanchnic circulation:
Role in perioperative management of liver transplant patients.
World J Gastroenterol 2016; 22(4): 1582-1592 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i4/1582.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1582

INTRODUCTION
Splanchnic circulation is the main region primarily
responsible for regulating circulating blood volume and
systemic blood pressure in patients with liver cirrhosis
[1]
accompanied by portal hypertension . A persistent
reduction in splanchnic blood flow is associated multiorgan failure as well as an increased rate of mortality
among critically ill patients. However, increased
splanchnic blood flow is associated with increased
portal venous inflow, which worsens pre-existing
[2]
portal hypertension in patients with liver cirrhosis .
Splanchnic and systemic circulation closely interact
with each other. For instance, an increase in portal
hypertension is associated with the overproduction
of vasodilatory molecules, and consequent arterial
[2]
vasodilatation and decreased central blood volume .
This review highlights some potential benefits derived
from modulating splanchnic circulation during the
perioperative management of patients undergoing liver
transplantation.

Anatomy and regulation of splanchnic blood flow

It is estimated that 25% percent of total cardiac output
enters the splanchnic circulation via three large arteries
(celiac, superior, and inferior mesenteric arteries).
The liver receives 25% of its arterial blood supply via
the hepatic artery, and the remaining 75% via the
portal vein. Venous drainage through the hepatic vein
accounts for the entire volume of hepatosplanchnic
blood flow (Figure 3).

Optimization of BLOOD volume
management during liver
transplantation

Distribution of catecholamine receptors in the
splanchnic area

While the hepatic artery contains α1-, α2-, and β2adrenergic receptors, the preportal (intestinal capacitance)
and portal veins contain α-adrenergic, but not β2[7]
adrenergic receptors . Capacitance vessels located
inside the liver contain only α-adrenergic receptors, while
the hepatic veins contain both α- and β2-adrenergic
[7]
receptors (Figure 4).

Blood volume in patients with liver cirrhosis

Patients with liver cirrhosis experience a substantial
[1]
increase in their total blood volume . Kiszka-Kanowitz
[1]
et al reported that patients with end-stage liver
disease not only have an abnormally high volume
of blood, but also an abnormal distribution of their
blood volume. Such patients typically have > 37%
of their total blood volume located in the abdomen,
which is significantly higher when compared to healthy
subjects, in whom abdominal organs contain < 30%
of the total blood volume. Healthy individuals and
patients with end-stage liver disease also differ in
their response to blood volume expansion. In healthy
individuals, the value for total vascular compliance is
[3]
0.5-1 mL/mmHg/kg body weight . Thus each 500

WJG|www.wjgnet.com

Effect of catecholamines on shift of blood volume from
splanchnic to systemic circulation

A shift of blood volume from splanchnic to systemic
circulation requires formation of a pressure gradient
between prehepatic (splanchnic) and intrahepatic
vascular resistance. A stimulation of prehepatic vascular
resistance induces splanchnic venoconstriction which
[8]
expels blood from splanchnic to systemic circulation ,
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Total vascular
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Figure 1 Fluid loading in a healthy subject. Low vascular compliance combined with decreased pooling of blood in splanchnic circulation is associated with
increased central venous pressure.

Flow

Volume loading

Right atrium

Total vascular
compliance 2.5 mL/
mmHg/kg body weight
Flow

Liver

Splanchnic vascular bed

Figure 2 Fluid loading in a cirrhotic patient. High vascular compliance combined with increased pooling of blood in splanchnic circulation is associated with a
minimal increase in central venous pressure.
[8]

while an increase in intrahepatic vascular resistance
can cause blood to pool within the splanchnic area
[9]
and worsen any pre-existing systemic hypovolemia .
The effect of any specific catecholamine-like agent
that alters systemic circulating blood volume by
manipulating splanchnic circulation depends on
three factors: (1) the respective densities of α- and
β-adrenergic receptors throughout the splanchnic
circulatory system; (2) the effect of the catecholamine
agent on various subtypes of adrenoceptors; and (3)
the volume of blood within the splanchnic circulatory
system. Thus, while a pure α-adrenergic receptor
agonist such as phenylephrine might increase venous
return in normovolemic patients, it may decrease it

WJG|www.wjgnet.com

in hypovolemic patients . In contrast, epinephrinelike agents have a high affinity for both α- and
β-adrenoceptors in the splanchnic vasculature; as a
result, their effect on splanchnic circulation is complex,
[8]
[10]
and can be dose-related . Recently, Massicotte et al
examined the effects of phlebotomy and a subsequent
phenylephrine infusion on portal venous pressure and
intravascular blood volume in patients undergoing
orthotopic liver transplantation. Intravascular blood
volumes were assessed by measuring early peak
velocities of transmitral flow, pulmonary artery
occlusion pressure, and cardiac output. The results
showed that phlebotomy decreased both portal venous
pressure and intravascular blood volume, and an
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Figure 3 Anatomy of splanchnic blood flow. The liver receives 25% of its arterial blood supply via the hepatic artery and the remaining 75% via the portal vein.
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Figure 4 Distribution of catecholamine receptors in the splanchnic area. The hepatic artery contains α1-, α2-, and β2-adrenergic receptors; the preportal
(intestinal capacitance) and portal veins contain α-adrenergic, but not β2-adrenergic receptors. Capacitance vessels located inside the liver contain only α-adrenergic
receptors, while the hepatic veins contain both α- and β2-adrenergic receptors.

infusion of phenylephrine following phlebotomy failed
to restore the previous intravascular blood volume.
Moreover, an infusion of phenylephrine did not further
reduce portal venous pressure. Those study results
can be explained by the pure stimulatory effect of
phenylephrine on α-adrenergic receptors located in
the splanchnic vasculature. Stimulation of α-receptors

WJG|www.wjgnet.com

in pre- and post-portal capacitance vessels failed
to create a gradient sufficient to shift blood from
splanchnic to systemic circulation, and especially in the
presence of hypovolemia (Figure 5).
No data is available regarding the effect of other
catecholamines on splanchnic circulation during
a liver transplant. However, a recent study used
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Figure 5 Effect of stimulation of catecholamine receptors within the splanchnic area on blood flow. Stimulation of α receptors in the pre- and post-portal
capacitance vessels failed to create a gradient sufficient to shift blood from splanchnic to systemic circulation.

Effect of vasopressin agents on the shift of blood
volume from splanchnic to systemic circulation

Doppler ultrasound to examine the effect of lowdose epinephrine infusion on spleen size and hepatic
[11]
vein blood velocity in healthy volunteers . Those
results showed that spleen volume began to decrease
following an epinephrine infusion, and this decrease
was accompanied by an increase in hepatic blood flow,
which was primarily due to activation of -adrenergic
receptors and decreased vascular resistance.

Several reports have described the effect of AVP on
splanchnic vasculature in animal models of portal
[14,15]
hypertension
. In those studies, AVP was shown
to be a powerful splanchnic vasoconstrictive agent
capable of reducing portosystemic collateral blood flow.
In another study, AVP displayed this same effect in
[16]
cirrhotic patients without variceal bleeding . However,
in that study, AVP increased intrahepatic vascular
resistance and decreased hepatic blood flow by 30%.
Terlipressin has demonstrated splanchnic and systemic
hemodynamic effects similar to those produced by
[17]
AVP when examined in animal models , and also
[18]
patients with liver cirrhosis . However, terlipressin
and AVP showed different effects on intrahepatic
hemodynamics. Terlipressin reduced intrahepatic
vascular resistance, resulting in a concomitant increase
[18]
in hepatic arterial blood flow . Kiszka-Kanowitz et
[19]
al
reported that when administered to cirrhotic
patients, terlipressin increased the volumes of blood
in the liver and thoracic regions by 12% and 6%,
respectively, resulting in an increase in mean arterial
pressure and reduction in hyperdynamic circulation.
Our group reported the effect of intraoperative
terlipressin infusion on splanchnic and systemic
hemodynamics in patients undergoing a living donor
[20]
liver transplant (LDLT) . We found that when
compared to patients in a control group, patients
receiving terlipressin required a lower volume of
colloid fluid therapy to maintain their intravascular
blood volume. Thus, terlipressin might benefit central

Distribution of vasopressin receptors in the splanchnic
area

Three main and distinct types of vasopressin receptors
have been identified in the body. V1 receptors (the
main vasopressin receptors) facilitate vasoconstriction,
and are primarily found on vascular smooth muscle
tissue.

Types of vasopressin agents

Arginine-vasopressin (AVP) is a non-peptide molecule
that acts by stimulating V1 and V2 receptors. AVP
has a short duration of action (half-life approximately
6 min) because it is rapidly eliminated by circulating
[12]
vasopressinase . Terlipressin (triglycyl-lysinevasopressin) is a synthetic analogue of arginine
[13]
vasopressin, and has a half-life of approximately 6 h .
Terlipressin has a similar pharmacodynamic profile
but displays different pharmacokinetic properties
compared to its parent molecule. Terlipressin is rapidly
metabolized by endopeptidases to form vasoactive
lysine vasopressin, which is characterized by its greater
selectivity for V1 vs V2 receptors (2.2:1 compared to
[13]
1:1 for arginine vasopressin) .
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blood volume by increasing effective blood volume via
stimulating arteriolar vasoconstriction in the splanchnic
area, and redistributing blood into systemic circulation.

patient’s outcome, there is no general agreement
on when to employ such methods intraoperatively.
However, the following stepwise approach for achieving
[30]
graft inflow modulation has been suggested . The
first step is to obtain measurements of both portal
venous flow (PVF) and the hepatic vein pressure
gradient (gradient between portal venous pressure
and hepatic vein pressure). PVF can be measured
either directly by using a transonic flowmeter with an
ultrasonic probe encircling the main portal vein, or
indirectly by Doppler ultrasound. When using Doppler
ultrasound, measurements of PVF are obtained by
multiplying the cross-sectional area of the portal vein
by the portal vein blood velocity. If the value for PVF is
between 360-500 mL/min/100 g LW and/or the graft
weight/recipient weight ratio is < 0.8%, the splenic
artery should be ligated. However, if the value for
PVF is very high (> 500 mL/min/100 g LW), splenic
arterial ligation will not likely be effective, and insertion
of a hemiportocaval shunt should be considered.
Some medical centers have advocated the use of
[31]
splenectomy when the value for PVP is > 15 mmHg .
The option to perform splenectomy has expanded the
criteria used for graft selection to include a left lobe
graft and graft weight/recipient weight ratio of 0.7%.

Minimization of high portal flow
after liver resection and liver
transplant
Portal hemodynamics during liver resection and LDLT

Portal blood flow has a significant impact on liver
regeneration following liver resection, as well as the
outcomes of patients undergoing LDLT. High portal
flow impairs liver regeneration, and thus adversely
affects the postoperative recovery of transplant
recipients. A major liver resection (> 75% the total
liver) can produce a significant increase in portal
pressure, and the subsequent development of small
for size syndrome (SFSS), which is associated with a
[21]
poor clinical outcome . Furthermore, the increased
number of LDLTs performed in adults during the last
[22]
decade has increased the incidence of SFSS . SFSS
occurring after a living donation is defined as two
or more of the following findings being recorded on
three consecutive days within the first week after
transplantation of an undersized graft (graft weight/
recipient weight ratio < 0.8%): a bilirubin level >
100 μmol/L; an international normalized ratio > 2.0;
[23]
grade 3-4 encephalopathy . While the pathogenesis
of SFSS is thought to result from intravascular
[24]
shear stress produced by portal hyperperfusion , a
reduction in arterial blood flow occurring as a reflexive
response to hepatic arterial buffering may also be a
[25]
contributing factor . Hepatic arterial buffer response
(HABR) is best described as the compensatory
changes in hepatic arterial blood flow which occur
[26]
secondary to changes in portal venous flow . While
HABR is preserved in a newly implanted liver that is
[27]
properly sized for the recipient , patients with severe
SFSS experience an increase in portal blood flow that
is associated with significant vasospasm of the hepatic
artery. Such vasospasms may lead to functional dearterialization of the graft, and subsequent infarction of
[28]
the parenchyma .
Several surgical and pharmacological methods have
been suggested for modifying HABR. These methods
can be classified into those that minimize portal
venous blood flow and those that augment arterial
blood flow.

Pharmacological methods for minimizing portal blood
flow

If the portal hyperperfusion theory truly explains the
pathogenesis of SFSS, a pharmacological intervention
that reduces portal pressure but preserves HABR
[32]
should be of clinical value. Mehrabi et al reported
that infusions of epinephrine and norepinephrine
significantly decreased total hepatic blood flow in
[32]
transplanted livers in pigs . Those investigations
concluded that reduced hepatic perfusion seen during
infusion of both vasopressors was caused by reductions
in both PVF and hepatic arterial flow. These results
suggest that catecholamines may not be ideal agents
for minimizing portal pressure, as they compromise
[32]
hepatic perfusion in a dose-dependent manner .
Vasopressin and terlipressin are two other
splanchnic vasoconstrictors that reduce PVP while
maintaining HABR. Their selective effects are due to
the fact that V1a receptors are more prevalent in the
portal venous side than the arterial side. Thus the
effects of vasopressin on the liver are heterogeneous,
and more pronounced on the portal vein than the
[33]
[34]
hepatic artery (Figure 6) . Krejci et al examined
the effects of vasopressin in an animal model of septic
shock, and found that an infusion of vasopressin
significantly decreased blood flow through the portal
vein, while flow through the hepatic artery remained
unchanged. A similar vasoconstrictive effect on portal
blood flow was found when administering terlipressin
to liver cirrhosis patients; however, the results
showed an increase in hepatic blood flow concomitant
[35]
with a reduction in hepatic arterial resistance .

Surgical methods for minimizing portal blood flow

When a small for size graft is transplanted, graft inflow
modulation has been suggested as an important
tool for preventing portal hyperperfusion of the
transplanted liver. Modulation of graft inflow can be
achieved by splenic artery ligation, splenectomy, or
[21,29]
portocaval shunting
. Although substantial evidence
suggests that any of these methods will improve a
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Figure 6 Distribution of vasopressin receptors in the splanchnic area. V1a receptors are more prevalent on the portal venous side than the arterial side.

Although their usefulness for managing SFSS has not
been studied, the effects of vasopressors on portal
pressure when performing a liver transplantation
[20,36]
[36]
have been previously examined
. Wagener
infused vasopressin into 16 patients undergoing
liver transplantation and reported that vasopressin
significantly decreased portal vein pressure and the
flow of native liver blood, without reducing cardiac
output. In our study, terlipressin infusion produced
significant reductions in PVP. However, neither our
study nor the previous study was able to examine
the effect of vasopressor agents on hepatic blood
flow, as all patients in the studies had their hepatic
artery ligated prior to infusion of a vasopressor drug.
Although the rationale for minimizing portal vein flow
during LDLT is well accepted, the safety of applying this
technique soon after liver transplantation has yet to be
determined. Several studies have recently investigated
the effect of terlipressin on hepatic hemodynamics in
a small for size liver animal model. In a preliminary
[37]
study, Ren et al
created a small for size rat model
by resecting > 90% of the liver parenchyma, and
then randomly assigned the resected rats to two
separate groups. One group received terlipressin (0.05
mg/kg) and the other group received saline. Those
investigators found that elevated portal pressure in the
resected rats could be ameliorated by administration
of terlipressin during the first week following liver
resection. Moreover, terlipressin improved the 10-d
survival rate from 30% to 80% in animals that
received a small-for-size liver. More recently, Farmer
[38]
et al
demonstrated similar findings in a murine
model. In that study, portal venous pressure in
mice was significantly increased following an 80%
resection of liver parenchyma. Terlipressin injection
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produced a significant reduction in portal pressure,
and a concomitant improvement in liver regeneration.
A plausible mechanism for this improved outcome is
that terlipressin reduced endothelial cell damage, as
[38]
documented by electron microscopy .
Despite the potential beneficial effects of both
vasopressin and terlipressin in patients with liver
cirrhosis, extreme caution should be taken when using
these drugs to treat patients with a history of ischemic
heart disease. Although data comparing the coronary
effects of terlipressin and vasopressin are scarce,
terlipressin appears to be safer than vasopressin and
[39]
produces a smaller cardiovascular effect .

Pharmacological techniques to augment arterial blood
flow

Several pharmacologic agents have been suggested
for use in augmenting hepatic arterial blood flow in
small-for-size livers. A previous study showed that
infusion of adenosine into the hepatic artery restored
hepatic artery flow and improved survival in an animal
[40]
model . Additionally, infusion of prostaglandin E1
either alone or in combination with somatostatin
[41,42]
reduced tissue injury in small-for-size grafts
.

Maintenance of perioperative
renal function
Acute kidney injury (AKI) is a frequent and serious
complication that may occur following liver transplanta
tion. The reported incidence of AKI varies widely
(8%-78%) depending on its definition, and this
complication is associated with an eight-fold increase in
[43,44]
patient mortality
. When based on risk, injury, failure,
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loss, and end-stage kidney disease classification, the
prevalence of AKI following LDLT is approximately
[45]
60% . The Acute Kidney Injury Network (AKIN) has
recently classified AKI into three different stages based
on changes in creatinine levels and/or reduced urine
output. When based on these new AKIN criteria, the
overall prevalence of AKI following liver transplantation
[32,46]
is 38%
. Most cases of postoperative AKI are either
related to preoperative hepatorenal syndrome (HRS)
or result from intraoperative renal hypoperfusion.

and advanced cirrhosis. The effects of terlipressin on
survival are strongly related to its ability to improve
[47]
renal function . Survival rates among patients who
respond to terlipressin treatment are better than
those among non-responders. High baseline values
for total serum bilirubin and serum creatinine, and
a minimal response to treatment as reflected by
mean arterial pressure, are predictors of a poor
[54]
response to terlipressin . A wealth of information
is available regarding the benefits of terlipressin in
treating HRS, and this agent can be used for longterm therapy in specific types of patients who have
an ongoing recurrence of HRS, despite treatment.
While retrospective studies clearly indicate that liver
transplantation can significantly increase survival times
in patients with HRS independent of their prior therapy,
improving renal function prior to liver transplantation
remains an important objective when treating patients
with HRS, as this measure makes post-transplant
management of this difficult group of patients much
[55]
easier .

Pre-transplant HRS

HRS develops as a consequence of a severely reduced
effective circulating blood volume resulting from
both extreme splanchnic arterial vasodilatation and
[47]
reduced cardiac output . In early phase portal
hypertension, normal or near normal renal perfusion
is maintained as a result of vasodilatory systems
antagonizing the renal effects of vasoconstrictor
[48]
systems . However, as liver disease progresses
in severity, a critical level of vascular underfilling is
finally reached. When this occurs, renal vasodilatory
systems can no longer counteract the effects produced
by fully activated endogenous vasoconstrictors
and/or intrarenal vasoconstrictors; resulting in
[48]
uncontrolled renal vasoconstriction . This hypothesis
is supported by studies in which co-administration of
splanchnic vasoconstrictors and volume expanders
produced improvements in arterial pressure, renal
[49]
plasma flow, and glomerular filtration rates . An
alternative theory proposes that in patients with
HRS, renal vasoconstriction is unrelated to systemic
hemodynamics, but instead is due to either deficient
synthesis of a vasodilatory factor or a hepatorenal
[50]
reflex that produces renal vasoconstriction .
While liver transplantation is the ideal treatment
for HRS, the majority of transplant centers have
a long waiting list, and most patients die before
transplantation. As a result, there is an urgent need to
identify effective alternative therapies that can increase
the likelihood that a patient with HRS will survive
until transplantation can be performed. This need is
reinforced by a study which reported that patients
who received successful medical treatment for HRS
prior to liver transplantation had post-transplantation
outcomes and survival rates comparable to those
of patients who underwent transplantation without
[51]
first being treated for HRS . Once HRS has been
diagnosed, treatment with terlipressin starting 24-48
[52]
h later usually results in a good clinical outcome .
Patients who respond to terlipressin show improved
renal function as defined by either a reduction in their
serum creatinine level to < 133 μmol/L at the end of
treatment (complete response) or a > 50% reduction
in their serum creatinine level compared to their pretreatment level, but with an end-of-treatment value ≥
[53]
133 μmol/L (partial response) . Moreover, terlipressin
improves survival in patients with combined HRS
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Intraoperative risk factors for AKI

Small-for-size graft: Several studies have shown a
significant relationship between small-for-size grafts
[56,57]
and the incidence of AKI following LDLT
. However,
the mechanism by which a small-for-size graft induces
AKI remains unclear. One theory is that the presence of
persistent portal hyperperfusion and a hyperdynamic
state in patients with a small-for-size graft impairs the
balance between vasodilatory and vasoconstrictive
factors, and thereby causes renal injury. Recently, we
retrospectively analyzed the medical records of 303
patients who underwent LDLT, and identified a smallfor-size graft as an independent predictor for AKI after
LDLT [odds ratio (OR), 2.65; 95% confidence interval
[46]
(CI), 1.1-6.3] .
Impaired renal perfusion: Most cases of postoperative AKI are related to renal hypoperfusion due
to hypovolemia, hypotension, cardiac dysfunction or
[58]
caval clamping for > 70 min . Such findings support
modulation of splanchnic circulation as an appealing
option for maintaining renal perfusion and preventing
AKI.

Modulation of splanchnic circulation and renal
protection

Splanchnic vasoconstrictors such as terlipressin have
two mechanisms by which they might provide some
protection against AKI in patients undergoing liver
transplantation. First, they reduce portal pressure
and hyperdynamic state; this is especially important
in patients with a small-for-size graft. We recently
reported a significantly lower incidence of AKI among
patients given terlipressin when compared to patients
in a control group. This result occurred despite the fact
that more patients in the terlipressin group received
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[52]

a small-for-size graft . Second, because terlipressin
selectively stimulates V1 receptors, it induces arteriolar
vasoconstriction in the splanchnic area, and shifts
[19,59]
blood from splanchnic to systemic circulation
.
Thus, terlipressin enhances renal perfusion by
increasing both effective blood volume and mean
[60]
arterial pressure. Fayed et al
recently reported the
effect of intraoperative terlipressin administration on
kidney function in patients with chronic liver disease
who had undergone LDLT. In their study, 80 recipients
were randomly selected to receive either saline alone
or terlipressin at an initial dose of 3 µg/kg/h, which
was later reduced to 1.5 µg/kg/h after reperfusion,
and then continued for three postoperative days.
Their results showed that renal function in the group
receiving saline alone was significantly worse than
in the group receiving terlipressin. Moreover, those
same investigators had previously reported that
perioperative use of terlipressin helped establish and
maintain satisfactory early post-transplant kidney
[20]
function in patients that underwent LDLT .

8

9
10

11

12

13

CONCLUSION

14

Modulation of splanchnic circulation provides certain
benefits when employed during the perioperative
management of liver transplant recipients. These
benefits include the opportunity to maintain adequate
central blood volume, minimize high portal flow when
transplanting a small-for-size liver, and ensure the
maintenance of proper renal perfusion. Although vaso
pressin agents appear promising for use as splanchnic
modulators, evidence is needed to identify the best
splanchnic vasoconstrictors is still lacking.
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Current diagnosis and treatment of benign biliary strictures
after living donor liver transplantation
Jae Hyuck Chang, Inseok Lee, Myung-Gyu Choi, Sok Won Han
strictures after living donor liver transplantation (LDLT)
remain a significant biliary complication and play an
important role in graft and patient survival. Benign
biliary strictures after transplantation are classified into
anastomotic or non-anastomotic strictures. These two
types differ in presentation, outcome, and response
to therapy. The leading causes of biliary strictures
include impaired blood supply, technical errors during
surgery, and biliary anomalies. Because patients
usually have non-specific symptoms, a high index of
suspicion should be maintained. Magnetic resonance
cholangiography has gained widespread acceptance
as a reliable noninvasive tool for detecting biliary
complications. Endoscopy has played an increasingly
prominent role in the diagnosis and treatment of biliary
strictures after LDLT. Endoscopic management in LDLT
recipients may be more challenging than in deceased
donor liver transplantation patients because of the
complex nature of the duct-to-duct reconstruction.
Repeated aggressive endoscopic treatment with
dilation and the placement of multiple plastic stents is
considered the first-line treatment for biliary strictures.
Percutaneous and surgical treatments are now reserved
for patients for whom endoscopic management fails
and for those with multiple, inaccessible intrahepatic
strictures or Roux-en-Y anastomoses. Recent advances
in enteroscopy enable treatment, even in these latter
cases. Direct cholangioscopy, another advanced form of
endoscopy, allows direct visualization of the inner wall
of the biliary tree and is expected to facilitate stenting
or stone extraction. Rendezvous techniques can be
a good option when the endoscopic approach to the
biliary stricture is unfeasible. These developments have
resulted in almost all patients being managed by the
endoscopic approach.
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Abstract
Despite advances in surgical techniques, benign biliary
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literature.

BENIGN STRICTURES AFTER LIVING
DONOR TRANSPLANTATION

Core tip: The small diameter and complex nature of
the duct-to-duct reconstruction of the bile duct in
living donor liver transplantation lead to more biliary
strictures and difficulties in treatment. A high index of
suspicion for the development of biliary stricture should
be maintained in order to allow early recognition and
early intervention. Nonsurgical methods have become
standard therapy. Endoscopic management is generally
very effective and has a low incidence of procedurerelated complications. Technological advances with
newer endoscopic techniques or instruments have
continued and may offer the opportunity to widen the
indication of endoscopic treatment and to manage
more efficiently.

Classification

Biliary strictures are classified according to their
location into an anastomotic stricture (AS) or nonanastomotic stricture (NAS). These two types differ
in presentation and outcome after treatment. An
AS is usually single and is located at the site of the
biliary anastomosis (Figure 1). On the other hand,
NASs are usually multiple, and they are located at
biliary trees other than the anastomotic sites more
than 0.5 cm proximal to the anastomosis (Figure
[8]
2) . NASs were ﬁrst described in DDLT in association
with hepatic artery thrombosis, where the biliary tree
becomes ischemic and eventually necrotic, resulting in
a typical cholangiographic picture of biliary strictures,
[9,10]
dilatations, and intraductal cast formation
. NASs
are more diffuse and involve the hilum and multiple
[11]
separate levels of segmental branch ducts . In NASs,
biliary sludge can repeatedly accumulate proximal to
the strictures, which leads to the formation of casts
and a high incidence of cholangitis. Because the clinical
outcomes of the two groups are markedly different,
[7]
the classiﬁcation is clinically useful .
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INTRODUCTION
Living transplantation is increasingly being performed
worldwide for adults with end-stage liver disease, with
over 6000 procedures undertaken annually in the
United States and 2000 occurring every year in China.
However, the waiting list for liver transplantations
grows annually because of a shortage of organs.
Living donor liver transplantation (LDLT) is one way to
overcome this problem. Asia has the most extensive
experience with LDLT; 90% and 70% of total liver
transplants are LDLT in Japan and South Korea,
respectively.
Despite technical applications and the development
of various surgical techniques, biliary complications
[1-3]
still occur frequently after transplantation
. In
addition, the small diameter of the anastomotic bile
duct leads to more biliary complications in recipients
of LDLT compared with patients who have undergone
deceased donor liver transplantation (DDLT) (up
[2,4-7]
to 37% vs 10%-15%, respectively)
. Biliary
complications after LDLT, particularly benign biliary
strictures, play an important role in graft and patient
survival. Patients with biliary strictures often require
frequent admissions and longer periods of treatment,
which can lead to the physical, economical, and even
emotional suffering of recipients for extended periods
of time. Therefore, the early and precise diagnosis and
appropriate management of biliary strictures, which
continues to improve over time, is mandatory. In this
paper, we will review the current diagnostic methods
and modalities for the treatment of biliary strictures
after LDLT, including an extensive review of the current
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Incidence and presentation time

The overall incidence of biliary complications in LDLT
recipients ranges from 9% to 37%; leaks occur in
[3,12-18]
5% to 19%, and strictures occur in 4% to 37%
.
The incidence of biliary complications after liver
transplantation decreased from 30% in the pioneering
years to approximately 20% in the 1980s and is
[7]
currently at 10% . Although the frequency of biliary
complications after liver transplantation is gradually
decreasing, the rate of bile duct stricture in LDLT
remains high, at 10%-37% compared with a rate of
[18-22]
5%-15% in DDLT
. AS comprises the majority
[18,19,21]
(> 90%) of biliary strictures after LDLT
. NAS
in LDLT is less frequent than in DDLT (2%-10% vs
[10,18,19,21,23,24]
5%-15%, respectively)
. Fortunately, the
biliary stricture rates after LDLT have recently declined
with center experiences because of improvements in
organ selection, the surgical techniques of the biliary
[3]
reconstruction, and post-operative care. Wang et al
reported that the studies published since 2008 have
shown a dramatic drop in the overall incidence of
biliary complications in LDLT recipients. Another recent
study also showed that the decrease in the incidence
of biliary strictures occurred during a more recent era
(2006-2010), and there was a steady decline in the
rate of biliary strictures in transplant patients from
[25]
10.9% in 2007 to 3.4% in 2010 .
Biliary strictures most frequently occur in the early
postoperative period. The mean interval for developing
[14,25]
a biliary stricture is 5-8 mo after transplantation
.
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A

Figure 1 Anastomotic stricture after living donor liver transplantation.
Endoscopic retrograde cholangiography shows a single, tight stricture located
at the site of the biliary anastomosis (arrow).

Figure 2 Non-anastomotic strictures after living donor liver trans
plantation. Endoscopic retrograde cholangiography shows A biliary stricture
at distal right posterior sectoral duct above the anastomotic site (A; arrow);
A biliary stricture and dilatation at distal right anterior sectoral duct above the
anastomotic site (B; arrows).

Within one year, 70%-87% of biliary strictures
develop, and the increase in biliary stricture occurrence
[18,25,26]
slows after 1 year
. The incidence of biliary
strictures plateaus after approximately 3 years. NAS
often presents earlier than AS, with a mean time to
[10,27,28]
stricture development of 3-6 mo
.

a mismatch in duct size between the donor and
recipient bile ducts, small caliber of the bile ducts
[7,8,35,36]
(< 4 mm), and tension at the anastomosis
.
Newly developed surgical techniques for preparing bile
ducts for biliary anastomosis preserve the maximum
blood supply to the bile ducts in both the donors and
[12,37-39]
[40]
recipients
. Lin et al
reported that the use of
microsurgical biliary reconstruction reduced the rate
of biliary complications after LDLT to 7% and the rate
of complications requiring intervention to 2.5%. The
method of bile duct reconstruction and the number of
reconstructed bile ducts may also affect the incidence
of biliary stricture. Single duct-to-duct anastomosis
(DDA) between the right hepatic duct of the graft
to the common bile duct of the recipient showed a
lower incidence of leakage but a higher incidence of
stricture compared with other anastomotic types,
including Roux-en-Y choledocho-jejunostomy (CJ)
[1,20,26,41]
reconstruction
. Roux-en-Y is more beneficial
than DDA from the viewpoint of arterial collateral
[36]
formation on the duct stump of the graft . Hwang
[36]
et al
concluded that hepatico-jejunostomy (HJ) is
suitable over DDA to reduce AS for right liver grafts,
especially those involving ducts less than 4 mm in
diameter. However, other studies have reported that
there is no deﬁnite evidence that methods of bile
[16,36]
duct reconstruction are related to AS
, and there
were no differences in the incidence of AS in DDA and
[29]
HJ patients with LDLT . DDA has the advantages
of greater physiologic bilioenteric continuity, a lower
incidence of leakage, easy endoscopic access to the
biliary system, and preservation of the sphincter of
Oddi, which plays a role in avoiding reflux of intestinal
[14,42,43]
contents into the bile duct
. Therefore, DDA
reconstruction is recognized as a favorable method
and a standard technique for adult LDLT. Aberrant
biliary anatomy and the presence of 2 or more ducts
(which would need multiple biliary reconstructions)
are significant risk factors for the development of

Causes and risk factors

Biliary complications after LDLT are more frequent than
other complications because the bile duct epithelium is
more vulnerable to ischemic changes than hepatocyte
and vascular epithelia. LDLT is associated with more
frequent biliary complications compared with DDLT
due to a relatively smaller duct size, leading to a more
technically difficult anastomosis and a higher chance of
[8]
ischemic injury to the allograft .
There are many potential causes of biliary
strictures, including impaired blood supply (such as
hepatic artery thrombosis), technical errors during
surgery, biliary anomalies, early bile leaks, organs from
elderly donors, longer cold and warm ischemia times,
postoperative acute cellular rejection, and long surgical
[8,26,29]
duration
. In multivariate analyses, signiﬁcant
independent risk factors for the development of biliary
stricture include donor age greater than 50 years,
multiple bile ducts, hepatic artery stenosis, previous
history of a bile leak, and a preoperative Model for
End-Stage Liver Disease score of greater than or equal
[14,17,30,31]
to 35
. Impaired blood supply causes damage
to the bile duct. Because blood supply of the bile duct
[32,33]
is mainly from the arterial system
, skeletonization
[34]
of the duct renders the bile duct ischemic . Hepatic
artery thrombosis can lead to complex hilar strictures
because blood is supplied to the bile ducts solely via
[8]
the hepatic artery . Technical issues are considered
among the most important etiological factors for AS
and include improper surgical technique, such as
overly extensive dissection of periductal tissue during
procurement or excessive use of electrocautery
for biliary duct bleeding control in both the donor
and recipient, use of inappropriate suture material,
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[1,31,44,45]

Clinical features

[45]

biliary complications
. Kashyap et al
reported
that the risk of developing biliary complications was
5.9 times higher when the biliary anatomy was any
type other than normal. However, in a recent study,
there was no association between biliary strictures
[25]
and the number of ducts . In terms of the use of
stents or T-tubes during transplantation, some have
reported that bile leaks and cholangitis are higher
in patients with T-tubes following DDA, while biliary
[46-50]
strictures are higher in non-T-tube recipients
.
However, other studies have shown that there was no
significant difference in biliary complications according
[1,20,51]
to the type of biliary stent used in DDA
. A
recent meta-analysis revealed that biliary tract
reconstruction with a T-tube does not increase the risk
of cholangitis, and the T-tube can reduce the risk of
[52]
biliary stricture in DDLT . This study suggested that
biliary reconstruction with a T-tube was still useful and
necessary if the recipients had many risk factors for
[52]
biliary stricture .
Although NAS were classified in the early 1990s
according to the presence or absence of hepatic artery
thrombosis (ischemic or non-ischemic type), the
[22]
etiology of NAS is multifactorial and heterogeneous .
Peribiliary arteriolar endothelial injury results in
irreversible microvascular thrombosis and the
[8]
development of NAS . Early ischemic strictures
are associated with hepatic artery compromise,
such as thrombosis. The main categories of
NAS risk factors include ischemia-related injury,
immunologically-induced injury, and cytotoxic injury
[7,10,27,53,54]
induced by bile salts
. Ischemia-related
injuries include cold or warm ischemia, hepatic
arterial stenosis and thrombosis, donation after
cardiac death, reperfusion injury, and injury of the
[7,10,27]
peribiliary vascular plexus
. Immunological
injury to the biliary epithelium is related to ABO
incompatibility, chronic rejection, pre-existing immu
nologically mediated diseases, such as primary
sclerosing cholangitis and autoimmune hepatitis,
[10,27]
and chemokine polymorphisms
. Less important
and inconsistent risk factors include hepatitis C and
[10,27,53]
cytomegalovirus
. However, no speciﬁc risk factor
can be identiﬁed in many NAS cases.

Patients have various non-specific symptoms, such as
anorexia, fever, pruritus, right upper quadrant pain,
and/or jaundice. A high index of suspicion should be
maintained, as pain is often absent in the transplant
recipient because of hepatic denervation and immuno
[42,55,56]
suppression
.

Laboratory studies

Studies have shown that biochemical abnormalities,
including serum bilirubin, alkaline phosphatase,
gamma-glutamyl transferase, and aspartate/alanine
aminotransferase, may provide clues to the diagnosis
of biliary stricture, even if patients are asymptomatic.
However, it is unclear which studies are specific to biliary
strictures vs vascular or hepatocellular complications.
One study showed that a serum bilirubin > 1.5 mg/dL is
a more sensitive indicator of biliary stricture, with 100%
[57]
sensitivity and 74% specificity .

Imaging studies

The characteristic cholangiographic appearance of
an AS shows a single, short, localized narrowing
in the area of the biliary anastomosis. In NAS,
cholangiography shows multiple strictures that are
longer in length and proximal to the anastomosis in
the extra or intrahepatic bile ducts, resembling primary
[27,28,35]
sclerosing cholangitis
.
Initial imaging studies for biliary strictures should
include a liver ultrasound (US) with Doppler evaluation
[8]
of the hepatic vessels to clarify vascular patency .
Hepatic angiography is needed when Doppler US
indicates hepatic artery stenosis or occlusion. The
biliary dilation identified on US serves as a marker of
biliary strictures. However, the sensitivity and specificity
of abdominal US to detect biliary strictures are not high
[22]
as the 38%-66% range in liver transplant patients .
The presence or absence of biliary dilatation is not
a reliable indicator of biliary stricture, particularly
[58]
in the early postoperative period . In addition,
bile duct size is also unreliable for assessing the
treatment response. Therefore, when a biliary stricture
is strongly suspected, even without positive US
[6,28,59]
findings, a cholangiogram should be performed
.
Endoscopic US may have a role in the evaluation of
biliary complications after liver transplantation, but it
has limitations to evaluate proximal common bile duct
and intrahepatic bile duct. Intraductal ultrasonography
during endoscopic retrograde cholangiography (ERC)
can help to detect or discriminate accompanying biliary
stones or casts.
A hepatobiliary iminodiacetic acid scan can
represent functional biliary imaging. It is considered
excellent for biliary leaks, but its role in detecting
biliary strictures is unclear. One study demonstrated
that scintigraphy of the hepatobiliary tract using 99
mTc mebrofenin detected biliary strictures with 62%

DIAGNOSIS OF BILIARY STRICTURE
AFTER LDLT
It is challenging to differentiate biliary strictures as the
cause of obstructive jaundice from the many other
causes of cholestasis in LT patients, such as acute or
chronic rejection, recurrence of the primary disease,
fibrosing cholestatic hepatitis C, or medication-related
[8]
cholestasis . Patients often present with non-specific
symptoms or are asymptomatic with laboratory
abnormalities, and a diagnosis is therefore usually
[11]
made on the basis of imaging studies .
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sensitivity and 64% specificity within 30 d, and no
patient with normal scintigraphy required biliary
[60]
intervention .
Computed tomography (CT) scanning is useful
in evaluating non-biliary lesions and ﬂuid collections
due to bile leaks. Multidetector CT has higher spatial
[3]
resolution compared with magnetic resonance imaging .
The sensitivity and speciﬁcity of conventional CT to
[11]
diagnose bile duct strictures is not satisfactory .
CT with the intravenous administration of a biliary
contrast medium (e.g., iodipamide meglumine) has
[61,62]
proven to be efficient in assessing biliary anatomy
,
but the risk of allergic reactions with the biliary
contrast medium is higher than that with conventional
contrast medium. Therefore, its use is limited in many
countries.
Magnetic resonance cholangiography (MRC) has
gained widespread acceptance as a reliable noninvasive
tool for detecting biliary strictures and stones.
Recently, MRC has replaced invasive modalities, such
[11]
as ERC . MRC following US is recommended before
ERC or percutaneous treatment if patients carry a
higher procedural risk. Because of the inherent high
contrast of the bile ducts, MRC can reliably identify
most relevant biliary complications, including bile duct
[63]
strictures . MRC has a high sensitivity (94%-96%)
and specificity (94%-95%), as shown in two recent
[64,65]
meta-analyses
. MRC can provide detailed imaging
of the entire biliary system both above and below the
anastomosis, unlike contrast cholangiography with
ERC or percutaneous transhepatic cholangiography
(PTC), even if the bile ducts are completely obstructed
or disconnected. MRC is also particularly valuable in
patients with complex hilar or intrahepatic strictures
and an anatomy for which direct cholangiography
[11]
is difficult to perform . Because MRC provides a
detailed road map of the reconstructed bile ducts for
interventional procedures or surgery, clinicians may
make an optimal treatment plan to reduce morbidity
by using MRC. The high negative predictive value
of MRC has merit in excluding biliary complications
in patients at low-to-moderate risk, thus avoiding
[63]
unnecessary invasive procedures . There are some
disadvantages to MRC, and these include the lack of
therapeutic ability, lack of availability, cost-effectiveness
for everyday clinical practice, and false positive
outcomes for biliary stenosis. MRC often demonstrates
some biliary stenosis at the DDA, irrespective of clinical
severity or significance, and has a limited ability to
detect biliary sludge and small stones (< 5 mm).

and a liver biopsy is warranted if there is no resolution
[8]
of the cholestasis .

TREATMENT OF BILIARY STRICTURE
AFTER LDLT
Over the past two decades, the management of biliary
strictures has changed from surgical to endoscopic
treatment. Unlike an AS, an NAS is more difficult to
treat and shows less favorable outcomes, including
[7]
increased graft loss and death . A team approach,
including hepatologists, endoscopists, transplant
surgeons, and interventional radiologists, results in the
most effective and efficient treatment approach for
[8]
these patients .

Endoscopic retrograde cholangiography

ERC is the mainstay of treatment. Endoscopic manage
ment in LDLT recipients may be quite difficult because
[8]
of the complex nature of duct-to-duct reconstruction .
ERC has the advantage over PTC as it allows for the
placement of multiple large-caliber stents, and it is
more physiological and less invasive. In general, ERC
is considered the first therapeutic treatment in patients
with DDA.
Endoscopic treatment for biliary strictures includes
biliary sphincterotomy, balloon dilation of the stricture,
[3]
and stent placement (Figure 3) . It had long been
debated whether balloon dilation alone or balloon
dilation with stent placement is superior for the
treatment of biliary strictures. Although stent placement
[67]
can be associated with a higher complication rate ,
many studies have demonstrated the superiority
of balloon dilation with stent placement compared
[67-69]
with balloon dilation alone
. This leads to a
general consensus that balloon dilation with biliary
stent placement is more effective and has durable
[68,69]
outcomes
.
Endoscopic treatment in LDLT patients may
be more challenging than in DDLT patients. The
endoscopic treatment of AS is less successful in LDLT
patients (58%-76%) compared with DDLT patients
[3,14,70-72]
(80%-90%)
. This lower success rate for LDLT
patients is attributed to small-caliber/multiple/complex
anastomoses or twisted biliary structures that likely
result from anastomotic fibrosis and hypertrophy of
[3]
the transplanted liver . When the bile duct above the
stricture is not distended enough or the stricture is
too tight or too long for stent placement, endoscopic
[34,73]
therapy will not be successful
. According to the
morphology of strictures, pouched type strictures are
[34]
the most difﬁcult type to manage with endoscopy .
Patients with transient narrowing of the anastomosis
within the first 1-2 mo after liver transplantation,
mainly due to postoperative edema and inflammation,
may respond by endoscopic treatment without the
[6]
need for further treatment . However, the failure rate

Biopsy

Biopsy may suggest the presence of pathology, but it
[66]
has a limited role . A liver biopsy is often performed
to exclude rejection or recurrent fibrosing cholestatic
hepatitis C. In LDLT patients with biliary dilation or the
presence of common bile duct stones, ERC is initially
performed because of the risk of causing a bile leak,
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B

C

D

Figure 3 Endoscopic treatment for anastomotic stricture. Endoscopic retrograde cholangiogram shows an anastomotic stricture (A); balloon dilation of the
stricture (B); Two 7 Fr plastic stents are placed across the stricture (C); Endoscopy shows the distal ends of two plastic stents (D).
[11]

of primary endoscopic therapy may be high in patients
with late onset and delayed diagnosis of biliary
[31]
stricture after LDLT .
Most patients with AS after DDLT require multiple
endoscopic sessions every 3 mo with balloon dilation
of 6-10 mm and the placement of multiple stents of 7
Fr to 11.5 Fr for 12-24 mo to prevent stent occlusion,
[56,70,74,75]
stone formation, and bacterial cholangitis
.
Because of the small caliber of the donor duct, patients
with LDLT often require more sessions of endoscopic
therapy with the placement of multiple and smaller
[11]
caliber (7 or 8.5 Fr) stents . One study concluded
that a more aggressive strategy in DDLT patients using
the placement of the maximum possible number of
large diameter stents with accelerated biliary dilation
every 2 wk yielded a shorter total length of stenting
[74]
and a higher success rate (87%) . However, this
strategy has some limitations in LDLT patients because
of complex and small-caliber biliary anastomoses.
[76]
Tabibian et al
described long-term maximal stent
therapy with a 94% success rate, in which the stents
are exchanged only when signs or symptoms of biliary
obstruction are detected. This strategy differs from
general practice and needs to be evaluated in LDLT
patients. At the time of the ERC, careful study of the
donor cholangiograms is also very useful in detecting
[34]
biliary anomalies . With advanced techniques, some
useful instruments for ERC have been introduced, such
as steerable ERC cannulas (e.g., SwingTip cannula,
Olympus EndoTherapy, Tokyo, Japan) and multiple
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guidewires (e.g., VisiGlide, Olympus) . When the
strictures are too tight to insert a balloon dilator
or stent, the Soehendra biliary dilation catheter or
Soehendra stent retriever (Wilson-Cook Medical GI
Endoscopy, Winston-Salem, NC, United States) is
[77]
useful to dilate the stricture site .
Endoscopic sphincterotomy is usually performed
[78]
during ERC for the treatment of AS. Yasumi et al
suggested that endoscopic treatment without ES may
be a more preferable choice in liver transplant patients
because multiple, large, internal stents within the
choledochus can avoid compression of the pancreatic
oriﬁce, and enterobiliary reﬂux should be avoided as
much as possible after removing the stents (as well as
during the stent placement). This has a point because
transplant patients have increased vulnerability to
infections due to immunosuppressive therapy. Kurita et
[79]
al recently reported that endoscopic stent placement
above the intact sphincter of Oddi for biliary strictures
after LDLT achieved long-term stent patency and a
high remission rate in patients with a biliary stricture.
However, endoscopic sphincterotomy has some ad
vantages in dilating the stricture, placing the stents,
and/or removing the stones via the sphincterotomied
ampulla in repeated endoscopic sessions. There is still
a lack of evidence of the increase in cholangitis- or
pancreatitis-related sphincterotomy in liver transplant
patients.
Endoscopic therapy is also first-line for NAS
treatment, but the outcomes are less satisfactory.
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[87]

NAS are more resistant to endoscopic treatment,
with a reported success rate of 25%-75%, whereas
the success rate of endoscopic procedures for AS is
[19,28,70]
77%-90%
. One study showed that the median
duration of therapy was 185 d for NAS vs 67 d for
AS, and 73% of NAS patients were stent-free 22 mo
after the ﬁrst endoscopic treatment compared with
[80]
90% of the AS patients . These results were seen
in DDLT patients; thus, data in LDLT patients are
still needed. Endoscopic therapy of NAS consists of
dilation and stenting of multiple hilar and intrahepatic
stenosis lesions, with replacement every few months
and extraction of the biliary sludge or casts that may
[27]
accumulate repeatedly . The upstream duct of
the hilar and intrahepatic ducts is often narrowed,
which may limit the caliber of the biliary stent or the
placement of stents. Because NASs tend to locate in
multiple small intrahepatic ducts, balloon dilation of all
[35]
strictures is frequently infeasible . Although it is not
general practice, a research has suggested improved
efﬁcacy for NAS and less cholangitis with the use
of balloon dilation alone without stenting vs balloon
[11]
dilation with stenting . Typically, 4 to 6 mm balloon
dilation is required in endoscopic therapy of NAS,
[8]
compared with 6 to 8 mm for AS . NAS often require
multiple procedures because of a high recurrence
rate, rapid stent occlusion, and recurrent cholangitis.
Due to unsatisfactory outcomes of ERC, endoscopic
treatment appears to play a role as a bridge to liver
[35]
retransplantation .
The major shortcomings of endoscopic treatments
as a standard of care in the management of biliary
strictures are the need for multiple procedures
repeated over extended periods of time and the risk
of cholangitis resulting from stent occlusion. The
self-expanding metallic stent (SEMS) has a larger
diameter and a longer duration of patency. SEMS has
been shown to be superior to plastic stents due to
longer stent patency and a single required endoscopic
[81]
session for malignant biliary strictures . There is
some experience in the temporary placement of
SEMS for biliary stricture or leak to reduce the need
[82-85]
for repeated stent exchanges
. Uncovered SEMS
is rarely used because it induces inevitable reactive
hyperplasia that can be accompanied by secondary
stone formation above the stent, and removing the
[8]
stent is a challenge . In comparison, fully covered
SEMS can almost always be removed endoscopically,
as it is not embeded into the surrounding tissue
[8]
(Figure 4) . Although SEMS previously appeared to
be a promising option in the endoscopic management
of biliary strictures after liver transplantation, current
evidence does not suggest a clear advantage of SEMS
use over multiple plastic stents for biliary stricture
[86]
after liver transplantation . Migration is a major
drawback of covered SEMS. A recent meta-analysis of
SEMS for AS showed that the overall SEMS migration
[86]
rate was signiﬁcant (16%) . Covered SEMS can also
cause strictures in the bile duct, usually secondary to
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the anchoring point in the distal and proximal end .
When it is placed above the biliary bifurcation, SEMS
may occlude secondary branch ducts, which limits its
[8]
use .
ERC has the limitation of access in the Rouxen-Y reconstruction. In specialized centers, newer
endoscopic approaches can be successfully performed
to access the biliary strictures using the double balloon
enteroscope, single balloon enteroscope, variable
stiffness colonoscope, and spiral overtube as an
[15,88-92]
alternative form of PTC for Roux-en-Y patients
.
Nonetheless, these relatively new techniques carry
some risk of perforation and technical difficulties. These
have not yet been established as a standard treatment.
Bile duct stones or biliary casts are also problems
frequently seen with biliary strictures during endo
scopic therapy. Stones usually form above the bile
duct stricture or stenosis, and biliary stents are
closely related with stone development. In addition,
cyclosporine is known to promote supersaturation
of bile and may contribute to the formation of biliary
[8]
stones . In one series, stones appeared a median
interval of 12 mo after liver transplantation, and the
stones occurred at the anastomotic site in 90% of
[71]
stone patients . In our previous report, biliary stones
developed in 10.3% of LDLT patients, and recurrent
common bile duct or intrahepatic duct stones were
[18]
found in three of 11 NAS patients .

Percutaneous transhepatic cholangiography

PTC is usually reserved for severely strictured or
disconnected bile ducts that cannot be traversed by an
endoscopic retrograde approach and for patients who
[15]
have undergone Roux-en-Y reconstruction . Although
it is usually successful, percutaneous therapy is
regarded as a second-line alternative measure because
of its invasive character and its limitation by the size
of the percutaneous catheter, which causes the patient
discomfort and inconvenience. The other associated
complications include bleeding, pseudoaneurysm of the
hepatic artery, bile leaks, infection, arterioportal ﬁstula,
[70,93]
and portal vein thrombosis
. If the intrahepatic
ducts are not dilated and cannulation under ultrasound
guidance is difﬁcult, the risk of vascular injury is
higher. The risk of hepatic artery injury with PTC was
[94]
[95]
2.2% in one study . Gwon et al recently developed
a technique using the dual catheter placement
technique, namely 2 drainage catheters inserted via
a single percutaneous tract. They achieved clinical
success in 98.7% of 79 LDLT patients with AS.

Rendezvous technique

The Rendezvous technique is an approach combining
PTC and ERC, where access to the biliary tracts is
obtained via a percutaneous transhepatic route followed
[90,96]
by rendezvous endoscopy
. When the endoscopic
approach to the AS is unobtainable, as in Roux-en-Y
reconstructions, this technique can be a good option.
As we previously reported, the rendezvous technique
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Figure 4 Full-covered self-expanding metallic stent. Endoscopic retrograde cholangiogram shows an anastomotic stricture (A); Balloon dilation of the stricture
(B); A metal stent is placed across the stricture (C); The fully dilated metal stent is shown nine months after placement (D); The anastomotic stricture remains in a fully
dilated state after removal of the metal stent (E); A removed metal stent (F).

is also a safe and useful method for the replacement
of the PTBD catheter with the inside stent in patients
with an angulated and twisted biliary stricture after
[97]
LDLT with DDA . The use of the Kumpe catheter
as part of the rendezvous technique resulted in a
[58]
shortened procedure time and an easier operation .
The rendezvous technique combining double-balloon
endoscopy with percutaneous cholangioscopy has been
introduced for the management of biliary stricture after
[98]
LDLT with Roux-en-Y anastomosis .

mo after liver transplantation usually have a better
response to treatment and have lower recurrence
[6]
[104]
rates . Pasha et al
reported that patients with early
onset strictures occurring within 30 d of DDLT required
a signiﬁcantly shorter duration of endoscopic therapy
[104]
and had a good prognosis . AS occurring more than
6 mo later usually have tight strictures with fibrosis
[6,70]
and show high recurrence rates
. These findings
were almost all from DDLT patients with AS. Therefore,
further evidence in LDLT patients is still needed. Since
biliary strictures after treatment often recur, long-term
surveillance with periodic evaluation of liver enzymes
[2]
and imaging studies is required. Hshei et al reported
that recurrent strictures were observed after initial
treatment in 21% of LDLT patients, with a median
time to recurrence of 9.5 mo, and all recurrences
were successfully re-treated endoscopically. Overall,
the long-term prognosis in terms of patient and
graft survival in patients with AS who are treated
appropriately is equivalent to those for matched
[80,105,106]
controls without AS
.
The prognosis of NAS is not as favorable as
that of AS. NAS often requires signiﬁcantly longer
therapy than AS and carries a risk of secondary biliary
cirrhosis. Graft survival is signiﬁcantly lower in patients
with NAS compared with matched controls without
[23]
NAS . However, the survival of patients with NAS
has not changed significantly. The 5-year graft survival
of patients with NAS was reported as 50%-70%,
[27,70]
and 16% of patients were retransplanted
. In

Surgery

If patients have biliary strictures that are refractory
to endoscopic or percutaneous treatment after repeated
sessions, surgery should be conducted to prevent
[34]
septic complications and graft failure . One advan
tage of surgery is that it eliminates the need for
multiple invasive procedures. Surgical management
includes the repair of the biliary anastomosis, a
conversion from a DD to an HJ anastomosis, and
[3,28,53,99,100]
retransplantation
. Prior PTBD that remains
in situ can guide the localization of the bile duct either
by ﬂuoroscopy or through the instillation of methylene
[73]
blue . The long-term surgical results have been good
[101-103]
with sustained patient or graft survival
.

PROGNOSIS
The time that an AS is identified is an important factor
related to the prognosis. AS occurring less than 6
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a prospective study with 749 consecutive patients,
the development of NAS significantly attenuated the
[27]
graft but not patient survival . Because of poor
graft survival, early retransplantation is often needed.
These results were seen in DDLT patients. The data
concerning the prognosis of NAS in LDLT patients are
still lacking. After the treatment of NAS, long-term
surveillance is also required because NAS usually recur,
and complications after treatment are common. Posttreatment cholangitis often develops with sloughing of
the biliary epithelium as a result of underlying ischemic
[35]
or immunologic injury .

tortuous contours according to the left hepatic ducts,
and do not migrate.
Advanced endoscopic techniques using direct
cholangioscopy (e.g., the SpyGlass Direct Visualization
System, Boston Scientiﬁc) allow direct visualization
of the inner wall of the bile ducts and are currently
available in selected centers. Direct cholangioscopy
enables the placement of a guidewire across difﬁcult[118,119]
to-traverse strictures under direct visualization
.
It also may help to differentiate biliary stones from
strictures and aid in the directed acquisition of tissues
[11]
for sampling purposes . Recently, direct per oral
cholangioscopy using an ultra-slim (pediatric) forwardviewing video endoscope has been performed in
patients with favorable ductal and ampullary anatomy.
Self-expanding stents made of bioabsorbable
material has been attempted; this material has
theoretical advantages, with longer patency and
no need for further interventions. Studies in animal
models have shown that bioabsorbable stents
offer good patency, no proliferative change, good
biocompatibility, and also have a self-clearing
[120-122]
effect
. In addition, bioabsorbable stents can
be impregnated with pharmaceutical compounds,
[77]
such as antimicrobial and antineoplastic agents . In
the future, the absorbable biliary stent tube may be
clinically developed as a stent for biliary strictures.
[123]
Muraoka et al
have introduced a magnetic com
pression anastomosis, which is a novel interventional
method that creates an anastomosis between the
dilated bile duct and small intestine. The method
uses two strong magnets to compress the stricture
transmurally, causing gradual ischemic necrosis of the
stricture. This ischemic necrosis creates an anastomosis
between the two magnets. This technique can be
applied to completely obstructed or disconnected
[124]
biliary strictures . It may be an alternative to open
surgery in select cases.

DONOR-ASSOCIATED BILIARY
STRICTURE
In LDLT, donors are also at risk of developing biliary
complications. The overall incidence of biliary
complications in living liver donors ranges from
0.4% to 13%, and the rates of biliary leaks and
strictures range from 0% to 13% and from 0% to 6%,
[3,107-113]
respectively
. Among 393 liver donors in the
United States, common complications included biliary
leaks (9%), bacterial infections (12%), incisional
[111]
hernias (6%), and biliary strictures (2%) . The rate
of biliary strictures in donors is quite low compared
with that in recipients, but it is significant because the
donor has been healthy and he/she should recover
completely after LDLT. A survey from 42 centers in the
United States revealed that the biliary complication
(biliary stricture or leak) rate in 449 right liver donors
requiring intervention was 6%, reoperation rate
[114]
was 4.5%, and the death rate was 0.2%
. The
interventions in liver donors, including ERC, are not
different from those of the recipients; however, the bile
duct of the liver donor is usually not dilated. Thus, the
intervention in liver donors requires more caution.

NEW ATTEMPTS

CONCLUSION

New types of balloons and stents will play a significant
role in improving the management of biliary strictures.
Balloon dilation has relatively high primary and
secondary failure rates in patients with biliary strictures
caused by highly resistant fibrotic changes. New
peripheral cutting balloons may be useful in cases of
[115]
failure of balloon dilation . Paclitaxel-eluting balloons
[116,117]
for endotherapy of AS has been introduced
.
The possibility was suggested that paclitaxel-eluting
balloons may reduce the need for frequent further
[11]
invasive interventions. Arain et al
introduced the
specialized biliary stents to overcome the limitations
of stents in NAS. Their stents (Johlin pancreatic wedge
stents, Cook Endoscopy) have a large-caliber, are long
in length, are of a highly ﬂexible nature, and have
multiple side holes. These stents can be placed deep
into the intrahepatic ducts, achieve adequate bile
drainage through multiple side holes, conform to the
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During the past 2 decades, there has been a signi
ﬁcant decrease in the overall incidence of biliary
complications after liver transplantation, including
biliary strictures. The understanding of NAS and AS
has been widening, and NAS is recognized as one of
the most difﬁcult biliary problems to manage. Because
patients usually have non-specific symptoms, a high
index of suspicion for the development of biliary
stricture should be maintained in order to allow early
recognition and early endoscopic intervention. MRC
is the best non-invasive method to diagnose biliary
strictures, and it has high sensitivity and specificity.
Nonsurgical methods have become standard therapy for
the treatment of biliary strictures in most instances.
Endoscopic management is generally very effective
and has a low incidence of procedure-related comp
lications. Repeated endoscopic dilation with the
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placement of multiple plastic stents is the preferred
first-line treatment for biliary strictures, avoiding the
need for percutaneous transhepatic approaches and
surgical management. Technological advances with
newer endoscopic techniques or instruments, such
as direct cholangioscopy and deep enteroscopy;
removable, fully covered metallic biliary stents; and
an increasing array of ERC accessory devices, have
continued. They may offer the opportunity to widen the
indication of endoscopic treatment of post-transplant
biliary strictures and to manage them more efficiently
in the future. Finally, transplant hepatologists, endo
scopists, transplant surgeons, and interventional
radiologists should adopt a team approach, which will
ultimately result in the best treatment outcomes for
biliary strictures after liver transplantation.
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Liver transplantation is an effective treatment for patients
with end-stage liver disease. Accurate imaging evaluation
of the transplanted patient is critical for ensuring that the
limited donor liver is functioning appropriately. Ultrasound
contrast agents (UCAs), in combination with contrastspecific imaging techniques, are increasingly accepted in
clinical use for the assessment of the hepatic vasculature,
bile ducts and liver parenchyma in pre-, intra- and posttransplant patients. We describe UCAs, their technical
requirements, the recommended clinical indications,
image interpretation and the limitations for contrastenhanced ultrasound applications in liver transplantation.
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Core tip: We performed a review of the recent literature
on the current status and perspectives of contrastenhanced ultrasound (CEUS) for liver transplantation.
We emphasize some evidence-based diagnostic
algorithms to guide clinicians in the assessment of
complications. CEUS reduces the need for invasive
procedures. Ultrasound is useful for screening for
liver transplantation, and the use of CEUS provides
more information to enhance the operator’s diagnostic
confidence.
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hepatic vasculature, liver parenchyma and bile duct
examinations have been published using SonoVue.
In addition to intravenous use, UCAs are suitable
for intracavitary administration for contrast-enhanced
[8-10,33]
ultrasonic cholangiography (CEUSC)
. However, a
[34]
standard UCA dosage has not yet been established .

Ren J, Wu T, Zheng BW, Tan YY, Zheng RQ, Chen GH.
Application of contrast-enhanced ultrasound after liver
transplantation: Current status and perspectives. World J
Gastroenterol 2016; 22(4): 1607-1616 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i4/1607.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i4.1607

PRE-TRANSPLANT
Vascular patency

INTRODUCTION

The assessment of portal venous system patency and
the characterization of portal vein thrombosis (PVT)
have evolved into the most important application of
[13,14]
CEUS
. Moreover, the evaluation of hepatic vein
(HV) and inferior vena cava (IVC) patency has also
[4,5]
been assessed in several reviews .

Liver transplantation is the definitive effective
treatment for end-stage liver diseases resulting
[1]
from various causes . Improvements in surgical
techniques, immune-suppressive drug therapy and
peri-operative care have improved the success of liver
[2,3]
transplantation . Accurate imaging evaluation in
liver transplantation cases is crucial for the success
of the operation. Ultrasound is the primary screening
technique in the post-operative period. Ultrasound
contrast agents (UCAs), in combination with contrastspecific imaging techniques, are increasingly accepted
in clinical use for the assessment of the hepatic
vasculature in both pre- and post-transplant patients.
Several reviews of the use of contrast-enhanced
ultrasound (CEUS) in liver transplantation have been
[4,5]
published . Since their publication, the types of
UCAs and the recommended applications for the
assessment of bile ducts and the liver parenchyma in
[6-12]
liver transplantation cases have been expanded
.
Therefore, this review is necessary to provide a
description of UCAs, their technical requirements, the
recommended clinical indications, image interpretation
and the limitations for CEUS applications in the pre-,
intra- and post-transplant phases.

Background

Liver transplantation is the appropriate surgical modi
fication for PVT or HCC cases with macrovascular
invasion by the tumor because of the high rate of
[35-37]
operation failure or tumor recurrence
. In these
cases, the accurate detection and characterization of
PVT are very important.
Currently, baseline ultrasound is the preliminary
imaging modality for the visualization of the portal
venous system. However, this technique is influenced
by multiple factors, such as the high reflectivity of
cirrhotic liver, associated fatty change, the presence
[15]
of ascites and overlying bowel gas . Microbubbleenhanced color Doppler ultrasound may be utilized
to improve the visualization of the portal vein in
up to 94% of patients with inadequate CDUS with
a sensitivity of 89% and a specificity of 83%, and
the mean diagnosis confidence increases from 45%
[13]
to 83% following the administration of Levovist .
Furthermore, CEUS has also been shown to be
[14]
very reliable for the characterization of PVT . The
superiority of CEUS over contrast-enhanced computed
tomography (CT) in the detection (100% vs 68%)
and characterization (98% vs 68%) of PVT has been
[38]
reported by Rossi et al .

ULTRASOUND CONTRAST AGENTS AND
IMAGING TECHNIQUES
Three UCAs have previously been described in liver
[6-32]
transplantation reports
. The dynamic enhancement
pattern of UCAs is visualized during continuous or
intermittent imaging, and UCAs are recommended for
various applications: (1) Levovist (air with a galactose
and palmitic acid as the surfactant) (Schering,
introduced in 1996) was used in initial studies of
the assessment of the hepatic vasculature, usually
requiring High Mechanical Index (MI) contrast-specific
imaging modes or color Doppler ultrasound (CDUS);
(2) Optison [octafluoropropane (perflutren) with an
albumin shell] (GE Healthcare, introduced in 1998)
was introduced to visualize vascular complications
in Hom’s report, in which low MI contrast-specific
[24]
imaging modes were used ; and (3) SonoVue
(sulfur hexafluoride with a phospholipid shell)
(Bracco, introduced in 2001) is the main agent in
general use, in combination with low MI contrastspecific imaging modes. Most clinical studies for the
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Image interpretation

After the administration of UCAs, the patent portal
vein should be visualized adequately in CDUS
imaging or low MI contrast-specific imaging, and
should be incompletely visualized in the presence
[13]
of an embolus . The performance differs in benign
vs malignant PVT; the former involves a lack of
vascularization of the thrombus and an absence of
[14]
mass-forming features of the thrombus , and the
latter involves enhancement of the thrombus in the
early arterial phase and intrathrombus pulsating
enhanced signals with arterial waveforms on Doppler
[39,40]
spectral examination
. A marked washout in the
[41]
portal and late phases may occur in malignant PVT .
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INTRA-TRANSPLANT

A

Biliary anatomy and variations

RPD

In addition to intravascular use, UCAs are suitable for
intracavitary administration. Intrabiliary administration
of UCAs is performed to intraoperatively visualize the
[8,9]
biliary anatomy and variations of living liver donors .

LLD

RAD
CHD

Background

LMD

More than 42% of the population exhibits anatomical
[43]
biliary tree variations . The evaluation of the biliary
anatomy is important for surgical planning and for
excluding unsuitable liver donors for living donor liver
[44,45]
transplantation (LDLT)
. However, conventional
ultrasound is limited for demonstrating nondilated
biliary duct.
Two-dimensional (2D) CEUSC had been reported
to successfully visualize nondilated biliary trees after
the injection of UCAs into the bile ducts; this approach
represents a potential safe method for the visualization
[10,46]
of intrahepatic bile ducts after liver transplantation
.
[9]
[8]
Xu et al and Zheng et al proposed 3D CEUSC to
overcome the limitations of the planar display mode
and restricted ﬁeld of 2D CEUSC in analyzing the biliary
spatial relationship and anatomical variations. Their
results suggested that 3D CEUSC could visualize the
biliary tree from the common hepatic duct to the ﬁfthorder branches, including biliary anatomical variations.
Moreover, when the biliary anatomy is unclear on
intraoperative cholangiography (IOC), 3D CEUSC
might provide a 3-D map of the biliary anatomy and
help to reduce the risk of bile duct injury during graft
harvesting in LDLT.

B

LLD
RAD

RPD

CHD

C
LLD

LMD

CHD

Image interpretation
After diluted UCA is injected into the common hepatic
ducts intraoperatively, the biliary tree from the
common hepatic duct (CHD) to the ﬁfth-order branch
in the right lobe and fourth-order branch in the left
lobe of the liver can be visualized on 3D CEUSC (Figure
1). By varying the angles, overlapped intrahepatic
biliary branches could be observed on the 3D CEUSC.

Figure 1 Three-dimensional contrast-enhanced ultrasonic cholangiography
for displaying the biliary tree. A 21-year-old living donor liver with normal
biliary anatomy. A: On the anterior-posterior 3D contrast-enhanced ultrasonic
cholangiography image delineating the biliary system, the common hepatic duct
(CHD), right posterior duct (RPD), right anterior duct (RAD), left lateral duct (LLD)
and left median duct (LMD) are well seen; B: IOC image also shows CHD, RPD,
RAD and LLD before hepatectomy; C: IOC image shows CHD, LLD and LMD
after hepatectomy. IOC: intraoperative cholangiography.

Recommended clinical indications and limitations

Recommended clinical indications and limitations

3D CEUSC appears to be appropriate for assessing the
biliary spatial relationship and the anatomical variations
intra-operationally. However, further studies in larger
series of patients are needed, and this technique
should be related temporally to other techniques. The
image quality and visibility of the left lobe, especially
the lateral segment, are poorer than those of the right
lobe. Methods of improving the visibility of the left
biliary tree will need to be explored.

CEUS is recommended in clinical situations that involve
portal venous thrombosis suspected on the baseline
ultrasound. With typical enhancement patterns on
CEUS, the characterization of PVT can be performed
with a high level of probability and confidence.
However, if the baseline ultrasound is very suboptimal,
CEUS may be disappointing, and in our preliminary
study, 3 in 17 patients with PVT had been missed on
[42]
CEUS because of the small PVT .
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A

A

B
B

C

C

Figure 2 Aneurysm of the hepatic artery. A 52-year-old recipient with
aneurysm of the hepatic artery at the anastomosis between the donor and
recipient hepatic artery. A: color Doppler ultrasound shows a swirl of color
signal (arrows); B: contrast-enhanced ultrasound demonstrates continuing
patency of the aneurysm in the arterial phase (arrows); C: Computed
tomography angiography confirms it (arrows).

Figure 3 Hepatic artery stenosis and pseudo-aneurysm. A 43-year-old
recipient with arterial bypass arising from the infrarenal aorta through the
transverse mesocolon with an iliac artery graft tunneled. A: color Doppler
ultrasound shows turbulent flow of the graft artery (arrows); B: contrastenhanced ultrasound shows stenosis at the graft artery (arrows) and continuing
patency of the pseudo-aneurysm with adjacent site of stenosis (red arrow); C:
Conventional angiography confirms hepatic artery stenosis (arrow) and pseudoaneurysm (red arrow).

POST-TRANSPLANT
[12,16,18,19]

Based on the published literature
, there is
clear evidence that CEUS improves the diagnostic
assessment of hepatic artery thrombosis (HAT),
hepatic artery stenosis (HAS), and focal liver
diseases compared with conventional ultrasound.
Some studies have demonstrated that CEUS might
be a potential alternative for the evaluation of
arterial steal syndrome (ASS), HV obstruction and
[6,7,20,21,23]
biliary complications
. Hepatic artery pseudoaneurysms assessed using CEUS have only been
[4,5]
mentioned in reviews
(Figures 2 and 3).

WJG|www.wjgnet.com

HEPATIC ARTERY THROMBOSIS
Background
HAT is a major cause of graft loss and patient mortality,
with an incidence between 2.5% and 9% in adult
[47-49]
transplant recipients
. Early detection of HAT is
critical because urgent revascularization is required
to avoid severe graft loss. Although ultrasound is the
preferred first-line imaging modality in patients with
suspected HAT, the accuracy and positive predictive
value of HAT on CDUS are reported to be only 64%-82%

1610

January 28, 2016|Volume 22|Issue 4|

Ren J et al . Contrast-enhanced ultrasound after liver transplantation

Image interpretation

[50-52]

and 64%-68%, respectively
. Moreover, Doppler
examination of the hepatic vasculature is timeconsuming and requires a high level of operator skill.
CEUS has been reported to effectively improve flow
[24,32]
visualization of the hepatic artery
and to shorten
the scanning time from 27.4 ± 13.9 min to 9.3 ± 4.5
[28]
min compared with CDUS , with a 100% sensitivity
[16]
and 97.8% accuracy for the detection of HAT .
The use of CEUS can avoid the need for invasive
[17]
arteriography in 62.9% of such cases . Thus, HAT
has evolved into the most important CEUS application
in liver transplantation.

After the intravenous administration of SonoVue in
combination with low MI contrast-specific imaging
modes, CEUS can produce angiographic-like hepatic
artery images in the arterial phase. The location,
degree and type of vessel stenosis can be visualized
(Figure 3).

Recommended clinical indications and limitations

Although some studies have demonstrated that CEUS
is effective for improving diagnostic confidence and
providing more HAS information relative to CDUS,
[26]
inconsistent findings have been published . Several
factors may have contributed to the inconsistent results,
such as the level of operator skill, the equipment,
obesity and overlying bowel gas. Therefore, further
studies on this application are needed in a larger series
of patients.

Image interpretation

The absence of contrast signal in the arterial phase relative
to the adjacent hepatic parenchyma characterizes most
[16]
HAT cases . It is noteworthy that collateralization
around the thrombosed hepatic artery can occur; this
feature can be detected on CDUS of the intra-hepatic
[53]
arterial branches in liver grafts
and appears as the
intrahepatic artery and a cluster of small vessels at the
[16]
porta hepatis on CEUS .

ARTERIAL STEAL SYNDROME
Background and image interpretation

ASS is a rare complication after liver transplantation
[20,21]
that occurs in 2.9% to 8.4% of patients
. Due to
excessive celiac axis flow diversion to the splenic artery
or gastroduodenal artery, patients with ASS may suffer
from hepatocyte damage, biliary ischemic damage and
acute graft failure. The prompt diagnosis of ASS before
the development of clinical manifestations improves
[58]
the prognosis of these patients . Conventional
ultrasound is insufﬁciently sensitive for distinguishing
structural abnormalities in the hepatic artery from low[21]
flow hepatic artery perfusion. Zhu et al
proposed
that CEUS is an effective imaging modality for the
detection of ASS. The appearance of ASS on CEUS was
a delayed enhancement of the hepatic artery with a
weak contrast peak and prompt enhancement of the
portal vein. In contrast to Zhu et al, based on Garcia[20]
Criado’s experience , these findings can also be
present in patients with other arterial hypoperfusion
conditions. It is impossible to differentiate ASS from
other causes of hypoperfusion based on the former
criteria. In addition to the enhancement patterns of the
hepatic artery, small systolic peak waveforms without
a diastolic phase on the Doppler after CEUS may be
helpful for characterizing ASS.

Recommended clinical indications and limitations

CEUS has been accepted to be a very reliable modality
for the detection of HAT. When CDUS does not provide
sufficient visualization of HA after liver transplantation,
CEUS should be performed immediately. A negative
CEUS result may avoid unnecessary invasive angiography.

HEPATIC ARTERY STENOSIS
Background

HAS is a common complication in 4% to 11% of
[54,55]
liver transplant recipients
. Detecting HAS is
[56]
important to avoid bile duct injury . The presence
of intrahepatic artery tardus parvus waveform is a
good screening test for formal arteriography in cases
of suspected stenosis, with a 64% specificity and
[50]
97% sensitivity . However, it is noteworthy that the
tardus parvus waveform is non-specific for HAS and
is also observed in severe aorto-celiac atherosclerotic
disease, arterial-venous fistula, arterial-biliary fistula,
extensive collateralization and massive liver necrosis or
[57]
systemic hypotension . Therefore, direct visualization
of a focal area of stenosis with an increase in velocity
measurement (defined as > 2 m/s) on spectral
Doppler would be helpful for further diagnosis. The
administration of Levovist enhances backscatter
signals from the hepatic arteries and thus aids the
identification of the elevated velocity associated with
[18]
[19]
extrahepatic artery stenosis . Zheng et al used low
MI contrast-specific imaging modes and SonoVue to
produce angiographic-like images of the hepatic artery
and proposed that CEUS allows the detection of HAS
with a sensitivity of 92.3% and a specificity of 87.5%,
and also facilitates the identification of the degree and
type of stenosis.

WJG|www.wjgnet.com

Recommended indications and limitations
[20]

Recently, Garcia-Criado et al
performed a pros
pective study on 675 consecutive liver transplant
patients to establish algorithms to assess the use
of CEUS for evaluating the hepatic artery in the
immediate post-transplant period. Their results
demonstrated that when CDUS cannot detect arterial
flow, CEUS should be performed immediately in the
same session, even at the bedside. This approach
both avoids unnecessary invasive procedures and
saves time, which is vital if HAT is present. Moreover,
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CDUS performed after CEUS in patent hepatic arteries
provides functional information to help distinguish
HAS from hepatic artery hypoperfusion syndromes.
In the latter cases, ASS could be suspected if there
is persistence of low arterial flow or abnormal liver
function tests.

feature differentiating ITBLs from healthy volunteers,
recipients without complications and patients without
ITBLs was no or low contrast enhancement of the bile
duct wall in the arterial phase. This sign might reflect
the impaired blood supply to the bile ducts, which
was selected as the primary criterion for the diagnosis
of ITBLs; the sensitivity, speciﬁcity and accuracy
were 62.5%-66.7%, 88.9% and 73.8%-76.2%,
[7]
respectively .

BILIARY COMPLICATIONS
Background

Image interpretation

Biliary complications after liver transplantation, with
an incidence between 10% and 30% of patients,
are potentially severe complications resulting in
[59]
liver dysfunction and eventual graft loss . The
morphological abnormalities of the biliary tree with
dilatation, stenosis, and cholelithiasis detected using
imaging methods currently form the main diagnostic
basis for biliary complications. However, conventional
ultrasound exhibits a sensitivity of only 38% to 68.4%
in identifying the main sign of biliary dilatation in liver
grafts.
Using a novel application involving injection of UCAs
into the bile ducts, CEUS can produce cholangiographiclike images of the biliary tree, which might overcome
the limited depiction of the biliary tree morphology on
[11]
conventional ultrasound. Daneshi et al
presented
a case report of a biliary-arterial communication in
a transplanted liver based on percutaneous CEUSC
that was not identified on the baseline ultrasound
[10]
and subsequent CT examination. Further studies
explored the clinical value of CEUSC compared with
conventional radiography as a reference method in
patients after liver transplantation. CEUSC exhibited
comparable results in the detection of all biliary
pathologies (including encompassing delayed duodenal
outflow, anastomotic stenosis and anastomotic
leakage) and image quality. Although CEUSC appears
to be a potential bedside test for the visualization
of the bile ducts of liver grafts, its diagnostic value
remains unknown.
In addition, it is worth noting the shortage of
early diagnostic methods for ischemic-type biliary
lesions (ITBLs), which are some of the most serious
complications. ITBLs vary in incidence from 1% to 19%
and exhibit a graft loss rate of 23% and a mortality
[60-64]
rate of 7.1%
. The detection and treatment of
early ITBLs could be beneficial to clinical outcomes.
However, current biliary morphological signs can be
usually visualized in severe ITBLs compared with
subtle or mild cases. The biliary tree is supplied solely
by the hepatic artery through a network of arterioles
and capillaries known as the peribiliary vascular plexus
[65]
(PBP) . Decreased perfusion caused by injury to the
PBP is considered the histological basis of ITBLs. Ren et
al proposed that depicting the enhancement patterns
of bile duct walls to reveal the microcirculatory changes
of the PBP based on intravenous CEUS may help detect
early ITBLs. The perfusion of the hilar bile duct wall
was successfully demonstrated on CEUS. The main

WJG|www.wjgnet.com

On CEUSC, the intra- and extra-hepatic bile duct can
be visualized similarly to radiographic cholangiography.
The delayed duodenal outflow has been described
as decreased signal intensity in the duodenum and
persistent high signal intensity in the biliary tree 10
min after the intraductal administration of UCAs.
The biliary leakage from the anastomotic region is
identified by microbubble accumulation outside of the
lumen of the extrahepatic bile duct. The anastomotic
stricture represents a diameter discrepancy between
[10]
the dilated donor and the regular recipient bile duct .
On intravenous CEUS, the hilar bile duct walls
in patients with ITBLs are characterized by non- or
hypo-enhancement relative to the surrounding liver
parenchyma in three phases; in healthy volunteers,
recipients without complications and patients without
ITBLs, hyper-enhancement relative to the normal
liver parenchyma in the arterial phase and a similar
or lower enhancement in the portal venous and late
[6,7]
phases are observed
(Figure 4).

Recommended indications and limitations

CEUSC appears to be a potential bedside test for the
visualization of the bile ducts of liver grafts, but its
diagnostic value should to be determined in further
studies.
Although intravenous CEUS exhibits promise for the
detection of ITBLs by demonstrating low enhancement
patterns of the bile duct walls, whether CEUS could be
used for the early diagnosis of ITBLs in the stage of
perfusion function changes prior to the appearance of
[6]
marked morphological changes remains unknown .
Animal experiments to explore the correlation between
the enhancement patterns and the pathology of the
bile duct wall are necessary. In addition, prospective
studies should be performed in a series of consecutive
patients to detect patients with biliary lesions caused
by PBP changes.

OBSTRUCTION OF THE HEPATIC VEINS
Background

LDLT is commonly used and requires the radiologic
evaluation of middle hepatic vein (MHV) tributaries to
identify hepatic venous obstruction after transplantation.
CDUS is the primary screening modality for hepatic
venous obstruction, but CDUS often leads to a
relatively high false-positive rate in the diagnosis of this
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A

B

D

E

C

Figure 4 Ischemic-type biliary lesions. A 38-year-old recipient with ischemic-type biliary lesion (ITBL) after liver transplantation. On 17 d after liver transplantation,
color Doppler ultrasound (CDUS) shows the normal intrahepatic arterial waveform (A) while contrast-enhanced ultrasound (CEUS) of hilar bile duct walls shows
no enhancement compared with the surrounding liver parenchyma in arterial phase (arrows) (B). In 2 mo after liver transplantation, CDUS shows the tardusparvus intrahepatic arterial waveform (C) with biliary leakage in the portal hepatis on US (D). In 1 year after liver transplantation, ITBL is confirmed on cholangiopancreatography (E). CEUS may have potential value in the early prediction of ITBL after liver transplantation.
[65,66]

disease
. CEUS has been increasingly applied to
the evaluation of hepatic vascular structure after liver
[16-22]
transplantation
, and CEUS has been reported to
be a promising diagnostic method to detect obstruction
[23]
of the MHV tributaries . The changes in hepatic
parenchymal perfusion on CEUS help to reduce the
false-positive rate from 14% to 3% relative to CDUS.
CEUS exhibits a diagnostic sensitivity, specificity,
and accuracy of 91%, 97%, and 95%, respectively,
which is significantly more specific and accurate than
[23]
CDUS .

abscesses are main indications for CEUS.
Patients transplanted for HCC are at a high risk of
recurrent malignancy after liver transplantation. CEUS
is recommended for the diagnostic strategy for focal
[33,67]
liver lesions, including malignant liver lesions
.
Recurrent malignancy characterizes as solid lesions
with hypoenhancing in the late phases corresponding
to the washout phenomenon.
Parenchymal infarction is the likely complication
in suspected vascular compromise such as acute
thrombosis, hepatic artery stenosis or iatrogenic
[5,12]
restriction of portal flow
. The diagnosis of infarction
is difficult using conventional ultrasound, as the
lesions are inconspicuous and as the absence of
ﬂow is impossible to detect. CEUS can be used
to overcome the limitations of CDUS. The CEUS
performance in infarction cases is based on parenchymal
geographic areas with a lack of enhancement in three
phases, well-deﬁned borders and no peripheral
[12]
enhancement . In the 2012 update of the guidelines
[68]
and recommendations for CEUS in the liver , CEUS
is recommended to exclude perfusion defects when
infarction is suspected after liver transplantation and
for evaluation of the presence and nature of fluid
collections, which may appear as either hyper- or
hypo-echoic areas on B-mode imaging.

Image interpretation

The detection of hepatic venous obstruction on CEUS
is based on the high echogenicity in the arterial
phase and low echogenicity or isoechogenicity in the
portal venous phase; in the non-obstruction group,
the isoechogenicity is observed in the arterial and
portal venous phases. Arterial hyperenhancement
in the affected area is specific to hepatic venous
[23]
obstruction .

Recommended indications and limitations

The study used CT as the reference standard for
hepatic venous obstruction rather than pathological
proof or venography, which may limit the reliability
[23]
of the diagnostic performance of CDUS or CEUS .
Further study should be performed in a nonbiased
population to confirm the diagnostic performance of
CEUS with respect to hepatic venous obstruction.

CONCLUSION
As the types of UCAs and the contrast-specific
imaging modes have increased, CEUS has also been
increasingly used in a growing number of clinical
settings in pre-, intra- and post-transplant patients.

Parenchymal abnormalities

Recurrent malignancy, infarction, fluid collections and
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CEUS is a potential safe method even at the bedside
avoiding unnecessary invasive tests and saving time,
which allows greater diagnostic confidence and pro
vides more information on the basis of conventional
ultrasound. Thus, CEUS should be included into the
clinical algorithms after liver transplantation. But the
CEUS examination may be limited because of surgical
wound, subcutaneous emphysema, intervening bowel
gas or complex anatomy in patients with split liver
transplantation.
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Vascular complications after adult living donor liver
transplantation: Evaluation with ultrasonography
Lin Ma, Qiang Lu, Yan Luo
widely used to treat end-stage liver disease with
improvement in surgical technology and the application
of new immunosuppressants. Vascular complications
after liver transplantation remain a major threat to
the survival of recipients. LDLT recipients are more
likely to develop vascular complications because of
their complex vascular reconstruction and the slender
vessels. Early diagnosis and treatment are critical for
the survival of graft and recipients. As a non-invasive,
cost-effective and non-radioactive method with bedside
availability, conventional gray-scale and Doppler
ultrasonography play important roles in identifying
vascular complications in the early postoperative period
and during the follow-up. Recently, with the detailed
vascular tracing and perfusion visualization, contrastenhanced ultrasound (CEUS) has significantly improved
the diagnosis of postoperative vascular complications.
This review focuses on the role of conventional grayscale ultrasound, Doppler ultrasound and CEUS for
early diagnosis of vascular complications after adult
LDLT.
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Core tip: Vascular complications are among the
most severe complications after living donor liver
transplantation (LDLT), which may lead to graft loss
and death of the recipients. Conventional gray-scale
and Doppler ultrasound, contrast-enhanced ultrasound
(CEUS) play important roles in identifying vascular
complications in the early postoperative period and
during follow-up. This review focuses on the current
applications of conventional ultrasound and CEUS in the
diagnosis of vascular complications in the early period
after adult LDLT, including the diagnostic efficacy,
controversial diagnostic criteria and current issues

Abstract
Living donor liver transplantation (LDLT) has been
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[18]

requiring further investigations.
Ma L, Lu Q, Luo Y. Vascular complications after adult living
donor liver transplantation: Evaluation with ultrasonography.
World J Gastroenterol 2016; 22(4): 1617-1626 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i4/1617.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1617

diagnostic efficiency . Furthermore, CEUS causes
rare adverse reactions and can be applied in the
recipients with renal insufficiency, because the gas
[19,20]
within micro-bubbles is metabolized by respiration
.
In this article, we review the current applications of
conventional ultrasound and CEUS in the diagnosis of
vascular complications in the early period after adult
LDLT.

INTRODUCTION

Hepatic artery complications
after LDLT

Because of the severe shortage of donor livers, living
donor liver transplantation (LDLT) has undergone rapid
development with advances in surgical technology
and application of new immunosuppressive drugs
[1-4]
since first introduced in 1969 by Smith . Vascular
complications after liver transplantation remain a
major threat to the survival of recipients, especially
[5-8]
in the early postoperative period . Compared with
cadaver liver transplantation, LDLT recipients have a
higher risk for postoperative vascular complications
because of their complex vascular reconstruction and
[5-6]
slender vessels . The vascular complications after
LDLT mainly involved the hepatic artery, portal vein,
hepatic vein and other outflow tracts. Hepatic artery
thrombosis (HAT) and portal vein thrombosis (PVT)
are the most severe complications which may lead to
graft dysfunction and liver failure. The consequences
of severe hepatic artery stenosis (HAS) and portal vein
stenosis (PVS) are similar to thrombosis. Although
the obstruction of the hepatic vein and other outflow
tracts is relatively rare, it may induce congestions in
the drained area, which may lead to small-for-size
syndrome and graft loss. Therefore, early detection
and timely treatment of vascular complications are
[6-13]
critical for the survival of the graft and recipients
.
Imaging techniques play a decisive role in the
diagnosis of vascular complications. Although angio
graphy is the traditional gold standard, it is an inva
sive procedure. Computed tomography (CT) causes
radiation effects and magnetic resonance imaging
(MRI) is more costly. Moreover, these techniques are
not available at the bedside of severely ill patients in
the intensive care unit (ICU). As a non-invasive, costeffective and non-radioactive modality with bedside
availability, ultrasonography serves as a first-line
imaging technique to identify vascular complications in
the early postoperative period and long-term follow[14-17]
up
. Gray-scale ultrasound can be used to reveal
the structure of blood vessels, parenchymal changes
in the liver graft and perihepatic conditions. Doppler
ultrasound can evaluate the hemodynamics including
patency, direction, velocity and spectrum of the blood
[17]
flow . Contrast-enhanced ultrasound (CEUS) can
be used to assess microcirculation of the liver graft
and facilitates visualization of blood vessels, provi
ding real-time angiographic-like images with a high
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Hepatic artery complications are among the most severe
[6-10]
complications after LDLT
. These complications
include HAT, HAS, hepatic artery pseudoaneurysm (HAP)
and splenic arterial steal syndrome (SASS).

HAT

HAT is the most severe hepatic artery complication
with an incidence of 3%-5%, and a fatality rate of
[6,8-10,21]
20%-60%
. Risk factors for early HAT (occurring
within 30 d after liver transplantation) include ABO
blood type incompatibility, increased cold ischemic
time of the donor liver, acute rejection and surgical
factors such as hepatic artery spasm, intimal injury,
perianastomotic hematoma compression, artery
distortion, small artery caliber and artery anastomosis
inversion. In contrast, late HAT (occurring more
than 30 d after liver transplantation) is associated
[22-24]
with chronic rejection and sepsis
. Typical HAT
is manifested as severe hepatalgia, fever, ascites,
sudden increase in serum transaminases, reduced
bile flow, changed bile properties, prolonged
prothrombin time and sepsis, whereas the symptoms
of late HAT are often atypical due to the formation of
collateral circulation. HAT can rapidly lead to biliary
complications, graft necrosis and even patient death;
therefore, early diagnosis and prompt treatment are
[9-10]
critical
.
The normal hepatic artery is slender (2-5 mm
in diameter) with a rapid systolic upstroke and
continuous diastolic flow on ultrasound. The resistive
index (RI) should be in the range from 0.5 to 0.8
and the systolic acceleration time (SAT) should be
less than 80 ms. High resistance (RI > 0.8) may
occur within 72 h postoperatively, and return to
[25]
normal values afterwards . It is difficult to observe
hepatic artery directly by gray-scale ultrasound. The
Doppler ultrasound diagnostic criteria for HAT include
the disappearance of arterial blood flow at the hilus
hepatis (Figure 1A) and inside the liver on color
Doppler flow imaging. When HAT is complicated with
collateralization, abnormal intrahepatic blood flow with
a tardus-parvus spectrum (RI < 0.5 and SAT > 80
ms) can be detected. The secondary changes mainly
include the biliary complications, hepatic infarction
[26-30]
and abscess
. The sensitivity of Doppler ultrasound
in HAT has been reported to be between 75% and
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A

B

PV

PV

Figure 1 Hepatic artery thrombosis in a 51-year-old woman who underwent right-lobe living donor liver transplantation. A: Color Doppler ultrasound reveals
no hepatic artery flow at the hilus hepatis (arrow head points to the portal vein flow); B: contrast-enhanced ultrasound shows no enhancement in the hepatic artery
neighboring portal vein (arrow head points to the portal vein). PV: portal vein.
[26-31]

100%
, and HAT can be detected even before
[31]
the clinical symptoms appear . However, Doppler
ultrasound may yield false positive or false negative
results. False positive results are mainly due to reduced
hepatic arterial flow caused by hypotension, small
hepatic artery caliber, early postoperative vasospasm,
rejection reaction, improper adjustment of ultrasound
machine or scanning. Reported false-positive rates
[26-31]
[30]
are relatively high
and Hom et al
reported the
false-positive rate even reaching as high as 75%. False
negative results arise mainly from collateral circulation,
[29,31]
with a reported false-negative rate of 7%-29%
.
With the use of micro-bubble contrast agent, a
blood pool tracer, CEUS can significantly improve the
visualization of blood vessels and reveal perfusion of
[18-20]
the liver parenchyma
. The diagnosis of HAT can be
established when there is no contrast agent filling in the
hepatic artery during the arterial phase on CEUS (Figure
1B). The sensitivity, specificity, and accuracy of CEUS
[26,30,32]
in diagnosing HAT were 96%-100%
. Therefore,
CEUS should be performed immediately to confirm
HAT when it is suspected by Doppler ultrasound, which
[32,33]
may reduce the use of angiography
. Additionally,
[34]
the scanning time can be remarkably shortened .
The patient prognosis is influenced by the presence
[35]
or absence of abundant collateral circulation .
Remarkably, CEUS is able to reveal the hepatic artery
collateral circulation due to its high sensitivity to low
velocity blood flow, thus providing reliable imaging
information. Moreover, infarcted areas following
HAT can also be identified on CEUS. This technique
demonstrates absent enhancement in the arterial
phase and hypo-enhancement in the portal and the
late phases, occasionally with ‘branch-like’ portal
venous distribution.
HAT-induced ischemia initially affects the bile
ducts because bile ducts are supplied only by the
hepatic artery and the biliary epithelium is more
[36]
sensitive to ischemic injury than hepatocytes . Biliary
ischemia may lead to biliary necrosis, cast formation,
[36-37]
abscesses, non-anastomotic bile leak and bilomas
.
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Conventional ultrasound plays an important role in the
detection of bile duct complications as a first screening
[37]
modality . Recently, CEUS has been used to show
the perfusion of the hilar bile ducts, facilitating the
[36,38,39]
early diagnosis of biliary complications
.

HAS

HAS occurs primarily at the anastomotic site with
[6,8-10]
an incidence rate 5%-11%
. The causes are
diverse and mainly include surgical factors, clamp
injury, intimal trauma caused by perfusion catheters,
disrupted vasa vasorum leading to ischemia of the
[8-11]
arterial ends and rejection
. According to the
diameter narrowing rates, HAS can be classified as
mild stenosis (narrowing rate < 50%), moderate
stenosis (narrowing rate 50%-75%) and severe
[40]
stenosis (narrowing rate > 75%) . Mild stenosis,
which does not induce hemodynamic disorders of the
hepatic artery or graft ischemia, presents no significant
Doppler abnormalities. In contrast, moderate and
severe stenosis, which may result in graft complications
such as biliary ischemia, hepatic dysfunction or even
hepatic failure, may have abnormal artery blood flow
[26,28,40]
on Doppler imaging
. The diagnosis of HAS on
Doppler ultrasound is based on a focal increased blood
flow velocity greater than 200 cm/s at the extrahepatic
artery or the tardus-parvus waveform at the intrahepatic arteries, with a sensitivity of 72%-97% and a
[28,40-42]
specificity of 64%-99.1%
. Some studies took a
SAT threshold of 100 ms as the diagnostic criterion for
[28,42]
HAS, resulting in an increased specificity
. However,
it is difficult to observe the high-velocity at the deepsituated hepatic artery, and velocity measurements
are not always accurate because of the difficulty in
obtaining the appropriate Doppler angle and accurate
gate placement. Tardus-parvus waveform is regarded
as an excellent diagnostic parameter for HAS, but it is
not a specific finding; this waveform can also be found
in long-term HAT accompanied with collateral vessel
formation, portal vein thrombosis, and atherosclerotic
[43]
disease, resulting in a false-positive diagnosis . Park
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et al
reported that the combination of the tardusparvus pattern and an optimal peak systolic velocity
cutoff greatly improved the positive predictive value
and reduced the false positive rate for the diagnosis
[41]
of HAS. Vit et al concluded that an increased SAT
value is more reliable than the RI. CEUS has been
gradually used in the diagnosis of HAS in recent
years. It provides direct visualization of the hepatic
artery and possible stenosis, as well as the collateral
circulation. On CEUS, stenoses are manifested as focal
stenosis at the anastomoses (most frequently found),
intra- or extra-hepatic arterial beaded or segmental
stenosis, and diffuse tapering stenosis (less commonly
found). However, the value of CEUS in diagnosing HAS
remains controversial. Some scholars believed that
CEUS has a high diagnostic value with an accuracy of
[43]
[40]
91.5% , while some claimed that the diagnostic
value of CEUS is limited in diagnosing HAS.

Portal vein complications after
LDLT
Portal vein complications primarily include PVT, PVS
and phlebangioma. The incidence of PVT and/or PVS is
[60-62]
1%-12.5%
, while phlebangioma is rare. Yerdel et
[62]
al found an extremely high incidence of portal vein
complications (12.5%) in male patients, patients with
a history of severe portal hypertension or thrombosis
preoperatively and patients who received treatment for
portal hypertension such as sclerotherapy, transjugular
intrahepatic portosystemic shunt, portocaval shunt,
splenectomy, and splenic embolization. Because the
portal vein accounts for 70%-80% of the hepatic blood
supply, complications in this vessel will result in severe
damage to the liver function. Therefore, postoperative
monitoring is extremely important.

PVT

HAP

The duration and range of thrombosis affects the
clinical manifestations of PVT. In the early stage, PVT
may lead to liver function impairment complicated
with prolonged prothrombin time, portal hypertension,
variceal bleeding, intestinal edema, and massive
ascites.
It is not difficult to diagnose PVT using gray-scale
and Doppler ultrasound. The findings include absence
or filling defect of blood flow. Although conventional
ultrasound provides an ideal specificity ranging from
[27,30,62,63]
95% to 100% in diagnosing PVT
, it is difficult
to identify the duration and range of thrombosis.
Nevertheless, conventional ultrasound still has the
following limitations: (1) the portal vein may not be
displayed clearly due to obesity, flatulence and ascites,
and (2) color Doppler ultrasound is insensitive to portal
blood flow that is deeply located, perpendicular to
the acoustic beam, or of low velocity. CEUS greatly
improved the detection of this defect, with a high
[33,64-66]
diagnostic accuracy (97%-100%)
. Previous
studies have indicated that the diagnostic validity
of CEUS was comparable to that of MRI, CT or
[65,66]
angiography
. Additionally, CEUS shortened the
study time remarkably. With CEUS, thromboembolism is
characterized by the absence of blood perfusion inside
the thrombus as follows: (1) when the vessel is not
completely occluded by the thrombus, micro-bubble
bypass or filling defects are observed; and (2) when
the vessel is completely occluded, contrast agent filling
[64]
is constantly absent in the blood vessel .

HAP is associated with high morbidity and mortality,
[45-47]
and has an incidence of 0.3%-1%
. The clinical
manifestations are diverse and include fever, bile leak,
hepatic dysfunction, abdominal pain, hematemesis,
melena, anemia, hypotension and jaundice. Some
patients are asymptomatic and identified incidentally
[48,49]
during routine examinations
. Intra-abdominal or
gastrointestinal hemorrhages from rupture of HAP are the
[50,51]
most severe and life-threatening presentations
.
Early diagnosis and treatment are critical for graft
salvage. Gray-scale ultrasound and Doppler ultrasound
are regarded as the primary imaging techniques for
the diagnosis and follow-up of HAP. When a focal cystic
lesion involving the hepatic artery was detected and
Doppler ultrasound showed a pulsatile wave pattern,
the diagnosis of HAP is suspected. CEUS may be used
[27,41,52]
to further confirm the diagnosis
.

SASS

[53]

SASS, first described in 1992 by Langer et al , is not
a well-recognized arterial complication following liver
transplantation. SASS is described as the phenomenon
of hepatic arterial hypo-perfusion due to “stealing”
or diverting of blood from the hepatic artery to the
dilated splenic artery. The incidence of SASS has been
[54-56]
reported to be 3%-8%
. Clinically, the symptoms
of SASS are non-specific, including liver function
impairment and biliary injury, which can cause severe
graft ischemia without timely management. Celiac
angiography is the “gold standard” for the diagnosis of
SASS. Recognition of the ultrasonographic indicators
of SASS is imperative for an early diagnosis. When a
high-resistance waveform (RI > 0.8) with low diastolic
flow in the intra-hepatic and extra-hepatic arteries
was detected on Doppler ultrasound, accompanied by
dilated splenic arterial and splenomegaly, SASS should
be highly suspected. And portal hyper-perfusion is
[56-59]
another important feature of SASS
.
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PVS

PVS is found mainly at the site of the anastomosis.
During LDLT, vessel caliber mismatch is often en
countered between the donor and recipient portal
vein. Therefore, mild anastomotic stenosis is common
but does not affect hemodynamics and liver function.
When PVS is severe, symptoms of graft dysfunction
and acute liver failure may occur, complicated with
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D

Figure 2 portal vein stenosis in a 40-year-old woman who underwent right-lobe living donor liver transplantation. A:Gray-scale ultrasound detected a stenotic
region in the portal vein (arrow); B:Color Doppler ultrasound showed disturbance of the blood flow at the stenotic site (arrow); C: Spectrum Doppler ultrasound showed
that the blood flow velocity at the stenotic was 128 cm/s; D: Spectrum Doppler ultrasound showed that the blood flow velocity at a pre-stenotic segment of the portal
vein was 19.8 cm/s. The ratio between stenotic and pre-stenotic flow was significantly greater than 4:1.

portal hypertension and ascites. Stenoses greater
than 50% were considered hemodynamically
[67]
significant . To date, there is still no consensus
on the ultrasound diagnostic criteria for post-LDLT
PVS. According to our experience, the criteria for
PVS include: regional stenosis with a diameter < 2.5
mm (Figure 2A), blood flow aliasing and acceleration
at the stenotic site (Figure 2B), blood flow velocity
> 150 cm/s at the stenotic site, or velocity ratio ≥
4:1 between stenotic and pre-stenotic flow (Figure
2C and D), and signs of portal hypertension, such
as splenomegaly, ascites or collateral circulation
[26]
[67]
formation . Mullan et al
proposed a maximal
blood velocity > 80 cm/s at the stenotic segment of
the portal vein as the diagnostic criterion for PVS,
with a sensitivity of up to 100% and a specificity
[68]
of 84%. Chong et al
regarded a maximal blood
velocity > 125 cm/s at the stenotic segment of the
portal vein as the diagnostic criterion for PVS, and
although the sensitivity was only 73%, the specificity
was 95%. It is noteworthy that turbulence and highspeed flow may appear at the anastomosis during the
early postoperative period and the blood velocity will
decrease with time.
Sometimes, the portal vein may be distorted due
to surgical factors or portal vein enlargement after
LDLT. Consequently, it is difficult to visualize the
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portal vein directly by gray-scale ultrasound. The
Doppler ultrasound, constrained by color gain, as well
as direction and angle adjustment of the acoustic
beam, may lack the diagnostic accuracy. Aided by
the micro-bubble contrast agent, visualization of
blood vessels is greatly improved on CEUS, which
provides accurate information of the specific position
[30,33,34]
and degree of stenosis of PVS
. Moreover, for
severe PVS and complete portal vein occlusion, which
are often difficult to differentiate using conventional
ultrasound, CEUS can improve the visualization of
residual lumen of the stenotic portal vein through the
dynamic display of micro-bubble contrast agent filling
condition, thus facilitating the correct diagnosis.
In LDLT, because the graft is part of the liver of the
recipient, a hyperkinetic circulation usually persists
during the early postoperative period and is associated
with the increases of portal venous flow (PVF) and its
velocity. These changes play important roles in liver
regeneration, but persistently high PVF and portal
venous pressure (PVP) values may induce mechanical
vascular injury, which may lead to poor graft function
[69-73]
and small-for-size syndrome
. If PVF is greater
than 250 or 300 mL/min per 100 g, and PVP is greater
than 15 or 20 mmHg, PVF modulation is necessary
to alleviate graft over-perfusion and early graft
[69,71,73]
dysfunction
.
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A

B

C

Figure 3 Bridging vein occlusion in a 43-year-old woman who underwent right-lobe living donor liver transplantation sparing the middle hepatic vein. A:
Gray-scale ultrasound showed the bridging vein (arrow); B: contrast-enhanced ultrasound showed no enhancement in the bridging vein (arrows); C:Color Doppler
ultrasound revealed the opening of collateral circulation of intrahepatic veins (arrow).

Early-stage HVS is caused by surgical factors such as
improper fixation, distortion, or shifting of the graft,
while late HVS may be induced by intimal hyperplasia
or perianastomotic fibrosis. The clinical manifestations
are usually non-specific, some may be characterized
by congestion of the liver parenchyma with abnormal
laboratory test results, ascites, and pleural effusions.
There can even be graft loss if it is not managed in a
[76]
timely manner . The diagnostic criteria for HVS using
Doppler ultrasound remain controversial. The normal
spectrum of the hepatic vein is a triphasic waveform
reflecting the cardiac cycle, but after transplantation
the waveform is often biphasic even without any other
signs or symptoms of outflow obstruction. HVS should
be considered when a significant stenosis is revealed
by the gray-scale ultrasound or a high-speed blood
flow disorder appears at the stenosis. The ratio of
stenotic to pre-stenotic blood flow velocity is greater
than 3-4:1 with a flat hepatic venous wave and slow
or even reversed blood flow at the distal-stenotic
[26]
[79]
segment . Ko et al reported that if the blood flow
persists as a monophasic waveform, substantial HVS
should be suspected, but a persistent triphasic wave
pattern can exclude the possibility of substantial
stenosis.
Although Doppler ultrasound is generally used for
monitoring hepatic venous obstruction, it is associated
with a relatively high false-positive rate because of
[78,79]
the use of non-specific parameters
. Additionally,
the assessment of waveform patterns is somewhat
subjective because venous phasicity is a continuum
and there is no clear-cut distinction between mono
[68]
phasic and biphasic wave patterns . In contrast to
Doppler ultrasound, CEUS may be more capable of
visualizing the trunk of the hepatic vein, possible sites
of stenosis, and the congestion areas. A cutoff value
of the pressure gradient between the inferior vena
cava and the hepatic vein is also used to diagnose
[80-82]
hepatic venous obstruction
. Most studies have
regarded a pressure gradient of 5-10 mmHg as the
diagnostic criteria for substantial HVS, and Hwang et
[78]
al adopted a pressure gradient threshold of 6 mmHg
for diagnosing HVS, with a sensitivity of 86.7% and a

Hepatic vein and other outflow
tract complications after LDLT
Reconstruction of the outflow tract during LDLT is
complex. In an adult right lobe LDLT, the right hepatic
veins are preserved in the right lobes of the graft liver.
As for preservation of the middle hepatic vein and
reconstruction of the other blood vessels, decisions
should be made in accordance with the specific
individual conditions. Currently, in consideration of the
safety of the donor, the middle hepatic vein is often
preserved in the donor. Therefore, to ensure adequate
drainage, reconstruction of the inferior right hepatic
vein and thick tributaries of the middle hepatic vein V5
and/or V8 is usually required. Therefore, for an adult
right lobe LDLT without the middle hepatic vein, the
right hepatic vein, inferior right hepatic vein, tributaries
of the middle hepatic vein, and bridging veins may
serve as outflow tracts of the liver. Outflow tract
obstruction leads to congestions in the drained area.
Mild congestion may manifest no significant clinical
symptoms, while severe congestion can result in
effective liver volume reduction, which may also cause
small-for-size syndrome and liver failure. Therefore,
postoperative monitoring of the outflow tracts is
[74-76]
extremely important
.
Ultrasound is a commonly used method for outflow
tract monitoring. Gray-scale ultrasound can reveal the
inferior vena cava, hepatic vein, inferior right hepatic
vein, and some thick bridging veins (Figure 3A), and
sometimes congestion may be revealed preliminarily
by sonographic changes in the liver parenchyma.
Doppler ultrasound can reveal the blood flow of hepatic
veins and bridging veins, while CEUS can further
visualize the vessels mentioned above and provide
more accurate information as well as perfusion in the
liver parenchyma.

Hepatic vein stenosis

Hepatic vein stenosis (HVS) is a relatively uncommon
complication after LDLT with an incidence rate of
[77,78]
0.5%-3.2%
. Hepatic vein thrombosis is rare but
is not difficult to diagnose by conventional ultrasound.
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specificity of 68%. Therefore, depending on the clinical
manifestations, ultrasound combined with a pressure
gradient for the hepatic vein and inferior vena cava can
be performed to make an accurate diagnosis of HVS.

3

Bridging vein occlusion

4

As a common complication after LDLT, bridging vein
occlusion occurs mainly because: (1) bridging veins
are located at the surface of the section of the liver,
making them susceptible to abdominal pressure;
(2) blood volume of the drained area is small; and
(3) angulations are formed at the anastomoses
between the bridging veins and middle hepatic vein
[83-86]
branches
. Bridging vein occlusion may result
in focal congestion of the drained area or extensive
ramus communicans between the middle hepatic vein
branches and the right hepatic vein, through which the
blood flow is drained to the right anterior hepatic lobe.
Due to their small vessel caliber and deep location,
bridging veins are difficult to detect by gray-scale
and Doppler ultrasonography in most cases, whereas
CEUS, which allows better bridging vein imaging,
serves as a superior method for observing the bridging
vein as well as intrahepatic venous collateral formation
[87-89]
(Figure 3B and C)
.

5
6

7
8

9

CONCLUSION

10

Both conventional gray-scale and Doppler ultrasound
play important roles in vascular monitoring after LDLT.
CEUS can reveal the microcirculation of the liver graft
and greatly improve the visualization of blood vessels,
providing a novel and effective mean for the detection
and evaluation of post-LDLT vascular complications.
However, further investigations are required to clarify
issues such as (1) the diagnostic criteria, intervention
timing and indications of HAS, and the impact of HAS
and hepatic artery curvature on perfusion of the liver
parenchyma; (2) the diagnostic criteria, intervention
timing and indications of PVS, and the impact of portal
venous perfusion on the liver regeneration; and (3) the
diagnostic criteria, intervention timing and indications
for outflow tract obstruction, and the impact of outflow
tract obstruction on liver function and regeneration.
The development and application of ultrasonic
elastography, three-dimensional CEUS, ultrasound
perfusion imaging and molecular imaging will offer
a better understanding of the pathophysiology of
the liver graft and the occurrence and development
of vascular diseases, which will further improve
the ultrasonographic diagnosis and the prognostic
evaluation.
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REVIEW

Impact of obesity treatment on gastroesophageal reflux
disease
Abraham Khan, Aram Kim, Cassandra Sanossian, Fritz Francois
encountered disorder. Obesity is an important risk
factor for GERD, and there are several pathophysiologic
mechanisms linking the two conditions. For obese
patients with GERD, much of the treatment effort is
focused on weight loss and its consistent benefit to
symptoms, while there is a relative lack of evidence
regarding outcomes after novel or even standard
medical therapy is offered to this population. Physicians
are hesitant to recommend operative anti-reflux therapy
to obese patients due to the potentially higher risks
and decreased efficacy, and these patients instead are
often considered for bariatric surgery. Bariatric surgical
approaches are broadening, and each technique has
emerging evidence regarding its effect on both the risk
and outcome of GERD. Furthermore, combined antireflux and bariatric options are now being offered to
obese patients with GERD. However, currently Rouxen-Y gastric bypass remains the most effective surgical
treatment option in this population, due to its consistent
benefits in both weight loss and GERD itself. This article
aims to review the impact of both conservative and
aggressive approaches of obesity treatment on GERD.
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Core tip: Obesity and gastroesophageal reflux disease
(GERD) have a well-defined relationship, and both
the medical and surgical treatment options for both
conditions are advancing. However, there is shortage of
literature consolidating the effect of obesity treatment
on the outcome of GERD. This article aims to detail
the evidence behind both standard and novel obesity
treatments on the risk and outcome of GERD.

Abstract

Khan A, Kim A, Sanossian C, Francois F. Impact of obesity
treatment on gastroesophageal reflux disease. World J

Gastroesophageal reflux disease (GERD) is a frequently
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Extrinsic gastric compression from increased visceral
adiposity in overweight and obese patients may also
lead to increased intragastric pressure and thus a
[6]
favorable pressure gradient for reflux to occur .
Obese patients have been reported to have higher
rates of esophageal motility disorders and bolus transit
impairments compared to normal BMI patients with
[6,7]
GERD .
Mechanisms leading to an increased prevalence of
GERD in obese patients may also differ according to
gender. Although questionnaire-based studies have
reported similar GERD symptoms between men and
women, one study using pH monitoring reported that
women secrete less gastric acid and tend to have less
[8,9]
physiologic reflux compared to men .
The effect of estrogen on GERD has been examined,
as estrogen increases the synthesis of nitric oxide,
a vasodilator leading to smooth muscle relaxation
[10]
that can include the LES . The effect of hormone
replacement therapy (HRT) on GERD has been
analyzed in several studies, specifically estrogen versus
combined estrogen and progesterone. Historically,
progesterone treatment was linked to GERD, but
recently it was demonstrated that estrogen only HRT
was more strongly associated with GERD symptoms
than was combined estrogen and progesterone
[10,11]
treatment
. However, when analyzing the impact
of naturally occurring sex hormones on GERD among
individuals not on HRT, it was found that sex hormone
levels in both pre- and post-menopausal women and
excess acid exposure were not associated once age
[12]
and BMI were taken into account . The authors in
this study concluded that another mechanism, such
as increased intragastric pressure associated with a
higher BMI, better explains the sex hormone-BMIGERD dynamic. The authors further concluded that the
increased rates of GERD in pregnant patients may in
fact not be due to increased sex hormone levels but
rather the increased transmitted gastric pressure from
[12]
the enlarged uterus .
While fewer studies have looked at differences
among ethnicities, Corley and authors found that the
correlation between BMI and reflux symptoms was
highest in whites and lower in blacks or Asians. The
authors suggested that differential patterns of visceral
adiposity among ethnicities along with differences in
Helicobacter pylori prevalence could also explain the
[13]
findings .
Adipokines have also been an important area for
research on GERD and obesity, with increasing interest
in ghrelin and leptin. Ghrelin, an orexigenic hormone,
acts in the arcuate nucleus of the hypothalamus by
activating neuropeptide Y (NPY) and agouti-related
peptide (AgRP) neurons, leading to increased food
[14]
intake . The adipose tissue-derived hormone leptin
is produced in proportion to fat stores. Circulating
leptin serves to communicate the state of body
energy repletion to the central nervous system in
order to suppress food intake and permit energy

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
condition characterized by the presenting symptoms
of heartburn and/or regurgitation. The prevalence of
GERD is estimated to be between 10%-20% in the
[1]
Western world, with a lower frequency in Asia .
An important risk factor for GERD is obesity, which
has been increasing in prevalence and is strongly
associated with adverse metabolic, cardiovascular,
chronic inflammatory and malignant health outcomes.
Notably, the treatment of obesity remains at the
forefront of preventative healthcare.
A variety of non-surgical and surgical obesity
treatments can impact the severity and natural
history of its associated diseases. This article aims to
review the evidence surrounding the epidemiology,
pathophysiology and potential impact of obesity
treatment on GERD.

PATHOPHYSIOLOGY
Although it has limitations the degree of adiposity in
adults can be categorized by the body mass index (BMI)
calculation (weight in kilograms divided by height
in meters squared). Both overweight (BMI 25-29.9)
and obese (BMI ≥ 30) patients have been shown
[2,3]
to be at higher risk for GERD . The Nurses’ Health
Study data demonstrated that incremental weight
gain among patients with a normal BMI (18-24.9) is
associated with a proportional increased risk for reflux
symptoms, whereas weight loss was associated with
decreased reflux symptoms. Specifically, the risk of
reflux symptoms was linked to the parameter waistto-hip ratio in a dose-responsive fashion, though BMI
itself appeared to be even more closely associated with
[3]
symptoms than this ratio .
Several mechanisms have been postulated to
link obesity and the development of GERD. One
area of investigation has focused on the anatomic
displacement of the esophagus into the chest cavity.
Obese patients are over three times as likely to have
[4]
hiatal hernias compared to non-obese individuals .
Furthermore, after controlling for hiatal hernias, the
relationship between BMI and esophagitis was nonsignificant in one study, suggesting that hiatal hernias
mediate the link between obesity and GERD. Hiatal
hernias have been linked to obesity-associated reflux
symptoms due to the increased intragastric pressure
and gastro-esophageal pressure gradients during
inspiration, as well as increased axial separation
between the extrinsic crural diaphragm and the
lower esophageal sphincter (LES) in the setting of an
[5,6]
elevated BMI .
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expenditure .
In a study comparing rats with surgically-induced
GERD to those with sham operations, the rats with
GERD had significantly decreased food intake and
body weight, despite having significantly increased
[16]
levels of ghrelin . Even with repeated administration
of acyl ghrelin, GERD rats had no improvement in
food intake or body weight, suggesting that GERD rats
may need a higher level of exogenous ghrelin for its
predicted effect. The authors concluded that aberrantly
increased secretion of peripheral ghrelin and decreased
ghrelin responsiveness may occur in GERD rats. When
analyzing the various steps in the orexigenic signaling
pathway, the authors also found that while NPY and
AgRP mRNA expression in GERD rats was increased,
the GERD rats appeared to have dysfunction further
along in the orexigenic signaling pathway, potentially
leading to suppression of ghrelin signaling. In humans
ghrelin has been reported to be positively associated
with Barrett’s esophagus but inversely associated with
[17]
GERD symptoms .
Leptin has also been implicated in the relationship
between obesity and GERD symptoms. In a study on
Egyptian patients with GERD, leptin was found to be
significantly positively correlated with symptom score
severity, weight, BMI, waist circumference, waistto-height ratio, total abdominal fat, subcutaneous
abdominal adipose tissue, and intra-abdominal adipose
tissue; yet it was negatively correlated with waist-to[18]
hip ratio .
The adipokine adiponectin has been investigated in
GERD, because it is secreted from visceral fat and can
suppress tissue inflammation. Adiponectin has been
shown to be inversely correlated to BMI, and in a study
on male patients with and without erosive esophagitis,
serum adiponectin levels were found to be lower in
patients with erosive disease. The authors concluded
that low adiponectin levels may be associated with an
[19]
increased risk for erosive esophagitis in men .
A recent study has also shown a link between
nonalcoholic fatty liver disease (NAFLD) and GERD.
While NAFLD has a known association with obesity, in
this study of 206 outpatients with NAFLD in a single
center the prevalence of typical GERD symptoms
was higher in these patients compared with controls
[20]
and independent of BMI . The authors postulated
that higher serum levels of certain cytokines found
in patients with NAFLD, which can be independent
of obesity and also overexpressed in the esophageal
mucosa of GERD patients, may help explain the
findings. As NAFLD has been proposed as a potential
new criterion to define metabolic syndrome and is
[21]
associated with many of the outcomes of obesity ,
further study on the specific role in NAFLD leading to
GERD is warranted.
Overall, while there are several pathophysiologic
mechanisms that may explain the risk of GERD in
the obese population, both the predisposition for
hiatal hernias and direct impact of visceral adiposity
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remain the most substantiated. Further studies are
needed to decipher the influence of adipokines on the
development of GERD in this population, as well as
the potential differences in the incidence of GERD by
gender and ethnicity.

NON-SURGICAL MANAGEMENT OF
GERD IN OBESE PATIENTS
Lifestyle modifications have long been paramount to
the management of GERD, and while most behavioral
factors have not been extensively studied in the obese
population, many of the interventions have proven to be
effective in both normal weight and obese individuals.
Weight gain and weight loss are associated with an
increase and decrease in reflux symptoms, respectively,
[3,22,23]
in both normal and overweight individuals
. One
study specifically demonstrated that weight loss via dietary
advice can improve reflux symptoms in overweight
[24]
individuals .
While not specific to obese individuals, elevation
of the head of the bed, left lateral decubitus position,
and deep breathing exercises (inducing a change from
thoracic to abdominal breathing) are associated with
[25]
improvement of GERD symptoms . Furthermore, both
fruit and fiber consumption in the overall population
have been found to be protective against GERD
symptoms, yet whether this effect is independent of a
[26,27]
patient’s BMI has not been evaluated
.
Coffee and caffeine have also been examined
for their effects on GERD symptoms. One study has
shown that coffee, independent of caffeine, itself may
[28]
be responsible for the reflux symptoms . Further
complicating the potential relationship between
coffee, caffeine and a predilection for GERD are two
discordant studies showing that coffee either can
[29,30]
lower the LES pressure (LESP) or increase it
.
The recommendation to avoid caffeinated beverages
is still used routinely in patients with GERD, but
whether coffee or caffeine itself is a major factor in
the pathophysiology of GERD, particularly in the obese
population, remains to be elucidated.
The effect of protein and fat has been studied in
both the general and obese population. Protein and
dietary fat have been found to have opposite effects on
the LES; ingestion of protein increased LESP whereas
[27,31]
ingestion of fat decreased LESP
. Ingestion of
total fat, saturated fat, and cholesterol were found
to be higher in patients with GERD symptoms than
those without symptoms in one study. However, only
in patients with a BMI > 25 were high saturated fat,
cholesterol, and fat servings associated with GERD
[27]
symptoms . Dietary fat may have an independent
role in the pathophysiology of GERD, particularly in
obese people.
In addition to lifestyle changes, a variety of
medications are used in the management of GERD.
Particularly, antacids, H2 receptor antagonists
(H2RAs) and proton pump inhibitors (PPIs) are often
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necessary to provide as acid inhibition. McDougall et
[32]
al found an association between higher BMI and the
requirement of longer-term H2RA or antacid therapy,
suggesting that obese patients are not as responsive
to these medical treatments. The efficacy of PPIs in
obese patients with GERD was not affected by BMI
[33]
in one study , however, another report noted that
doubling the dosage of pantoprazole in obese or
overweight patients provided better specific control
of symptoms, and other studies have corroborated
[34-36]
these findings
. Novel treatments, including CCK
inhibitors, GABA agonists, and TCAs are currently
being studied for their effects on GERD symptoms,
but there is a lack of data on their precise roles in the
obese population.

compared to normal weight patients
.
However, the balance of evidence supports that
outcomes do not differ greatly between obese and
[43]
normal weight individuals. Fraser et al
reported in
a review of 194 patients that postoperative heartburn
scores were significantly higher in a normal weight
group compared to overweight and obese patients.
This subjective finding was supported by objective
[44-46]
data collected in several different studies
. A study
conducted in Australia demonstrated no statistically
significant difference in gastrointestinal quality of
life index and symptom grading, with improvements
in typical and atypical reflux symptoms for normal
weight and obese individuals. In addition, both groups
exhibited increased LES pressures, significantly
decreased acid reflux events seen on 24-h ambulatory
multichannel intraluminal impedance (MII), and
significantly decreased DeMeester scores, one year
after surgery, without statistical difference between
the two groups. Postoperative complications and
the requirement for later surgical revision were not
[47]
influenced by the preoperative weight . A similar
study with a follow up period of average 41.5 mo
demonstrated that the above findings may persist
[48]
long-term . A cohort study of 312 patients further
emphasized that there was no difference in outcomes
in obese patients undergoing fundoplication, with the
exception of poorer outcomes seen in the morbidly
[49]
obese (BMI > 35) .
Although there is limited evidence suggesting
that obesity diminishes the efficacy of Nissen
fundoplication, several relevant factors have been
discussed in the literature that may impede the
outcome of the procedure. Firstly, obesity can create
several technical difficulties resulting in surgical failure
of laparoscopic approaches. For instance, an enlarged
left lobe of the liver can interfere with visualization of
the hiatus. Fatty deposition at the esophagogastric
junction can also impede accurate suture placement.
Lastly, a thick abdominal wall may hinder manipulation
of laparoscopic instruments.
[41]
However, Perez et al
showed that laparoscopic
versus transthoracic approaches did not differ in their
failure rates, suggesting that perhaps the root cause
of failures lies in the breakdown of a surgical repair
rather than a failure to construct a properly functioning
anti-reflux barrier at the time of surgery. Other studies
suggest that herniation of the fundoplication is the
most common mechanism of failure after laparoscopic
[50]
Nissen fundoplication .
In addition, intra- and post-operative complications
have been found to be higher in patients with a higher
BMI undergoing fundoplication. These complications
included hemorrhage, perforation, pneumothorax,
[51]
fundoplication herniation, infection, and gastric ulcer .
This may be a reflection of higher number of comorbid
conditions often found in obese patients, and also a
[46]
result of longer operating times .
Ultimately, the results of Nissen fundoplication in

SURGICAL MANAGEMENT
A variety of surgical approaches have been offered in
patients with both GERD and obesity, and this section
will detail the effects of both sets of approaches in the
obese population with GERD.

Fundoplication

Since its advent in 1955, Nissen fundoplication has
been used as a surgical approach for GERD. Although
there are different variations, the concept of the
surgical approach is to emphasize return of the
esophagogastric junction into the abdominal cavity by
transhiatal mobilization of the esophagus via division of
the short gastric vessels, achieve complete mobilization
of the gastric fundus, and ultimately recreate a high
pressure zone at the lower esophageal sphincter.
The enveloped portion of the distal esophagus then
is compressed as intragastric pressure and volume
[37]
increase, thereby preventing reflux .
Nissen fundoplication is associated with acceptable
outcomes in non-obese patients, with good symptom
control on medical therapy as well as those with only
partial response to PPIs. There have been consistent
data showing less esophageal acid exposure and
significantly increased LES pressure after surgery,
and a trend towards superiority in other measures
of outcome, such as quality of life, when compared
[38-40]
to medical therapy
. Fundoplication is considered
a long-term treatment option on par with medical
therapy in patients with typical symptoms of GERD.
However, it is generally not recommended in patients
who are PPI non-responders as the long-term benefits
are not expected to outweigh risks and side effects in
[1]
this group .
While a higher complication or failure rate after
fundoplication is expected in obese patients due to
higher abdominal pressure and the influence of other
comorbid conditions, the preponderance of evidence
has not clearly shown this to be true. Notably, there
is a relatively small body of evidence suggesting a
greater proportion of obese and overweight patients
have recurrent reflux after Nissen fundoplication
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the obese population are not as positive as in normal
weight patients. While there are many studies with
comparable outcomes in patients of all weight groups,
the favored recommendation is that obese patients
[1]
with GERD should consider other surgical options
as will be discussed in the sections to follow. If
fundoplication is chosen, the general recommendation
is to advise significant weight loss with diet and
behavioral modification before fundoplication, in order
to minimize adverse outcomes of surgery due to
obesity comorbidities.
In the recent years, new data regarding an
endoscopic approach to fundoplication has emerged.
Transoral incisionless fundoplication (TIF) was
developed in an attempt to achieve the benefits
of fundoplication without the risks of laparoscopic
surgery. A randomized controlled trial comparing TIF
and PPI showed promising results in the short term
with improved quality of life and pH normalization,
but failed to display long-term objective reflux
[52]
[53]
control . Alternatively, Testoni et al
reported
encouraging long-term results following 50 patients
prospectively for up to six years after TIF showing
lasting symptom relief and decreased reflux on pHimpedance monitoring. More data regarding long term
efficacy of this approach is needed, as well as specific
data regarding feasibility and efficacy of TIF in obese
patients.

in 63.6% of 55 patients without such evidence prior
[57]
to operation . Esophageal acid exposure measured
on pH-metry also significantly increased in two
[59,60]
studies
.
While the majority of the evidence points toward a
higher prevalence of GERD after sleeve gastrectomy,
a few studies show some improvement or at least
maintenance of the same level of pre-existing GERD.
[61,62]
Two small studies by Melissas et al
reported no
change or a decrease in GERD after sleeve gastrectomy.
A few other studies corroborate these findings, with
[63,64]
small potential improvement in GERD
. In a series
[65,66]
of studies, Himpens et al
showed a biphasic
pattern of GERD prevalence after sleeve gastrectomy,
with 21.8% de novo PPI use one year after sleeve
gastrectomy, which improves to 3.1% at three years,
but increases again to 23% at six year follow up.
There are several pathophysiologic mechanisms
of sleeve gastrectomy that can theoretically alter
the quantity and severity of gastroesophageal reflux
postoperatively. Sleeve gastrectomy can promote less
GERD by reversal of the weight and visceral adiposity.
There is also the potential for increased gastric
emptying, thereby decreasing stomach pressure and
[61]
reducing GERD . Furthermore, as a large part of the
fundus is resected during sleeve gastrectomy, this
results in removal of the majority of the parietal cells
of the stomach.
However, there are multiple factors that may explain
the worsening of GERD after sleeve gastrectomy.
First is the alteration of the angle of His, the acute
angle between the esophagus and the cardia of the
stomach, which normally acts as a valve to prevent
reflux of stomach contents into the esophagus. This
angle is often blunted during surgery, which can
lead to immediate appearance of GERD in previously
[65,66]
asymptomatic patients. Himpens et al
showed
that after three years, the rate of GERD after sleeve
gastroectomy decreased, potentially due to restoration
of the angle of His evidenced on barium swallow at
follow up.
LES dysfunction can also occur after sleeve
gastrectomy. With transection near the angle of His
during gastrectomy, the sling fibers at the fundus
are divided, which can subsequently decrease LES
pressure. Braghetto and Burgerhart have each
reported a significant decrease in LES pressure after
[59,67]
sleeve gastrectomy
. By resecting a large portion
of the stomach, sleeve gastrectomy results in a
narrow sleeve, with significantly decreased gastric
[65]
compliance . This decreased compliance can lead to
relative stasis in the proximal remnant, provoking an
[68]
increase of transient LES relaxation , further allowing
reflux to occur.
A further anatomic change observed after sleeve
gastrectomy is hiatal herniation. One study showed that
the prevalence of hiatal hernias increased significantly
[57]
(6.1% to 27.3%) following sleeve gastrectomy .
Another study reported that a significant number of

Bariatric surgery - sleeve gastrectomy

Sleeve gastrectomy was first developed in 1988 as
the restrictive part of the restrictive and malabsorption
operation known as biliopancreatic diversion/duodenal
switch. Since its development, the sleeve gastrectomy
has gained popularity worldwide as a primary bariatric
operation, earning official endorsement by the
American Society for Metabolic and Bariatric Surgery
in 2012 as an effective standalone treatment option for
obesity. Its increasing popularity as a single, definitive
procedure for weight loss is based on its success,
relative ease of operation, and low complication profile.
This surgical approach uses a large French nasogastric
tube as a guide to staple off and resect a majority
of the gastric body which serves as a reservoir,
leaving a gastric tube, or sleeve, with a narrow width
[54]
from the pylorus to the incisura angularis . The
potential advantages of sleeve gastrectomy include
immediate restriction of caloric intake, the lack of a
need for placement of a foreign body or requirement
for adjustments post-operatively, and it is generally
a simpler procedure than bypass with a shorter
[55]
operating time .
There is significant data in a variety of studies
showing the new development of GERD after sleeve
gastrectomy in patients without GERD pre-operatively.
De novo GERD symptoms have been experienced
[56-58]
by 8.6%-47% of patients by symptom criteria
.
By endoscopic measures in a study at least one year
after surgery, de novo erosive esophagitis was found
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patients had migration of the proximal sleeve above the
[69]
level of the hiatus after sleeve gastrectomy on CT .
In both instances the influence of the diaphragm on
LES tone is lessened, leading to decreased LES overall
[70]
pressure .
In an effort to avoid fistulas, surgeons can also
leave excess fundus at the time of operation, which
then results in a sleeve-tube with a conical rather
than cylindrical shape. In combination with a relative
distal downstream stenosis, a “neofundus” or proximal
dilation of the postoperative stomach can form. The
formation of a neofundus has been associated with
[66]
both weight regain and GERD
possibly due to the
neofundus serving as a reservoir for food, gastric
[70]
[71]
stasis and increased acid production . Keidar et al
reported a correlation between formation of neofundus,
as seen on barium swallow studies, with severe
gastroesophageal dysmotility and reflux after sleeve
gastrectomy. The development of neofundus later on
may explain the second peak of GERD symptoms seen
[65,66]
by Himpens et al
at six year follow up after interim
improvement of GERD at three years.
In addition to anatomic changes, it is theorized that
alteration in gastric motility can influence reflux. As the
majority of the fundus is excised in sleeve gastrectomy,
there are decreased levels of ghrelin after sleeve
[70]
gastrectomy . This may explain the slowed gastric
[65]
emptying seen one year after sleeve gastrectomy .
[61,62]
However, Melissas et al
have repeatedly shown
acceleration in emptying up to two years after the
operation, thought to be due to absence of receptive
relaxation of the excised fundus.
Although sleeve gastrectomy is now considered an
[72]
effective weight loss surgery
due to the consistent
data regarding development and worsening of GERD
in patients with and without pre-existing reflux
preoperatively, it generally is not recommended in
[1]
patients with GERD and obesity as a first-line option .

A review of the current literature on gastric banding
shows a pattern of short term improvement of GERD
after gastric banding which can reverse course to an
eventual worsening of GERD.
The short term data show a decrease in the use of
PPI in 83% of patients with pre-existing GERD prior
to undergoing gastric banding in one study, albeit
[65]
only in six patients . This finding is corroborated by
other studies that found 76%-80% of patients with
preexisting GERD had full resolution of their symptoms
beginning as soon as three weeks after surgery, and
[76,77]
lasting up to two years
. Other studies have shown
objectively that there is a complete resolution of all
[78]
esophageal lesions by one year follow up , reduction
of total number of reflux episodes, total reflux time,
[79]
and DeMeester score in 19 mo , and decrease in
[80]
pathologic reflux six months after gastric banding .
Although there is some symptom data supporting
[65,78]
improvement of pre-existing GERD after three years
,
a more significant portion of the available literature
suggests a relapse in GERD postoperatively after
several years. Measured by the regular use of PPIs,
[65]
Himpens et al
record 20.5% of de novo GERD
by three years post-op. In a study by Gutschow
with frequent follow up out to 84 mo after gastric
banding, one year marked the pivotal point after which
the initial improvement of pre-existing heartburn
symptoms reversed. At three to four years after gastric
banding, pathologic reflux rates became significant on
[81]
endoscopy and with pH-metry .
The anti-reflux effect of the band is thought to
be related to augmentation of the LES by creating
a longer intraabdominal pressure zone, as well as
prevention of hiatal herniation by creating a physical
[80]
barrier below the diaphragm . However, this is likely
ultimately outweighed in the majority of patients
by several potential negative effects of the band on
esophageal reflux disease.
The incidence of esophageal dilation after gastric ban
ding is significant and can worsen GERD postoperatively.
Although one study showed no correlation to percent
excess weight loss, the majority of the patients with
esophageal dilation after banding were symptomatic
[82]
with emesis and GERD-like symptoms . It is thought
that the inflated band reduces transstomal flow by
narrowing the esophageal outlet, leading to reduced
esophageal clearance, stasis of ingested food and
refluxed material, and exerting physical expansion of
the distal esophagus. Another plausible mechanism of
esophageal dilation is through incomplete LES relaxation
and increased LES pressures, which causes impairment
of esophageal body function and esophageal dilation.
The finding that deflation or removal of the gastric
band reverses the dilation implicates the band as a
[83]
[84]
causative factor in esophageal dilation . Klaus et al
discovered in a prospective cohort study that those
patients who remained symptomatic from GERD after
gastric banding had a significantly poorer esophageal
body motility preoperatively, suggesting that pre

Bariatric surgery - gastric banding

Laparoscopic adjustable gastric banding, introduced
officially in 1993, is one of the most frequently performed
surgical procedures to treat obesity worldwide. It is
relatively simple to perform, minimally invasive, and
easily adjustable. A major benefit of this procedure
[73]
is its low reported complication rate , as it does
not involve any excision or anastomosis. Using a
laparoscopic approach, an inflatable donut shaped
band is positioned around the proximal stomach
and connected to a port reservoir that is fixed to the
sternum. Subsequently, the band is filled with saline,
creating a small gastric reservoir above the band,
ensuring early satiety and reduced food intake. The
volume of the inflation can be adjusted during follow
up to balance food intake reduction with adverse
[74]
effects such as solid food intolerance . The adjustable
nature of the band is considered an advantage as
it allows physicians to change the gastric volume in
[75]
response to side effects or degree of weight loss .
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operative esophageal dysmotility may aggravate GERD
postoperatively. Lastly, cases of complete esophageal
aperistalsis, or pseudoachalasia, have been reported
in six patients who were referred for dysphagia or
heartburn after gastric banding, and were shown to
be only potentially reversible with deflation or removal
[85]
of the band . Overall, esophageal dysmotility, a
relatively common postoperative complication from
laparoscopic banding, can either worsen GERD or
symptoms suggestive of the illness.
Pouch formation after gastric banding has also
been found to be a major determinant in pathologic
reflux, esophagitis, and use of antireflux medication.
Inaccurate placement of the band is thought to
be the primary cause of early pouch dilation, via
tunneling of the band through the omental bursa and
[80]
subsequent migration . Late pouch dilation, however,
is likely the result of inclusion of fundus above the
band, and eventual dilation of the proximal pouch.
Unlike esophageal dilation, pouch formation is often
irreversible with deflation of the band, and can lead
to dangerous complications such as infarction of the
dilated pouch. The mechanism through which an
enlarged proximal pouch causes increased reflux is
similar to the mechanism of hiatal hernias, in which a
reservoir for holding ingested food is created, causing
[86]
frequent regurgitation . Due to the tight stenosis
created by the band, refluxate can follow the path of
[87]
least resistance into the esophagus .
Given the current data on increased adverse
outcomes in the long term with laparoscopic adjustable
gastric banding, which include GERD, as well as the
high rate of reoperation or conversion to a more
definitive bariatric surgery, the procedure is expected
[86,88]
to be less utilized going forward
Specifically, obese
patients with GERD or esophageal dysmotility should
be cautioned on receiving this form of bariatric surgery.

outcomes in weight loss.
The outcome of GERD in patients who undergo
RYGB is generally positive. Symptom resolution or
improvement has been reported in the vast majority
[90-93]
of patients in several studies
. One study looking
at 55 patients with preoperative GERD showed that no
patients had aggravation of their disease, while 96%
[93]
showed improvement or resolution of symptoms .
Esophageal acid exposure, esophagitis, percent time
at esophageal pH < 4, number of reflux episodes,
number of reflux episodes lasting > five minutes, and
DeMeester score have all shown to be significantly
[92,94]
better in short and long term studies up to 39 mo
.
[95]
Frezza et al
demonstrated that in addition to typical
symptoms, atypical symptoms of GERD, such as
wheezing, laryngitis, and aspiration, which are often
refractory to conventional medical therapy, were also
improved after RYGB, with lasting effects at three year
follow up.
The positive effect on GERD after RYGB stems
from various factors relating to the new anatomy
after surgery. First, a significant elimination of acid
production in the gastric pouch is achieved via division
of the stomach at a very proximal level. The cardia
region of the stomach, where the pouch is created, has
[95]
been shown to relatively lack parietal cells . Smith et
[96]
al have shown a virtually absent basal and stimulated
gastric acid secretion in the gastric pouch after bypass,
lending credibility to this theory. Additionally, the
volume of the gastric pouch created in Roux-en-Y is
[89]
small, averaging 20-30 cc , minimizing any reservoir
capacity to promote regurgitation. Importantly, bile
reflux is also eliminated due to biliary diversion.
In the advent of less invasive, endoluminal approaches
to bariatric procedures without risk of anastomotic leaks
and major operative complications, whether RYGB will
still outcompete other treatment options remains to be
investigated. Notably, the laparoscopic greater curvature
plication, although still considered investigational at
the present time, is gaining recognition. The benefits
of this approach are its technical simplicity and low
complication rate, due to the absence of anastomotic
lines and risk of leak from staple lines. No worsening of
[97]
GERD or de novo GERD has been reported thus far .
The available results on laparoscopic greater curvature
plication are similar to those achieved with laparoscopic
[98]
sleeve gastrectomy , and a focused investigation of its
effect on GERD is warranted.
A recent variation on the RYGB is the omega-loop
gastric bypass, also known as the mini-gastric bypass
or one-anastomosis gastric bypass. In this procedure,
the surgeon creates a long linear lesser-curvature
gastric tube with a terminolateral gastroenterostomy
approximately 180-200 cm distal to the ligament of
Treitz. There have been concerns about the proximity
of the biliary flow to the gastric tube in this procedure
compared to RYGB, and the potential for both biliary
reflux and esophagitis. However, in a small but
rigorous study of 15 patients receiving high-resolution

Bariatric surgery - gastric bypass

The gastric bypass, developed many decades ago,
originally consisted of a horizontal partitioning of
the upper stomach for gastric capacity reduction
via pouch formation, ultimately in a Roux-en-Y
reconstruction. Pouch formation is typically achieved
by partial or complete division of the upper stomach
at the staple line, and the proximal portion of the
stomach is connected to the proximal jejunum as
a gastrojejunostomy, allowing ingested nutrients to
be transmitted through the tract in the absence of
bile and pancreatic juice. This limb is distally anasto
mosed to the biliopancreatic limb, at which point the
nutrient stream, bile, and pancreatic secretions come
[89]
together . The weight loss effect of gastric bypass
surgery is a combination of the restrictive effect of a
small gastric pouch and impedance of absorption of
nutrients due to the small bowel bypass. Roux-en-Y
gastric bypass (RYGB) is still the most utilized form of
bariatric surgery despite its complex surgical technique
and potential complications, due to its excellent
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impedance manometry and 24-h pH-impedance
monitoring, both before and one year after the omegaloop gastric bypass, this procedure did not cause de
[99]
novo gastroesophageal reflux or esophagitis . Longterm data on the risk of GERD developing after this
particular procedure is needed.
Although the popularity of RYGB has decreased
somewhat in the recent years, it still remains the
most commonly employed bariatric surgery, due to its
benefit in GERD as well as long-term weight loss. With
the development of a laparoscopic approach, certain
complication rates have improved while others remain
[93]
comparable to that of the open surgery . Currently,
RYGB is the preferred bariatric surgery for GERD
[1]
patients .

with a wide range of weight loss ranging from 16% to
[104-111]
58% excess weight loss over one to 24 mo
. A
nonrandomized trial comparing transoral gastroplasty
with sleeve gastrectomy showed comparable weight
[112]
loss lasting two years . One patient, who underwent
this procedure for treatment of GERD, showed
resolution of reflux-related symptoms with significant
improvement in his quality of life assessment and
[106]
DeMeester score two years postoperatively off PPI .
StomaphyX was approved by the FDA in 2007 as
a rescue procedure in patients with weight regain or
inadequate loss after bariatric surgery, and there are
small data evaluating its role as a revisional procedure
after failed bariatric surgery. However there is no
available data on its implication in obese patients with
GERD.
Several different forms of intra-gastric balloons
have been studied, and are designed as a temporary
aid in weight loss by decreasing the gastric reservoir
[103]
with the placement of a space-occupying device
.
The saline filled devices have been associated with
gastric distention and side effects including increased
[113]
[114]
GERD
and erosive esophagitis
potentially due to
[115]
increased transient LES relaxations .
Gastric botulinum toxin injection has been shown
to be an option for weight loss, particularly with
wide area injection including the fundus or body in
[116]
addition to the antrum . Although no significant side
effects have been reported in the setting of increased
[117]
gastric emptying time
, given the risk of smaller
gastric capacity and slower gastric motility, it can be
cautiously concluded that this procedure may increase
the incidence of GERD.
Finally, the bypass sleeve is a flexible, nutrient
impermeable endoluminal barrier, designed as a
temporary weight loss procedure that reduces jejunal
absorption of nutrients. It is anchored in the duodenal
bulb and extends into the proximal jejunum, fixed in
place with a self-deploying stent. It has been shown to
[118]
have low complication rates and good weight loss ,
but there is currently no reported data regarding its
effect on GERD.

Future exploration - surgery

Of the current surgical options described, the Nissen
fundoplication has produced satisfactory results in
controlling GERD in a specific subset of patients, but
exerts no effect on weight. Alternatively, options such
as the sleeve or gastric plication have good weight
loss results without clear significant benefit to GERD.
There are a few small studies evaluating the feasibility
and outcome of combination surgeries, which aim to
complement the shortcomings of two different surgical
approaches.
A small study of three patients underwent a
Nissen fundoplication and sleeve gastrectomy, all
with good weight loss at five to seven months and no
[100]
evidence of erosive esophagitis on follow up EGD .
In addition, a study of 25 patients after laparoscopic
Nissen fundoplication with gastric plication showed a
significant decrease in erosive esophagitis on follow up
EGD (80% vs 17%) with a steady increase in mean
[101]
weight loss last up to 12 mo . A similar study of 16
[102]
patients further support the findings of Lee et al
at
12 mo, with GERD symptoms and esophagitis, which
were present in all patients, completely resolving.
More studies are needed to identify if this combination
approach is an appropriate option in patients with
obesity and GERD.

Further exploration - endoscopic bariatric approaches

CONCLUSION

Recently there has been increased interest in the
development of endoscopic approaches to bariatric
procedures, as alternatives for patients at high
operative risk. The following approaches are recent
inventions, and further research on the efficacy,
feasibility, complication risk, effect on comorbid
conditions, and sustainability will be needed before
these procedures can be incorporated into standard of
[103]
care . Furthermore, since there is little data on the
effect of these approaches on the outcome of GERD
they present opportunities for further investigation.
Transoral gastroplasty is an endoluminal approach
to reduction in gastric capacity. A few studies with
small sample sizes have shown technical feasibility
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Obesity and GERD have a well-defined association due
to several anatomic and hormonal pathophysiologic
mechanisms. Ultimately, while the medical and surgical
treatment of GERD is advancing, there is a relative lack
of specific studies looking at novel GERD treatments
in the obese population. The primary focus in these
patients still remains the reversal of the excess weight,
either with lifestyle modification or consideration of
bariatric surgery.
While each form of bariatric surgery poses certain
challenges in the obese patient with GERD, RYGB
remains the procedure of choice for this set of
patients, due to both its predicted level of sustained
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weight loss as well as benefit on GERD itself. With the
advent of more bariatric and GERD endoscopic and
surgical options, as well as the possibility of combining
two techniques for the same patient, more studies are
needed to decipher the optimal procedural approach
when treating obese patients with GERD.
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Diagnosing gastrointestinal illnesses using fecal headspace
volatile organic compounds
Daniel K Chan, Cadman L Leggett, Kenneth K Wang

Abstract

Daniel K Chan, Cadman L Leggett, Kenneth K Wang,
Division of Gastroenterology and Hepatology, Mayo Clinic,
Rochester, MN 55905, United States

Volatile organic compounds (VOCs) emitted from stool
are the components of the smell of stool representing
the end products of microbial activity and metabolism
that can be used to diagnose disease. Despite the
abundance of hydrogen, carbon dioxide, and methane
that have already been identified in human flatus,
the small portion of trace gases making up the VOCs
emitted from stool include organic acids, alcohols,
esters, heterocyclic compounds, aldehydes, ketones,
and alkanes, among others. These are the gases that
vary among individuals in sickness and in health, in
dietary changes, and in gut microbial activity. Electronic
nose devices are analytical and pattern recognition
platforms that can utilize mass spectrometry or
electrochemical sensors to detect these VOCs in gas
samples. When paired with machine-learning and
pattern recognition algorithms, this can identify patterns
of VOCs, and thus patterns of smell, that can be used
to identify disease states. In this review, we provide
a clinical background of VOC identification, electronic
nose development, and review gastroenterology
applications toward diagnosing disease by the volatile
headspace analysis of stool.
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a sensitivity of 84% and a specificity of 77% . A
canine study fared even better, with a trained beagle
achieving 83% sensitivity and 98% specificity in
identifying 25 of 30 cases of C. difficile and 265 of 270
[14]
controls in the hospital setting . Ultimately however,
prior human studies detecting C. difficile by odor were
criticized for unblinded study designs. In a controlled
study, 18 nurses who evaluated 10 stool samples (5 C.
difficile-positive and 5 C. difficile-negative) outside of
a clinical context performed no better than by chance
alone. Their sensitivity was 26% and specificity 69%.
Furthermore, there was no correlation with the level
of confidence or the years of nursing experience with
[15]
predictive outcome .
Clearly, our innate sense of smell may be the
weakest of our perceptive abilities for medical
diagnosis. However, through technological advances
in the past few decades, there have been recent
developments in tools to extend our ability to smell.

INTRODUCTION
Medical perception of smell

Fundamental to a clinician’s diagnostic ability is our
mastery of the five senses of perception: sight, sound,
touch, taste, and smell. Throughout the history of
medicine, the ability to maximize the use of these
senses has been ever evolving. Sight is the most often
utilized sense with advanced medical imaging, such
as computed tomography and magnetic resonance
imaging, which allows us to look beyond the superficial
to peer deep within the human body. However, smell
has long been used to detect disease. Hippocrates,
the father of medicine, characterized the pungent
[1]
stench of melena as early as 400 BCE . Traditional
Chinese and Arab physicians noted distinct urinary
[2]
th
scents in diseases such as diabetes . In the late 19
century, Nobel laureate Robert Koch, the father of
germ theory, identified distinctive smells associated
[2,3]
with cultured microorganisms and infected wounds .
In 1971, Nobel laureate Linus Pauling, with the use of
analytical tools, quantified volatile organic compounds
(VOCs) emitted off a sample of breath and urine vapor,
[4]
launching a new era of volatile and smell research .
[5]
In 1989, Williams and Pembroke reported an
unusual case of a patient with melanoma that was
diagnosed through smell by a canine. This case was
unique as it was diagnosed by the patient’s dog, which
continuously sniffed at a suspicious lesion on her
leg, and one day attempted to bite it off. This led to
numerous canine trials in which dogs were successfully
[6]
trained to detect colorectal cancer , lung and breast
[7]
[8]
[9]
cancer , ovarian cancer , bladder cancer , and,
[10]
most recently, thyroid cancer
by merely smelling
patients and their samples that they provide. Canines
are thought to genetically possess 20 times as many
[11]
olfactory receptors as humans , and it is undisputed
that the canine’s perception of smell far surpasses that
of humans.
Perhaps our limited sense of smell as humans has
prevented us from directly smelling and diagnosing
disease. The smell of Clostridium difficile (C. difficile)infected stool has been thought to be distinct enough
for human diagnoses, and initial studies suggested
that healthcare workers were able to distinguish this
malady. In one study, a questionnaire was given to 138
nurses whose patients’ stool samples had been tested
for C. difficile. Based on responses, the staff were able
to discern C. difficile-infected stool with 55% sensitivity
and 83% specificity, with a negative predictive value
[12]
of 92% . A similar study found that nursing staff
correctly identified C. difficile in 31 of 37 cases, with
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Volatile analytical platforms

The modern era of gas analysis and odor detection
started with the advent of combination gas chroma
tography and mass spectrometry (GC-MS) in the
[16,17]
early 1950s
. In 1952, Nobel laureate Archer John
Porter Martin described the process of GC, which is a
chromatographic process of separating gases through
a liquid-gas interface. Using an absorbent column
coated with a liquid sample (known as the stationary
phase), an inert carrier gas such as nitrogen is used to
help carry gases from the stationary phase in a heated
column (the mobile phase). Over time, gases vaporize
at different rates, and the retention time, or the
difference in time that a gas leaves the column, can be
[16]
used to analyze its composition . When coupled to a
mass spectrometer, different gases within the sample
can be individually identified.
The process of quadrupole mass spectrometry was
described by Nobel laureate Wolfgang Paul in 1953.
This technique uses four metal rods that generate
a varying electromagnetic field surrounding an ion
path passing between these metal rods. Ions such
as those generated from a preceding GC sample can
be separated by their mass-to-charge (m/z) ratios,
as only certain ions at a given quadrupole setting can
successfully pass through this mass filter to reach a
detector, while others collide with the metal rods (Figure
1). A detector can separate the ions as peaks based
on mass-to-charge ratio, which can thus be used to
identify the composition of samples by comparing
[17,18]
against a library of standards
.
Initial limitations of GC-MS included the inability
to adequately capture VOCs, which often escaped
into the atmosphere at the time of collection. In
1971, Linus Pauling developed a cryogenic trap to
condense volatiles using liquid nitrogen and was able
to first successfully quantify VOCs on the breath and
[4]
urine . In the following years, absorptive fibers were
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compounds that would otherwise have overlapping
+
mass-to-charge ratios with H3O alone. SIFT-MS also
provides rapid identification of volatiles within seconds
of analysis, which is particularly suited for real-time
[25]
breath analysis .
Ion molecule reaction spectrometry (IMR-MS) has
been used in breath and gas analysis because of its
ionization method that reduces sample fragmentation.
By using electrostatic lenses, IMR-MS can filter for
ions generated from the primary ion source, such
as krypton or xenon, to have kinetic energy below a
threshold of fragmenting potential analyte gases. With
initial MS ionization techniques, high kinetic energy
imparted in the process caused fragmentation of
samples, which would generate complex compounds
with overlapping mass-to-charge peaks and be
unsuitable for complex volatile analysis. IMR-MS is a
[26]
soft ionization technique that reduces fragmentation .
Electrospray ionization (ESI) is used in SESI-MS and is
likewise a soft ionization mass spectrometry technique
that initially used a radioactive source of ionized gas,
which has since been adapted for use with a non[27]
radioactive source .
Finally, ion mobility spectrometry (IMS), which
can be used with SESI and MS, is also a method that
separates gases based on travel time within a drift
tube that measures an ion’s drift velocity in a carrier
gas against an electric field gradient. FAIMS utilizes
this principle, but also applies an asymmetric electric
field gradient to displace an ion toward an electrode.
By applying a certain voltage, this deflection can
be corrected, and the ion reaches the detector. The
required voltage to correct a deflection can be used to
identify volatiles based on the ion’s mobility coefficient.
This property is consistent at atmospheric pressure
and allows for ambient analysis of volatiles, a useful
property for the potential capability of handheld or
[28]
portable application . An example of FAIMS output
from the Owlstone (Cambridge, United Kingdom)
Lonestar device is depicted in Figure 2.

To detector

Ionized gas

Figure 1 Quadrupole mass filter schematic: ionized gas enters the
quadrupole through a slit and interacts with charged metal poles. Based
on mass and charge, different ionized gases successfully pass through a
second slit to a detector that measures the mass-to-charge ratio of the ionized
gas (solid arrow), while other ionized gases will collide with metal rods and will
not reach the detector (dotted line and asterisk).

developed for use in solid phase microextraction
(SPME), which skips the use of a liquid phase, and
is now commonly used to trap VOCs for subsequent
[3]
desorption and mass spectrometry .
GC-MS is not without its limitations, however, as it
is fraught with complexity, requires trained personnel,
has a high capital and operating cost, and as such has
not ever fully developed into a mainstream medical
[19]
diagnostic tool . Indeed, at our institution, clinical
GC-MS for VOC detection is used today only by toxico
logy to evaluate for volatile alcohols. In an effort to
overcome the barriers of GC-MS, new modifications
to ionization techniques have allowed for performance
of real-time or online mass spectrometry. These
platforms have simplified the workflow to allow for
direct sample acquisition to minimize VOC loss and
include such techniques as proton-transfer-reaction MS
(PTR-MS), selected ion flow tube MS (SIFT-MS), ionmolecule reaction spectrometry (IMR-MS), secondary
electrospray ionization MS (SESI-MS), and field[20-23]
asymmetric ion mobility spectrometry (FAIMS)
.
These newer techniques build on the principle of MS,
and vary the ionization methods and ion interactivity
to measure and identify volatiles without pre-concen
tration or separation steps.
+
PTR-MS uses H3O as a primary ion source that
is mixed with a continuously provided sample of
air. Gases that have a proton affinity greater than
water will accept the proton. This has the advantage
of not requiring pre-concentration and separation
of the target gas, as well as not being affected by
high concentrations of N2, CO2, O2, or H2O, which is
[24]
common in breath samples . SIFT-MS also utilizes
a proton-transfer reaction for ionization; however, it
+
+
+
uses NO and O2 in addition to H3O as primary ions
to allow for further resolution and increased specificity
of volatiles. This is achieved by evaluating differences
in interactivity with respective selected ions among
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Electronic nose

A wide variety of analytical spectrometric devices are
commercially available; however, the capital cost and
the technical training required to operate these devices
make their use within clinical medicine generally
limited to large research centers. In an effort to create
machine olfaction that more closely resembles canine
and human olfaction and one that may be more
widely applied, developers in the 1980s turned to
using electronic sensors to nonspecifically capture and
[29]
characterize VOCs in patterns . In 1994, Gardner et
[30]
al defined the term electronic nose as an instrument
composed of an array of electronic chemical sensors
with partial specificity and a pattern-cognition system
capable of recognizing simple or complex odors.
Conceptually, instead of attempting to capture and
analyze individual gases as with mass spectrometry,
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Figure 3 Example output of the eNose company aeonose device
identifying aggregate volatile organic compounds signal output from
clinical breath analysis using its 3-sensor array spanning a 10-min breath
sample.

breath analysis in 10 minute's time. This device also
has wireless connectivity via Bluetooth that can provide
rapid results via transmission of data to a cloud-based
platform for pattern recognition and analysis. Current
advanced Aeonose applications include pulmonary
[42]
tuberculosis screening by VOC breath testing . An
example of the Aeonose output is depicted in Figure
3. Most recently, the Vantage Sensor, which uses
carbon nanotube electronic nose technology licensed
from NASA, is being used to screen for lung cancer
and marijuana use by breath analysis. This also is
designed as a portable platform with wireless Bluetooth
[43]
connectivity similar to the Aeonose .
Using the same technology as portable electronic
noses, benchtop electronic noses have the disadvantage
of being immobile; however, these platforms can be
coupled to analytical devices, creating a unique analytical
and pattern-recognition workflow. The Heracles, FoxGemini, Ulys, and Airsense devices are platforms that
offer coupling between gas chromatography and mass
[44]
spectrometry (Alpha M.O.S., Toulouse, France) .
Analytical spectrometry platforms currently are being
applied for pattern recognition. This includes Lonestar,
a FAIMS device (Owlstone Nanotech, Cambridge, United
Kingdom), and Voice 200, a SIFT-MS device (Syft
Technologies, Middleton Christchurch, New Zealand),
which have adopted operating modes more consistent
with an electronic nose paradigm by selective VOC analysis
and employing a pattern-recognition workflow. Indeed,
the concept of the electronic nose can now encompass
both spectrometric analytical and electrochemical patternrecognition platforms.

Figure 2 Example output of the owlstone lonestar field-asymmetric ion
mobility spectrometry device of breath volatile spectra of limonene (A)
and isoprene (B)-volatile organic compounds associated with lung cancer
detection. Courtesy of Owlstone Nanotech, used with permission.

these electronic noses interact with the sum of the
individual VOCs to generate an aggregate smell
signature. For example, rather than trying to detect
each component of red wine such as ethanol, benzoic
acid, and tannins, the new devices would just find the
pattern for all the components of red wine. By looking
at groupings of electronic VOC interactions and relying
on new techniques in machine-learning and artificial
intelligence for pattern recognition, electronic noses
[30]
have been able to identify and characterize smell .
Today, electronic noses designed to be portable
and easy to use are available commercially for medical
diagnostic application. The most studied device is the
Cyranose 320 (Sensigent, Baldwin Park, CA, United
States). Recently developed devices also include the
Aeonose (The eNose Company, Zutphen, Netherlands)
and the Vantage Sensor (Vantage mHealthcare, New
York, NY, United States).
The Cyranose 320 was the first handheld electronic
nose developed and utilizes an array of carbon black
filament sensors for VOC detection. Operating with its
own power supply, this device was the first to allow
for portable analysis and has been used in numerous
[31-41]
pilot studies as a potential point-of-care device
.
The Aeonose-a point-of-care, hand-held, metal-oxide
sensor electronic nose-has an ergonomic design with a
disposable mouthpiece that allows subjects to breath
directly into the sensor array to provide a real-time
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Fecal headspace

Through the use of electronic nose analytical platforms
and pattern-recognition devices, much has been studied
over the years to identify VOCs on the breath and urine
to diagnose gastrointestinal (GI) diseases. However,
investigation of fecal VOCs has been relatively limited.
The fecal headspace, or VOCs emitted by stool,
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Table 1 Diagnosis of colorectal cancer by fecal volatile organic compounds detection
Ref.

Year

Category

Disease (:control)

AUC Accuracy Sensitivity Specificity Sample No. Control No.

de Meij et al[41] 2014 Colorectal cancer
Advanced adenomas
de Meij et al[41] 2014 Colorectal cancer
Colorectal cancer
de Meij et al[41] 2014 Colorectal cancer Colorectal cancer: Advanced Adenomas
de Meij et al[41] 2014 Colorectal cancer Advanced adenomas + colorectal cancer
Colorectal cancer pooled mean:

0.79
0.92
0.92
0.92
0.89

-

62%
85%
75%
85%
77%

86%
87%
73%
68%
79%

60
40
40
40
-

57
57
57
57
-

If no control is specified, the comparison is against a healthy control.

represents a unique intersection of the final pathways
of nutrition and digestion, normal and pathologic
metabolism, and activity of the gut microbiome, which
increasingly has been thought to be associated with
disease.

86% specificity.
Identification of specific stool VOC biomarkers has
yet to be established. In contrast to other specimens,
numerous volatiles have been identified with CRC in
[49]
[50-53]
[54,55]
blood , breath
, and urine
. Whether these
volatiles are the result of microbiome changes in the
setting of advanced adenoma or CRC, or as a direct
metabolic byproduct, remains to be determined.

literature research
In a review of the literature from 2000 through 2014
of VOC analysis of fecal headspace, we identified 23
studies after searching databases including Embase,
IEEE, MEDLINE, PubMed, Scopus, and Web of Science
for terms inclusive of “gastrointestinal disease,”
“electronic nose,” and “fecal headspace,” or “stool.”
Overwhelmingly, these studies were able to separate
out healthy control and disease states, and most
impressively in the cases of inflammatory bowel disease
(IBD) and celiac disease, able to also discern between
[45,46]
active and quiescent disease
. The following section
examines the GI conditions distinguishable by fecal
headspace VOC analysis.

IBD and irritable bowel syndrome

Analysis of patients with IBD, including Crohn disease
(CD) and ulcerative colitis (UC), has been the most
studied application of fecal headspace analysis. These
studies were able to identify the presence of IBD, and
even more impressively, were able to distinguish with
up to 90% to 100% accuracy the degree of disease
[45]
activity associated with IBD
(Table 2). Furthermore,
the often clinically indistinguishable irritable bowel
syndrome (IBS) could be separated from IBD with
a sensitivity of 76% and specificity of 88% for
[56]
distinguishing IBD in one study ; another study
showed 96% sensitivity and 80% specificity that active
IBD could be distinguished from inactive CD and UC
[57]
individually and grouped .
[58]
Cauchi et al
studied CD, UC, and IBS patients
as a group and analyzed samples of serum, breath,
urine, and stool for headspace analysis using GCMS. They found that CD was the most distinguishable
among these conditions, and that fecal headspace was
the best specimen type to assess for disease activity.
The differences found among specimens were so
pronounced in favor of fecal headspace analysis that
they suggested future CD volatile studies be directed
solely at the fecal headspace.
[59]
Walton et al
also used GC-MS to characterize
the fecal headspace of patients with active CD, UC,
and IBS and found elevated concentrations of ester,
indole, and alcohols of short-chain fatty acids in CD
patients with active disease. Once treated, these CD
patients assumed profiles more consistent with healthy
controls. It is postulated that these VOC changes
reflect the immunologic attack and subsequent
dysbiosis of microbiota in active CD. Direct speciation
and pathogenesis of these observed increases in VOCs
as in CRC remain to be determined.
In individuals with IBS, it is speculated that
overpopulation of unfavorable bacteria may induce
abnormal bacterial fermentation, causing symptoms

IDENTIFICATION OF
GASTROENTEROLOGICAL CONDITIONS
Colorectal cancer

Changes in the colonic microbiome in the setting of
advanced adenoma and colorectal cancer (CRC) are
thought to create distinct volatile environments likely
[47]
due to bacterial dysbiosis . VOC detection proved to
be one of the most reliable screening methods for early
CRC detection when compared to other biomarkers,
[48]
including tissue DNA and protein biomarkers . This
observation was based on a canine study, in which a
Labrador retriever specially trained in scent detection
evaluated watery stool samples from 37 individuals
with CRC, and detected CRC with 91% sensitivity
[6]
and 99% specificity compared to colonoscopy . In
[41]
an electronic nose-based study, De Meij et al
were
able to discriminate between advanced adenomas
and CRC. Of the stool samples collected from 157
patients, 40 had CRC, 60 had advanced adenomas,
and 57 were healthy controls (Table 1). Using a
Cyranose 320 electronic nose device, they were able
to distinguish CRC patients from healthy controls with
85% sensitivity and 87% specificity, and for advanced
adenomas from healthy controls, 62% sensitivity and
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Table 2 Diagnosis of inflammatory bowel disease by fecal volatile organic compounds detection
Ref.

Year Category

Shepherd et al[56]
Shepherd et al[56]
Cauchi et al[58]
Cauchi et al[58]
de Meij et al[45]
de Meij et al[45]
de Meij et al[45]
de Meij et al[45]
de Meij et al[45]
de Meij et al[45]

2014
2014
2014
2014
2014
2014
2014
2014
2014
2014

IBD
IBD
IBD
IBD
IBD
IBD
IBD
IBD
IBD
IBD

Walton et al[59]
2013
Walton et al[59]
2013
de Meij et al[69]
2013
de Meij et al[69]
2013
De Preter et al[70] 2011
Garner et al[61]
2007
IBD pooled mean:

IBD
IBD
IBD
IBD
IBD
IBD

Disease (:control)

AUC Accuracy Sensitivity Specificity Sample No. Control No.

Ibd:ibs
Ibd
Crohn disease
Ulcerative colitis
Crohn disease, active
Crohn disease, remission
Ulcerative colitis, active
Ulcerative colitis, remission
Crohn disease, active:ulcerative colitis, active
Crohn disease, remission:ulcerative colitis,
remission
Crohn disease
Ulcerative colitis
Crohn disease
Ulcerative colitis
IBD
Ulcerative colitis

0.97
0.54
0.85
0.94
1.00
0.94
0.96
0.81

85%
58%
-

76%
79%
93%
43%
86%
94%
100%
94%
97%
88%

88%
78%
69%
67%
94%
100%
94%
92%
72%

102
135
24
19
29
29
26
26
29
29

135
138
20
20
28
28
28
28
26
26

0.98
0.75
0.87

72%

92%
75%
96%
86%

100%
77%
85%

22
20
9
10
11
18
-

19
19
10
10
11
30
-

If no control is specified, the comparison is against a healthy control. IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; AUC: Area under
the curve.

Table 3 Diagnosis of irritable bowel syndrome by fecal volatile organic compounds detection
Ref.

Year

Category

Shepherd et al[56]
2014
IBS
Cauchi et al[58]
2014
IBS
Ahmed et al[57]
2013
IBS
Ahmed et al[57]
2013
IBS
Ahmed et al[57]
2013
IBS
Ahmed et al[57]
2013
IBS
Walton et al[59]
2013
IBS
Irritable bowel syndrome pooled mean:

Disease (:control)

AUC

Accuracy

Sensitivity

Specificity

Sample No.

Control No.

IBS
IBS
IBS-D:Crohn disease
IBS-D:ulcerative colitis
IBS-D:active IBD
IBS-D
IBS

0.63
0.97
0.96
0.98
0.94
0.90

61%
61%

54%
51%
94%
96%
96%
90%
80%

71%
82%
80%
80%
80%
79%

104
28
62
48
30
30
26
-

137
20
30
30
110
109
19
-

If no control is specified, the comparison is against a healthy control. IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; D: Diarrhea
predominant; AUC: Area under the curve.

of gas, bloating, abdominal discomfort, and diarrhea.
[57]
In 2013, Ahmed et al
conducted a study using
GC-MS that showed that VOCs from individuals with
IBS were distinctly different from healthy individuals
and those with IBD. A higher number of esters and
organic acids were noted in the IBS group, compared
to those with CD who demonstrated an increased
number of aldehydes. Physiologically, changes of
esters and organic acids are thought to be due to
altered microbial interaction with dietary substances;
however, aldehydes were observed as a byproduct of
inflammation that correlated with IBD and not with
IBS. This study was able to distinguish a difference
between IBS patients and healthy controls with a level
of accuracy approaching 94%.
[57]
Contrary to Ahmed et al ’s observations however,
[59]
Walton et al
also characterized the fecal VOCs of
IBS patients to healthy controls, as well as to CD
and UC patients, but found no statistically significant
differences in VOC concentrations. Other recent studies
could not reliably distinguish IBS from healthy controls,
[56,58]
with sensitivities only in the 50% range
(Table 3).
These findings support that metabolic, microbial,
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and inflammatory changes all play a role in IBD.
The lack of inflammatory changes in IBS may be
a distinguishing factor for VOC identification of
IBS; however, the discordant results between IBS
and healthy controls suggest that further studies
are needed. VOC analysis of CD patients suggests
strong evidence of a fecal headspace correlation
with inflammation, microbial response, and disease
quiescence and inflammation resolution.

Infectious diarrhea

Microorganisms responsible for causing infectious
diarrhea that have been identified by fecal headspace
analysis include C. difficle, Campylobacter jejuni,
Vibrio cholera, and Rotavirus (Table 4). Of these, C.
difficle has been the most studied of the group. In
[60]
2004, Probert et al
used GC-MS to rapidly identify
VOC profiles associated with C. difficile, C. jejuni, and
Rotavirus. C. difficile-infected stool was found to be
associated with furan species, which was thought to
be due to Clostridia species fermenting fructose and
producing furanose. C. jejuni-infected stool had an
abundance of phenols, indoles, and organic acids, and

1644

January 28, 2016|Volume 22|Issue 4|

Chan DK et al . Diagnosing gastrointestinal illnesses using fecal headspace
Table 4 Diagnosis of infectious diarrhea by fecal volatile organic compounds detection
Ref.

Year

Category

Disease (:control)

AUC

Accuracy

Sensitivity

Specificity

Sample No.

Control No.

McGuire et al[63]
2014
Tait et al[62]
2013
Al-Kateb et al[71]
2012
Garner et al[72]
2009
Garner et al[61]
2007
Garner et al[61]
2007
Probert et al[60]
2004
Probert et al[60]
2004
Probert et al[60]
2004
Probert et al[60]
2004
Diarrhea pooled mean:

Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea

Clostridium difficile
Clostridium difficile
Rotavirus
Vibrio cholera
Clostridium difficile
Campylobacter jejuni
Clostridium difficile
Campylobacter
Rotavirus
Non-Rota enteritis

-

83%
83%

85%
83%
96%
96%
83%
100%
100%
63%
88%

80%
100%
97%
92%
97%
96%
94%

50
77
27
6
22
31
6
5
5
19
-

50
23
53
3
30
30
6
6
6
6
-

If no control is specified, the comparison is against a healthy control. AUC: Area under the curve.

Rotavirus-infected stool had a ubiquitous association
with ethyl dodecanoate, though its connection with the
virus is unclear.
[61]
In 2007, Garner et al
used GC-MS to identify
VOCs produced in patients with UC, C. jejuni, and
C. difficile infections. There were 297 volatiles
identified, 44 of which were conserved between 80%
of subjects. About 60% of VOCs were conserved over
a 2-wk period, suggesting that a portion of VOCs
were generated irrespective of day-to-day changes
in diet and likely represented production of resident
microbiota. Between disease groups and healthy
donors, VOCs were distinctly different. Interestingly,
there were decreased total VOCs in patients with C.
difficile (149), C. jejuni (183), and UC (145) compared
to controls. It is hypothesized that, due to shorter
transit time in disease states, perhaps less VOC
biosynthesis occurs in these conditions. Because of
the wide array of VOCs identified, selected compounds
were used as biomarkers for discriminant analysis to
cluster samples into each disease state. This led to a
classification with about 96% sensitivity. This study
demonstrated that measured fecal VOCs likely do
not represent individual end-products of the disease
organism, but rather the composite microenvironment
generated by infection from this organism. It also
suggested that the headspace volatile environment
is indeed very complex, and that single biomarker
approaches to identify disease are likely oversimplified.
[62]
To challenge this notion however, Tait et al
developed a method to process stool using SPME
and GC-MS to identify a specific volatile: 2-fluoro-4methylphenol. This VOC was produced in C. difficilepositive samples after a processing protocol that
required alcohol shocking of stool samples with 0.5
mL of stool mixed with 0.5 mL of 95% ethanol for
30 min. This was followed by centrifugation at 13000
g and removal of ethanol, and inoculation of solid
residue into 10 mL of meat broth to culture overnight
to elicit VOC production. Despite promising results
demonstrating 83% sensitivity and 100% specificity as
a single biomarker, the process described required 18
h, which is outmoded by relatively rapid and currently
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available PCR-based testing and newer application of
electronic nose devices.
With an understanding that VOCs are more
optimally recognized in aggregation, recent studies
have turned to identifying aggregate patterns of
VOCs using electronic nose devices. Rather than
relying on GC-MS to identify individual compounds,
electronic noses distinguish aggregate patterns of
VOCs for pattern recognition of disease states. In
[63]
2014, McGuire et al
used an electronic nose with
gas chromatography and applied their findings through
an artificial neural network for pattern recognition,
discriminating C. difficile-positive and negative stool
with 85% sensitivity and 80% specificity. In our own
experience, we used the Aetholab, a commercial
electronic nose device (The eNose Company, Zutphen,
Netherlands) in a preliminary study of 20 C. difficile
PCR-positive stool and 53 C. difficile PCR-negative
stool. In a similar approach using an artificial neural
network for pattern recognition, we were able to
classify the stool with 80% sensitivity, 85% specificity,
[64]
and 84% accuracy .

Other GI conditions

An assortment of other GI conditions also has been
assessed using fecal headspace analysis, including
celiac disease, nonalcoholic fatty liver disease,
necrotizing enterocolitis, and pelvic radiation toxicity.
These pilot studies are presented in Table 5. Di Cagno
[46]
et al
most notably demonstrated that the efficacy
of celiac disease control based on gluten-free diets
modulated the intestinal microbiota and subsequent
fecal VOC profiles, correlated using bacterial 16S-DNA
sequencing. This important observation suggests
that dietary consumption may not only have a
direct influence on fecal microbiota, but also on the
subsequent VOCs detectable in the headspace of stool.

DISCUSSION
The experience of fecal VOC analysis thus far has been
represented prototypically by studies in C. difficile.
Initial analytical discrimination with studies using
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Table 5 Diagnosis of other gastroenterological conditions by fecal volatile organic compounds detection
Ref.

Year

Category

Disease (:control)

AUC

Accuracy

Sensitivity

Di Cagno et al[46]
Di Cagno et al[46]
Di Cagno et al[46]
Garner et al[73]
Raman et al[74]
Bjarnason et al[75]
Covington et al[76]
Covington et al[76]
Covington et al[76]
Covington et al[76]

2009
2009
2009
2009
2013
2009
2012
2012
2012
2012

Celiac disease
Celiac disease
Celiac disease
Enterocolitis
Liver disease
Liver disease
Radiation toxicity
Radiation toxicity
Radiation toxicity
Radiation toxicity

Treated celiac disease
Untreated celiac disease
Treated:Untreated celiac disease
Necrotizing enterocolitis
NAFLD
NAFLD
Low GI pelvic radiation toxicity
High GI pelvic radiation toxicity
Low GI pelvic radiation toxicity
High GI pelvic radiation toxicity

-

90%
90%
80%
80%

-

Specificity Sample No. Control No.
-

7
7
7
6
30
7
10
11
8
10

7
7
7
7
30
9
11
12
11
12

If no control is specified, the comparison is against a healthy control. NAFLD: Nonalcoholic fatty liver disease; AUC: Area under the curve; GI:
Gastrointestinal.

GC-MS have helped characterize VOCs to allow for
greater understanding of C. difficile and its effect on
[60,61]
the microbiome and fecal headspace
. Once these
VOCs were identified in initial studies, further studies
using electronic nose approaches have abstracted
[63,64]
aggregate VOCs for pattern recognition
. This has
provided a demonstration of a potential workflow to
create a VOC diagnostic method from bench analysis
toward a point-of-care electronic nose application.
Analytical devices using GC-MS and newer mass
spectrometry techniques remain the gold standard
in reproducibly identifying specific VOCs. However,
numerous platform-dependent limitations remain
a barrier for clinical adoption. GC-MS is expensive,
requires significant technical expertise to operate,
requires offline sampling, and is relatively slow and
immobile. Newer mass spectrometry techniques add
advantages of online or potential real-time sample
acquisition; however, they remain relatively expensive
and often sacrifice precision in VOC profiling as a
[65]
trade-off for online operability .
Electronic nose devices have the advantage of being
portable, easy to use, relatively inexpensive, suitable
[65]
for point-of-care use, and more rapid in operation .
For example, the Aetholab electronic nose device (The
eNose Company, Zutphen, The Netherlands) was used
by our group for C. difficile fecal headspace analysis.
This runs samples over 20-min cycles. We have
performed breath testing with the Aeonose (The eNose
Company, Zutphen, The Netherlands), a hand-held
electronic nose unit, which samples breath in real-time
and operates over 10-min cycles.
Although the processing is rapid, electronic noses
also have limitations. Because of their reliance on
electronic sensors that interact with aggregate VOCs
through various electrochemical reactions, this puts
them at risk for variances in sensor performance or
even manufacture or calibration. Because of numerous
sensor types, and thus different signal responses per
type of device, findings from one electronic nose are
not comparable to that of a different device or sensor
[65]
type . In fact, questions about reliability even among
devices of the same sensor type and model have
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been raised (i.e., variances in operating or testing
[66]
conditions, sensor drift) .
Some of these limitations are being overcome by
controlling design variance, developing transferable
calibration models between devices to allow for
standardization of signals, and to allow inter-operability
between electronic noses of the same sensor type. This
limitation has not been overcome between different
sensor types, however, which limits the generalizability
of electronic nose-generated data to specific device
[67]
models . Furthermore, operating environment and
testing conditions pose great variability that may
directly influence the VOC production of the samples
themselves.
[62]
Garner et al
tested for C. difficile in samples
processed using GC-MS, and recovered similar VOCs
from frozen stool after seven days’ time. In our studies,
batches of C. difficile PCR-positive and PCR-negative
stool were assessed on a weekly basis for 4 wk. After
two freeze-thaw cycles (freezing at - 20  ℃, with ambient
rewarming to room temperature), VOCs became difficult
to detect on Aetholab testing. While the compounds
of the stool itself remained intact, the active metabolic
byproducts within the microbiota of the stool were
halted with freezing, and likely did not recover with
thawing.
Our observations suggest that the aggregate VOCs
tested for C. difficile infection were not likely due to C.
difficile itself, but rather to the microbial community
surrounding a C. difficile-infected individual. As such,
sample handling, storage, processing, and even
buffering should take into account the likelihood that
VOC analysis may be a representation of a living signal
rather than a static compositional signal. Experimental
design and controlling sample acquisition play a
significant role in the reproducibility and reliability of
VOC detection in the headspace of stool.
Finally, with regard to pattern recognition, machine
learning, and validation, the advent of new analytical
techniques (such as artificial neural networks) that
have made multivariate VOC biomarker association
possible comes with a risk of over-fitting large data
[68]
sets, which may generate spurious associations .
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Indeed, most studies to date have been touted as
significantly accurate with impressive performance
characteristics; however, most studies have generated
these metrics on training sets, and without large
validation sets. Some studies have used cross-validation
using leave-some-out approaches to predict how these
models might operate in an independent setting, but
most studies lack the test of scrutiny of using a blinded
unknown test set to truly determine performance
characteristics. This needs to be performed and the
algorithms shown to be robust before translational
applications can be fully realized.
Nevertheless, the potential application of electronic
nose platforms for volatile analysis is immense. By
continuing to harness computational and technological
innovations, these platforms are bringing the sense
of smell back to medical diagnostics. The advent
of miniaturized hand-held devices powered by re
chargeable batteries (with the potential for future
offline pattern recognition) may make widespread
medical diagnostic testing available, with deployment
in rural, community, and even developing countries.
Because of the continued application of machine
learning, electronic noses have the potential over time
to expand their diagnostic repertoires to diagnose
multiple conditions simultaneously on noninvasive
specimens generated from volatile samples, including
stool, breath, and urine.

7

8
9

10
11

12
13

14

15

CONCLUSION
Despite the limitations of VOC analysis, greater clinical
interest and wider adoption will allow for more clinical
trials to independently validate many observations
already reported. With validation, application will follow,
which will elevate the sense of smell into the realm of
medical diagnosis. With continuing developments in
pattern recognition, mass spectrometry, and electronic
nose technology, we are embarking on a tremendous
frontier of metabolic and microbial knowledge gleaned
from the volatile headspace of stool.
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REVIEW

Hepatitis C in non-hepatic solid organ transplant candidates
and recipients: A new horizon
Sara Belga, Karen Elizabeth Doucette
2%-3% of the total world population. It remains the
leading indication for liver transplant worldwide and
has been demonstrated to negatively impact both
patient and graft survival following non-hepatic organ
transplantation. In the era of interferon-based therapy,
although treatment and cure of HCV prior to nonhepatic transplant improved survival, tolerability and
low cure rates substantially limited therapy. Interferon
(IFN)-based therapy following non-hepatic solid organ
transplant, due to the risk of allograft rejection, is
generally contraindicated. Rapid advances in IFN-free
therapy with direct acting antivirals (DAAs) in the last
few years have completely changed the paradigm of
hepatitis C therapy. Compared to IFN-based regimens,
DAAs have less frequent and less severe adverse
effects, shorter durations of therapy, and higher
cure rates that are minimally impacted by historically
negative predictors of response such as cirrhosis,
ethnicity, and post-transplant state. Recent studies
have shown that liver transplant (LT) recipients can be
safely and effectively treated with DAA combination
therapies; although data are limited, many of the
principles of therapy in LT may be extrapolated to
non-hepatic solid organ transplant recipients. Here
we review the data on DAA combination therapies
in transplantation, discuss the advantages and dis
advantages of pre- vs post-transplant HCV therapy and
future directions.
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Core tip: Direct acting antiviral (DAA) therapy has the
potential to eliminate hepatitis C virus (HCV) from
the population of organ transplant candidates and
recipients and thereby the negative impact of HCV

Abstract
Hepatitis C virus (HCV) infection is estimated to affect
130-150 million people globally which corresponds to
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on outcomes. Among non-hepatic organ transplant
patients, the biggest barriers currently are limited
safety and efficacy data in this population, particularly
in those with advanced renal disease, and global
variability of access and reimbursement for DAAs.
Future research is needed to better assess safety,
efficacy and impact of DAA therapy in non-hepatic solid
organ transplant, as well as to explore the safety of
using HCV infected donors, with prophylactic therapy,
to expand the donor pool.

but appears to approximate the background population
[12,13]
prevalence
. Based on older studies, the prevalence
of HCV infection in cardiac transplant recipients was
[14-16]
11%-18%
. As in those with end-stage renal
disease, the prevalence of HCV in cardiac transplant
candidates has likely declined over time since the
implementation of routine screening of blood products.

Belga S, Doucette KE. Hepatitis C in non-hepatic solid organ
transplant candidates and recipients: a new horizon. World J
Gastroenterol 2016; 22(4): 1650-1663 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i4/1650.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i4.1650

The impact of HCV on the outcomes of non-hepatic SOT
has been studied most extensively in renal transplant
recipients. The majority of studies demonstrate
that in patients with HCV infection, immunosuppre
ssion post-transplant accelerates progression and
is associated with earlier onset and higher rates of
[17,18]
cirrhosis and its complications
. Nevertheless, some
studies have failed to show a clear correlation with
[19-21]
fibrosis progression
. This may be explained by
differences in immunosuppressive regimens used in
the populations studied as well as small numbers and
relatively short duration of follow up in most of these
[22]
studies .
Although hepatitis C does not appear to impact
overall survival in renal transplant recipients in the first
5 years post-transplant. Early post-transplant deaths
occur in about 1%-2%, up to 5% in older studies, of
recipients as a consequence of rapidly progressive
[18,23-25]
fibrosing cholestatic hepatitis and liver failure
.
By 10 years after transplant however, survival is
decreased in HCV-infected recipients by approximately
[17,26-32]
15% compared to HCV-uninfected recipients
.
The dominant causes of death are due to liver
[17,20,30]
[33]
disease
and sepsis . In addition, there is an
increased incidence of new onset diabetes, infectious
complications, chronic rejection, and proteinuria and
membranoproliferative glomerulonephritis in those
[17,29,34]
with HCV
.
When the data are examined more closely, the risk
of accelerated progression of fibrosis and development
of end-stage liver disease and its complications appear
to be limited largely to those with advanced fibrosis
[17,35,36]
or cirrhosis at the time of transplant
. As HCV
has also been demonstrated to be an independent
[37,38]
risk factor for mortality in hemodialysis patients
,
the overall survival in those with moderate (METAVIR
stage 2) fibrosis or less, is generally improved with
renal transplantation compared to remaining on
[39]
dialysis . In addition, pre-transplant therapy and cure
of HCV prior to transplant has been demonstrated to
mitigate the impact on post-transplant morbidity and
[40]
survival .
There are no long term studies regarding the
impact of HCV on outcomes of heart or small bowel
or pancreas recipients. Studies in these populations
have suggested no difference in patient and graft

Impact of hepatitis C on outcomes
of non-hepatic SOT

INTRODUCTION
Hepatitis C virus (HCV) infection affects 130-160
million people globally which corresponds to about
[1-3]
2%-3% of the total world population . After acute
infection, which is usually asymptomatic, 55% to 85%
of the patients go on to develop chronic hepatitis C
with a risk of progression to cirrhosis is 15%-45%
[1]
over 20 to 30 years . Those who develop HCV-related
cirrhosis are then at risk of end-stage liver disease
and/or hepatocellular carcinoma (HCC) and hepatitis C
remains the leading indication for liver transplantation
worldwide.
Among candidates for non-hepatic solid organ
transplant (SOT), the prevalence of HCV infection
varies by organ group and regional epidemiology. In
the hemodialysis population, worldwide estimates of
[4]
prevalence vary between 5% and 60% . Patients
with end-stage renal disease (ESRD) on hemodialysis
(HD) are at higher risk compared to patients on
[5]
peritoneal dialysis . The prevalence in dialysis patients
is directly related to the duration of dialysis, the type
of dialysis and the total volume of blood and blood
[6,7]
products transfused . The prevalence of HCV in
dialysis patients, in Western countries in particular, has
declined over the last two decades largely due to blood
product screening implemented in the early 1990’s
[8]
and adherence to infection control practices . Despite
this, the prevalence remains higher than in the general
population and in 2002 the seroprevalence of HCV
[9]
in US hemodialysis units was 7.8% , at least 4-fold
[1,9,10]
higher than the background rate
.
Substantial variability in HCV prevalence exists by
country and amongst different dialysis centers within
[9,10]
a single country
. Available data suggest that the
prevalence of HCV in hemodialysis units in Asia remains
[11]
high, at up to 32% , even in the era since 2010.
The prevalence of HCV infection in thoracic organ
transplant candidates has been less rigorously assessed,
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survival, likely due to short term follow up and/or the
[16,41,42]
relatively small numbers studied
. A retrospective
study done between 1987 and 2010 that included 20
patients, showed that hepatitis C did not impact shortterm patient and graft survival in cardiac transplant
[43]
recipients . In the short-term there was also no
increased risk of liver failure or accelerated transplantrelated coronary artery disease. Another study with 10
patients and mean follow-up of 58 mo, showed similar
[44]
results . However, there has been some contradictory
evidence suggesting that hepatitis C can independently
increase the risk of mortality and allograft vasculopathy
[12,45]
in cardiac transplant recipients
.
In lung transplant recipients, a recent analysis of
the OPTN/UNOS database demonstrated a similar
5 year survival amongst HCV-seropositive and
[46]
seronegative recipients . The results of this study
however are limited by the lack of data on HCV RNA
status in the database and the likelihood that the
majority of the seropositive recipients were RNA
negative based on the authors’ survey of practices
amongst US lung transplant centers. Given the data in
renal transplant, however there may be an increased
risk of HCV-related death beyond 5 years posttransplant in other non-hepatic SOT recipients.
In a single center study of 14 HCV-RNA positive
lung transplant recipients, the 5 year survival was
[47]
similar to HCV negative recipients . Another small
[48]
retrospective study from Sahi et al , also showed
no difference in short-term survival between HCVpositive and HCV-negative lung transplant recipients.
Despite the limited data on survival of lung transplant
recipients with chronic hepatitis C with only small
[13,49]
studies and conflicting evidence on outcomes
,
hepatitis C remains a relative contraindication to lung
transplantation in the update of the International
Society for Heart and Lung Transplantation guidelines
for the selection of lung transplant candidates, recently
published in January of 2015. These suggest that
transplant can be considered in patients “without
evidence of cirrhosis” and who are on “appropriate
therapy” and that such patients be managed in centers
with expertise in viral hepatitis. There is no evidence
cited to support this recommendation and it gives little
guidance to physicians and lung transplant programs
[50]
as to how best select and manage such patients .
The available data on pancreas and pancreaskidney transplant recipients with hepatitis C is scarce
but these patients appear to be at higher risk of graft
[51]
dysfunction and morbidity . No data exists regarding
survival for small bowel transplant recipients with
hepatitis C.

recent studies, suggest this risk is only about 5% in
[52-55]
renal transplant recipients
. In life-sustaining (e.g.
heart, lung) transplants, however, IFN-based therapy
is not recommended and the risks and benefits must
be carefully weighed if considering therapy in renal
[56,57]
transplant recipients
. As a result of the risks of
therapy post-transplant, focus has largely been on
treatment of HCV prior to transplantation. Most of the
data on hepatitis C management in non-hepatic organ
transplantation is in kidney transplant with very limited
[37]
evidence in heart and lung transplantation .
Table 1 summarizes the results of 3 recently
[58-60]
published meta-analyses
examining the outcomes
of HCV therapy in ESRD and predictors of sustained
virologic response (SVR). Overall, SVR rates for IFNbased therapy in dialysis patients in these analyses were
about 40%. There was no benefit of pegylated over
standard interferon in the meta-analyses, although
[61,62]
some studies have demonstrated this
. Although
ribavirin is by label contraindicated in those with a
creatinine clearance less than 50 ml/min, ribavirin has
been used at reduced does in hemodialysis patients.
There is little data however on the benefit of adding
ribavirin to interferon-based therapy in this setting and
[4]
it carries an significant risk of severe anemia .
The first-generation NS3A protease inhibitors, tela
previr and boceprevir, do not require dose adjustment
in renal failure, however, their use in combination with
peginterferon and ribavirin is associated with additive
side effects, with more anemia and declining renal
function of particular concern, and very limited data
[63,64]
on safety and efficacy in this population
. These
agents have now been discontinued from most
markets worldwide and are listed as contraindicated
[65-67]
therapies in international guidelines
. Although
there is no dose adjustment needed for the protease
inhibitor simeprevir in advanced renal disease, there
are no published data on the efficacy and safety
of simeprevir in combination with peginterferon
and ribavirin in this population. The combination of
sofosbuvir with peginterferon and ribavirin is listed
as an interferon containing option for therapy in
the 2015 European Association for the Study of the
[66]
Liver (EASL) guidelines , however in those with a
creatinine clearance less than 30 ml/min, sofosbuvir is
contraindicated due to a lack of safety data.
Dropout rates on interferon-based therapy are
high in those with end-stage renal disease, ranging
from 19% to 28% in the meta-analyses, and largely
due to adverse effects, particularly flu-like symptoms.
The positive predictors of response found, were those
associated with response in the general population,
including low baseline HCV viral load, lesser degrees
of hepatic fibrosis, non-1 HCV genotype and age
[59,60]
less than 40
. It has been suggested that specific
types of immunosuppressants can have an impact
on virological outcomes; however, these data are
conflicting and largely examined in the setting of liver

INTERFERON ERA OF HCV THERAPY
Treatment of hepatitis C with interferon based therapy
following non-hepatic SOT is generally contraindicated
due to a significant risk of rejection, although more
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Table 1 Outcomes of interferon-based therapy in hemodialysis patients
Author
Alavian et al[60]
Gordon et al[59]

Fabrizi et al[58]

Number of studies
included

Patients (n )

Regimen

SVR

21
12
20
3
2
13

491
279
459
38
49
539

IFN α 2a or 2b
PegIFN α 2a or 2b
IFN
PegIFN
PegIFN/RBV
IFN
(10 studies)
IFN + RBV
(3 studies)

39.1%
39.3%
41%
37%
43%-97%
1
OR of no SVR
0.081
(0.029-0.230)

Treatment discontinued for
adverse effects
29.7%
22.6%
26%
28%
1

OR dropout
0.389
(0.155-0.957)

Predictors of SVR
Age < 40
Lower HCV RNA noncirrhotic elevated ALT
genotype 1
N/A

1

This analysis only reported the OR, rather than %SVR and dropout; data support relative benefit of IFN-based therapy on SVR, but do not provide absolute
benefit. IFN: Interferon; PegIFN: Pegylated interferon; RBV: Ribavirin; OR: Odds ratio; SVR: Sustained virologic response.

[68]

There are now data on DAA regimens for all HCV
genotypes with recommendations published in
[65,66]
international guidelines
. Recommendations from
EASL and AASLD/IDSA guidelines for treatment of
naïve patients with chronic HCV, by genotype, with
interferon free regimens are summarized in Table 2.
Current DAAs target three viral non-structural
proteins that are vital in viral replication: the NS3/4A
protease, the NS5A protein and the NS5B poly
[74]
[75]
merase . Simeprevir (SMV)
and paritaprevir
[76]
(PTV)
are NS3/4A protease inhibitors, ledipasvir
[77]
[78]
[76]
(LDV) , daclatasvir (DCV)
and ombitasvir (OMV)
[77]
are NS5A inhibitors and sofosbuvir (SOF)
and
[76]
dasabuvir (DSV)
are nucleoside and non-nucleoside,
respectively, NS5B polymerase inhibitors. Ritonavir
(RTV), used in combination with PTV acts as a booster
[76]
via CYP3A inhibition . The most robust data are in
genotypes 1, 2 and 3, however there are limited
data in genotype 4, 5 and 6 with additional studies
[79]
ongoing, including with next generation molecules .
The majority of the data on HCV therapy in trans
plantation are in liver transplant candidates and recipi
ents. The safety and tolerability in addition to high
efficacy have been demonstrated for several interferonfree regimens in decompensated cirrhotics awaiting
liver transplant and are currently recommended in
[65,66]
international guidelines
. These include LDV/SOF
with RBV for 12 wk or LDV/SOF for 24 wk in genotype
[80,81]
1, 4, 5 or 6
and SOF/RBV for up to 48 wk in
[82]
genotypes 2 and 3 .
In those with recurrent HCV following liver transplant,
and genotype 1, 4, 5 or 6, LDV/SOF with RBV for 12 wk
[65,66]
is recommended
. In the SOLAR 1 and 2 studies,
the SVR12 in genotype 1 was 96%-98% in those with
F0-3 or Child Pugh A cirrhosis and 88%-89% in those
[83,84]
with Child Pugh B or C cirrhosis
. Adverse effects,
largely attributable to RBV, are seen with this regimen,
so the alternative of LDV/SOF for 24 wk can be
considered, particularly in those with decompensated
liver disease. Although data are limited, on the
combination of SOF and DCV post-transplant, overall
SVR has been more than 90%, including in those with

transplant .
In patients with end-stage heart failure IFN-based
therapy, with or without RBV, is contraindicated due
to the increased risk of arrhythmias, cardiotoxicity
and the risk of RBV-induced anemia can also worsen
[41,43,57,69-71]
any underlying cardiac ischemia
. In lung
transplant candidates with end-stage disease, this has
been considered by some to be a contraindication to
[72]
IFN-based therapy due to concerns of intolerability .
In carefully selected lung transplant candidates however
a small single center study demonstrated the efficacy
and safety of IFN and RBV therapy prior to lung
[73]
transplantation .
The epidemiologic, natural history and treatment
outcomes data led to the development of international
guidelines on the management of hepatitis C in renal and
[56,57]
non-hepatic transplant candidates and recipients
.
As part of the evaluation for transplantation candidacy,
liver biopsy is recommended in current guidelines to
confirm or exclude the presence of cirrhosis, unless
the latter has already been documented on clinical,
radiographic and/or biochemical grounds. All nonhepatic, non-cardiac organ transplant candidates,
should be considered potential candidates for therapy
of HCV. With interferon-based therapy however, the
numerous adverse effects, particularly in those with
end-stage organ disease, along with the overall poor
responses to therapy requires careful consideration of
the risks and benefits in the individual. There is clearly
a greater urgency for therapy in those with more
advanced fibrosis, but the success and tolerability in
such patients in decreased. Figure 1 summarizes the
current recommendations for assessment, transplant
listing and HCV therapy in non-hepatic SOT.

NEW ERA OF HEPATITIS C TREATMENT
- INTERFERON FREE
IFN-free regimens with direct acting antivirals (DAAs)
have numerous advantages including, shorter duration
of therapy, far fewer adverse effects and higher cure
rates when compared to interferon-based therapy.
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Liver biopsy (or non-invasive assessment)

F0/1

F2

Consider risk/benefit
of HCV therapy

Treat HCV

F4 decompensated

Consider HVPG
if >10 mmHg

SVR

SOT

F3/4 compensated

No treatment
or no SVR

SVR

Treat HCV

SOT

No SVR

Assess for combined
liver/non-hepatic
transplant

Defer SOT
OR

SOT

Figure 1 Approach to assessment of hepatitis C virus in non-hepatic solid organ transplant candidates in interferon era. HCV: Hepatitis C virus; F: Fibrosis
stage; SVR: Sustained virologic response; SOT: Solid organ transplant; HVPG: Hepatic venous pressure gradient.

Table 2 Summary of recommendation for interferon-free hepatitis C virus therapy in naïve patients without (a) and with (b) cirrho
[65,66,90,91,94,115-126]
sis
SOF + RBV

[65,66]

SOF + LDV

(SVR)
Without cirrhosis
Genotype 1a
Genotype 1b
Genotype 2
Genotype 3

With cirrhosis
Genotype 1a

Genotype 5 or 6

(SVR)

(SVR)

(SVR)

8-12 wk
(93%-99%)
8-12 wk
(93%-99%)

12 wk with RBV
(95%-97%)
12 wk without RBV
(98%-99%)

12 wk without RBV
(95%)
12 wk without RBV

Genotype 1b

Genotype 4

PTV/r +
[65,66]
OMB

12 wk
(95%)
12 wk

Genotype 5 or 6

Genotype 3

PTV/r + OMB +
[65,66]
DSV

SOF + SMV

[65,66]

12 wk with RBV

24 wk with RBV
(92%)
12 wk with RBV
(96%)

SOF + DCV

[66]

(SVR)

(SVR)

12 wk without RBV
(93%-100%)
12 wk without RBV
(93%-100%)

12 wk without RBV
(95%-100%)
12 wk without RBV
(95%-100%)

12 wk
(97%)
24 wk
(94%)

Genotype 4

Genotype 2

[65,66]

12 wk without RBV

12 wk without RBV
(93%)

16-20 wk
(78%-83%)
24 wk
(92%)

12 wk without RBV
(89-97%)
12 wk without RBV
(89%-97%)
12 wk without RBV
(89%-97%)
12 wk with or 24 wk
without RBV

12 wk without RBV
24 wk with RBV
12 wk with RBV or 24
wk without RBV
12 wk with RBV or 24
wk without RBV

24 wk with RBV

12 wk without RBV

12 wk with RBV or 24
wk without RBV
12 wk with RBV or 24
wk without RBV

HCV: Hepatitis C virus; Peg: Pegylated interferon; RBV: Ribavirin; SOF: Sofosbuvir; SMV: Simeprevir; LDV: Ledipasvir; PTV: Paritaprevir; r: Ritonavir;
OMB: Ombitasvir; DSV: Dasabuvir; DCV: Daclatasvir.
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RTV + DSV as well as DCV can lead to fatigue,
gastrointestinal symptoms, pruritus, skin reactions
and insomnia, but again, discontinuations for adverse
[76,78]
effects are uncommon
. When RBV is, or must be,
used as part of an interferon-free regimen, significant
[94]
anemia (hemoglobin < 100 g/L)
is more common
and quality of life decreased compared to the RBV[95,96]
free regimens
. This is an important consideration,
particularly in those with end-stage organ disease.
There are very limited data on the treatment of
HCV following non-hepatic transplant, with to our
knowledge only 1 published case report using SMV/
SOF and a case series of 17 patients treated with SOF
[97,98]
and RBV
. However, these 2 reports and all of the
data in historically “difficult-to-cure” populations in the
interferon era, such as cirrhotics, HIV co-infected, prior
null responders, and post-liver transplant patients,
demonstrate cure rates comparable to uncomplicated
HCV treatment naive patients when interferon free DAA
therapy is used. This supports the extrapolation of data
in liver transplantation to the treatment of hepatitis
C in non-hepatic solid organ transplant recipients. In
liver transplant, there remains controversy as to the
optimal timing of HCV therapy, pre or post-transplant
in order to maximize survival benefit and quality of life.
The timing of therapy is also a major consideration in
non-hepatic SOT. Considerations include the degree of
hepatic fibrosis, the HCV genotype, treatment history
and access to interferon free therapy, the presence
or absence of renal dysfunction; for those pretransplant the degree of sensitization and anticipated
wait time as well as the immunosuppressive plan.
Figure 2 summarizes these considerations in the nonhepatic SOT candidate or recipient with HCV and the
advantages and disadvantages of HCV therapy prior to
or after transplant.
Renal dysfunction is the primary barrier to therapy
prior to renal transplant. Most of the currently
recommended interferon free regimens are sofosbuvirbased and the safety of sofosbuvir in those with
a creatinine clearance under 30 ml/min is under
[99]
investigation , but remains uncertain at this time.
Table 4 summarizes the dosing considerations for DAA
therapy in those with renal dysfunction. OMV/PTV/RTV
with DSV, and with or without RBV was recently shown
to be effective in patients with HCV genotype 1 and
stage 5 chronic kidney disease (creatinine clearance
[100]
less than 15 ml/min) . Data on the investigational
combination of grazoprevir, an NS3 protease inhibitor
and elbasvir, an NS5A inhibitor, was recently presented
from the phase Ⅲ trial examining the efficacy and
safety of for 12 wk in patients with stage 4 or 5
chronic kidney disease, most of whom were on
[101]
hemodialysis
. The SVR12 was 94% overall and
adverse effects in the treatment group were similar to
placebo. These data are extremely encouraging in this
historically difficult to cure population who experienced
numerous adverse effects of therapy. As a result of

Table 3 Drug interactions with immunosuppressants and
other common post-transplant medications

Cyclosporine
Tacrolimus
Sirolimus
MMF
Azathioprine
Prednisone
Fluconazole
Voriconazole
Posaconazole
PPI

SOF

SMV

*
*
*
*
*
*
*
*
*
*

***
**
**
*
*
**
***
***
***
*

LDV PTV/r + OMB + DSV DCV
**
**
**
*
*
*
*
*
*
**

**
**
**
**
*
**
*
***
***
**

*
*
*
*
*
*
*
**
**
*

SOF: Sofosbuvir; SMV: Simeprevir; LDV: Ledipasvir; PTV: Paritaprevir;
r: Ritonavir; OMB: Ombitasvir; DSV: Dasabuvir; DCV: Daclatasvir;
PPI: Proton pump inhibitor. ***Contraindicated, do not co-administer;
**Potential for interaction, use with caution; may require altered dosing;
*No clinically significant interaction.

[85-87]

fibrosing cholestatic HCV
and this combination
[66]
can be considered in all genotypes . All of these
combinations can be used post-transplant without
concerns regarding drug interactions and the need to
adjust immunosuppressant doses (Table 3).
Based on the real world data from observational
[88,89]
studies
, the combination of SOF/SMV can be
considered, however, there is a significant interaction
with cyclosporine, which must not be used in
combination, and the relatively poor performance of
this regimen in the phase 3 trials in non-transplant
[90,91]
patients
, raises concerns that this combination
may not be as potent as others. The combination of
OMV/PTV/RTV with DSV and ribavirin has been studied
in 34 post-liver transplant patients with genotype
1 HCV recurrence and mild to moderate fibrosis
[92]
(Metavir F0-2) . Dose adjustments were needed
for cyclosporine and tacrolimus due to the drug-drug
interactions between ritonavir. There are several other
drug interactions with ritonavir and other medications
commonly taken by liver transplant recipients (Table 3)
and these must be carefully considered if this regimen
is used for treatment in this population. Although the
efficacy and tolerability of this regimen in the study
was excellent, with an SVR achieved in 33 of 34 and
only 1 discontinuation for adverse effects, the safety
and efficacy in patients with more advanced HCV
infection post-liver transplant are unknown.
Of the interferon free DAA combinations studied to
date in the post liver transplant population, all have
an excellent safety and tolerability profile and hence a
significantly lower discontinuation rate when compared
[93]
to IFN-based regimens . SMV may cause rash,
pruritus, gastrointestinal upset and muscle pain, but
[75]
these rarely lead to discontinuation . Photosensitivity
can occur, but usually when SMV is combined with
[75]
IFN and RBV . Fatigue and headache are the most
common side-effects of LDV/SOF, but are generally
[77]
mild and occur in at most 10%-20% . OMV/PTV/
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Genotype 1, 4
Approved option if ESRD

Degree of fibrosis
Anticipated wait time

Genotype 2, 3, 5, 6
No approved option if ESRD

Pre

Post

Transplant

Advantages

Advantages

Cure HCV and eliminate this as a consideration
inpatient eligibility (of greatest importance in
those with F3/4 disease)

Improved safety and tolerance with improved
renal function

? Improve wait list mortality, particularly in
those anticipate have long wait times
Disadvantages

Disadvantages

Safety in renal dysfunction of most approved
INF-free regimens

No potential to impact wait list mortality
Risk of rapidly progressive HCV-related liver disease that
can not be rescued with therapy

Tolerability, particularly in any RBV-containing
regimen

Drug-drug interactions increased, but easily manageable

Figure 2 Considerations, advantages and disadvantages of hepatitis C virus therapy before or after non-hepatic solid organ transplant.

Table 4 Considerations with direct acting antivirals in renal dysfunction
DAA agent or combination
Sofosbuvir
Simeprevir
Ledipasvir
PTV/r + OMB + DSV
Daclatasvir
Elbasvir/Grazoprevir

Issues in renal dysfunction
Contraindication in GFR < 30 mL/min due to insufficient safety data[127]
No dose adjustment[75]
Limited data; no theoretical concerns[127]
Safe and effective and no dose adjustment in ESRD[100]
No dose adjustment[78]
Safe and effective and no dose adjustment in ESRD[101]

DAA: Direct acting antiviral; ESRD: End stage renal disease; GFR: Glomerular filtration rate; PTV: Paritaprevir; r: Ritonavir; OMB: Ombitasvir; DSV:
Dasabuvir.

these results, the combination was granted expedited
breakthrough designation for this indication from the
United States Food and Drug Administration.
In an ideal world, pretransplant therapy is preferable
in order to document cure of HCV and improve patient
eligibility for non-hepatic SOT. For most thoracic organ
transplant candidates, this should be the goal. In renal
transplant candidates, and any other non-hepatic SOT
candidate with advanced renal dysfunction, until the
licensing of therapies such as grazoprevir/elbasvir, with
proven safety and efficacy in end stage renal disease,
and/or additional data on the use of sofosbuvir in this
population, in general therapy should be deferred
until post-transplant. In those with genotype 1 or 4
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and access to OMV/PTV/RTV, with or without DSV and
RBV, as applicable to the HCV genotype, therapy can
be considered prior to transplant, with cautious use of
ribavirin and considerations of the drug interactions.
Pre transplant therapy is of higher priority in those with
advanced (F3 or Child Pugh A cirrhosis) fibrosis. In this
group, deferral to post renal transplant therapy may
carry the risk of rapidly progressive fibrosis, including
fibrosing cholestatic hepatitis C, and decompensation.
Although cure rates with current DAA therapy are
high, the risk of failure remains highest in those with
decompensated liver disease and there is concern that
should this occur, patients may not be rescued with
HCV therapy.
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For those with genotype 2, 3, 5 and 6, as all
currently available IFN-free therapies are SOF-based,
until additional safety data are available, therapy
should be deferred in those with creatinine clearance <
30 ml/min until after SOT. In the setting of advanced
(F3 or Child Pugh A cirrhosis) fibrosis, the risks and
benefits of deferral of therapy and transplantation
must be carefully assessed. Non-hepatic SOT in this
setting should be done in consultation with a liver
transplant program and patients should be assessed
for liver transplant candidacy as a back-up should they
develop rapidly progressive HCV-related liver disease
post non-hepatic SOT that cannot be rescued with
therapy.

every 3 d with close monitoring of levels. No dose
adjustment is necessary when used concomitantly
[102]
with azathioprine .
When protease inhibitor containing regimens (PTV/
r or SMV) are used concomitantly with prednisone,
a substrate of CYP3A4, prednisone exposure may
[102]
increase due to CYP3A4 inhibition . No dose adjust
ments are recommended, but patients should be
monitored clinically.

Drug interactions with
Immunosuppressants

Importantly, a careful review of all patient medications
and potential interactions should take place before
starting any DAA regimen and special caution should
be taken with certain drugs, particularly antibiotics,
antifungals, antiretrovirals, anticonvulsants, antip
sychotics, sedatives, oral contraceptives, antiar
[75-78,102]
rhythmics and antihypertensives
.
Use of anti-infectives is particularly common
following SOT. Most commonly used antibiotics can
be administered safely with new DAA regimens
with the exception of the macrolide clarithromycin
which cannot be co-administered with OMV/PTV/
RTV + DSV, and rifampin which is contraindicated
with any all the current DAA regimens due to
[75-78,102]
significant interactions
. Antifungals such as
fluconazole, posaconazole and voriconazole cannot
be co-administered with SMV. OMV/PTV/RTV + DSV
is contraindicated to be used with posaconazole or
voriconazole and DCV must be used with caution in
[78,102]
combination with these antifungal agents
. Of
note, proton-pump inhibitors, such as omeprazole and
pantoprazole, by increasing the gastric pH, can lead to
[77]
decreased absorption of LDV .

Drug interactions with other
drugs commonly used posttransplant

In post-transplant populations, the other key consi
deration influencing the choice of therapy is the potential
for drug interactions; although renal dysfunction may
also be a concern in this group. Most novel DAAs are
metabolized via cytochrome P 450 3A (CYP3A) and
therefore drug interactions, particularly with calcineurin
[102]
inhibitors, remain a concern .
SMV should not be co-administered with cyclo
sporine as previous studies have shown a significant
increase in SMV levels due to inhibition of organic anion
transporting polypeptide 1B1 (OATP1B1), P-glycoprotein
[75]
and CYP3A by cyclosporine . However, SMV can be
used concomitantly with tacrolimus, despite up to
2-fold increase in SMV concentrations with the latter,
[102]
requiring close drug monitoring . SMV can increase
or decrease sirolimus levels; therefore, close monitoring
[75,102]
of sirolimus levels is also recommended
. SMV can
be safely used with mycophenolate mofetil (MMF) and
[102]
azathioprine .
SOF can be safely co-administered with all im
munosuppressants used in the transplant setting,
including tacrolimus, cyclosporine, sirolimus, MMF and
[77,102]
azathioprine
. When SOF is used in combination
with LDV, monitoring is required for co-administration
with tacrolimus, sirolimus and cyclosporine as there
is theoretical possibility of an interaction, and data
[102]
are insufficient
. There have been no clinically
relevant drug interactions seen in studies to date,
however in those treated with advanced liver disease,
calcineurin inhibitor levels have been noted to drop
and require increased dosing, an effect thought to be
related to improved liver function and metabolism.
No dose adjustment is necessary for when DCV is coadministered with cyclosporine, tacrolimus, sirolimus
[78]
and MMF .
OMV/PTV/RTV + DSV requires dose adjustment with
[76,102,103]
sirolimus, MMF, tacrolimus and cyclosporine
.
The cyclosporine dose needs to be decreased to
one fifth the dose used prior to HCV therapy and
tacrolimus decreased to 0.5 mg weekly or 0.2 mg
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USE OF HCV POSITIVE ORGAN DONORS
In patients with end-stage organ failure, donor organ
shortage is a growing concern and there is increasing
use of increased infectious risk, as well as otherwise
medically marginal, donors. Transplantation of HCVpositive donor organs into HCV-negative recipients
will almost invariably leads to chronic hepatitis C in
[104-106]
the immunosuppressed host
and historically this
has been associated with an aggressive course with
a high risk of death from infectious complications and
[107,108]
fibrosing cholestatic HCV
. As such, guidelines
currently recommend against transplanting an HCV
[56,57]
positive organ into an HCV negative recipient
.
In those already infected with HCV, some groups
have found no difference in patient and graft survival
when using HCV positive kidneys into HCV positive
[109,110]
recipients
, while several recent large studies
have demonstrated a significant increased risk of
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death in HCV-positive recipients receiving an HCV[12,109,111,112]
positive kidney or heart transplant
. Despite
the decrement in survival compared to receiving an
HCV negative graft, there remains an overall survival
advantage to receiving an HCV-positive kidney
[113]
transplant over remaining on dialysis
. The waiting
time on the renal transplant list is also reduced
significantly in the United States, by approximately
1 year. In spite of the overall benefit, HCV-positive
kidneys continue to be underutilized in the United
[114]
States .
With highly effective interferon-free DAA therapy
for HCV, it is easy to imagine an era on the horizon
where HCV in donors will be approached in a manner
similar to a donor with positive blood cultures; there
may be a slightly increased risk of donor derived
transmission of infection, but with safe effective
therapy, this risk could be effectively mitigated and the
donor pool further expanded. This approach however
will require further data before such recommendations
can be made.

studies on IFN-free therapies are unlikely to be
undertaken in non-hepatic SOT, these patients will
undoubtedly be treated based on the existing data.
It will be important to see results of observational
studies published in order to confirm the efficacy and
safety in this population. The potential for utilization
of HCV - positive organ donors, even into HCV negative recipients is an intriguing possibility that will
require future study. Within this defined population
of non-hepatic SOT, it should be our goal, and easily
achievable, to eradicate HCV.
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REVIEW

Mechanisms of intrahepatic triglyceride accumulation
Claudia Ress, Susanne Kaser
hepatocytes is very frequently found in adults and
obese adolescents in the Western World. Etiologically,
obesity and associated insulin resistance or excess
alcohol intake are the most frequent causes of hepatic
steatosis. However, steatosis also often occurs with
chronic hepatitis C virus (HCV) infection and is also
found in rare but potentially life-threatening liver
diseases of pregnancy. Clinical significance and
outcome of hepatic triglyceride accumulation are
highly dependent on etiology and histological pattern
of steatosis. This review summarizes current concepts
of pathophysiology of common causes of hepatic
steatosis, including non-alcoholic fatty liver disease
(NAFLD), alcoholic fatty liver disease, chronic HCV
infections, drug-induced forms of hepatic steatosis,
and acute fatty liver of pregnancy. Regarding the
pathophysiology of NAFLD, this work focuses on the
close correlation between insulin resistance and hepatic
triglyceride accumulation, highlighting the potential
harmful effects of systemic insulin resistance on hepatic
metabolism of fatty acids on the one side and the role
of lipid intermediates on insulin signalling on the other
side. Current studies on lipid droplet morphogenesis
have identified novel candidate proteins and enzymes
in NAFLD.
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Core tip: Fatty liver disease is a highly prevalent
condition in the Western World. This article summarizes
the most frequent causes and states of hepatic
steatosis, including non-alcoholic fatty liver disease
(NAFLD), alcoholic fatty liver, drug-induced forms,
hepatitis C virus infections, and acute fatty liver
of pregnancy. Important pathophysiological and
cellular aspects of various forms of fatty liver disease
are reviewed as well as the clinically relevant close
interaction between hepatic triglyceride accumulation
and insulin resistance in NAFLD.

Abstract
Hepatic steatosis defined as lipid accumulation in
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Table 1 Overview on potential causes of fatty liver (adapted
[2,121,122]
from
)
Etiologies of fatty liver disease
Frequent causes:
Non-alcoholic fatty liver disease
Alcoholic fatty liver disease
Chronic hepatitis C virus infection
Drug-induced steatosis
Less common or rare causes:
Inborn errors of metabolism (Wilson disease, abetalipoproteinemia,
tyrosinaemia, hypobetalipoproteinemia)
Lipodystrophy (congenital or acquired)
Total parenteral nutrition
Surgical procedures (e.g., biliopancreatic diversion extensive small
bowel resection)

INTRODUCTION
Hepatic steatosis is defined by the accumulation of
triglycerides resulting in more than 5% of hepatocytes
containing visible lipid droplets in either a micro- or
macrovesicular pattern. Most frequently, steatosis
is histologically assessed by using a classification
that was originally suggested for grading of nonalcoholic fatty liver disease (NAFLD) by Javor et
[1]
al : grade 0: < 5% hepatocytes involved; grade 1:
5%-33% hepatocytes involved; grade 2: > 33%-66%
hepatocytes involved, grade 3: > 66% hepatocytes
involved. At the cellular level, steatosis is an imbalance
of hepatic fatty acid uptake, lipogenesis, β-oxidation,
and triglyceride export in very low density lipoprotein
(VLDL) particles.
Fatty liver might be caused by several conditions,
diseases, or drugs; however, obesity, insulin resistance,
and dyslipidemia as well as excess alcohol intake are
the most frequent causes of NAFLD or alcoholic fatty
liver disease (AFLD). Beyond metabolic or alimentary
causes, fatty liver can also be found in patients
with hepatitis C virus (HCV) infection and rarely in
pregnancy. Other rare causes of fatty liver disease
[2]
are summarized in Table 1 . This review will focus on
the most frequent and important causes of fatty liver
disease.
The natural course of fatty liver is strongly depen
dent on etiology and comorbidities. For example,
in NAFLD, 20%-30% of patients with steatosis will
develop non-alcoholic steatohepatitis (NASH), which
is associated with increased total and cardiovascular
[3]
mortality . NASH is complicated by liver cirrhosis in
[2]
2%-5% of patients . Co-occurrence of steatosis and
chronic HCV infection has been found to be associated
with poorer outcome when compared to patients
[4]
without steatosis .

with significantly increased cardiovascular risk, mostly
due to associated disturbances in glucose and lipid
[9]
metabolism .
Intracellular lipid accumulation in NAFLD results
from an imbalance between hepatic fatty acid uptake,
lipid synthesis, lipid oxidation, and export via VLDL
particles. Several studies have stressed the importance
of adipose tissue lipolysis in the development of
hepatic steatosis. Increased total fat mass in obesity
[10,11]
is associated with elevated whole body lipolysis
and excess fatty acid uptake into the liver. Further
highlighting the role of adipose tissue in triglyceride
[12]
metabolism, Nye and colleagues
found that glycerol
3-phosphate, which is essential for triglyceride
synthesis, primarily originates from glyceroneogenesis
and only to a lesser extent from glycolysis. Accordingly,
mice lacking fatty acid transporter protein 5 (FATP
5), which is the primary fatty acid transporter in the
[13]
liver, are protected from diet-induced steatosis .
Underlining the importance of the adipose tissue in
development of NAFLD, lipodystrophic patients who
lack visceral and peripheral fat accumulation due
to leptin deficiency display severe hepatic steatosis
[14,15]
and insulin resistance
. Similarly, subjects with
mutations of perilipin-1 - an inhibitor of adipose
triglyceride lipase (ATGL) and stabilizer of lipid droplets
in adipose tissue - have also profound hepatic steatosis
[16]
and insulin resistance .
In addition to increased influx of fatty acids and
their esterification, de novo lipogenesis (DNL), which
from a quantitative point of view only plays a minor
role in hepatic lipid accumulation, is also increased
in NAFLD. In affected patients, DNL is significantly
[17-19]
increased when compared to healthy controls
.
Increased levels of ligand-activated transcription
factor α (LXR α) and sterol regulating element binding
protein 1c (SREBP-1c) have been described as major
[20,21]
contributors to increased DNL in NAFLD
. Further
highlighting the close connection between glucose
and fatty acid metabolism, high glucose levels induce
pyruvate production via stimulation of carbohydrate
response element binding protein (ChREBP). Pyruvate

NAFLD
NAFLD has become the most common cause of
elevated liver enzymes in the Western World, affecting
30%-40% of men and 15%-20% of women in
[5]
the general population and up to 70% of type 2
[6]
diabetics . It is now considered the hepatic manife
station of the metabolic syndrome, which comprises a
spectrum of metabolic disorders, including overweight
or obesity, insulin resistance, dyslipidemia, and
[7,8]
hypertension
. According to estimates, NAFLD
will become the most frequent indication for liver
[9]
transplantation by 2030 . Beyond excess mortality
rate from advanced liver disease, NAFLD is associated
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[45]

is the principle source of acetyl-CoA in fatty acid
[22]
[23]
synthesis . Very recently, Perry and colleagues
found that white adipose tissue-derived hepatic
acetyl-CoA is the critical determinant of insulininduced suppression of hepatic glucose production. By
decreasing oxidation of fatty acids on the one side and
inducing DNL on the other side, fructose consumption
is a well-known highly effective driver of hepatic
[24,25]
steatosis
.
DNL is closely related to β-oxidation via SREBP1c. In addition to induction of lipogenic enzymes,
SREBP-1c activates acetyl-CoA carboxylase 2 (ACC2),
resulting in increased levels of malonyl-CoA, which
decreases β-oxidation via diminishing shuttling of fatty
acids into the mitochondrion by inhibiting carnitine
palmitoyl transferase 1 (CPT-1). AMP activated protein
kinase (AMPK) is also a key regulator of intracellular
lipid metabolism. By sensing cellular AMP levels,
activation of AMPK stimulates fatty acid β-oxidation
[26]
and inhibits ATP-consuming processes, such as DNL .
Mitochondrial dysfunction and resulting impaired fatty
acid oxidation have been suggested to significantly
[27,28]
contribute to the pathogenesis of NAFLD
.
On a cellular level, triglycerides are stored in lipid
droplets (LD) that supply fatty acids for oxidation and
VLDL secretion. As described in detail in a very recent
[29]
review by Mashek and colleagues , LDs are formed
within the lipid bilayer of the endoplasmic reticulum (ER)
and subsequently budded. The latter process requires
action of certain fat storage-inducible transmembrane
[30]
proteins as well as seipin . Growth of LDs is
dependent on triglyceride and phospholipid synthetic
enzymes that are present on the LD surface. LDs are
catabolized via three different mechanisms: (1) ATGL/
patatin-like phospholipase domain-containing protein
2 (PNPLA2) catalyzes the first step of triglyceride
hydrolysis and partitions hydrolyzed fatty acids to
[31]
β-oxidation . Activity of ATGL is strongly influenced by
[32]
LD-associated proteins, such as perilipins 2 and 5 .
Sirtuin 1 (SIRT1) has been shown to regulate ATGL
activity, probably via peroxisome proliferator-activated
[33]
receptor α (PPARα) ; (2) LDs are degraded by
lysosomal lipases, a process that is determined by the
[34,35]
small guanosine triphosphatase RAB7
; and (3) LD
catabolism is mediated by carboxylesterase 3 and cell
death inducing DFF45-like effector B (CIDEB), which
are involved in repacking of cytosolic LDs in the ER
[36,37]
leading to synthesis of VLDL particles
. Increased
expression of LD associated proteins, such as 17 β
hydroxysteroid dehydrogenase 13 and perilipins 1, 2,
[38-42]
3, and 5, have been reported in NAFLD
. PNPLA3
polymorphisms have been identified as the strongest
[43]
genetic factor associated with NAFLD .
Apolipoprotein A5 is a protein with extra- and
[44]
intracellular effects on lipid metabolism . In obese
subjects undergoing bariatric surgery, improvements
of hepatic steatosis were associated with decreased
hepatic apoA5 expression. Direct involvement of
apolipoprotein A5 in hepatic triglyceride accumulation
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has been shown in a hepatic cell culture model .
In adipocytes, apolipoprotein A5 has been found to
[46]
surround lipid droplets , suggesting a potential role of
apolipoprotein A5 in hepatic lipid droplet metabolism.
Stressing the metabolic consequences of steatosis,
hepatic triglyceride accumulation is associated with
increased gluconeogenesis, decreased glycogen
[47,48]
synthesis, and inhibition of insulin signalling
as
[49]
well as alterations in hepatokine production . Lipid
intermediates of long-chain fatty acids (LCAF) have
a crucial role in hepatic insulin resistance in NAFLD.
In hepatocytes, LCAF are esterified with glycerol-3phosphate to form monoacylglycerol, diacylglycerol
[9]
(DAG), and triacylglycerol . Hepatic DAG content
has been positively correlated with inhibition of insulin
[48,50,51]
signalling in mice and humans with NAFLD
.
Mechanistically, DAG induces increased translocation of
protein kinase C ε to the plasma membrane, where it
binds and inhibits the activity of the intracellular kinase
domain of the insulin receptor, resulting in diminished
[52,53]
activation of the canonical insulin pathway
. As a
consequence, activation of glycogen synthesis and
[48]
inhibition of gluconeogenesis is reduced . Unes
terified lipid intermediates also exert proinflammatory
properties by inducing ER stress, which leads to the
activation of c-janus N-terminal kinases and nuclear
factor kappa B, resulting in decreased phosphorylation
[9,54,55]
of insulin receptor substrate-2 (IRS-2)
. Accu
mulation of ceramides in the plasma membrane
[56]
have also been found to alleviate insulin signalling .
Pathophysiological aspects of NAFLD are summarized
in Figure 1.

AFLD
Chronic alcohol exposure is another frequent cause of
fatty liver disease. More than 90% of alcoholics have
fatty liver disease that will potentially resolve with
[57-59]
abstinence from alcohol
. Chronic consumption of
more than 30 g of pure alcohol was demonstrated to
[60]
significantly increase the risk of chronic liver disease .
Susceptibility factors included female sex, obesity,
and cigarette smoking as well as coexistence of
other hepatic disorders, such as hepatitis B or C virus
[61]
infection, NAFLD, or hemochromatosis .
Alcohol is metabolized via two main pathways in
the liver, the oxidative pathway, which is mediated by
the alcohol dehydrogenase (ADH) and acetaldehyde
dehydrogenase (ALDH), and the non-oxidative cyto
[62-64]
chrome P450 2E1 pathway
.
Ethanol is converted by the cytosolic enzyme ADH
to acetaldehyde and further metabolized to acetate
by the mitochondrial enzyme ALDH. The reactions
are both coupled to the reduction of nicotinamide
adenine dinucleotide (NAD) to nicotinamide adenine
[65,66]
dinucleotide-hydrogen (NADH)
.
Excess NADH has deleterious effects on gluconeo
[67]
genesis and fatty acid synthesis
Furthermore,
acetaldehyde was found to induce lipogenesis by
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Figure 1 Pathophysiological aspects of hepatic triglyceride accumulation in non-alcoholic fatty liver disease. Both increased uptake of fatty acids due to
elevated whole body lipolysis in states of insulin resistance and enhanced fatty acid synthesis are key features of non-alcoholic fatty liver disease. Increased de novo
lipogenesis results from enhanced activation of LXR, SREBP-1c, and ChREBP in insulin resistance. SREBP-induced activation of ACC2 leads to accumulation of
malonyl-CoA, which in turn inhibits CPT-1 activity, resulting in reduced β-oxidation. In the liver, triglycerides are stored in LDs that are formed within the lipid bilayer of
the ER. Stabilization and growth of LDs are dependent on transmembrane proteins, seipin, and triglyceride and phospholipid synthetic enzymes that are located on
the LD surface. LDs are catabolized via ATGL-dependent hydrolysis and β-oxidation of fatty acids, lysosomal lipases, and carboxylesterase 3- and CIDEB- mediated
repacking of cytosolic LDs in the ER, leading to synthesis of VLDL particle. Intermediates of long chain fatty acids (DAG) inhibit insulin signalling further, exacerbating
hepatic insulin resistance by exerting proinflammatory effects and reducing activation of the insulin receptor. LXRα: Ligand-activated transcription factor α; SREBP1c:
Sterol regulating element binding protein 1c; CPT-1: Carnitine palmitoyl transferase 1; LD: Lipid droplet; ATGL: Adipose triglyceride lipase; CIDEB: Cell death inducing
DFFA like effector B; DAG: Diacylglycerol; IRS: Insulin receptor substrate; ER: Endoplasmic reticulum; ChREBP: Carbohydrate response element binding protein;
LXR: Ligand-activated transcription factor; DNL: De novo lipogenesis; ACC2: Acetyl-CoA carboxylase 2; PNPLA2: Patatin-like phospholipase domain-containing
protein 2; ROS: Reactive oxygen species.
[68]

increasing SREBP-1c expression . Increased fatty
acid synthesis leads to the accumulation of fatty acid
intermediates, such as malonyl-CoA, which suppresses
fatty acid transport into the mitochondria and their
[69]
oxidation by CPT-1 . Alcohol mainly via its metabolite
acetaldehyde further inhibits PPARα, which is the main
transcription factor for genes involved in oxidation,
[70-74]
transport, and export of fatty acids
. In PPARα
deficient mice, chronic ethanol feeding was associated
with progressive intrahepatic triglyceride accumu
lation due to reduced β-oxidation and alterations
in tricarboxylic acid cycle and the electron transfer
[75]
chain . In a mouse model, alcohol feeding resulted
in dysfunction of ALDH2 and aldehyde accumulation.
Pharmacological activation of ALDH2 reversed
alcoholic steatosis in these mice, underlining the
deleterious effects of accumulating metabolic products
[76]
[77]
of alcohol . Very recently, Guo et al
reported that
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the beneficial role of ALDH2 on hepatic steatosis and
inflammation might be mediated through regulation of
autophagy.
Ceramide-induced inhibition of AMPK and impaired
hepatic adiponectin effects might further contri
bute to increased fatty acid synthesis and reduced
[78-80]
fatty acid oxidation
. Besides β-oxidation and
lipogenesis, VLDL export is also affected by alcohol:
triglyceride export is impaired due to suppression of
phosphatidylcholine, acetaldehyde-induced inhibition
of microtubular assembly, and reduced apolipoprotein
[81]
synthesis . The role of perilipin 2, which is a major
LD protein, was recently demonstrated in perilipindeficient mice that are protected from ethanol[82]
induced hepatic steatosis . Several studies suggest
that lipin-1, which is critically involved in triglyceride
synthesis, might have a significant role in ALD.
Liver-specific deficiency of lipin 1 was associated
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with increased hepatic triglyceride and cholesterol
[83]
accumulation and inflammation in ethanol fed mice .
SIRT1, which is downregulated in mice models of ALD,
was found to affect hepatic steatosis, inflammation,
[84]
and fibrosis via lipin-1 .

contribute to increased lipogenesis. However, the exact
mechanisms have not been fully elucidated in this
setting. Furthermore infection with genotype 3 HCV
strains has been found to be associated with reduced
levels of phosphatase and tensin homolog, which is a
negative regulator of insulin/phosphoinositide 3-kinase
signalling. Remarkably, interaction of HCV with DDX3, a
DEAD box protein, led to phosphorylation of inhibitor k
B kinase α (IKKα) and, as a consequence, the induction
[102]
of SREBP-induced lipogenesis and LD formation
.
Beyond quantitative effects, HCV infection was
recently shown to alter hepatic metabolic zonation
by redistributing FAS from perilobular to mid-zone of
[104]
the lobule . Beta-oxidation is also reduced in virusinfected cells due to decreased expression of shortchain acyl-CoA dehydrogenase and medium-chain
acyl-CoA dehydrogenase. In vivo data suggested that
PPARα expression is also decreased as a consequence
of increased suppression by microRNA 27 (miR27)
[99]
in chronic HCV infection . In contrast, Tanaka and
[100]
colleagues
reported from a mouse model that
permanent PPARα activation plays an essential role
in development of hepatic steatosis in chronic HCV
infection. Remarkably, HCV infection may also directly
affect VLDL secretion, resulting in intracellular lipid
accumulation. Triglyceride content of VLDL particles
have been shown to be lower in HCV infected
[101]
patients . In the same study, hepatic lipogenesis was
significantly higher and cholesterol synthesis lower in
patients with chronic HCV infection when compared to
[101]
healthy controls . Low cholesterol levels have been
associated with genotype 3 infection and, in contrast
to non-responders, successful HCV treatment was
[107]
accompanied by normalization of cholesterol levels .

Chronic HCV infection
Steatosis is also found in up to 80% of patients with
[85]
chronic HCV infection . Co-occurrence of steatosis and
chronic HCV infection are associated with progression
of liver disease and poor response in interferon-α based
[4,86-89]
treatment
. Prevalence of steatosis in chronic
HCV infection is double than that found in patients
with hepatitis B virus infection, suggesting that cooccurrence of NAFLD and HCV does not fully explain
the high prevalence of steatosis in patients with chronic
[85,90]
HCV infection
. Additionally, probability of steatosis
is significantly higher in genotype 3 than in non-3
genotype HCV infections, which argues in favor of viral
[4]
induction of fatty liver in genotype 3 HCV infection .
Accordingly, fatty liver was found to be associated with
HCV RNA levels in genotype 3a and body mass index in
[91]
genotype 1 HCV infection . Interestingly, infection of
the immortalized hepatoma cell line HepG2 with HCV
genotype 1b was associated with suppressor of cytokine
signalling 3 mediated impairment of insulin signalling
[92]
when compared to HCV genotype 2 infected cells .
All HCV genotypes, but genotype 3 to a higher extent,
exert direct effects on hepatic lipid metabolism resulting
[85,93]
in occurrence of large droplets in hepatocytes
.
HCV makes use of VLDL assembly and secretion
pathways in production of infectious virus. In virion
morphogenesis, LDs are targeted by virus-encoded
proteins. LDs have also been shown to influence the
course of the infection. The role of LDs in HCV infection
has recently been reviewed extensively by Filipe et
[93]
al . Increased intracellular triglyceride accumulation in
HCV infection might be due to both direct viral effects
and indirect effects resulting from accompanying insulin
[93-105]
resistance
. Decreased β-oxidation, increased
gluconeogenesis, and DNL are key features of steatosis
in HCV patients. Recently, it was shown that HCV blocks
phosphorylation of forkhead box protein O1 (FOXO1),
resulting in enhanced gluconeogenesis and promotion
of lipogenesis by increasing the levels of SREBP-1c and
[94,96,105]
fatty acid synthase (FAS)
. In addition to reduced
phosphorylation of FOXO1, increased expression
of gluconeogenic enzymes phosphoenolpyruvate
carboxykinase and glucose-6-phosphatase was
found to be due to enhanced cyclic AMP responsive
element-binding protein phosphorylation, linking HCVinduced ER stress with increased hepatic glucose
[106]
output . Viral proteins were also found to stimulate
transcription of key enzymes of gluconeogenesis
and diacylglycerol acyltransferase-1, which catalyses
the final step in triglyceride synthesis and affects LD
formation. Resulting insulin resistance might further
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Drug-induced hepatic steatosis
Several drugs have been identified that may induce
reversible intrahepatic triglyceride accumulation.
These include antimicrobials, such as tetracycline,
glucocorticoids, tamoxifen, chemotherapeutic agents,
methotrexate, anti-arrhythmics such as amiodarone
as well as antiepileptic valproic acid, several antiviral
agents, lipid lowering mipomersen and lomitapide,
and non-steroidal anti-inflammatory drugs such
[108]
as acetylsalicylic acid
. Mechanistically, druginduced (e.g., valproic acid) diminished mitochondrial
β-oxidation of fatty acids leads to excessive reactive
oxygen species generation and depletion of ATP,
commonly resulting in development of microvesicular
steatosis. Other pathophysiological mechanisms
include enhanced cellular uptake of fatty acid due to
increased fatty acid translocase expression or increa
sed DNL resulting from elevated expression levels of
SREBP1c or decreased AMPK levels. In contrast to
the microvesicular steatotic pattern, macrovesicular
steatosis is usually considered benign and is often
reversible. Detailed mechanisms and outcome have
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agonist significantly reduced hepatic steatosis by
[119]
reducing de novo lipogenesis . The effect of simtu
zumab, which is a humanized antifibrotic monoclonal
antibody against lysyl oxidase like molecule 2, is
currently under investigation in patients with advanced
[120]
NAFLC . FXR agonists, such as obeticholic acid, are
probably the most promising therapeutic option under
investigation in NAFLD.

Table 2 Overview on drug-induced micro- or macrovesicular
[108,123]
forms of fatty liver disease (adapted from
)
Causes of drug-induced fatty liver disease
Predominantly microvesicular pattern:
Tetracyclin
Valproic acid
Amiodarone
Glucocorticoids
5-FU
Margosa oil
Predominantly macrovesicular pattern:
Acetylsalicylic acid (intoxication)
Tamoxifen
Mixed pattern:
Antiretroviral agents (e.g., didanosine, stavudine)
Methotrexate
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Due to an increasing incidence and more frequent
recognition by endoscopists, gastrointestinal follicular
lymphoma has been established as a variant of
follicular lymphoma. However, due to its rarity, there
are no established guidelines on the optimal diagnostic
strategy for patients with primary gastrointestinal
follicular lymphoma or secondary gastrointestinal
involvement of systemic follicular lymphoma. This
review offers an overview and pitfalls to avoid during
the initial diagnostic workup of this disease entity.
Previously reported case reports, case series, and
retrospective studies are reviewed and focus on the
disease’s endoscopic and histological features, the
roles of computed tomography and positron emission
tomography scanning, the clinical utility of the soluble
interleukin-2 receptor, and the possible pathogenesis.
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Core tip: This review provides an overview regarding
the initial diagnostic workup of gastrointestinal follicular
lymphoma. Previously reported case reports, case
series, and retrospective studies are reviewed, and
focus on the disease’s endoscopic and histological
features, the roles of computed tomography and
positron emission tomography scanning, the clinical
utility of the soluble interleukin-2 receptor, and the
possible pathogenesis. Although there is no doubt
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that endoscopic examinations play a major role in the
diagnosis of this disease, gastroenterologists should
also keep in mind that follicular lymphoma patients
with gastrointestinal involvement must be investigated
according to the general guidelines for systemic
follicular lymphoma.

OVERVIEW
Initial diagnostic workup for patients with primary or
secondary gastrointestinal involvement of follicular
lymphoma should be performed according to the
guidelines for follicular lymphoma of nodal origin.
For example, guidelines for follicular lymphoma
have been issued by the National Comprehensive
[7]
Cancer Network , the European Society for Medical
[8]
[9]
Oncology , the East Midlands Cancer Network , and
[10]
[11]
[12]
British , Italian , and Chinese working groups .
In addition, recommendations for initial evaluation,
staging, and response assessment of Hodgkin’s and
non-Hodgkin’s lymphoma were published in 2014,
which were discussed and agreed upon in workshops
held at the International Conference on Malignant
[13]
Lymphoma in Lugano, Switzerland .
In these guidelines, the initial diagnostic workup
is composed of the following principles: (1) diagnosis
should start with tissue sampling (e.g., lymph node
biopsy) followed by adequate histological assessment;
(2) the stage of the disease should be assessed by
computed tomography (CT) scanning of the whole
body and a bone marrow examination; and (3) risk
assessment using the Follicular Lymphoma-specific
[14]
International Prognostic Index (FLIPI) and/or FLIPI2
[15]
should be performed . Taking these principles into
account along with the previously reported peculiar
features of intestinal follicular lymphoma, we herein
propose initial diagnostic workup strategies for patients
with primary or secondary gastrointestinal involvement
of follicular lymphoma (Table 1). Commentaries on
each of the items listed are described below.
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INTRODUCTION
Follicular lymphoma is the most common subtype of
indolent non‑Hodgkin's lymphoma. This neoplasm
originates in germinal center B cells and is pathologically
characterized by centrocytes and centroblasts, typically
[1,2]
forming follicular patterns of various sizes
. At
the time of diagnosis, most patients with follicular
lymphoma are in advanced stage Ⅲ or Ⅳ of the Ann
Arbor staging system. Only 5%-10% of patients
[3,4]
present with early stage Ⅰ or Ⅱ disease . Meanwhile,
this disease primarily or secondarily involves nonhematopoietic extra-nodal sites, such as the gastro
intestinal tract, skin, ocular adnexa, breast, and
[1]
testis . The gastrointestinal tract is the most common
site of involvement.
Historically, the disease entity of gastrointestinal
follicular lymphoma was established within the 2000’s.
[5]
Misdraji et al reported the first case of primary follicular
[6]
lymphoma of the duodenum in 1997. Yoshino et al
subsequently summarized their cases and reported in
2000 that duodenal follicular lymphoma is frequently
found in the second part of the duodenum. As the
concept of this disease has gained in popularity, multiple
case reports and case series have been reported. As
a result, primary intestinal follicular lymphoma was
formally cited as a variant of follicular lymphoma in the
latest version of the classification of lymphoid tissues
[1]
issued by the World Health Organization .
Gastroenterologists are now playing an important
role in the detection, diagnosis, and initial management
of this disease. However, because of its rarity, there
have been no guidelines published regarding the
diagnosis and initial management of patients with
primary intestinal follicular lymphoma or those with
secondary gastrointestinal involvement of systemic
follicular lymphoma. Here we review relevant clinical
studies and case reports for a better understanding
of the pearls and pitfalls of the diagnosis and initial
workup of this disease entity.

WJG|www.wjgnet.com

CLINICAL AND LABORATORY
ASSESSMENT
As a general rule, comprehensive assessment of clinical
features and laboratory test results are important for all
[8]
patients with newly diagnosed follicular lymphoma .
Patients with primary intestinal follicular lymphoma
generally lack systemic symptoms, whereas syste
mic follicular lymphoma patients with secondary
gastrointestinal involvement may exhibit symptoms.
Since most gastrointestinal lesions are neither massforming nor ulcerative, more than half of patients
present without gastrointestinal follicular lymphomarelated manifestations.
[16]
Yamamoto et al reviewed 150 previously reported
cases and noted that 65 patients (43.3%) were
asymptomatic while 14 (9.3%) presented with ambi
guous gastrointestinal symptoms including abdominal
discomfort and heartburn. Other symptoms include
abdominal pain (n = 43, 28.7%), intestinal obstructionrelated symptoms such as nausea and vomiting (n =
12, 8.0%), and intestinal bleeding such as tarry and
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features are infrequent, but it can present as erosions
[19]
or ulcers .
Any jejunal and ileal involvement shows a morph
ology similar to the duodenal lesions (Figure 1D and
[16,20-22]
E)
. Since these lesions generally remain small,
most of these cases are asymptomatic or only exhibit
symptoms not related to the lymphoma lesions. In
rare instances, small intestinal lesions form ulcers,
luminal stenosis, and bulky tumors accompanied
by ulcers and/or wall thickening, probably resulting
from an increased number of infiltrated lymphoma
[23,24]
cells within the small intestinal wall
. Among
follicular lymphoma cases presenting with intestinal
involvement, 66.7% to 100% of the patients presented
with multiple follicular lymphoma lesions in the
[4,20-22,24-26]
jejunum and/or ileum
. As described below,
the sensitivity of CT and positron emission tomography
(PET) scanning is not sufficient to diagnose the
intestinal lesions of follicular lymphoma. Therefore,
primary intestinal follicular lymphoma patients under
consideration for radiotherapy should be investigated
by CT or PET scanning and also by enteroscopy
examinations such as video capsule enteroscopy or
balloon-assisted enteroscopy.
Gastric involvement of follicular lymphoma has
been occasionally reported. It can vary from protruding
[27]
[28]
lesions
to superficial, shallow depressed lesions .
Only eight case reports of follicular lymphomas with
colorectal involvement that describe detailed features
[29-36]
have been reported
. Among the reported cases,
the endoscopic images in one patient showed a
[31]
submucosal tumor with ulceration . The other
seven patients presented with elevated lesions in the
colorectal region without erosions or ulcers. Recently,
we summarized 12 additional cases of colorectal
[37]
follicular lymphoma lesions . Virtually all of the 12
colorectal follicular lymphoma presented as elevated
lesions and had no erosions or ulcers. They could be
macroscopically subcategorized into papular, polypoid,
or flat elevated lesions. Consequently, erosions and
ulcer formation are considered to be infrequent events
in the colorectal involvement of follicular lymphoma.

Table 1 Initial diagnostic workup for patients with primary or
secondary gastrointestinal involvement of follicular lymphoma
Required evaluations
Performance status
Physical exams of the peripheral lymph nodes, liver, spleen, and
Waldeyer’s ring.
Blood tests including a complete blood count and leukocyte
differential, LDH, β2-microglobulin, uric acid, creatinine, electrolytes
including calcium and phosphate, liver function tests, albumin, and
serology tests for hepatitis B, C, and HIV.
Immunoglobulins and electrophoresis of proteins
Esophagogastroduodenoscopy, colonoscopy, and enteroscopy1
PET-CT scanning of the neck, chest, abdomen, and pelvis
Chest X-ray, abdominal ultrasound
Bone marrow biopsy
When planning chemotherapy: electrocardiogram, cardiac
ultrasound2, creatinine clearance
Optional
sIL-2R
Helicobacter pylori test
Magnetic resonance imaging of the CNS3
Flow cytometry, FISH/PCR for BCL-2 rearrangement of the bone
marrow cells
Reproductive counseling to preserve fertility before chemotherapy
1

Required when planning radiotherapy. Video capsule enteroscopy and/
or balloon assisted enteroscopy. 2Required before chemotherapy with
anthracycline-based regimens or autologous stem cell transplantation.
3
Required only for patients with suspected CNS involvement. HIV: Human
immunodeficiency virus; CNS: Central nervous system; sIL-2R: Soluble
interleukin-2 receptor; CT: Computed tomography; PET: Positron emission
tomography; FISH: Fluorescence in situ hybridization; PCR: Polymerase
chain reaction; LDH: Lactate dehydrogenase; BCL-2: B-cell lymphoma 2.

bloody stool (n = 9, 6.0%). A multi-institutional survey
in Japan summarizing 125 patients with primary
gastrointestinal follicular lymphoma reported that 96
patients (76.8%) were asymptomatic. The remaining
patients presented with abdominal pain (n = 10, 8.0%),
abdominal discomfort (n = 13, 10.4%), intestinal
[17]
obstruction (n = 5, 4.0%), or diarrhea (n = 1, 0.8%) .
Information about allergies, previous illnesses and
surgeries, performance status, and results of physical
exams of the peripheral lymph nodes, liver, spleen, and
Waldeyer’s ring should also be recorded at the initial
[8]
presentation . Blood tests should include hemoglobin,
β2-microglobulin, and lactate dehydrogenase (LDH)
levels, since this information is indispensable for
risk stratification according to FILIPI and FLIPI2, as
[14,15]
described below
.

MAGNIFYING ENDOSCOPY
OBSERVATION
As described above, multiple whitish polypoid lesions
are representative macroscopic features of intestinal
follicular lymphoma. Recent advances in magnifying
endoscopy technology enable visualization of the
finer structures of these lesions. Several authors
have reported that opaque whitish spots, enlarged
villi, and a dilated vascular pattern within the villi are
representative magnifying endoscopic features of
[38-45]
this disease
. The whitish color of the intestinal
lesions are presumably imparted by the infiltrating
[42,43,46]
lymphoma cells
. Moreover, we speculate that the
microstructures observed by magnifying endoscopy

ENDOSCOPIC FEATURES
When it involves the gastrointestinal tract, primary
gastrointestinal follicular lymphoma most frequently
[1,17]
affects the small intestine
. In most patients, this
disease is diagnosed by esophagogastroduodenoscopy
[16-18]
as whitish lesions in the duodenum (Figure 1)
.
The typical endoscopic image has been described in
various terms such as small polypoid nodules, multiple
polypoid lesions, multiple small polyps, multiple
[16]
nodules, or multiple granules . Other macroscopic
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A

B

C

D

E

Figure 1 Endoscopic features of intestinal follicular lymphoma in a 63-year-old woman. A: This case was diagnosed as follicular lymphoma with duodenal and
jejunal lesions, and mesenteric lymph node involvement. The duodenal lesions are observed as multiple whitish nodules; B: Magnifying observation reveals opaque
white depositions; C: Narrow-band imaging visualizes dilated microvessels on the surface of the white depositions; D: Video capsule enteroscopy shows multiple
whitish granules in the jejunum; E: Double-balloon enteroscopy images of a jejunal lesion.

reflect the underlying pathological structures.
Pathologically, follicular lymphoma in the small
intestine is characterized by infiltration of lymphoma
cells within the villi and the development of neoplastic
lymphoid follicles. Lymphoid follicles formed in the
mucosa or submucosa visually appear as opaque white
spots. Infiltration of lymphoma cells results in the
swelling of the affected villi producing enlarged whitish
villi. Infiltrating follicular lymphoma cells may disturb
the perfusion of microvessels in the villi, leading to the
[44]
dilation of these vessels .
These microstructure features are useful to
distinguish follicular lymphoma from other whitish
lesions in the duodenum. We comparatively analyzed
the magnifying endoscopic features of cases with
follicular lymphoma (n = 9), lymphangiectasia (n = 7),
adenoma (n = 10), duodenitis (n = 4), erosion (n = 1),
lymphangioma (n = 1), and hyperplastic polyps (n =
[45]
1) . In our study, enlarged villi (8/9, 88.9%), dilated
microvessels (5/9, 55.6%), and opaque white spots of
various sizes (9/9, 100%) were detected in follicular
lymphoma cases. Such magnifying endoscopic features
are helpful in terms of the differential diagnosis of
follicular lymphoma from lymphangiectasia, adenoma,
and duodenitis. Observation of the lymphangiectasia
revealed enlarged villi, dilated microvessels, and
white spots, but the sizes of the white spots were
homogeneous and their margins were clear. Adenoma
and duodenitis showed only whitish villi.

WJG|www.wjgnet.com

Although the lymphangiomas showed a similar
microstructure to the follicular lymphoma lesions, they
were easily distinguishable based on the macroscopic
morphology, since the lymphangioma appeared as a
soft submucosal tumor with white spots. Consequently,
we consider that magnifying endoscopic observation,
in combination with macroscopic morphology, is
valuable for prompt endoscopic diagnosis of intestinal
follicular lymphoma. We also believe that magnified
endoscopy can be applied to detect subtle intestinal
[45]
involvement of follicular lymphoma
and to judge
whether complete remission of the intestinal lesions is
[46]
obtained .

HISTOLOGICAL ASSESSMENT OF
BIOPSIED SPECIMEN
Appropriate pathological assessment is indispensable
to the diagnosis of follicular lymphoma (Figure 2). Histolo
gically, this neoplasm is composed of germinal center
[1,2]
B cells, typically both centrocytes and centroblasts .
Pathological grading is done according to the number
of centroblasts per 40 × high-power microscopic field
[1]
(hpf) . It has been reported that more than 95% of
[2]
gastrointestinal follicular lymphomas are Grade 1 or 2 .
Typical microscopic features of duodenal follicular
lymphoma include: (1) small to medium-sized lymphoid
cells forming tumor follicles, and (2) infiltration of tumor
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Figure 2 Pathological images (the same case shown in Figure 1). A: Neoplastic follicles are seen in the duodenal villi (hematoxylin and eosin staining, × 10); B:
The lymphoma cells are composed of small- to medium-sized lymphoid cells (hematoxylin and eosin staining, × 40); C: The lymphoma cells are negative for CD3 (×
10); D: The lymphoma cells are positive for CD20 (× 10); E: The lymphoma cells are positive for CD10 (× 10); F: The lymphoma cells are positive for BCL2 (× 10).
[2]

[47,48]

cells involving the duodenal villi . On pathological
assessment of gastrointestinal follicular lymphoma
lesions, the main differential diagnoses are extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma), mantle cell
lymphoma, and reactive lymphoid hyperplasia. The
neoplastic cells in follicular lymphoma, MALT lymphoma,
and mantle cell lymphoma exhibit morphological
similarities, since these lymphomas predominantly
consist of small- to medium-sized cells of B-lymphocyte
origin. Consequently, in general, subcategorizing these
B-cell lymphomas according to the morphological
features of the lymphoma cells is often difficult
and requires immunohistochemical staining. An
immunophenotyping result of B-cell lymphoma (BCL)2+,
BCL6+, cluster of differentiation (CD)10+, CD5-,
CD43-, and cyclin D1-, in addition to being positive
for B-cell associated antigens such as CD19, CD20,
CD22, and CD79a, is a distinctive feature of follicular
[1]
lymphoma . Translocation t(14;18)(q32;q21) is also
a characteristic feature of this disease, and detection
of such cytogenetic abnormalities is also useful for
diagnosis.
We investigated the diagnostic accuracy of the
initial pathological evaluation for gastrointestinal
[27]
follicular lymphomas . Forty-eight patients were
included, and nine (18.8%) patients were found
to have been incorrectly diagnosed at the initial
biopsy examination as having MALT lymphoma (n
= 4), necrotic tissue (n = 2), duodenitis (n = 1), or
suspected lymphoma of unspecified subtype (n = 2).
Misdiagnosis of gastrointestinal follicular lymphoma as
MALT lymphoma has been reported by other authors
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as well
. We found two major problems that might
lead to misinterpretation of the pathological diagnosis:
an incomplete histopathologic evaluation lacking
immunophenotyping analysis, and unsuitable biopsy
samples taken from erosions or ulcerative lesions
that contained scanty lymphoma cells or no lymphoid
[27]
follicles . For patients in whom gastrointestinal lowgrade B-cell lymphoma is suspected, physicians should
confirm that appropriate immunostaining and/or
cytogenetic analysis was performed. In addition, in
rare instances presenting with a macroscopic form of
erosions or ulcers, extensive pathological analysis by
repeat biopsies or surgical resection may be required
[27]
to reach the correct diagnosis .
Histological transformation to diffuse large B-cell
lymphoma is a critical event associated with poor
prognosis. In nodal follicular lymphoma, 28% of
patients develop histological transformation within
[49]
10 years . However, histological transformation is
considered a rare event in primary gastrointestinal
follicular lymphoma cases. To the best of our know
ledge, only one such case has ever been reported.
[50]
Miyata-Takata et al described a patient with primary
intestinal follicular lymphoma in whom perforation of
the ileum occurred and histological transformation was
confirmed in the surgical specimen.

PET SCANNING
The consensus reached in an expert meeting on
imaging evaluation of lymphomas held in 2013 stated
that PET-CT is more accurate, with an increased
sensitivity for staging, than contrast-enhanced CT
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[51]

scanning . Upstaging with detection of extra-nodal
disease by PET scanning occurs in some patients,
[52]
which results in management alterations . PET
scanning is particularly recommended for stage Ⅰ and
Ⅱ patients under consideration for radiotherapy
as a curative treatment, since they require precise
[9,53]
determination of the disease extent
. The percentage
of follicular lymphoma cases with tracer-avid lesions
[52,54-58]
has been reported to range from 91% to 100%
.
Meanwhile, our previous study showed that 19 out
of 41 patients had true tracer uptake in the involved
gastrointestinal lesions, resulting in a sensitivity of
[59]
46.3% . However, 22 patients (53.7%) showed
false-negative tracer uptake, and two (4.9%)
exhibited both true-positive and false-negative tracer
uptake in gastrointestinal lesions. Consequently,
the gastrointestinal lesions were undetectable in 24
patients (58.5%). Moreover, false-positive tracer
uptake is another disadvantage associated with PET
scanning of the gastrointestinal system. Physiological
intestinal spasms, inflammatory conditions such as
infections and hemorrhoids, and even constipation are
[60,61]
possible causes of false-positives
.
These results indicate that, although the sensitivity
of PET scanning is likely higher than that of CT,
both imaging studies are not completely reliable for
the diagnosis of follicular lymphoma lesions in the
gastrointestinal tract. We believe that patients with
primary intestinal follicular lymphoma who are eligible
for curative radiotherapy should undergo endoscopic
examinations, that is, esophagogastroduodenoscopy,
colonoscopy, plus balloon-assisted enteroscopy or
video capsule enteroscopy, to evaluate the entire
[26,59]
gastrointestinal tract
.

matched controls (n = 400), elevated serum levels of
IL-2R were associated with poor outcomes.
We investigated the relationship between sIL-2R
levels and other clinical characteristics in follicular
[66]
lymphoma patients with gastrointestinal involvement .
Our study showed that elevated sIL-2R levels correlated
with systemic involvement (Ann Arbor system staging
ⅢES/Ⅳ or Lugano system staging Ⅱ2/Ⅳ), involvement
of five or more nodal areas, and presentation of bulky
tumors in the gastrointestinal tract detectable by CT
scanning. Though the differences were not statistically
significant, patients with elevated sIL-2R tended to
have lower hemoglobin levels. These patients also
had a high FLIPI score. Based on our study results,
we speculate that elevated sIL-2R levels at initial
diagnosis may be associated with a poor prognosis
for gastrointestinal follicular lymphoma patients as
well as for nodal cases. Another important implication
for the management of follicular lymphoma patients
with gastrointestinal involvement is that sIL-2R may
be a good indicator for monitoring disease relapse or
progression, since high sIL-2R levels reflected a large
tumor bulk in our patients.
We experienced a case with primary intestinal
follicular lymphoma that presented without lymph node
involvement, but progression with intra-abdominal
lymph node enlargement was documented 11 mo after
[67]
the initial diagnosis . The patient’s sIL-2R levels were
elevated when the progression occurred, suggesting
the possible utility of sIL-2R levels as a tumor marker
for intestinal follicular lymphomas. Consequently,
we believe that sIL-2R levels should be evaluated at
the initial workup. Elevation of sIL-2R levels during
the follow-up period may be suggestive of relapse or
tumor progression in patients with gastrointestinal
[66,67]
follicular lymphoma
.

STAGING
Based on a careful evaluation of the disease extent by
endoscopy, CT and/or PET scanning, and bone marrow
examinations, lymphoma patients are generally assigned
[62]
an anatomic stage using the Ann Arbor system . For
lymphomas with gastrointestinal involvement, the
[63,64]
Lugano system is also applicable for staging
.
The Lugano system staging seems to be suitable for
primary gastrointestinal follicular lymphoma patients,
because involvement of multiple intestinal sites is
common. However, the Ann Arbor classification is still
required for risk stratification by FLIPI. Evaluating
patients with both staging systems is recommended
during the initial diagnostic workup and when lymphoma
progression occurs.

PATHOGENESIS
We previously investigated duodenal follicular lymphoma
lesions and reported a deviation of immunoglobulin
[68]
heavy chain and memory B cell characteristics .
Our study results indicate the presence of antigen
stimulation, which likely affects the spread of intes
tinal follicular lymphoma lesions. However, a distinct
pathogen has not been identified thus far.
Several case reports showed that eradication
treatment of Helicobacter pylori (H. pylori) resulted
in regression of duodenal follicular lymphoma
[69,70]
in H. pylori-positive cases
. However, partial
regression of intestinal follicular lymphoma lesions
after eradication treatment for H. pylori has been
reported even in a case in whom tests for H. pylori
[71]
infection were negative . The favorable results in
the H. pylori-negative case raises the possibility that
a microorganism other than H. pylori is an etiologic
factor for the development/regression of intestinal
follicular lymphoma. Another hypothesis is that
spontaneous regression of follicular lymphoma lesions

SOLUBLE INTERLEUKIN-2 RECEPTOR
Serum soluble interleukin-2 receptor (sIL-2R) levels
are widely measured and used as a marker for various
[65]
lymphoproliferative disorders. Mir et al
reported
that, based on the pretreatment serum samples from
nodal follicular lymphoma patients (n = 209) and from
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unrelated to the infectious status of H. pylori may
have occurred. The natural course of nodal follicular
lymphoma is characterized by spontaneous regression
[3]
in up to 25% of cases . A retrospective study of 63
patients with primary intestinal follicular lymphoma
revealed that one of the six patients who received
eradication therapy for H. pylori experienced complete
regression, whereas no responses were noted in the
[4]
remaining five patients . Meanwhile, five patients
experienced spontaneous complete regression without
receiving eradication treatment for H. pylori. At the
present time, the pathogenesis of intestinal follicular
lymphoma lesions and the mechanism of effect of
[72]
eradication therapy for H. pylori is unclear .

should also keep in mind that follicular lymphoma
patients with gastrointestinal involvement must be
investigated according to the general guidelines for
systemic follicular lymphoma. We believe the pearls
and pitfalls described herein can be helpful for a better
understanding of the diagnosis and initial workup of
this disease.
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conducted on intestinal follicular lymphoma patients.
One of the issues regarding FLIPI and FLIPI2 systems
is that the proportion of patients in the three groups is
unlikely to be balanced, since most of the patients with
primary intestinal follicular lymphoma are classified as
[66]
“low risk” or “intermediate risk” . Further investigation
is required to prove the utility of FLIPI and FLIPI2 or to
establish other risk assessment methods for intestinal
follicular lymphoma patients.
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patients with follicular lymphoma in the gastrointestinal
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REVIEW

Hepatitis C virus prevalence and genotype distribution in
Pakistan: Comprehensive review of recent data
Muhammad Umer, Mazhar Iqbal
its burden is expected to increase in coming decades
owing mainly to widespread use of unsafe medical
procedures. The prevalence of HCV in Pakistan has
previously been reviewed. However, the literature
search conducted here revealed that at least 86 relevant
studies have been produced since the publication of
these systematic reviews. A revised updated analysis
was therefore needed in order to integrate the fresh
data. A systematic review of data published between
2010 and 2015 showed that HCV seroprevalence
among the general adult Pakistani population is 6.8%,
while active HCV infection was found in approximately
6% of the population. Studies included in this review
have also shown extremely high HCV prevalence in
rural and underdeveloped peri-urban areas (up to
25%), highlighting the need for an increased focus on
this previously neglected socioeconomic stratum of
the population. While a 2.45% seroprevalence among
blood donors demands immediate measures to curtail
the risk of transfusion transmitted HCV, a very high
prevalence in patients attending hospitals with various
non-liver disease related complaints (up to 30%)
suggests a rise in the incidence of nosocomial HCV
spread. HCV genotype 3a continues to be the most
prevalent subtype infecting people in Pakistan (61.3%).
However, recent years have witnessed an increase in
the frequency of subtype 2a in certain geographical
sub-regions within Pakistan. In Khyber Pakhtunkhwa
and Sindh provinces, 2a was the second most prevalent
genotype (17.3% and 11.3% respectively). While the
changing frequency distribution of various genotypes
demands an increased emphasis on research for novel
therapeutic regimens, evidence of high nosocomial
transmission calls for immediate measures aimed at
ensuring safe medical practices.
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Hepatitis C virus (HCV) is endemic in Pakistan and
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recent data suggest that, although genotype 3a might
still be the predominant HCV subtype in Pakistan,
the epidemiological pattern and relative frequency
distribution of various genotypes have undergone
[17,18]
appreciable change
. These studies have indicated
a rise in the incidence of genotype 2a, particularly
in the north-western province Khyber Pakhtunkhwa
[17,18]
(KPK)
.
The prevalence of HCV varies by region. Western
Europe, the Americas and Australia are considered
regions of low HCV prevalence (< 2%). African and
the eastern Mediterranean are areas with the highest
[9]
HCV prevalence . In Egypt, the prevalence of HCV
is greater than 14%, the highest of any country in
[19,20]
world
. Even though the prevalence in Asia has
been estimated to be a little above 2%, it varies
[1]
greatly between individual countries . Mongolia has
the highest HCV prevalence (above 10%), followed
by Uzbekistan and Pakistan where, according to some
reports, around 6% of the total population is infected
[1]
with HCV .
Our understanding of HCV epidemiology in Pakistan
has been greatly improved by the numerous studies
conducted over the span of the past two decades.
Additionally, a comprehensive nation-wide survey of
HBV/HCV prevalence, probably the first of its kind,
[21]
was carried out in the years 2007-2008
and a
national hepatitis sentinel site surveillance system
[22]
has been fully operational since June 2010 . Five
single facility-based sentinel sites (located in four
provincial capitals and Islamabad) have so far been
established. Nonetheless, due to limited catchment
areas of these facilities, data related to the incidence
of new cases and ongoing transmission patterns
and trends in the majority of the population remains
inadequate. Also, the scope of the national survey was
limited only to screening for HBV/HCV seropositivity
among healthy individuals. Thus the survey did not
encompass HCV prevalence in high risk groups and the
frequency distribution of HCV genotypes was also not
studied. Even a cumbersome endeavor like national
survey therefore did not provide data of such high
translational importance.
Data on the prevalence of HCV in Pakistan has
[16,23,24]
previously been comprehensively reviewed
.
Recent years have seen an increased focus among
Pakistani researchers on the study of HCV prevalence
patterns and frequency distribution of its genotypes. At
least eighty six relevant studies have been published in
national and international journals since the publication
of aforementioned reviews (2009, 2010). These newer
studies have not only explored HCV prevalence in
[25]
previously uncovered areas (such as Azad Kashmir
[26,27]
and Balochistan
) but have also shed light on the
possible connection between underdevelopment and
high HCV prevalence (for example, 23.83% prevalence
[28]
in peri-urban areas of country’s largest city Karachi
[29]
and 25.1% in rural Sindh ). This highlights the
importance and need for integration of newer reports

Core tip: Hepatitis C virus (HCV) in Pakistan is highly
endemic, with around 6.8% of general population
infected with this virus. Approximately 6% of the
population of Pakistan is actively infected with HCV.
However, only very few relevant reports are available
and more studies are needed. Research articles
reviewed suggest a link between underdevelopment
and HCV prevalence, as well as the predominant
involvement of unsafe medical procedures in the spread
of the virus in Pakistan. Although genotype 3a is most
prevalent HCV subtype in Pakistan, recent years have
witnessed an increase in the incidence of genotype 2a
in Sindh and Khyber Pakhtunkhwa provinces.
Umer M, Iqbal M. Hepatitis C virus prevalence and genotype
distribution in Pakistan: Comprehensive review of recent data.
World J Gastroenterol 2016; 22(4): 1684-1700 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i4/1684.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1684

INTRODUCTION
Infection with hepatitis C virus (HCV) is a major global
health concern. With an estimated 170 million people
infected with HCV worldwide, this disease is proving
to be an escalating economic, social and health
[1,2]
burden . Although the prevalence of HCV infection
seems to have declined in the past two decades in the
[3,4]
[5,6]
United States , western and northern Europe ,
[7]
[8]
Japan and Australia , the burden of this disease in
many of the lesser developed and developing countries
[2]
is continuously on the rise . Awareness, improved
safety of blood products, the availability of affordable
and effective HCV therapies have contributed significantly
to the decline in HCV in developed countries. However,
lack of awareness, inadequate blood screening facilities,
nosocomial transmission and a lack of effective treatments
(due to various reasons) have so far been the major
factors responsible for seemingly inexorable rise in
[2,9]
HCV infection in many developing countries .
HCV is a member of the family Flaviviridae with
an approximately 9.6 kb single-stranded, positive
[10]
sense RNA genome . Owing to the poor fidelity
of HCV RNA-dependent-RNA-polymerase (NS5B
protein), the virus exhibits a high level of sequence
[10]
heterogeneity . Based on sequence homology six
major HCV genotypes (1-6) and numerous distinct
subtypes (denoted by a small English alphabet suffixed
after genotype, e.g., 1b, 3a etc.) have so far been
[11]
identified . The distribution of HCV genotypes is
highly variable. Genotypes 1-3 are distributed globally,
whereas genotypes 4 and 5 are restricted to the Middle
East and Africa, and genotype 6 occurs predominantly
[2,12-14]
in south-east Asian countries
. HCV genotype
[1]
3 is endemic on the Indian subcontinent . Multiple
studies have identified subtype 3a as the most
[15,16]
prevalent HCV variant in Pakistan
. However,
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in a comprehensive updated analysis. Above all, given
the fact that some 15%-45% HCV infected patients
may spontaneously clear the virus but still remain
[30,31]
seropositive for HCV
, results from seroprevalence
studies may end up exaggerating the actual burden
of disease. Recent World Health Organization (WHO)
guidelines also recommend that polymerase chain
reaction (PCR) based HCV diagnosis should be carried
out not only to confirm HCV seropositivity but also
to distinguish persons with active HCV infection
[32]
from those with resolved past infection . Not much
attention has been paid to the categorical estimation of
active HCV infection as determined by HCV nucleic acid
[16,23,24]
testing (NAT) in previous systematic reviews
.
The primary objective of this review is to summarize
recent evidence and attempt to address the deficiencies
in our knowledge of the epidemiology of HCV in Pakistan.
Moreover, a thorough literature search, spanning the
last two decades (1994-2015), was carried out to
identify studies that investigated HCV prevalence in
the general adult population of Pakistan. Results from
these studies were pooled to produce a comprehensive
map of HCV prevalence in Pakistan at the district level
(Figure 1).

of the initial immunochromatographic screening (ICT)
by more sensitive methods such as enzyme linked
immunosorbent assay (ELISA). In such cases, only
those samples were included in calculations which
tested positive for both of the assays. In addition to
the estimation of HCV seroprevalence, as defined by
detection of antibodies against HCV in an individual’s
blood, studies which investigated active HCV infection
in various population groups were included. Active
HCV infection was defined as the presence of HCV
RNA in a patient’s serum, as assessed by established
[33]
PCR based methods . For studies that reported both
seroprevalence and active HCV infection, respective
results were included in both estimates. Similarly,
data from studies reporting HCV prevalence (seroor active) in more than one population group was
included in both calculations.

Analysis

Results from all the studies pertaining to a specific
population subset were pooled and the results are
presented as the weighted average. The weighted
mean was calculated using the formula previously
[16]
described .

Methodology
Literature search

A systematic literature search was carried out for
publications dealing with the prevalence of HCV
infection in the general population, blood donors,
various population sub-groups considered to be at
increased risk of contracting HCV infection and patients
suffering from liver disease etc. Moreover scientific
reports of the frequency distribution of HCV genotypes
in Pakistan were also considered. Articles and abstracts
published between 2010 and April 2015, in both
indexed and non-indexed journals, were included.
The literature search used the electronic databases
PubMed, Google Scholar as well as PakMediNet
(for non-indexed Pakistani journals). Relevant
literature and unpublished data was also obtained
from the Pakistan Medical Research Council website
(http://www.pmrc.org.pk). All the relevant research
articles that appeared after the publication of earlier
compilations of HCV related Pakistani data (December
[16]
[23]
[24]
2009 , Summer 2010
and December 2010 )
were included. Any relevant papers published prior
this, which were not covered in any of the previous
reviews, were also included. Furthermore, references
cited within articles were also carefully screened to
look for more relevant publications. In total, eighty
seven relevant publications were identified. Out of
these, one study was excluded due to possible data
duplication and eighty-six (86) studies were finally
included in the review.
A few studies used two step confirmatory testing
for estimating the seroprevalence of HCV; verification
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Where ω represents the number of subjects
included in an individual study and x stands for percent
prevalence found in that particular study.

HCV PREVALENCE IN VARIOUS POPULATION GROUPS
Seroprevalence of HCV in the general population
[26,28,29,34-46]

Data obtained from sixteen studies
and the
national survey on the prevalence of HCV infection
in Pakistan (described as the “national survey” from
[21]
here on)
is presented in this section (Table 1).
A total of 165846 persons were screened in these
studies. The prevalence of HCV infection in general
adult population (15 years of age and above) ranged
[43]
from 2.3% in Gujranwala to 28.6% in rural areas of
[29]
Nausheroferoz district, Sindh . Mean serofrequency
of HCV infection among healthy adults in Pakistan was
found to be 6.8%, significantly higher than previous
[23]
[16]
estimates; 4.7% and 4.95% as well as 4.87% for
[21]
the national survey . Unfortunately no reports were
available from Federally Administered Tribal Areas,
Gilgit Baltistan and some districts in Balochistan and
KPK. Nonetheless, studies cited in this article mainly
pertained to three of the bigger provinces, Punjab,
Sindh and KPK (most districts), as well as one study
[26]
from Balochistan , which together make up for more
than 80% of the population of Pakistan.
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Not available

Figure 1 hepatitis C virus seroprevalence in Pakistan at the district level.

An almost 40% increase in HCV seroprevalence
shown in our analysis, in comparison to earlier reports,
is alarming. However, it is not clear whether this
upward trend is due to the coverage of more high
risk groups, better sampling strategies and improved
diagnostic facilities or actually indicates an increase in
the incidence of new HCV cases. It must be noted here
that in the last seven years, Pakistan has suffered at
least one major natural disaster (2010 flood) as well
as fallout from the ongoing war on terror in the form
of mass population displacements. Effects of such
human tragedies on the spread of HCV infection in an
already high prevalence country cannot be overlooked
and needs to be monitored carefully. At least one
report can be cited in this context. A study conducted
in 2010 revealed that HCV serofrequency in internally
displaced persons from Swat district was indeed much
higher than reported previously for the healthy adult
[45,47]
population of the same district (8.8% vs 2.2%)
.
It is worthwhile mentioning that subjects of most
of the studies cited in the current review were either
in urban areas or in some cases not clearly defined
(Table 1). Nonetheless, at least two of the studies
[29]
that categorically targeted rural
or peri-urban
[28]
populations reported an extremely high frequency of
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anti-HCV prevalence in these areas, 28.6% and 23.8%
respectively (entries 5 and 6 in Table 1). In addition
to this, an older study found a remarkably high HCV
prevalence in the rural population of Punjab province
in comparison to urbanized areas (15.73% vs 9.95%,
[48]
respectively) . Earlier reports published by Abbas et
[25,34]
al
also substantiate the suspicion that the burden
of HCV disease among rural areas is manifold higher
than in urban areas. Unfortunately, due to scarcity
of studies specifically targeting the rural population,
neither the true extent of HCV spread in rural areas
is known, nor does it reflect in national prevalence
estimates. As more than 60% of people in Pakistan
[49]
reside in these high prevalence rural areas , the
actual burden of HCV disease in Pakistan may be much
higher than current and previous estimates. More
studies are needed to fill this fundamental gap in our
knowledge regarding the true burden of HCV disease
in Pakistan.
Previous studies as well as the national survey
have indicated a highly heterogeneous pattern of HCV
prevalence in various cities and regions of Pakistan. In
order to obtain a more comprehensive picture of HCV
prevalence in various districts and regions of Pakistan,
we carried out a thorough literature search spanning
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Table 1 Hepatitis C virus seroprevalence among healthy adult population
S. # Year

Place

Method

Sample size
Male

1
2
3
4
5
6

2009
2009
2010
2010
2010
2010

7
8

2010
2010

Lahore
Larkana
Swat
Mansehra
Thatta/Nausheroferoz
Karachi
(peri-Urban)
Karachi

9
10
11

2010
2010
2010

Multan
Lahore
Faisalabad
Gujranwala
Gujrat
Sargodha
Rawalpindi
Sialkot
Bahawalpur
Islamabad
Mansehra
National Survey

12
13
14
15
16
17

2011
2011
2012
2012
2014
2014

Gujranwala
Karachi
Kech
Punjab
Mardan
Peshawar

Seroprevalence (%)

Ref.

Female

Total

Male

Female

Total

4.12
11.3
26

6.5
6.66
8.81
7.0
25.1
23.83

[38]
[46]
[45]
[36]
[29]
[28]

3.17

[34]
[41]

ELISA9
ICT1
ICT2
ICT2
ICT3
EIA4

353
290
649

97
300
1348

2000
450
590
400
303
1997

7.37
6.2
19

ICT9
ELISA9

351

153

504

2.8

ICT9
ICT9
ICT3

625
1892
2736
16522
9770
1620
445
24707
363
394
24444

252
254
22599

625
1892
2736
16522
9770
1620
445
24707
363
252
648
47043

9.6
9.4
8.8
7.3
6.8
6.7
6.7
6.2
5.0
11.8
4.9

EIA5
CLIA6
EIA7
EIA7
ICT8
CMIA4

1770
709
14027
757
543

732
1291
14027
662
439

2502
32049
2000
1419
982

2.6
7.62
3.13
13.6
15.4

5.23
24.6
9.4
4.8
1.68
4.34
9.52
9.7

9.6
9.4
8.8
7.3
6.8
6.7
6.7
6.2
5.0
24.6
10.34
4.87

[40]
[44]
[21]

2.32
9.75
5.5
3.13
11.7
12.93

[43]
[35]
[26]
[39]
[37]
[42]

1

Nobis Labordiagnostica, Cluj-Napoca, Romania; 2Acon Laboratories, CA, United States; 3Bionike Inc. CA, United States; 4Abbott Diagnostics, IL, United
States; 5DSI, srl. Saronno VA, Italy; 6Roche Diagnostics, CA, United States; 7DiaSorin International Inc., Saluggia, Italy; 8Accurate Diagnostic
Labs, NJ, United States; 9Manufacturer not mentioned in cited reference. ELISA: enzyme linked immunosorbent assay; CLIA: Chemiluminescence
immunoassay; ICT: Immunochromatographic test; EIA: Enzyme immunoassay; CMIA: Chemiluminescent microparticle immunoassay.

[81]

the last two decades, from 1994 to 2015 (Figure 1).
All studies that investigated HCV prevalence in the
general adult population were included. We found
[21,26,28,29,34-48,50-80]
fifty relevant studies
published in
international and local journals. In total 366066
individuals were screened in these studies. Reports
from almost all provinces/administrative units of
Pakistan were included. Moreover, a detailed districtwise prevalence estimate was available through the
results of the national survey. Where more than one
report was available from same district, a weighted
mean was calculated using the data (including the
national survey). For districts for which no reports,
other than the national survey were available, the data
was used to construct the district wise prevalence map
which is presented in Figure 1.

and units of federation . However, the risk of
non-implementation and non-adherence to these
regulations is still quite high, particularly in remote
[16]
[25,27,82-92]
and underdeveloped areas . Thirteen studies
published between 2009 and 2014 reported HCV
prevalence in blood donors (Table 2). Mean HCV
prevalence among healthy blood donors was estimated
at 2.45%. A majority of blood donors hailed from the
country’s largest city Karachi alone (159942 out of total
[83,86,87,90]
of 400716)
, where mean prevalence of HCV
infection among blood donors was 2.31%. Pakistan’s
largest province Punjab remained underrepresented in
this group, as only three reports comprising of 10345
[82,85,88]
patients were available
. A study conducted by
[82]
Akhtar et al reported a very high prevalence (15.1%)
of HCV infection among blood donors from Lahore, the
second largest metropolitan city in Pakistan. Khan et
[27]
al reported a 20.8% seroprevalence of HCV infection
in a group of 356 blood donors hailing from Quetta,
capital of Balochistan, the province which is otherwise
considered a low endemicity area (1.5% prevalence in
[21]
national survey) .

HCV seroprevalence in blood donors

Regular screening of blood donors is essential for
controlling the spread of transfusion transmitted
infections (TTIs). Screening of blood for TTIs, including
HCV, prior to transfusion is now a common practice
among healthcare providers in Pakistan, especially
after the introduction of a comprehensive National
Blood Policy in 2003 and development and imple
mentation of blood transfusion laws in all the provinces
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HCV infection in patients with liver disease

Hepatitis C virus infection is an important underlying
cause of liver disease and accounts for about 25% of
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Table 2 Seroprevalence of hepatitis C virus infection in blood donors
S. #

Year

Place

Method

Sample size

Seroprevalence (%)

Ref.

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

2009
2010
2010
2011
2011
2011
2012
2012
2012
2013
2013
2013
2014

Mirpurkhas
Multan
Peshawar
KPK/FATA
KPK/FATA
Karachi
Karachi
Peshawar
Sargodha
Karachi
Quetta
Lahore
Karachi

ELISA7
ELISA1
ELISA7
ELISA2
ELISA2
-8
ELISA3
ELISA2
ELISA3
MEIA/CLIA4
ELISA2
ELISA5
CLIA6

804
10000
32042
7148
62251
5717
5517
127828
100
108598
356
245
42830

15.05
4.90
1.57
1.89
2.60
1.90
2.00
2.46
12.00
2.61
20.8
15.00
1.65

[25]
[88]
[92]
[89]
[91]
[86]
[83]
[84]
[85]
[87]
[27]
[82]
[90]

1

Labkit Chemelex, Barcelona, Spain; 2Biokit; 3General Biologicals Corporation, Taiwan; 4Abbott Diagnostics, 5DiaSorin; 6Ortho Clinical Diagnostics, NJ,
United States; 7Manufacturer not mentioned in cited reference; 8Method not mentioned in cited reference. KPK: Khyber Pakhtunkhwa; FATA: Federally
Administered Tribal Areas; ELISA: enzyme linked immunosorbent assay; MEIA: Microparticle immunoassay; CLIA: Chemiluminescence immunoassay.

Table 3 Hepatitis C virus in patients with liver disease
S. #

Year

Place

Hepatocellular carcinoma
1
2009
Punjab/KPK
2
2009
Pakistan
3
2010
Karachi
4
2013
Pakistan
5
2014
Hyderabad
Liver disease
6
2009
Swat
7
2009
Pakistan
8
2010
Karachi
Hepatic encephalopathy
9
2009
Hyderabad
Suspected for viral hepatitis
10
2014
Islamabad

Method

Sample size

Seroprevalence (%)

Ref

ELISA1
EIA2
-5
ELISA4
ELISA4

145
82
40
645
188

76.5
79.2
50
48.5
66

[97]
[98]
[94]
[95]
[96]

ELISA4
EIA2
-5

110
107
5153

AH
7

CH/CLD
62.6
72.9

Carrier
51.7

Cirrhosis
63.6
24.3
59.4

[99]
[98]
[94]

-5

87

66.67

[100]

ELISA3

845

24.8

[101]

1

DRG Instruments, Germany; 2Abbott Diagnostics; 3Biokit; 4Manufacturer not mentioned in cited reference; 5Method not mentioned in cited reference. AH:
Acute hepatitis; CH: Chronic hepatitis; CLD: Chronic liver disease; ELISA: enzyme linked immunosorbent assay; EIA: Enzyme immunoassay; KPK: Khyber
Pakhtunkhwa.
[93]

hepatocellular carcinoma (HCC) cases worldwide .
However, epidemiological data suggests that in
contrast to the worldwide trend, where HBV is
considered the major etiology underlying HCC, in
countries of high HCV prevalence such as Egypt
and Pakistan, HCV is the most common cause of
[93]
chronic liver diseases including HCC . A previous
comprehensive review of all the studies published
before 2010 (ten studies) estimated 50.6% mean
frequency of HCV seropositivity among HCC patients in
[23]
Pakistan . Three studies published between 2010 and
[94-96]
[97,98]
2014
, and also two studies published in 2009
[16,23,24]
but not included in previous reviews
, dealing
with the frequency of HCV infection HCC patients were
identified. These studies screened 1100 HCC patients
from different areas of Pakistan. Serofrequency of HCV
[95]
infection among HCC patients ranged from 48.5% to
[98]
79.2% (Table 3, entries 1-5). Mean HCV prevalence
in this patient group was 57.5%.
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Three studies reported HCV prevalence among
[94,98,99]
cirrhosis patients
(Table 3, entries 6-8). Khan
and colleagues found 24.3% cirrhotic patients positive
[98]
for anti-HCV , another report from a different group
showed that 63.6% cirrhotic patients in the district Swat
[99]
were infected with HCV . Ahmed and coworkers found
59.4% HCV seroprevalence among cirrhotic patients
[94]
[98]
in Karachi city . Similarly Khan et al
and Ahmed
[94]
et al
found 62.6% and 72.9%, respectively, HCV
seroprevalence among patients suffering from chronic
hepatitis or chronic liver disease. A hospital based
[100]
study conducted by Devrajani et al
in 2009 found
that more than two thirds of patients reporting with
complaint of hepatic encephalopathy tested positive
for the presence of anti-HCV in their blood. A recent
single center study showed that among all the patients
referred to the said hospital with a suspected hepatitis
virus infection, approximately one quarter were found
[101]
to be positive for HCV
(for details see Table 3).
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Table 4 Hepatitis C virus serofrequency in high risk population groups
S. #

Year

Place

Pregnant women
1
2009
Hazara
2
2009
Swat
3
2009
Karachi
4
2010
Multan
5
2011
Karachi
6
2013
Hyderabad
Multi-transfused population (including pediatric population)
7
2009
Islamabad
8
2010
Lahore
9
2011
KPK
10
2011
Karachi
11
2012
Karachi
12
2014
Rawalpindi
Intravenous drug users
13
2011
KPK
14
2011
KPK
Peshawar
Kohat
Mardan

Method

Sample size

ELISA1
ICT6
EIA2
ICT6
ELISA3
ELISA2

500
5607
5902
500
18000
3078

Seroprevalence (%)
8.6
2.6
1.8
7.0
5.79
4.7

Ref.
[104]
[105]
[106]
[107]
[102]
[103]

ELISA6
Questionnaire
ICT4
ELISA3
ELISA5
ELISA6

103
408
40
173
160
95

36.0
1.5
15.0
51.4
13.0
49.5

[108]
[110]
[111]
[86]
[83]
[109]

ICT4
ICT4

42

14.28

[111]
[113]

100
60
40

35.0
25.0
32.5

1

Ortho Clinical Diagnostics; 2Abbott Diagnostics; 3DiaSorin; 4Acon Laboratories, CA, United States; 5General Biologicals Corporation; 6Manufacturer
not mentioned in cited reference. KPK: Khyber Pakhtunkhwa; ELISA: enzyme linked immunosorbent assay; EIA: Enzyme immunoassay; ICT:
Immunochromatographic test.

[1]

factors in HCV transmission worldwide . However, its
relative contribution to the HCV endemic in Pakistan,
is not clear. According to a recent United Nations
Office on Drugs and Crime report, some 6-7 million
Pakistanis admitted using drugs in the past one year,
around half million of which were regular intravenous
[112]
drug users (IDUs) . Unfortunately, not many studies
are available which have focused on serofrequency of
HCV infection in this high risk group. Only two recent
studies reported HCV prevalence in various districts of
[111,113]
KPK province
. These reports show a prevalence
of HCV infection among IDUs to range from 14.3% to
35%. The results of these studies are summarized in
Table 4 (entries 13 and 14).

PREVALENCE OF HCV IN HIGH RISK
POPULATION GROUPS
Pregnant women

It has previously been suggested that the predominant
mode of HCV transmission in Pakistan is nosocomial or
[16]
iatrogenic . Therefore pregnant women who require
more hospital visits and have to undergo more medical
and surgical procedures are considered to be at an
increased risk of contracting HCV infection. Based
[102-107]
on data from six relevant studies
, mean HCV
prevalence in pregnant women was estimated around
4.51%. The prevalence of HCV infection in pregnant
[106]
women ranged from 1.83% in Karachi
to 8.6% in
[104]
Hazara division
(Table 4, entries 1-6).

Health care workers

Risk of HCV transmission in health care workers (HCWs)
[114]
is particularly high
, and regular screening of this
population subgroup is important in order to curtail
further spread of HCV infection to patients. Unfortunately
not many relevant studies could be found. Only two
studies published in the recent past determined antiHCV frequency in HCWs and both originated from KPK
[115,116]
[115]
province (Table 5, entries 1 and 2)
. Khan et al
screened HCWs from three major hospitals in Peshawar
and reported 4.1% prevalence of HCV, while Sarwar
[116]
et al
reported 5.6% HCV prevalence among HCWs
at various hospitals of Abbottabad. An earlier review
of published data suggested similar levels of HCV
prevalence in HCWs, except for those who reported a
history of needle stick injury, in which the prevalence
[24]
was as high as 10% . Based on available data it is
likely that HCV prevalence in HCWs in Pakistan is equal
to that of general population.

Multi-transfused individuals

Patients suffering from congenital coagulation
disorders, or other diseases that require multiple
transfusions of blood at regular intervals throughout
their life, are also considered at an increased risk of
catching transfusion transmitted infections including
HCV. Six relevant studies, covering 979 patients
that were regular recipients of blood or blood pro
ducts transfusions, were identified (Table 4, entries
[83,86,108-111]
7-12)
. The results obtained were surprisingly
variable. HCV prevalence rates in this group ranged
[110]
from as low as 1.47% in Lahore
to around 50%
[86,109]
at centers located in Rawalpindi and Karachi
.
Mean HCV prevalence in multi-transfused patients was
calculated as 21.04%.

Intravenous drug users

Intravenous drug use is one of the most important risk
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Table 5 Hepatitis C virus serofrequency in miscellaneous high risk population groups
S. #
Health care workers
1
2
Prisoners
3
4
Dialysis patients
5
6
Homosexual community
7
Vertical transmission
8

Year

Place

Method

Sample Size

Seroprevalence (%)

Ref.

2008
2011

Abbottabad
Peshawar

ELISA7
ICT1

125
824

5.6
4.1

[116]
[115]

2010
2010

Sindh
Karachi

ELISA2
ELISA3

7539
357

12.8
15.2

[117]
[118]

2011
2011

KPK
Peshawar

ICT4
ELISA1

25
384

28.0
29.2

[111]
[119]

2010

Sindh

ELISA5

396

23.5

[120]

2011

Karachi

ELISA6

129

3.9

[102]

Acurate Diagnostics; 2Medical Biological Services, Italy; 3Abbott Diagnostics; 4Acon Laboratories; 5Biokit; 6DiaSorin; 7Manufacturer not mentioned in cited
reference. KPK: Khyber Pakhtunkhwa; ELISA: enzyme linked immunosorbent assay; ICT: Immunochromatographic test.
1

Other high risk groups

[125]

of the study by Majid et al , which showed a 3.3%
prevalence in patients at a single hospital in district
Bannu, most studies reported prevalence rates much
higher than the national prevalence estimated here
[16,23,24]
(6.8%) as well as earlier systematic reviews
and
[21]
the national survey . A recent report from Faisalabad
indicated alarmingly high HCV seropositivity (21.99%)
among patients visiting a sexually transmitted
[124]
infections clinic .

Other population subsets are also considered at
increased risk of HCV infection (Table 5). These include
prison inmates, patients on regular dialysis, as well as
the homosexual community. Two reports published in
2010 found the serofrequency of HCV infection among
inmates of various prisons in Sindh province to be
[117,118]
12.8% and 18.2% (entries 3 and 4 in Table 5)
.
Among dialysis patients, 28%-29% tested positive
for presence of HCV antibodies in their blood (entries
[111,119]
5 and 6 in Table 5)
. Khanani and colleagues
reported that 23.5% of 396 homosexuals/MSMs (males
who have sex with males) tested positive for anti[120]
[102]
HCV (entry 7, Table 5)
. In addition, Aziz et al
reported a 4% rate of vertical HCV transmission from
infected mothers to newborn children of ages up to 18
mo (entry 8, table 5).

COMPARISON OF METHODS USED IN
SEROPREVALENCE STUDIES
A variety of methods have been used for the diagnosis
of HCV infection. Studies cited in this review used
methods ranging from rapid, point of care tests, such
as the ICT, to more expensive laboratory conducted
assays such as ELISA, EIA, CMIA and CLIA. A recent
meta-analysis of at least 30 different studies that
compared point of care testing results with those of
more advanced laboratory based assays used for
HCV diagnosis showed a high pooled accuracy for all
[131]
studies
. However, the same study showed a high
degree of heterogeneity in performance of various
commercially available point of care tests. Caution
therefore must be observed while selecting appropriate
rapid HCV diagnosis testing platforms. While it is
beyond the scope of this article to recommend certain
manufacturer(s) over others, readers are referred to
[132]
the WHO list of prequalified diagnostics
or other
studies reporting a direct comparison of different
[133]
commercially available HCV diagnostic tests (e.g. ).
Furthermore, although rapid tests like ICT are quite
efficient in diagnosing HCV infection with less than 1%
false negative rates, such screening tests should not
be considered as sole diagnostic criteria, as studies
[38]
have reported high rate of false positive results .
Finally considering the fact that some 15%-45% HCV
infected patients may spontaneously clear the virus
[30,31]
but still remain seropositive for HCV
, as discussed

Patients seeking hospital care

Screening of patients suffering from diseases, which
are not considered a direct consequence of HCV
infection or do not directly pose an increased risk
of contracting HCV infection, except for the risk of
nosocomial and iatrogenic transmission, is also an
important surveillance strategy. Firstly, it can provide a
window into the prevalence in general population and
secondly, for an infection like HCV, it can also provide
useful insights into the possible risk factors involved
in the transmission of this virus. At least thirteen
studies reported the prevalence of HCV in patients
[88,106,111,121-130]
(Table 6)
. These patients visited/attended
hospitals with various complaints ranging from general
mild sickness requiring outpatient care, to major and
gynecological surgeries as well as dermatological and
urological disorders.
The results show an alarmingly high rate of HCV
prevalence. 14.2% and 16.2% prevalence in patients
[111]
[106]
undergoing dental
and gynecological surgeries
respectively, clearly points towards a possible high
rate of hospital acquired infection. With the exception
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Table 6 Hepatitis C virus seropositivity among patients other than those with liver disease
S. #
Urological patients
1
Major gynecological surgery
2
Surgery (eye/elective/major)
3
4
5
Dental surgery
6
Type II diabetes
7
Cataract patients
8
Dermatological disorders
9

Year

Place

Method

2010

Lahore

ELISA4

2009

Karachi

2010
2011
2013

Seroprevalence (%)

Ref.

558

13.4

[130]

EIA1

548

16.2

[106]

Sukkur
KPK
Kharian

ICT5
ICT2
ELISA5

913
25
554

13.8
8.0
6.4

[126]
[111]
[122]

2011

KPK

ICT2

35

14.28

[111]

2010

Multan

ELISA3

3000

30.2

[88]

2012

Karachi

ELISA5

377

11.4

[127]

2012

Karachi/
Rawalpindi

ELISA5

355

9.01

[128]

ELISA4

110

9.1

[121]

ELISA1

39780

21.99

[124]

ELISA5
ELISA1
ELISA5

25944
2965
9564

3.3
12.8
6.38

[125]
[123]
[129]

Tuberculosis patients
10
2013
Rahim Yar Khan
Sexually transmitted infection patients
11
2014
Faisalabad
Seeking hospital care (Misc diseases/disease not defined)
12
2010
Bannu
13
2011
Karachi
14
2011
Kotli (AJK)

Sample size

1

Abbott Diagnostics; 2Acon Laboratories; 3Labkit; 4Bio-tech Company Limited, United States; 5Manufacturer not mentioned in cited reference. KPK: Khyber
Pakhtunkhwa; ELISA: enzyme linked immunosorbent assay; EIA: Enzyme immunoassay; ICT: Immunochromatographic test.

[111,119]

in preceding paragraphs, a positive anti-HCV test
should be followed by nucleic acid testing as per WHO
[32]
and CDC guidelines .

reports are available
, only one report each was
[89]
[115]
published for blood donors , health care workers ,
[102]
[111]
pregnant women , multi-transfused patients
and
[111]
patients undergoing major surgery
. The results of
each of these studies are detailed in Table 7 and show
an alarmingly high rate of active HCV infection.

PREVALENCE OF ACTIVE HCV
INFECTION

FREQUENCY DISTRIBUTION OF HCV
GENOTYPES IN PAKISTAN

Recent WHO and CDC guidelines recommend NAT
[32]
directly following a positive anti-HCV test , so that
an active HCV infection can be differentiated from
a false positive or resolved past infection. However,
not much attention has been paid to distinguishing
active HCV infection from seroprevalence of antiHCV. Only five studies (Table 7) reported active HCV
[36,37,45,134,135]
infection
. These studies encompassed
a combined samples size of 7158 persons. Based
on these studies, active HCV infection was found to
be approximately 6% in the general population of
Pakistan. Active HCV infection ranged from 3.5%
[36]
[135]
in Mansehra
to 17.2% in Rawalpindi
(Table 7,
entries 2 and 3, respectively).
Similarly, only two reports have been published
on active HCV infection among IDUs in Pakistan since
[111,113]
2010
. While Ali and colleagues found 14.3%
active HCV infection among a small group of 42
[111]
[113]
IDUs , a study by Rehman et al
reported a very
high (24%) HCV prevalence among 200 IDUs. Active
HCV infection has not been adequately investigated
in other population subsets, particularly the high risk
groups. Except for dialysis patients, for which two

WJG|www.wjgnet.com

Methodologies used for genotyping of HCV isolates

HCV genotype is an important determinant of disease
severity and pathogenesis as well as patient response
to antiviral therapy. Therefore accurate genotyping of
HCV isolates is of fundamental significance. Several
HCV genotyping approaches have been reported in the
literature and have been reviewed comprehensively
[136]
elsewhere . Readers are referred to aforementioned
[137,138]
review as well as other recent studies (e.g.
) in
order to develop a better understanding of advantages
and shortcomings related to each methodology.
Studies included in this review mostly relied on PCR
based amplification of HCV Core and/or 5’ non-coding
region sequences using subtype specific primers. The
amplicons thus generated differ in their sizes and
genotype/subtype of an isolate can be determined
[13,139]
by gel electrophoresis
. The method originally
[13]
developed by Ohno and coworkers
has been
extensively used and most of the studies included in
[17,18,37,45,115,119,140-149]
this review
used this methodology.
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Table 7 Prevalence of active hepatitis C virus infection in Pakistan
S. #

Year

General population
1
2
3

2010
2010
2012

4
2013
5
2014
Intravenous drug users
6
2011
7
2011
Dialysis patients
8
2011
9
2011
Blood donors
10
2011
Health care workers
11
2011
Multi transfused population
12
2011
Patients undergoing major surgery
13
2011
Dental surgery patients
14
2011
Pregnant women
15
2011

Place

Swat
Mansehra
Rawalpindi
Islamabad
Lahore
Mardan

Sample size

Active HCV infection (%)

Ref.

Male

Female

Total

Male

Female

Total

290
300
147
75
1914
757

300
100
156
125
2332
662

590
400
303
200
4246
1419

2.8
4.0
17.7
5.3
5.3
11.5

5.7
2.0
16.7
3.2
4.7
5.1

4.2
3.5
17.2
4.0
4.9
8.5

[45]
[36]
[135]
[134]
[37]

KPK
KPK

42
200

14.3
24.0

[111]
[113]

KPK
KPK

25
384

28.0
27.6

[111]
[119]

1.6

[89]

KPK/FATA

-

-

7148

-

-

KPK

824

2.8

[115]

KPK

40

15.0

[111]

KPK

25

8.0

[111]

KPK

35

14.3

[111]

-1

[102]

Karachi

18000

1

Out of 18000 subjects studied, 1043 women tested positive for anti- hepatitis C virus (HCV) during screening; only 640 out of these 1043 agreed to undergo
nucleic acid testing of which 510 tested positive for HCV-RNA. KPK: Khyber Pakhtunkhwa; FATA: Federally Administered Tribal Areas.

This methodology was further refined by Idrees in
[139]
2008
by designing primers based on updated HCV
genome sequence data with particular emphasis on
isolates from Pakistan. A few of the studies relied
[113,150-154]
on the method developed by Idrees
. Very
few studies reported using commercially available
[155]
genotyping assays. For example Ahmad et al
and
[156]
Ijaz et al
used the Invader HCV Genotyping Assay
(Third Wave Technologies, Inc., WI, United States)
while Akhund and coworkers used a commercially
available, type specific PCR amplification kit (AnaGen
[157]
Technologies Inc., GA, United States) .

patients with mixed genotype infection.
Overall, approximately 12.5% samples could not
be assigned a specific genotype or subtype by the
methods used, making the proportion of untypable
samples higher than all the subtypes except 3a.
A province wise break-up of untypable samples
revealed the highest levels in samples originating from
Balochistan (32.1%) and KPK province (12.6%). Only
2.7% of samples from Punjab could not be typed.
It is worthwhile discussing here the diagnostic and
therapeutic relevance of a high ratio of untypable
samples. Due to the high rate of mutations in the HCV
genome, as well as other factors mentioned by Afzal
[158]
et al
, the emergence of new subtypes or genetic
variants that are untypable by current methods is
unavoidable. There is an urgent need not only to
upgrade genotyping methodologies by using updated
HCV sequence information, but also to develop a
consensus reference genotyping method in order to
avoid cross-methodology ambiguities. Sequencing of
untypable samples can be of great importance in this
regard, as it will not only help researchers to upgrade
methodologies but might also help in identifying new
genotypes/subtypes.
A closer look at the frequency distribution of
genotypes other than 3a also indicated a change in
the distribution pattern of HCV genotypes in Pakistan.
Overall, genotype 3 (69.1%) was the most prevalent
genotype in Pakistan, followed by genotypes 1 (7.1%),

Frequency distribution of HCV genotypes

Genotyping of HCV isolates from Pakistan has been
carried out extensively in the recent past. Twentyfive reports were published between 2010 and 2014
that pertained to the distribution of various HCV
[17,18,37,45,113,115,119,141-158]
genotypes in Pakistan
. However,
none of the studies reported the genotype distribution
in Balochistan province. Therefore, so as to present
a more comprehensive picture of HCV genotype
frequency distribution in Pakistan, a 2009 study
[140]
pertaining to Balochistan province was included
(Table 8). A total of 37025 subjects were genotyped
in these studies and show a heterogeneous pattern of
genotype distribution in various regions of Pakistan.
Genotype 3a was found in approximately 61.4%
patients as mono-infection, as well as in most of the
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Table 8 Frequency distribution of hepatitis C virus genotypes in Pakistan
Frequency (%) of hepatitis C virus genotypes
1
2

Ref.
3

4

5

6

Mixed

Untypable
12.1
27.88
37.8
17
14.29
2.4
8.9
16.4
10.8
1.8
17.4
6.4
21
2.2
5.7
15.1
17.8
2.5
4.3
18.8
7.7
32.1
15.6

1a

1b

U

2a

2b

U

3a

3b

U

4a

4b

U

5a

U

6a

U

3.5
6.1
0.72
5.4
1.5
7.14
12.1
14.3
6.8
5.6
2.6
12.5
7.4
10
1.3
1
8.8
5.3
2.9
3.3
23.6
4.3
0.9
7.1
0.5

0.8
6
0.72

-

1
15.1

6.1

-

88.1
42.3
80.26
34.1
31
28.6
64.5
32.1
54.4
90.3
82.6
42.9
26.4
56.4
82.1
38.2
45.5
39.4
70.3
61
55.9
73.9
66.1
86.8
50
68.3

3
12.1
6
7
8

-

-

-

-

-

-

-

-

3.6
6.73
7.6

6.4
17.8
8.2
0.6
0.2
22.3
16.5
15
13.9
21
16
6.3
5.5
8.9
3.2
13
2.6
2.2
10.7
2.6

0.0011

6.7
1.8

0.6

14.29
-

0.5

-

0.4

-

-

-

-

0.6
-

0.1

-

-

-

3.2
10.7
8.2
2.8
2.4

0.241
-

0.8
2.4
12.5
-

-

2.5
1.4
-

-

0.5
-

2
0.1
-

-

1.2
-

2.4
0.1
-

2.5
1.2
3.6
4.6
0.8
8.9
5.8
3.6
0.7
3
5.1
1.5
0.8
0.9
1.5

11
0.21
-

8.1
39
35.71
1.2
8.9
1.3
0.3
9.8
13.2
12
6.5
24.9
2.1
7.4
1.1
10.3

1
0.4
1.8

0.31
-

0.2
1.8
6.6
1
6.1
0.2
0.9
2.2
1.2

1.2
0.021
-

0.9
-

-

4.1
7.1
2
7.3
16
2.6
4.7
1.2
4.3
2.2
-

[142]
[45]
[151]
[154]
[17]
[113]
[156]
[119]
[152]
[141]
[150]
[149]
[37]
[143]
[146]
[148]
[145]
[18]
[157]
[153]
[155]
[115]
[144]
[149]
[140]
[158]

1

Subtype C. U: Undefined subtype.

2 (4.2%) and 4 (2.2%). Genotypes 5 and 6 both
accounted for approximately 0.2% each of the total
sample pool and thus are rare in Pakistan. Samples
with mixed genotype accounted for 4.2% of total
samples. Among subtypes, overall genotype 3a was
found in 61.4% of the samples, followed by genotype
3b (7.6%), 1a (5.7%), 2a (3.7%) and 1b (1.4%). The
frequency of all the other subtypes (1c, 2b, 2c, 3c, 4b,
5a and 6a) was found to be less than 1% each.
The genotype distribution in each province showed
important differences (Figure 2). A higher frequency
of genotype 2 was observed in Sindh and KPK
province (11.3% and 17.3% respectively), making
it the second most prevalent typable genotype in
these provinces. The relative frequency distribution
of various subtypes differed considerably across
Pakistan. Although genotype 3a was found to be
the most prevalent subtype in all three provinces
for which reports were available (67.7%, 53.9%
and 46.9% in Punjab, Sindh and KPK, respectively),
genotype 2a emerged as the second most prevalent
subtype in typable samples originating from Sindh
and KPK provinces (6.06% and 15.1% respectively).
In contrast, only 1.9% of samples from Punjab
province tested positive for genotype 2a and the
second most prevalent subtype after 3a was found to
be 1a (10.8%) in this province. Overall the frequency
distribution of all subtypes found is shown in Figure
3 while Figure 2 shows a province wise break-down
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of major HCV genotype distributions. Results from
individual studies are summarized in Table 8.

CONCLUSION
HCV prevalence data published recently (2009/10
to 2015) suggests that HCV infection is on the
rise in Pakistan. While the almost 40% increase in
HCV seroprevalence among the general population
suggested by the analysis here, compared to
previous estimates (6.8% rather than 4.7%-5%)
is alarming, high prevalence rates among persons
who have had surgical and medical interventions
suggest a predominant involvement of nosocomial
transmission in the spread of HCV in Pakistan. Given
the evidence of high nosocomial transmission as
well as increased burden of this disease in lesser
developed areas (discussed below) where health
service related malpractices are more common, there
is an urgent need to implement strict measures in
order to ensure safe medical practices. Reducing
unnecessary injections, ensuring that surgical and
dental instruments are sterilized or disposable
instruments are used, avoiding shared razors at barber
shops as well as unhygienic piercing and tattooing
instruments are among the most important preventive
measures. Although the response rate to conventional
IFN-ribavirin therapy regimen among genotype 3a
patients (the most prevalent genotype in Pakistan) is
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Figure 2 Distribution pattern of major hepatitis C virus genotypes at the province level. KPK: Khyber Pakhtunkhwa.
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Figure 3 Relative frequency distribution of hepatitis C virus subtypes in Pakistan. 1Undefined subtype.

already quite good and with the availability of direct
acting antivirals such as Sofosbuvir at reduced prices
for patents in Pakistan, it is hoped that HCV can be
controlled more effectively.
Reports reviewed in the current study also suggest
that there is extremely high HCV prevalence in under
developed rural and peri-urban areas. However, much
less attention has been paid to this socioeconomic
dimension of the HCV epidemic in Pakistan. Considering
the fact that a majority of the population of Pakistan
resides in these rural areas with high HCV prevalence, it
is likely that the actual burden of hepatitis C in Pakistan
may be much higher. Undoubtedly, an increased focus
is needed to gauge HCV prevalence in rural areas for
better evaluation and implementation of preventative
strategies. Moreover, in light of recent WHO and CDC
guidelines, it is imperative that more effort is invested
in determining the prevalence of active HCV infection in
Pakistan.
The analysis also showed a shift in relative frequency

WJG|www.wjgnet.com

distribution of HCV subtypes in various regions of
Pakistan. Although 3a continues to be the most
prevalent genotype, recent years have witnessed an
increase in incidence of genotype 2a infection in KPK
and Sindh provinces. This temporal change in relative
distribution of various genotypes has fundamental
implications with regard to translational efforts aimed
at limiting and eradicating HCV in Pakistan. The high
proportion of samples that could not be assigned
to a specific genotype demands improvements in
methodologies currently used in order to develop a
better understanding of HCV genotype distribution and
evolutionary trends in Pakistan.
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MINIREVIEWS

Appraisal of needle-based confocal laser endomicroscopy in
the diagnosis of pancreatic cysts
Somashekar G Krishna, Jeffery H Lee
though most of these are incidental findings, it remains
very concerning for both patients and treating clinicians.
Differentiating and predicting malignant transformation
in pancreatic cystic lesions is clinically challenging.
Current evaluation of suspicious cystic lesions includes
a combination of radiologic imaging, endoscopic
ultrasound (EUS) and cyst fluid analyses. Despite these
attempts, precise diagnostic stratification among nonmucinous, mucinous, and malignant cystic lesions is
often not possible until surgical resection. EUS-guided
needle based confocal laser endomicroscopy (nCLE)
for evaluation of pancreatic cysts is emerging as a
powerful technique with remarkable potential. Though
limited imaging data from 3 large clinical trials (INSPECT,
DETECT and CONTACT) are currently the reference
standard for nCLE imaging, nonetheless these have not
been validated in large studies. The aim of this review
article is to review the evolving role of EUS-guided
nCLE in management of pancreatic cystic lesions in
terms of its significance, adverse events, limitations,
and implications.
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Core tip: Differentiating and predicting malignant
transformation in pancreatic cystic lesions is clinically
challenging. Endoscopic ultrasound-guided confocal
laser endomicroscopy for evaluation of pancreatic
cysts is emerging as a powerful technique with
remarkable potential. The feasibility of visualization at
the microscopic level enables in differentiating cystic
pancreatic lesions, but with certain challenges. In
keeping with the gastroenterologist’s motto of ‘seeing
is believing’, this technology is poised for continued and
expanded research.

Abstract
Nearly 2.5% of cross-sectional imaging studies will
report a finding of a cystic pancreatic lesion. Even
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While surgical resection is the choice of treatment for
symptomatic cysts, frequently, a decision for surgical
approach is taken for asymptomatic cysts where either
a conclusive diagnosis was not reached or where
a BD-IPMN lacking “worrisome features” was still
[5]
concerning . Pancreatic surgery for cystic neoplasms
is a major operative procedure that carries significant
morbidity. Even at high volume specialty centers, the
[11,12]
morbidity rate remains concerning at 20%-40%
.
There is a problem of resource utilization that
involves patients seeking specialized care for all types
of pancreatic cysts while some undergo premature
and unrequited surgery. This is compounded by
significant differences in technique and elucidation
of cross sectional imaging, and inter-operator
variations in technique, practices, and interpretation
of endosonographic studies. At the crux of these
issues involving pancreatic cysts, the challenge of
achieving an accurate diagnosis and when diagnosed,
risk stratification of mucinous pancreatic cysts, makes
management difficult. A recent comprehensive
technical review by the American Gastroenterology
Association (AGA) reviewed all the available literature
with an inference that there was insufficient evidence
to make decisive recommendations based on patient
[10]
risk vs benefit . The low quality of evidence due to
the dynamic and evolving science of pancreatic cysts
contributed to the fact that seven of the ten AGA
[13]
guidelines were conditional (low quality of evidence) .
The technical review summarized the pooled data
from available studies where surgical histopathology
was available: For predicting malignancy, a cyst size
of > 3 cm had a sensitivity and specificity of 74%
and 49% respectively, a dilated pancreatic duct
reached a sensitivity and specificity of 32% and 80%
respectively, and presence of an intracystic solid
component had the most specificity of 91% but at the
[10]
cost of a low sensitivity of 48% . For EUS guided
cyst aspiration, the review summarized data from
12 studies where histopathology was available: Cyst
amylase concentration of < 250 U/L indicated either
a SCA or mucinous cyst with a sensitivity of 44% and
specificity of 98%. A CEA level < 5 ng/mL predicted
pseudocyst or SCA with a sensitivity of 50% and a
[10]
specificity of 95% . While no absolute value of CEA
predicted malignancy, values exceeding 800 ng/mL
reached a high specificity of 98% (sensitivity 48%)
in predicting a mucinous lesion. Cytology of the cyst
fluid also performed poorly. In 11 studies utilizing
histopathology as final diagnosis, the pooled sensitivity
and specificity to differentiate mucinous from nonmucinous lesions were 63% and 88% respectively.
Further cytology detected malignancy in only 48% of
[10]
mucinous cancers .
While the current guidelines recommend resection of
symptomatic cysts, the evidence however continues to
remain unclear. The AGA technical review and guidelines
does not support symptom based surgical resection,

Krishna SG, Lee JH. Appraisal of needle-based confocal laser
endomicroscopy in the diagnosis of pancreatic cysts. World J
Gastroenterol 2016; 22(4): 1701-1710 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i4/1701.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i4.1701

INTRODUCTION
Approximately 2.5% of cross sectional imaging studies
[1,2]
will detect pancreatic cysts . In patients over the
[1]
age of 70, this number can be as high as 10% .
Even though most of these are incidental findings,
nevertheless it remains very concerning for both
patients and the clinicians. This is in large part due to
th
the fact that pancreatic cancer being the 4 leading
cause of cancer-related death in the United States
has dismal treatment outcomes with 5-year survival
[3]
being less than 5% . The foremost reason for the low
survival is difficulty in detection of its earliest stages.
The scenario has changed in the last two decades.
Benign inflammatory pancreatic pseudocysts were the
most common pancreatic cysts, however with advent
of sophisticated imaging techniques and discovery
of mucinous neoplastic pancreatic lesions, cysts
with neoplastic potential at small (< 2 cm) sizes are
frequently detected. In addition, endoscopic ultrasound
(EUS)-guided fine needle aspiration (FNA) has evolved
and established its role as the diagnostic procedure
of choice for pancreatic lesions (solid and cystic). The
overall complication rate remains low (1%-2%), which
[4]
is similar to radiology assisted FNA biopsies .
The common differential diagnoses for incidental
cystic pancreatic lesions (CPL) include pseudocysts,
serous cystadenomas (SCA), mucinous cystic lesions
[categorized into mucinous cystic neoplasms (MCN),
branch-duct (BD)-intraductal papillary mucinous
neoplasm (IPMN), and main-duct (MD)-IPMN], and
cystic-neuroendocrine tumors. Current guidelines
recommend surgical resection for all large (> 4 cm)
MCNs (malignancy risk of 17.5%), all patients with
MD-IPMN (malignancy risk of 61%) and BD-IPMNs
with worrisome features (≥ 3 cm, thick cyst wall,
mural nodules and positive cytology; malignancy risk
[5]
of 25%) . To evaluate cysts, a combination of clinical
history, demographics, imaging and endosonographic
features, cytology, and cyst fluid carcinoembryonic
antigen (CEA) and amylase are used to identify
[5]
mucinous cysts . Further sub-typing of mucinous cysts
is also possible with some limitations. Distinguishing
MCN from BD-IPMN can prove to be difficult. Unusual
cysts like, macrocystic SCA, atypical pseudocysts and
[6]
lymphoepithelial cysts can pose challenges . A solitary
CPL begins as a diagnostic challenge and sometimes
remains so after completion of available investigations.
Cyst fluid molecular analyses involving KRAS and
GNAS mutations, and microRNAs have been studied,
[7-10]
but there is no recommendation for routine use
.
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although symptoms should be considered with other
[10,13]
cyst features in the decision making process
.
Although there are multiple studies involving CPLs,
most of these investigations do not provide histopath
ology as the standard for comparison in evaluating
sensitivities and specificities. The overall trend including
the recent AGA guidelines is more conservative
management of CPLs. This might further limit the avail
ability of “gold-standard” histopathology for CPLs; thus
relying on “expert consensus”. A majority of the data
involving the novel technology of confocal laser endo
microscopy (CLE) in evaluating CPLs is hence gleaned
from consensus rather than diagnostic histopathology.

Cystoscopy and direct visualization of the pancreatic
cyst has also been achieved using through-the-needle
SpyGlass fiberoptic probe (Boston Scientific, Natick,
[17]
Mass) . Compared to the AQ-Flex nCLE probe,
cystoscopy imaging using a Spyglass probe produced
a suboptimal image that was further compromised by
thick or cloudy fluid in some cysts. The cyst size was
also an issue since the focal length of the Spyglass
fiber (4 to 7 mm) was much larger than that of the
[17]
nCLE probe (40 to 70 μm) .

PROCEDURE OF EUS AND NCLE
IMAGING

CLE

Patients who are referred for EUS evaluation of large
(≥ 2 cm) pancreatic cysts can undergo EUS-guided
nCLE before the standard process of EUS-FNA. A 19-g
FNA needle is preloaded with the AQ-Flex miniprobe.
At least 2 mm to 3 mm of the nCLE probe should be
advanced beyond the needle tip during pre-loading.
The probe position is then secured by using a locking
device that attaches the probe to the inlet of the
needle biopsy channel.
After a comprehensive EUS examination of the
pancreas, the cyst of interest is oriented for inter
rogation. A single pass of the preloaded 19-g FNA
needle is then performed into the pancreatic cyst.
The tip of the AQ-Flex miniprobe is advanced with the
needle under EUS-guidance until there is contact with
the intracystic epithelium. Fluorescein (2.5 to 5 mL
of 10% fluorescein sodium) is intravenously injected
immediately prior to CLE imaging.
The nCLE probe is gently positioned against the
cyst wall (making contact without pressure) and
multiple areas of the cyst wall are imaged in a fan-like
distribution by using the elevator. The location of the
cyst, position of the echoendoscope, and the size of the
cyst limit the area covered. Aggressive maneuvering
of the needle should be avoided to minimize risk of
pancreatitis. While transitioning from one area of
the cyst to another, it is preferable to withdraw the
probe away from the cyst wall instead of grazing the
cyst epithelium. Intracystic endomicroscopic videos
are then captured for 2 to 5 min with permissible
angulation of the 19-g FNA needle. Anecdotally longer
video acquisition with excessive manipulation can
increase risk of pancreatitis. Following this the AQ-Flex
probe is gently withdrawn from the 19-g FNA needle.
A syringe with negative suction is then attached to
the proximal end of the needle for cyst aspiration. As
per standard practice, the cyst fluid is sent for fluid
analysis (CEA and amylase) and cytology. Prophylactic
antibiotics are administered during and after the
procedure.

CLE is a real-time laser-assisted microscopic imaging
of tissue where the system provides tissue-sequences
with a high resolution (1-3.5 μm) facilitating in vivo
histopathology. A low power laser illuminates the
tissue through optical fibers in a miniprobe, this
light is absorbed by fluorophores (either naturally
occurring or applied), and the reflected fluorescence
is transferred back to the laser-scanning unit through
the miniprobe. These miniprobes come in various sizes
with differing resolutions and field of view. The CLE
probes are currently manufactured by Cellvizio, Mauna
Kea Technologies, Paris, France. A fluorescent contrast
is necessary for CLE imaging of tissue that does not
contain naturally occurring fluorophores. Intravenous
fluorescein is the most commonly used contrast
agent for CLE imaging. Fluorescein stains vessels and
delineates tissue structures. Since the nuclei are not
stained, they appear as dark spots. By providing in
vivo microscopic-resolution images of mucosal glands,
goblet cells, and capillary patterns that may highlight
dysplastic changes, CLE has the potential to replace
[14]
the role of biopsies in specimen acquisition .
Initially, there were two CLE systems, an endoscopeintegrated system and a probe-based system. Following
several proof-of-concept studies, the former endoscopebased CLE is no longer commercially available. The
more recent probe-based CLE (pCLE) uses a separate
unit outside the endoscope, which emits the laser
required for the imaging. This miniprobe can be intro
duced through the working channel of any endoscope,
TM
TM
and thus we have the GastroFlex , CholangioFlex ,
TM
and ColoFlex high-definition probes for respective
parts of the gastrointestinal tract. For imaging using
pCLE, inter-or intra-observer agreement has been
[15,16]
largely favorable in the esophagus and colon
.
A novel needle-based CLE (nCLE) miniprobe
(AQ-Flex 19; Mauna Kea Technologies) has been
developed that can be used during EUS. It is compatible
with the 19-gauge (g) FNA needle. The AQ-Flex
miniprobe has 10000 optical fibers, a diameter of 0.85
mm, a field of view of 320 μm, a lateral resolution of 3.5
μm, and a length of 4 m.
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Table 1 Outcome, diagnostic accuracies, and risk of pancreatitis for major trials investigating role of endoscopic ultrasound-guided
needle based confocal laser endomicroscopy needle based confocal laser endomicroscopy in diagnosis of pancreatic cystic lesions
Study
INSPECT[21]
DETECT[17]
CONTACT[22]

Outcome

Patients, n

Surgery, n (%)

SN

SP

PPV

NPV

Accuracy

Neoplastic cystic lesions
Mucinous cystic lesion

Total: 66
Total: 30
High certainty: 181
Total: 31

14 (21.2)
2 (6.0)

59
80

100
100

100
100

50
80

71
89

3.0
6.62

7 (22.5)

69

100

100

82

87

3.2

Serous cystadenoma

Pancreatitis rate (%)

High-certainty patients included in analysis of diagnostic accuracy; 2Patient underwent both, needle based cystoscopy and confocal endomicroscopy. SN:
Sensitivity; SP: Specificity; PPV: Positive predictive value; NPV: Negative predictive value.
1

Pancreatic malignancy demonstrated large dark
clumps and leakage of fluorescein. Malignant lymph
nodes were also noted to have large dark clumps and
significant leakage of dye. In both the pancreatic mass
and malignant lymph node, dye leakage was correlated
with neovascularization characteristic of malignancy.
An international, multicenter pilot trial using in vivo
CLE in the pancreas with endosonography of cystic
tumors (INSPECT) was the next study to evaluate
[21]
diagnostic potential and establish a safety profile .
A total of 66 patients with pancreatic lesions were
evaluated of which 14 (21.2%) had surgical histo
pathology for confirmation (Table 1). Epithelial villous
structures as revealed by nCLE were associated with
neoplastic cystic lesions [sensitivity 59%, specificity
100%, positive predictive value (PPV) 100%, negative
predictive value (NPV) 50%]. The study arrived at a
few conclusions including the complementary role of
nCLE imaging in diagnosis of cystic lesions and that the
finding of villous or finger like structures is suggestive
of IPMN type lesion. The rate of acute post procedural
pancreatitis was 3% (one mild and the other moderate
severity), a decrease compared to the author’s prior
study mostly due to the limitation of imaging time to
10 min. Sampling error was recognized either due to
mixed type of IPMN or imprecise probe placement.
There were no reported adverse events to intravenous
fluorescein.
Following this, the next clinical trial was DETECT
(Diagnosis of Pancreatic Cysts: EUS, Through-theNeedle Confocal Laser Endomicroscopy and Cystoscopy
[17]
Trial) . The objective of this study was to assess the
feasibility, safety, and diagnostic yield of a combination
of cystoscopy using Spyglass and nCLE in the diagnosis
of CPLs. This was a single center study where a
preceding “cystoscopy” was performed using Spyglass
followed by cyst interrogation with a nCLE probe. A
total of 30 patients with pancreatic cystic lesions were
studied where 2 (6%) had surgical histopathology. The
authors studied the association of Spyglass-assisted
cystoscopy and nCLE imaging with clinical diagnosis. In
18 high-certainty cases (2 independent investigators
strongly agreed on the concordant diagnosis based
on clinical presentation, image findings on EUS, CT, or
MRI, fluid analysis, and cytology), nCLE alone had a
sensitivity of 80%, specificity of 100%, PPV of 100%,
NPV of 80%, and accuracy of 89% for diagnosis of

(real time interpretation). However, comprehensive
evaluation is feasible during post-procedure review
of nCLE video files where representative images and
video sequences can be selected for extraction and
storage. Due to the high resolution of nCLE, real
time video appears fast paced with rapid shifting
of image sequences. A post-procedure play and
pause approach counters this and allows for detailed
review. A dedicated software provided by Mauna Kea
Technologies (Cellvizio Viewer) can be downloaded
from their website (compatible with both Mac and
Windows operative software). This application provides
multiple tools including measurement of structures,
editing, and video format conversion.

REVIEW OF PUBLISHED LITERATURE
The feasibility of EUS-guided nCLE was first demon
strated in animal models with depiction of in vivo
histology from various abdominal organs (pancreas,
spleen, liver and lymph node) after intravenous
[18]
injection of fluorescein . In this study, a total of 10
porcine models were examined with nCLE where the
probe was inserted through the EUS-FNA needle. Organ
biopsies were obtained for histologic evaluation and
confirmation. Technical feasibility was demonstrated
with in vivo image acquisition of histology grade
resolution and suitable quality.
The first human pilot study demonstrated feasibility
of EUS-guided nCLE for pancreatic lesions. A nCLE
probe was used through a 19-g EUS-FNA needle in
16 cysts and 2 solid lesions of the pancreas. Technical
[19]
feasibility was demonstrated in 17 of 18 cases . A
final diagnosis was established on either histologic
analysis of a surgical specimen or positive cytology
of a FNA specimen. Images of adequate quality were
acquired in 10 patients. Post-procedure pancreatitis
(requiring hospitalization) as an adverse event
was observed in two patients (11.1%), tentatively
attributable to longer nCLE image acquisition time.
The next study involving nCLE targeted develop
ment of descriptive criteria for image interpretation and
classification of the nCLE findings for pancreatic masses
and lymph nodes. The study included 11 patients
[20]
(pancreatic masses: 4, CPLs: 3, and lymph nodes: 4) .
A non-malignant IPMN lesion was observed to display
finger-like projections representing villous changes.

WJG|www.wjgnet.com

1704

January 28, 2016|Volume 22|Issue 4|

Krishna SG et al . nCLE diagnosis of pancreatic cysts
mucinous cysts (Table 1). The sensitivity reached
a 100% with the combination of Spyglass assisted
cystoscopy and nCLE imaging. Rate of post procedure
pancreatitis was 6.6% (2 of 30) and these patients
required 4 to 5 d of hospitalization. No intravenous
fluorescein-related adverse events were observed.
The most recent published results come from
the Clinical evaluation of nCLE in the lymph nodes
along with masses and cystic tumors of the pancreas
(CONTACT) study. This is a multi-center study from
[22]
France and was conducted in two phases . The first
phase involved identification of specific criteria for
the characterization of cystic lesions in the pancreas,
and retrospective validation of these criteria. Phase
2 (ongoing CONTACT 2 study) involves prospective
validation of nCLE criteria for pancreatic cysts. During
phase 1 of the study, a new nCLE pattern called
“superficial vascular network” was identified which was
[22]
a unique feature of SCA . For nCLE-based diagnosis
of SCA, the sensitivity, specificity, PPV and NPV were
69%, 100%, 100%, 82% and 87% respectively (Table
1). The criterion of superficial vascular network was
validated in 31 patients. Among these 7 (22.5%) had
surgical histopathology for confirmation of diagnosis.
Rate of procedure related pancreatitis was 3.2% (1 of
31 patients). This adverse event was of mild severity.
There were no complications related to intravenous
fluorescein.

validation of representative nCLE images.

CURRENT EVIDENCE FOR EUS-NCLE
GUIDED DIAGNOSIS OF PANCREATIC
CYST
[17,19,21,22,29]

Based on currently published literature
and
our experience, Table 3 summarizes the pancreatic
structures visualized during EUS-guided nCLE exami
nation of pancreatic cystic lesions. Table 4 summarizes
the most common types of pancreatic cysts and the
associated nCLE findings. Figure 1 are examples
demonstrating the different types of pancreatic
cysts. While the evidence for nCLE guided diagnosis
of BD-IPMN and SCA has accrued in recent studies,
[29]
further substantiation with larger studies and ex vivo
modeling is desired. The specificity for diagnosis of
either BD-IPMN or SCA is high (nearing 100%) when
finger like papillae or “superficial vascular network”
pattern (respectively) are visualized. In the absence
of visualizing these recognized image patterns, the
sensitivity for diagnosis of the cystic lesion remains low
(60% to 80%). For BD-IPMN lesions, distribution of
the papillary epithelium is patchy and the limited intracystic mobility might restrict and prevent imaging the
involved area of the cystic lesion. For SCA, the pattern
of superficial vascular network was not observed in
rd
nearly 1/3 of the cases. This could again be due to
the limited range of movement of the nCLE probe,
which is further compromised by absence of the
vascular network in certain area of the cyst.
The criteria for diagnosis of pseudocysts have
not been formally validated in published literature.
Our experience and current available evidence is
summarized in Table 4. A detailed history, prior
episodes of pancreatitis, review of prior cross-sectional
imaging studies, fluid analysis, and cytology might
augment diagnostic suspicion for suspected pancreatic
pseudocysts. It is typically rare that a pseudocyst
presents as a solitary cystic lesion in the absence of a
suggestive history.
Diagnosing MCN also needs validation with
clinical trials. The small number of patients identified
in currently published studies and meeting presen
tations suggest that the presence of a single band
like epithelium could be indicative of MCN. The
characteristic “ovarian stroma” seen on histopathology
has not been characterized by EUS-nCLE. Like
pseudocysts, MCNs also demonstrate large caliber
blood vessels, albeit without the distinctive vascular
network of SCA.
Endomicroscopy features of other rare types of
cystic lesions including lymphoepithelial cysts, cystic
neuroendocrine tumors, retention cysts, and cystic
degeneration of metastatic lesions need continued

REVIEW OF CLINICAL ABSTRACTS
The data from CONTACT study was utilized to
investigate the technical feasibility of EUS-guided
[23]
nCLE . The study aims also included assessment of
EUS-nCLE related complications. The procedure was
feasible in 131 (93% of 141) of patients. Significant
technical limitation was observed for lesions in the head
and uncinate process of the pancreas necessitating
interrogation of the pancreatic cyst from the second
portion of the duodenum. This being the largest
number of patients evaluated by EUS-guided nCLE,
post-procedural acute pancreatitis was observed in 2
(1.45%) patients. This is equal to current risk of acute
pancreatitis following routine EUS-FNA with smaller
[24]
caliber needles (22 g or 25 g) .
Multiple other studies with limited number of
patients have validated common criteria for diagnosis
of IPMNs, SCAs, MCNs and pseudocysts (Table 2).
Notably, the overall specificity for diagnosis of IPMN
type lesion when finger like papillae were observed
[25-28]
was 100% in four of these studies
. The general
consensus from these abstracts was that EUS-guided
nCLE was safe, feasible, and impacted management
of pancreatic cysts; albeit, the authors from various
abstracts suggested that multicenter and/or studies
with larger number of patients are necessary for
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Table 2 Developing role of endoscopic ultrasound guided needle based confocal laser endomicroscopy in diagnosis of pancreatic
cystic lesions: Review of recently presented abstracts at international gastroenterology conferences (Digestive Disease Week and
American College of Gastroenterology scientific meeting)
Study objectives
Napoleon et al[23]
CONTACT study
DDW 2015

Kadayifci et al[28]
DDW 2015

Bertani et al[26]
DDW 2015

Krishna et al[25]
DDW 2015

Sejpal et al[27]
DDW 2015

Joshi et al[36]
ACG 2014

Napoleon et al[37]
CONTACT study
DDW 2014

Patient, n

Pancreatitis and other
complications

Accuracy data

Conclusions

To evaluate feasibility
Total: 141
Minor pancreatitis:
NA
and assess complication Technical feasibility: 93%
2 (1.45%)
(131 patients)
Intracystic bleeding
rate of nCLE in CPLs
Prospective study
without extravasation 10%
To assess the safety,
Total: 11
No pancreatitis reported
The sensitivity,
feasibility and diagnostic Procedure successful: 10
specificity, and accuracy
value of EUS guided
for mucinous cyst
nCLE for CPLs
(findings of papillae)
Retrospective
were 57%, 100%, and
70% respectively

Main technical limitation
observed when cyst
interrogation requires
approach through second
part of the duodenum
nCLE for pancreatic cysts
was safe and feasible.
nCLE has low sensitivity
but high specificity for
mucinous cysts

To validate prior
described nCLE findings
typical of IPMN lesions
Retrospective
To validate prior
described diagnostic
nCLE imaging patterns
Retrospective

nCLE imaging identified
common criteria for
diagnosis of IPMN

Total: 9

No pancreatitis reported

Total: 32
Inclusion: 26
Surgery: 7 (27%)

Pancreatitis:
3.1% (1 patient)

To validate prior
described nCLE
findings for diagnosis of
pancreatic cysts
Retrospective
To validate available
nCLE criteria for
diagnosis of CPLs

Total: 19

No pancreatitis reported

Total: 16

No pancreatitis reported Improved confidence in
diagnosing type of cyst
in 80% of patients

To investigate and
describe nCLE
characteristics of CPLs
Prospective

Total: 31
Inclusion: 16

No pancreatitis reported

Finger-like projections
were observed in 7 of 7
IPMN lesions

Sensitivity, specificity,
Promising technology
and accuracy for IPMN providing diagnosis of
were 89%, 100%, and
mucinous cysts
96% respectively
Sensitivity, specificity,
and accuracy for SCA
were 90%, 100%, and
96% respectively
Sensitivity, specificity,
Possibly treating
and accuracy for IPMN pseudocysts after nCLE
were 80%, 100%, and examination bypass fluid
95% respectively
analysis

NA

Can impact in
management and
avoiding unnecessary
surgeries for pancreatic
cysts
nCLE images could help
in the differentiation of
IPMNs, MCN and SCA

DDW: Digestive Disease Week; ACG: American College of Gastroenterology; CPL: Cystic pancreatic lesions; NA: Not available; IPMN: Intraductal
papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; SCA: Serous cystadenoma.

Adverse events

exploration.

Combining all three major trials (INSPECT, CONTACT,
and DETECT), the rate of post-procedural pancreatitis
was 4.3%. The highest risk was with the DETECT study
(6.6%) especially since the procedure involved longer
needle access time for Spyglass cystoscopy and nCLE
imaging. The latest update from the CONTACT study
evidences a much lower risk of acute pancreatitis.
For the largest number of patients evaluated by EUSguided nCLE (n = 141), post-procedural acute pan
[23]
creatitis was observed in only 2 (1.45%) patients .
The prior reported risk of pancreatitis for 22-g and/or
[24]
25-g needles in cystic lesions is 2.4% . The current
nCLE miniprobe requires a 19-g needle. The outer
diameter of a standard 19-g needle is 1.067 mm.
Comparatively; a standard 22-g needle has an outer
diameter of 0.718 mm. Thus a 19-g needle represents

LIMITATIONS
Limitations of current studies

A surgical histopathology as diagnostic gold standard
was not universally available. Combining all three trials
(INSPECT, CONTACT, and DETECT), only 20% (23
of 115) patients underwent surgical resection of the
[5,13]
pancreatic lesion. With recent guidelines
stressing
the role of watchful waiting in otherwise operative
[30]
candidates (as per prior guidelines) , surgery for
non-malignant pancreatic cystic lesions is not as
frequently performed. A confirmatory diagnosis was
thus not available and investigators had to resort to
FNA cytology, imaging studies, patient follow-up, and
consensus of experts.
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Table 4 Proposed criteria for diagnosis of pancreatic cystic
lesions and correlative histology

Table 3 Summary of endoscopic ultrasound-guided needle
[21]
based confocal laser endomicroscopy findings: INSPECT ,
[17]
[22]
DETECT , and CONTACT
trials

Intraductal papillary mucinous neoplasm (Figure 1A)
Finger like projections
Central fibrovascular core and
overlying epithelium viewed in
parallel
Dark rings
Central fibrovascular core and
overlying epithelium viewed in
transection
Parallel thick bands
Alternating papillae with central
fibrovascular core and overlying
epithelium
Absence of “superficial vascular
network”
Absence of “bright, floating,
heterogeneous particles”
Serous cystadenoma (Figure 1B)
“Superficial vascular network”
Dense and tortuous appearing
network of multiple blood vessels
under cuboidal epithelium.
Observed in both macrocystic and
septa separating microcysts
Multiple blood vessels
Absence of finger like projections
Pseudocyst1 (Figure 1C)
Clusters of bright, floating,
heterogeneous particles
Absence of finger like projections
Mucinous cystadenoma1 (Figure 1D)
Solitary epithelial bands
Epithelium (columnar, tall cells)
lining the cysts
Large caliber blood vessels
Clusters of bright particles
Epithelial cells and inflammatory
elements

Parenchymal structures
Blood vessels

Thin or thick white bands; networking
of blood vessels
Acinar cells
Dark lobular structures
Adipose cells
Grey oval structures
Pancreatic ductal epithelium
Thin grey bands
Fibrous strands
Ultrathin bright bands
Epithelial structures
Villous structures
Finger-like papillary projections, dark
ring with white core (cross section)
Wall (fibrous)
Paucicellular, avascular wall
Neoplasia
Dark aggregates of cells
Cyst luminal structures
Inflammatory cells
Clusters of bright, floating,
heterogeneous particles
Red blood cells
Small black particles
Debris
Bright white fixed spots or large dark
round floating particles with varying
sizes

an approximate 48.6% increase in outer diameter
over a 22-g needle. Although, prior studies comparing
a 19-g to 22-g and 25-g needles for FNA of solid
pancreatic lesions have not shown any increase in the
risk of post-procedural pancreatitis, yet this doesn’t
[31,32]
reflect the same risk when aspirating cystic lesions
.
Furthermore, manipulation of the needle with the
elevator of the linear echoendoscope combined with
possible friction induced effect by the impact of the tip
of the probe grazing the intracystic epithelium can also,
theoretically increase risk of pancreatitis. The authors
of the DETECT study recommended limiting both the
needle access time as well as the amount of needle
[17]
movement within the cyst .

1

Needs validation.

attempts for needle access through the second part of
the duodenum. In effect, FNA of the uncinate lesions
with a 19-g needle from the second duodenum could
represent a limitation.

Technical limitations

In a randomized trial, the technical success rate for
sampling pancreatic head masses was significantly
lower for the 19-g needle than for the 22-g needle
[32]
(80.8% vs 100%) . In contrast, a recent study
comparing the 19-g and 25-g needles (Expect, Boston
Scientific Corporation, Natick, MA, United States)
demonstrated that solid pancreatic lesions were
successfully sampled irrespective of location, including
[31]
patients crossed over from the 25-g cohort . In the
INSPECT and CONTACT trials, there were a total of 3
patients with cysts in the uncinate process. These can
be technically challenging with a 19-g needle since this
location necessitate access through the second part of
the duodenum. In the latest update from the CONTACT
[23]
study
involving evaluation of technical feasibility
among 141 patients, 3 lesions were located in the
uncinate and 64 in the head of the pancreas. Needle
access through the second part of the duodenum was
required in 4% of the patients. There were 3 (2%; 1
lesion in uncinate, 2 in head of the pancreas) technical
failures of needle puncture and all of these involved

WJG|www.wjgnet.com

INTEROBSERVER VARIATION
Both the INSPECT and DETECT studies did not have
independent observers and thus lacked testing
for interobserver variability. In the phase I of the
CONTACT study, four blinded independent observers
underwent a training session and independently
reviewed the recorded nCLE video sets. The intero
bserver agreement for the criterion of superficial
vascular network was significant (κ = 0.77, 95%CI:
[22]
0.55-0.99) . In the recently concluded DDW meeting,
investigators utilized the data from CONTACT study
for external retrospective validation of diagnostic
[33]
nCLE criteria for pancreatic cysts . Five independent
gastroenterologists underwent a teaching session by
an nCLE expert. Following this 31 nCLE sequences
were reviewed. Interobserver agreements were kappa
values of 0.71 (for SCA), 0.65 (for MCN), and 0.9 (for
pseudocysts) respectively. Our experience with nCLE
reveals that there is a short learning curve to facilitate
image interpretation. There are two aspects for image
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A

B

20 mm

C

20 mm

D

20 mm

20 mm

Figure 1 Different types of pancreatic cysts. A: Intraductal papillary mucinous neoplasm. A single papilla is visualized with a central fibrovascular core and
overlying epithelium; B: Serous cystadenoma: Branching and tortuous network of multiple blood vessels in a “fern like” pattern. This is has been termed as “superficial
vascular network”[22]; C: Pseudocyst: Clusters of bright, floating particles with a background which is nondescript and lacks blood vessels; D: Mucinous cystic
neoplasm: Solitary epithelial bands without formation of papillae.

analysis. The first, is that the endosonographer should
get comfortable with maneuvering the 19-g needle
for appropriate “image acquisition”. Following this,
the endosonographer should interpret the recorded
nCLE video. Familiarity with known patterns facilitates
image acquisition since every minute expended during
nCLE examination is “precious” in terms of exposing
the patient for higher risk of procedure related pan
creatitis. Our personal experience relates to improved
and accelerated learning after listening to multiple
sessions by nCLE experts at local and national level
conferences.

identification of subtypes of IPMN by nCLE imaging can
lead to additional risk stratification given the fact that
the morphological type is an independent predictor of
[34]
patient's prognosis . Enhanced CLE probe technology
providing for a possible 22-g needle based device
resulting in an approximate 49% reduction in needle
outer diameter might improve needle maneuverability
thus increasing sensitivity. This may also facilitate
larger studies with wider acceptance among endo
sonographers. More importantly, the decreased size of
the needle can hopefully reduce the risk of procedureassociated pancreatitis.
In our opinion, nCLE probe compatibility with
a 22-g needle would perhaps provide the utmost
advance in terms of diagnostic capability and patient
safety. Identification of safe, additional fluorescent
markers with preferential binding to areas of higher
grades of dysplasia that can be detected by the nCLE
probe might also provide a big impetus to further nCLE
[35]
research .
In conclusion, EUS-guided nCLE appears to be a
convincing minimally invasive process to diagnose
and risk stratify pancreatic cystic lesions. In keeping
with the gastroenterologist’s motto of “seeing is
believing”, this technology is poised for continued and
expanded research. The feasibility of visualization at
the microscopic level enables in differentiating CPL, but
with certain challenges. These include sampling error,
interobserver variability, technical limitations, risk of

FURTHER AREAS OF RESEARCH IN
EUS-nCLE
While we need larger studies to validate nCLE findings
for IPMNs, SCAs, MCNs and pseudocysts, the focus
should also be on identifying additional image patterns
or improve nCLE-imaging techniques to increase
the sensitivity of diagnosis. Ex vivo examination of
pancreatic cysts by higher resolution CLE probes might
provide reference image patterns for in vivo image
[29]
interpretation . The images thus acquired will serve
as reference standard (image atlas) for future EUSbased AQ-flex nCLE evaluation. This could potentially
lead to identification of patterns suggestive of higher
grades of dysplasia in IPMN and MCN. Furthermore,
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pancreatitis, and the attendant learning curve. The
usage, currently, is still limited to select tertiary referral
centers with expectations of a broader acceptance
among endosonographers with growing evidence of
clinical applicability and technical progress.
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MINIREVIEWS

Non-invasive assessment of liver fibrosis: Between
prediction/prevention of outcomes and cost-effectiveness
Cristina Stasi, Stefano Milani
hepatologist. Over the past decade, various noninvasive methods have been proposed to detect
the presence of fibrosis, including the elastometric
measure of stiffness, panels of clinical and biochemical
parameters, and combinations of both methods.
The aim of this review is to analyse the most recent
data on non-invasive techniques for the evaluation
of hepatic fibrosis with particular attention to costeffectiveness. We searched for relevant studies
published in English using the PubMed database from
2009 to the present. A large number of studies have
suggested that elastography and serum markers
are useful techniques for diagnosing severe fibrosis
and cirrhosis and for excluding significant fibrosis in
hepatitis C virus patients. In addition, hepatic stiffness
may also help to prognosticate treatment response to
antiviral therapy. It has also been shown that magnetic
resonance elastography has a high accuracy for
staging and differentiating liver fibrosis. Finally, studies
have shown that non-invasive methods are becoming
increasingly precise in either positively identifying or
excluding liver fibrosis, thus reducing the need for liver
biopsy. However, both serum markers and transient
elastography still have “grey area” values of lower
accuracy. In this case, liver biopsy is still required to
properly assess liver fibrosis. Recently, the guidelines
produced by the World Health Organization have
suggested that the AST-to-platelet ratio index or FIB-4
test could be utilised for the evaluation of liver fibrosis
rather than other, more expensive non-invasive tests,
such as elastography or FibroTest.
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Core tip: The results of several studies have shown that
non-invasive methods are becoming increasingly precise
in predicting non-significant and advanced liver fibrosis,
thus reducing the need for liver biopsy in a relevant

Abstract
The assessment of the fibrotic evolution of chronic
hepatitis has always been a challenge for the clinical
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number of patients. However, when both serum
markers and transient elastography values fall, liver
biopsy may be still needed. Recently, the guidelines
for the screening, care, and treatment of hepatitis C
virus infected patients produced by the World Health
Organization suggested that the AST-to-platelet ratio
index or FIB-4 test could be used for the evaluation of
liver fibrosis rather than other, more expensive noninvasive tests in a resource-limited setting.

in 1981 , which described 4 classes from 0 to 4. Each
[9-11]
of the proposed scores
considered some aspects
that could describe the fibrotic evolution, though
not giving a quantitative assessment. Therefore, the
attempt of researchers has been to obtain a better
quantization. All proposed scores are burdened by
possible sampling error, observer-dependent diagnostic
variability and lack of standardization of staining
utilized to highlight the fibrous connective tissue. For
example the trichrome stain is performed to assess the
extent of liver fibrosis; the Sirius red and aniline blue
stains are used for selective staining of collagen when
quantitative evaluation of fibrosis by morphometry
is required, thus contributing to the variability of the
[12]
diagnosis .
The ability to use immunohistochemical components
to highlight specific components of fibrotic tissue,
[13]
such as α-smooth muscle actin , may introduce
additional variability. The proposal to get a better
staging by a quantitative analysis of the surface
occupied by collagen, probably will not overcome the
issues relating to sampling, since liver biopsy involves
only a very small part of the hepatic parenchyma
(approximately 1/50000). However, in addition to its
[14]
diagnostic variability , concerns have been raised
regarding its invasiveness and potential for adverse
[15,16]
events
, stimulating research for alternative, noninvasive diagnostic tools for the measurement of
liver fibrotic tissue. In the last 40 years, since the
[17]
pioneer study of Rohde et al , who established the
first radioimmunoassay for the determination of the
fragments of procollagen type Ⅲ in the body fluids of
acute and chronic hepatitis patients, several studies
have been published analysing various non-invasive
techniques for the evaluation of hepatic fibrosis. In
the last decade, transient elastography (TE) and
magnetic resonance (MR) elastography have also been
suggested as non-invasive techniques for the detection
[18,19]
of liver fibrosis
, raising wide interest because of
their potential as a substitute for liver biopsy.
The aim of this review is to analyse the most recent
data on non-invasive techniques for the evaluation
of hepatic fibrosis before, during, and after antiviral
therapy in hepatitis C virus (HCV) infected patients,
with particular attention to cost-effectiveness.

Stasi C, Milani S. Non-invasive assessment of liver fibrosis:
between prediction/prevention of outcomes and costeffectiveness. World J Gastroenterol 2016; 22(4): 1711-1720
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i4/1711.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1711

INTRODUCTION
The evolution of chronic hepatitis C (CHC) into liver
cirrhosis is correlated with an extensive accumulation
of extracellular matrix, leading to the formation of large
amounts of fibrotic tissue that is initially concentrated
in periportal areas and in later stages completely
[1]
surrounds the nodules of regenerating hepatocytes .
The progressive increase of the fibrotic matrix,
in addition to its deleterious effects on hepatocyte
function and solute exchange between hepatocytes
and portal blood, contributes both to the vascular
disturbances that favour the development of irreversible
portal hypertension and to the microenvironmental
changes that facilitate the occurrence of hepatocellular
carcinoma.
In addition to its prognostic value in the evaluation
of liver disease progression and decompensation, liver
fibrosis is also a well-recognised negative prognostic
factor of the viral response to interferon-based
[2]
therapies .
Many studies have shown that treatment with
both double therapy [pegylated interferon (PEG-IFN)
and ribavirin] and triple therapies (PEG-IFN, ribavirin,
and either telaprevir or bocepreprevir) are indeed
significantly less effective in patients with severe
[2-5]
fibrosis or cirrhosis .
For these reasons, clinical practice guidelines
for the therapy of CHC recommend evaluating liver
fibrosis to help in treatment decision making and the
[6]
proper choice of treatment timing .
The demonstration that a sustained viral response
is associated with fibrosis regression even in patients
[7,8]
with severe fibrosis and cirrhosis
suggests that the
evaluation of fibrosis after antiviral therapy could be of
clinical interest for the management of these patients.
Liver biopsy has long been considered the “gold
standard” for the evaluation of hepatic fibrosis.
The attempt to stage the fibrosis by liver biopsy
has led to the proposal of different types of scoring
[9-11]
systems
. The first of these was proposed by Knodell
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Indirect markers of liver fibrosis
“Indirect markers” are panels of clinical and biochemical
parameters not directly related to extracellular matrix
metabolism that have been tested for their ability to
predict and differentiate various stages of liver fibrosis.
Among them, the AST-to-platelet ratio index (APRI)
test, Forns test, and FibroTest (FT) have demonstrated
a satisfactory diagnostic accuracy for the detection of
significant and/or advanced fibrosis and cirrhosis (Table
[20-25]
1)
.
[26]
Castera et al
compared the diagnostic effective
ness to discriminate between significant fibrosis and
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Table 1 Cut-off values of the first indirect markers of fibrosis in the diagnosis of significant fibrosis and cirrhosis

Cut-off values of some indirect markers
Markers

Algorithm

Aetiology ≥ Significant fibrosis Extensive fibrosis or cirrhosis

APRI
[20]

Wai et al , 2003

HCV

> 1.5

HCV

> 6.9

HCV

≥ 0.6

≥2

9

AST (UI/L)/platelet count (10 /L) × 100

FORNS INDEX
Forns et al[21], 2002

7.811-3.131 × ln (platelet count) + 0.781 × ln (GGT) + 3.467 ×
ln (age [years]) - 0.014 × ln (cholesterol)
FIBROTEST®
formula combining α-2-macroglobulin, γGT, apolipoprotein
Imbert-Bismut et al[22], 2001
A1, haptoglobin, total bilirubin, age and gender
LOK
Log odds = -5.56-0.0089 × platelet count (× 103/mm3) + 1.26
Lok et al[23], 2005
× AST/ALT ratio + 5.27 × INR
FIBROINDEX
[24]

Koda et al , 2007

4

HCV
CLD

≥ 2.25

3

1.738−0.064 [platelet counts (10 /mm )] +
0.005 × AST (UI/L) + 0.463 [gamma-globulin (g/dl)]

FIB-4

CLD

Vallet-Pichard et al[25], 2007

≥ 0.5

> 3.25

Age (yr) × AST (UI/L)/[platelet count (109/L)] × [ALT
(UI/L)]1/2

1

According to either METAVIR or Ishak scoring system. CLD: chronic liver disease; AST: aspartate aminotransferase; GGT: gamma
glutamiltranspepsidasi; ALT: alanine aminotransferase; INR: International normalized ratio.

cirrhosis of two algorithms including either TE and FT
(Castera) or APRI and FT (SAFE biopsy). The former
algorithm used the combination of TE and FT (named
the Castera algorithm) as the first-line evaluation of
fibrosis. Using this algorithm, they used liver biopsy
when the two methods were in disagreement in the
diagnosis of fibrosis stage (when liver stiffness was ≥
7.1 but FT was ≤ 0.48 and when liver stiffness was
≤ 7.1 but FT was ≥ 0.48). The second algorithm
consisted of the sequential use of APRI, FT, and liver
biopsy for the diagnosis of significant fibrosis (> F2
by Metavir) when the cut-off value for FT is ≤ 0.48
and in the diagnosis of the need for cirrhosis liver
biopsy when the FT score ranged from 0.49 to 0.74.
The study demonstrated that, for the detection of
significant fibrosis, the number of saved biopsies was
significantly higher using the Castera algorithm rather
than the SAFE biopsy algorithm. In contrast, the
accuracy of the SAFE biopsy algorithm was significantly
higher than that of the Castera algorithm. The authors
suggested, however, that the Castera algorithm may
be less cost-effective because it required both TE and
FT in all cases, whereas the SAFE biopsy, using APRI in
all cases and FT in half of the patients, was much less
expensive. For the diagnosis of cirrhosis, the number
of saved liver biopsies did not differ between the
Castera and SAFE biopsy algorithms, but the accuracy
of Castera was significantly higher than that of the
SAFE biopsy.
[27]
Bota et al
evaluated the performance of several
non-invasive techniques for estimating hepatic fibrosis,
including TE, APRI score, Lok score, Forns score, FIB-4
score, fibrosis index, King score, and Bonacini score in
comparison with the effectiveness of liver biopsy. On
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the basis of the results, a new algorithm was validated
for fibrosis prediction (named the predicted liver
fibrosis score) derived from TE and multiple serological
tests. The predicted liver fibrosis score was more
strongly correlated with fibrosis stage in predicting
significant and severe fibrosis than individual tests
when used alone, while their predictive values for
[28]
cirrhosis were similar. Sirli et al
compared various
non-invasive methods (platelet count, APRI score,
Forns score, Lok score, FIB-4, TE) for the evaluation
of hepatic fibrosis with biopsy taken as a reference
method. In this study, the APRI score and Forns scores
correctly identified most of the patients having or
lacking significant fibrosis. TE was the best method
for estimating cirrhosis, but all the evaluated tests had
excellent predictive value.
[29]
Liu et al
assessed the cost-effectiveness of FT
and liver biopsy used either alone or sequentially in six
different strategies: FT only; FT with liver biopsy for
ambiguous results; FT followed by biopsy to exclude or
confirm significant fibrosis; biopsy only; and treatment
without screening. The results of this study suggested
that the early treatment of CHC was the best costeffective strategy and that it was superior to the other
fibrosis screening strategies. However, when using the
new triple therapy and when testing was required, FT
[30]
only was cost-effective. Bousier et al
showed that
the accuracy of the third-generation Fibrometer (the
first-generation Fibrometer bringing together platelets,
prothrombin index, aspartate aminotransferase, α2[31]
macroglobulin, hyaluronate, urea, and age , the
second generation added sex, as gender interferes
with fibrogenesis in CHC, and the third generation was
obtained by replacing the hyaluronic acid with gamma-
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glutamyl transferase, GGT ) was significantly higher
than that of other non-invasive tests (Fibrometer
second generation, FibroScan, and FT). A new fibrosis
index (the fibro-stiffness index), consisting of liver
stiffness measurement, platelet count, and prothrombin
time, was validated in HCV patients who underwent
liver biopsy. Its accuracy was compared with that
of APRI, the Forns index, and FibroIndex, and with
hepatic stiffness measured by FibroScan, and it was
found superior to liver stiffness alone, APRI, the Forns
[33]
index, and FibroIndex for F ≥ 2, F ≥ 3, and F = 4 .
It is important to underline that almost all studies
conducted so far have used biopsy as the gold
standard for non-invasive methods. Most recently,
[34]
Poynard et al
assessed the accuracy of FT, liver
stiffness, and biopsy using methods without the
reference method in 1289 HCV patients and 604
healthy volunteers. In this study, four different tests
(FT, liver stiffness measurement, ALT, and biopsy)
were applied in all patients, and each test produced
a dichotomous test result (e.g., the test was either
positive or negative). None of these tests was errorfree. Moreover, the inclusion of a control group without
any risk factor for chronic liver disease, consequently
having a very low risk of advanced fibrosis, permitted
assessment of the effectiveness of the fibrosis tests in
screening programs. Statistical analysis was performed
using the latent class model with random effects. This
method permits testing of the accuracy of diagnostic
tests when the results of a reference method are
missing or not error-free (e.g., liver biopsy). This
statistical model without a reference standard validated
the accuracy of FT and FibroScan in the detection of
severe fibrosis and cirrhosis in HCV patients. Crisan et
[35]
al
determined the accuracy of TE and non-invasive
biological tests such as APRI, HAPRI (an algorithm that
combines hyaluronic acid and the prothrombin index),
Forns, Lok, and Bonacini scores to prospectively
evaluate the stage of hepatic fibrosis in chronic
HCV treated vs non-treated patients. They found
a significant decrease in liver stiffness in sustained
virological responders (SVR) and in non-responders
(NR) that gained biological response (patients who
had normal ALT levels 24 wk after the end of antiviral
therapy).
[36]
In a recent prospective study, Poynard et al
estimated the impact of sustained virological response
on the dynamics of fibrosis. In the study, in which
933 patients with both repeated FT and TE were
prospectively evaluated, the authors showed that
SVR had significantly higher fibrosis regression
rates compared with non-treated patients. However,
10 years after virological cure, only 49% of SVR
with severe fibrosis at baseline had a significant
improvement, and the net reduction of cirrhosis
prevalence was only 5%. Liver cancer occurred in 4.6%
of SVR and in 5.6% of NR.
In summary, these studies demonstrated that
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a combination of non-invasive tests may improve
accuracy, particularly when they include TE and FT.

Direct markers of liver fibrosis

Several researches have analysed the diagnostic
values of direct markers of hepatic fibrosis, i.e., the
serum levels of molecules diffused into the systemic
circulation, that are related to the metabolism of
the extracellular matrix. Some of these molecules
reflect matrix accumulation (fibrogenesis), whereas
others are more related to its degradation (fibrolysis).
Serum levels of different fibrotic markers have been
studied: type Ⅳ collagen, hyaluronic acid, laminin,
collagen VI, transforming growth factor beta 1 (TGF
β1) and metalloproteinases or tissue inhibitors of
metalloproteinases (TIMPs), YKL-40. Many signalling
pathways are involved in myofibroblast activation,
such as TGF β1. One activated, TGF β1 signals induce
[37]
collagen production . Quiescent hepatic stellate
cells are induced by TGF β1 to transdifferentiate into
myofibroblasts that secrete extracellular matrix.
The major limitation of direct serum markers is that
extracellular matrix serum levels are influenced not
only by fibrogenesis but also by the production in other
[38]
organs and by liver inflammation .
It has been suggested that an association of
different serum markers may enhance sensitivity and
specificity for the diagnosis of hepatic fibrosis stage.
Among others, YKL-40 has been proposed as a noninvasive serum marker of liver fibrosis. Serum levels of
YKL-40, a growth factor for fibroblasts and endothelial
[39]
[38]
[40]
cells , have been evaluated in CHC . Saitou et al
determined the concentrations of type Ⅳ collagen,
procollagen Ⅲ propeptide, hyaluronic acid, and YKL-40
before and after interferon treatment. They found that
YKL-40 was most useful for monitoring liver fibrosis
and for discriminating advanced from mild hepatic
fibrosis. It predicted severe fibrosis with an 80%
[40]
[41]
positive predictive value . Berres et al analysed
promoter polymorphisms of the CHI3L1 gene,
encoding for the YKL-40 protein. In this study, CHC
patients underwent percutaneous liver biopsy prior
to antiviral therapy. They showed that a homozygous
minor allele (classified as GG polymorphism) is
protected from severe fibrosis and influences the
serum levels of YKL-40. In a subsequent study,
[42]
Fontana et al
determined YKL-40 polymorphisms in
patients enrolled in the Hepatitis C Antiviral Long-term
Treatment against Cirrhosis (HALT-C) Trial. The minor
allele (classified as T polymorphism) in these HALT-C
Trial patients was similar to that found in other patient
[41]
populations by Berres et al , but, contrary to the data
[41]
[42]
of Berres et al , Fontana et al showed that YKL-40
promoter polymorphisms were not associated with
disease progression and the evolvement of advanced
liver fibrosis.
The enhanced liver fibrosis (ELF) score test,
derived from an algorithm combining three fibrosis
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score was observed in SVR, whereas HA and PⅢ
NP remained unchanged and the TIMP-1 increased
in non-sustained responders. ELF scores persisted
unchanged or increased in non-SVR. The Forns score,
APRI, and FIB-4 index decreased significantly in SVR.
This normalisation was mainly due to their respective
components (particularly AST and ALT).
[48]
Fontana et al examining 462 prior NR to PEGIFN and ribavirin enrolled in the randomised phase
of the HALT-C trial, studied the association between
a panel of serum markers such us hyaluronic acid,
N-terminal peptide of procollagen type 3, TIMP-1,
YKL-40, and histological stage of liver disease after two
and four years of treatment. Values derived from an
algorithm containing baseline total bilirubin, albumin,
INR, and YKL-40 levels were strongly associated with
the likelihood of clinical disease progression. All of
these markers significantly decreased at week 72
compared with pre-treatment baseline levels in SVR
patients following 48 wk of full-dose PEG-IFN and
[49]
ribavirin treatment . Taken together, these studies
suggest that direct markers of liver fibrosis are useful
in predicting fibrogenesis.

markers (hyaluronic acid, amino-terminal propeptide
of type Ⅲ collagen, and tissue inhibitor of matrix-meta
loproteinase-1) and age, was analysed retrospectively
in patients with chronic liver disease such as HCV,
hepatitis B virus infection, and primary biliary cirrhosis
who underwent liver biopsy, TE, and FT using histology
[43]
as the reference method . The results of this study
showed that the three non-invasive methods were
comparable in diagnostic accuracy for the detection
of significant fibrosis and cirrhosis. Lichtinghagen et
[44]
al
measured ELF scores in 400 healthy controls and
79 CHC patients. Analysis of ELF scores in healthy
subjects revealed that afternoon values were slightly
higher than morning values, possibly as a result of
food intake. All of the aforementioned serum markers
were capable to distinguish between the absence
of fibrosis and severe fibrosis/cirrhosis, but a socalled “grey area” still existed in which liver biopsy
was needed for correct staging. For this reason,
[45]
Gangadharan et al
investigated additional candidate
serum fibrosis markers and identified 20 molecules of
potential interest. Plasma from healthy controls and
patients with cirrhosis was compared by proteomics
using two-dimensional gel electrophoresis. These
molecules were characterised as fibrosis markers by
Western blotting using plasma from patients across all
Ishak fibrosis scores. The same plasma samples were
blotted for the protein markers present in the FT, ELF,
Hepascore, and Fibrospect, and they were compared
to new fibrosis markers. This technique identified
proteins whose levels were increased or decreased
in hepatic cirrhosis. The serum levels of five of these
molecules (lipid transfer inhibitor protein, complement
C3d, corticosteroid-binding globulin, apolipoprotein
J, and apolipoprotein L1) changed with the Ishak
fibrosis stage more consistently compared to the
other markers used, such as FT, ELF, Hepascore, and
FibroSpect.
[46]
Zarski et al
sought to establish the best
algorithms in terms of accuracy for the diagnosis of
significant fibrosis in HCV patients using Fibrometer,
FT, Hepascore, APRI, ELFG, MP3, Forns, hyaluronic
acid, collagen Ⅳ, and, when possible, FibroScan.
In this study, the best screening strategies for the
diagnosis of significant fibrosis were Fibrometer, FT, or
Hepascore in combination with the ELFG score. The
performance of the combination of FibroScan and ELFG
was similar to those combining two blood tests. The
number of avoided liver biopsies ranged from 50% to
55%. In terms of cost-benefit analysis, they found that
the lowest cost strategies included ELFG. FibroScan
results were also cost-effective, but only when the use
of FibroScan was intensive, enough to accommodate
for its price of acquisition.
[47]
Martinez et al
validated ELF, FIB-4 index, APRI,
and Forns scores in 340 patients who underwent the
antiviral therapy with weekly PEG-IFN plus ribavirin
for 24 or 48 wk, according to the HCV genotype. A
significant decrease in all the components of the ELF
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Ultrasound-based transient elastography
In the last decade, elastographic techniques have
emerged as an important field of research com
plementary to ultrasound. Elastography refers to a
variety of techniques that are capable of characterising
the response and mechanical properties of tissues
using non-invasive methods. In previous studies
[13]
(summarized in ref. ), hepatic elastography has
proven to be a valid method on one side for detecting
severe fibrosis or cirrhosis and for excluding significant
fibrosis. It has been suggested that it may be used to
decide clinical priorities and reduce the number of liver
[50-56]
biopsies (Table 2)
.
[57]
Ferraioli et al
compared the results of liver
stiffness obtained in 246 patients (79.3% HCV) with
the results considered in a recent meta-analysis
[58]
by Tsochatzis et al . The cut-off of the single[57]
centre study by Ferraioli et al
was comparable
to that obtained in the meta-analysis that included
40 studies. In this meta-analysis, the cut-off values
were 7.6 (range 5.1-10.1), 10.9 (8.0-15.4), and 15.3
(11.9-26.5) kPa for F = 2, 3 and 4, respectively, in
chronic HCV. It is important to define these because
the cut-off values are often used improperly by
matching a lower cut-off to severe fibrosis and
thus justifying the use of triple therapy that would
otherwise be inappropriate and without any advantage
[35]
according to the cost/benefit ratio. Crisan et al
prospectively assessed treated vs untreated liver
fibrosis for 24 wk after treatment in 224 HCV patients
using biological scores (APRI, HAPRI, Forns, Bonacini,
and Lok) and TE. Fibrosis decreased significantly in
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Table 2 Cut-off values of stiffness in relation to METAVIR score based on the prevalence of disease in studies conducted before
2009
Cut off values of stiffness
Authors
[50]

Castera et al

Aetiology

≥ F2

HCV

7.1

≥ F3

≥ F4

PPV/NPV (%)

12.5

95/48
87/81
77/95

14.6

88/56
71/93
78/97

12.5

79/92
50/100

17.6

90/52
90/80
91/92

16.0

88/50
78/76
80/98

15.0

96/50
78/95
33/97

14.8

83/79
89/95
73/98

9.5
Ziol et al[51]
HCV

8.8
9.6

Carrion et al[52]
HCV post-LT

8.5

Foucher et al[53]
CLD

7.2
12.5

Gomez-Dominguez et al[54]
CLD

4.0
11.0

Kim et al[55]
CLD

7.3
8.8

Arena et al[56]
HCV

7.8
10.8

CLD: chronic liver disease; post-LT: after liver transplantation; HCV: hepatitis C virus; PPV: Positive predictive value; NPV: Negative predictive value.

[59]

sustained virological response patients. Isgro et al
showed that the histological measurement of collagene
proportionate area by quantitative image analysis
was better related to liver stiffness than the Ishak
[60]
stage. A previous study
determined the relationship
between computer-assisted digital image analysis,
hepatic venous pressure gradient, and Ishak score.
The quantity of collagen in the liver was expressed
as the percentage area stained with specific collagen
staining in histological liver sections. Previous studies
(listed in Table 1) have suggested that stiffness values
can be influenced by the degree of necroinflammation,
particularly in the absence of severe fibrosis. In
contrast, the presence of mild steatosis does not seem
to affect stiffness values. Moreover, TE is characterised
by high intra- and inter-observer repeatability.
However, meals can affect the reliability of stiffness
measurement and, subsequently, in the diagnosis
[61,62]
of fibrosis stage in HCV infected patients
. Arena
[62]
et al
suggested that a fasting period of 120 min
is warranted before liver stiffness measurements.
In this study, hepatic stiffness was measured in 125
consecutive HCV infected patients in different stages of
fibrotic evolution. Stiffness was measured at different
time points after a standardised liquid meal. A peak in
the increase of stiffness values was observed between
15-45 min after the start of the meal, with a return to
pre-meal baseline values within 120 min in all patients.
The delta peak post-meal of stiffness progressively
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increased for increasing stages of fibrosis, and it was
greatest in cirrhotic patients. However, the probability
of identifying the METAVIR stage of fibrosis, the ChildPugh class, or the presence/absence of oesophageal
varices with the increase in delta post-meal stiffness
values was lower than that obtained with the basal
[63-68]
values. Recently, some studies
have estimated
the usefulness of TE for the evaluation of longitudinal
changes in hepatic fibrosis in HCV infected patients
undergoing antiviral treatment. The results of these
researches showed that this method can also detect
longitudinal variation in liver fibrosis. Moreover, Stasi
[5]
et al showed that hepatic stiffness, although not
representative of hepatic fibrosis, may also have a
[5]
negative predictive value. In this study , patients with
stiffness values greater than 12 kPa had a significantly
lower response to antiviral therapy, suggesting that
the hepatic stiffness values could be considered
together with other predictors of response when
[5,68,69]
considering antiviral therapy
, in whom antiviral
therapy was contraindicated or not tolerated. Stasi et
[70]
al
showed that, in patients with HCV-related mixed
cryoglobulinemia syndrome undergoing rituximab
therapy, a reduction in hepatic stiffness was associated
with B-cell depletion, thus reinforcing the concept that
stiffness values may be influenced by liver infiltrates
and liver necro-inflammation.
Recently, other liver elasticity-based imaging
methods have been introduced in clinical practice:
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acoustic radiation force impulse imaging (ARFI) and
2D-shear wave elastography (2D-SWE). pSWE/ARFI
implies the mechanical excitation of tissue using
short-duration acoustic pulses that propagate shear
waves and produce localised, μ-scale displacements
[71]
in tissue . 2D-SWE is based on the association of
a radiation force determined in tissues by focused
ultrasonic beams and a sequence of ultrasound
imaging able to capture in real time the transient
[72]
propagation of resulting shear waves .
[73]
An international multicentre study
compared the
reliability of ARFI elastography to liver biopsy and TE.
The results of this study showed that TE performed
better in predicting all stages of fibrosis (F ≥ 1) and
cirrhosis, while the performance of ARFI and TE is
similar for the detection of significant (F ≥ 2) and
severe fibrosis (F ≥ 3).
[74]
The recent Clinical Practice Guidelines (CPGs)
developed by a panel of experts chosen by the
European Association for the Study of the Liver and
the Asociacion Latinoamericana para el Estudio del
Higado Governing Boards, considered the pSWE/
ARFI or 2D-SWE alternative techniques, for the
[75]
staging of fibrosis. Ferraioli et al
outlined that these
techniques can be utilised to evaluate the severity of
hepatic fibrosis in patients with chronic viral hepatitis,
particularly with HCV. Nonetheless, the evidence that is
available is still limited, and quality criteria for correct
interpretation are not yet well defined.
[34]
Poynard et al
assessed the performance of a
®
®
new test, the Elasto-FT (EFT), that combines FT and
liver stiffness measurement because they are the most
well-validated methods for the non-invasive evaluation
of fibrosis in HCV patients. The performance of EFT for
the detection of cirrhosis is higher than that of FT or
®
FibroScan alone, but no improvement in performance
was observed for the diagnosis of advanced fibrosis.

liver fibrosis stage progressed. In comparison with
TE, the advantage of MR elastography is that this
technique visualises the whole liver and does not
require a precise acoustic window. Its main limitations
are high costs and the interference of potential
[80]
confounding factors such us hepatic inflammation ,
hepatic vascular congestion, cholestasis, and portal
[76]
hypertension . Although steatosis itself might not
affect stiffness measurements, fat deposition can
cause inflammation, with a consequent increase in
[80]
hepatic stiffness .
In addition, as it is for transhepatic elastometry, a
meal can affect the accuracy of stiffness measurements.

Where we are
The results of several studies show that non-invasive
methods are becoming increasingly precise in pre
dicting non-significant and advanced liver fibrosis,
reducing the need for liver biopsy in a relevant number
of patients. However, when both serum markers
and TE values fall, liver biopsy may be still needed.
Recently, the guidelines on the management of HCV
infected patients produced by the World Health
Organization and addressed to healthcare providers in
resource-limited settings (in low- and middle-income
[81]
countries)
suggested that the APRI or FIB-4 tests
could be utilised for the evaluation of liver fibrosis
rather than other, more expensive non-invasive tests,
such as elastography or FT. The FIB-4 index permitted
the correct detection of severe fibrosis (METAVIR
F3-F4), in particular an FIB-4 index higher than 3.25 is
able to confirm the presence of fibrosis, with a positive
predictive value of 82.1%, and an FIB-4 index lower
than 1.45 had a negative predictive value of 94.7%
[25]
to exclude severe fibrosis (F3-F4) . The staging of
fibrosis is very important in resource-limited settings.
In this case, it may be utilised to prioritise antiviral
therapy for patients with more advanced disease. In
many high-income countries, all HCV infected patients,
who do not have a contraindication for treatment, are
considered eligible for therapy. Among the techniques
developed to assess liver fibrosis stage, TE has been
the most widely evaluated. The main limits for its use
include the high cost of the equipment and the need
for regular recalibration and trained operators.
A public healthcare-based approach to ameliorate
access to health care for HCV patients could result
in improved medical care in many resource-limited
settings.

Magnetic resonance elastography
It is well established that “conventional” MR imaging is
not accurate in the diagnosis of the pre-cirrhotic stages
of liver fibrosis and early cirrhosis. In MR images,
hepatic parenchyma appears to be normal. However,
the use of contrast agents may improve the detection
[76]
of fibrosis . In particular, double contrast-enhanced
MR imaging generates high image contrast between
the low-signal-intensity fibrotic reticulations. The main
disadvantage of this method is the high cost and the
[76]
need to use two contrasts .
MR elastography is a new method that quantifies
the liver stiffness with a sufficient reproducibility
and high diagnostic accuracy for staging liver
[77,78]
[79]
fibrosis
. Ichikawa et al
compared the ability
of MR elastography and serum fibrosis markers
to discriminate each stage of fibrosis. They found
that the mean liver stiffness value increased as the
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METHODS: A systematic review was conducted using
PRISMA guidelines. An electronic search was carried
out using MEDLINE, EMBASE, CINAHL, Cochrane library
databases, Google scholar and Pubmed until October
2014. Search terms were used in combination to yield
articles on extramural venous invasion in rectal cancer.
Outcome measures included prevalence and 5-year
survival rates. These were graphically displayed using
Forest plots. Statistical analysis of the data was carried
out.
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Core tip: Extramural venous invasion (EMVI) has
been shown to be an adverse risk factor in rectal
cancer. Historical studies have shown a wide range of

Abstract
AIM: To systematically review the survival outcomes
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prevalence which has made survival risk difficult to
interpret. This has been due to lack of standardised
detection methods. As these methods improve, we
are more likely to be able to identify those patients
with evidence of EMVI and thus offer patients optimal
treatment.

MATERIALS AND METHODS
An electronic search was carried out using MEDLINE
(1965-2014), EMBASE (1980-2014), CINAHL (1982-2014)
and the Cochrane library databases. Google scholar
and Pubmed were used to search articles prior to 1965.
Medical subject heading terms and keywords were
used: “rectal cancer”; “venous invasion”; “vascular
invasion”; “extramural”; and “EMVI”. The “related
articles” function was used to broaden the search and
all abstracts, studies, and citations retrieved were
scanned for subject relevance. The latest date of this
search was October 2014. All potentially relevant
manuscripts were retrieved and evaluated for inclusion.
Reference lists of all relevant publications were handsearched for additional studies, and cross referenced
until no further relevant publications were identified.
Study methodology was carried out in accordance
with the “Preferred Reporting for Systematic Reviews
and Meta-Analyses” guidelines. We included all studies
in English reporting on outcomes of venous invasion
or EMVI in curative rectal cancer. Adult patients
over the age of 18 were included. Where multiple
studies describing the same patient population were
identified, the most recent publication was used. Case
reports were excluded. Studies of colorectal cancer
were included where data for rectal cancer could be
extracted. We included studies if they reported on
outcomes such as disease recurrence and overall
survival. Quality assessment of eligible studies was
carried out by two independent reviewers.
Pooling of prevalence rates was performed using
[12]
Comprehensive Meta-Analysis
and forest plots were
used as a graphical display.

Chand M, Siddiqui MRS, Swift I, Brown G. Systematic review
of prognostic importance of extramural venous invasion in rectal
cancer. World J Gastroenterol 2016; 22(4): 1721-1726 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i4/1721.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i4.1721

INTRODUCTION
Venous invasion is considered a prognostic factor in
[1-7]
rectal cancer
however the exact effect on survival
outcomes and disease recurrence remains unknown.
The current nomenclature refers to extramural venous
invasion (EMVI) and specifically describes tumour cells
within the veins outside the muscularis propria of the
[8]
bowel wall . This distinction from other descriptions
of venous or vascular invasion is helpful in the modern
management of rectal cancer where risk of recurrence
needs to be accurately defined for individual patients,
to determine whether they would benefit from neoadjuvant and adjuvant therapies.
The existing literature generally examines venous
invasion based on pathology specimens and combine
colon and rectal cancer. There are only a limited
number of reports focusing on rectal cancer with clear
methods and definitions used for identification of EMVI.
As a result there is a large variation in reporting EMVI
[9,10]
between pathologists
. Furthermore, the reliance
on pathology for identification of EMVI particularly
after neoadjuvant treatment (CRT) may lead to under[11]
detection .
More recently, magnetic resonance imaging (MRI)
has been shown to accurately detect EMVI before
and after CRT and identify cases which are missed
[11]
on routine pathological assessment . These incon
sistencies in the definition and specific histological
methods applied have led to challenging interpretation
of the true incidence and risk associated with EMVI;
leading to its lack of mandatory consideration for
oncological treatment. If EMVI is shown to have
prognostic implications but is being under-detected by
traditional histopathological methods alternatives such
as MRI may be considered to avoid the risk of disease
recurrence.
The aim of this review is to critically examine the
evidence for the prognostic importance of venous
invasion; specifically EMVI on histopathology, on the
survival outcomes of rectal cancer.

WJG|www.wjgnet.com

RESULTS
Literature search and description of studies

three hundred and sixty-four publications were initially
identified with potential relevance (figure 1). thirtytwo articles included patients who did not undergo
surgery; 30 articles described techniques only; 25
articles were case reports; 24 articles described
venous invasion outside the context of cancer. Further
screening identified 14 studies published between
1935 and 2014 which were included in this review.
This is shown in Table 1.

Study characteristics

A total of 7262 patients in 14 studies were involved in
this review. The patient cohort spanned 1938-2006.
Six studies were retrospective. Only 6 studies commented
[2,6,13-16]
on number of pathologists and blinding status
.
There was clinical heterogeneity in the stains used, the
common ones being used were H + E, Gieson’s, elastin
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Identification

Records Identified through Medline,
Embase, Cinhal searching
n = 426

Included

Eligibility

Screening

Records after duplicates removed
n = 378

Records screened
n = 367

Records excluded
n = 11

Full text articles assessed for
eligibility
n = 125

Full text articles excluded with
reasons
n = 111

Studies included in qualitative
synthesis
n = 14

Unrelated articles
Technique articles
Commentary or letter articles
Case reports
Venous invasion outside context of
EMVI

Studies included in quantitative
synthesis
(meta-analysis)
n = 14

Figure 1 Flowchart showing search strategy for systematic review. EMVI: Extramural venous invasion.

Table 1 The prevalence of vascular invasion in rectal cancer
Author

Year

Brown et al[29]
Dukes et al[30]
Seefeld et al[13]
Madison
et al[31]
Carroll[17]
Khankhanian
et al[32]
Talbot et al[6]

1938
1941
1943
1954

170
689
100
42

1963
1977

1996
143

1980

706

Prospective

2, blinded

Rich et al[15]

1983

142

Prospective

1, blinded

Freedman
et al[4]
Jass et al[16]

1984

494

1986

447

Sasaki et al[33]

1987

774

Retrospective Unspecified

Minsky et al[14] 1988

168

Retrospective

Harrison et al[2] 1994

348

Retrospective

Ptok et al[18]

2006

No.
Study design
patients

1043

No. of
Stain
pathologists,
blinding
Retrospective Unspecified
H+E
Prospective Unspecified
No stain
Prospective
1, blinded
H + E, Gieson’s
Prospective Unspecified Brominol, H + E,
Gieson’s
Retrospective Unspecified
H+E
Retrospective Unspecified
Not stated

Prev VI
+ve

Yes
No
Yes
Yes

104
107
20
19

Rectum
Rectum

No
No

240
70

H + E, elastin

Rectum

Yes

366

H+E

No

23

17%

No comment

RS/
Rectum
Rectum

Yes

89

36%

H+E

Rectum

No

116

H+E

Rectum

No

163

1, blinded

H + E, elastin

Yes

81

2, blinded

H + E, elastin

RS/
Rectum
Rectum

Yes

74

Not state

Rectum

No

75

1, blinded

Retrospective Unspecified
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Elastin No. EMVI
stain
+ve pts

Rectum
Rectum
Rectum
Rectum

Retrospective Unspecified
Prospective

Tumour
site

1723

61%
17%
20%
43%
11.8%
19% (BVI +
LVI)
52%

EMVI +ve Independent
5 yr survival prognosticator
No 5 yr data
No 5 yr data
5%
No 5 yr data

No comment
No comment
No comment
No comment

36%
No comment
Data not
EMVI is +ve
usable
IPS
33%
No comment
EMVI+ve
No 5 yr data No comment
31%
EMVI+ve
41%
EMVI+ve

26%
(extramural
only)
21%
No 5 yr data
(extramural
only)
48%
33%
EMVI+ve
21.2%
21%
EMVI+ve
9%
80.7% LVI
+ve

No comment
EMVI - No IPS

No comment

EMVI - No IPS
EMVI has IPS
EMVI - No IPS
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Study name

Statistics for each study

Brown and Warren, 1938
Dukes and Bussey, 1941
Seefeld and Bargen, 1943
Madison et al , 1954
Carroll, 1963
Khankhanian et al , 1977
Talbot et al , 1980
Rich et al , 1983
Freedman et al , 1984
Jass et al , 1986
Sasaki et al , 1987
Minsky et al , 1988
Harrison et al , 1994
Ptok et al , 2006

Event rate and 95%CI

Event rate

Lower limit

Upper limit

Z -value

0.612
0.170
0.200
0.429
0.118
0.189
0.520
0.169
0.360
0.260
0.211
0.482
0.213
0.090
0.262

0.537
0.144
0.133
0.289
0.104
0.133
0.483
0.116
0.319
0.221
0.183
0.408
0.173
0.074
0.182

0.682
0.200
0.290
0.580
0.133
0.261
0.557
0.240
0.404
0.302
0.241
0.558
0.259
0.109
0.362

2.890
-15.640
-5.545
-0.923
-29.000
-6.822
1.054
-7.112
-6.125
-9.718
-14.989
-0.463
-9.992
-21.383
-4.342
-1.00

-0.50

0.00

0.50
1.00
Prevalence

Figure 2 Forest plot for prevalence of extramural venous invasion.
Study name

Statistics for each study

Seefeld and Bargen, 1943
Carroll, 1963
Talbot et al , 1980
Freedman et al , 1984
Jass et al , 1986
Minsky et al , 1988
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Figure 3 Forest plot for 5-year overall survival in extramural venous invasion positive rectal cancer.

and Brominol. All the studies we included examined
rectal tumours however 2 papers also incorporated
[14,15]
rectosigmoid tumours
.

detection rates. The prevalence ranges from 9%-61%
reflecting the inconsistent nature of recognition and
detection. The overall prevalence is around 25% which
is consistent with guidance from the Royal College of
Pathologists.
The present study has shown that venous invasion
generally, and EMVI more specifically, is associated
with worse survival outcomes. Despite this, EMVI is not
considered a mandatory factor for the use of adjuvant
treatment. Indeed the current position on EMVI is
[19]
variable and has been recently investigated . Many
clinicians rely on the EMVI status to make decisions
on treatment and it has become a mandatory part
of the pathology reporting dataset in the United
Kingdom. The reasons behind this variability on
behalf of clinicians are unknown. This may be due
to inconsistent detection rates shown above or may
be that it is rare to find EMVI without the association
of more traditional adverse features such as nodal
disease or increased T-stage. However, the evolution
of rectal cancer management may lead to a change in
attitude towards EMVI if a more selective approach is
taken to neoadjuvant treatment in the light of clinical
trial evidence. For example, the universal policy of
irradiating all T3 tumours or any tumour that has

Prevalence

Prevalence of EMVI positive patients ranged from
9%-61% in the studies. The pooled overall prevalence
from fourteen studies was 26% [Random effects:
2
Event rate 0.26 (0.18, 0.36), z = -4.3, Q = 787, I =
98%] (figure 2).

Survival outcomes in the presence of venous invasion

Seven studies reported on 5 year survival rates in
[4,6,13,14,16-18]
patients with EMVI positive histology
. The
pooled overall survival was 39.5% [Random effects:
2
Event rate 0.395 (0.29, 0.51), z = -1.9, Q = 58.06, I
= 90%] (figure 3).

DISCUSSION
The results of the present study have shown an asso
ciation between venous invasion and poor prognosis.
Patients that demonstrate evidence of venous invasion
have worse overall survival. However the most
striking finding is the variation in histopathological
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importance of EMVI in rectal cancer and may influence future treatment
decision making.

local nodal disease may be over-treating a proportion
of patients. There is accumulating evidence that not
all T3 tumours behave the same and that it is depth
of penetration through the mesorectum (T3 sub[20,21]
stage) that is prognostic
. Further, in the presence
of optimal TME surgery nodal disease may not be
[22]
prognostic for local recurrence . In these situations
whereby early T3 tumours or those with N1 disease
may not benefit from neoadjuvant chemoradiotherapy,
it may be EMVI which tips the balance towards preoperative treatment. Another consideration is that
stage Ⅱ tumours are a heterogenous group and it
is those which demonstrate EMVI that have a much
higher risk of disease recurrence and may ultimately
[23]
benefit from adjuvant chemotherapy .
The more consistent detection rates, found in
more recent reports usually use the terminology of
[24]
“extramural venous invasion”. Messenger et al
have offered suggestions which may help pathologists
improve detection rates - the use of elastin stains
to identify cases where there is uncertainty; and
to reference imaging studies such as MRI to guide
sampling.
MRI can accurately identify EMVI both before and
[8,25,26]
after CRT
. It has also been shown to detect
cases of EMVI which have been “missed” on routine
[25]
pathology . A further benefit of MRI is that it is
able to visualise the entire rectum in-situ whereas the
analysis of a small sample of the tumour is dependent
on macroscopic assessment by the pathologist in the
first instance, to ensure a representative area has
been evaluated.
Current multicentre studies such as BACCHUS
(Bevacizumab And Combination Chemotherapy in
[27]
rectal cancer Until Surgery) and MARVEL (Molecular
And Radiological EValuation of Extramural venous
[28]
invasion in RectaL Cancer) , may help in resolving
some of these issues and future results will be highly
anticipated.
In conclusion, the presence of EMVI leads to
worse survival outcomes. As detection rates become
more consistent, EMVI may be considered as part
of risk-stratification in rectal cancer. Standardised
histopathological definitions and MRI may improve
detection rates in the future.

Applications

EMVI should be specifically sought by radiologists and pathologists to offer
patients a more accurate prognosis of rectal cancer and aid clinicians in
treatment decision making, specifically for adjuvant chemotherapy.
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Treatment of chronic hepatitis B patients with tyrosinemethionine-aspartate-aspartate mutations
Aylin Calica Utku, Oguz Karabay
in the YMDD motif of the hepatitis B virus (HBV)
polymerase gene and lamivudine cannot prevent the
replication of the mutant form. The virulence strain of
developed mutation in the polymerase gene is lower
than the original virus and they are susceptible to
treatment with some other nucleoside analogs except
lamivudine. Entecavir and tenofovir are potent HBV
inhibitors and they can be confidently used as first line
monotherapies. We read the article written by Tan et
al that lamivudine therapy improved the clinical course
in HBV patients with natural YMDD mutations. We
think that lamivudine use for this patient group is not
appropriate. These patients should use YMDD mutant
form-effective drugs such as adefovir, tenofovir.
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Core tip: Lamivudine is a nucleoside analogue that has
been used in treatment of chronic hepatitis B. The only
drawback of lamivudin is drug resistance during the
treatment. Entecavir and tenofovir are potent hepatitis
B virus inhibitors with a high barrier to resistance .
They can used as first-line monotherapies. The main
problem of lamivudine treatment is development
of mutation in the tyrosine-methionine-aspartateaspartate (YMDD) motif. Treatment with lamivudine
may cause exacerbation of hepatitis in patients with
YMDD mutation. These patients should use YMDD
mutant form-effective drugs.
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Abstract
Lamivudine is an antiviral used for the treatment of
chronic hepatitis B. Several studies have reported
various mutations that are induced by lamivudine
therapy. These mutations in the tyrosine-methionineaspartate-aspartate (YMDD) motif are necessary and
sufficient to confer high-level lamivudine resistance.
During treatment with lamivudine, mutations develop
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mutation, we think that lamivudine use for this patient
group is not appropriate. Use of lamivudine in these
patients will select resistant mutants and treatment of
the patient will be more difficult. Adefovir or tenofovir
would be more appropriate in such a patient. If the
viral load is low in the YMDD mutation patient group,
interferon could be also used. We think that readers of
this article will understand it more clearly were authors
to explain this subject more fully.

TO THE EDITOR
We read the article entitled “Natural YMDD-motif
mutants affect clinical course of lamivudine in chronic
[1]
hepatitis B” by Tan et al with great interest. However,
we think that some points about the study need
to be clarified. High resistance barrier drugs (e.g.,
tenofovir, entecavir) are recommended in chronic
viral hepatitis in many countries. The explanations
of the authors about the reason of administering
lamivudine to the patients under risk are necessary
for readers, since administering lamivudine to patients
with high viral load and possible tyrosine-methionineaspartate-aspartate (YMDD) resistance mutation is risky.
Therefore, we need to explain to such patients with
high viral load (mean HBV-DNA: 6.67 ± 2.47 log10
genome equivalents) regarding the reason for the use
of lamivudine. Current guidelines suggest that more
potent drugs such as tenofovir or entecavir should be
[2]
used in this patient group . If a patient has YMDD
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Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
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Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou

II

George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
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Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
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Abstract
Gastroenterology (GE) used to be considered a
subspecialty of internal medicine. Today, GE is
generally recognized as a wide-ranging specialty
incorporating capacities, such as hepatology, oncology
and interventional endoscopy, necessitating GEexpert differentiation. Although the European Board
of Gastroenterology and Hepatology has defined
specific expertise areas in Advanced endoscopy,
hepatology, digestive oncology and clinical nutrition,
training for the latter topic is lacking in the current
hepatogastroenterology (HGE) curriculum. Given its
relevance for HGE practice, and being at the core of
gastrointestinal functioning, there is an obvious need
for training in nutrition and related issues including the
treatment of disease-related malnutrition and obesity
and its associated metabolic derangements. This
document aims to be a starting point for the integration
of nutritional expertise in the HGE curriculum, allowing
a central role in the management of malnutrition and
obesity. We suggest minimum endpoints for nutritional
knowledge and expertise in the standard curriculum and
recommend a focus period of training in nutrition issues
in order to produce well-trained HGE specialists. This
article provides a road map for the organization of such
a training program. We would highly welcome the World
Gastroenterology Organisation, the European Board
of Gastroenterology and Hepatology, the American
Gastroenterology Association and other (inter)national
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[9]

published . We suggest nutrition education as part of
[10]
HGE training programs . The World Gastroenterology
Organisation (WGO) formulated standards for HGE
[5]
training . Nutrition has not been defined; therefore
such a training program needs to be developed and
subjected to regular revision. This document aims to
serve as a starting point for such a curriculum.

Gastroenterology societies support the necessary
certifications for this item in the HGE-curriculum.
Key words: Gastroenterology; Training; Clinical nutrition;
Malnutrition; Metabolism; Curriculum; Targeted therapy;
Enteral feeding; Parenteral feeding; Obesity
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

NUTRITION AND NUTRITION-RELATED
PROBLEMS

Core tip: There is a need for training in nutrition and
nutrition related issues because it lies at the core of
gastrointestinal functioning and is very relevant to
hepatogastroenterology (HGE) practice. At the moment
there is no defined standardised nutrition curriculum this
document aims to be a starting point for the integration
of nutritional expertise in the HGE curriculum.

Diseases that impair digestion, absorption or delivery
of nutrients to the body result in malnutrition,
catabolism and vitamin and mineral deficiencies.
In recent years, the impact of disease-related mal
nutrition on outcome is coming into the limelight. The
risk of developing malnutrition is increased during
[11]
states of injury, inflammation or infection . Stress
metabolism impacts nutrition status and may result in
the need for alternative feeding enteral or parenteral.
It is important for the HGE-specialist to understand
metabolism under different conditions and to be able
to provide nutrition when oral feeding is thwarted or
inadequate. Patients with diarrhoea, malabsorption,
pseudo-obstruction, short bowel syndrome, intestinal
inflammation, liver or pancreatic insufficiency and
small bowel fistulae require nutritional management.
At the other end of the spectrum HGE (pediatric)
specialists are increasingly confronted with obesity
and its related problems during (chronic) illness and
[12,13]
following bariatric surgery
.
Data from The Netherlands show that malnutrition
remains present in every one out of four to five
[11,14,15]
admitted patients in hospitals
. The relevance
of this topic is underlined to assess the prevalence
of malnutrition, in the form of the so-called Nutrition
Day, by the European Society for Clinical Nutrition
and Metabolism (ESPEN), supported by the European
Community. Notably, these data confirm that the
problem remains despite validated screening tools,
such as the Malnutrition Universal Screening Tool
and the Short Nutritional Assessment Questionnaire.
The treatment of malnutrition should be initiated
by physicians, in cooperation with trained (clinical)
[16]
dieticians in any high-risk patient . The lack in
awareness of nutritional issues probably results from
the absence of this topic in the HGE curriculum;
[17]
ignorance may therefore play a key role here .
In our opinion, this situation offers an opportunity
for the HGE-fellows for several reasons: (1) Digestion
and absorption are key functions of the gastrointe
stinal tract and HGE-specialists should know the
(patho)physiological consequences of dysfunction; (2)
Compared to other care providers, the HGE-specialist
has the advantage of being trained to recognize the
patient’s nutritional status. This enables endoscopical
visualization that allows the measures and procedures
to manage this disbalance; (3) Nutritional problems

Mulder CJJ, Wanten GJA, Semrad CE, Jeppesen PB, Kruizenga
HM, Wierdsma NJ, Grasman ME, van Bodegraven AA. Clinical
nutrition in the hepatogastroenterology curriculum. World J
Gastroenterol 2016; 22(5): 1729-1735 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i5/1729.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i5.1729

INTRODUCTION
Until the 1980’s gastroenterology (GE) was considered
a subspecialty of Internal Medicine. Since then GE has
developed into a specialty incorporating hepatology,
gastrointestinal oncology, neuromotility and intervention
endoscopy. It is a challenge to develop a training
program that produces hepatogastroenterologists
(HGE specialists) with adequate training, education and
expertise competent in all aspects of HGE by the end of
[1,2]
their program .
Although the European Board of Gastroenterology
and Hepatology (EUBOGH) curriculum is competencebased the duration of HGE training meets the Euro
pean minimum of four years of full-time subspecialty
training (EU-directive 2005/36/EC). In 2002, the
Dutch Board for Hepatogastroenterology extended
GE training to 4 years, with a Common Internal Me
[1,3]
dicine Trunk of 2 years . In the final year, a fellow
may expand their knowledge in an expert field
(advanced endoscopy, neuromotility, hepatology,
digestive oncology). EUBOGH defined subspecialties in
advanced endoscopy, hepatology, digestive oncology,
and clinical nutrition. Only training in hepatology
and digestive oncology have been well defined; an
adequate curriculum for nutrition training is lacking
[4,5]
(http://www.eubog.org) . The European Society for
Paediatric Gastroenterology Hepatology and Nutrition
[6]
published their program for Subspecialty training .
Many HGE-fellows have no formal nutrition training
[7,8]
included in their curricula . Critical reviews on a
lack of experienced trainers in this field have been
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improve the knowledge and skills beyond the expertise
that is obtained during the regular HGE program. This
fellowship should contain twelve months of clinical
exposure during the HGE training.
We suggest membership of ESPEN to be en
couraged for European HGE-specialists in nutrition,
in particular for those who dedicate their professional
activity to this field, those who are board certified by
EUBOGH or the respective equivalent in their country
of origin, and those who have additional experience in
the field of nutrition following formal HGE training.

Table 1 Requirements for basic nutrition training
Pathophysiology of the gastrointestinal tract and its motility regulation
Metabolism in health and disease
Diagnosis of nutritional status and GI function
General understanding of dietary requirements in health and disease
Understanding of disease-related digestive and metabolic dysfunction,
diagnosis and treatment of intestinal failure
Diagnosis and treatment of obesity
The ability to perform and understand the limitations of more complex
nutrition treatments and metabolic derangements in healthy subjects
and diseased ones, including enteral and parenteral nutrition strategies
Expertise in multidisciplinary care
Ability to collaborate in (translational) research

The training program: Structure

The program in nutrition should provide structured
education at such a level to ensure that trainees in their
focus year acquire the knowledge and skills necessary
to gain expertise beyond that acquired in the standard
[1]
HGE residency . This type of training is additional to
the more limited form of training in nutrition, provided
to all HGE-fellows at a basic level. Access to patient care
and multidisciplinary team discussions with hospital
dieticians, surgeons and intensivists with expertise
in nutrition are required. Programs must provide
structured opportunities to develop skills in nutritionrelated endoscopic procedures, such as the placement
of feeding tubes, gastrostomies and jejunostomies.
Fellows in this program should be involved in a pre
defined number of such procedures.
If science laboratory training is offered, the
facilities must be available under the supervision of a
trainer who has obtained at least national reputation
in research, as evidenced by publications in peerreviewed journals, and membership of a nutrition
society.
As a benchmark of (Dutch) HGE-approved fellow
ships in formal HGE training, the following section
describes a curriculum for nutrition. Topics for the
theoretical basis are included in Table 2.

are associated with gastrointestinal motility disorders,
such as postoperative or drug-induced dismotility;
(4) HGE specialists play a central role in the care
of surgical and medical specialties who deal with
metabolic and nutritional derangements. HGE-spe
cialists appear to be the ideal axis in care around
the malnourished patient, as the coordinator of a
nutrition support team or of intestinal failure units;
(5) Another reason is the role of the HGE-specialist
in procedures to manage malnutrition, including pla
cement of feeding tubes, percutaneous endoscopic
gastrostomies (PEG), jejunostomies (PEG-J and PEJ);
(6) The HGE specialist is trained to manage intestinal
failure, the indication for parenteral nutrition that can
subsequently be initiated in case enteral nutrition and
pharmacotherapy fail; (7) The dedicated HGE specialist
in nutrition should be trained to tackle complications
associated with nutritional interventions and metabolic
derangements, including the refeeding syndrome; and
(8) Comprehensive training also requires exposure
to research, either basic and translational research,
but also clinical trials. This will prepare the fellow to
[18]
explore nutritional and metabolic issues .

ESPEN: THE EUROPEAN SOCIETY FOR
CLINICAL NUTRITION AND METABOLISM

Nutrition in the Dutch training: Radboud University
Nijmegen

The HGE Department of the Radboud University
in Nijmegen is the only academic centre in The
Netherlands that currently offers the opportunity to
focus on nutrition and intestinal failure during fourmonths. During this period the HGE-fellow responsible
for the care of the patients admitted to the Intestinal
Failure Unit. The Intestinal Failure Unit harbours around
175-200 outpatients suffering from intestinal failure
necessitating treatment with (par)enteral nutrition and/
or fluids. These patients are admitted initially as part of
the 1-2 wk patient training to become self-supporting in
parenteral nutrition. Thereafter, patients are admitted
because of complications related to the underlying
disease (Short bowel syndrome, motility disorders) but
most often as a consequence related to the presence
of a venous access device, or metabolic derangements
due to increased stoma or fistula output. The fellow
chairs the weekly grand round under daily supervision

ESPEN, founded in 1979 (http//www.espen.
com) as the European Society for Parenteral and
Enteral Nutrition, is dedicated to nutrition and has a
collaborative relationship with the American Society
for Parenteral and Enteral Nutrition. ESPEN promotes
research, education and consensus statements about
[19]
clinical care . The aim of ESPEN is to encourage the
knowledge in clinical nutrition and metabolism. As part
of their activities, ESPEN offers the Life Long Learning
programme in Clinical Nutrition and Metabolism.
So far, few training centres offer fellowships in
advanced nutrition and essential requirements for this
have not been characterized, although educational
merits of this type of benchmarking have been shown
in recent courses, such as in Denmark. Requirements
for the HGE specialist with a focus in nutrition have
been defined (Table 1).
The goal of advanced training in nutrition is to
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for the placement of feeding tubes, gastrostomies or
jejunostomies are seen from other local disciplines.
The fellow is involved in the endoscopic procedures and
aftercare (e.g., wound care, changing of clogged or
dislocated tubes). Parenteral nutrition prescriptions and
lab results are discussed on a weekly basis with nurses,
dietician and a hospital pharmacist. Finally, all in-hospital
nutrition consultations are conducted by the fellow.
The fellow provides lectures on metabolic/nutritionrelated topics for the other HGE-trainees and HGE-staff.
In general, the topics covered in Table 2 provide the
theoretical background for this training.

Table 2 Elements of the suggested modular teaching program
on clinical nutrition for hepatogastroenterology specialists
Knowledge of key issues in nutrition
GI physiology
Anatomy
Digestion
Absorption
Motility
GI endocrinology/hormones
Physiology and metabolism of body composition, energy homeostasis
In health
Satiety/needs, calculations, measurements, techniques
Concerning:
Fat
Carbohydrates
Protein
Energy
Micro elements/vitamins
Starvation: Differential diagnostics and clinical management
Obesity: see below
Interventions
Artificial nutrition
Tube feeding/Enteral/PEG tube insertion
Parenteral nutrition
Administration:
access techniques and complications
Complications and safety
Risk-benefit analysis
Enteral nutrition
Parenteral nutrition
Normal (per oral) feeding
Feeding and artificial orificia
Use of nutrition with stress metabolism
Pathophysiology of digestion
Diseases of digestion and absorption
Diseases of impaired nutrient delivery
Protein-losing enteropathies
Pathophysiology of metabolism
Stress metabolism
Metabolism in Critical Illness
Nitrogen wasting
Genetic Metabolic disorders (e.g., OTC)
Special Diets
Nutrition and psychology
Role of psychological issues
Specific clinical situations
Kidney and liver disease
Catabolism/malnutrition
Cancer
Inflammation
Use of PN
Indications
Designing a formula
Monitoring for complications
Techniques
Feeding tubes: nasogastric/nasojejunal
PEG/PEJ/PRG
PEG-J
Jejunostomy [surgically created (Witzel’s) fistula or needle jejunostomy]
Central venous access: (tunnelled) catheters
Peripherally inserted central catheters (PICC)
Subcutaneous ports/arteriovenous fistulae (shunts)

Nutrition in the Danish training: Rigshospitalet,
Copenhagen

The HGE Department at Rigshospitalet is one of three
academic centres in Denmark offering HGE-training
with focus on nutrition. The fellow opting to join the
Intestinal Failure Unit will spend 8 mo taking care of
patients with intestinal failure. Eighty percent of the
30 beds in the HGE-ward are continuously occupied
with patients with intestinal failure. Currently, around
250 IF patients are followed in the outpatient clinic.
The number of HPN patients has now exceeded
450 patients in the Danish population (5.6 million
people). In the training the fellows are also given an
understanding of the large inter-patient heterogeneity
and introduced to the affiliated research of the unit.
In addition to the practical skills outlined by the
Nijmegen group, the trainees are also introduced to
the methodology and outcome results which often
illustrate the “effect-heterogeneity” within the patient
population and the need for “individualised medicine”.

Nutrition in the United States training: The University of
Chicago

The Curriculum for HGE training is a joint document
by the American Gastroenterological Association
(AGA) Institute, American College of Gastroenterology,
American Society for Gastrointestinal Endoscopy and
American Association for the Study of Liver Disease.
Basic nutrition (Level 1) training for HGE fellows
includes the basic principles of nutrient assimilation,
nutrition status, metabolic response to starvation and
stress, nutrition support, management of nutrition
therapy, management of obesity, and ethical issues
in nutrition. The training process includes lectures,
conferences, readings and experience to include
nutrition assessment, risk/benefit assessment of
nutrition support, tube placement, and order writing
for enteral/parenteral formulas. Clinical experience can
be obtained in a variety of ways: (1) on an inpatient
HGE-unit headed by a faculty member in nutrition; (2)
on a nutrition support team; or (3) by management
of nutrition outpatients. Learning can be at the home
institution or at an affiliated nutrition unit. Advanced
nutrition (Level 2) HGE training requires training at a
unit with a trainer who has expertise in clinical nutrition
and research, and has an established clinical nutrition

by a staff member responsible for the nutrition care.
The fellow runs a weekly multidisciplinary outpatient
clinic where new and control patients are seen. Patients
are referred by HGE-specialists and surgeons on a
nationwide basis. Additionally, patients with an indication
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Table 3 Diagnostic matrix nutritional status

Table 4 Weight class an obesity score

Medical factors

Weight class

Age, sex
Medical diagnosis, disease stage/
characteristics
Hospital admission/surgery/treatment
Laboratory results
Gastro-intestinal complications
Appetite
Difficulties in chewing and swallowing
Anthropometry (body weight and
height, weight loss/gain)
BMI
Body composition (fat free mass/fat
free mass index)
Energy expenditure (resting energy
expenditure and total energy
expenditure)
Nutritional intake
Medication
Mental factors
Motivation/stage of behaviour change
Depression/mental disorder
Cognitive disorder/dementia
Mental stress
Loss response
Disease insight

Functional factors
Hand grip strength
Walking speed
Activities
Exercise/sports
(I)?ADL dependency

< 18.5
18.5-25.0
25.0-30.0
> 30
> 35
> 40
> 50

dietetic diagnosis (Table 3). The diagnosis, in turn,
gives direction to treatment, interventions and the
effectiveness, of which again needs to be evaluated.
The assessment of the nutritional status resembles
the comprehensive geriatric assessment. In daily
practice, the diagnostic matrix (Table 3) to assess a
patient’s nutritional status has proven to be useful to
collect, organize and review the available information
and to identify missing information. The matrix can be
used in hospital, care homes and in the community
and in children and adults.
The Pocket Guide Dietetics was developed by
the Department of Nutrition and Dietetics of the VU
University in Amsterdam and endorsed by the Dutch
Dietetic Association and NESPEN with the objective to
[20]
standardize dietetics .
In The Netherlands it has become an important tool
to help dieticians with nutrition management in the
overall medical diagnosis and treatment.

Socio-economic factors
Financial status
Work
Educational level
Activities/interests
Degree of participation in
society
Living and family situation
Social network
Children
Availability family care givers
Transportation options
Loneliness

service. Twelve months of training are required.
There are few HGE-specialists in the United States
who have adequate expertise in nutrition to train
HGE fellows in the Nutrition Curriculum. HGE fellows
at the University of Chicago receive basic nutrition
training for 4 mo during rotations on the Nutrition
Unit, a Nutrition Support Team headed by a HGEspecialist with expertise in nutrition and small bowel
diseases. The nutrition curriculum is taught in the inand outpatient setting. Advanced nutrition training
is offered as a 1-2 year fellowship with intensified
training in the nutrition curriculum including leading a
nutrition support team, research and management of
diarrhoea/malabsorption, the short bowel syndrome,
intestinal failure and manage (par)-enteral nutrition.

Obesity and its treatment

Stratification of obesity by means of body mass index
is shown in Table 4. Differences in normal ranges are
[21]
made between ethnic groups . With the growing
pandemic of obesity better knowledge is essential for
HGE specialists (Table 5).
Energy imbalance is the key problem. Genetic
and/ or environmental factors are linked to obesity.
Neural, hormonal and metabolic signals are involved
in regulation of the balance of nutrient intake in
relation to energy expenditure. Differences in these
mechanisms may lead to obesity. Intestinal microbiota
is thought to play a major role. The nutrition specialist
understands the pathophysiology of obesity. The
therapy is based on three pillars: diet, behavioural
therapy and physical exercise. A realistic treatment
schedule should be discussed with the patient.
The nutrition specialist joins the outpatient clinic of
dietician and psychotherapist in designing treatment
plans. Pharmacological therapy may be added. The
nutrition specialist knows of (contra)indications and
side-effects of pharmacological therapy in obesity. In
case conservative strategies do not lead to substantial
weight loss bariatric surgery might be indicated. Only
2
2
with a BMI ≥ 40 kg/m or a BMI of ≥ 35 kg/m
with related comorbidities bariatric surgery might be
considered. Endoscopic bariatric procedures are not

TOOLS AND METHODS FOR CLINICAL
DIETICIANS; VUMC AMSTERDAM
The diagnosis is the basis for all nutritional inter
ventions. This “Pocket Guide Dietetics” provides a
practical and complete guide to dietetic diagnostic tools
and methods.
The nutritional status is a result of nutritional
intake, nutritional requirements and influencing factors
from four underlying domains (medical, functional,
mental and socio-economic factors), which, together
with the needs of the patient form the basis to the
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program remains to produce well-trained nutrition
HGE specialists who will be coordinators in the clinical
nutrition field. They should be qualified to promote
improvements in national care to reduce the incidence,
morbidity and mortality of malnutrition and obesity
and to improve quality of life. Despite a recognized
need for structured Nutrition training, there is a lack
of standardized fellowship programs for subspecialty
qualification. The opportunities for training in Clinical
Nutrition are extremely variable all over the world,
and non-existent in many countries. It is important
to determine the level of nutritional knowledge of
HGE-specialists and improve upon it. Nutritional
abnormalities associated with malabsorption, the
provision of nutritional knowledge and the high
prevalence of obesity amongst HGE-patients are
reasons to advise nutritional training. Recent studies
from Canada and Iran showed a lack in nutrition
[7,8]
knowledge among HGE-specialists .
Our curriculum proposal paves the way for further
discussion and developments to improve nutrition
training and improve nutrition education.
By working in nutritional support teams, HGEfellows have an opportunity to participate in the
development of multidisciplinary management in
patients, as well as participating in research including
clinical trials. The in- and outpatient nutritional support
teams should provide HGE-fellows with an education in
the diagnosis and management of nutritional problems
in a diverse population of patients. The fellow will
be taught methods to obtain safe access to the GItract for enteral feeding. Education in the diagnosis
and management of malnutrition, malabsorption and
diarrheal diseases is provided in the outpatient setting.
Clinical nutrition training is provided to all fellows at
a basic level and for those wishing to specialize in
nutrition at an advanced level.
At the other end of the spectrum, obesity causes
unique problems with regard to nutritional consequences
which also require advanced training. Hospitals with
bypass-surgery recognize the need for obesity medicine
specialists. Obesity is a nutritional disorder, at the same
time it is a disease. The treatment is built on diet,
exercise, and lifestyle change. Treatment requires overlap
[23]
between endocrinology and hepatogastroenterology .
The endocrinologist is the subspecialist who should
consulted in case of comorbidities such as type 2
diabetes mellitus and metabolic dysfunction causing
hyperlipidaemia and other endocrine complication.

Table 5 Training for obesity
Knowledge about the risks and dietary, pharmacological and surgical
techniques to control this
Modular Training for Obesity
Physiology of weight regulation
Hormones
Neurotransmitters
Feedback loops
Pathophysiology of Obesity
Behavioural
Hormonal
Genetic
Intestinal microbiome
Obesity managements
In Health
Diet
Lifestyle
Medications
Surgery
Feeding in disease
Hypocaloric feeding
Nitrogen balance
Bariatric surgery management strategies
Restrictive Surgery (Roux-Y gastric Bypass, Gastric band/sleeve)
Diet, vitamin and mineral supplements
Expected weight loss
Monitoring
Complications (dumping syndrome, vomiting, gastro-gastric fistula)
Malabsorptive surgery (Duodenal switch, pancreatico-biliary diversion)
Diet, vitamin and mineral supplements
Expected weight loss
Monitoring
Complications (dumping/rapid transit, dysbiosis, hypoproteinaemia)
Endoscopic Management
Leaks
Strictures
Bleeding
Biliary

commonly performed and are not approved by the
FDA.

Follow-up after bariatric surgery

Given the nature of bariatric surgery attention has to
be paid to malabsorption and intestinal insufficiency
in the bariatric patient. Malabsorptive consequences
of surgery are vitamin and micronutrient deficiencies,
therefore lifelong supplementation and follow-up is
mandatory.
Bariatric surgery changes the normal anatomy
and the HGE-specialist should know the new “normal”
anatomy in order to correctly interpret potential ab
normalities. The HGE-specialist should know signs,
symptoms and complications after bariatric surgery.
Endoscopic treatment of choledocholithiasis is
challenging. If the limb length of the biliodigestive
limb and the gastrojejunal limb is approximately more
than 150 cm a laparoscopy-assisted ERCP through a
[22]
gastrostomy in the remnant stomach is preferred .

CONCLUSION
With today’s society becoming increasingly healthconscious, more people are seeking help to manage
their eating habits and lifestyles. So far, we didn’t
include training in Clinical Nutrition in our curricula.
Diet has been central to the study of hepato
gastroenterology. However, nutrition specialists are
few. They have generally been relegated to nutrition

DISCUSSION
The goal of the WGO, AGA, or EUBOGH-fellowship
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support in the hospitalized patient, short bowel
syndrome, malabsorption and malnutrition. The
controversies regarding diet for weight loss, weight
maintenance and malnutrition should be the purview
of a nutrition specialist. A competent subspecialist
for nutrition must have knowledge to manage a
myriad of nutritional disorders. The European and
American Boards of Medical Specialties have never
been able to officially classify nutrition as a medical
specialty. We suggest such a subspecialty for
hepatogastroenterology.
Our recommendation for Clinical nutrition expert
competence is to define Clinical Nutrition Medicine as
a specialized capacity. This slightly deviates from the
nutrition/obesity medicine specialist suggested by
[23]
the more theoretically educated endocrinologists .
Paediatric obesity and malnutrition related management
issues require coordination of care and nutrition spe
[12]
cialists in paediatrics . We should use the fellowship
programs in nutrition to train HGE-specialists, and in
an adapted way, intensivists and endocrinologists to
become certified clinical nutrition specialists.
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Clinical and molecular features of young-onset colorectal
cancer
Veroushka Ballester, Shahrooz Rashtak, Lisa Boardman
a minority of young-onset CRC cases. There is
evidence to suggest that young-onset CRC have
a different molecular profile than late-onset CRC.
While the pathogenesis of young-onset CRC is well
characterized in individuals with an inherited CRC
syndrome, knowledge regarding the molecular features
of sporadic young-onset CRC is limited. Understanding
the molecular mechanisms of young-onset CRC can
help us tailor specific screening and management
strategies. While the incidence of late-onset CRC has
been decreasing, mainly attributed to an increase in
CRC screening, the incidence of young-onset CRC
is increasing. Differences in the molecular biology
of these tumors and low suspicion of CRC in young
symptomatic individuals, may be possible explanations.
Currently there is no evidence that supports that
screening of average risk individuals less than 50 years
of age will translate into early detection or increased
survival. However, increasing understanding of the
underlying molecular mechanisms of young-onset CRC
could help us tailor specific screening and management
strategies. The purpose of this review is to evaluate
the current knowledge about young-onset CRC, its
clinicopathologic features, and the newly recognized
molecular alterations involved in tumor progression.
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Core tip: Recent evidence supports that young-onset
colorectal cancer (CRC) is a “heterogeneous disease”.
Newly recognized molecular alterations implicated
in tumor progression, appear to contribute to its
heterogeneity. Young-onset CRCs are remarkably
different compared to late onset CRCs. These differences

Abstract
Colorectal cancer (CRC) is one of the leading causes
of cancer related mortality worldwide. Although
young-onset CRC raises the possibility of a hereditary
component, hereditary CRC syndromes only explain
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are highlighted by distinctive histologic features, site of
tumor location, stage at presentation, and molecular
profile. These differences support the possibility that
young-onset CRC may be a different entity than lateonset CRCs. Understanding the molecular mechanisms
underlying the development of young-onset CRC, will
ultimately help individualize screening strategies and
management for this high risk group.

Table 1 Clinicopathologic and molecular differences between
young-onset and late-onset colorectal cancer
Clinical and molecular characteristics

Proximal colon
Distal colon and rectum
Synchronous and metachronous CRC
Later stage at diagnosis (stage Ⅲ/Ⅳ)
Mucinous/signet ring and poorly
differentiated features
Typically MSS
MSI due to MLH1 gene promoter methylation
CIN
CIMP-low
CIMP-high
Microsatellite and chromosome stable CRC
Hypomethylation of LINE 1

Ballester V, Rashtak S, Boardman L. Clinical and molecular
features of young-onset colorectal cancer. World J Gastroenterol
2016; 22(5): 1736-1744 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i5/1736.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1736

X
X
X
X
X
X
X
X
X
X
X
X

CRC: Colorectal cancer; MSS: Microsatellite stable; MSI: Microsatellite
instability; CIN: Chromosomal instability; CIMP: CpG island methylator
phenotype; MACS: Microsatellite and chromosome stable CRC.

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer in the United States and is the second leading
[1]
cause of cancer related mortality after lung cancer .
Young-onset CRC is an “heterogenous disease”,
thought to have a strong hereditary component, alth
[2]
ough most cases are sporadic . It accounts for 2%
to 8% of all CRC. The incidence of CRC per 100000
young individuals, between the ages of 20-49 years,
increased 1.5% per year in men and 1.6% per year
[3]
in women from 1992 to 2005 . This contrasts with
the incidence of late onset CRC, which has been
decreasing, mainly attributed to an increase in CRC
[4]
screening. A study by Chang et al evaluated a
cohort of 75 CRCs in patients younger than 40 years,
and found that 22% of these tumors were due to
hereditary cancer syndromes; 17% demonstrated
abnormalities in the mismatch repair genes and
5% had germline genetic disorders predisposing to
CRC. Different molecular alterations contribute to
the “heterogeneity” of young-onset CRC and there is
evidence to suggest that compared with late-onset
CRC, young-onset CRC may have a different molecular
[2]
profile (Table 1). The increasing incidence of young
onset CRC along with its aggressive nature, emphasize
not only the importance of awareness of risk factors
in this age group, but also the importance of early
evaluation in young individuals with symptoms.
Young-onset CRC is one of the “hallmarks” for
Hereditary CRC Syndromes. Although young-onset
CRC raises the possibility of an hereditary component,
hereditary CRC syndromes represent 15%-20% of
[2,3]
cases in this group . Hereditary CRC syndromes
only explain a minority of young-onset CRC cases,
consequently, the pathogenic mechanisms in the
majority of young onset CRC cases remains to be
elucidated.
The purpose of this review is to evaluate the
current knowledge about young-onset CRC, its
clinicopathologic features, and the newly recognized
molecular alterations involved in tumor progression.

WJG|www.wjgnet.com

Young-onset Late-onset
CRC
CRC
(≤ 50 yr) (> 50 yr)

LITERATURE RESEARCH
We extensively searched the literature for English
articles and abstracts from 1946 through March 2015
on MEDLINE, EMBASE, Web of Science, Scopus, DDW.
org and ClinicalTrials.gov. A combination of controlled
vocabulary (MeSH, EMTREE) was used for MEDLINE
and EMBASE. The terms “colorectal” or “colo rectal”,
“cancer”, “adenocarcinoma”, “carcinoma, “early onset”
or “young onset” was applied in the searching process.
Subject headings and publication types, including
“clinical trials”, “case reports”, “case series”, “controlled
trials”, “randomized controlled trials”, “cohort studies”,
“retrospective/prospective studies”, “major clinical
studies”, “meta-analysis”, and “systematic review”,
were used to identify the relevant literature. Cited
articles were selected based on the novelty and the
relevancy to the purpose of this review.

CLINICOPATHOLOGIC
CHARACTERISTICS OF SPORADIC
YOUNG-ONSET CRC
Studies have shown that individuals with youngonset CRC have distinctive histologic features, site of
tumor location, and stage at presentation. Compared
with late-onset CRC, young-onset CRC occur most
often in the distal colon and the rectum (69.0% vs
[5]
[6]
57.7%, P < 0.001) . A study by Davis et al , which
included data from the SEER Program of the National
Cancer Institute, showed that in the 35 to 39 age
group, 32% of tumors occurred in the rectum. This
gradually decreased in subsequent age groups to a
[6]
low of 15.1% in the 85 years and older age group .
The opposite trend was seen for cancers located in
the cecum. In the 35 to 39 age group, 9.3% of the
tumors occurred in the cecum. This increased in
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Table 2 Clinical and molecular features associated with hereditary colorectal cancer syndromes
Hereditary CRC
syndrome

Age of presentation

Gene(s)

Clinical features

Lynch syndrome

Average age of diagnosis of CRC is
42-45 yr
Average age of diagnosis of CRC is
39 yr

MLH1, MSH2
MSH6,PMS2,EPCAM
APC
MUTYH (biallelic)

Lifetime risk of CRC 70%
Risk of extracolonic cancers
100-1000 adenomas
CRC risk 90% without colectomy
Risk of extracolonic cancers
10-99 adenomas

Classic FAP

Attenuated FAP
PJS

JPS

PPAP

Cowden disease

Average age of diagnosis of CRC is APC, MUTYH mutations detected
51 yr
in approximately 10%
Polyps occur during childhood and
STK11
early adulthood
Late childhood or early adolescence

SMAD4, BMPR1A, ENG

Second through fourth decades of
life

POLE
POLD1

Second and third decades of life

PTEN

Mucocutaneous pigmentation
≥ 2 hamartomatous polyps in small bowel

Lifetime cancer risks 80%-90%
> 3-5 juvenile polyps in the gastrointestinal tract
Congenital cardiac valvular disease and/or atrial and
ventricular septal defects
Oligo adenomatous polyposis
Young-onset CRC
Endometrial cancer
Variable CRC risk
Macrocephaly
Increased risk of thyroid, breast, and endometrial cancer

CRC: Colorectal cancer; FAP: Familial adenomatous polyposis; PJS: Peutz-Jeghers syndrome; JPS: Juvenile polyposis syndrome; PPAP: Polymerase
Proofreading-Associated Polyposis.

subsequent age groups to a high of 23.2% in the 85
[6]
years and older age group . Young-onset CRC is also
associated with a higher percentage of synchronous
[7]
and metachronous tumors. A study by Liang et al ,
which evaluated the clinicopathological and molecular
characteristics of young-onset CRC, showed a higher
incidence of synchronous (5.8% vs 1.2%, p = 0.007)
and metachronous (4.0% vs 1.6%, p = 0.023) cancers
in young individuals (younger than 40 years), when
compared to older individuals.
Mucinous and signet ring features, as well as poorly
differentiated histology, are typically associated with
young-onset CRC. Data from the National Cancer
Database showed that compared with later-onset CRC,
young-onset CRC more frequently exhibited a mucinous
and signet-ring histology (12.6% vs 10.8%, P < 0.001)
and poor or no differentiation (20.4% vs 18%; P <
[8]
0.001) . The reason for these histological differences
is unknown, but differences in the molecular biology
[8]
of these tumors may be a possible explanation .
Advanced-stage disease was more commonly diagnosed
[5]
in young patients . Later stage at diagnosis, could
be related to lower screening rates and/or failure to
[8]
recognize and evaluate symptoms in young individuals .
Data from the SEER from (1991-1999) showed that
young individuals (20-40 years old) with CRC have a
poorer overall 5 years survival compared with older
individuals (60-80 year old) (61.5% vs 64.9%; p =
[8]
0.02) . However, stage specific survival rates in patients
with young-onset CRC equal or exceeded those with
[9]
late-onset CRC . In contrast to late-onset CRC, youngonset CRC has a higher incidence of recurrence and
[10]
development of metastasis .

WJG|www.wjgnet.com

MOLECULAR FEATURES AND GENETICS
OF SPORADIC YOUNG ONSET CRC
The pathogenesis of young-onset CRC is well charac
terized in individuals with an inherited CRC syndrome,
in which a germline mutation in a cancer susceptibility
[11]
gene is identified
(Table 2). Knowledge regarding
the molecular features of sporadic young-onset CRC is
[11]
limited . Recent studies have reported that sporadic
young-onset CRC may have a unique molecular profile.
Sporadic young-onset CRC may be attributed to the
cumulative effect of multiple genetic variants displaying
[11]
variable penetrance . A better understanding of
these molecular mechanisms will help us tailor specific
prevention and management strategies.

MICROSATELLITE INSTABILITY
ANALYSIS
The majority of young-onset cancers does not
show microsatellite instability (MSI), but rather are
microsatellite stable (MSS) and lack DNA repair
mechanism abnormalities (Figure 1A). MSI tumors in
the younger population are mostly related to Lynch
Syndrome (LS) and rarely to epigenetic inactivation
[12]
of MLH1 . Recent studies have shown that the
proportion of MSI found within young-onset CRC
ranges from 19.7% to 41.0% depending on the age
[7,13]
of onset
. This relatively high proportion of MSI
tumors in young CRC patients has been attributed to
the high number of patients with LS in that age group.
Population-based studies have found MSI in only 7% to
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A

B

MSS CIN
32%

LS: MSI CSS
21%

FAP
2%

MSI CSS MLH 1
hypermethylation
13%
FAP
2%

MSS CIN
51%

MSS CSS MACS
34%

CSS MSS MACS
45%

Figure 1 Molecular profile of young-onset (A) or late-onset (B) colorectal cancer.
[14]

rate of CIMP-low cases and had an important family
component as a result of LS-related, but also LS[16]
unrelated, cancer history .

17% of CRC patients under age 50 . A study by Yiu
[15]
et al
showed that tumors with MSI in the older age
groups (60-70 years and > 87 years) were associated
with MLH1 inactivation (83%) and MLH1 promoter
methylation (62%), while tumors in the young group (<
45 years) were associated with MSH2 inactivation.
Typically, MSS tumors have a later stage of
onset, are predominately found in the right colon,
and are less likely to present with synchronous
[4]
and metachronous tumors . Several studies have
evaluated the clinicopathologic features of this subset
[2]
of CRC within the young-onset population . Earlyonset MSS tumors are remarkably different from those
in late-onset MSS CRC (Figure 1B). Left colon location,
low frequency of other primary neoplasms, and an
important familial component are significant features
[16]
of young-onset MSS CRC .

MICROSATELLITE AND CHROMOSOME
STABLE CRC
There is a subset of CRCs defined as microsatellite
and chromosome stable CRC (MACS). This subset of
CRCs are characterized by the absence of MSI-high and
chromosomal instability (CIN). They may account for up
[17]
to 30% of all sporadic CRCs . They have been identified
most frequently in younger cases. These tumors are
most frequently located in the distal colon and rectum,
have histologic features associated with poor prognosis,
present with metastasis at diagnosis, and have early
disease recurrence and lower survival than patients with
[17]
MSI or CIN . There is limited knowledge regarding
the molecular profile of MACS. Recent studies have
found out that MACS tumors are CIMP-low, are rarely
associated with BARF mutations, have absent MLH1
expression, and seem to have a different pattern of
[2]
hypomethylation when compared to MSI and CIN CRC .
Some published studies suggest that MACS may be
related to familial CRC syndromes, based on observed
[2]
increased frequency in young patients .

CPG ISLAND METHYLATOR PHENOTYPE
Methylation of CpG islands as a mechanism of silencing
genes in colon tumors has been recognized as a third
pathway involved in the development of CRC. CpG
island methylator phenotype (CIMP) accounts for
[16]
approximately 40% of all CRCs . CIMP-high tumors
are associated with proximal location in the colon,
[2]
poor differentiation, MSI, and BRAF mutations .
Compared with late-onset CRC patients, those with
young-onset disease have a higher rate of CIMP-low
cases. But within LS patients who have young-onset
CRC, a higher proportion will be CIMP-high compared
to those LS patients who develop CRC at an older
[16]
age. A study by Perea et al , which analyzed youngonset and late-onset CRC according to the three main
carcinogenic pathways, showed that young-onset
CIMP-high CRCs were associated with MMR gene
germline mutations. In contrast, late-onset CIMP-high
CRCs were more likely to be sporadic MSI tumors. This
study showed marked differences between the youngonset and late-onset CRC. Young-onset CRCs were
more commonly located in the left colon, had a higher

WJG|www.wjgnet.com

LINE-1 HYPOMETHYLATION
LINE-1 hypomethylation is a unique feature of young[18]
onset CRC . LINE-1 hypomethylation is a “surrogate
marker for genome-wide hypomethylation” and is
[12]
associated with increased CIN . The degree of
LINE-1 hypomethylation has been recognized as
an independent factor for increased cancer related
[18]
mortality and overall mortality in CRC patients . A
[12]
study by Antelo et al whose aim was to characterize
the clinical, histological, and molecular features of a
large cohort of young-onset CRCs in the context of the
methylation status of LINE-1, showed that compared
to older-onset colorectal tumors, young-onset CRCs
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had significantly lower levels of LINE-1 methylation.
This observation was validated in an independent set
of young-onset CRC patients. These findings may help
explain some of the biological mechanisms underlying
young -onset CRC. Additional studies are needed to
confirm this association and assess the prognostic
value of LINE-1 in young-onset CRC.

germline. This increases the risk of cancer. LSassociated cancers develop only after a second hit
occurs, which causes loss of function of the wild-type
[1]
allele inherited from the unaffected parent . Several
genetic mechanisms are involved in the second hit
including loss of heterozygosity and hypomethylation.
LS is characterized by an inactivation of one of
the mismatch repair genes MLHI, MSH2, MSH6, and
PMS2. Mutations in MLH1 and MSH2 account for up to
90% of cases, mutations in MSH6 account for about
10% of cases, and mutations in PMS2 account for 6%
of all LS. Deletions in the 3’ end codon of the EPCAM
gene can result in LS through epigenetic silencing of
[25]
the MSH2 gene in tissues that express EPCAM . A
[26]
study by Kempers et al
showed that deletions in
EPCAM carry a high risk of CRC.
MSI is characterized by expansion or contraction
of microsatellite repeats and is found in more than
90% of CRC in patients with LS and in approximately
[27]
12% of patients with sporadic CRC . MSI in CRC is
due to a defect in one of the MMR genes caused by
either a germline defect or a somatic change of the
gene, as seen with hypermethylation of MLH1. MSI
is characterized as MSI-high (≥ 30% of markers are
unstable), MSH-low (< 30% of markers are unstable),
and MS-stable (no markers are unstable). Most of LS
[1]
tumors are MSI-high . The clinical significance of MSIlow has not been defined.
Immunohistochemistry evaluates for the loss of
MMR protein expression and identifies patients with
LS. Alterations in specific DNA MMR are indicated by
loss or partial production of the MMR protein produced
by that gene. Either somatic or germline alterations
in specific MMR genes are indicated by loss or partial
production of the protein produced by that MMR
[1]
gene .
Somatic mutations in the BRAF gene at codon 600
[1]
are found in approximately 15% of sporadic CRC .
These CRC develop through the CpG island methylator
pathway and are MSI-high through somatic promoter
methylation of MLH1. Somatic mutation of BRAF V600
has been detected predominantly in sporadic CRC and
[28]
is usually evidence against the presence of LS .

HEREDITARY CRC SYNDROMES
Young age at onset is suggestive of a hereditary
predisposition. The clinicopathological and the
molecular features of young-onset CRC make it a
“heterogenous disease”. There is marked heterogeneity
not only when comparing young and late onset CRC,
[11]
but also within the young-onset group . Youngonset CRC can be further characterized into two
distinct subtypes: sporadic and inherited. Individuals
with young-onset sporadic CRC usually have no
family history, while inherited CRC, usually arise in
[11]
the context of hereditary CRC syndromes . The
pathogenesis of young-onset inherited CRC is well
characterized. Germline mutations in known cancersusceptibility genes have been implicated in up to
[19]
5% of all CRC . Most of these hereditary syndromes
have typical phenotypes, and identification of germline
mutations confirm the diagnosis.

LS
LS is the most common cause of inherited CRC and
[20]
has been implicated in 2% to 4% of CRC cases .
It is an autosomal dominant condition defined by
the presence of germline mutations in one of the
mismatch repair genes MLHI, MSH2, MSH6, PMS2 or
loss of expression of the MSH2 gene due to deletion in
the EPCAM gene. MSI results from defective mismatch
repair and is associated with loss of expression of
MLHI, MSH2, MSH6, and PMS2 proteins that can be
[21]
detected by immunohistochemical analysis . LS is
characterized by a predisposition to develop colorectal
and extracolonic malignancies such as endometrial,
ovarian, urinary tract, gastric, small intestine, brain,
[1]
hepatobiliary, and sebaceous neoplasms .
Lifetime risk for developing CRC is approximately
[22]
70% . Progression through the adenoma-carcinoma
sequence is thought to occur in less than 5 years,
compared with sporadic carcinoma, which is thought
[23]
to occur over a decade . A more rapid progression
to carcinoma may explain their increased lifetime
risk for CRC. Patients with LS also have a high rate
of metachronous CRC (16% at 10 years and 41% in
[24]
20 years) . Therefore, recommendations for CRC
surveillance include a colonoscopy every 1 to 2 years
[21]
starting at the age of 20 to 25 .

FAMILIAL ADENOMATOUS POLYPOSIS
Familial adenomatous polyposis (FAP) is the second
most common inherited CRC syndrome and accounts
[19]
for approximately 1% of the new CRC cases .
FAP is inherited in an autosomal dominant manner
and is characterized by germline mutation in the
adenomatous polyposis coli (APC) gene. Patients with
classic FAP develop more than a 100 synchronous
polyps beginning in the second or third decade of
life. Their lifetime risk of developing CRC is estimated
to exceed 99% in patients who do not undergo a
[19]
colectomy . Individuals with FAP are at increased risk
for extracolonic cancers including: duodenal/ampullary
tumors, which are the second leading cause of cancer

MOLECULAR FEATURES OF LS
LS is caused by a single dominant mutation in the

WJG|www.wjgnet.com

1740

February 7, 2016|Volume 22|Issue 5|

Ballester V et al . Molecular features of young-onset CRC
related mortality in individuals with FAP, papillary
thyroid cancer, desmoid tumors, central nervous
system tumors, and adrenal tumors.
The majority of the FAP cases are caused by a
germline mutation in the APC tumor suppressor gene.
Most mutations in APC are nonsense or frameshift
mutations that cause premature truncation of the APC
[29]
protein . Studies have shown an association between
the location of the APC mutation and the phenotype in
[30]
FAP patients . The age of onset, amount of polyps,
and the presence of extracolonic cancers appear to
[30]
correlate with specific mutation sites .
Mutations located near the 5′ end of the APC gene
or in the alternatively spliced region of exon 9 result in
[30]
an attenuated phenotype of FAP . Attenuated FAP is a
milder variant of FAP, which presents with less number
of colonic polyps, < 100, proximally located polyps,
and an older age of presentation with CRC, compared
to individuals with FAP.
MUTYH associated polyposis (MAP) is an autosomal
recessive polyposis syndrome characterized by MUTYH
gene mutation, most commonly Y179C and G396D.
Biallelic MUTYH mutations account for 30% to 40%
of cases with adenomatous polyposis in which an
[31]
APC mutation cannot be detected . Patients with
biallelic MUTYH mutations can present with a variety
of phenotypes. Some may present with colonic and
extracolonic manifestations indistinguishable from
FAP, but most cases present with oligopolyposis, with
[19]
fewer than a 100 polyps . Affected individuals have
a later onset than FAP, approximately 10 years later.
Biallelic carriers have an 80% cumulative lifetime risk
of CRC by age 70. Some studies show that monoallelic
carriers have a slightly increased risk of CRC. There
appears to be a genotype-phenotype correlation with
respect to cancer risk and age of onset. Individuals
with homozygous Y179C mutation carriers have a
more severe phenotype, with respect to age of onset
and cancer risk, compared with individuals with the
[31]
G396D allele . A meta-analysis to assess the risk
estimates associated with MUTYH variants, showed
that individuals with biallelic gene mutation carriers
have 28-fold increased risk, whereas those with
monoallelic carries have less than 2-fold increased risk
of developing CRC, when compared to the general
[32]
[33]
population . A study by Riegert-Johnson et al ,
which evaluated early onset CRC cases in which Lynch
syndrome had been excluded by MSI testing, showed
that MUTYH testing should be considered in patients
with CRC diagnosed before the age of 50, found to
have intact DNA MMR regardless of family history and
the number of colon polyps.

mutation of the STK11/LKB1 tumor suppressor gene
is known to be the underlying defect. The multiple
mutations identified in STK11/LKB1 are responsible for
[34]
the phenotypic variability . Hamartomatous polyps are
found throughout the gastrointestinal tract but most
are found in the small bowel (60%-90%) and colon
(50%-64%). The development of cancer in PJS polyps
remains controversial. Malignant alterations have been
described in hamartomas of individuals with PJS. A
[35]
study by Giardiello et al
which evaluated 107 men
and 106 women from 79 families, showed estimated
cumulative cancer risks of 54% for breast, 39% for
colorectal, 36% for pancreas, 29% for stomach and
21% for ovarian cancer by 64 years of age.
The only identifiable germline mutation in PJS is
STK11/LKB1. It is located on chromosome 19p13.3
and acts as a tumor suppressor gene. Germline
mutations of STK11/LKB1 are found in up to 70%-80%
[36]
of affected families . Individuals with a truncation
mutation in STK11/LKB1, have an earlier age of onset
than those who have a missense mutation or when no
[36]
mutation is detected in STK11/LKB1 .

JUVENILE POLYPOSIS SYNDROME
Juvenile polyposis syndrome (JPS) is a hamartomatous
polyposis syndrome, inherited in an autosomal
dominant fashion. Unlike sporadic juvenile polyps, the
polyps of individuals with JPS are more numerous and
are located more proximal in the gastrointestinal tract.
Individuals with JPS usually become symptomatic
in childhood with symptoms of anemia, bleeding, or
abdominal pain. The incidence of CRC is 17%-22%
by the age of 35 and approaches 68% by the age of
[37]
60 . They are at increased risk for CRC and gastric
[38]
cancer with a lifetime risk approaching 40%-50% .
This patients are also at increased risk of pancreatic
and duodenal carcinomas.
Germline mutations in SMAD4 and BMPR1A
have been described in patients with JPS. BMPR1A
mutations are found in 40%-100% of families without
[37]
SMAD4 mutation . These genes encode proteins
involved in transforming growth factor-beta (TGF[36]
beta) signaling pathway . SMAD4 mutations are
more common and predispose to polyps in the upper
digestive tract.

POLYMERASE PROOFREADINGASSOCIATED POLYPOSIS
Germline mutations in the proofreading domains of 2
DNA polymerases, POLE and POLD1, are associated
with an inherited colorectal adenoma and carcinoma
syndrome, Polymerase Proofreading-Associated
Polyposis (PPAP). This syndrome is inherited in an
autosomal dominant manner, is highly penetrant,
and is characterized by oligo adenomatous polyposis,
young-onset CRC and endometrial cancer. The

Peutz-Jeghers Syndrome
Peutz-Jeghers syndrome (PJS) is an autosomal dominant
hereditary CRC syndrome, which is characterized by
hamartomatous polyps of the gastrointestinal tract and
mucocutaneous hyperpigmented lesions. Germline
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loss of proofreading capability causes multiple
[38]
mutations throughout the genome . Compared to
other dominantly inherited syndromes, tumors with
exonuclease domain mutations in POLE and POLD1
are MSS. Their primary mechanism or carcinogenesis
is chromosomal instability, with “driver mutations” in
[39]
APC and KRAS genes . Germline variants in POLE
and POLD1 predispose individuals to either a multiple
colorectal adenoma phenotype similar to that observed
in MUTYH-associated polyposis or a Lynch phenotype,
[40]
in which carriers develop young-onset CRC .
Germline mutations in the POLE and POLD1 genes
have been found to be responsible for a new form of
[40]
CRC genetic predisposition .

CRC, and to evaluate the benefit of screening high
risk individuals younger than 50 years of age. These
findings will help us tailor specific prevention and
management strategies.
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Abstract
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Warsaw, Poland

Colorectal cancer (CRC) is the second most commonly
diagnosed cancer among females and third among
males worldwide. It also contributes significantly to
cancer-related deaths, despite the continuous progress
in diagnostic and therapeutic methods. Biomarkers
currently play an important role in the detection and
treatment of patients with colorectal cancer. Risk
stratification for screening might be augmented by
finding new biomarkers which alone or as a complement
of existing tests might recognize either the predisposition
or early stage of the disease. Biomarkers have also the
potential to change diagnostic and treatment algorithms
by selecting the proper chemotherapeutic drugs across
a broad spectrum of patients. There are attempts to
personalise chemotherapy based on presence or absence
of specific biomarkers. In this review, we update review
published last year and describe our understanding of
tumour markers and biomarkers role in CRC screening,
diagnosis, treatment and follow-up. Goal of future
research is to identify those biomarkers that could allow
a non-invasive and cost-effective diagnosis, as well as
to recognise the best prognostic panel and define the
predictive biomarkers for available treatments.
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Core tip: This review summarizes data concerning
clinical utility of biomarkers in colorectal cancer
patients. Authors focus primarily on currently available
diagnostic, prognostic and predictive biomarkers of the
disease. Great attention is also paid to the advances
achieved in personalized therapy of colorectal cancer.
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In this review, we have updated a review published in
[6]
2014 . We examine molecular (genetic, epigenetic,
protein) biomarkers associated with CRC and discuss
their role in cancer screening, early detecting of
disease recurrence and as prognostic and predictive
factors.

INTRODUCTION

BLOOD AND STOOL MARKERS FOR
COLORECTAL CANCER SCREENING AND
FOLLOW UP

Worldwide, colorectal cancer (CRC) annually affects
more than one million men and women and causes
[1]
more than half a million deaths . In Europe in 2010,
CRC was the third most common malignant cancer
[2]
in both men and women . There are 250000 cases
of colorectal cancer diagnosed on an annual basis in
Europe only. Five-year survival was 54 percent among
adult Europeans diagnosed with colorectal cancer
[3]
between 1995 and 1999 . More recent available data
report that the overall five-year relative survival can
achieve 65 percent, but varies depending on stage of
[4]
cancer disease .
The number of biomarkers used for tests continues
to grow. The National Institute of Health defines a
biomarker as a biological molecule found in blood,
other body fluids, or tissues that is a sign of normal
[5]
or abnormal process, or of a condition or disease .
A definition of biomarker mostly refers to DNA, RNA,
microRNA (miRNA), epigenetic changes or antibodies.
A term tumour marker, by some researchers
considered as a synonym of biomarker, refers to
substances (most typically proteins, glycolipids)
representing biological structures, which can be
attributed to the development of normal cells or
carcinogenesis at different cell development stages
e.g., tumour-associated antigens (TAAs) which are
the largest group of clinically significant markers. As
a result, the concentration of TAAs typically correlates
with the number (or mass) of specific neoplastic cells.
In daily clinical practice, in the process of diagnosis
and therapy, there are several parameters in use of
long-established high sensitivity, specificity and positive
predictive value. These parameters have been selected
from among tens of molecules produced by cells in
long-term laboratory tests, observational studies and
clinical trials. The concentrations of tumour markers
tested at the diagnostic stage are believed to assist
in early cancer diagnosis and to be used in screening
tests. Some of them are currently found to be more
important during treatment and long-term followup. On the other hand, for some types of tumours,
markers are also considered important in monitoring
the progress of treatment, efficacy of neo-adjuvant
therapy, surgery, adjuvant chemotherapy and radiation
therapy and follow-up for possible recurrence. Longterm observational studies also point to the fact that,
apart from determining antigen concentration, it can
be also important to trace its progress and dynamics.

WJG|www.wjgnet.com

Blood and stool genetic and epigenetic markers

Several authors have investigated molecular noninvasive screening tests for early detection of CRC.
DNA, RNA and other molecules derived by tumour
in stool, as well as their concentrations in blood
have been studied extensively. Colorectal process
of carcinogenesis is characterized by genetic and
epigenetic alteration transforming normal cells into
cancer cells. Most studies concerning molecular
markers in stool have focused on the detection of
tumour DNA. These investigations have concentrated
on the detection of mutated KRAS, TP53, APC and
[7-9]
markers for microsatellite instability (MSI) . A faecal
DNA test targeted at molecular biomarkers has been
commercially available for twelve years, with reported
sensitivity for cancer ranging from 25% up to 92%
for the latest tests based on BEAMing technology,
[10-12]
and 94%-98% specificity
. Apart from genetic
alterations, the DNA promoter hypermethylation
silencing the tumour suppressor genes has been widely
investigated. Epigenetic changes, depending on the
markers or their combinations evaluated, have been
detected in CRC patients with 70%-96% sensitivity
[9,13,14]
and 72%-96% specificity
. Many combinations
of genetic and epigenetic markers have been studied,
but until now, the results have not endorsed their
use in clinical practice. Using blood instead of stool
as a screening material could offer some obvious
advantages. Several studies have evaluated potential
plasma DNA genetic and epigenetic biomarkers in
CRC detection. The overall sensitivity ranges from
30% to 87%, with specificity of up to 96%. The use
of RNA biomarkers in stool has not been investigated
as extensively as was the case for DNA biomarkers,
mainly because stool environment is responsible for
mRNA degradation, although improving laboratory
retrieval methods seems to solve this problem. Koga
[15]
et al
analysed mRNA expression of MMP7, PTGS2,
TP53 and MYBL2 in colonocytes isolated from stool by
quantitative real-time RT-PCR, to find out that these
markers can identify CRC patients with 58% sensitivity
and 88% specificity. Sensitivity was found to depend
on tumour size and tumour location, but not cancer
[15]
stage . Most recently, the so called transcriptomic
studies have investigated the expression of miRNAs short, non-coding 18-22 nucleotide RNA molecules in
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stools of CRC patients. The most extensively studied
miR21, miR106a, miR135, miR17-92 were found to
be overexpressed in CRC patients compared with
[16,17]
healthy individuals
. As was the case with RNA
markers in stool, many studies have been evaluating
mRNA of different tumour genes in whole blood,
plasma or circulating tumour cells to identify new
CRC screening markers. Most of them investigated
mRNA molecules of CK19, CK20, or Carcinoembryonic
antigen (CEA). The overall sensitivity of these markers
was up to 72%, specifically when combinations of
[18,19]
these markers were used
. The specificity was
very high with healthy control samples or much lower
when compared to other cancer or inflammatory
[20]
bowel diseases samples . Recent studies have
indicated that circulating miRNAs may be involved in
the process of oncogenesis. The use of miRNA as a
biomarker is now being evaluated. A large number of
miRNA molecules have been assessed, with a focus on
miR145, miR143, miR135, miR17-92. More specifically,
[21]
Huang et al
has found that plasma miR29a and
miR92a demonstrated a significant diagnostic value for
advanced neoplasia with 83% and 84% sensitivity and
specificity, respectively, in discriminating CRC patients.
These studies need to be validated in randomised trials
to define their value in CRC screening.

was also confirmed in a recent retrospective analysis
of 17910 patients with CRC, with a mean 27-mo
follow-up, with longer survival periods for patients
with ⅡA C0 and ⅢA C0 vs Ⅰ C1, ⅢA C0 vs ⅡA C1,
[28]
and ⅢB C0 vs ⅡB-C C1, respectively . No study,
however, has shown that CEA concentration level can
be used to select those patients with stage Ⅱ CRC
who would benefit from adjuvant chemotherapy. From
a prognostic point of view, it appears reasonable to
determine CEA levels before surgery in patients with
disseminated CRC. The roles of CEA in determining
life expectancy was confirmed in several studies on
[29,30]
patients with liver metastases
. Recent study
proved that combined use of CEA and serum amyloid
A (SAA) is able to identify patients with favourable
and poor prognosis. In addition to tumour baseline
parameters, routine analysis of CEA together with
SAA provides improved prognosis value on cancer
specific survival and disease-free survival in resected
[31]
rectal cancers . CEA half-life is known to last
approximately 7 d. After R0 resection surgery, CEA
levels should return to normal within 4 to 6 wk.
Sustained elevated CEA levels can be indicative
of infiltration or metastases. Slow increase in CEA
concentrations after surgery is a typical sign of local
recurrence, whereas dynamically increasing levels can
be symptomatic of metastases, most probably in the
[24,32]
liver
. Testing CEA levels is considered most cost[24]
effective in detecting post-surgery recurrences .
Please note that CEA levels tested every 3 mo for the
first 3 years and thereafter every 6 mo for subsequent
2-3 years is a golden follow-up standard after CRC
therapy recommended by a number of scientific
[2,23,33]
associations
. It appears particularly important
in asymptomatic patients, in whom chemotherapy
can be used, with a much longer life expectancy as
compared to treatment administered after the onset
of symptoms of recurrence. CEA is a marker of choice
in monitoring disseminated disease during systemic
therapy. Constant increase in CEA levels is typically
associated with a progression of the disease, even
[23,24]
though radiological tests may prove otherwise
.
However, chemotherapy can also result in temporary
increase in CEA concentration, which must be also
taken into account. Therefore, it is not recommended
to test CEA levels within 2 wk of chemotherapy,
whereas in patients on oxaliplatin, tests can be carried
out after 4 to 6 wk.
Cancer antigen 19-9 (CA 19-9) is a glycoprotein
whose relevance in CRC diagnosis still remains an
issue. The majority of researchers arrived at the
conclusion that CA 19-9 sensitivity is much inferior
to that of CEA, and that elevated CA 19-9 levels is a
[2,23,34-36]
poor prognostic factor
. Other carbohydrate
antigens: CA 195, CA 50 have been also investigated,
but with comparatively disappointing results. CA 72-4
is a biomarker with poor sensitivity ranging from 9%
to 31% and better specificity ranging from 89% to

Blood and stool protein markers

Protein markers for screening and early detection
of CRC can be divided into tumour TAAs, antibodies
against TAAs, and other CRC-relevant proteins. CEA
was discovered almost 50 years ago, in 1965, and it
still remains the only tumour marker of recognised
[22]
efficacy in monitoring CRC patients’ therapy . CEA
was first considered specific for CRC, but elevated
CEA levels were later detected in other neoplasms
too, e.g. gastric and pancreatic cancers, and in
inflammatory conditions. Elevated CEA concentrations
are only rarely identified in CRC stage I. Moreover,
CEA does not differentiate benign versus malignant
polyps. According to The European Group on Tumor
Markers, European Society of Medical Oncology and
[2,23,24]
American Society of Clinical Oncology guidelines
,
CEA is not recommended for use in screening
tests. Recently, some studies have investigated the
advantages of mRNA molecules encoding CEA for the
detection of CRC, but the results were not superior to
[19]
those of CEA .
In some studies, high CEA concentrations in
patients with CRC stage Ⅱ and Ⅲ were found to be
potentially indicative of more aggressive types of
[25,26]
cancer
. Earlier, the Colorectal Working Group of
American Joint Committee on Cancer proposed to
include CEA baseline concentration to the traditional
TNM classification as the so-called C-stage. C-stage
was proposed to be divided into Cx, C0 (CEA < 5
[27]
ng/mL) and C1 (CEA > 5 ng/mL) substages . The
meaning of CEA as an independent prognostic factor
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Table 1 Recommendations for use of tumour markers and biomarkers in colorectal cancer by groups of experts
Biomarker

Applications

CEA

CA 19-9
CA 72-4
CA 242
CA 195
CYFRA 21-1
MSI
18qLOH
p53 gene
KRAS
BRAF
PIK3CA
PTEN
UGT1A1
VEGF
TPA, TPS
Ezrin
DNA ploidy
TS
TP
DPD

ASCO

[23,98,99]

ESMO

Screening
Prognostic factor
Follow up
All
All
All
All
All
Prognostic factor
Prognostic factor
Prognostic factor
Prognostic factor
Predictive factor
Prognostic factor
Predictive factor
Predictive factor
Predictive factor
Predictive factor

No
Yes
Yes
No
None published
None published
None published
None published
No
Yes
No
None published
Yes
None published
Yes
None published
Yes (potentially)
Yes

All
All
All
All
Prognostic factor
Prognostic factor
All
Prognostic factor

None published
None published
None published
No
No
Yes (potentially)
No
No

[2,33]

None published
Yes
Yes
No
None published
None published
None published
None published
Yes
Yes (potentially)
Yes (potentially)
Yes (potentially)
Yes
Yes
Yes (potentially)
Yes (potentially)
Yes (potentially)
Yes (only in case of severe
toxicity of irinotecan)
None published
None published
None published
None published
Yes (potentially)
Yes (potentially)
None published
Yes (only in case of severe
toxicity of 5-FU)

[100,101]

NCCN

None published
Yes
Yes
None published
None published
None published
None published
None published
Yes
None published
None published
None published
Yes
Yes
Yes (potentially)
None published
None published
No
None published
None published
None published
None published
None published
None published
None published
None published

CEA: Carcinoembryonic antigen; MSI: Microsatellite instability; 18qLOH: Chromosome 18q loss of heterozygosity; VEGF: Vascular endothelial growth
factor; TPS: Tissue polypeptide-specific antigen; TPA: Tissue polypeptide antigen.

95% in patients screened for CRC. The diagnostic
information in recurrent CRC provided by CA 72-4
has borderline significance, by far worse than CEA.
All authors conclude that CA 72-4 sensitivity is rather
low and specificity incomplete in screening and
following up in patients with CRC. On the other hand,
an algorithm based on combination of CEA, CA 19-9,
CA 72-4, CA 242, CYFRA21-1 improves the diagnostic
[34-39]
accuracy compared with these biomarkers alone
.
Among other protein markers examined for screening
purposes, two have been extensively investigated: the
tumour specific M2 isoform of pyruvate kinase (M2-PK)
in stool and tissue inhibitor of matrix metalloproteinase
1 (TIMP1). M2-PK measured in stool showed relatively
high sensitivity for CRC up to 91%, and much lower
[40,41]
for adenomas
. Plasma level of TIMP1 is reported
to be elevated in CRC patients and prospective studies
have been carried to assess its utility as biomarker.
The results of the study included more than 4500
patients screened by endoscopy for CRC demonstrated
that TIMP1 is not significantly superior to CEA marker
in cancer screening and is not suitable for the detection
[42]
of premalignant lesions . Tissue polypeptide-specific
antigen (TPS) and tissue polypeptide antigen (TPA)
which detects the fragments of cytokeratines 8, 18
and 19 due to lack of sensitivity and specificity can not
to be recommended in CRC screening. The majority of
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investigators have found that increased levels of TPA
and TPS are observed in metastatic stage of CRC. A
further studies has suggested that combination of TPA
and CEA rises the sensitivity of these biomarkers in
[34,37,43,44]
identifying the patients with CRC recurrence
.
Other biomarkers, such as: thymidine phosphorylase
(TP), DNA ploidy were determined to be insignificant
in detecting, staging and following-up of patients with
[23]
CRC .

MOLECULAR PROGNOSTIC AND
PREDICTIVE BIOMARKERS
With the recent progress in understanding the
molecular mechanisms of cancer development,
dissemination, resistance to chemotherapy, and
radiation therapy, it is now easier to select the most
proper strategy for managing CRC. Clinical prospective
and retrospective studies open the door for biomarkers
use in clinical practice to assist in selecting the best
drugs, both standard, such as 5-fluorouracil, oxaliplatin
or irinotecan, and new generation targeted drugs:
cetuximab, panitumumab, or bevacizumab. Biomarker
identification is particularly important for patients with
CRC stage Ⅱ. In this group of patients, the risk of
recurrence is only 20 percent. It is also desirable to
use adjuvant therapy in this type of patients. There
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are attempts to select this group of patients based
on genetic tests, or to personalise chemotherapy
based on specific biomarkers. The following markers
discovered throughout the recent years continue to
be closely examined: MSI, chromosome 18q loss of
heterozygosity (18qLOH), p53, KRAS, BRAF, NRAS,
PIK3CA mutations, PTEN expression, UGT1A1 gene
polymorphism, and ezrin protein (Table 1).

in a reference group of patients undergoing surgical
treatment. Resistance of MSI-H tumours to 5-FU was
[51]
also confirmed in in vitro studies . A completely
different conclusion can be drawn from earlier studies
[52,53]
of Elsaleh et al
, which confirmed the efficacy
of 5-FU in patients with CRC stage Ⅲ and MSI-H.
Recent study also proved that prognostic value of MMR
mutation was similar in the presence or absence of
[54]
fluorouracil and folinic acid chemotherapy . Beragnolli
[55]
et al
revealed that a higher rate of overall 5-year
progression-free survival was observed in patients
with CRC stage Ⅲ and MSI-H on 5-FU and irinotecan
vs 5-FU-based chemotherapy. To recap, the results
of MSI studies and clinical experience in patients with
CRC stage Ⅱ indicate that the degree of microsatellite
instability may be of significance as a prognostic factor.
Also, adjuvant 5-FU-based chemotherapy was proved
to provide no benefits (or potentially cause adverse
reactions) in patients with MSI-H. Further research
is needed to investigate whether the MSI status can
predict benefit (in high-risk patients) from irinotecanbased treatment or oxaliplatinum-based therapy.

MSI

MSI denotes changes in coding and non-coding
sequences of microsatellite chromosomes, i.e. repeated
DNA sequences. These sequences are particularly
exposed to errors in the mutation repair system
that consist in the loss or multiplication of nucleotide
sequence repetitions, which results in shortening or
extension of microsatellite regions in neoplastic cells.
Mutations arising out of these processes are eliminated
by mismatch repair genes (MMR) such as MSH2, MSH6,
PMS2 and MLH1, which makes some researchers
believe that MSI can be caused by mutations in these
[45]
genes . Microsatellite instability can be classified
into microsatellite instability-high (MSI-H), and
microsatellite instability-low (MSI-L), depending on the
percentage of loci that correlate to MSI characteristics.
Tumour cells that lack MSI features are designated as
MSS.
In retrospective studies and meta-analyses in
patients with CRC stage Ⅱ and Ⅲ, MSI-H was shown
to be a predictive factor that improved overall survival
(OS), irrespective of the progression (stage) of cancer.
A lower incidence of lymph node metastases and
distant metastases as compared to MSI-L or MSS
[46-49]
cancer cells was also observed
. MSI status is
currently recommended in the WHO classification of
mucinous-type CRC - MSI-H indicates good prognosis,
MSI-L or MSS - poor outcome. However, MSI should
be considered more of a prognostic rather than
predictive factor. This conclusion is based on equivocal
results of studies evaluating the efficacy of 5-FUbased chemotherapy in groups of patients with MSI-H
[48]
and MSI-L or MSS. Ribic et al
examined tumour
specimens collected from 570 patients with CRC
stage Ⅱ and Ⅲ and correlated the test results with
chemotherapy outcomes in these patients to reveal a
tendency for shorter overall survival in patients with
MSI-H on adjuvant therapy. Significant improvement
was observed in patients with MSS tumours. A recent
pooled analysis of randomized clinical studies revealed
significant decrease in the overall five-year survival
rate for patients with CRC stage Ⅱ and MSI-H on
5-FU-based chemotherapy. 5-FU-based chemotherapy
was found to improve therapeutic outcomes only
[50]
in patients with CRC stage Ⅲ and MSI-L or MSS .
Some studies indicated potentially negative effects
of 5-FU-based chemotherapy in patients with MSI-H.
A longer survival rate as compared to patients on
5-FU-based adjuvant chemotherapy was observed
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Chromosome 18q loss of heterozygosity

A number of studies were dedicated to another
prognostic factor in patients with CRC stage Ⅱ and
Ⅲ - chromosome 18q loss of heterozygosity in the
coding place of, inter alia, SMAD 4 proteins specific to
CRC. In these studies, the overall 5-year survival was
poorer for patients with CRC stage Ⅲ and 18qLOH as
[56]
compared to non-18qLOH patients . A meta-analysis
of data from 27 studies and 2189 patients by Popat
[57]
et al
confirmed that poorer survival was correlated
with 18q chromosome deletion. Two years later,
the same research team questioned these findings
[58]
after re-examining the same data . Likewise, no
correlation was identified between the presence of
18qLOH and 5-year survival in patients with non[59]
MSI-H phenotype . The role of 18qLOH in predicting
response to standard chemotherapy has not been
[60]
yet fully confirmed. Watanabe et al
demonstrated
better response to 5-FU-based chemotherapy in
patients with CRC stage Ⅲ and MSS and with the
absence of 18q chromosome deletion vs. patients
in whom 18q chromosome deletion was present.
The recently published results of the same research
team can be a proof that in patients with CRC stage
Ⅱ and Ⅲ and MSS-H (> 33%), the level of LOH of
four chromosomes, including 18, is correlated with
significantly poorer survival rate as compared to
[61]
patients with MSS and LOH-L or MSI-H phenotype .
Based on the available data, 18q chromosome
deletion cannot be the sole basis for any therapeutic
decisions, however, it is being more closely examined
under ECOG 5202 study, featuring molecular markers
identified so far in selecting the most proper adjuvant
post-surgery treatment, by prospectively analysing the
role of MSI and 18qLOH in prognosis and therapeutic

1749

February 7, 2016|Volume 22|Issue 5|

Lech G et al . Colorectal cancer biomarkers
[65,74]

decisions in patients with CRC stage Ⅱ. Patients with
good prognosis (with MSI-H and w/o 18qLOH) were
followed-up, and patients with poor prognosis (with
MSI-L or MSS and 18qLOH) were randomized to one
of two groups on chemotherapy (FOLFOX alone or
FOLFOX and bevacizumab). The results of E5202 are
expected in the next few years. No conclusion can be
drawn from this study about the possible inefficacy of
chemotherapy in patients with MSI-H, however, the
study will include a multifactor analysis of biomarkers
that can assist in taking therapeutic decisions in other
[62]
groups of patients .

KRAS mutations identified
. It is presently believed
that anti-EGFR antigens should not be used in patients
with tumours indicative of G12V mutation of KRAS at
codon 12. For bevacizumab, KRAS mutation was found
[75]
to be of no use as a predictive factor .
The same applies to BRAF mutations found in
8%-13% of patients with CRC, which are mutually
exclusive with KRAS mutations. The most frequently
observed BRAF mutation is V600E mutation. BRAF
mutations make the tumour to a large extent resistant
to anti-EGFR monoclonal antibodies, and significantly
worsen prognosis, especially in patients with MSI-L and
[66,70,76-78]
MSS
. Based on the available data, National
Comprehensive Cancer Network (NCCN) suggests
considering BRAF mutation testing when KRAS is
mutation negative. Interestingly, good prognosis
was reported even in those MSI-H CRC patients who
[78]
had coincident BRAF mutations . In one of studies,
the OS period was shown to be slightly longer in
patients on cetuximab even if the BRAF mutation was
[69]
present . Very limited response to vemurafenib,
recently approved for metastatic melanoma patients
harboring BRAF (V660E) mutation, was demonstrated
in CRC patients. Researchers reported that by adding
cetuximab strongly synergistic reaction with BRAF
[79]
inhibitors was observed . NRAS is another member
of RAS proto-oncogenes which was found to be rarely
mutated, while BRAF is mutually exclusive with KRAS
mutations. Since NRAS mutation can predict resistance
to EGFR therapy, NCCN suggests considering NRAS
mutation testing when KRAS is mutation negative. To
date, NRAS mutation does not appear to be associated
[80]
with the prognosis .
Phosphatidylinositide-3-kinases (PI3K) are kinases
that promote cellular proliferation. Mutations in PIK3CA
gene encoding p110α catalytic subunit of PI3K have
been identified in different human solid tumours,
including CRC. PIK3CA gene is mutated in 10%-20%
of CRC tumours. PIK3CA gene encodes the kinase that
regulates, alongside with KRAS, downstream signalling
pathways of EGFR. Moreover, PI3K-initiated signalling
is inhibited by phosphatase and tensin homologue
deleted on chromosome 10 (PTEN). Recent studies
have revealed an increase in colon cancer-specific
mortality in patients with PIK3CA-mutated tumours,
as compared with patients with PIK3CA wild-type
[81,82]
tumours
. However only the coexistence of PIK3CA
exon 9 and 20 mutations but not PIK3CA mutation
in either exon 9 or 20 alone has been reported to
[82]
be associated with the worse prognosis . Among
patients with KRAS wild-type tumours, the presence
of PIK3CA mutation correlated with a significant
increase in CRC specific mortality. In contrast, PIK3CA
mutation did not significantly affect mortality among
patients with KRAS-mutated tumours. Thus, the effect
of PIK3CA mutation may be potentially limited to
[81]
patients with KRAS wild-type tumours . Following

P53 mutation

Mutation in the tumour suppressor gene p53 (chro
mosome region 17p13) occur in 50%-70% of all CRC
and is associated with worse outcomes, including
[63]
disease free survival and overall survival . Results
obtained from a study that included more than 3500
CRC patients confirm the prognostic value of p53
mutation, which seems to be determined by the
primary tumour site. Patients with p53 mutation and
tumour of proximal colon had better OS when treated
with adjuvant chemotherapy compared to those treated
[64]
by surgery alone .

Biomarkers suitable in anti-epidermal growth factor
receptor therapy

A number of currently tested markers have been
discovered in the course of studies on epidermal
growth factor receptor (EGFR) signalling pathways.
KRAS gene mutation on short arm of chromosome 12
at codon 12 (80% of patients) or, to a lesser extent,
codon 13 is believed to be of use as a biomarker in
[65]
patients on cetuximab or panitumumab . These
mutations are one of the most common in proliferative
diseases (37% and 13%, respectively), and their
significance in CRC carcinogenesis has been examined
[66]
in much detail . As these mutations are present in
EGFR signalling pathway, they can be a predictive
factor for therapy with anti-EGFR antibodies. In studies
performed so far, KRAS mutation was found to be
correlated with non-responsiveness to cetuximab and
[67,68]
panitumumab
. CRYSTAL and OPUS data indicate
that the effectiveness of FOLFOX or FOLFIRI alone
is no inferior to that of cetuximab in patients with
KRAS in combination with chemotherapy according
to FOLFIRI and FOLFOX regimen, respectively.
However, in non-KRAS patients, cetuximab improves
[69,70]
the therapeutic outcome
. The same conclusions
can be drawn from the results of other large clinical
[71-73]
studies: COIN, NORDIC Ⅶ or PRIME
. Yet, the
effects of KRAS mutation at codon 12 or 13 on tumour
biology were found to differ. In two studies, the
survival rate was higher in patients with an uncommon
G13D mutation at codon 13 on cetuximab vs patients
with other mutations, and similar to patients with no
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the fact that only patients with KRAS-wild type CRC
may respond to anti-EGFR antibodies, several studies
have investigated the role of PIK3CA mutations on
CRC cells response to cetuximab or panitumumab.
The data collected so far indicate that CRC with
PIK3CA mutations are significantly resistant to antiEGFR antibodies. When only KRAS wild-type tumours
[83-85]
are analyzed, the correlation is even stronger
.
Changes in PIK3 signalling and loss of PTEN expression
have been generally linked with the lack of response
[86,87]
to EGFR-targeted therapy
. Recent studies have
found that inhibition of cyclooxygenase-2 by regular
use of aspirin after CRC diagnosis was associated with
longer cancer specific survival time among patients
with mutated as opposed to wild-type PIK3CA. The
authors conclude that PIK3CA mutations may serve as
[88]
a predictive biomarker for adjuvant aspirin therapy .
Further studies involving KRAS mutated CRC patients
are necessary to establish the role of aspirin in PI3K
pathway.

has not yet been identified. Several studies on the
identification of predictive biomarkers of bevacizumab
[93]
have been performed. Jürgensmeier et al
evaluated
retrospectively, using samples from randomised trial
HORIZON Ⅲ, the prognostic/predictive value of VEGF
and soluble VEGF receptor-2. High baseline values of
VEGF were associated with worse progression free
survival (PFS) and overall survival. These data have
revealed that baseline VEGF levels were not predictive
of PFS or OS outcome in bevacizumab-treated
[93]
patients . Other studies have demonstrated that
plasma VEGF-A may serve as a prognostic marker,
but is unable to predict response to VEGF-targeted
[94,95]
therapy in advanced CRC
. At the same time, KRAS
mutation was found to be of no use as a predictive
[75]
factor for bevacizumab .

Ezrin

Ezrin protein, a part of ezrin/radixin/moesin family may
play an important role in tumour invasion process.
Recent studies has found that overexpression of
ezrin protein correlates with CRC aggressiveness, its
metastatic potential and worse prognosis. High ezrin
expression was also identified as marker of early local
[96,97]
recurrence of rectal cancer
. Although further
investigation is needed, ezrin may represent a relevant
biomarker and target for personalized anti-metastatic
therapies.

Biomarker of the potential toxicity of irinotecan

Irinotecan is a chemotherapeutic agent that inhibits
topoisomerase I, thereby inhibiting replication and
stimulating cell apoptosis. Advanced neutropenia and
intensive diarrhoea caused by damaged intestinal
epithelium are the most common adverse effects of
irinotecan, which significantly limit its use. UGT1A1
gene polymorphism is a very useful biomarker of the
potential toxicity of irinotecan. It appears that the use
of genetic tests is reasonable before treatment initiation
with irinotecan to avoid severe adverse effects - mainly
neutropenia in women. Genotyping for UGT1A1 can
be carried out to select a group of sensitive patients
with UGT1A1*28 allele, of whom lower initial doses
would be recommended. Hopefully, it will also allow
to administer a higher accumulated dose of the drug,
[89,90]
divided into smaller portions, to limit its toxicity
.
However, according to a recent meta-analysis, geno
typing for UGT1A1 has no predictive value in terms of
responsiveness to various doses of irinotecan among
[91]
patients with CRC . On the other is recommended by
ESMO for patients with several toxicity reaction in whom
[33]
irinotecan in high doses should be used . Furthermore,
homozygosity for the UGT1A1*28 has been linked with
[92]
improved efficacy of FOLFIRI .

CONCLUSION
The recent studies result in a better understanding
of colorectal cancer and assist in the development of
new treatment regimens, especially in advanced CRC
stages. The new predictive factors, molecular imaging,
or even commercial genome tests increasingly facilitate
tumour genome testing and assist in selecting targeted
therapies. Adjuvant targeted therapy with anti-EGFR
antibodies is required in advanced CRC patients and
absence of KRAS, BRAF, NRAS and PIK3CA genes
mutation. Tests for MSI or MSS tumour phenotype and
the presence or absence of 18q chromosome deletion
is very much desirable in standard therapy based on
5-FU. Genotyping of UGT1A1 alleles is reasonable
before treatment initiation with irinotecan to avoid
severe adverse effects. Further studies are necessary
to identify predictive biomarker of bevacizumab.
Targeted therapy against membrane receptors appears
to be the future of CRC therapy. Some promising
studies are now carried out in this area, dedicated to,
inter alia, other EGFR ligands, insulin-like growth factor
receptor 1, platelet-derived growth factor receptors
and c-MET inhibitors. The aim of future research is
to identify those biomarkers that can provide a noninvasive and cost-effective diagnosis, as well as to
recognise the best prognostic panel of biomarkers
and define the predictive biomarkers for available
treatments.

Potential biomarkers of vascular endothelial growth
factor - targeted therapy

Since the vascular endothelial growth factor (VEGF)
- targeted therapy has been integrated into CRC
treatment protocols, some anti-angiogenic drugs
have been introduced (bevacizumab, regorafenib,
aflibercept). However, a patient selection strategy to
identify those patients who benefit most from this
therapy has yet to be developed. To date, a predictive
biomarker for bevacizumab - the most commonly
administered anti-angiogenic drug in CRC therapy -
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Abstract
The development of endoscopic ultrasound (EUS) has
had a significant impact for patients with digestive
diseases, enabling enhanced diagnostic and thera
peutic procedures, with most of the available evidence
focusing on upper gastrointestinal (GI) and pancreaticobiliary diseases. For the lower GI tract the main
application of EUS has been in staging rectal cancer,
as a complementary technique to other cross-sectional
imaging methods. EUS can provide highly accurate indepth assessments of tumour infiltration, performing
best in the diagnosis of early rectal tumours. In the
light of recent developments other EUS applications for
colorectal diseases have been also envisaged and are
currently under investigation, including beyond-rectum
tumour staging by means of the newly developed
forward-viewing radial array echoendoscope. Due to
its high resolution, EUS might be also regarded as an
ideal method for the evaluation of subepithelial lesions.
Their differential diagnosis is possible by imaging the
originating wall layer and the associated echostructure,
and cytological and histological confirmation can be
obtained through EUS-guided fine needle aspiration or
trucut biopsy. However, reports on the use of EUS in
colorectal subepithelial lesions are currently limited. EUS
allows detailed examination of perirectal and perianal
complications in Crohn’s disease and, as a safe and
less expensive investigation, can be used to monitor
therapeutic response of fistulae, which seems to improve
outcomes and reduce the need for additional surgery.
Furthermore, EUS image enhancement techniques,
such as the use of contrast agents or elastography,
have recently been evaluated for colorectal indications
as well. Possible applications of contrast enhancement

Author contributions: Cârțână ET and Gheonea DI analysed the
literature and drafted the article; Săftoiu A designed and revised
the content.
Supported by the frame of European Social Found, Human
Resources Development Operational Programme 2007-2013,
project No. POSDRU/159/1.5/S/133377.
Conflict-of-interest statement: The authors have no conflict of
interest to declare.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Adrian Săftoiu, MD, PhD, MSc,
FASGE, Department of Gastroenterology, Research Center of
Gastroenterology and Hepatology Craiova, University of Medicine
and Pharmacy of Craiova, 1 Mai nr. 66, 200638 Craiova,
Romania. adriansaftoiu@aim.com
Telephone: +40-744-823355
Fax: +40-251-310287
Received: April 28, 2015
Peer-review started: May 6, 2015
First decision: September 29, 2015
Revised: October 21, 2015
Accepted: December 14, 2015

WJG|www.wjgnet.com

1756

February 7, 2016|Volume 22|Issue 5|

Cârțână ET et al . Advances of EUS in colorectal diseases
biliary diseases. Provided with superior resolution
compared to other cross-sectional imaging techniques
and the added possibility to perform fine-needle
aspiration for pathological confirmation, EUS may
trigger changes to both patients’ diagnosis and
management, displaying a considerable impact upon
[1]
clinical decision . Several additional techniques
have been developed in recent years for enhanced
imaging with EUS, including contrast enhancement,
elastography, and three-dimensional reconstructions.
Such techniques can provide a better characterisation of
lesions and improve diagnostic accuracy while possibly
[2]
diminishing the operator dependency of EUS . Under
the circumstance, a series of therapeutic applications
have emerged for EUS, some already established,
such as drainage of a variety of extraluminal fluid
collections, celiac plexus neurolysis, and other rather
[3]
experimental indications . Hence, EUS is improving
steadily as a result of both technical developments and
the ever growing interest on behalf of GI endoscopists,
who are continuously searching for novel applications.
For the lower GI tract, EUS has played a noteworthy
role in staging rectal cancer, representing a key
imaging technique for the pretherapeutic evaluation
of these patients. However, in the light of recent
developments and image-enhancement techniques,
other EUS indications have been investigated as well.
Consequently, the purpose of the present review is to
highlight recent evidence for the application of EUS in
evaluating colorectal cancer (CRC), as well as other
possible indications for colorectal diseases, such as
in the diagnosis and follow-up of inflammatory bowel
disease (IBD) patients and in guiding therapeutic
procedures.

include the assessment of tumour angiogenesis in
colorectal cancer, the monitoring of disease activity in
inflammatory bowel disease based on quantification of
bowel wall vascularization, and differentiating between
benign and malignant subepithelial tumours. Recent
reports suggest that EUS elastography enables highly
accurate discrimination of colorectal adenocarcinomas
from adenomas, while inflammatory bowel disease
phenotypes can be distinguished based on the strain
ratio calculation. Among EUS-guided therapies, the
drainage of abdominal and pelvic collections has been
regarded as a safe and effective procedure to be used
as an alternative for the transcutaneous route, while
the placing of fiducial markers under EUS guidance
for targeted radiotherapy in rectal cancer or the use
of contrast microbubbles as drug-delivery vehicles
represent experimental therapeutic applications that
could greatly impact the forthcoming management of
patients with colorectal diseases, pending on further
investigations.
Key words: Endoscopic ultrasound; Contrast-enhanced
endoscopic ultrasound; Elastography; Colorectal cancer;
Inflammatory bowel disease; Colorectal submucosal
tumours; Endoscopic ultrasound-guided therapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Beyond staging rectal cancer, an already
established endoscopic ultrasound (EUS) indication,
novel applications for colorectal diseases are under
investigation, including the possibility of staging tumours
throughout the entire colon with the recently developed
forward-viewing radial echoendoscope. Contrastenhanced EUS may be used for the characterization and
the prognostic assessment in both colorectal tumours
and inflammatory bowel disease, while EUS elastography
could enhance the differential diagnosis of benign and
malignant colorectal lesions, pending on further studies.
EUS-guided therapeutic procedures include drainage
of abdomino-pelvic collections and other experimental
procedures, such as insertion of fiducial markers and
targeted microbubble drug delivery, which will be also
reviewed.

EUS FOR IMAGING COLORECTAL
CANCER
EUS is an already established imaging technique used
for the initial evaluation of rectal cancer patients,
being considered a fast, well tolerated procedure
[4]
that enables accurate local staging . The therapeutic
strategy is defined for each patient based on accurate
assessment of the disease local extent into the rectal
wall and the surrounding structures (T stage), lymph
nodes (N stage), location and possible involvement of
[5]
the mesorectal fascia . EUS can assess the depth of
tumour penetration with accuracies ranging between
70% and 95%, performing best in the diagnosis
of early lesions and in the hands of experienced
examiners. With its high resolution that enables
reliable demarcations between histological layers
of the rectal wall, EUS has been recommended as
a highly accurate method for the selection of early
rectal lesions, appropriate for endoscopic resection
or transanal endoscopic microsurgery, an alternative
to conventional surgery. Current research data has
confirmed previous results showing a 90% accuracy

Cârțână ET, Gheonea DI, Săftoiu A. Advances in endoscopic
ultrasound imaging of colorectal diseases. World J Gastroenterol
2016; 22(5): 1756-1766 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i5/1756.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1756

INTRODUCTION
Endoscopic ultrasound (EUS) represents a valuable
addition to imaging modalities in digestive diseases,
fostering a wide range of diagnostic and therapeutic
applications for gastrointestinal (GI) and pancreatico-
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the mesorectal fascia with an increased accuracy and
a high negative predictive value, thus performing
[12]
similarly to MRI .

Staging beyond rectal cancer

In staging cancers beyond the rectum, cross-sectional
imaging with CT is widely used, for as it can provide
reliable information regarding the distal spread,
though it does not ensure an ideal accuracy for local
[13]
staging . While surgery was previously considered the
golden standard in treating CRC patients, nowadays
an adequate therapy involves a multidisciplinary plan
set up by oncologists, gastroenterologists, surgeons.
Consequently, the number of primary tumour resections
for CRC patients has decreased, while survival rates
have improved ever since the introduction of new
[14]
chemotherapeutic regimens and biologic agents .
Therefore imaging techniques improvement is also
required for a better evaluation of patients, especially
since CRC is one of the most frequent malignancies
worldwide.
EUS examination of the colon was previously at
tempted with a forward-oblique-viewing echoendoscope,
but its design enabled only the imaging of the sigmoid
[15]
and of the left colon . Mini-probe EUS has also been
used for colonic tumours and based on its reduced
diameter, which enables passage though the working
channel of regular colonoscopes, it can evaluate lesions
throughout the entire colon. Although mini-probe EUS
can accurately stage earlier tumours, its performance is
hampered by the limited in-depth acoustic penetration
resulting in less accurate staging of larger and more
[16,17]
invasive cancers
.
One of the improvements in EUS technology was
the development of the forward-viewing radial echoen
doscope which was recently tested and proved to
be feasible for staging CRC beyond the rectum. The
forward-viewing echoendoscope was able to safely
reach all colonic lesions and within time frames similar
[18]
to standard colonoscopy procedures . Although the
accuracy was 81.0% for tumour staging and only
52.4% for lymph node staging, overall, EUS was more
accurate compared to CT (81.0% vs 68.4%) and these
results can undoubtedly be improved through further
studies and an ever-increasing experience in assessing
peri-colonic anatomy. Within our institute we have also
performed EUS examination by means of a forwardviewing radial-array echoendoscope for staging beyond
the rectum, which proved to be feasible and accurate
(Figure 1). The design of the new echoendoscope
makes both diagnosis, by colonoscopy with biopsy, and
staging of the local extension possible during the same
procedure, and it can be used for the preoperative
evaluation of CRC patients.

Figure 1 Endoscopic ultrasonography image in a T3 sigmoid cancer
showing hypoechoic infiltration beyond the muscularis propria (arrows).

of EUS in identifying early rectal tumours. However,
despite its excellent performance, EUS hardly seems
to make a change in the management of patients,
especially when clinical features and other imaging
findings from computed tomography (CT) or magnetic
resonance imaging (MRI) examination are combined
[6]
before therapy .
Results have proven less favourable for EUS N
staging, with reported accuracies of 70% to 75%.
Nevertheless, evaluation of lymph node involvement
has been challenging so far by means of other imaging
methods as well, for it is an area with yet unmet
[4]
needs in rectal cancer staging . The performance
of EUS-guided fine needle aspiration (EUS-FNA) was
thought to bring additional benefits by providing
samples for cytological confirmation of metastases,
and thus increasing N staging accuracy. Recent
studies showing good diagnostic accuracy of EUSFNA in staging CRC and assessing nodal involvement
were retrospective, included only a limited number
[7,8]
of patients
and although specificity was as high
as 100% in predicting nodal metastases, negative
[8]
predictive value was moderate (77%) , meaning
that lymphatic metastases cannot be ruled out by
a negative FNA, which could result from sampling
errors. Therefore, whether the performing of EUS-FNA
has a significant impact on the initial management
of rectal cancer patients or not, as compared to EUS
alone, is still debatable. EUS-FNA seems however
justified for perirectal lesions, in patients with previous
cancer history, for whom it can confirm or rule out
[9]
recurrence . Perirectal recurrences can be diagnosed
by EUS-FNA and cytological examination with 97%
sensitivity, 100% specificity, 100% positive predictive
value, 94% negative predictive value, and an overall
[10]
accuracy of 98%, as recently reported .
One of the disadvantages displayed by EUS in the
evaluation of rectal tumours, due to its limited indepth imaging, has been the low accuracy degree in
assessing the involvement of the mesorectal fascia, an
important factor to predict local recurrence and which
[11]
is better evaluated by MRI . Findings postulated by a
recent research study put forward that for low anterior
rectal tumours, EUS can predict the involvement of
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EUS image enhancement techniques for colorectal
cancer evaluation

Contrast-enhanced EUS: The use of intravenous
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ultrasound contrast agents has been a major deve
lopment for the practice of ultrasonography, enabling
better characterisation of lesions based on their vascular
enhancement. Furthermore, perfusion quantification
is possible with additional post-processing software
applications that enable objective measurements of
several parameters, being thus useful in monitoring
early changes of vascularization following the anti[19]
angiogenic treatment . Consequently, further clinical
studies have been conducted proving that contrastenhanced ultrasonography (CE-US) can assess early
response for several tumour sites, including hepato
cellular carcinoma, colorectal metastases and renal
[20]
carcinoma . Potential applications are also expanding
for contrast-enhanced EUS (CE-EUS). However, for
colorectal diseases, there is only limited information
on the role of CE-US and initial published data on CRC
[21-23]
was the result of transabdominal examination
.
[22]
Zhuang et al
put forward the possibility of using
CE-US in quantifying colorectal tumour angiogenesis
based on time-intensity curve (TIC) analysis. One of
the computed parameters, i.e. AUC (area under the
curve), as an indirect indicator of blood volume, was
significantly higher in adenocarcinomas compared to
adenomas, and was also positively correlated with MVD,
thus suggesting possible prognostic value for colorectal
[22]
tumours .
Although EUS exhibits the advantage of an increased
imaging resolution, as it has direct access for the
examination of GI lesions, avoiding artefacts associated
with transabdominal ultrasound, only one study was so
far published on the possibility to apply CE-EUS in rectal
[24]
cancer . CE-EUS examination of rectal tumours was
performed by using a rigid probe and TIC analysis was
used to determine several parameters of perfusion, while
searching for correlations with MVD and other clinical
and pathologic prognostic factors. Only a weak positive
correlation was validated between the enhanced intensity
parameter and the MVD (r = 0.295, p = 0.016). The
same TIC parameter was inversely correlated with the
histologic differentiation grade (r = -0.264, p = 0.007).
However, these are only initial studies that suggest the
possibility to use CE-US as a safe and a more convenient
imaging technique for dynamic measurements of tumour
angiogenesis in CRC and are likely to be followed by
further validation research (Figure 2).

representation of the colours distribution in a region of
interest and the establishing of the histogram average
value as a measure of the lesion hardness. Strain ratio
calculation reports the elastographic properties of the
target lesion to a selected area from the surrounding
[25]
normal structures . For GI imaging, elastography
seems more technically demanding, and especially
for the normal bowel, as it is impaired by its thin wall
[26]
and peristaltic movements . Studies have there
fore been limited. For colorectal tumours, the main
indication, so far, has been for the differentiation of
benign from malignant lesions (Figure 3). Transrectal
elastography was used in the evaluation of 69 patients
with rectal tumours enabling a distinction between
adenocarcinomas and adenomas of high accuracy
(0.94), based on a strain-ratio (SR) cut-off value of
[27]
1.25 . A validation study on 120 patients followed
which reproduced the same high accuracy when using
the initially proposed SR cut-off value to differentiate
benign from malignant tumours. Furthermore, the
use of SR calculation proved to be more accurate
[28]
compared to both EUS and MRI examination . It
seems that EUS elastography can improve staging
of rectal adenomas and early cancers compared
to EUS alone and may thus enable more accurate
[29]
selection of patients suitable for local resection .
Visual evaluation of EUS elastography sequences was
highly reproducible between blinded observers with
reference to differentiating benign and malignant rectal
[30]
tumours .
Three-dimensional EUS: Three-dimensional (3D)
reconstructions have increased imaging resolution
for EUS, allowing multi-planar display of rectal and
[11]
perirectal anatomy and consequently have improved
staging accuracy for both T and N evaluation compared
[31]
to conventional EUS and CT . Recently published
data show excellent results for 3D-EUS which was able
to correctly classify T1 tumours in 97.1% of cases, T2
in 94.3%, T3 in 95.7%, and T4 in 98.5% of cases, with
postoperative morphologic evaluation used as control.
Favourable results were also obtained in determining
lymph nodes metastatic involvement with a 87.3%
[32]
diagnostic accuracy . Such accurate volumetric mea
surements can be used to assess tumour response
[33]
following radiation and chemotherapy and possibly
to enhance the diagnostic performance of EUS in this
setting. Subsequently, the role of 3D-EUS should be
further evaluated for the management of CRC patients
as it can compensate for some of the limitations
imposed by conventional EUS and strengthen the
diagnostic accuracy (Figure 4).

EUS elastography: EUS elastography displays the
differences between tissues hardness by adding a
colour overlay coding for different elasticity values to
the conventional grey-scale images. Tissue strain is
measured based on an integrated software application
that analyses backscattered ultrasound signals and
thus it is possible to evaluate elastic properties of
tissues, a feature that can better characterize and
[2]
differentiate benign from malignant tumours . Quan
titative characterization of tissue hardness is also
possible. Hue histogram analysis implies a graphical
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EUS IN INFLAMMATORY BOWEL
DISEASES
In IBD patients the main indication of EUS has
been for the evaluation of perianal and perirectal
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A

B

Figure 2 Contrast-enhanced endoscopic ultrasonography in a T3 tumour of the recto-sigmoid junction. A: Before contrast arrival (left side contrast harmonic
imaging mode, right side B mode); B: Maximal enhancement of the tumour 15 s after contrast injection with hyperenhanced areas alternating with avascular (necrotic)
areas.
[36]

complications of Crohn’s disease. Fistulas are usually
complex in these patients, with a high recurrence
rate, thus accurate anatomic assessment is essential
in planning the most appropriate surgical therapy in
order to prevent faecal incontinence and impairment
of patients’ quality of life. For this particular indication
transrectal EUS has proved to be superior to other
examination methods including CT, fistulography,
[34]
and is comparable to MRI examination . A recent
meta-analysis that compared the performance of
MRI and endoanal ultrasound for the examination of
perianal fistulas indicated similar sensitivities (0.87),
though poor specificity for both techniques (0.69
[35]
for MRI vs 0.43 for endoanal US) . However, the
studies included in this meta-analysis proved a high
degree of heterogeneity. In contrast to pelvic MRI
examination, transrectal EUS can also visualize the
rectal mucosa and asses the severity of inflammation
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in predicting the outcome . In order to enhance
EUS examination, hydrogen peroxide can be used,
which enables a significantly increased accuracy in
the identification of the fistulous main tract and its
ramifications, as well as classification in relation to
[37,38]
the sphincteric apparatus
. 3D-EUS provides more
accurate information on the fistulous tract in relation to
anorectal anatomy, by indicating also longitudinal and
[38]
sagittal imaging planes .
EUS examination is well tolerated by patients,
safer, and less expensive compared to MRI, and
therefore can be easily repeated and used to follow[39]
up on therapeutic response . In a small prospective
study including Crohn’s patients with perianal fistulas,
EUS performed during combined medical and surgical
treatment was associated with better outcomes,
[40]
reducing the need for additional surgery .
Novel technologies for enhanced ultrasound

1760

February 7, 2016|Volume 22|Issue 5|

Cârțână ET et al . Advances of EUS in colorectal diseases

Figure 3 Endoscopic ultrasonography elastography image of a rectal adenocarcinoma with a predominantly blue pattern indicating a low strain mass (left
side real-time sono-elastography mode, right side B mode).

Figure 4 Three-dimensional endoscopic ultrasonography in a T3 rectal cancer with peritumoral lymph nodes (red arrows).

imaging have also been applied to the evaluation of
IBD, but mainly during transabdominal examination
which, as a non-invasive and low-cost imaging proce
dure, has been increasingly used for the diagnosis
and follow-up of patients. CE-US can be used to
assess disease activity based on quantification of
bowel wall vascularization and to monitor changes in
[41]
vascularity following an anti-inflammatory therapy .
Other potential applications include differentiation
between inflammatory and fibrotic strictures and the
characterization of inflammatory masses in Crohn’s
[42]
disease . The possibility of using strain elastography
for discriminating active inflammatory stenosis from
[43]
fibrotic ones has also been tested . Moreover, a pilot
study using transrectal EUS, also investigated the
role of elastography in classifying IBD phenotypes.
The study included 30 patients with Crohn’s disease,
25 with ulcerative colitis and 28 controls and found a
significantly higher SR in Crohn’s disease compared to
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both ulcerative colitis patients and controls. Although
the rectal wall thickness was different between
ulcerative colitis patients and controls, there was no
[44]
difference in the calculated SR . Admittedly, the use
of EUS and additional technologies for IBD patients
is still a field that needs further investigation with
possible translation of transabdominal ultrasound
findings or delineation of novel potential indications
that could impact upon patient management.

EUS FOR COLORECTAL SUBMUCOSAL
LESIONS
Subepithelial lesions that may be found during colo
noscopy encompass a broad spectrum of intramural
lesions and extrinsic compressions. EUS represents
an ideal investigation method to provide an accurate
classification of these lesions throughout the entire
[45]
colon by using either flexible mini-probes
or the
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A

B

Figure 5 Contrast-enhanced endoscopic ultrasonography in a large rectal gastrointestinal stromal tumour. A: Before contrast uptake; B: Heterogeneous
enhancement after contrast injection.

more recently introduced forward-viewing radial
echoendoscope as previously described. Features
identified during EUS, such as the originating wall layer
and echostructure are indicative of the nature of the
lesion and cytological or histological confirmation may
be provided by performing EUS-FNA or EUS-Trucut
[46]
biopsy (EUS-TCB) . EUS can also be used to safely
guide endoscopic resection of selected neuroendocrine
[47,48]
tumours
.
Differentiating between benign and malignant
lesions, especially for gastrointestinal stromal tumours
(GIST) is particularly important. The diagnostic value
of EUS-FNA for this purpose has been moderate
and EUS-TCB does not seem to be superior, as im
munostaining and mitotic counts are often difficult to
[49]
perform on the provided samples . Consequently,
EUS-guided sampling is only recommended when it
[9]
can alter the management of patients . Recent studies
have investigated the possibility to use CE-EUS for
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the characterization and differentiation of submucosal
[50]
tumours . While leiomyomas and GIST, originating
from the same layer can be hard to differentiate based
on EUS features alone, a recent study has reported
distinct patterns at CE-EUS, with GIST showing
hyperenhancement as opposed to leiomyomas which
[51]
were hypoenhanced . Furthermore, CE-EUS may
be able to predict the malignant potential of GIST by
observing tumour vascularization. Heterogeneous
enhancement seems to be indicative for the presence
of neoangiogenesis and represents a feature more
frequently encountered in GIST of intermediate and
[52,53]
high-risk, as recently suggested
. Although these
studies included upper GI tumours, their findings could
be translated to colorectal lesions, pending on further
investigation needed to validate initial results (Figure 5).
Reports on the role of elastography for the diagnosis of
submucosal tumours should also follow to investigate
their associated patterns of tissue hardness, which
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[54]

might differentiate benign from malignant lesions

.

used for selective delivery of drugs and gene therapies
with a wide variety of indications, including oncologic
[50]
patients . Different bioactive substances can be either
incorporated into the microbubbles or attached to their
surface, resulting in variable designs for drug-delivery
[61]
vehicles . Interaction of the loaded microbubbles
with the ultrasound represents the triggering factor
that enhances cellular uptake of the chemotherapeutic
agent at the site of delivery by causing simultaneous
destabilization of the microbubble encapsulating shell
and increased cell membrane permeability at the
targeted tissue. A recent experiment targeted tumour
angiogenesis in mouse models with subcutaneous
colon tumours by using endostatin microbubbles
combined with focused ultrasound, which resulted in
significant damage to tumour vascularization and size
[62]
reduction . By encouraging data from preclinical
studies, microbubble drug delivery has the potential to
significantly improve therapeutic strategies based on
further research and validation.

EUS-GUIDED THERAPY IN COLORECTAL
DISEASES - CURRENT AND FUTURE
DIRECTIONS
EUS-guided drainage of abdominal and pelvic
collections

EUS-guided therapy has emerged from an increasing
need to develop less invasive alternatives to radiologic
and surgical interventions, provided that expertize
in EUS and interventional GI endoscopy is available
to ensure the success of such complex procedures.
Thus, despite extensive research studies for biliopancreatic indications, with high level of evidence data
already available, colorectal EUS-guided procedures
have been less frequently reported, including mainly
EUS-guided drainage of abdominal and pelvic collec
[55]
tions . A recent retrospective study that included
38 patients confirmed that draining abdomino-pelvic
abscesses under EUS guidance were safe and effective
procedures for both the transrectal and transcolonic
[56]
routes . No significant difference was noted in terms
of technical success (100% for each route), treatment
success or complications, nor in outcomes measured
during follow-ups when comparing transcolonic with
transrectal drainages. Accordingly, transcolonic EUSguided drainage can be successfully performed as
an alternative to the percutaneous route when the
latter seems technically demanding. While previously
published literature reports have used plastic stents
and catheters, in more recent case studies valuable
results were also obtained with fully covered metal
[57]
stents .

CONCLUSION
EUS has emerged not only as a powerful diagnosis
tool assisted by the development of several image
enhancement techniques and by the enabling of tissue
sampling, but also as a guiding method for less invasive
therapeutic procedures, with possible indications for
both malignant and benign colorectal diseases. In
addition to already established indications, such as
in staging rectal cancer, novel applications are under
investigation, including the use of CE-EUS for diagnosis
and prognostic evaluation in both colorectal tumours
and IBD, or the possibility to perform EUS elastography
in order to enhance the differential diagnosis of lesions.
However, more comprehensive research studies are
necessary to confirm these initial findings. EUS-guided
therapeutical procedures include drainage of abdominal
and pelvic collections as a less invasive alternative to
conventional surgical procedures. EUS-guided insertion
of fiducial markers to guide radiotherapy in rectal
cancer and targeted microbubble drug delivery stand as
potential applications that might significantly alter the
management of patients, though further investigations
are being required for as current evidence is limited only
to case reports and preclinical studies.

EUS-guided insertion of fiducial markers

Fiducial markers are used to delineate the target
lesion and guide radiotherapy for more precision and
less toxicity. EUS-guided insertion of fiducial markers
appears to be safe and with high technical success
rates, ranging between 85% and 100%, as reported
by studies that included mainly pancreatic cancer
[55]
patients . However, a series of case reports validated
successful EUS-guided fiducials placement in rectal
[58]
cancer and recent studies that included oesophageal
cancer patients, demonstrated the feasibility of the
procedure and the stability of the markers during
[59,60]
image-guided radiotherapy
. Hence, considering
the significant number of patients with rectal cancer
that undergo radiation therapy, this would probably
remain a particular research area where the role of
EUS in guiding fiducials insertion needs to be further
investigated.
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Seeing better - Evidence based recommendations on
optimizing colonoscopy adenoma detection rate
Javier Aranda-Hernández, Jason Hwang, Gabor Kandel
Europe and North America. Diagnosis and resection
of adenomas has convincingly demonstrated its utility
in diminishing colorectal cancer incidence. Therefore,
colonoscopy is now the gold standard for colorectal
cancer screening. But it is also known that colonoscopy
effectiveness varies among endoscopists. Among
different quality indicators, the most used is the
adenoma detection rate (ADR) which is the percentage
of average-risk patients for colorectal cancer who are
found to have at least one adenoma or adenocarcinoma
during a screening colonoscopy. There is compelling
evidence supporting an inverse correlation between
ADR and interval colorectal cancer (cancer found after
a screening colonoscopy). Many factors such as quality
of precolonoscopy preparation, additional observers,
manoeuvres with the endoscope (second view, retro
flexion, water inflation rather than air), time spent
during withdrawal, changes in patient position, foldflattener devices, new imaging or endoscopic modalities
and use of intravenous or through the scope sprayed
drugs, have been studied and developed with the aim
of increasing the ADR. This reviews discusses these
factors, and the current evidence, to “see better” in the
colon and optimize ADR.
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Core tip: Adenoma resection has demonstrated its
utility in diminishing colorectal cancer incidence
and colonoscopy has become the gold standard for
screening. Nevertheless we also understand that
colonoscopy does not predate cancer itself but “quality
colonoscopy” does. Adenoma detection rate is the most
important quality parameter that inversely correlates
with colorectal cancer appearance after colonoscopy.
Therefore we conducted an up to date review of the

Abstract
Colorectal cancer is one of the three most frequent
causes of cancer deaths in men and women in
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of colonoscopy. Currently the ASGE recommends
aiming for an ADR of 30% in men, 20% in women,
based chiefly on a large study documenting that such
detection rates correlate with a low risk of cancer
[9,10]
following screening colonoscopy
. Solely because of
difficulties in collecting pathology data, polyp detection
rate (PDR) is sometimes used as a surrogate marker
[11]
for ADR .
Three caveats need to be kept in mind when
discussing ADR’s. First, most studies were done in
patients undergoing colonoscopy for a variety of
indications, such as diarrhea, and abdominal pain,
not just screening, so since the denominator varies
among reports, the ADR can be expected to be
variable. Second, just because a high ADR correlates
with a lower rate of interval CRC, it does not nece
ssarily follow that increasing the ADR will increase
the cancer detection rate: the relationship between
the two may be more association than causation.
Increasing adenoma detection rate, particularly those
under 1 cm in diameter, has not yet been shown to
decrease interval cancers. For example, it may be
that partially resected adenomas or missed adenomas
are responsible for some interval cancers. Third, it is
unclear if the total number of ademomas found per
colonoscopy is more or less informative than the ADR.

literature of different factors that may have an impact
in the adenoma detection rate. We critically review
the evidence and brought some crucial points for
discussion.
Aranda-Hernández J, Hwang J, Kandel G. Seeing better Evidence based recommendations on optimizing colonoscopy
adenoma detection rate. World J Gastroenterol 2016; 22(5):
1767-1778 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i5/1767.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1767

INTRODUCTION
Colorectal cancer (CRC) is the third most frequent
cause of cancer deaths in both men and women
in the United States and Canada, and the second
[1-3]
in Europe
. Attempts at lowering mortality by
improvements in primary prevention and lifeextending treatment have been disappointing.
Therefore recent efforts have been primarily focused
on screening (secondary prevention), in the hope
that detection of these neoplasms at an early enough
stage will be curative. Screening is an especially
theoretically appealing concept with colorectal
neoplasms, since there is considerable evidence
that adenomatous polyps amenable to endoscopic
resection predate cancer, and that polypectomy
[4]
reduces the likelihood of cancer . Commensurate
with this data are randomized trials of screening
programs with fecal occult blood demonstrating that
such screening decreases mortality from colorectal
[5]
cancer . In these studies, colonoscopy follows if
even only one stool specimen is positive for occult
blood. This has led to increasing adoption of colorectal
cancer screening, especially in the United States.
Such screening has been associated with a satisfying
[6]
decrease in colorectal cancer deaths . Somewhat
paradoxically, at around the same time that colorectal
cancer screening was being shown to be successful,
numerous reports appeared describing a surprisingly
high miss rate of colonoscopy for cancer, especially
in the ascending colon. For example, a population
based retrospective study from Ontario reported a 4%
[7]
miss rate of right sided colon cancer . Colonoscopy
quality assurance (improvement) initiatives cannot
focus on cancer detection rates because cancer is so
uncommonly found at colonoscopy, but it turns out
that adenoma detection rates (ADR - proportion of
screening colonoscopies in average-risk population
which at least one adenoma is found) correlate
inversely with interval CRC (CRC after colonoscopy)
and theoretically also with lower future mortality
[8]
from colorectal cancer . It is for these reasons that
ADR are increasingly being used to assess the quality
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FACTORS STUDIED FOR IMPACT ON
THE ADR
Preparation

Most endoscopists consider it incontrovertible that
adequate cleansing of the colon is a prerequisite for
satisfactory ADR. Beyond this however, the literature
provides only minimal guidelines in choosing among
the myriad of formulations available for colonoscopy
preparation. On the other hand four principles have
been so clearly established that they are entrenched as
[12]
consensus guidelines . First, the evidence favouring
split-dose preparation is overwhelming: a second
(“split”) dose of preparation started not earlier than 8
h before the procedure and finished no later than 2 h
before the colonoscopy is strongly recommended by
the American Society of Gastrointestinal Endoscopy
(ASGE), the European Society of Gastrointestinal
Endoscopy (ESGE) and the US Multi-Society Task
[12-14]
Force on Colorectal Cancer
. Full preparation
the day of colonoscopy is acceptable for afternoon
procedures. Second, every attempt should be made to
individualize: e.g sodium picosulfate/magnesium citrate
for patients who prioritize gentleness, polyethylene
glycol-electrolyte solution if speed is the chief goal,
polyethylene glycol-ascorbic acid combination if low
volumes are desirable. Third, a low residue diet is
recommended to be taken before the colonoscopy.
Fourth, preparation is ideally discussed with the patient
together with written instructions, and the inevitably
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of it being unpleasant but necessary emphasized.
This is especially important with comorbidities, the
elderly, if there is a history of constipation or other risk
factors for inadequate preparation. Satisfactory bowel
preparation, allowing the detection of lesions larger
than 5 mm, should be achieved in more than 85% of
[14]
our colonoscopies .
Several studies, including meta-analyses have
demonstrated that adequate bowel cleansing is
[15,16]
associated with a higher ADR
, commensurate
with clinical experience. For example, one prospective
study with tandem colonoscopies within 3 mo in those
patients with at least one adenoma larger than 5mm
showed a higher than three times adenoma miss
rate (AMR) among patients with poor or inadequate
quality of bowel preparation compared with those
[17]
with adequate preparation . Another retrospective
study showed AMR of 42% (27% for lesions equal or
larger than 10 mm) in patients with poor or fair bowel
preparations at index colonoscopy that had a new
[18]
colonoscopy with good preparation within 3 years .
Yet surprisingly there is considerable data, even
randomized controlled trials (RCT), failing to demonstrate
any significant difference in ADR among patients with
[16,19-21]
preparations ranged from fair to excellent
with
overall ADR in the study groups ranged from 22% to
more than 50%. One recent retrospective study with
the intriguing title of “good is better than excellent”
reported a significantly higher polyp detection rate in
patients with fair or good quality of preparations vs those
[22]
with excellent preparation . Although the difference
was not significant for ADR, the point was made that
perhaps when colon cleansing is suboptimal, the extra
time devoted by the endoscopist to washing the colon
facilitates lesion recognition. However, the retrospective
design of this study, the low record of bowel cleansing
in the databases (49% and 19.2% in the two used)
and the absence of data on withdrawal times limits its
conclusions.

the increased time required by diligent observers
to visualize mucosal lesions suggesting that simply
increasing withdrawal time is insufficient to increase
ADR. Unquestionably, the withdrawal time needs to
be spent productively, with alert visualization, rotation
of the endoscope to see the entire circumference of
the colon, and aggressive wash and suction to remove
debris. That this takes time is not surprising. But
what is enlightening from the literature is firstly that
mucosal visualization is best done on withdrawal, and
secondly that on the average this takes 6 to 9 min
to do properly. At least one study has reported that
a 9 min withdrawal time increases ADR compared
[25]
to 6 min , although this was based on registry
not prospective data. Also of interest is that not all
endoscopists require this much time: many have an
acceptable ADR with shorter withdrawal times. At least
two studies have found no connection between ADR
[26,27]
and withdrawal time
.
[28]
Rex et al
emphasize that withdrawal time is a
process measurement in contrast to ADR which is
an outcome measurement. This implies that simply
documenting a long withdrawal time is less preferable
as a quality measurement than ADR. Instead, time of
withdrawal is best considered as one component of a
teaching program to help less successful endoscopists
[23]
achieve acceptable ADR’s .

Visualization of the right colon

The majority of missed cancers are in the right
[7]
colon . Although this may be due to factors unrelated
to mucosal visualization, such as more aggressive
biology of right sided vs left sided neoplasms,
relatively more retained stool/residue leading to lower
adenoma recognition, or to a greater proportion of
incompletely resected polyps, most analyses indicate
that the chief reason is that lesions in the ascending
colon are difficult to recognize even when the bowel
is well cleaned. This is most likely because rightsided polyps tend to be sessile serrated adenoma/
polyps, flat, sometimes barely discernible but with a
potential to evolve to cancer. To complicated matters
further, a study of polyps seen on CT colonography,
not recognized on initial colonoscopy but appreciated
(only) when the site of the lesion on CT was described
[29]
to the endoscopist (“segmental unblinding”)
reports
that the most frequent location of missed lesions is on
the proximal side of mucosal folds, areas especially
challenging for optical endoscopes to visualize. Thus it
is not surprising that considerable attention has been
paid to increasing polyp recognition in the ascending
colon. The key point emerging from these studies is
that visualizing the right colon twice increases the ADR
[30]
by about 10% . Some reports suggest that this is
[31]
best done by retroflexion
whereas others indicate
[30]
that a second forward view is just as satisfactory but
the data is convincing that repeating visualization of

Withdrawal time

Who would have predicated at the dawn of colo
noscopy that it would be more challenging to scope
from the cecum to the rectum rather than vice versa,
or that slowing down in the endoscopy unit would
increase yields? Yet this is what the data shows. Initial
concerns about missed lesions focused on challenges
in reaching the cecum, and the long duration of
time required for this outcome. More recent reports,
however, describe a success rate of over 90% in
cecal intubation by full time-endoscopists, usually
[23]
within minutes . In contrast, withdrawal time varies
significantly between endoscopists, and the bulk of
the data demonstrates an inverse correlation between
[24]
adenoma detection rate and withdrawal time . This
may be more of an association than cause-effect.
In other words, the association may simply reflect
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the ascending colon increases ADR.

analgesia/sedation intensity is high rather than at the
end of the endoscopy when these levels are usually
waning.

Changing patient position

Theoretically, and from extrapolation of barium enema/
CT colonography practice, changing patient position
should increase ADR if only because any residue shifts
position when the patient changes position facilitating
recognition of lesions hidden by such debris. There are
two ways this can be studied. Firstly, colon segments
can be visualized twice on withdrawal, no change in
position during one withdrawal then changing position
on the other withdrawal, and the ADR compared to
position change to no position change. Two trials
with this design showed a benefit approaching
10%, significant but less than just repeat segment
[32,33]
visualization
. Secondly, changing patient position
during withdrawal to the anatomically attractive
position of ascending colon/hepatic flexure in left
lateral decubitus position, transverse colon in supine
position, and splenic flexure/descending colon/sigmoid
colon/rectum in right lateral decubitus position can be
compared to the usual practice of changing position
only if required for a specific reason (control). This
[34]
turned out to not be advantageous . A reasonable
conclusion is that changing patient position may help
improve ADR, but less so than visualizing the same
area twice irrespective of patient position. However
more definitive trials would be helpful on this topic,
since changing patient position is especially difficult
with propofol. This general anaesthetic is increasingly
being used for colonoscopy but challenges in rolling
the patient deeply sedated with this drug would put
it at a disadvantage to conscious sedation if changes
in patient position could be demonstrated to increase
ADR. On the other hand, it is difficult to think of a
study design which overcomes the bias toward finding
more lesions with position change, since blinding of the
endoscopist to position change would be exceptionally
difficult.

Rectal retroflexion

Second observer

No matter how intense the scrutiny on the video
screen, endoscopists will miss lesions because
of “change blindness” - as the eye moves, visual
scanning is interrupted, and changes in the mucosa
are overlooked. Moreover, consistent focus on any
object is so difficult that psychologists have coined
a term - “inattention blindness” - to emphasize the
universal lapses of focus even when motivation is
strong to maintain concentration. The best way to
overcome such innate human deficiencies is to include
a second observer during screening colonoscopy. Two
prospective studies have investigated whether nurses
can take on this role. In the larger trial, there was no
over-all increase in adenoma detection rate, but when
only nurses with more than two years of experience
were included, the ADR increased by about 10%, a
[37]
statistically significant finding . A more recent smaller
study which included only nurse with more than 1.5
years of experience (mean of 8.2 years) reported
similar conclusions: there was an 13% increase in
PDR, although admittedly only a trend rather than
a statistically significant increase in ADR (47% vs
[38]
40%) . Results with fellows are even more mixed.
In one retrospective study concomitant viewing by a
[39]
fellow increased ADR . In another of similar design
the only benefit was an increase in small adenoma
[40]
detection
while in a third but prospective trial
[41]
there was no increase at all in adenoma detection .
[38]
Aslanian et al
make the astute point that with a
second observer, there may be increase in lesion
detection by the endoscopist because of a competition
effect and attempts to avoid the embarrassment of a
nurse detecting abnormalities. In the conglomerate
it is difficult to avoid the conclusion that ADR is in
creased by a second viewer, ideally an endoscopically
experienced assistant.

[29]

In the CT colonography study mentioned above , 6
of the 21 polyps larger than 6 mm in diameter missed
by optical endoscopic colonoscopy were in the lower
rectum, best seen by retroflexion. Nevertheless, relu
ctance to visualize the anorectal junction “backward”
persists because it is time consuming, risky, painful
[35]
and its yield for neoplasia low . Thus guidelines on
colonoscopy quality indicators makes no mention about
[28,36]
the need for this manoeuvre
. The risk/benefit ratio
is probably too high to warrant its use routinely if there
has been rectal surgery, previous radiation, adhesions
or if the pelvis is narrow. On the other hand every
effort should be made to retroflex in the rectum if there
is rectal bleeding, or there is a high risk for polyps.
Given that it is painful, consideration should be given
to retroflexing at the start of the colonoscopy when

WJG|www.wjgnet.com

Water-aided colonoscopy

Water-aided colonoscopy uses water rather than
air to distend the colon. Two techniques has been
[42]
described : First, water immersion (WI) which implies
infusion of water to fill the colon during the insertion
that will be mostly removed in the withdrawal. Second,
water exchange (WE) meaning avoiding any air
[42]
insufflation (Leung recommends switch the air pump
off), sucking any remnant air, infusing water (usually
higher volumes) and sucking any stool debris. In WE,
these manoeuvres are mainly carried out during the
insertion.
These techniques were initially introduced to
reduce the pain of colonoscopy and facilitate the
path to the cecum, but in at least some studies polyp
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recognition is enhanced. This may be because liquid
distension of the colon keeps polyps upright rather
than flat, magnifies lesions, or because the large
[42-45]
volumes of water used clean the mucosa better
.
There is no downside to the technique except time: in
one study WE had a statistically significant increased
insertion plus withdrawal times (excluding therapy
[44]
time) .
Two recent RCT showed somewhat conflicting
results for ADR. In the first one, a significant higher
ADR was found in the WE group (25.8%) vs air
[43]
inflation (AI) (19.1%)
while in the other comparing
AI, WI and WE there was a trend favouring WE but
no significant in the overall ADR (43.3%, 45.6% and
[44]
56.7%, respectively) . Nevertheless that difference
was statically significant for adenomas of the right
colon (11.1%, 14.4% and 26.7%, respectively).
Longer times in WE group may impact these results.
A previous systematic review of RCT found similar
[45]
results .

WL endoscopy for average-risk population screening
[50]
colonoscopy .

Virtual chromoendoscopy modalities (NBI, FICE and
i-scan)

In parallel with the development of HD endoscopy,
different endoscopic image-enhancement modalities
have been developed: narrow-band imaging (NBI)
(Olympus, Tokyo, Japan), flexible spectral imaging
colour enhancement (FICE) (Fujinon, Tokyo, Japan)
[51,52]
and i-scan (Pentax, Tokyo, Japan)
.
A number of studies have been reported to determine
if these sophisticated virtual chromoendoscopy modalities
improve ADR compared to WL.
NBI: Olympus NBI utilises filters to selectively pro
ject light in the blue (415 nm) and green (540 nm)
wavelengths from the processor unit which correspond
with the two absorption peaks of haemoglobin. As
shorter wavelengths have superficial tissue penetration
and longer wavelengths deep tissue penetration, the
images obtained with NBI correspond to enhanced
prominence of superficial vascularity (blue light) and
submucosal vessels (green light). Adenomas have a
distinct vascular pattern which can be enhanced with
NBI in comparison to normal colonic mucosa (Figure
1A-D).
[48]
Rastogi et al
compared SD-WL colonoscopy vs
HD-WL or HD-NBI. NBI significantly increased the total
number of adenomas, adenomas per colonoscopy,
patients with flat adenomas and right-sided adenomas
over SD-WL. There was a trend in improvement in
ADR; however this was not statistically significant
(46.2% vs 38.6%, P = 0.14). Despite the absence
of a comparison between HD-NBI and HD-WL, the
improvement of NBI seemed similar and attributable
to HD.
[53,54]
Two recent large meta-analyses of RCTs
including tandem colonoscopy studies, did not de
monstrate any significant differences in PDR, ADR or
AMR when comparing HD-NBI and HD-WL either.
In contrast, a more recent single-center RCT with
tandem colonoscopies comparing HD-NBI and HD-WL
found higher ADR and PDR after the first colonoscopy
[55]
in the HD-NBI group (48.3% vs 34.4%) . Similar
results and AMR were observed after the second
colonoscopy. These results need to be reproduced
before they are accepted into practice, especially since
they could be attributable to the new NBI generation
(CF-HQ190 colonoscope and the EVIS-EXERA III
CLV-190) used in this study but in none of the previous
one.
[56]
Interestingly, one RCT study suggested a possible
learning effect of NBI on WL; in other words, the
endoscopist increased their ADR using WL after having
used NBI. However, this effect was not confirmed in a
[57]
more recent study .

High definition endoscopy

High definition (HD) endoscopy has been increasingly
[46]
used since the early 2000’s .
HD endoscopy displays 650 to 720 lines (height or
vertical number of pixels) of resolution compared to
[46,47]
standard definition (SD) offering 480 to 520 lines
.
One glance at a HD videoscreen unmistakably de
monstrates that the image is better defined and
sharper than SD, so it is no surprise that studies have
consistently reported that HD improves the recognition
of lesions at colonoscopy.
One large RCT compared SD-white light (WL) co
lonoscopy vs HD-WL endoscopy and HD narrow-band
imaging (HD-NBI). HD-WL colonoscopy significantly
improved the total number of adenomas, adenomas
per colonoscopy, patients with flat adenomas and
right-sided adenomas (19% vs 34%). There was a
non-significant trend to improving the ADR (38.6%
[48]
vs 45.7%, P = 0.17) . In other words, HD did not
increase the number of patients with at least one
adenoma but it was associated with the identification of
more adenomas and more flat lesions in those patients
that did have adenomas.
[49]
In contrast, a recent meta-analysis
including
RCT, prospective and retrospective studies, showed
an overall increase in the ADR with the use of HD
colonoscopy compared with SD colonoscopy. No dif
ference in the detection of advanced adenomas (larger
than 10 mm or with villous component or high-grade
dysplasia) was observed. The authors recommended
interpreting these results with caution given the
heterogeneity of the studies with ADR ranging from
23% to 65%. They also suggested that longer term
outcomes such the interval or missed CRC should be
studied in prospective RCT.
Currently, the ESGE recommends the use of HD-
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A

B

C

D

Figure 1 Tubular adenoma and small sessile serrated adenoma under white light (A, C) and narrow-band imaging (B, D), respectively.

FICE: FICE digitally transforms the endoscopic image
with post-processing algorithms. It potentiates specific
wavelengths to transmit a composite computerized
enhanced color image. 10 presets are available
but further customization may be carried out as
wavelengths may be modified in 5nm increments from
400 nm to 695 nm.
Despite its flexibility with regards to customisation
and selection of specific enhanced wavelengths, large
studies, including a RCT in Germany and randomized
tandem colonoscopy studies in Korea, involving a large
number of patients, failed to demonstrate benefits of
[57-59]
HD-FICE (modes 4 and 3, respectively) vs HD-WL
in improving ADR or AMR.

through-the-scope infusions to improve mucosal
image recognition, especially for small or flat mucosal
lesions. In contrast to its extensive study in other
clinical scenarios, its utility in the context of averagerisk population screening colonoscopy seems to have
been relatively ignored. Indigo carmine (IC) has been
used in most studies. One prospective randomized
study compared CE with IC vs second WL exploration
in the right colon. A significant higher number of right
colon adenomas were found in the chromoendoscopy
[64]
group
but the use of both HD and SD colonoscopes
not included in the analysis biased results. Another
prospective study showed a significant improvement
in the total number of adenomas, especially those
[65]
flat or smaller than 5 millimetres
in the group with
panchromoendoscopy with IC. However the study
was not randomized, and no withdrawal times were
reported. A more rigorous prospective randomized
study found a significant higher ADR (46.2% vs
36.3%), flat adenomas and serrated lesions in patients
with panchromoendoscopy with IC vs the control group
[66]
with regular colonoscopy
but this improvement may
have been due to the slightly longer mean withdrawal
times in the panchromoendoscopy group (11.6 min vs
10.1 min).
More RCT’s will be required to determine if CE
with IC improves ADR. As with water distension,
the statistical interpretation of studies is likely to be
hampered by the invariably longer withdrawal time
required for chromoendoscopy.

i-scan: Pentax i-scan is a post-processor imaging
enhancement that comes with 3 different image moda
lities to allow different grades of surface enhancement,
contrast enhancement and tone enhancement.
Two prospective studies found a significant increase
[60,61]
in ADR in the i-scan group when compared with WL
.
A significant limitation is that HD was used in the i-scan
group but no in the WL group so those differences may
[48,49]
be mostly due to HD which seems superior to SD
.
Prospective and randomized tandem colonoscopy trials
have failed to demonstrate any benefit of i-scan 1 or 2
[62,63]
vs HD-WL in ADR or AMR
.

Chromoendoscopy

Chromoendoscopy (CE) is the technique of using
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Drugs

A

All endoscopists have been at times frustrated by
colon muscle spasms preventing satisfactory mucosal
visualization at colonoscopy.
Therefore hyoscine N-butylbromide, an anticholinergic formulation available in an intravenous
form, has been widely exploited for its smooth muscle
relaxing (antispasmodic) effects, even though it
has not been approved by the FDA for this purpose.
However trials do not support its use for polyp
recognition: One randomized double-blind controlled
[67]
trial was able to only demonstrate only a statistically
non-significant trend for ADR and PDR, and even these
results were not confirmed in later meta-analysis of
[68-71]
RCT
.
L-Menthol is another antispasmodic agent with
suspected action mechanism for smooth muscle
[72]
relaxation related to ion calcium influx blocking .
Recently, Inoue and collaborators conducted a singleblinded RCT in Japan comparing 1.6% L-Menthol
solution (Kenei Pharmaceuticals, Osaka, Japan)
spraying vs placebo. They found a significant higher
ADR in the L-menthol group compared with the control
[73]
group (60.2% vs 42.6%) . A significant reduction
in colonic peristalsis was also observed but this result
was biased by the absence of endoscopist blindness.

B

C

Catheter

Panoramic device

Colonoscope's
video camera

Clip
Right side LED
Standard colonoscope

Colonoscope's
channel
Additional TED and video camera located on left side
Right side video camera

Fold-flattening devices

The proximal mucosa behind colonic folds is often
poorly visualised due to the inherent nature of the
retrograde approach of colonic inspection. Devices
used to aid visualisation of these mucosal “blind spots”
have been developed with an aim to reduce the rates
of missed lesions.

D

Cap-assisted colonoscopy: Transparent plastic
caps attached to the tip of the colonoscope may
assist in the improvement of polyp detection rate by
depressing haustral folds, allowing visualisation of
[74]
otherwise blind mucosa. Ng et al performed a metaanalysis of 16 RCT investigating the efficacy of cap
assisted colonoscopy (CAC) in comparison to standard
colonoscopy (SC). Analysis showed a marginal benefit
in PDR. ADR was not significantly improved in 6
studies specifically reporting this variable. The authors
found cap length to influence rates of polyp detection
with short caps (2 or 4 mm) better than longer caps
(7-11 mm). Insertion times were significantly shorter
in the CAC vs SC group for both experts and trainees.

E

Traditional colonoscope

Limited 170° Field of View

Endocuff: A novel endoscopic cuff [Endocuff (EC);
ARC Medical] with 2 rows of flexible, hinged wings
(Figure 2A) that help flatten colonic mucosa during
withdrawal was recently introduced, receiving FDA
approval in 2012. The EC is attached to the tip of
the colonoscope and sits flush with the tip of the
instrument, therefore not obscuring endoscopic views.

Fuse® Colonoscope

Panoramic 330° Field of View

Figure 2 Endoscuff (A), Third-Eye retroscope (B), Third-Eye panoramic
(C), full spectrum endoscopy (D: Endoscope, processor and image; E:
Endoscopic view).
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[75]

Biecker et al
performed a randomised controlled
trial of 498 patients. The authors found significant
differences in the PDR (56% vs 42%) in the EC group
compared to SC group and overall number of polyps
detected per patient (2 vs 1, respectively). ADR was
also significantly higher in the EC group compared to
the no EC group (36% vs 28%). The overall procedure
time was significantly higher in the EC vs SC group,
but due to a lack of measurement of withdrawal time,
it is uncertain whether this was due to longer insertion,
therapy or withdrawal times.

displayed on 3 video screens corresponding to each
imaging group. The instrument has the standard
working channel and irrigation capability found on
conventional colonoscopes. A randomized, multicenter,
back to back study comparing FUSE with a standard
forward-viewing colonoscope has been performed in
[78]
185 patients . The study randomized patients to
undergo standard or FUSE colonoscopy first followed
by a second same day procedure using the alternate
instrument. The authors reported AMR, rather than
ADR, being significantly lower with FUSE-standard
colonoscopy strategy compared with standard
colonoscopy-FUSE (7.5% vs 40.8%).

Balloon-assisted colonoscopy: The G-Eye system
consists of an inflatable balloon that is integrated to
the distal portion of the colonoscope shaft. Inflation
during colonoscope withdrawal is controlled by a
foot pedal allowing the inflated balloon to flatten and
straighten colonic folds immediately downstream to
the colonoscope tip. Improved views behind folds are
facilitated by withdrawal of the colonoscope with the
balloon inflated. Balloon pressure is monitored by the
system, enabling changes to compensate for colonic
wall pressure. The system can be reprocessed and
may be integrated into existing colonoscope systems.
Preliminary data, published in abstract form, of a
multicentre RCT in 104 of an intended 1000 patients,
has yielded favourable results for improvement in ADR
with the G-Eye device (SC 39% vs G-Eye 59%) and
[76]
seems promising .

Others

Other parameters or manoeuvres have been studied
and explored as possible factors with impact in the
ADR.
[79]
One interesting study compared
the ADR
of 6 experienced endoscopist before and after an
announced video recording implementation and
storage of all the colonoscopies in the unit. A positive,
but not significant, trend for higher ADR was found
after video recording implementation. In one of the
two endoscopists with lower ADR, the impact of video
recording in the ADR was remarkably and statistically
significant (22.6% vs 57.7%). It was associated
with an increase in the endoscopist withdrawal time.
The authors suggested video recording as a possible
strategy to increase ADR in endoscopists with lower
ADR.
One retrospective study suggested that endoscopist
fatigue may have a deleterious impact on adenoma
[80]
detection
but a prospective study showed no
impact of time in the day or case rank of colonoscopy
[81]
in ADR . One retrospective study showed higher
ADR (42.3% vs 34.7%) and PDR in the morning
[82]
procedures when compared to afternoon procedures
and another Korean study found higher AMR in the
afternoon procedures when compared with morning
[83]
procedures .
Performing polypectomies during insertion and
withdrawal vs just during the withdrawal did not show
[84]
an impact on ADR in a RCT .
Colonoscopist experience has been also found to
[57,80]
have a positive impact in ADR in several studies
(Tables 1, 2 and 3).

New scope modalities

Third-Eye retroscope and third-eye panoramic
device: The Third-Eye retroscope is a flexible 3.5 mm
single-use catheter with a camera and a light source
at its tip (Figure 2B). It provides a retroflexed view of
the colon and the TERRACE study showed higher ADR
[77]
in the retroscope group . The limitations including its
complexity, single use and occupation of the working
channel has led to stop its production.
The Third-Eye Panoramic device is the second
generation of the device. It includes an external sideby-side catheter and the attachment device to the
tip of the scope (Figure 2C). The attachment device
has one source of light and one camera in each side
providing a wider (330 degrees) view of the mucosa.
There is just one feasibility study (abstract publication)
and it is pending for FDA approval as a reusable
device. Further studies will be required to assess its
utility.

CONCLUSION

Full spectrum endoscopy (FUSE): The FUSE
colonoscope incorporates a high definition, 330 degree
viewing angle by implementing 3 imaging systems
(image sensor and LED light source) on the tip of a
conventional type instrument (Figure 2D and E). A
forward viewing lens is complemented by side viewing
lenses on each side of the instrument tip with images
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ADR is now recognized as a useful surrogate marker
for colorectal cancer detection. In addition to innate,
impossible-to-measure endoscopy skill, the data
for optimizing ADR is most convincing for thorough
precolonoscopy bowel cleansing preparation, withdrawal
time of more than 6 to 9 min, and double visualization
of the right colon. HD technology, mucosal visualization
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Table 1 Techniques that have demonstrated improve adenoma detection rate
Evidence
Adequate bowel preparation

Limitations

RCT and metaanalysis

Withdrawal time

Retrospective

Repeat right colon exploration or
retroflexion
Additional observers
High definition endoscopy

Prospective
Prospective
RCT and one metaanalysis

Position changes

Prospective,
randomized
RCT

Water exchange

Comments

Split-dose may have a positive impact itself on
ADR
No significant differences from fair to excellent
bowel preparation
Some contradictory data, maybe reflecting that
Withdrawal time needs to be productively
it is an intermediate parameter
spent
Likely more impact on low ADR endoscopists
Unclear if retroflexion preferable to forward
view
Heterogeneity in the type of observer
Marginal benefit, especially helpful if observers
experienced
Discrete effect for ADR, more significant for
ESGE recommends its use if available in
flat and right colonic lesions. Heterogeneity of
average-risk screening colonoscopies
the studies
Unclear if the benefit is from seeing the colon
segments twice
Slight impact on ADR
Most helpful to detect right colonic lesions
Procedure time may confound results

ADR: Adenoma detection rate; ESGE: European Society of Gastrointestinal Endoscopy; RCT: Retrospective cohort study.

Table 2 Techniques with limited evidence favouring an increase in adenoma detection rate

G-Eye
Endocuff
L-Menthol

Evidence

Limitations

Comments

RCT
RCT
RCT

Only one RCT in progress

More studies are required
Not FDA approved
Further RCT required

Indigo carmine

RCT, prospective

AM procedures

Retrospective

Only one study
Not available in many countries out of Japan
Only two studies
Withdrawal times confound results
Only two studies

Further RCT required.

RCT: Retrospective cohort study.

Table 3 Techniques that are unlikely to increase the adenoma detection rate
Evidence
NBI
FICE (modes 3 and 4)
i-scan
Hyoscine
Water-immersion
Rank-position
Cap

Limitations

RCT and meta-analysis tandem colonoscopy
studies
RCT including tandem colonoscopy studies
RCT including tandem colonoscopy studies
RCT and meta-analysis
RCT
Prospective and retrospective
RCT and meta-analysis

Comments
There may be a role in improving ADR for new
NBI generation

Only two studies

NBI: Narrow-band imaging; ADR: Adenoma detection rate; RCT: Retrospective cohort study.

by an assistant, and changing patient position during
withdrawal are also helpful but less so. At least some of
the newer endoscopic technology are likely to improve
ADR, but have yet to be proven.
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Endoscopic ultrasonography: Transition towards the future
of gastro-intestinal diseases
Stefania De Lisi, Marc Giovannini

Abstract

Stefania De Lisi, Department of Gastroenterology, A.O.
Fatebenefratelli e Oftalmico, 20121 Milan, Italy

Endoscopic ultrasonography (EUS) is a technique with
an established role in the diagnosis and staging of
gastro-intestinal tumors. In recent years, the spread of
new devices dedicated to tissue sampling has improved
the diagnostic accuracy of EUS fine-needle aspiration.
The development of EUS-guided drainage of the biliopancreatic region and abdominal fluid collections
has allowed EUS to evolve into an interventional tool
that can replace more invasive procedures. Emerging
techniques applying EUS in pancreatic cancer treatment
and in celiac neurolysis have been described. Recently,
confocal laser endomicroscopy has been applied to EUS
as a promising technique for the in vivo histological
diagnosis of gastro-intestinal, bilio-pancreatic and
lymph node lesions. In this state-of-the-art review,
we report the most recent data from the literature
regarding EUS devices, interventional EUS, EUS-guided
confocal laser endomicroscopy and EUS pancreatic
cancer treatment, and we also provide an overview of
their principles, clinical applications and limitations.
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EUS-GUIDED CONFOCAL LASER
ENDOMICROSCOPY
EUS-guided confocal laser endomicroscopy (CLE) is
a promising novel technique that allows for real-time
optical biopsy during EUS examination. A confocal
miniprobe (Cellvizio AQ Flex™ 19 nCLE probe-Mauna
Kea Techn., Paris, France) compatible with 19-G
needles has been combined with EUS-FNA for the
evaluation of cystic and solid lesions in a technique
termed “needle-based CLE” (nCLE).
The principles and techniques of CLE and nCLE
[3-6]
have been well described elsewhere
. Because
confocal images depend on fluorescence, a fluorescent
dye is required to make objects visible. For nCLE,
intravenous fluorescein sodium (10%) is primarily used.
In the setting of pancreatic cystic neoplasms (PCNs),
nCLE provides real-time microscopic images of
the cyst wall. In a multicenter study, the INSPECT
trial, a preliminary unblinded consensus review for
the definition of nCLE images and case revision
with a gastrointestinal pathologist were performed.
Subsequently, a blinded consensus review assessed
whether the criteria for nCLE images could identify
[7]
PCNs or adenocarcinoma . nCLE was performed in
65 patients and exhibited a diagnostic yield of 41.9%,
which is greater than either a carcinoembryonic antigen
(CEA) level > 192 ng/mL (28.6%) or cytology results
consistent with PCN (29.6%). The presence of epithelial
villous structures was significantly associated with PCN
with a specificity of 100%, although sensitivity was low
[7]
(59%), and the negative predictive value was 50% .
In the recent prospective DETECT study, nCLE was
combined with cystoscopy using the SpyGlass fiberoptic
probe (Boston Scientific, Natick, Mass) for the diagnosis
[8]
of PCNs .
In a sub-group of 18 patients with high probability
of PCNs (“high-certainty patients”), cystoscopy
and nCLE reported sensitivities of 90% and 80%,
respectively; the combination of the two methods
reached a sensitivity of 100% in the clinical diagnosis
of mucinous cysts. In all 30 patients enrolled in the
study, the sensitivities of cystoscopy (71%) and nCLE
(77%) were not as high as in high-certainty patients,
whereas the accuracy of their combination was 93%.
However, both cystoscopy and nCLE exhibited higher
sensitivity and accuracy than CEA levels of 33% and
61%, respectively, in the entire study population.
The detection of papillary, finger-like projections
and, when imaged in cross section, dark rings with a
central core on nCLE, both represent the villous pattern
suggestive for gastric and intestinal-type intraductal
papillary mucinous neoplasm (IPMN), as previously
[9]
reported (Figure 1).
The final diagnosis was established by pathology,
but only two patients underwent surgery in this
cohort, limiting the diagnostic value of the study.
In the remaining patients, a final clinical diagnosis

INTRODUCTION
Data published in the literature regarding endoscopic
ultrasonography (EUS) has described the high accuracy
of the detection and staging of malignancies of the
gastro-intestinal tract. In the setting of pancreatic
lesions, pancreatic cancer exhibits high mortality due
to its late diagnosis. EUS has been identified as the
most sensitive technique for the early detection of
pancreatic cancer compared with traditional imaging
methods such as magnetic resonance imaging and
[1]
computed tomography .
The possibility of performing tissue sampling has
improved the diagnostic capability of EUS, former
known as cytological diagnosis. In recent years, new
needles have been developed to enable histological
diagnosis. More recently, EUS-elastography and EUS
contrast enhancement have emerged; these techniques
provide a real-time evaluation of tissue stiffness and
enhancement patterns to enable differential diagnoses
between benign and malignant lesions, thus improving
the targeting of tissue sampling. A recent review
discussed their role in the diagnosis of gastro-intestinal
[2]
lesions , although this report is beyond the scope of
the present paper.
The role of EUS has progressively changed from a
purely diagnostic technique to an interventional tool,
especially in the setting of bilio-pancreatic drainage
after failure of standard endoscopic retrograde
cholangiopancreatography (ERCP), where EUS-guided
biliary drainage represents a viable alternative to
surgical or radiological procedures.
Confocal endomicroscopy offers the possibility
of making in vivo histological diagnoses, and its
application in EUS enhances the performance of the
technique mainly in the setting of pancreatic and
lymph node lesions.
The aim of this review is to report the most up-todate innovations in the setting of interventional EUS,
EUS-guided confocal laser endomicroscopy (CLE) and
EUS-pancreatic cancer treatment. We performed a
computerized bibliographic search on MEDLINE for
studies published between January 2013 and April
2015. The primary search terms were as follows:
“EUS”, “EUS AND confocal microscopy”, “EUS AND fine
needle aspiration”, “EUS-guided biliary drainage”, and
“pancreatic cancer treatment”. Because the purpose
of our study is to describe the latest innovations
and cutting-edge technologies, all relevant articles
were included regardless of their design or sample
size. Additionally, pertinent abstracts from major
gastroenterology meetings were included.
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Figure 1 Needle-based confocal laser endomicroscopy of an intraductal
papillary mucinous neoplasm: papillary projections (A) and, imaged in
cross section, dark rings with a central core (B).

100 mm

Figure 3 Needle-based confocal laser endomicroscopy of pancreatic adeno
carcinoma: dark cells aggregates with pseudo-glandular aspects, irregular
vessels with leakage of fluorescein (A) and histological correlations (B).

was based on either a surgical specimen and/or
positive cytopathology or consensus among blinded
investigators. A typical finding of nCLE in the clinical
diagnosis of SCA was a superficial vascular network
(Figure 2) that corresponded to subepithelial capillary
vascularization on a pathological specimen that was
only observed in SCA.
This feature exhibited a sensitivity of 69%, whereas
the specificity and the positive predictive value reached
100% for the diagnosis of SCA. Good inter-observer
agreement (κ = 0.77) was reported.
From a procedural standpoint, no technical failures
were reported, even for SCA located in the pancreatic
head, which exhibited a mean nCLE procedure
duration of 7 min (range 3-10 min).
If confirmed in a larger setting, this nCLE criterion
could improve the EUS diagnosis of SCA in a rapid
real-time manner that avoids the burden and costs
of unnecessary follow-up and surgery, which was
required in 60% of the 2622 patients with serous
cystic neoplasm in a large multicenter study due to
[13]
doubtful preoperative diagnosis . Available data
regarding nCLE of solid pancreatic lesions revealed
irregular vessels with vascular leakage of fluores
cein into the tumor and large dark clumps, which
correspond to lumps of malignant cells in pancreatic
[6,7]
adenocarcinomas
(Figure 3).
Conversely, the visualization of normal pancreatic
parenchyma by nCLE demonstrated a “coffee bean”
[6]
pattern with regular vessels (Figure 4). nCLE

20 mm

Figure 2 Needle-based confocal laser endomicroscopy of a serous
cystadenoma showing the typical vascular network.

was established by blinded review between two
independent endosonographers. nCLE was associated
[7,8]
with a higher complication rate (7%-9%)
than that
[10,11]
reported for EUS-FNA of pancreatic cysts
.
The larger caliber of the needle employed (19
G vs 22 G), the longer duration of examination and
the greater number of needle movements within the
cysts compared with standard EUS-FNA can explain
these findings. Limiting both the needle dwelling time
and the number of needle movements can reduce
the risk of pancreatitis and intracystic bleeding. An
nCLE diagnostic criterion for the diagnosis of serous
cystadenoma (SCA) was recently proposed in a
multicenter prospective study of 31 patients with a
[12]
single pancreatic cyst .
The criterion standard for the final diagnosis
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autoimmune pancreatitis). To overcome this limitation,
an EUS Tru-Cut biopsy 19-gauge needle has been
developed, although its expected results have not
been achieved due to its stiffness, which precludes
[17]
trans-duodenal sampling .
In recent years, new reverse-bevel biopsy needles
for core tissue have been made available in multiple
gauges (ProCore; Cook Medical, Winston-Salem,
NC) with diagnostic accuracy > 85% reported in two
[18,19]
multicenter prospective studies
; moreover, EUSFNB was demonstrated to be technically feasible in
98% of patients with a solid pancreatic mass, thus
demonstrating the good performance of this needle
[19]
when using a trans-duodenal approach .
In the setting of pancreatic cystic lesions, a new
EUS-guided fine-needle biopsy equipped with a
side fenestration (EchoTip ProCore High Definition
Ultrasound Biopsy Needle, Cook Endoscopy Inc.,
Limerick, Ireland) was employed in a recent study. The
results described a safe technique with high diagnostic
yield (over 90%), even if the lack of a control group
[20]
affected these findings .
A novel method for EUS-guided tissue acquisition
has been recently reported. As in standard endoscopy,
a biopsy forceps, fit for passing through a standard
19-gauge FNA needle, has been developed. The
preliminary reports indicate that this new device is
able to safely acquire adequate tissue samples for
histologic assessment in both the animal and human
[21,22]
settings
.
A similar technique for histopathological diagnosis
of submucosal lesions has been reported in an abstract
[23]
by Wang et al . A definite histological diagnosis
was reached using an EUS-guided “deep tunneling”
forceps biopsy technique in all 11 cases and with no
complications.
In the setting of pancreatic solid lesions, Mohammad
[24]
Alizadeh et al
compared EUS-FNA performed with
negative pressure, applied with a 10 mL syringe, to
EUS-FNA without suctioning and stylet in a total of 100
patients. Although no statistically significant differences
were found between the two methods, EUS-FNA
without negative pressure and stylet technique was
related with less blood contamination (20% vs 50%)
and higher diagnostic yield (14% vs 6%) than FNA
[24]
performed with suction .
To improve the quality of the EUS-FNA of solid
[25]
lesions, Attam et al
recently proposed the wet
suction technique (WEST) as follows: a 22-gauge
needle was filled with small amount of saline before
puncturing the lesion with high suction. In their
randomized controlled trial, the WEST technique
yielded significantly higher cellularity and specimen
adequacy in cell blocks compared with the conventional
FNA technique with no difference in the amount of
blood contamination.
The refinements in EUS-assisted devices, in
conjunction with the emerging techniques in tissue
acquisition, have improved EUS diagnostic capabilities.

20 mm

Figure 4 Needle-based confocal laser endomicroscopy of normal pancreatic
tissue: coffee bean aspect.

20 mm

Figure 5 Needle-based confocal laser endomicroscopy of a malignant
lymph node: glandular structures with dark cells and neo-vascularization
with leakage of fluorescein.

imaging of inflammatory lymph nodes revealed
diffuse small cells in a homogeneous stroma with
normal vascularization in the lymph node; conversely,
malignant lymph nodes were characterized by glandular
structures with dark cells, large dark clumps and
considerable neo-vascularization with huge leakage of
[6,9]
fluorescein (Figure 5).
Although the results reported regarding solid lesions
are based on case series, they are encouraging, and
it is expected that these studies will be confirmed by
an ongoing international multicenter study (CONTACT
study) on nCLE of cystic and solid pancreatic lesions
and lymph nodes.

EUS-DEDICATED NEEDLES AND TISSUE
ACQUISITION
EUS fine-needle aspiration (EUS-FNA) is a safe
technique for the tissue acquisition of gastro-intestinal
lesions and exhibits diagnostic accuracy exceeding
[14-16]
80%
. The primary limitation of EUS-FNA is the
provision of cytologic samples, which can affect its
accuracy, especially for the diagnosis of pancreatic
cancer or the differential diagnosis of benign
lesions that mimic other conditions (e.g., chronic or
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gauge delivery system has been recently described in a
patient who developed obstruction of the proximal bile
duct after gastrectomy with a Roux-en-Y anastomosis.
After puncturing the intrahepatic bile duct using a
19-gauge needle from the jejunum, a 7F tapered ERCP
catheter was inserted and advanced a guide wire into
the intestine across the site of bile duct stenosis. A
fine-gauge delivery system (6F) was inserted, followed
by antegrade placement of the metal stent (Zilver 635,
Cook Medical, Bloomington, IN, USA). Finally, EUSguided hepaticojejunostomy (Niti-S biliary covered
stent) was performed without adverse events. This
technique reduces the risk of bile leakage because the
small caliber of the delivery system does not require
dilation of the fistula, and cases of reintervention for
dysfunctional stents can be performed easily through
[30]
the hepaticojejunostomy stent .
The same author reported a similar technique for
endoscopic ultrasound-guided hepaticogastrostomy
(EUS-HGS). In a pilot study enrolling 12 patients,
EUS-HGS was performed with EUS-guided antegrade
stenting using a novel uncovered metallic stent with
a fine-gauge delivery system. The procedure was
feasible in all patients without dilation of the fistula
between the stomach and the intrahepatic bile duct,
which prevented adverse events. Indeed, no bile
peritonitis or stent dysfunction occurred during the
[31]
follow-up (mean 122 d, range 62-210 d) .
A novel method of EUS-HGS was proposed in
a retrospective series of 20 consecutive patients
with obstructive jaundice who underwent EUS-BD
after failed ERCP. Thirteen patients underwent EUSHGS with the locking stent method using end-bare
covered metallic stents (EBCMS). No difference was
reported in technical and functional success rates
(100% in both groups). In two of the seven patients
treated with conventional EUS-HGS, stent migration
occurred, whereas no stent dysfunction was observed
in patients who underwent the procedure with the
[32]
locking stent method . The locking stent method was
recently reported to be feasible and safe in four cases
of patients with hepatic hilar obstruction and isolated
[33]
right intrahepatic bile ducts .
The technical success of EUS-BD exceeded 90%
in all reported studies, with negligible adverse events.
However, the retrospective design, small sample size,
patient selection bias and the use of a single operator
within tertiary centers all affect the external validity of
these new techniques. Prospective, multicenter, welldesigned, randomized trials with long-term followup are required to validate these techniques for the
treatment of intrahepatic and distal biliary obstruction.
EUS-guided drainage of pancreatic fluid collections
[34,35]
(PFC) and pseudocysts has been widely described
,
demonstrating the technique is effective for surgical
drainage while resulting in shorter hospital stays and
[36]
lower costs in a randomized trial of 40 patients .
In the setting of PFC, a prospective, multicenter
study employing a novel self-expanding metal stent

EUS-GUIDED DRAINAGE
Since the first report of EUS-guided biliary drainage
(EUS-BD) for biliary decompression after the failure of
[26]
conventional drainage , the technique has evolved
rapidly. The consensus guidelines for the management
of biliary obstruction using the various technical
approaches of EUS-BD have recently been published
[27]
following a consortium meeting held in 2012 .
In a large multicenter retrospective cohort, EUSguided extrahepatic (EH) and intrahepatic (IH) ap
proaches were compared in benign and malignant
[28]
disease .
No significant differences in the success rates of the
EH and IH methods were found (84.3% vs 90.4%, P =
0.15), whereas superior performance was described for
malignant diseases than for benign indications (90.2%
vs 77.3%, P = 0.02). The complication rate remained
high, although there were no differences between the
IH and the EH approaches (32.6% vs 35.6%, P =
0.64). Overall complications were: pneumoperitoneum
(5%), bleeding (11%), bile leak/peritonitis (10%), and
cholangitis (5%). Similar rates of adverse events were
observed in benign and malignant diseases (26.7% vs
37.1%, P = 0.19).
[29]
Dhir et al retrospectively compared the outcomes
of ERCP and EUS-BD in the stenting of 208 patients with
malignant distal biliary obstruction. The main outcome
measurement was composite success, defined by the
combination of technical success (stent placement) and
functional success (a > 50% decrease in serum bilirubin
levels at 2 wk post-procedure). Although the overall
results of ERCP and EUS-BD were similar, EUS-BD
exhibited significantly higher composite success than
the standard approach in a group of patients without
duodenal stenosis who failed ERCP due to difficult biliary
access (93.9% vs 78.3%, P = 0.002). As expected, the
difference was dramatically higher in the sub-group of
patients with duodenal stenosis (90.5% vs 57.1%, P =
0.0003).
All adverse events recorded in this study were
managed conservatively. No pancreatitis was observed
in patients who underwent EUS-BD, whereas 15.7%
of patients in the ERCP group with difficult biliary
access developed this complication (P = 0.024),
scored as mild in four patients and as moderate in
one patients. No statistically significant differences
were observed for the other adverse events between
the two treatment methods. Bleeding occurred in
three patients (2 in the EUS-BD group; 1 in the ERCP
group). Cholangitis was recorded in four patients (1
in the in the EUS-BD group; 3 in the ERCP group). A
minor bile leak was observed in three patients in the
EUS-BD group. In 2 patients with duodenal stenosis
in the EUS-BD group, a perforation occurred after the
dilation of choledochoduodenostomy tract by using a
[29]
precut papillotome .
EUS-guided hepaticojejunostomy combined with
EUS-guided antegrade stent placement using a fine-
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(SEMS) designed specifically for transmural drainage
[37]
has recently been published . Sixty-one patients
with symptomatic PFCs were enrolled; 46 patients had
walled-off necrosis (WON), and 15 had a pancreatic
pseudocyst. A large-diameter (10 mm) SEMS with
bilateral flanges, the AXIOS stent (Xlumena Inc.,
Mountain View, California, USA), was placed with
technical success in 60 patients (98%). The second
study endpoint was clinical success, which was defined
as the resolution of clinical symptoms in combination
with a decrease in the PFC size to ≤ 2 cm on imaging,
without the need for placement of an additional
endoscopic or percutaneous stent or drain or surgery.
In this study, 81% of patients with WON and 93%
of patients with a pancreatic pseudocyst achieved
clinical success. Treatment failure occurred in nine
patients (16%), including four patients who required
surgical intervention. Endoscopic stent removal was
easily performed in 47 of 57 patients (82%) after a
median of 32 d using a snare or rat-tooth forceps. In 10
patients, stent removal was not performed because of
migration of the stent (n = 3), stent dislodgement during
necrosectomy (n = 3), removal during surgery (n = 2),
and refusal by the patient (n = 2). Stent migration was
observed during the follow-up without symptoms. Severe
adverse events occurred in five patients (9%); these
consisted of PFC infection (n = 4) and perforation (n = 1).
This prospective study represents the largest
available study of EUS-guided SEMS placement for
the transmural drainage of PFCs, which confirms the
feasibility and efficacy of the technique. However, to
the study is limited by the lack of a control group,
selection bias and no planned long-term follow-up.
Finally, improvements in stent design are desirable to
improve its anchoring capacity to reduce the risk of
stent migration.

An interesting single center prospective study
compared circulating tumor cells (CTCs) in the portal
vein to CTCs in the peripheral blood of 18 patients
[41]
with suspected pancreatico-biliary cancer . The
assessment of CTCs in the peripheral blood is limited
in early-stage disease.
Portal vein sampling was performed by aspiration of
a small amount of blood (7.5 mL) with a 19-G EUS-FNA
needle, peripheral blood samples were obtained prior to
EUS.
All blood samples were subjected to identical
processation to identify cells with morphological
and immunocytochemical characteristics consistent
with epithelial cells: epithelial cell adhesion molecule
positive (EpCAM+), 4′,6-diamidino-2-phenylindole
positive (DAPI+), cytokeratin 8/18 and or 19 positive
and CD45 negative (CD45-). With flow cytometry
CTC isolation, the identified cells were collected as
CTCs and underwent genomic (KRAS sequencing) and
proteomic (P16, SMAD4 and P53) analyses.
Detection of CTCs in the portal vein sampling was
significantly higher than in the peripheral blood in all
18 patients (mean CTCs 111.8 vs 0.7, P < 0.01). No
adverse events from EUS-guided portal vein sampling
were observed.
This study can be considered to be the first EUS
application to translational medicine; if confirmed,
this approach can be helpful for the early diagnosis of
[41]
pancreatic cancer .
In the setting of CPN, an evolution of the standard
procedure is EUS-guided celiac ganglia neurolysis
(EUS-CGN), in which a neurolytic agent is directly
[42]
injected into an individual celiac ganglion .
In a randomized controlled trial, 68 patients with
pancreatic cancer underwent EUS-CPN or EUS-CGN.
The procedures were both technically successful in all
patients. EUS-CGN achieved a postoperative reduction
in pain score that was significantly greater (3.9 ± 2.4)
than in the EUS–CPN group (2.7 ± 2.4, P = 0.044).
Moreover, EUS-CGN was shown to be superior to EUSCPN in achieving a complete response (pain score ≤ 1):
(50.0% vs 18.2%, P = 0.010). No differences between
the two groups were observed with respect to adverse
[43]
events or the duration of pain relief .
A recent retrospective case-control study evaluated
the impact of celiac neurolysis on survival in patients
with pancreatic cancer. EUS-CPN was associated with
longer survival compared with non-EUS approaches,
and those who underwent EUS-CPN had longer
[44]
survival than those who underwent EUS-CGN . Due
to the retrospective design of the study, these findings
should be confirmed by prospective studies.
A mixture (7% phenol and 60% glycerol) was
employed as a new neurolytic agent through a 22-G
EUS-FNA needle for EUS-CPN. Because of its higher
viscosity relative to ethanol, the author hypothesized
that the agent would remain localized around the
celiac plexus to provide better pain relief. In 8 of

EUS PANCREATIC CANCER TREATMENT
The role of EUS in the local treatment of pancreatic
cancer and for pain control through the celiac plexus
[38,39]
neurolysis (CPN) has been extensively reviewed
.
The available data regarding the topic are pro
mising, although most studies rely on case series and
therapeutic procedures that remain experimental.
The first prospective study evaluating EUS-guided
pancreatic fiducial placement with a 22-gauge needle
[40]
was recently published . EUS-guided gold fiducials
were successfully inserted in all 23 patients before
image-guided radiation therapy (IGRT), and this
was possible in 95.2% of patients. Only one adverse
event occurred; this consisted of transient bleeding at
the site of needle insertion. Although these findings
confirm the feasibility of fiducial placement even with
a 22-G needle, no data about the patients follow-up
and treatment outcomes were reported in this study;
only two patients did not receive radiotherapy due to a
[40]
rapid disease progression .
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the 9 prospectively enrolled patients, a positive
response (89%) without severe adverse events was
achieved. The median duration of pain relief was
19.1 wk. Although this case series was limited by the
small sample size and lacks a control group, these
preliminary results are promising with respect to the
[45]
improvement of the EUS-CPN technique .

10

11

CONCLUSION
Although the latest advances in interventional
EUS require a high level of skills both in EUS and
interventional endoscopy and although their execution
remains limited to tertiary centers, these advances
portend a future where EUS can replace current invasive
techniques, especially in the setting of abdominal
drainages. nCLE improves EUS diagnostic performance
with the desirable aim of replacing histology in the
discrimination of the nature of pancreatic lesions,
thus avoiding unnecessary surgery for benign lesions.
Finally, the role of EUS in the treatment and early
biological diagnosis of pancreatic cancer could open
new research opportunities and impact patient care in a
meaningful manner.
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REVIEW

MicroRNA aberrations: An emerging field for gallbladder
cancer management
Vishal Chandra, Jong Joo Kim, Balraj Mittal, Rajani Rai

Abstract

Vishal Chandra, Department of Obstetrics and Gynecology,
Stephenson Cancer Center, University of Oklahoma Health
Sciences Center, Oklahoma City, OK 73104, United States

Gallbladder cancer (GBC) is infrequent but most lethal
biliary tract malignancy characterized by an advanced
stage diagnosis and poor survival rates attributed to
absence of specific symptoms and effective treatment
options. These necessitate development of early
prognostic/predictive markers and novel therapeutic
interventions. MicroRNAs (miRNAs) are small, noncoding RNA molecules that play a key role in tumor
biology by functioning like tumor suppressor- or oncogenes and their aberrant expression are associated
with the pathogenesis of several neoplasms with
overwhelming clinical implications. Since miRNA
signature is tissue specific, here, we focused on
current data concerning the miRNAs abberations
in GBC pathogenesis. In GBC, miRNAs with tumor
suppressor activity (miR-135-5p, miR-335, miR-34a,
miR-26a, miR‑146b‑5p, Mir-218-5p, miR-1, miR-145,
mir-130a) were found downregulated, while those
with oncogenic property (miR-20a, miR-182, mir-155)
were upregulated. The expression profile of miRNAs
was significantly associated with GBC prognosis and
prediction, and forced over-expression/ inhibition of
these miRNAs was shown to affect tumor growth and
development. Further, differential expression of miRNAs
in the blood samples of GBC patients suggest miRNAs
as promising noninvasive biomarker. Thus, miRNAs
represent potential candidate for GBC management,
though many hurdles need to be overcome before
miRNAs therapy can be clinically applied to GBC
prevention and treatment.
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Core tip: Emerging evidences have shown a clear
link between microRNAs (miRNAs) expression profile
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the association of miRNA aberrantions with cancer
[17-19]
progression and its prognostic implications
suggesting circulating and tissue miRNA profiles
as superior diagnostic and prognostic biomarkers
[20-22]
and therapeutic targets for cancer
. In addition,
tumour-based miRNA signatures were suggested
[23,24]
to identify tissue of origin of cancer
. However,
information regarding the role of miRNAs in GBC
and systematic evaluations of miRNA panels in
GBC is limited. Therefore, in the present review, we
aimed to describe the role of miRNA deregulation in
tumorigenesis, specifically in GBC to unravel its role
in GBC pathophysiology and potential for use in early
detection and prognosis.

and carcinogenesis. In addition, miRNA has been
shown a promising biomarker with devastating clinical
implications in various cancer. Recently, several studies
have investigated miRNA signature or dysregulation
in gallbladder cancer (GBC) pathogenesis. In this
review, we aimed to amalgamate the available data to
predict the clinical significance of miRNA aberration in
GBC. Our findings suggested miRNAs as a promising
biomarker and therapeutic tool for GBC management,
however, there is a long way to go.
Chandra V, Kim JJ, Mittal B, Rai R. MicroRNA aberrations:
An emerging field for gallbladder cancer management. World
J Gastroenterol 2016; 22(5): 1787-1799 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i5/1787.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i5.1787

MIRNA, ITS BIOGENESIS AND
DYSREGULATION
MiRNAs are endogenous RNA molecules that are
ubiquitous in animals, plants, and viruses but,
[25]
expressed in a tissue-specific manner . These
functions mainly as negative regulators of posttranscriptional gene expression by binding to the 3’
untranslated region (UTR) of target mRNAs, thereby
either transcriptionally destabilizing/degrading or
transnationally inhibiting them (or both) depending
[26,27]
on the degree of miRNA-mRNA complementarity
.
Since miRNAs bind to target mRNAs through imperfect
pairing, a single miRNA often regulates the expression
[28]
of multiple genes . Moreover, one gene can be
[29]
targeted by multiple miRNAs .
MiRNA biogenesis involves three main steps,
transcription, nuclear processing, and nuclear export
to the cytoplasm (Figure 1). In the nucleus, RNA
polymerase Ⅱ transcribes a precursor of miRNA
[30]
(pri-miRNAs) having a stable stem-loop
which is
cleaved by microprocessor complex (Drosha and
Pasha) releasing a hairpin-structured pre-miRNA
[31,32]
(60-100nt)
. Pre-miRNA is exported to the
cytoplasm by exportin-5 (XPO5) and subsequently
cleaved by Dicer-TRBP (TAR RNA-binding protein)PACT (or PRKRA) complex producing 20-24 nt miRNA
duplexes. These miRNA duplexes, known as miRNA:
miRNA*, become associated with argonaute (Ago)
proteins, which are central to RNA-induced silencing
[33,34]
complex (RISC) function
. Next, RISC is released
and degrades one strand (passenger strand) from
miRNA:miRNA* duplex, while another remains
associated with RISC in a complex known as mature
miRNA (or guide strand miRNA), which interacts and
[35]
regulate the target genes .
The mechanism of miRNA regulation is finely
controlled by various nuclear and cytoplasmic factors
under three main steps, transcription, biogenesis and
binding at target sites. Transcription of miRNA is under
the control of various transcription regulators (p53,
E2F, or cMyc) with oncogenic or tumor suppressor

INTRODUCTION
Although it is rare, gallbladder cancer (GBC) is
a highly aggressive and fatal disease with wide
geographical, ethnic, and gender specific variations
[1,2]
in its incidence . Since there are no specific signs,
symptoms or reliable sensitive markers, GBC is
usually diagnosed at advance stages and the outcome
[3,4]
is dismal
. Neither radiation nor conventional
chemotherapy have been shown to significantly
improve survival or quality of life for GBC patients. The
5-year survival rate is 32% in patients with lesions
confined to the gallbladder mucosa, while there is
only a 10% one year survival rate for patients with
[5]
more advanced lesions . Early diagnosis can have
a significant curative impact with surgery as the
[6]
only therapeutic option . However, our knowledge
regarding the molecular pathobiology of GBC is rather
limited owing to the scarcity of published studies. Thus,
exhaustive efforts are needed to identify authentic
tumor markers that will facilitate early detection of
GBC and add to better therapeutic options.
MicroRNAs (miRNAs) are short (18-25 nucleotides
in length) noncoding RNAs that function as master
regulators of gene expression regulating nearly 60%
[7,8]
of human genes . To date, more than 10000 miRNAs
have been identified, and shown to regulate various
biological processes and numerous developmental and
[9-11]
physiological processes
. Further, mis-expressed
miRNAs have also been associated with several
[12,13]
pathological conditions
.
MiRNAs are now well established to promote cancer
progression by functioning as either tumor suppressors
[14]
or oncogenes collectively known as “oncomirs” .
Oncogenic miRNAs act directly on transcripts with pro[15]
apoptotic or anti-proliferative roles . Conversely,
tumor-suppressor miRNAs repress the expression of
oncogenes and/or genes that control cell differentiation
[16]
or apoptosis . Numerous studies have looked for
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miRNA biogenesis and deregulation in cancer
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Figure 1 Systematic representation of microRNA biogenesis, deregulation and function. A: MicroRNA (miRNA) deregulation at the transcription level includes
transcription regulation, genomic changes, epigenetic changes (such as CpG island methylation, histone methylation or acetylation at the promoter regions) and
chromosomal aberrations such as duplication or insertions; B: Canonical pathway of miRNA biogenesis with common deregulation in cancer; C: Deregulation of
miRNA target sites and mechanisms preventing miRNA interaction with its target sites such as loss of target site, mutation or SNP, modulation, competition or
pseudotargets in the target site; D: Outcome of deregulated miRNA functional mechanism.
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[65,66]

functions. Epigenetic modifications at the promoter
regions of specific miRNA coding genes and genomic
changes including chromosomal rearrangements and
mutation or SNP may also lead to miRNA aberrations.
Biogenesis and maturation of miRNA occurs under
the control of various enzymes or co-regulators such
as exportin 5, Drosha, Dicer, TRBP, Ago2 and RISC.
However, they are frequently deregulated under
various pathological conditions. For example partial
[36,37]
deletion of Drosha and/or Dicer1
and mutation in
[38,39]
TRBP or Exportin
leads to aberrant expression of
[36,40,41]
miRNAs in different cancers
.

the cell-cycle

MIRNA AND APOPTOSIS
Diminished apoptosis is considered a hallmark of
[67]
cancer progression . Apoptosis may occur via either
an intrinsic or extrinsic pathway. miRNAs dysregulation
has been shown to control both the extrinsic and
intrinsic apoptotic pathway, especially in cancer cells,
by controlling the expression of pro-apoptotic and antiapoptotic protein (Supplementary Table 2). In general,
pro-apoptotic miRNAs (mir-15, mir-16, let-7f, mir-34,
mir-1, mir-101, mir-29) target anti-apoptotic genes or
negative regulators of apoptosis while anti-apoptotic
miRNAs (mir-21, mir-133, mir-17-92, mir-206,
mir-143, mir-145, mir-155, mir-221/222) target pro[68-70]
apoptotic genes or positive regulators
. In cancer
cells, the expression of pro-apoptotic miRNAs were
demonstrated to decrease, while several anti-apoptotic
miRNAs were frequently up-regulated, thereby inhi
[63,71]
biting apoptosis
.
P53, an important player of apoptosis, is negatively
regulated by mir-125b and mir-380-5p while miR-29
family members were identified as positive regulators
[72]
by targeting upstream CDC42 and p85α . Further,
miR-24 modulates XIAP expression level, while
mir-203 and mir-218 regulate survivin expression
and consequently regulate the apoptosis threshold in
[73-75]
cancer cells
. In addition, mir-10a, let-7a, mir-144,
mir-133, mir-24a and mir-155 were shown to affect
[70,76]
caspases activation resulting diminished apoptosis
.

MIRNAS AND CARCINOGENESIS
MiRNA deregulation has been well established in most
[42,43]
cancer types
. Various studies have suggested
that miRNA expression is commonly down-regulated
in human tumors, while some studies also reported
[44]
miRNA over-expression in cancer . In general,
miRNAs are involved in transcriptional regulation of
important genes that control key signaling pathways
involved in tumorigenesis and tumor development
such as apoptosis, cellular proliferation, angiogenesis
and regulation of the microenvironment. Here, we
discuss the roles of miRNAs in regulation of common
steps in carcinogenesis.

MIRNA AND CELL CYCLE REGULATION
MiRNAs control cell cycle directly by targeting cell
cycle regulatory genes and indirectly by targeting
[45-48]
various signaling pathways
. Cyclins (cyclin A,
B, D, E) and cyclin dependent kinases (CDK 2, 4, 6)
promote the cell cycle with subsequent inactivation
of Rb protein and activation of E2F transcription
[49-51]
factor
. Conversely, the INK4 (p16, p15, p18
and p19) and Cip/Kip (p21, p27, and p57) families
[52-55]
suppress the cell cycle by activating CDK inhibitor
.
These entire genes are well known targets of miRNAs
(Supplementary Table 1).
Tumor suppressive miRNAs inhibit the cell cycle
through repression of a wide spectrum of positive
[56,57]
regulators
; however, oncogenic miRNAs such
as miR-17-92, promote cell cycle progression by
[58]
targeting its negative regulators . Upregulation of
miR-221/222 and miR-21 has been shown to promote
[59]
G1/S transition , while over-expression of miR-16 and
[60]
mir-34 family miRNAs may lead to G0/G1 arrest .
Further, alteration of miRNA levels is associated with cell
[61]
cycle dysregulation contributing to carcinogenesis .
The let-7 and miR-15 families which are major tumorsuppressor miRNAs are frequently lost or downregulated
[46,62]
in various cancers
. Additionally, the mir-17-92 and
mir-221/222 are often upregulated in cancer inducing
cell proliferation through activation of the cell cycle
[63,64]
and Akt pathway
. Further, recent studies have
demonstrated a complex interaction between miRNAs
and several transcription factors (p53, cMYC) governing
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MIRNA IN INVASION, EMT AND
METASTASIS
MiRNAs, collectively termed as “metastamir”, play
significant roles in metastasis by regulating the
expression of different genes involved in various steps
of metastasis such as EMT, cancer cell detachment,
[77-80]
invasion and migration (Supplementary Table 3)
.
mir-200f and mir-203 are well-known epithelial
markers that are associated with suppression of EMT
and metastasis when over-expressed by targeting
[81,82]
ZEB1/2 and Snail1/2 expression
. mir-221/222,
mir-103/107, mir-27, mir-9, mir-155, mir-81a and
mir216a/217 are EMT inducer while, mir-30a, mir34a/b/c, mir-124, mir-203, mir-145, mir-204/211,
mir-138, mir-215, mir-708 and mir-205 are EMT
[83]
inhibitors . Further, miR-143, miR-29b, miR-206,
mir-340, miR-218, mir-491-5p, miR-338-3p, let-7,
miR-31, mir-21, mir-181 and mir-22/222 regulate
extracellular matrix remodeling through modulation of
[84]
matrix metallo-proteinases in cancer .
MiR-10b, mir-21, mir-520c and mir-373 were
[85]
reported as pro-metastatic miRNAs
while let-7,
mir-126, mir-335, mir-206 and mir-31 were found to
[86]
be anti-metastatic miRNAs . Down-regulation of the
miR-200f, miR-148a miR-148b and miR-9 family, and
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Aberrations of miRNA processing enzyme in GBC

upregulation miR-210 is believed to be a metastasis[78]
specific feature .

[120]

Initially, Shu et al
(2012), used immunohistoche
mistry to investigated the expression of Dicer and
Drosha in GBC patients and non-dysplastic gallbladder
epithelia. They reported significant downregulation
of Dicer or Drosha in GBC than in non-dysplastic
gallbladder epithelia, and that the loss of Dicer
and Drosha expression was closely related to the
metastasis, invasion, decreased overall survival and
poor-prognosis of GBC patients. Since Dicer and Drosha
are two key enzymes involved in miRNA production, the
loss of expression of these two enzymes is considered
to partially account for the down regulation of miRNA
expression followed by overexpression of oncogenes
or survival and proliferation associated genes in GBC.
Thus, they provided the first evidence of a role of
miRNA in GBC pathogenesis.

MIRNA AND ANGIOGENESIS
Angiogenesis is mediated by cross-talk between
[87]
pro and anti-angiogenic signaling pathways .
Downregulation/depletion of the Dicer and Drosha
were shown to impair angiogenesis demonstrating
[88]
the importance of miRNA in angiogenesis . Several
angiomirs targeting angiogenesis have been also
[89]
identiﬁed (Supplementary Table 4) . Specifically,
miR-17-92 cluster, miR-27b, miR-126, miR-130a,
miR-210, miR-296, mir-21, mir-31, let-7f and mir-378
have pro-angiogenic function and promote tumor
angiogenesis, while miR-221 /miR-222, miR-320, mir26a, miR-15, miR-16, miR-20a and miR-20b are anti[90-93]
angiomiRs
.
MiRNAs have been also shown to regulate endo
thelial cell (EC) function, vascular development,
[90,94-97]
physiology and disease
. ECs demonstrated high
expression of miR-21, let-7f, miRNA-23-24 cluster,
mir-15b, mir-16, mir-100, miR-126, miR-221/222 and
[92,98]
miR-17-92 cluster
. miR-126 was suggested to
be an EC specific miRNA that promotes angiogenesis
[99]
response to VEGF and bFGF .

MiRNA aberrations in animal models of GBC
[121]

Kitamura et al
(2012) compared the expression of
miRNA in GBC from BK5.erbB2 mice (animal model
for GBC) to that in control gallbladders from wild-type
mice using a microarray. They reported significant
up-regulation of miR-106a, miR-96, miR-223, miR27a miR-17, miR-15b, miR-142-5p, miR-142-3p
and miR-21 as well as down-regulation of miR-665,
miR-714, miR-763, miR-466f-3p, miR-145, miR-193,
miR-467e, miR-143, miR-881, miR-720, miR-706,
miR-122 and miR-378 in BK5.erbB2 mice compared
to normal gallbladder. Furthermore, BK5.erbB2 mice
treated with histone deacetylase inhibitor PCI-24781
showed significant downregulation of miR-21, miR142-3p, miR-142-5p and miR-223 and upregulation of
miR-122.

MIRNA AND CANCER METABOLISM
Metabolic reprogramming constitutes the unique
biochemical characteristic and the very origin of
[100]
cancer . Recently, miRNAs were established to serve
as master supervisors of energy metabolism such as
carbohydrate, lipid, insulin, protein and nucleic acid
metabolism, directly by influencing the metabolic
machinery (transporters), or indirectly by modulating
the expression of metabolic enzymes/kinases or
production of certain metabolites via targeting the
[101-103]
genes encoding them (Supplementary Table 5)
.
The miRNA regulation of carbohydrate metabolism
involving glucose transporters (GLUTs) and the key
enzymes (HKs, GAPDH, PFK1 etc.) has been extensively
[104-106]
investigated
. miRNAs dregulations has also been
found to affect key molecules associated with various
signaling pathways leading defective metabolism in
cancer such as p53, HIF-1alpha, Ras, AKT, AMPK and
[107-109]
cMyc
.

MiRNA aberrations in human GBC tissue samples and
cell lines

MiRNAs over-expression in GBC - Oncogenic
miRNAs: Mir-155, mir-20a and mir-182 have been
reported as oncomiRNAs that promote progression of
gallbladder carcinoma when overexpressed (Figure 2).
MiR-155 has been reported to be up-regulated
in GBCs as compared with gallbladders with pan
creaticobiliary maljunction (P = 0.007) and normal
gallbladders (P = 0.04). The higher expression of
miR-155 was found to be significantly correlated with
aggressive behavior of GBCs such as the presence
of lymph nodes, metastasis and vessel invasion,
indicating a poor prognosis. Further, GBC cell lines
transfected with miR-155 inhibitors showed significant
decrease in cell proliferation and invasion. Conversely,
cells transfected with miR-155 showed significant
increase in cell proliferation relative to negative
controls, confirming the role of miR-155 as a potent
regulator of proliferation and invasion in GBC. These
findings suggest that modulation of the miR-155 level
may be applied to the treatment of GBCs, particularly
for inhibition of cancer progression such as lymph node
invasion. Thus, mir-155 may represent a prognostic

MIRNA ABBERATIONS AND GBC
Emerging evidence has shown a clear link between
miRNA alterations and tumor progression from normal
[110-113]
phenotype
. Although, miRNA profile has been
implicated as a potential biomarker and therapeutic
[114-118]
target for cancer
, the characterization of
miRNA alterations in GBC, its relationship with GBC
pathogenesis, and prognosis has been only poorly
deciphered based on a limited number of studies, to
[119]
date (Table 1) .
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Table 1 MicroRNA de-regulation in gallbladder cancer
Ref.

Source

Kitamura
GBCs from BK5.
et al[121], 2012 erbb2 mice vs
GBC from wildtype mice

miRNA

Level Target gene

Functional
Clinical
Function
characterization association with

mir-106a, mir-96 mir-223 mir-27a mir-17 mir-15b mir142-5p mir-142-3p mir-21
mir-665 mir-714 mir-763 mir-466f-3p mir-145 mir-193
mir-467e mir-143 mir-881 mir-720 mir-706 -mir-122
mir-378
mir-21, mir-370, mir-187, mir-122, mir-202
let-7a, mir-200b, mir-143, mir-31, mir-335, mir-551

↑

-

-

-

-

↓

-

-

-

-

↑
↓

-

-

-

Li et al[133],
2015

Paired GBC,
normal tissue
and blood
samples

Peng et al[125],
2013

Paired GBC,
normal tissue

mir-335

↓

-

-

Zhou
et al[127], 2014

Paired GBC,
paracancerous
tissue

mir-106a, mir-96 mir-223 mir-27a mir-17 mir-15b mir142-5p mir-142-3p mir-21
mir-665 mir-714 mir-763 mir-466f-3p mir-145 mir-193
mir-467e mir-143 mir-881 mir-720 mir-706 -mir-122
mir-378
hsa-mir-135a-5p

↑

-

-

mir-187,
mir-143, mir-202
were associated
with metastasis,
TNM
Histologic
grade, stage,
metastasis, poor
survival
-

↓

-

-

-

-

↓

VLDLR

Histologic grade

TSG

↓

PNUTS

Poor prognosis

TSG

↓

HMGA2

Cell
proliferation,
cell cycle
distribution
Cell
proliferation
Cell
proliferation

Histological
grade

TSG

↓

Distinguish
GBC from
normal
samples

-

TSG

↓

-

Jin et al[126],
2014
Zhou
et al[128], 2014
Letelier
et al[129], 2014

Paired GBC
mir-34a
tissue, tissue
Paired GBC,
mir-26a
paracancerous
tissue
Normal GB,
mir-133a/b, mir-143-3p/5p, mir-991-5p, mir-125b-5p,
GBC tissue
mir-29c-3p, mir-195-5p, mir-139-5p, mir-29c-5p, mir-1005p, mir-148a-3p, mir-376c, mir-187-3p, mir-365a-3p, mir29b-3p, mir-497-5p, mir-654-3p, mir-411-5p, mir-125a5p, mir-26a-5p, mir-101-3p, mir-495, mir-381-3p, mir154-5p, mir-99a-3p, mir-328, mir-299-5p, mir-30e-3p,
mir-29b-2-5p, mir-379-5p, mir-140-5p, mir-24-1-5p, mir101-5p
mir-145-3p/5p

mir-1

↓

Ma et al[131],
2014

Paired GBC,
normal tissue

mir-130a

↓

Cai et al[130],
2015
Ma et al[132],
2015

Paired GBC,
normal tissue
Paired GBC,
normal tissue

mir‑146b‑5p

↓

mir-218-5p

↓

Chang
Paired GBC,
et al[123], 2013 normal GB tissue
Kono
Paired GBC,
et al[122], 2014 normal GB tissue

mir-20a

↑

mir-155

↑

Qiu et al[124],
2014

mir-182

↑

GBC, normal
tissue

Cell growth,
cell viability,
apoptosis
VEGF-A ,
Cell growth,
AXL
cell viability,
apoptosis
Cell
proliferation,
invasion
EGFR
Apoptosis, G1 Carcinoma size,
phase arrest
progression
BMI-1
Cell
proliferation,
invasion
SMAD-7 EMT, metastasis Worse overall
survival
Cell
Lymph node
proliferation,
metastasis,
invasion
invasion, poor
prognosis
CADM1
Cell migration,
Metastasis
invasion

-

-

TSG

TSG

TSG

TSG
TSG

OG
OG

OG

GBC: Gallbladder cancer; VLDR: Very-low-density-lipoprotein receptor; PNUTS: Phosphatase 1 nuclear targeting subunit; HMGA2: High-mobility group
AT-hook 2; VEGF-A: Vascular endothelial growth factor A; AXL: AXL receptor tyrosine kinase; EGFR: Epidermal growth factor receptor; BMI-1: Polycomb
ring finger; SMAD-7: Mothers against DPP homolog 7; CADM1: Cell adhesion molecule 1.
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stage, clinical stage, lymph node metastasis and
shorter overall survival. Reduced miR-335 expression
represents an independent predictor of poor prognosis
[126]
for overall survival in GBC patients. Later, Jin et al
(2014) identified mir-34a as a tumor suppressor in
GBC. Moreover, they demonstrated significantly lower
miR-34a expression in GBC as compared to peritumoral
tissue, which correlated with poor prognosis of GBC
patients. Forced overexpression of miR-34a reduced
+
+
the colony-forming ability of CD44 CD133 GBC tumor
stem-like cells in vitro and inhibited tumor growth in
a xenograft animal model. This inhibitory effect was
associated with downregulation of phosphatase 1
nuclear targeting subunit (PNUTS) expression and a
decrease in telomerase length.
By using the miRNA expression profiling chip in
four paired GBC and paracancerous tissues, Zhou
[127]
et al
, 2014 identiﬁed aberrant expression of 23
miRNAs in GBC tissue as compared with their paired
noncancerous tissue. Among them, miR-135a-5p and
miR-26a were considered to signiﬁcantly influence
GBC cell proliferation. miR-135-5p expression was
correlated with the neoplasm histologic grade. Ectopic
mir-135a expression inhibited GBC cell proliferation in
vitro and in vivo and disrupted cell cycle distribution
leading to arrest the cells in the G 1⁄S phase. miR135a exerted this function by directly targeting very
low density lipoprotein receptor (VLDLR), leading to
activation of the p38 MAPK pathway. In a subsequent
study, they reported miR-26a downregulation in GBC
associated with neoplasm histological grade. miR-26a
significantly inhibited the proliferation of GBC cells
by targeting high mobility group AT-hook 2 (HMGA2)
via G1 arrest. Furthermore, they demonstrated
that HMGA2 mRNA levels and miR-26a levels were
negatively correlated and reintroduction of HMGA2
antagonized inhibition of the GBC cell proliferation by
[128]
miR-26a .
A comprehensive miRNA profiling study showed
consistent downregulation of 36 miRNAs separating
the GBC and normal samples. Among them,
expression of hsa-miR-133a, hsa-miR-133b, hsamiR-143, hsa-miR-145, hsa-miR-1, and hsa-miR-29c
were further validated by qRT-PCR. These miRNAs
collectively targeted a number of genes including
TGF-β, ErbB3, WNT, MAPK and VEGF, Notch as well
as those participating in various biological processes
associated with human cancer such as transcription
regulation, signal transduction, positive regulation of
cell proliferation, cell adhesion and angiogenesis. miR-1
and miR-145 expression were significantly decreased
in GBC cell lines. Ectopic expression of miR-1 and
miR-145 was shown to decrease cell viability, inhibit
colony formation or clonogenic survival and increase
apoptosis. mir-1 may act via reduced gene expression
of VEGF-A and AXL, resulting in inhibition of gallbladder
[129]
cancer cell growth, in vitro .
Decreased expression of mir-146b-5p was also
reported in GBC tissue, which is significantly correlated

miRNA de-regulation in GBC
Up-regulation

Tumor-suppressor miRNA

HMGA2

miR-26a
miR-135a-5p

VLDR

miR-155
miR-20a
miR-182

??
??
Smad7
CADM1

PNUTS

miR-34a

??

miR-335

??

mir-130a

??

miR-145

BMI-1

mir-218-5p

EGFR

miR‑146b‑5p
miR-1

VEGFA

DICER/DROSHA
Oncogenic miRNA

Down-regulation

Figure 2 MicroRNA aberrations in gallbladder cancer and their role.
[122]

marker and therapeutic target for GBC .
[123]
Chang et al
(2013) identified 17 prominent
metastatic inducers of GBCs. Among them, mir-20a
was found to be highly expressed in tumor tissues
as compared to normal gallbladder and was closely
associated with local invasion, distant metastasis,
and poor prognosis of GBC patients. Patients with
higher miR-20a expression exhibited a worse overall
survival than those with lower expression. The ectopic
expression of miR-20a was shown to induce EMT
and enhance metastasis of GBC cells in vitro and
in vivo by directly targeting the 3’ UTR of Smad7
and subsequently promoting nuclear translocation
of β-catenin, suggesting that the TGF-β1/miR-20a/
SMAD7 axis plays an important role in the progression
of GBC.
Another study reported significant upregulation
of mir-182 in GBC relative to normal control and in
the metastatic tumor when compared with primary
tumor that did not metastasize. Upregulation of
miR-182 expression in GBC cells was found to promote
cell migration and invasion while downregulation of
miR-182 inhibited TGF-β-induced cell migration and
invasion. They also identified CADM1 as a new target
gene of miR-182 that is negatively regulated by
mir-182 in vitro and in vivo. Importantly, re-expression
of CADM1 in GBC cells partially abrogates mir-182[124]
induced cell invasion .
MiRNAs downregulation in GBC - Tumor sup
pressive miRNAs: Tumor suppressive miRNAs in
GBC include mir-34a, miR-335, miR-135-5p, miR-26a,
miR-1, miR-145 and mir-146b-5p which were frequently
found to be down-regulated in GBC (Figure 2).
[125]
Peng et al
(2013) demonstrated downregulation
of miR-335 in the majority of GBC patients that is
associated with aggressive tumor behaviors such
as high histologic grade, advanced pathologic T
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[130]

with carcinoma size and development . miR‑146b‑5p
overexpression was found to inhibit cell growth through
enhanced apoptosis and G1 phase arrest. Enforced
expression of epidermal growth factor receptor
(EGFR) reversed the ability of miR‑146b‑5p to inhibit
proliferation suggesting that EGFR is a mediator of the
[130]
biological effects of miR‑146b‑5p in GBC .

and expression, with genetic susceptibility, treatment
response and toxicity (personal communication). None
of the studied SNPs were found to be associated with
overall GBC susceptibility, survival outcomes of GBC
patients (locally advanced, metastatic) and response
to chemo-radiotherapy. However, in Generalized
Multifactor Dimensionality Reduction(GMDR) analysis,
miR-27ars895819, miR-570rs4143815, and miR-181ars12537
combination was found to be associated with GBC
susceptibility and treatment response while miR27ars895819-miR-181ars12537 combination was associated
with neutropenia toxicity in patients undergoing chemoradiotherapy suggesting the the cumulatively influence
of miRNA variants on GBC susceptibility and treatment
[135]
outcomes .

OTHER MIRNAS
HOTAIR’s, which are long non-coding RNAs with
oncogenic activity, have been found to negatively
regulate miRNA-130a expression in GBC, promoting
the invasiveness and proliferation of cancer cells.
miRNA-130a has tumor-suppressive activity, and has
been previously reported to be downregulated in a
[131]
[132]
variety of carcinomas
. Later, Ma et al
(2015)
demonstrated that downregulation of miR-218-5p in
GBC occurred via Colon Cancer-Associated Transcript-1
(CCAT1). Specifically, CCAT1 was found to promote
the proliferation and invasiveness of GBC cells by
upregulating the miRNA-218-5p target gene, Bmi1, by
competitively “spongeing” miRNA-218-5p. Recently,
[133]
Li et al
(2015) demonstrated deregulation of 11
miRNAs (upregulated- miR-21, miR-370, miR-187,
miR-122, miR-202; and down-regulated- let-7a, miR200b, miR-143, miR-31, miR-335, and miR-551)
in GBC tissue samples relative to neighboring
noncancerous tissue.

FUTURE PROSPECTIVE: MIRNA AS A
THERAPEUTIC OPTIONS FOR GBC
Currently, the use of miRNA as a viable therapeutic
target is the most fascinating area of cancer research
that has gain overwhelming amount of importance
because (1) miRNA are small molecule comprising
of a known and evolutionary conserved sequences;
(2) it can target multiple genes and regulate wide
range of biological process; (3) the potential targets
of a particular miRNAs can be predicted by using
various bioinformatical tools; such as miRanda
(http://www.microRNA.org), microCosm (previously
known as miRBase targets, http://www.mirbase.org),
Targetscan (http://www.targetscan.org), or PicTar
(http://pictar.mdc-berlin.de); (4) miRNA expression
is frequently dysregulated in various cancer; and (5)
the cancer phenotype can be changed by targeting
[17,136-138]
miRNA expression
. Consequently, growing
evidences have confirmed that restoration of miRNAs
signature i.e., inhibition of over-expressed and
oncogenic miRNAs by using chemically modified antimiR oligonucleotides as well as restoration of downregulated or tumor suppressive miRNAs by using
synthetic miRNA mimics or viral expression constructs,
constitute a novel treatment strategy for cancer. In
addition several miRNAs modulation has been found
to reverse the drug resistance in various cancer
[139-141]
enhancing the therapeutic implication of miRNAs
.
Till date, several studies have successfully inves
tigated the therapeutic effects of miRNA in preclinical
models and xenografts, e.g., reconstitution of miR-34
and let-7 was found to reduce the tumour growth in a
murine model of non-small cell lung cancer (NSCLC).
On the other hand, depletion of miR-21 in combination
therap has been shown to control pancreatic ductal
adenocarcinoma in a mouse model. MRX34 (mir-34
mimic) is the first microRNA mimic to enter clinical
development for cancer and is currently under
phase Ⅰ clinical trial (NCT01829971) involving primary
hepatocellular carcinoma (HCC metastatic liver cancer)
patients. Since, mir-34 and let-7 was shown to function

MiRNA aberrations in blood samples of GBC patients
[133]

Li et al
(2015) demonstrated upregulation of
miR-21, miR-200b, miR-187, miR-122, and miR-202
while down-regulation of let-7a, miR-370, miR-143,
miR-31, miR-335, and miR-551 in blood samples
of GBC patients relative to control blood samples.
However, only the level of let-7a, miR-21, miR-187,
miR-143, miR-202, and miR-335 was reported to
differ significantly between GBC patients and the
control. Furthermore, only miR-187, miR-143, and
miR-122 were associated with lymphatic metastasis,
suggesting that these three miRNAs can be used for
GBC prognosis and therapeutic efficacy.

MiRNA genetic variants in GBC

Envisioning the important role of miRNA in carcino
genesis, as well as the role of genetic variants to mo
dulate the miRNA processing and expression, thereby
resulting in diverse functional consequences, Srivastava
[134]
et al
, investigated the association of common
potentially functional polymorphisms in pre-miRNA (hsamiR-146a, hsa-mir-196a2 and hsa-mir-499) with GBC
susceptibility in a North Indian population. However,
they found no association suggesting that these miRNA
variants may not contribute to GBC susceptibility.
Recently, we evaluated the association of genetic
variants of miR-27a (rs895819), miR-570 (rs4143815)
and miR-181a (rs12537), which alter miRNA processing
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like TSG while mir-21 was found to be oncogenic in
GBC, similar miRNA therapy could be also applied for
GBC like other cancers. Thus, miRNA holds promising
perspectives for GBC management where treatment
options are already limited, however, there is still
limited study exploring the role of miRNA in GBC and
we still need to identify key miRNAs having therapeutic
importance in GBC. Moreover, though the effectiveness
and safety of miRNA-derived drugs depends on cellular
context and pre-existing genetic and epigenetic lesions
due to heterogeneous nature of disease, this area of
research needs to be carefully appraised in GBC.

9
10
11

12

13

CONCLUSION
miRNAs constitute an important regulator of carci
nogenesis. Frequent deregulation of various miRNAs
in GBC has been found to affect tumor growth and
survival, suggesting miRNAs as promising biomarkers
for GBC diagnosis and prognosis. Further, miRNA
signature in blood sample represents a future noninvasive diagnostic biomarker for GBC. miRNAs also
represent wide-ranging applications as new targets for
treatment by inhibition of overexpressed oncogenic
miRNAs or inhibition of tumor suppressive miRNAs.
The high stability of miRNAs when compared with
mRNA molecules in both blood samples and formalinfixed, paraffin-embedded tissue samples offers a
great advantage suggesting miRNAs as a promising
approach to ameliorate GBC. However, the number of
studies investigating the miRNAs signature in GBC is
limited. Therefore, larger well-designed studies with
clinical outcome are needed to investigate the complex
network of miRNAs in the pathogenesis of GBC.
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REVIEW

Gender difference in gastro-esophageal reflux diseases
Kiyotaka Asanuma, Katsunori Iijima, Tooru Shimosegawa
a metaplastic condition of the distal esophagus),
a precursor lesion and ultimately adenocarcinoma.
This spectrum of GERD is strongly predominant in
males due to an unidentified mechanism. Several
epidemiologic studies have described that the
prevalence of GERD, BE and EAC in women is closely
related to reproductive status, which suggests a
possible association with the estrogen level. Recently,
we revealed in an in vivo study that the inactivation
of mast cells by the anti-inflammatory function of
estrogen may account for the gender difference in
the GERD spectrum. Other studies have described the
contribution of female steroid hormones to the gender
difference in these diseases. Estrogen is reported
to modulate the metabolism of fat, and obesity is a
main risk factor of GERDs. Moreover, estrogen could
confer esophageal epithelial resistance to causative
refluxate. These functions of estrogen might explain
the approximately 20-year delay in the incidence of
BE and the subsequent development of EAC in women
compared to men, and this effect may be responsible
for the male predominance. However, some
observational studies demonstrated that hormone
replacement therapy exerts controversial effects in
GERD patients. Nevertheless, the estrogen-related
endocrine milieu may prevent disease progression
toward carcinogenesis in GERD patients. The deve
lopment of innovative alternatives to conventional acid
suppressors may become possible by clarifying the
mechanisms of estrogen.
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Abstract
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Group Inc. All rights reserved.

The incidence of esophageal adenocarcinoma (EAC)
has risen sharply in western countries over the past 4
decades. This type of cancer is considered to follow a
transitional process that goes from gastro-esophageal
reflux disease (GERD) to Barrett’s esophagus (BE,

Core tip: Gastro-esophageal reflux disease (GERD),
Barrett’s esophagus and esophageal adenocarcinoma
are epidemiologically recognized to be more prevalent
in males due to an unknown mechanism. Our recent
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animal study revealed that estrogen contributes to
the gender difference by inactivating inflammatory
cells. Additionally, several studies demonstrated that
estrogen confers epithelial resistance against causative
refluxate and modifies adipose tissue metabolism
in obese people and prevent the onset of GERDs.
Consequently, the estrogen-related endocrine milieu
in women could retard the progression of chronic
inflammation to esophageal carcinogenesis, which is
likely responsible for the predominance of GERD in
males.

EPIDEMIOLOGY IN GERD, BARRETT’S
ESOPHAGUS AND ESOPHAGEAL
ADENOCARCINOMA

Asanuma K, Iijima K, Shimosegawa T. Gender difference in
gastro-esophageal reflux diseases. World J Gastroenterol 2016;
22(5): 1800-1810 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i5/1800.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1800

GERD

Accumulating epidemiological evidence shows that
the generative period of women is related to the
prevalence of GERDs. The difference in age-stratified
prevalence between the sexes suggests that estrogen
significantly impacts each step of GERD-related
carcinogenesis and may consequently be responsible
for the predominance of this disease in males.

GERD consist of manifestations of esophageal damage
due to the reflux of gastric or intestinal contents
to the esophagus as well as other symptoms, espe
[11]
cially heartburn . The incidence of GERD has been
[12]
reported to be almost equal in males and females .
However, GERD is grossly divided into 2 pathological
conditions by endoscopy, erosive reflux esophagitis
(ERD) and non-erosive reflux esophagitis (NERD),
and epidemiologic studies have indicated that ERD is
[13-21]
predominant in males (Table 1)
. A recent metaanalysis described that the male/female ratio in the
[22]
prevalence of ERD was 1.57/1 (95%CI: 1.40-1.76) ,
and the mean age of men with ERD was reported to be
lower than that of women. A retrospective, large-scale
endoscopic analysis in the UK showed that the mean
age of men/women with ERD was 59.7 ± 16.1/64.4
[18]
± 15.1 . Thus, the incidence of ERD positively
correlated with age, but female patients tended to be
[18,19,23]
older than male patients
. Moreover, ERD tended
to be more severe in older women than in men, and
the increase in the incidence of severe ERD tended to
[18,19]
be higher in postmenopausal women than in men
.
Conversely, NERD is more common in women (Table
[12,16,24,25]
1)
. Interestingly, a quantitative esophageal
symptom analysis revealed that symptom frequency
and severity were significantly higher in women than
in men, whereas the endoscopic esophagitis grade or
duration of the time at pH below 4 during ambulatory
24-h esophageal pH monitoring did not significantly
[14,26]
differ between men and women
.

INTRODUCTION
Esophageal adenocarcinoma (EAC) has been
increasing in many countries, especially in Western
[1,2]
countries, over the past 4 decades . EAC has been
proposed to be the end result of a stepwise disease
process that transitions through gastro-esophageal
reflux disease (GERD) and Barrett’s esophagus (BE),
a condition in which the reflux-damaged esophageal
squamous epithelium is replaced by metaplastic
[3]
columnar epithelium . EAC, erosive reflux esophagitis
(ERD) and BE are widely known to be predominant in
males. This gender difference in the spectrum of GERD
cannot be explained by prevailing risk factors and has
previously been associated with sex steroid hormones,
although little is known about the mechanism
responsible for this disparity in the incidence. Some
types of human gastro-intestinal neoplasms are
predominant in males, including colorectal cancer,
[4-6]
gastric cancer and esophageal cancer . The genderspecific susceptibility to various diseases in the gastrointestinal tract has frequently been investigated
[7,8]
using experimental animal models . Females are
less affected by gastric or intestinal inflammation
in response to chemical insult or bacterial infection
than males are, which leads to differences in the
[9]
incidence of gender-specific carcinogenesis . In these
studies, the anti-inflammatory activity of estrogen
was considered to contribute to the lower incidence of
carcinogenesis in females.
Using an animal model of GERD, we recently
published the first report showing that the estrogen
level could account for the gender difference in disease
[10]
incidence . In this review, we describe the crucial
role of estrogen, a primary female sex hormone that
exerts various physiological activities, including antiinflammatory functions, in the sex difference of GERD
incidence.
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BE

The prevalence of BE is not known, in part because this
disease is symptomatically silent, which complicates
endoscopic studies. Furthermore, the definitions of BE
often differ by study. United States gastroenterology
societies require esophageal biopsies showing intes
tinal metaplasia (IM) and goblet cells for a definitive
diagnosis of BE because IM is considered a well[27,28]
established risk factor for adenocarcinoma
.
Conversely, the British Society of Gastroenterology
guidelines noted that the presence of IM in the
columnar epithelium of the esophagus is not a pre
requisite for the diagnosis of BE due to the difficulty
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Table 1 The male/female ratio in the prevalence of erosive esophagitis and non-erosive esophagitis
Ref.
Erosive reflux esophagitis
United States
El-Serag et al[13], 2002
Lin et al[14], 2004
Europe
Nilsson et al[15], 2002
Jaspersen et al[16], 2003
Ford et al[17], 2005
Menon et al[18], 2011
Asia
Furukawa et al[19], 1999
Koike et al[20], 1999
Ho et al[21], 2005
Non-erosive reflux esophagitis
United States
Richter et al[24], 2000
Europe
Damiano et al[25], 2003
Jaspersen et al[16], 2003
Ronkainen et al[12], 2005

Country

Number

United States
United States
Sweden
German/Austria
/Switzerland
United Kingdom
United Kingdom
Japan
Japan
Singapore
United States
United States
German/Austria
/Switzerland
Sweden

Study period

Male/female ratio

2617
63
71
1279

NA
NA
1996-1997
2000-2001

1.6
1.6
1.6
1.6

1695
13148
533
98
649

1301
11092
444
78
479

2001-2003
1997-2009
1996-1998
1995-1998
1992-2001

1.4
1.2
1.3
1.3
1.4

375
73
1337

523
150
1633

NA
NA
2000-2001

0.8
0.5
0.9

340

431

NA

0.8

Study period

Male/female ratio

Men

Women

4092
131
108
1966

NA: Non-applicable (data not available).

Table 2 The male/female ratio in the prevalence of Barrett’s esophagus
Ref.

Country

Number

Columnar lined epithelium with intestinal metaplasia
United States
Rudolph et al[30], 2000
Conio et al[31], 2001
Kubo et al[32], 2013

United States
United States
United States/Ireland
/Australia
Europe
Bani-Hani et al[33], 2000
United Kingdom
van Blankenstein et al[34], 2005
United Kingdom
Anderson et al[35], 2003
Northern Ireland
Kulig et al[36], 2003
Germany/Austria
/Switzerland
Pohl et al[37], 2013
Germany
Conio et al[38], 2003
Italy
van Soest et al[39], 2005
Netherlands
de Jonge et al[40], 2010
Netherlands
Ronkainen et al[41], 2005
Sweden
Hvid-Jensen et al[42], 2011
Denmark
Asia/Oceania
Hillman et al[43], 2003
Australia
Columnar lined epithelium irrespective of intestinal metaplasia
Europe
Coleman et al[45], 2011
Northern Ireland
Masclee et al[46], 2014
United Kingdom
Netherlands
Asia
Dong et al[47], 2013
China

Men

Women

226
108
786

83
46
316

1993-1998
1969-1998
1997-2003

2.8
2.4
2.5

179
248
819
456

128
127
473
246

1984-1995
1982-1996
1993-1999
2000-2001

1.4
1.4
1.8
1.9

NA
135
158
NA
9
7366
NA

NA
31
102
NA
7
3662
NA

2005-2009
1987-1997
1996-2003
1996-2006
1998
1992-2009
1981-2001

2.6
4.4
1.6
1.7
1.3
2.1
2.5

5482
7811
856
2452

3897
4501
527
1377

1993-2005
2000-2011
2000-2012
2001-2011

1.4
1.8
1.7
1.8

NA: Non-applicable (data not available).

in excluding sampling errors of the biopsies and the
[29]
carcinogenic potential in non-IM . In women, the
prevalence of BE, defined as columnar lined epithelium
(CLE) with IM, has been reported to be approximately
[30-43]
twice as high as in men (Table 2)
. Specifically, a
meta-analysis demonstrated that the male/female sex
[22]
ratio of BE with IM was 2.13/1 (95%CI: 1.87-2.46) .
A large cohort study in the Netherlands revealed that
the mean age of women with BE was significantly
higher than that of men with BE (men/women; 59.3
[39]
± 13.8/65.5 ± 15.0, p < 0.01) . Other studies
revealed that the prevalence of BE in women began to
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increase after 60 years of age and that the increase in
the prevalence of BE in women in the postmenopausal
[17,34]
period surpassed that of men
. Age-specific
increases in BE occurred in parallel with a 20-year age
[34]
shift between men and women . Moreover, BE tended
to be longer in men than in women, and the incidence
[34,44]
of BE with IM was higher in men than in women
.
Conversely, epidemiologic studies of the prevalence of
BE, irrespective of the presence of IM, demonstrated
a significant male predominance, but the male/female
ratio of this condition was somewhat lower than that of
[45-47]
BE (Table 2)
. The meta-analysis revealed that the
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Table 3 The male/female ratio in the prevalence of esophageal adenocarcinoma
Ref.

Ethnicity/country

Per million
Men

United States

Europe

Asia/Oceania

Dubecz et al[48], 2013

van Soest et al[39], 2005
Lepage et al[49], 2008
Hvid-Jensen et al[42], 2011
Pohl et al[37], 2013
Hillman et al[43], 2003
Ozawa et al[50], 2010
Chang et al[51], 2002
Fernandes et al[52], 2006

White
Non-white
White
Non-white
White
Non-white
Netherlands
England and Wales
Denmark
Germany
Australia
Japan
Taiwan
Singapore

40
23
65
30
90
27
39
NA
56
87
11
3661
93%
96

Study period

Male/female ratio

1980

3.7
2.3
4.4
1.6
4.5
1.5
3.3
5.0
5.6
3.8
5.5
6.4
13.3
3.2

Women
11
10
15
19
20
18
12
NA
10
23
2
574
7%
30

1990
2000
1996-2003
1971-2001
1992-2009
2005-2009
1981-2001
2002
1981-1995
1968-2002

NA: Non-applicable (data not available).

age 50, suggesting a disproportionate increase in
the incidence of EAC in postmenopausal women. The
combined evidence suggests that women lag behind
[55]
men by 17 years in the development of EAC .

male/female ratio of BE was 1.71/1 (95%CI: 1.42-2.04),
[22]
irrespective of the presence of IM .

EAC

The male/female ratio in the prevalence of EAC
varies depending on the country or ethnicity (Table
[37,39,42,43,48-52]
3)
. Nevertheless, as a whole, EAC is
significantly more common in males than in females,
irrespective of country or ethnicity. In the United
States, United Kingdom, Denmark and Sweden, the
incidence of EAC has been increasing in both men
and women, whereas the incidence in women has
been almost stable or increasing at only a very low
[1,2,49,53]
rate in Norway and Finland
. In Caucasians in
the United States, England and Wales, where the rate
of increase of EAC is higher than in other countries,
the male/female ratio of 5/1 has not changed over
[48,49]
the last 3 decades
. However, non-Caucasian
men in the US have experienced a slow increase in
the incidence of EAC, whereas the incidence in nonCaucasian women has remained almost unchanged
over the last 3 decades. Therefore, the male/female
ratio of EAC in non-Caucasians in the US ranged from
[48,49]
1.5/1 to 2.0/1 during the study period
. The mean
age of female BE patients with EAC and high-grade
dysplasia was reported to be higher than that of male
BE patients (men/women: 64.1 ± 10.7/70.6 ± 7.9),
[44]
and this trend was the same for other GERDs . A
recent large population-based study demonstrating
the annual percentage change in the incidence of EAC
revealed that the rate of EAC rapidly increased in men,
regardless of age, whereas women aged 50 and older
exhibited slowly increasing rates of EAC. However, the
rate of increase was higher in women aged 80 years
or older than in men, whereas women aged under 50
[54]
showed a qualitatively flatter trajectory . Additionally,
this study revealed that the age-adjusted male/female
ratio of the incidence steadily declined starting at
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Gender differences in the spectrum of GERD

These epidemiologic studies have demonstrated a
profound male predominance in the prevalence of
GERD, including ERD, BE and EAC, irrespective of
country, ethnicity and decade. The male to female ratio
appears to increase as the disease progresses from
ERD to BE and subsequent EAC; in other words, the
reported male to female ratio in the prevalence of BE
was higher than that of GERD, and the reported male
to female ratio in the prevalence of EAC was higher
[22,37]
than that of BE
.
Moreover, these 3 reflux-associated disorders share
one common feature: the severity and the prevalence
of these diseases appear to be closely related to
the reproductive hormone status of women. In the
postmenopausal period, the prevalence of the GERD
spectrum rapidly increased, whereas it was lower than
that in men in the reproductive period, which could be
responsible for the increased prevalence of GERDs in
younger men than women and for dozen-year delay in
the development of BE and EAC in women. Additionally,
long-segment BE was more common in men than
[34,44]
short-segment BE
. Sex hormones in women might
prevent the development of IM by reducing ERD, which
may be responsible for the difference in the prevalence
of BE by definition. Considering the anti-inflammatory
function of estrogen and the fact that severe reflux
and esophageal inflammation are likely to promote
[56,57]
the development of BE and subsequent EAC
,
these epidemiologic findings suggest that exposure to
estrogen during the reproductive years may protect
women from the progression of esophageal metaplasia
to carcinogenesis.
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[32,71-73]

BE
. Another meta-analysis showed a strong
relationship between central obesity and EAC after
[74]
adjusting for BMI . However, the association between
BMI and GERD or BE has been inconsistent between
[37,64,65]
the sexes
. A case-controlled study conducted in
Japan also demonstrated a strong association between
BMI and BE in men, whereas these two factors were
[75]
not associated in women . Although abdominal
obesity has been documented to be a risk for these
diseases, independent of BMI, the precise mechanism
responsible for the gender difference has yet to be
determined. A recent study using the National Health
and Nutrition Examination Survey data described that
men predominantly display central obesity, which
consists of mainly visceral adipose tissue, and this
[76]
presentation is less common in women . Abdominal
obesity might cause mechanical dysfunction at the
gastro-esophageal junction and make the gastroduodenal reflux contents more harmful, which may
partly explain the observed sex disparities in the
disease.
Visceral fat is associated with particular metabolic
compounds and a different balance of adipose-related
hormones, including insulin-like growth factor, tumor
necrosis factor α (TNF-α), and interleukin 6 (IL-6),
and adipokines, such as leptin, many of which have
also been found to be linked to carcinogenesis in
[77,78]
other types of cancer
. Leptin, an adipokine, is
secreted by adipocytes and regulates food intake and
[79]
energy consumption . In humans, the serum leptin
level closely correlates with body fat mass, and obese
people are typically hyperleptinemic, a condition that
[79]
results from leptin resistance . In an in vitro study,
leptin was shown to be mitogenic and angiogenic; it
was also shown to induce proliferation in a variety of
human cell types, including esophageal cancer cell
[80]
lines . A recent case-controlled study revealed that
higher concentrations of serum leptin were associated
[81]
with an increased risk of BE . In this study, the
serum leptin levels positively correlated with the risk of
BE in men, but this correlation tended to be negative
[81]
in women . Although the general serum leptin level
in women is 3- to 4-fold higher than that in men, the
incidence of BE is inversely related to the leptin level in
women.

SMOKING AND ALCOHOL
Esophageal malignant neoplasms can be roughly
classified into two histological types of cancer,
esophageal squamous cell carcinoma (ESCC) and
adenocarcinoma (EAC), and both types are more
[58]
common in males than in females . Tobacco smoking
and excessive alcohol consumption are widely
[59]
recognized as risk factors for ESCC . Moreover,
the male predominance of ESCC is attributed to the
higher prevalence of environmental risk factors in
men, such as current or past tobacco smoking and
[60]
the excessive consumption of alcohol . Similarly,
a number of observational studies have identified
current or past tobacco smoking as a risk factor for
EAC. In patients with BE, current and past smoking
history increases the risk for progression to high-grade
dysplasia and adenocarcinoma by approximately two[61]
fold . However, a recent cohort study reported that
the male predominance in EAC could not be attributed
[62]
to differences in smoking histories . This study
demonstrated a similar male predominance of EAC
before and after adjusting for smoking (men/women
ratio, 95%CI: before 9.9%, 6.5-15.1; after 8.7%,
5.7-13.4). On the other hands, some epidemiological
studies showed that the excessive consumption of
some types of alcohol, such as liquor, promoted the
[63]
progression of BE to EAC . Nevertheless, alcohol
consumption has not been associated with the male/
female ratio in GERD, BE and EAC.

OBESITY IN THE GERD SPECTRUM
Obesity is an important risk factor for GERD, BE
and EAC. Consequently, this condition has garnered
increasing attention, particularly because the inci
dence of these diseases increased in parallel with
[64,65]
obesity
. To date, no single mechanism that can
account for this profound increase has been identified,
and the mechanism by which obesity promotes
the development of BE and EAC remains unclear.
Abdominal obesity has been hypothesized to induce
GERD via mechanical mechanisms by increasing the
abdominal pressure, which subsequently relaxes
the lower esophageal sphincter to expose the lower
esophagus to gastric acid and increase the risk of
[66-68]
GERD and, consequently, BE
. Additionally, the
contents of the duodenal juice that could reflux into
the esophageal lumen may differ in obese individuals.
A vagal abnormality associated with obesity may cause
a high output of bile and pancreatic enzymes, thus
making the refluxate more toxic to the esophageal
[69]
mucosa .
In general, obesity is often evaluated using a
proxy, the body mass index (BMI), and an increased
BMI is fairly consistently associated with a higher risk
[37,70]
of EAC
. However, recent studies have suggested
that intra-abdominal or central obesity rather than
BMI are more consistently associated with GERD and
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CONTRIBUTION OF ESTROGEN TO THE
GENDER DIFFERENCE IN THE INCIDENCE
OF GERD SPECTRUM
Obesity

Estrogen is reported to be involved in the regulation
[82]
of metabolism in adipose tissue . An animal study
using mice demonstrated that obesity was induced
by reducing the ability to synthesize estrogen and
[83,84]
by knocking out the estrogen receptor-α (ER-α)
.
Additionally, estrogen increases the leptin mRNA levels
in adipose tissue, and this deficiency impairs central
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[85,86]

leptin sensitivity
. Moreover, estrogen was found to
influence leptin receptor expression and hypothalamic
sensitivity to leptin, thus driving subcutaneous body fat
accrual over visceral fat in a rat animal model to result
in the inverse relationship between visceral fat and the
estrogen level. Eventually, visceral fat accumulation
becomes evident when the circulation estrogen levels
[87,88]
are sufficiently low in postmenopausal women
.
Differences in the distribution of body fat between men
and women, i.e., the accumulation of visceral fat in
men and subcutaneous fat in women, might account
for the increased prevalence of some types of GERDrelated disorders in men.
The relationship between leptin level and the
difference in the prevalence of BE between the sexes is
controversial. Although leptin induced the proliferation
of ER-α-overexpressing mammary gland cells in vitro
via signal transducer and activator of transcription 3
(STAT-3), which regulates inflammatory and apoptotic
processes, it did not promote the proliferation of ER-αoverexpressing cells. Instead, leptin slightly decreased
[89]
the proliferation of these cells . Human esophageal
epithelium predominantly expresses ER-α; thus, the
higher concentration of estrogen in women prior
to menopause than men might prevent the leptininduced development of BE and, subsequently, EAC
in women although further studies is needed to clarify
[90]
the precise mechanism .

hormone in the gender difference via the inactivation
of inflammatory cells in GERD, other candidate
mechanisms implicate sex steroid hormones in the
prevention of the stepwise progression from GERD
to EAC. Some studies demonstrated that estrogen
repressed the monocyte/macrophage system in some
pathological conditions involved in the development
[94-96]
of postmenopausal disorders
. Our study, as
described above, also revealed the involvement of
tissue macrophage inhibitory factor (MIF) expression
[10]
in a GERD animal model . MIF is expressed by
various cell types, including esophageal squamous
cells, and regulates inflammation and the innate
immune response involved in macrophage infiltration
[97]
and TNF-a production . We revealed that estrogen
significantly suppressed the esophageal MIF level.
Because estrogen has been shown to target MIF to
enhance cutaneous wound healing via the inactivation
of macrophages, anti-inflammatory functions
related to estrogen might contribute to the gender
[98,99]
difference in the incidence of reflux esophagitis
.
Conversely, other in in vivo studies revealed that
estrogen promoted the pro-inflammatory response
[100,101]
in macrophages via ER-α
. Interestingly, the
cooperation of epidermal ER-α counter-regulator of
ER-α and the activation of macrophage ER-α appeared
to be required for the effective promotion of cutaneous
[102]
wound healing .
Similar to macrophages and mast cells, neutrophils
and lymphocytes are reported to express various sex
[103]
steroid receptors, including ERs
. Although these
inflammatory cells and their related cytokines are
considered to be associated with the epithelial damage
caused by harmful refluxate and the development
[104]
of BE
, the precise mechanism responsible for the
development of BE or subsequent carcinogenesis has
[104-108]
yet to be elucidated
. Some experimental models
demonstrated that estrogen modulated the activation
[103]
of neutrophils and lymphocytes via ER
, whereas
[109]
others that estrogen inactivated these cells . Further
study is needed to elucidate the mechanisms by which
sex steroid hormones affect the GERD spectrum by
altering the activity of inflammatory cells.

Immune response

Sex steroid hormones are well known to modulate
[91]
the immune system in many organs . Estrogen, a
sex steroid hormone, has been reported to exhibit
anti-inflammatory activity, such as reducing the
migration, adhesion and production or secretion of
chemical mediators. In our study, which utilized a
rat model of surgically induced reflux esophagitis,
we demonstrated that estrogen attenuates reflux
esophagitis via the inactivation of mast cells, which
express estrogen receptors and are ubiquitous in the
[10]
esophageal epithelium . This study revealed that
female rats were significantly less damaged by reflux
esophagitis than male rats, and ovariectomy in female
rats diminished the attenuation of esophageal damage.
Furthermore, the administration of estrogen to both
ovariectomized rats and male rats suppressed reflux
esophagitis-induced mucosal injury. We also revealed
that estrogen inhibited TNF-α expression by mast cells
in the context of reflux esophagitis, which alleviated
esophageal damage. The direct impact of estrogen on
mast cells is evidenced by the inhibition of cytokine
production and the fact that mast cells are primarily
involved in the initiation of tissue damage induced
[92,93]
by reflux esophagitis
. Esophageal mast cells are
an integral component of the estrogen-mediated
response, which could result in the predominance of
GERDs in males. Although this report is the first in
vivo study to demonstrate the involvement of a sex
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Epithelial barrier functions

A series of epidemiologic studies demonstrating a
male predominance in the incidence of ERD and the
subsequent metaplasia-carcinoma sequence have
suggested that women are somewhat resistant to
esophageal damage. To our knowledge, gender has
not been shown to affect esophageal barrier function.
In our recent study, estrogen enhanced the esophageal
structural resistance to refluxed acid, concomitant
with the up-regulated expression in esophageal
occludin, a tight junctions protein that plays a crucial
role in the esophageal mechanical defense system,
which might explain the male predominance of
[110,111]
GERDs
. A thorough study of the role of estrogen
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in enhancing the esophageal resistance and a more
detailed understanding of the junctional proteins are
[112]
needed .

may also enhance pain sensitivity to gastric reflux,
which might be responsible for the higher incidence of
symptomatic GERD in women than in men. Therefore,
the simple administration of female sex hormones will
not likely be an effective therapy for GERD patients.

HORMONE REPLACEMENT THERAPY
In this review, we demonstrated that estrogen in
females could be responsible for the striking male
predominance in the spectrum of GERDs. This
potentially protective function might enable us to apply
estrogen as a therapeutic agent for GERD patients.
A few cohort studies have described that hormone
replacement therapy (HRT) use in postmenopausal
women was associated with a reduced risk of
[113,114]
EAC
. Specifically, HRT was reported to reduce
the risk of EAC in women by approximately 50%.
However, a population-based, retrospective cohort
study of men heavily exposed to estrogen revealed
[115]
that this treatment did not reduce the risk of EAC .
In fact, HRT was associated with an increased risk of
GERD. A similar positive association between postmenopausal HRT use and acid reflux symptoms has
[116]
been reported in population-based studies
. This
association between increased GERD risk and taking
HRT was erased by examining endoscopic diagnoses
[113]
for ERD . These results suggest that HRT is likely to
be associated with symptoms of GERD but not with
esophageal tissue damage induced by gastric reflux.
In patients with GERD, reflux may result in the
[117]
direct activation of pain receptors
. Several types
of nociceptors have been identified in the esophagus
and reported to be involved in the perception of
[118]
reflux
. One of these pain receptors, the transient
receptor potential cation channel subfamily V member
1 (TRPV1), has received particular attention in human
GERD patients and is considered a primary receptor
in the perception of acid reflux because it is activated
[119]
by protons and responsive to pH values below 6
.
Several studies have found that patients with GERD
express higher levels of TRPV1 in their esophageal
mucosa than patients without GERD, and distal
esophageal TRPV1 expression has been shown to be
higher in patients with NERD than in patients with
[120,121]
ERD
. Despite the lack of evidence concerning the
relationship between esophageal TRPV1 expression
and sex steroid hormones, estrogen was reported
to increase TRPV1 expression and contribute to
pain transmission in a recent human study of endo
[122]
metriosis
. Thus, estrogen might contribute to
enhance esophageal nociception female GERD
patients. These findings might be related to several
studies reporting that the incidence of NERD, i.e.,
symptomatic GERD, is higher in women than in men,
whereas the overall prevalence of GERD does not differ
between men and women. Therefore, the modulation
of the estrogen-related signal pathway may reduce
the esophageal inflammation induced by gastric reflux
and prevent the development of BE and EAC, but it
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CONCLUSION
Taken together, GERDs are significantly more com
mon in men than in women. The dynamics in the
prevalence of ERD, BE and EAC closely correlate with
the reproductive status of women, which reflects the
level of the sex hormone estrogen. This potential
effect of estrogen could delay the development of
BE and subsequent EAC via its anti-inflammatory
function and acquisition of epithelial resistance in
the esophagus against causative refluxate, which is
likely responsible for the sex difference in the GERD
spectrum. The identification of the crucial role of the
estrogen-related endocrine milieu in GERD could
contribute to establishing risk stratification for EAC
and an endoscopy-based surveillance program for BE
[123]
patients, the utility of which has yet to be validated .
Moreover, the elucidation of this mechanism could lead
to new therapeutic strategies that might supersede
conventional acid-suppressive medications, which
have failed to completely prevent the esophageal
carcinogenesis caused by GERD.
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REVIEW

Application of robotics in gastrointestinal endoscopy: A
review
Baldwin Po Man Yeung, Philip Wai Yan Chiu
developed for the natural orifice transluminal endo
scopic surgery paradigm. Increasing amount of
evidence suggest the focus of development should be
placed on advanced endolumenal procedures such as
endoscopic submucosal dissection instead. A thorough
literature analysis was performed to assess the current
status of robotic flexible endoscopic platforms designed
for advanced endolumenal procedures. Current efforts
are mainly focused on robotic locomotion and robotic
instrument control. In the future, advances in actuation
and servoing technology, optical analysis, augmented
reality and wireless power transmission technology will
no doubt further advance the field of robotic endoscopy.
Globally, health systems have become increasingly
budget conscious; widespread acceptance of robotic
endoscopy will depend on careful design to ensure its
delivery of a cost effective service.
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Core tip: The collaboration between clinicians, engineers
and business entrepreneurs with advancements in
visualization and actuation technologies have given
rise to a new generation of advanced endoscopes
with new capabilities. Current efforts have focused
on the development of endoscopes with automated
locomotion functions and improved instrument
manipulation abilities. With further development these
new endoscopes will enhance clinicians’ ability to
perform advanced endolumenal procedures such as
endoscopic submucosal dissection. It is vital that future
robotic endoscope development will help deliver a cost
effective health service.

Abstract
Multiple robotic flexible endoscope platforms have
been developed based on cross specialty collaboration
between engineers and medical doctors. However,
significant number of these platforms have been
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have been developed to improve tissue handling in
[19]
the confined endolumenal environment . These
platforms rely on mechanically driven cables to actuate
instruments arms. Some of the platforms have been
tested in pre-clinical and clinical settings and have
been shown to improve procedural performance
efficiency. The R-scope (Olympus, Japan) is one of the
[20-22]
earliest systems used to perform ESD
. However,
the R-scope interface may be too difficult to use and
[23]
therefore limits its uptake as an enabler technology .
The EndoSamurai (Olympus, Japan) has demonstrated
obvious advantage in pin transfer and suturing using
the two arms under the endoscope when compared to
[24]
conventional dual channel endoscope . The system
has also been challenged to perform small bowel
[25]
anastomosis in a bench top porcine model . Bench
top study of the Anubiscope (Karl Storz/IRCAD, Europe)
have been shown to enhance the ability of novices to
perform significantly faster ESD with lower perforation
rate when compared to an experienced endoscopist
[26]
using conventional double channel endoscope .
It has been used to perform cholecystectomy in
[27]
human . Access device based system such as the
DDES (Boston Scientific, United States) has been
used to perform complex task such as suturing and
[28]
knot tying . Other access device based system such
as the incisionless operating platform (USGI, United
States) has been used to perform mucosal resection
and full thickness gastric wall resection on a bench top
model, as well as cholecystectomy and fundoplication
[29-31]
in animal and cadaveric models
. Clinical studies
including transgastric cholecystectomy and obesity
surgery revision have also been performed using the
[32,33]
Incisionless Operating Platform
. The design of
these mechanical systems generally required multiple
endoscopists, which will incur significant increment
in cost per procedure as well as the requirement of
multiple operator collaboration.
Robotic surgery can potentially improve operational
efficiency. Robotic surgery can be defined as the
performance of surgery using an intelligent machine,
which is capable of planning and executing surgical
manoeuvres based on its ability to integrate various
[34]
external information . Current development is mainly
focused on the development of electromechanical
systems to execute surgical manoeuvres and auto
nomous locomotion. Numerous robotic systems have
been developed for laparoscopic, endolumenal and
[35]
transluminal paradigm . The aim of this review is to
assess the current status of development on robotic
flexible endoscopy for diagnosis and treatment of
gastrointestinal diseases.

Yeung BPM, Chiu PWY. Application of robotics in gastrointestinal
endoscopy: A review. World J Gastroenterol 2016; 22(5): 1811-1825
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i5/1811.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i5.1811

INTRODUCTION
The introduction of advanced endoscopic therapies
such as endoscopic submucosal dissection and the
relative widespread acceptance of robotic laparoscopic
surgery, namely the Da Vinci system, has fired up the
imagination of engineers, medical doctors and business
entrepreneurs to develop robotic systems for delivery
of medical and healthcare services. Such crossspecialty collaboration fuelled by advances in computer
aided design, micro-actuating technologies and rapid
prototyping technologies has further enhanced the
[1]
development of robotic flexible endoscopy .
The current design of flexible endoscopic system
offers limited instrument freedom. In theory, there
should be a significant scope for the development
of a robotic system that would increase instrument
dexterity and spatial awareness of the surgeon. With
the development of advanced endoscopic resection
techniques such as endoscopic submucosal dissection
(ESD), there is an obvious demand for robotic enabling
technology. ESD achieved a higher en-bloc resection
rate for early gastrointestinal (GI) cancers compared to
conventional endoscopic resection. This allowed better
assessment of resection completeness and disease
[2,3]
staging . However, ESD is associated with higher
risks of complication. Cohort studies on gastric ESD
for early gastric cancer demonstrated a postoperative
haemorrhage rate ranged from 3.6% to 15.6%
and perforation rate of 1.2% to 5.3%, with a mean
[4-10]
operative time range of 47 min to 60 min
. Low
volume centres may have a higher perforation rate
and longer operative time. The rate of complication
and success of ESD is very much operator dependent.
Under expert hands, excellent outcomes and low
complication can be achieved even for oesophageal
[11]
and colonic ESD . Paradoxical endoscope movement,
large tumour size and fibrosis have been cited as
factors that exacerbate difficulty in performing
[12]
colonic ESD . Transitional techniques to improve
[13]
endoscopic traction includes clip-with-line method ,
percutaneous traction method, sinker-assisted
[14]
[15]
method, magnetic anchor , external forceps ,
[16,17]
internal traction, double scope method
, have been
reported. However, these adjuncts have not been
widely adopted. A robotic endoscopic platform may act
as an enabling technology to encourage widespread
adoption of advanced endolumenal procedures. One
of the developing areas of potential use of a robotic
endolumenal platform will be gastric plication as a
[18]
weight reduction surgery .
Mechanically actuated endoscopic platforms
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PubMed search has been performed using search
terms “Robotic” “Endoscopy” for articles published in
the last five years from August 31, 2010 to August 31,
2015. Relevant articles pertaining to robotic flexible
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Table 1 Summary of currently available robotic flexible endoscopic platforms
Platforms

Development status

Robotic driven locomotion
Electromechanical control of a conventional endoscope
Robotic steering and automated lumen centralization (RS-ALC) (Netherlands)
Endoscopic operating robot (EOR) (Kyushu Institute of Technology, Japan)
Invendoscope (Invendo Medical Gmbh, Germany)
Systems with elements of autonomous locomotion
Neoguide (Intuitive Surgical, United States)
Aer-O-scope (GI View Ltd, Israel)
Endotics (ERA Endoscopy SRL, Italy)
CUHK double -balloon endoscope (Chinese University of Hong Kong, China)
Robotic driven instrumentation
MASTER (EndoMASTER Pte, Singapore)
ISIS-Scope/STARS system (Karl Storz/IRCAD, Europe)
Endomina (Endo Tools Therapeutics, Belgium)
Scorpion shaped endoscopic robot (Kyushu University, Japan)
Viacath (Hansen Medical, United States)
CUHK robotic gripper (Chinese University of Hong Kong, China)
Imperial College robotic flexible endoscope (Imperial College, United Kingdom)

FDA

CE

Sale

Y

Y

Y

Y
Y
N
-

N
Y
Y
-

N
Y
Y
-

Y
Y
-

Y
-

Y
Y
-

Currently, all systems are either in experimental stage of development or early commercialization. As such, no data is available to assess cost effectiveness
of various systems.

gastrointestinal endoscopy are identified from title
and abstract. In addition, important references were
identified through individual article references.

ventional endoscope (Figure 1). Open loop control
is achieved through a joystick with operator visual
feedback. Ex vivo phantom study showed that
although it facilitated novices in reaching the caecum
quicker, this effect did not persist for an experienced
endoscopist; the median caecum intubation time with
conventional endoscope was 129 s compared to 781 s
[39]
with the RS-ALC system .

RESULTS
Currently, the application of robotic technology in
endoscopy has been focused on autonomous locomo
tion and electromechanical instrument manipulation.
A summary of the existing platforms can be seen in
Table 1.

EOR (Kyushu Institute of Technology, Japan)

The EOR is a master-slave robotic system mounted
on a conventional endoscope (Figure 2). It is able
to manipulate a conventional endoscope through
actuator wheels that are controlled by two joysticks.
The intention of the design is to replace the endoscopist
thereby allowing a single operator to control a
complex endoscopic multitasking platform such as the
EndoSamurai. In the first version of EOR, the four axis of
the endoscope is computer controlled by four separate
motor actuated timing belt and pulleys. In addition
to being able to manipulate the operation wheels,
it is capable of rotating the scope 150 degrees. The
system has been used on bench top models to perform
[40,41]
colonoscopy and endoscopic submucosal dissection
.
In the most updated version, torque sensors have been
incorporated into the system to allow a degree of haptic
[42]
feedback . Clinical studies are awaited.

ROBOTIC DRIVEN LOCOMOTION
Electromechanical control of a conventional endoscope

In this approach, the conventional endoscope control
wheel is manipulated through electromechanical
mechanism. The mechanism is in turn controlled
through a joystick or touchpad control interface.
This has been shown to be the preferred method
of control by novices in endoscopy, however it is
[36]
difficult to see its uptake by expert endoscopists .
Early efforts include the incorporation of hollow shaft
motors directly replacing the conventional navigational
[37]
wheels of an endoscope . Other attempts included
the use of automated horizon stabilization software.
However, this has been shown to worsen endoscopist’s
[38]
orientation and performance . Notable systems using
this approach include robotic steering and automated
lumen centralization (RS-ALC), the endoscopic
operating robot (EOR) and the Invendoscope.

Invendoscope (Invendo Medical Gmbh, Germany)

The device is a 10 mm endoscope driven by rotary
actuators placed outside the patient. The scope and
its channels are protected by an inverted sleeve.
The bending section of the endoscope is controlled
electrohydraulically (Figure 3). The system is
controlled by a joy stick interface. During insertion,

RS-ALC (Netherlands)

The system consists of a remote drive unit which
allows docking of the angulation wheels of a con
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Figure 1 The RS-ALC system: A conventional endoscope is mounted onto electromechanical control wheels. Control of the system is through a joystick
device. Courtesy of Dr Pullens, Meander MC, Netherlands.

Figure 2 EOR version 3. The system consists of various actuators to execute forward/backward, rotational, up/down, left/right movement of a conventional
endoscope. Courtesy of Professor Kume, Kyushu University, Japan.

the inverted sleeve unrolls to protect the inserted
section of the endoscope. A human clinical trial
consisted of 34 patients was conducted to assess the
functionality of different prototypes of the device. It
demonstrated a caecal intubation rate of 82%. For

WJG|www.wjgnet.com

those who failed to complete the examination, two
patients developed severe pain resulting in procedure
abandonment and in four patients, the invendoscope
could not pass beyond the hepatic flexure or the
[43]
transverse colon . A recent clinical study recruited 61
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natural shape of the colon. However, it is advanced
manually in the same manner as a conventional
colonoscope. During active mode, the computer will
adjust the proximal segments in a “tail follow nose”
manner. Its tip diameter is approximately 14 mm
and its proximal shaft is about 20 mm in diameter.
Although it has been preliminarily tested in clinical trial,
direct head to head comparison against conventional
colonoscope is still awaited.

Aeroscope (GI View Ltd, Israel)

The system consists of a camera vehicle with a
contour conforming balloon. The vehicle is supplied
by a 5.5 mm multi-lumen polyurethane cable for
transmission of electricity, air, water, and suction (Figure
5). The vehicle is inserted into the rectum through an
introducer. When the system is deployed the balloon
around the camera is inflated to form an airtight seal
with the colonic wall. Computer controlled positive
pressure gradient is generated in the distal colon
propelling the vehicle forward into the proximal colon,
and vice versa during withdrawal. Colonic pressure
[48]
is closely monitored to not exceed 54mbar . An
Omnivision camera which has 360 radial view and
front viewing capability has been incorporated into
[49]
the system . A small single centre prospective study
consisted of 56 subjects was conducted to assess
Aeroscope performance with conventional colonoscopy
performed immediately in tandem. This study showed
that Aeroscope has a cecal intubation rate of 98.2%
after initial learning curve but polyp detection rate
is only 87.5% when compared with conventional
[50]
colonoscopy .

Figure 3 Invendoscope. The scope design is akin to a conventional
endoscope. The scope is protected by a disposable inverted sheath which
unfurls when the endoscope is pushed forward by the actuating wheels (Invendo
Medical Ltd).

Figure 4 Neoguide with its multiple bending segments enabling it to
manoeuvre in a tail follow nose manner. Eickhoff et al[47], 2007.

patients to undergo colonoscopy with the CE marked
InvendoSC20. It showed a caecal intubation rate of
98.4% with a median caecal intubation time of 15 min.
Polypectomies were performed in 23 patients through
[44]
the device’s 3.1 mm channel . Further study on
comparison between invendoscope and conventional
colonoscopy is awaited.

Endotics (ERA Endoscopy SRL, Italy)

The Endotics system is composed of a disposable
probe which has a steerable tip, flexible body and a
special tank with electro-pneumatic connector. The tip
has an integrated LED camera. It has an insufflation
and suction channel. The probe is connected to the
external workstation through a 7.5 mm supply cable.
The probe has proximal and distal clampers to allow
proper anchoring and performance of automated inchworm locomotion (Figure 6). Initial study suggested
a poor caecal intubation rate of only 27.5% with
Endotics when compared to conventional colonoscopy
which had an 82.5% caecal intubation rate. However,
the group treated with Endotics had significantly
[51]
lower patient discomfort . A subsequent human
study assessed 71 patients that underwent tandem
examination with Endotics system and conventional
endoscopy. The caecal intubation rate for Endotics was
81.6%, whereas conventional endoscopy achieved a
caecal intubation rate of 94.3% (P = 0.03). Procedure
time was significantly longer with Endotics system
(45.1 ± 18.5 min vs 23.7 ± 7.2 min) (P < 0.0001).
Furthermore, Endotics system demonstrated a
significantly lower polyp detection rate. Although none

Systems with autonomous locomotion: In general,
these systems utilize the inchworm locomotion concept
[45]
akin to that used by double balloon enteroscopy ,
the snake-like tail-follow-nose concept or pneumatic
propulsion. One of the earliest prototypes with auto
[46]
nomous locomotion was reported in 1999 . Notable
systems using this approach include Neoguide,
Aeroscope and Endotics. Early prototypes include the
CUHK automated double balloon endoscope.

Neoguide (Intuitive Surgical, United States)

It is an endoscope system designed to traverse the
natural shape of the colon and therefore overcomes
the unintentional lateral forces generated during
[47]
conventional colonoscopy
(Figure 4). It has a tip
position sensor and an external position sensor to
measure endoscope tip position and insertion depth.
It has multiple independent segments which are
electromechanically controlled to conform to the
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Figure 5 The Aeroscope relies on a balloon at the tip of the endoscope to form a seal with surrounding colonic wall. A computerized pump system generates
a pressure gradient proximal and distal to the balloon. This pressure gradient propels the device. Courtesy of GIview Ltd.

Figure 6 Endotics double balloon probe. Locomotion is executed using the inch-worm mechanism. Courtesy of Endotics SRL, Italy.
Actuator

Syring System

Caterpillar

Rotate clockwise

Hydraulic push
Rotate anticlockwise
Hydraulic pull

Actuate forward

Actuate backward

Figure 7 CUHK double balloon endoscope with its proximal and distal balloon connected by an extension section. A capsule endoscope is mounted at the tip
of this endoscope prototype. Poon et al[53], 2015.

of the patients required sedation during examination
by Endotics, it appears that further refinement is
[52]
necessary to improve the polyp detection .

Current development is still in the early prototype
stage.

ROBOTIC DRIVEN INSTRUMENTATION

CUHK double balloon endoscope (Hong Kong, China)

These tethered systems utilize traction cable actuation.
Such actuation system has a significant level of
hysteresis. Electromechanical control of these systems
allow partial compensation and limit backlash and
force reduction. Despite significant effort being made
to overcome the challenge of hysteresis, this remains
[54-62]
imperfect
. Notable system includes MASTER, ISIS-

This autonomous double balloon endoscope has a
capsule camera at the tip. The body of the device
consists of two balloon connected by an extension
section. The most distal balloon wraps around the
steering module. The balloons and extension section
[53]
are actuated hydraulically
(Figure 7). Locomotion
is achieved through standard inch-worm mechanism.
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diameter of 18 mm. It has a 35 cm passive shaft and
a 22 cm bending section with jaws at the front tip
which opens to allow instrument triangulation. It has
two 4.2 mm channels allowing passage of instruments
capable of tip deflection on one axis, translation,
rotation and end effector opening and closure. The
endoscope element and the instrument are controlled
electromechanically through externally actuated
traction wires. Electromechanical control has been
designed to improve instrument movement fluidity
by cancelling out the friction sensation observed by
operators using the purely mechanically designed
Anubiscope. An open loop control architecture with
special calibration and tracking procedures have been
used in attempt to overcome hysteresis inherent in a
traction cable system. Common work space is centred
at 9 cm from the camera with a maximum aperture of
2.5 cm from the camera, but this may be considered
too wide a working field for the gastrointestinal lumen.
Visual feedback mechanisms are under development
[72]
to allow a closed loop control system .

Figure 8 The MASTER system is a robotic arm system that can be
mounted onto a conventional endoscope. Phee et al[68], 2012.

Endomina (Endo Tools Therapeutics, Belgium)

It is a universal triangulation platform which can be
mounted on a conventional flexible endoscope similar
to the aforementioned MASTER system (Figure 10).
It has recently obtained CE mark certification in
2015. It has two instrument channels with 3 DOF
of independent movement. These channels are able
to guide two standard flexible instrument of up to
9 Fr in diameter. The system is actuated through
electromechanically actuated traction cables. The
[73]
control interface consists of two joysticks . Currently,
clinical human trials are ongoing.

Scope, Viacath, Endomima and the Scorpion shaped
endoscopic robot. Various early prototypes are also in
development.

MASTER (EndoMASTER Pte, Singapore)

The first prototype of MASTER is a traction wire
controlled robotic arm system that is mounted externally
onto a conventional double channel endoscope. It is
capable of delivering up to nine degrees of freedom
[63]
of movement at the end effector (Figure 8). Animal
studies have shown its effectiveness in performing ESD,
simulated gastric full thickness wedge resection and
[63-67]
hepatic resection
. The MASTER system has been
[64]
used to perform endoscopic submucosal dissection .
In a small clinical study consisted of 5 patients with
lesions limited to gastric body or antrum, the median
dissection time was 16 min (3-50 min). Although the
MASTER system demonstrated its ability to perform
[68]
endoscopic submucosal dissection , problems
encountered included the lack of ability for instrument
exchange and the requirement of passage of system
through an overtube to protect the oesophagus. Large
external actuator and bulky control units limited the
manoeuvrability of the system. Currently, the second
phase of development is driving on improvements in
integrated control and streamlining performance. Haptic
[69]
feedback and precision control is in development . The
value of such a robotic system will be especially useful
for performing complex endoscopic surgical procedures
in low volume centres and in localities where diagnosis
[70]
of early GI cancers are relatively rare .

Scorpion shaped endoscopic robot (Kyushu University,
Japan)

The system consists of two external traction cable
[74]
controlled robotic arms with an integrated camera
(Figure 11). Through the use of magnetic sensors, it is
able to locate the tip of the endoscope. The scope tip
position can be overlaid onto cross-sectional imaging
data and fed back to the endoscopist through an
integrated display. Each robotic arm is 40 mm in length
and 6mm in width. Each arm is capable of up, down,
left, right, and opening/closing of end effector and it
can generate up to 3 N force. The system requires
two operators; one operator controls the endoscope
and one controls the robotic arms. Initial attempts
were made to incorporating piezo pressure sensors to
facilitate haptic feedback. However, adequate insulation
proved to be very difficult. Therefore, haptic feedback
was indirectly calculated through monitoring of wire
traction. It is recognized by the authors that this is
an imperfect method for generating haptic feedback
because the various positions of the endoscope can
add noise to the traction data. Despite this system
appearing to be less bulky than the MASTER system,

ISIS-Scope/STRAS system (Kark Storz/IRCAD, Europe)

The STRAS system is a robotized version of the
[71]
Anubiscope
(Figure 9). The endoscope has a
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Figure 9 ISIS-Scope/STRAS system is a electromechanically controlled ANUBISCOPE. De Donno et al[72], 2013.

Surgical instruments

Camera arm

Figure 10 The Endomima system can be mounted onto a conventional endoscope. The arms allow passage of conventional flexible instruments. Each arm has
up to 3 DOF of movement (Endotools Therapeutics). Roppenecker et al[129].

Figure 11 Scorpion like endoscopic robot is an externally mountable robot arms system. It is actuated by external actuators through traction cables (right).
Suzuki et al[74], 2010.

no pre-clinical or clinical data has been published for
this system.

0.5 N of lateral force, which may limit its ability to
manipulate tissues within the GI tract. Its flex joint
design allows infinite configurations of the flex section
for the same cable displacement. Therefore, maximum
force generation is based on bending stiffness of
the flex section and the necessity for a small calibre
[75]
instrument results in low lateral force generation .
There is as yet no clinical data published regarding its

Viacath (Hansen Medical, United States)

This system consists of cable actuated robotic arms.
It can be integrated with a conventional endoscope
through the use of an overtube (Figure 12). It was
reported that the instruments could only generate
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Figure 12 On the left, the endoscope and the viacath robotic arms are integrated using an overtube. Abbott et al[75], 2007.

Figure 13 CUHK robotic arm prototype. Poon et al[77], 2014.

Figure 14 Imperial College robotic arm prototype. Seneci et al[80], 2014.
[77]

using in the gastrointestinal tract.

actuation
(Figure 13). It is a roboticized flexible
endoscopic instrument consisting of a 2 DOF bending
section with an end effector. The bending section is
controlled by 2 pairs of shape memory alloy wires
guided by stainless steel tubes which reduces the level
[78]
of hysteresis. The end effector also has 2 DOF . The
system is controlled by an external controller akin
to other robotic systems. The system can be used in
conjunction with other overtube system such as the
[79]
USGI transport system . Current evidence of its
function is limited to bench top studies.

OTHER PROTOTYPES
CUHK robotic gripper (Chinese University of Hong
Kong, China)

CUHK 3 DOF robotic gripper designed to work through
instrument channel of conventional endoscope is
[76]
currently in development . The same department
has also suggested a bioinspired endoscopic robotic
arm system using shape memory alloy traction wire
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Imperial College, London Prototype

[91,92]

design
. Improvement in tactile and optical feedback
mechanisms is also vital for autonomous instrument
control. Novel microfabricated tactile sensors can
[93]
be used to create haptic feedback . Bragg grating
sensors have been incorporated into flexible endoscopic
instruments, such as an IT knife. The bending force
[94]
can be inferred from the distortion of the sensors .
[87]
Alternatively, techniques such as visual servoing ,
where closed loop control is achieved through optical
analysis of instrument positions can be considered.
However, the lack of contrast of the gastrointestinal
tract and the constant variation in illumination with
current endoscopic visualization technology makes
effective visual servoing difficult. Development of
[95]
high resolution high frame rate imaging, 3D vision ,
[96]
image mosaicking
and advanced optical analytical
[97-101]
and 3D modelling algorithms
may ameliorate
this challenge. The use of artificial neural networks
and different light conditions may also enhance visual
servoing and improve the development of closed loop
[102]
controlled automation . Image based algorithm has
been used to steer a conventional endoscope in a virtual
[103]
simulation setting
. Improvement in optics may
enhance the development of endoscopic micro-robotics
to perform diagnosis and resection of early GI cancers
[104]
automatically .
In order for robotic endoscopic systems to be
adopted, it is pertinent that it delivers enhanced
functions in addition to instrument dexterity and
autonomous locomotion. A potential added function
will be augmented reality. Optical and tactile
augmented reality will help the surgeon to accurately
excise target tissue through even more precise
[105]
dissection
. It will be important for performing
transluminal procedures such as endoscopic ultrasound
[106,107]
guided drainage procedures
. Methods to simulate
direct endolumenal palpation will in time become a
reality. For example, palpation has been simulated
through the use of an ultrasound probe which detects
shear wave in tissue generated by an external exciter.
A local frequency estimation method calculates
the shear modulus of the tissue and provides an
[108]
estimation of the elastic property of the tissue
.
Other added features may include improvement
in system interface which will reduce the barrier of
entry for any endoscopic robotic system. Wearable
gesture recognition interface have been attempted
[109,110]
but have not yet found its utility
. Alternative
control interface should be explored to improve control
interface and instrument handling so as to enhance the
[111-114]
acceptance of future robotic flexible platforms
.
The ideal robotic platform should be cordless
and small enough to be swallowed and retrieved
without causing significant discomfort to the patient,
while providing full therapeutic capability and added
functions such as augmented reality.
Although great strides have been made since the
introduction of the passive diagnostic capsule, it is likely

Imperial College, London has also developed a robot
prototype which has two instrument channels of 3
mm and 2.5 mm. Each instrument channel has 3 DOF
of movement. Each DOF of movement is controlled
by two NiTi tendon. The platform’s minimum overall
[80]
diameter is 13 mm (Figure 14).

DISCUSSION
The application of robotics in gastrointestinal endoscopy
had been focused on enhancing the manoeuvrability
and the therapeutic capability of the endoscope. It is of
note that one of the main driving forces for development
of these advanced platforms, namely Natural Orifices
Transluminal Endoscopic Surgery (NOTES), has waned
significantly in recent years as evidence suggest that
NOTES approach may actually result in increased
[81,82]
morbidity
. The focus of future robotic flexible
endoscope should target advanced endolumenal
procedures. In the era of routine endoscopic screening,
the demand for endolumenal resection of large polyps
or early cancers will increase. Robotic endoscopy will
enable many more clinicians across the globe to perform
advanced endolumenal procedures such as ESD. As a
result, many patients will avoid the complications and
mortality associated with major resectional surgery.
Therefore, the focus of this review has been on
platforms that may have potential application in the
endolumenal paradigm. As such, notable snake like
platforms designed for transluminal procedures, such as
[83]
[84,85]
the Carnegie mellon robotic system , the I-snake
have not been included in this review.

Robotic endoscopic platform: Mechanics

Further development and utilization of novel actuation
technologies and feedback sensors will be vital for
improvement in robotic instrument control. Current
systems rely on traction cable actuation which makes
[86]
accurate, efficient position feedback difficult . This
renders autonomous instrument control difficult.
Development in new actuation technology will resolve
the current difficulties. For example, a double screw
drive mechanism has been described to ameliorate
hysteresis. In this mechanism, flexible traction
[87]
cables are placed in hollow tube rigid linkages .
The McKibbens fluidic actuators are another type
of reinforced elastic actuation mechanism. These
actuators consist of elastic tube structures reinforced
with external braid of interwoven wire helixes. When
the tube expands with fluid, it engages the external
braid to twist and accommodate size change leading to
actuation. These actuators are capable of generating
[88]
contractile force of around 5 N . Shape memory
alloys and piezoelectric actuators are likely to play an
[89,90]
increasing role in actuating robotic systems
. New
programmable matters or phase change material, such
as claytronics, can be incorporated into endoscope
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that a robotic capsule capable of performing endoscopic
interventions will require prolonged development.
The development of autonomous locomotion through
various mechanisms such as through paddling fins or
[115,116]
spiral legs are at its infancy
. Magnetic steering
of wireless capsule may allow better control of the
[117]
capsule endoscope within the GI tract . Localization
systems is another challenging yet important issue to
[118]
be refined
. Basic therapeutic procedure such as
drug therapy delivery has also been attempted with
[119]
capsule endoscopy . Improvement in wireless power
transmission will increase the capacity of miniature
[120]
wireless robots to perform therapeutic procedures .
Until such a time when all these challenges have been
overcome, the flexible robotic endoscope will likely be
the mainstay of a clinically applicable platform for the
foreseeable future.
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Abstract
AIM: To investigate the effect of chymase inhibitor
TY-51469 in the therapy of inflammatory bowel disease
and the underlying mechanism.

Institutional review board statement: This study was
approved by the Institute Research Medical Ethics Committee of
the First Affiliated Hospital of China Medical University.

METHODS: Seventy-five healthy Sprague-Dawley rats
were randomly assigned to one of the three groups
(control group, model group and TY-51469 experiment
group) and each group had twenty-five rats. The rats of
the model group and experiment group were subjected
to treatment with 3.5% dextran sulfate sodium (DSS)
10 mg/kg to induce colitis. The control group and
model group were subjected to intraperitoneal injection
of saline, while the experiment group was subjected
to intraperitoneal injection of 10 mg/kg TY-51469
each day. Five rats of each group were sacrificed
on 0, 7, 14, 21 and 28 d, respectively. The degree
of inflammation was assessed by histopathological
scoring; flow cytometry was performed to detect the
+
+
proportion of CD4 CD25 Tregs in peripheral blood;
colon tissues of rats were collected to measure mRNA
and protein expression by PCR, Western blot and
immunohistochemistry; serum levels of interleukin
(IL)-10, transforming growth factor (TGF)-β1 and IL-
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17A were detected by ELISA.

INTRODUCTION

RESULTS: The rats in the experiment group and model
group had significantly more severe colitis than the
ones in the control group (P < 0.05) before treatment
on day 0; no significant difference was observed
between the experiment group and model group (P >
0.05). After treatment with TY-51469, the rats in the
experiment group had significantly less severe colitis
compared with the model group on 7, 14, 21 and 28 d (P
+
+
< 0.05). The proportion of CD4 CD25 Tregs was lower
in the model group and experiment group than in the
control group; the experiment group had a significantly
+
+
higher proportion of CD4 CD25 Tregs than that in
the model group (P < 0.05). The model group and
experiment group demonstrated lower expression of
Foxp3 than the control group; the experiment group
had higher Foxp3 expression than the model group
(P < 0.05). Cytokines IL-10, TGF-β1 and IL-17A were
lower in the model group and experiment group than
in the control group; the experiment group had higher
expression than the model group (P < 0.05).

Inflammatory bowel disease (IBD) is a group of inflam
matory conditions of the colon and small intestine
which mainly include Crohn’s disease (CD) and
[1]
ulcerative colitis (UC) . The underlying mechanism
of the pathogenic process for IBD remains largely
unknown. As a complex disease, IBD has been
reported to be affected by intestinal microenvironment,
[2-5]
immune factors and genetic predispositions
.
Among various influencing factors, abnormal immune
response and excessive inflammatory reactions play a
[6]
critical role in the initiation and progression of IBD .
Regulatory T cells (Tregs) are a subtype of T
cells which exert important effects of inducing and
[7]
maintaining self-tolerance of the immune system .
It has been reported that Tregs could inhibit
inflammatory reactions and relieve the development
of IBD by secreting immunosuppressive factors such
as interleukin (IL)-10, transforming growth factor
(TGF)-β1 and IL-17A. IL-10 and IL-17A could restrict
and terminate inflammatory reactions by inhibiting
T lymphocytes and monocytes and activating
macrophagocytes. In addition, the mechanism of the
regulation of inflammatory reactions also involves the
interactive effects of multiple immune cells including
B lymphocytes, mast cells, and dendritic cells. The
balance between T helper 1 (Th1) and Th2 are
accordingly regulated after IL-10 interacts with these
cells. TGF-β1 is a multidirectional regulatory cytokine
which could inhibit immune reactions by regulating
cell proliferation and differentiation and stimulating
[8]
the secretion of extracellular matrix . Also, TGF-β1
maintains the immune balance of organism by
suppressing the functions of Th1 and Th2.
Chymases are a family of serine proteases involved
[9]
in a variety of physiological functions . Upon inflam
matory stimulation, chymases are released from
mast cells, mesenchymal cells and endothelial cells by
secretory granules, which could convert angiotensin-1
[10]
to angiotensin-2 . Additionally, chymases play an
essential role in repairing tissues and organs. However,
over much chymases could lead to fibrosis of tissues.
Chymase inhibitors can ameliorate the fibrosis of the
lung. So far, the role of chymase in the heart, lung and
kidney has been widely investigated.
Most previous studies focused on the association
between chymase inhibitor and fibrosis of tissues or
organs. However, little is known concerning its role
in the immune system and no investigation has been
performed in IBD. In the present study, we built a
Sprague-Dawley (SD) rat model of colitis induced with
dextran sulfate sodium (DSS) and treated the model
rats with chymase inhibitor TY-51469. The changes of
Tregs were further detected to investigate the effect
of chymase inhibitor TY-51469 on IBD and to explore
the underlying mechanism. It is anticipated that the
results could provide new insights into clinical therapy
for IBD.

CONCLUSION: After treatment with chymase inhibitor
TY-51469, the experiment group demonstrated
more significantly reduced intestinal inflammation
and higher expression of immune tolerance related
cytokines (IL-10, TGF-β1, IL-17A) and Foxp3 which
is specifically expressed in Tregs compared with the
model group. Therefore, chymase inhibitor TY-51469
might ameliorate the progression of DSS-induced colitis
possibly by increasing the expression of Tregs and
cytokines.
Key words: Chymase inhibitor; Tregs; Inflammatory
bowel disease; Cytokines; Rats
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Until now, little is known of the role of
chymase inhibitor in the immune system and no
investigation has been performed in inflammatory
bowel disease (IBD). In the present study, we built
a Sprague-Dawley rat model of colitis induced with
dextran sulfate sodium (DSS) and treated the model
rats with chymase inhibitor TY-51469. The changes of
Tregs were further detected to investigate the effect
of chymase inhibitor TY-51469 on IBD and to explore
the underlying mechanism. The results indicated
that chymase inhibitor TY-51469 might ameliorate
the progression of DSS-induced colitis possibly by
increasing the expression of Tregs and cytokines.
Liu WX, Wang Y, Sang LX, Zhang S, Wang T, Zhou F, Gu
SZ. Chymase inhibitor TY-51469 in therapy of inflammatory
bowel disease. World J Gastroenterol 2016; 22(5): 1826-1833
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v22/i5/1826.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i5.1826
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and scored independently by two investigators
(Liu WX and Gu SZ). Histopathological scoring
included macroscopic, microscopic and pathological
observations. The scoring criteria were in accordance
[11]
with the suggestions by Dutra et al : 0, normal
mucosa or no obvious inflammation; 1, a little irregular
mucosa with or without minimal inflammatory cell
infiltration; 2, obvious irregular mucosa with infiltration
of a few inflammatory cells; 3, relatively inordinate
structure of the mucosa with infiltration of a large
amount of inflammatory cells, and angiopoiesis can
be seen; 4, obviously inordinate structure of the
mucosa with severe inflammatory cell infiltration, and
abundant angiopoiesis and thickening of intestines wall
can be seen.

MATERIALS AND METHODS
Animals and reagents

This study was approved by the Institute Research
Medical Ethics Committee of the First Affiliated
Hospital of China Medical University. All rats in the
study were used strictly in accordance with the
National Institutions of Health Guide for the Care
and Use of Laboratory Animals. Seventy-five eightweek-old female SD rats weighing 180-220 g were
obtained from the Experiment Animal Center, China
Medical University. DSS was purchased from MP
Biomedicals; TGF-β1, rat IL-17A, IL-10 and Flow
cytometry staining Kit for Tregs were purchased from
Platinum Company; Trizol reagent was purchased
from Invitrogen Company; ELISA kit was bought from
eBioscience; reverse transcription and real-time PCR
kits were purchased from BioTeke Corporation, Beijing,
China; Western blot kit was purchased by Beyotime;
the primers for Foxp3 were synthesized by Invitrogen
Company and the primary antibody was purchased
from CST Company. Other necessary reagents were
available in our laboratory.

Flow cytometry analysis

The rats on 28 d with the largest difference of
inflammation reaction were adopted for the detection
+
+
of the proportion of CD4 CD25 Tregs in rat peripheral
6
blood by flow cytometry. PBMCs of rats (1 × 10 cells/
mL) were isolated by density gradient centrifugation,
and 0.3 μl CD4 antibody and CD25 antibody were
added into 100 μl PBMCs. The antibody incubations
were performed in a 100 μl volume for 45 min in the
dark at 4 ℃. After 5 min centrifugation at a speed of
300 g, the samples were washed three times with
PBS and added 200 μl stationary liquid, which were
followed by incubation in the dark at 4 ℃ for 60 min
and 5 min centrifugation at a speed of 300 g. The
samples were washed twice with PBS and resuspended
in 500 μl FACS buffer solution, which was finally
analyzed by flow cytometry.

Induction of colitis in SD rats

Seventy-five SD rats were randomly assigned to one
of the three groups (control group, model group and
experiment group) and each group had 25 rats. The
rats in the control group were subjected to treatment
with distilled water; the model group and the
experiment group were subjected to treatment with
3.5% DSS for 6 d, and then distilled water for 6 d; the
3.5% DSS and distilled water were changed every 6 d.
Observation, weighing and scoring were performed on
each rat every day. The observation indexes of colitis
included weight, diarrhea degree and colon lesions.

RNA extraction, cDNA synthesis, and quantitative realtime PCR

The rats on 28 d with the largest difference of
inflammation reaction were adopted to detect Foxp3
mRNA expression in colon tissues by real-time PCR.
The total RNA from colon specimens was isolated using
Trizol reagent. The isolated total RNA was reversetranscribed into complementary DNA. Real-time PCR
was performed using cDNA as templates. The reaction
system of RT-PCR contained 2 μL cDNA, 10 μL SYBR
Premix, 1 μL forward and reverse primer each, 0.4 μL
ROX and 6.6 μL deionized water. The reaction condition
was 95 ℃ for 30 s, 95 ℃ for 5 s, and 60 ℃ for 34 s.
Each reaction was performed in duplicate, and notemplate controls were included in each experiment.
The relative quantification of Foxp3 mRNA expression
−ΔΔCt
was calculated using the 2
method.

Experimental protocol and sample collection

After the first six days of 3.5% DSS, the rats in the
experiment group were subjected to intraperitoneal
injection of TY-51469 at a dose of 10 mg/kg each day
while rats in the control group and model group were
subjected to intraperitoneal injection of saline at 10
mg/kg each day. The first day of injection of TY-51469
was 0 d. Five SD rats of each group were sacrificed
on 0, 7, 14, 21 and 28 d, respectively. The blood of
the caudal vein was collected before death for further
detection of serum level of TGF-β1 and IL-10 and
+
+
the proportion of CD4 CD25 Tregs. The peripheral
blood mononuclear cells (PBMCs) of rats on 28 d were
collected for flow cytometry and PCR. The whole colon
of each rat was collected and cut longitudinally along
the intestinal tract. The location of inflammation was
confirmed after washing the stool. The tissues were
collected to investigate Foxp3 mRNA and protein
expression.

Western blot analysis

The rats on 28 d with the largest difference of inflam
mation reaction were adopted for the detection
of Foxp3 protein expression by Western blot. The
colon tissue was dissociated to obtain total protein.
Quantitative 40 μg proteins were resolved on SDSpolyacrylamide gels, and then transferred electropho

Histopathological evaluation of inflammation

The histopathological results were evaluated
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Table 1 Histopathological scores of colitis
Group

n

0d

Experiment
Model
Control

25
25
25

0.33 ± 0.21a
0.21 ± 0.53a
0.32 ± 0.15

7d

14 d

3.55 ± 1.05a,c
3.67 ± 1.02a
0.28 ± 0.01

3.32 ± 1.08a,c
4.56 ± 0.92a
0.31 ± 0.05

21 d
2.49 ± 0.68a,c
4.98 ± 0.62a
0.28 ± 0.04

28 d
1.12 ± 0.82a,c
5.67 ± 0.87a
0.26 ± 0.07

P < 0.05 vs control group; cP < 0.05 vs model group. The results are shown as mean ± SD.

a

Statistical analysis

retically to polyvinylidene difluoride membranes. The
membranes were blocked with 5% fat-free milk at
room temperature for 1 h, and then hybridized with
primary antibodies (1:500) overnight at 4 ℃, and
secondary antibody for 1 h at room temperature.
Immune reactive proteins were visualized using the
ECL Plus Western blot detection reagent. GAPDH
was detected as the loading control. All results are
representatives of three independent experiments.

All the statistical analyses were carried out by using
SPSS 16.0 software (SPSS, Chicago, IL, United States).
Histological scores are presented with mean ± SD. For
variables in accordance with normal distribution, oneway ANOVA was performed followed by LSD test. Nonparametric test was used to evaluate variables which
were not in accordance with normal distribution. P
values < 0.05 were considered statistically significant.

Immunohistochemistry

RESULTS

Formalin-fixed, paraffin-embedded tissues were cut
into 4-μm-thick sections and mounted on poly-L-lysinecoated glass slides. Briefly, slides were deparaffinised
in xylene, rehydrated in a graded alcohol series and
washed in tap water. Endogenous peroxidase was
blocked using 3% hydrogen peroxide for 10 min,
and the sections were then washed with phosphatebuffered saline (PBS), pH 7.4. Tissue collagen was
blocked to avoid nonspecific binding by the addition of
10% normal serum at 37 ℃ for 10 min. The antibody
for IL-10, IL-17A or TGF-β1 was used as the primary
antibody to detect protein expression, respectively,
and incubated at 4 ℃ overnight. After rinsing three
times with PBS for 5 min each, the sections were
incubated with biotinylated secondary antibody and
streptavidin-biotin peroxidase for 10 min each at
37 ℃. The slides were then washed in PBS, stained
with 3,3’-diaminobenzidine tetrahydrochloride and
counterstained with haematoxylin. Finally, the sections
were dehydrated and mounted. Primary antibodies
were replaced with PBS as a negative control.

Histopathological score of colitis

The degree of colitis before and after treatment
was scored according to Dutra criteria. The results
suggested that the rats in the experiment group and
model group had significantly more severe colitis
than the ones in the control group (P < 0.05) before
treatment on day 0; no significant difference was
observed between the experiment group and model
group (P > 0.05). After treatment with TY-51469, the
rats in the experiment group had significantly less
severe colitis compared with the model group on 7,
14, 21 and 28 d (P < 0.05). The detailed information
is summarized in Table 1.

proportion of CD4+CD25+ Tregs in rat peripheral blood

The rats on 28 d with the largest difference of
inflammation reaction were adopted for the detection
+
+
of the proportion of CD4 CD25 Tregs in rat peripheral
+
+
blood by flow cytometry. The proportion of CD4 CD25
Tregs in the experiment group was significantly higher
than that in the model group but lower than that in the
control group (Figure 1A and B).

ELISA

The rats on 28 d with the largest difference of
inflammation reaction were adopted to detect serum
levels of TGF-β1, IL-10 and IL-17a by using ELISA.
The antigens were diluted into 1-10 μg/ml by coating
buffer for 0.1 ml each well overnight at 4 ℃. The
samples were washed three times the next day, added
0.1 ml diluted sample into the wells, incubated for 1
h at 37 ℃ and then washed. Newly-diluted enzyme
labeled secondary antibody 0.1 mL was added into the
wells and incubated for 30-60 min at 37 ℃ followed by
washes with the last wash by DDW. The TMB substrate
solution 0.1 ml was added into each well for 10-30
min at 37 ℃, which was terminated by 0.05 ml 2 mol/L
sulfuric acid.

WJG|www.wjgnet.com

IL-10, IL-17a and TGF-β 1 mRNA expression in colon
tissues

The results of quantitative real-time PCR indicated that
after the administration of chymase inhibitor TY-51469,
no significant difference was observed in IL-10, IL-17a
or TGF-β1 expression in the three groups.

IL-10, IL-17a and TGF-β 1 protein expression in colon
tissues

The results of immunohistochemistry suggested that
after the administration of chymase inhibitor TY-51469,
the protein expression of immune-related cytokines
IL-10, IL-17A and TGF-β1 in the experiment group was
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Figure 1 Changes of factors in the experiment, model and control groups. A, B: CD4+CD25+ Tregs were detected in rat peripheral blood mononuclear cells
by flow cytometry. The proportions of CD4+CD25+ Tregs are shown; C: Serum levels of IL-10, TGF-β1 and IL-17A; D: Foxp3 protein expression in colon tissues;
GAPDH was used as an internal control. Each group had five rats and the pictures shown were representative of three independent experiments. IL: Interleukin; TGF:
Transforming growth factor.
[12]

significantly higher than that in the model group but
lower than that in the control group (Figure 2).

and CD . The etiology of IBD remains largely
unclear, even though considerable amounts of data
have demonstrated that IBD is triggered by various
environmental factors in genetically predisposed
[13]
individuals . The lesions of IBD are mainly located
in the sigmoid and rectum, as well as the descending
colon or even the whole colon. IBD possesses
characteristics of long disease course and frequent
relapse, the clinical symptoms of which mainly include
diarrhea, abdominal pain, purulent stools and weight
[14]
loss . Generally, immunosuppressive drugs or antiinflammatory drugs are used to treat IBD; steroids and
non-steroidal anti-inflammatory drugs are effective
[15]
for temporary relief of symptoms . However, most of
these treatments were insufficient and drug-induced
[16]
severe side effects frequently occurred . Chymase
facilitates inflammation, tissue remodeling and matrix
[17]
destruction, and thus might be implicated in IBD .
Rats have been widely used as the experimental
models characterizing the role of chymase in the
pathogenesis of a number of diseases primarily due to
their availability. Aiming at elucidating the potential role

Serum level of IL-10, TGF-β 1 and IL-17A

The results of ELISA demonstrated that after the
administration of chymase inhibitor TY-51469, the
serum levels of immune-related cytokines IL-10,
IL-17A and TGF-β1 were significantly higher in the
experiment group than in the model group but lower
than in the control group (P < 0.05) (Figure 1C, Table 2).

Foxp3 protein expression in colon tissues

According to the results of Western blot, the expression
of Foxp3 protein which is specifically expressed in
Tregs in the experiment group was significantly higher
than that in the model group but lower than that in
the control group after the administration of chymase
inhibitor TY-51469 (P < 0.05) (Figure 1D).

DISCUSSION
IBD is a chronic intestinal disorder typified by UC
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Model

Experiment

TGF-b1

IL-17A

IL-10

Control

Figure 2 Immunohistochemistry staining results in colon tissues from different groups. IL: Interleukin; TGF: Transforming growth factor.

inhibition of chymase by use of TY-51469 has been
reported to significantly attenuate indomethacin[20]
induced small intestinal damage in rats . In the
present study, a DSS-induced rat colitis model was
successfully built. After treatment with chymase
inhibitor TY-51469, the rats in the experiment group
had significantly less severe colitis compared with the
model group on 7, 14, 21 and 28 d. These results
suggested that chymase inhibitor TY-51469 might
ameliorate DSS-induced experimental colitis in rats.
Therefore, chymase inhibitor may be a novel therapy
for clinical treatment of IBD in the future, although it
still warrants clinical investigations.
To further explore the possible mechanism of
chymase inhibitor TY-51469 acting on IBD, we in
vestigated the changes of Tregs in different groups
+
+
and found that the proportion of CD4 CD25 Tregs in
the experiment group was significantly higher than
that in the model group but lower than that in the
control group. The mRNA and protein expression of
Foxp3, which is specifically expressed in Tregs, was
also significantly higher in the experiment group
than in the model group but lower than in the control
group. These findings indicated that chymase inhibitor

Table 2 Serum levels of interleukin-10, transforming growth
factor-β1 and interleukin-17A
Group

n

IL-10 (pg/mL)

Experiment
Model
Control

5
5
5

98.79 ± 3.45a,c
34.56 ± 5.78
143.35 ± 2.35

TGF-β1 (pg/mL) IL-17a (pg/mL)
59.23 ± 2.01a,c
23.45 ± 3.68
68.56 ± 3.59

67.82 ± 3.25a,c
14.35 ± 2.46
76.28 ± 3.56

a

P < 0.05 vs model group; cP < 0.05 vs control group. The results are shown
as mean ± SD. IL: Interleukin; TGF: Transforming growth factor.

of chymase inhibitors in the treatment of IBD, we used
a DSS-induced SD rat model to explore the changes
of Tregs and cytokines by treating the model rats with
chymase inhibitor in this study.
Chymase, which can convert angiotensin-1 to
angiotensin-2, has been extensively studied concerning
its role in the pathophysiology of cardiovascular
[18]
diseases . Recently, the relation of chymase with
inflammatory diseases including IBD has been
[19]
described. Ishida et al
found that both chymase
activity and MMP-9 activity were significantly increased
in the DSS-induced colitis mice, which could be
suppressed by chyamse inhibitor NK3201. Additionally,
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TY-51469 might promote the synthesis of Tregs.
Moreover, the expression of immune tolerance related
cytokines including IL-10, TGF-β1 and IL-17A in rat
serum and colon tissues was also detected by ELISA
and immunohistochemistry, respectively. The result
of serum expression for cytokine was a supplement
to the results of that at the site of inflammation. The
results both demonstrated that cytokines IL-10, IL-17A
and TGF-β1 protein expression was significantly higher
in the experiment group than in the model group but
lower than in the control group.
The imbalance of immune tolerance and immune
reactions was found to be involved in the initiation of
[21]
IBD . Tregs have been reported to inhibit immune
response by secreting cytokines, thereby preventing
the occurrence and development of autoimmune
[22]
diseases including IBD . According to our present
study, chymase inhibitor TY-51469 might reduce
the progression of IBD possibly through increasing
Tregs and cytokines, and thus inhibit immune and
inflammatory reactions. As a kind of regulatory cells,
Tregs can inhibit the activation and proliferation of T
cells by directly contacting or by secretion of inhibiting
cytokines such as IL-10 and TGF-β1, which ensure that
[23]
the immune reactions are not excessively strong .
IL-10 exerts its immune regulatory function through
suppressing T lymphocyte and activating monocytes;
also, after interacting with B lymphocytes, mast cells,
dendritic cells and keratinocytes, the balance of Th1
and Th2 cytokines is accordingly regulated, thereby
[24]
inhibiting inflammatory reactions . TGF-β1 inhibits
immune reactions by regulating cell proliferation,
differentiation and promoting the secretion of
extracellular matrix; it can also maintain immune
balance through suppressing the functions of Th1 and
[25]
+
+
Th2 . In addition, CD4 CD25 Tregs possess specific
phenotypes and functions of inhibiting the proliferation
and activation of self-reactive T cells by autonomic
[26]
regulation .
It is worth noting that IL-17A was also significantly
higher in the experiment group than in the model
group but lower than in the control group. The
proinflammatory role of IL-17A has been widely
described. Its protective role may be related not to
regulatory function but to a beneficial pro-inflammatory
effect during acute injury. In addition, recent evidence
suggested that IL-17A also exert a protective effect
within the intestine. For example, researchers have
revealed that IL-17A knockout mice demonstrated
[27,28]
worsened DSS-induced colitis
. IL-17A has been
reported to be involved in the host defense against
[29,30]
fungal infection
. Considering the diverse and
complex biological functions of IL-17A, further studies
are still warranted to elucidate the exact role of IL-17A
in IBD.
Some limitations should be acknowledged in
this study. First, the finding that chymase inhibitor
TY-51469 could ameliorate DSS-induced experimental
colitis requires future studies to confirm in other animal
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model or clinical investigations. Second, our finding
that chymase inhibitor TY-51469 might exert effects
by increasing Tregs and cytokines was preliminary and
exploratory, therefore future investigations concerning
the specific mechanism of chymase inhibitor TY-51469
in relieving IBD are still needed. Additionally, the
mRNA expression of IL-10, TGF-β1 and IL-17A in
colon tissue did not demonstrate significant difference
among the three groups. Whether it was due to limited
number of samples or post-transcriptional regulation
warrants further research to elucidate.
In conclusion, after treatment with chymase
inhibitor TY-51469, the experiment group demonstrated
more significantly reduced intestinal inflammation
and higher expression of immune tolerance related
cytokines (IL-10, TGF-β1, and IL-17A) and Foxp3 which
is specifically expressed in Tregs compared with the
model group. We therefore suggested that chymase
inhibitor TY-51469 might ameliorate the progression of
IBD possibly through increasing Tregs and cytokines in
rats.
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Abstract
AIM: To investigate whether electroacupuncture
(EA) at ST25 affects jejunal motility in vivo and if so,
whether a sympathetic pathway is involved.

Institutional animal care and use committee statement:
All experimental manipulations were undertaken in accordance
with the Guide for the Care and Use of Laboratory Animals
(National Institutes of Health), and the study was approved by
the Institutional Animal Care and Use Committee of Nanjing
University of Chinese Medicine.

METHODS: Jejunal motility was assessed using
a manometric balloon placed in the jejunum ap
proximately about 3-5 cm away from the suspensory
ligament of the duodenum in anesthetized animals.
The effects of EA at ST25 were measured in male
Sprague-Dawley rats, some of which were treated with
propranolol or clenbuterol (EA intensities: 1, 3, 5, 7,
and 9 mA), and in male transient receptor potential
vanilloid-1 (TRPV1) (capsaicin receptor) knockout mice
(EA intensities: 1, 2, and 4 mA).

Conflict-of-interest statement: The authors declare that there
are no conflicts of interest to disclose.
Data sharing statement: No additional unpublished data are
available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS: Anesthetized rats exhibited three types
of fasting jejunal motor patterns (types A, B, and C),
and only type C rats responded to EA stimulation. In
type C rats, EA at ST25 significantly suppressed the
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It is becoming increasingly accepted and has even
been practiced in emergency departments to treat
[7]
gastrointestinal symptoms . Its therapeutic effects
on vomiting and nausea were first formally confirmed
[8]
in November 1997 . A considerable number of
studies have shown that electroacupuncture (EA) has
[9-15]
therapeutic effects on gastrointestinal disorders
;
examples include restoration of impaired gastric
accommodation in vagotomized dogs and amelioration
of impaired gastric motility and slow waves induced by
rectal distension. The mechanism of such effects has
mainly been attributed to modulation of the autonomic
[16,17]
nervous system
.
Evidence from clinical studies has shown that
acupuncture on the abdomen was effective for
both diarrhea and abdominal pain, suggesting that
acupuncture at this point may inhibit gastrointestinal
[10,18,19]
motility and/or reduce gastrospasms
. In animal
models, it was found that acupuncture at the hind
paw increased gastric and duodenal motility via
parasympathetic pathways, whereas application of
acupuncture at the abdomen showed an inhibitory
[8]
effect by increasing sympathetic activity . However,
little effort has been made to investigate the effect of
EA on jejunal motility.
Activation of Aδ- and C-fibers forms the basis
of acupuncture’s effects on autonomic nervous
[20]
function . The capsaicin receptor or transient re
ceptor potential vanilloid-1 (TRPV1) is a member of
[21]
the TRP-cation-channel superfamily , and it is mainly
expressed in Aδ- and C-fibers. TRPV1 acts as a sensor
[22]
for heat, pH, and inflammation , and it has also
[23]
been shown to participate in mechanosensation ;
therefore, TRPV1 channels could be affected by the
physical stimulation associated with acupuncture, thus
[24]
producing an autonomic response .
We hypothesized that abdominal EA (at ST25)
may alter jejunal motility via a somatosympathetic
reflex, and that TRPV1 may serve as an EA-responsive
channel mediating this reflex.

motor activity of the jejunum in an intensity-dependent
manner. The inhibitory effect of EA was weakened
by propranolol (β adrenoceptor antagonist) and
disappeared with clenbuterol (β adrenoceptor agonist)
induced inhibition of motility, suggesting that the
effect of EA on motility is mediated via a sympathetic
pathway. Compared with wild-type mice, EA at ST25
was less effective in TRPV1 knockout mice, suggesting
that this multi-modal sensor channel participates in the
mechanism.
CONCLUSION: EA at ST25 was found to inhibit
jejunal motility in an intensity-dependent manner, via
a mechanism in which sympathetic nerves and TRPV1
receptors play an important role.
Key words: Gastrointestinal disorder; Jejunal motility;
Electroacupuncture; Sympathetic nervous system;
Transient receptor potential vanilloid-1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Evidence from clinical studies has shown
that acupuncture on the abdomen was effective for
both diarrhea and abdominal pain, suggesting that
acupuncture at this point may inhibit gastrointestinal
motility. However, its mechanism has not been
established. In this work, we concluded that abdominal
electroacupuncture (EA) (at ST25) may alter jejunal
motility via a somatosympathetic reflex, and that
transient receptor potential vanilloid-1 may serve as an
EA-responsive channel mediating this reflex.
Yu Z, Zhang N, Lu CX, Pang TT, Wang KY, Jiang JF, Zhu B,
Xu B. Electroacupuncture at ST25 inhibits jejunal motility: Role
of sympathetic pathways and TRPV1. World J Gastroenterol
2016; 22(5): 1834-1843 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i5/1834.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1834

MATERIALS AND METHODS

INTRODUCTION

Animals and ethics statement

Intestinal motility is one of the most critical physiological
functions for transportation and absorption of food.
[1-5]
Intestinal dysmotility occurs in a range of diseases ,
including chronic intestinal pseudo-obstruction, chronic
constipation, and irritable bowel syndrome (IBS),
and symptoms include abdominal pain, nausea, and
constipation. As one of the major pathophysiological
features of functional gastrointestinal disorders,
intestinal dysmotility is becoming a serious public
[6]
health problem resulting in decreased quality of life
of individuals and an economic burden, however, at
[5]
present, options for treatment are limited .
Acupuncture is a traditional medical treatment that
has been practiced in China for thousands of years.

WJG|www.wjgnet.com

Sprague-Dawley rats (male, 180-230 g) were pur
chased from the Model Animal Research Center of
Nanjing Medical University (Nanjing, China; license
number: SCXK 2013-0005).
-/tm1Jul/
TRPV1 mice (male, 22-28 g, B6.129X1-TRPV1
NJU
, J003770) and their wild-type counterparts (WT
male, 22-28 g) were purchased from the Model Animal
Research Center of Nanjing University (Nanjing,
China).
All animals had free access to food and water, and
were housed under controlled environmental conditions
(22 ℃, 40%-60% relative humidity, 12/12 h light/dark
cycle). After two weeks of feeding adaptation, animals
were used for our experiments.
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Figure 1 Experimental procedure. Time course of interventions in rodents without drugs (A); Time course of interventions in the rats with drug administration (B). In
the electroacupuncture (EA) period, different intensities of EA (1, 3, 5, 7, and 9 mA for rats; 1, 2, and 4 for mice) were applied at ST25 acupoint in an ascending order.
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Figure 2 Three types of basal (untreated) jejunal motor patterns observed in the experiment. Representative examples of types A (A), B (B), and C (C) jejunal
motor patterns.

Drugs

the experiment, the animal was kept on an electric
heating board to maintain a temperature of 37 ℃ ±
0.5 ℃.
The experimental time course for the EA-only
rodent (no drugs) is shown in Figure 1A, while that for
rats treated with both EA and drugs is shown in Figure
1B. Different intensities of EA (1, 3, 5, 7, and 9 mA for
rats; 1, 2, and 4 mA for mice) were applied at ST25 in
an ascending order. The higher intensity stimuli could
only be applied when jejunal motility recovered to the
baseline.

The drugs used in the experiments were urethane
(U2500, Sigma, St. Louis, MO, United States), pro
pranolol hydrochloride (P0084, Sigma), and clenbuterol
hydrochloride (C5423, Sigma). The concentration and
doses of the drugs were as follows: urethane (20%;
-1
0.8 g/kg), propranolol (0.4%; initial dose, 1.0 mL·kg ;
-1
-1
maintenance dose, 40 μL·min ·kg ), and clenbuterol
-1
-1
(0.2%; maintenance dose, 80 μL·min ·kg ).

Experimental procedure

The animals were fasted overnight with free access to
water and then anesthetized with urethane (ip). The
trachea was cannulated to keep the respiratory tract
unobstructed. A catheter was inserted into the left
jugular vein for drug administration. A small incision
was made in the jejunum, about 3-5 cm away from
the suspensory ligament of the duodenum. A small
balloon made of flexible condom rubber was inserted
into the jejunal area via the incision. The pressure in
the balloon was measured by a transducer (YP201;
Chengdu Instrument Factory, Chengdu, China) and
the signal was collected with a physiological signalacquisition system (RM6240; Chengdu Instrument
Factory) for further analysis. The jejunal baseline
pressure was kept between 0.8 and 1.0 kPa. During

WJG|www.wjgnet.com

EA stimulation

A pair of needles (diameter, 0.3 mm) were inserted
(approximately 5 mm deep) into the unilateral Tianshu
point (ST25). ST25 was located bilaterally, 5 mm
lateral to the intersection between the upper 2/3
and the lower 1/3, in the line between the xiphoid
[25]
process and the pubic symphysis upper border .
EA was performed at unilateral ST25 for 2 min. The
needles were connected to a Han electroacupuncture
therapeutic apparatus (LH 402A; Beijing Huawei
Industrial Development Corporation, Beijing, China).
The parameters were set as follows: pulse duration: 1
ms; pulse frequency: 2 Hz and 15 Hz alternate; wave
form: square wave.
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Figure 3 Jejunal response of types A and B rats to electroacupuncture stimulation at ST25 acupoint. Representative examples of electroacupuncture (EA)
stimulation at ST25 with different intensities in types A (A) and B (B) rats (n = 8).

Assessment of jejunal motility

balloon pressure was increased to 0.8-1.0 kPa by
expanding the volume of the balloon to 0.1 mL with
warm water. Type B showed arrhythmic contractions
at a frequency of 1-2/min, and the contractile
amplitude was about 0.4-0.8 kPa. Type C showed
cyclic contractions at a frequency of 3-8/min, and the
contractile amplitude was about 0.5-1.0 kPa.
In the resting condition of anesthetized mice, no
typical jejunal motor patterns described above but
arrhythmic jejunal contractions at a frequency of
-/12-30/min were observed in the TRPV1 and WT
mice, and the contractile amplitude was approximately
0.05-0.15 kPa, when balloon pressure was maintained
at about 0.1-0.2 kPa by filling the balloon with 0.05 mL
of warm water (Figure 4A and B). The jejunal motility
-/observed in TRPV1 and WT mice showed no visible
difference.

The average amplitude over two minutes of jejunal
motility (contractions; kPa) during EA was compared
with the basal amplitude (pre EA, average amplitude
over two minutes). If a decrease of over 5% was
[16]
observed versus the basal amplitude , the response
was considered to be inhibited. Equation (1) was fitted
to the percentage decrease of amplitude.

Y =

EA − preEA
× 100% (1)
preEA

Statistical analysis

Data were analyzed using SPSS 18.0 software
(SPSS, Chicago, United States). Differences between
two groups were compared using an independentsample t test. P < 0.05 was considered statistically
significant. All data are expressed as mean ± standard
error (SE). The data-curve fitting for different inten
sities used equation (2):

Y = Bottom +

(Top − Bottom)
1 + 10X −LogIC50

Effect of EA at ST25 on the jejunal motility of types A
and B rats

To investigate the effect of EA at ST25 on jejunal
motility, different stimulation intensities (1, 3, 5, 7, and
9 mA) were applied to the needles inserted in the rat
abdomen. EA stimulation showed no effect on jejunal
motility at any intensity in types A (n = 8; Figure 3A)
and B rats (n = 8; Figure 3B).

(2)

where X is log of intensity, Y is response, decreasing
as X increases, Top and Bottom are plateaus in the
same unit as Y, and LogIC50 uses the same log unit as X.

Effect of EA at ST25 on the jejunal motility of type C rats

RESULTS

Compared to type C rats (n = 8), EA at ST25
significantly suppressed jejunal motor activity at
all intensities except 1 mA (Figure 5A), and the
logIC50 value of the stimulation was 2.90 ± 0.15 mA
(Figure 5B). An important feature of the EA effect
was its dependence on stimulation intensity. Jejunal

Characteristics of the fasting jejunal motility

In anesthetized rats, three types of fasting jejunal
motor patterns were generally observed under
resting conditions (Figures 2 and 3). Type A showed
a quiescent period with virtually no contraction when

WJG|www.wjgnet.com
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Figure 4 Jejunal responses to electroacupuncture (EA) stimulation at ST25 in WT and TRPV1-/- mice. Representative examples of EA at ST25 with different
intensities in wild-type (WT, A) and TRPV1-/- mice (B); Percentage inhibition of jejunal motility after EA at ST25 with different intensities (C). aP < 0.05 vs WT; bP < 0.01
vs WT; cP < 0.05 vs 1 mA; dP < 0.001 vs 1 mA; eP < 0.05 vs 2 mA (n = 8).

Effect of EA at ST25 on jejunal motility in TRPV1
knockout mice

contraction amplitude decreased with increasing EA
intensity, in a sigmoidal manner down to a plateau at
intensities ≥ 5 mA.

To explore the afferent pathway underlying the EA
stimulation in regulating jejunal motility, TRPV1
knockout mice were used in the study. In WT mice
(n = 8), an intensity-dependent decrease in jejunal
motility was also observed as the result of EA
stimulation at ST25 in the rats. At an intensity of 1
mA, EA produced no significant effect, but at 2 mA,
a slight inhibitory effect was observed, and then at 4
mA the effect increased significantly in magnitude. In
-/TRPV1 mice (n = 8), the effect of EA at 2 mA and 4
mA was significantly reduced when compared to that
for WT mice (Figure 4A-C); what’s more important,
it showed no significance between 2 mA and 4 mA,
that is, intensity-dependent inhibition did not occur
between them, suggesting that TRPV1 receptor may
serve as one of the afferent pathways underlying the
EA stimulation in regulating jejunal motility.

Effect of propranolol and clenbuterol on EA-induced
inhibition of jejunal contraction

To determine whether sympathetic pathways were
involved in the effect of EA at ST25 in regulating
jejunal motility, either the β adrenoceptor antagonist,
propranolol (n = 8), or the β adrenoceptor agonist,
clenbuterol (n = 8), was administered before EA
on type C rats. After administration, different EA
intensities (1, 3, 5, 7, and 9 mA) were applied to rats
in an ascending order. The propranolol results produced
a curve with a similar shape to that for the drug-free
rats, but the logIC50 value was about 6% higher at 3.06
± 0.18 mA (Figure 5C and D). Propranolol significantly
reduced the EA effect at all intensities above 1 mA
(Figure 6A-D). On the other hand, clenbuterol alone
almost completely inhibited motility, and EA at ST25
did not modify this effect significantly (Figure 5E, 5F,
6A-D). Taken together, these results suggest that
sympathetic pathways may mediate the inhibitory
effect of EA.

WJG|www.wjgnet.com

DISCUSSION
Two distinct patterns of small intestinal motility were
[17]
found after fasting and feeding . The typical motor
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Figure 5 Jejunal response of type C rats to electroacupuncture stimulation at ST25, and effect of propranolol and clenbuterol on electroacupunctureinduced inhibition of jejunal contraction in type C rats. Representative examples of electroacupuncture (EA) stimulation at ST25 with different intensities in type
C rats (A); The fitting curve of the inhibitory effect of EA stimulation at ST25 on jejunal motility in type C rats (B); Representative examples of EA stimulation at ST25
with different intensities after administration of propranolol administration (C); The fitting curve of inhibitory effect of EA stimulation at ST25 on jejunal motility in the
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Figure 6 Effect of propranolol and clenbuterol on electroacupuncture-induced inhibition of jejunal contraction in type C rats. 3 mA (A), 5 mA (B), 7 mA (C),
and 9 mA (D). aP < 0.05 vs drug-free, bP < 0.01 vs drug-free (n = 8).

vagal efferent activity that mediates the phase Ⅲ
gastric contractions. Since the stomach and jejunum
[30]
are innervated by the same segment nerves , it is
possible that the difference in the fasting jejunal motor
patterns was due to the same nervous activity that
produces the gastric contraction patterns mentioned
above. Tatewaki’s work suggests that manual
acupuncture could shift one contraction pattern to
another, whereas in our study, EA stimulation at ST25
did not have this effect, in fact, it had no effect at all
on type A or B rats. However, EA did show a significant
intensity-dependent inhibition of motility in type C rats.
Acupuncture has been reported to be efficacious
in the treatment of gastrointestinal motility disorders
[17]
in numerous clinical and animal studies . More
specifically, acupuncture at ST25 has been shown
[19,31,32]
to be advantageous in these cases
, yet the
mechanism of its effect on motility remains unclear.
A series of studies demonstrated that acupuncture
at the abdominal area inhibited gastric and duodenal
[33]
motility by increasing sympathetic activity ; whether
the effect of EA at ST25 on jejunal motility shares the
same mechanism has not been reported. To determine
whether sympathetic pathways are involved in the
mechanism of the EA effect, we used propranolol

pattern in the interdigestive state is the migrating
[26]
motor complex (MMC) . The MMC consists of three
phases: I, a period of motor quiescence; Ⅱ, a period of
irregular low amplitude contractions; and Ⅲ, a period
of regular high amplitude contractions. Compared to
human and dogs, the MMC cycle in rodent is more
irregular. It has been shown in rats and mice that the
[27,28]
MMC was observed in the small bowel
, but it is
rather difficult to distinguish three phases, so they are
denoted as phase-Ⅰ-like contractions, phase-Ⅱ-like
contractions, and phase-Ⅲ-like contractions in rats,
and no phases denoted in mice. In the present study,
three relatively fixed types of fasting jejunal motor
patterns were generally observed in the rats: A (phase
Ⅰ-like contractions), B (phase Ⅱ-like contractions),
and C (phase Ⅲ-like contractions). However, in the
anesthetized mice, no fixed motor pattern described
above but arrhythmic jejunal contractions were
-/observed in the TRPV1 and WT mice, which was
[28]
similar to a previous study .
In contrast to this traditional description of gastric
[29]
waves, Tatewaki et al
reported two fixed types of
gastric contraction patterns in rats. The difference
between the fasting motor patterns observed in
types A and B rats may be due to the difference in
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(β adrenoceptor antagonist) and clenbuterol (β
adrenoceptor agonist). Our data show that EA at ST25
still inhibited jejunal motility in propranolol-treated type
C rats, but that this effect was significantly reduced
(Figure 6). Clenbuterol blocked jejunal motility almost
completely and EA had no effect in its presence. Taken
together, these results suggest that a sympathetic
pathway is involved in the effect of EA.
[16]
[33,34]
Sato et al
and Noguchi et al
concluded that
acupuncture of the abdomen altered gastrointestinal
motility and secretion via a somatovisceral sympathetic
reflex and its afferent nerve pathway was composed
of abdominal cutaneous and muscle afferent nerves.
Somatic afferent nerve fibers are composed of Aα(group Ⅰ), Aβ- (group Ⅱ), Aδ- (group Ⅲ) and C-fibers
[35,36]
(group Ⅳ). According to a number of studies
, the
mean stimulation threshold for induction of firing in rat
Aδ- and C-fibers are approximately 2 mA and 5 mA,
respectively, whereas in mice they are 2 mA and 3
mA. To determine which somatic afferent nerve fibers
participate in the effect of EA at ST25, we used a range
of EA stimulation intensities (currents). It was found
that EA at ST25 significantly suppressed the jejunal
motor activity at all intensities in the drug-free group,
except at 1 mA. In all cases, the effect increased
sigmoidally with intensity to a plateau.
It has been reported that TRPV1 is mainly coex
pressed with Aδ- and C-fibers, rather than with
[22]
myelinated nociceptors . To confirm the role of
Aδ- and C-fibers in the EA effect, we repeated the
experiment in TRPV1 knockout mice. Compared with
the wild-type mice, EA at ST25 had a significantly
reduced effect on jejunal motility. This suggests that
TRPV1 in Aδ- and C-fibers is involved in the action of
EA at ST25, and these results are in agreement with
[37]
previous reports . On the other hand, recent studies
showed that the vast majority of the sympathetic
[38]
neurons were TRPV1-positive , and sympathetic
denervation could reduce significantly the expression
of TRPV1, calcitonin gene-related peptide and/or
phosphorylated PKC, suggesting that the activation of
TRPV1 receptors is modulated sympathetically by the
action of ATP released from sympathetic efferents to
[39]
activate the PKC cascade . Therefore, further studies
exploring TRPV1 receptor will provide new insights into
the mechanism(s) underlying the acupuncture-induced
jejunal motility via a sympathetic pathway.
In conclusion, the present study has found that
EA stimulation at ST25 inhibits jejunal motility in
an intensity-dependent manner via a sympathetic
pathway, and that TRPV1 receptors in Aδ- and C-fibers
seem to play an important role in the mechanism.

of Chinese Medicine) for their help in the experiments
of this study.
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AIM: To investigate the efficacy and clinical outcome
of patients treated with an over-the-scope-clip (OTSC)
system for severe gastrointestinal hemorrhage,
perforations and fistulas.

Data sharing statement: Informed consent for data sharing

METHODS: From 02-2009 to 10-2012, 84 patients
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were treated with 101 OTSC clips. 41 patients (48.8%)
presented with severe upper-gastrointestinal (GI)
bleeding, 3 (3.6%) patients with lower-GI bleeding,
7 patients (8.3%) underwent perforation closure,
18 patients (21.4%) had prevention of secondary
perforation, 12 patients (14.3%) had control of
secondary bleeding after endoscopic mucosal resection
or endoscopic submucosal dissection (ESD) and 3
patients (3.6%) had an intervention on a chronic
fistula.

value of the OTSC for the endoscopic treatment of GI
emergencies and complications.
Wedi E, Gonzalez S, Menke D, Kruse E, Matthes K, Hochberger
J. One hundred and one over-the-scope-clip applications for
severe gastrointestinal bleeding, leaks and fistulas. World J
Gastroenterol 2016; 22(5): 1844-1853 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i5/1844.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i5.1844

RESULTS: In 78/84 patients (92.8%), primary
treatment with the OTSC was technically successful.
Clinical primary success was achieved in 75/84 patients
(89.28%). The overall mortality in the study patients
was 11/84 (13.1%) and was seen in patients with
life threatning upper GI hemorrhage. There was no
mortality in any other treatment group. In detail OTSC
application lead to a clinical success in 35/41 (85.36%)
patients with upper GI bleeding and in 3/3 patients
with lower GI bleeding. Technical success of perforation
closure was 100% while clinical success was seen in
4/7 cases (57.14%) due to attendant circumstances
unrelated to the OTSC. Technical and clinic success was
achieved in 18/18 (100%) patients for the prevention
of bleeding or perforation after endoscopic mucosal
resection and ESD and in 3/3 cases of fistula closure.
Two application-related complications were seen (2%).

INTRODUCTION
The over-the-scope clip (OTSC; OVESCO Endoscopy
AG, Tuebingen, Germany) is a new endoscopic
device, which recently obtained technical approval
not only in Europe but also in the US and other nonEuropean countries. The clip consists of super-elastic
Nitinol and has the shape of a bear trap mounted
on a transparent plastic housing. Comparable to
the application mechanism of current variceal band
ligation devices, the clip is applied by turning a wheel
that is attached onto the shaft of the endoscope. This
applies traction on a thread that releases the clip from
the distal cap resulting in approximation of tissue
between the grasping teeth of the OTSC. Similar to
a surgical anastomotic stapling device, the tissue is
kept vital based on a pre-defined distance between
the clip teeth promoting sufficient vascular perfusion.
Basic experiments were performed in porcine models
for natural orifice translumenal endoscopic surgery
(NOTES) procedures, endoscopic full-thickness rese
ction and defect closure after targeted perforation, as
[1-6]
well as for bleeding in a simulator model .
The macroclip has been commercialized in Europe
[7-9]
since 2008 . In the United States a 510K application
(No. K093908) was obtained in December 2010 for
clinical use in endoscopic marking, hemostasis and
closure of gastrointestinal perforations (< 20 mm).
However, published clinical data are limited thus far. In
this current retrospective analysis of 84 patients, we
aimed to provide clinical data on using the macroclip
for GI emergencies such as severe GI bleeding,
perforations and fistulas as well as for the prevention
of bleeding and perforation after complex resective
procedures. To our knowledge this is the largest single
center experience on the OTSC use published so far.

CONCLUSION: This largest single center experience
published so far confirms the value of the OTSC for
GI emergencies and complications. Further clinical
experience will help to identify optimal indications for
its targeted and prophylactic use.
Key words: Over-the-scope-clip; Endoscopic therapy;
Gastrointestinal bleeding; Perforation; Fistula
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this retrospective study a novel endoscopic
over-the-scope-clip (OTSC) was evaluated for the
treatment of severe gastrointestinal bleeding,
perforation and fistula. 101 OTSCs were applied in
84 patients with a primary clinical success in 75/84
patients for all applications corresponding to 89%.
Severe bleeding was successfully treated in 35/41
patients with upper gastrointestinal (GI) bleeding
(85.36%) and in all 3 patients with severe lower GI
bleeding. Technical success of perforation closure
was 100% while clinical success was seen in 4/7
cases (57.14%) due to attendant circumstances
unrelated to the OTSC. Technical and clinic success
was achieved in 18/18 patients for the prevention of
secondary perforation or bleeding after endoscopic
mucosal resection and endoscopic submucosal
dissection and in 3/3 fistula closures. Two applicationrelated complications were seen. This largest single
center experience published so far confirms the high

WJG|www.wjgnet.com

MATERIALS AND METHODS
The OTSC is approved for clinical application for the
indications used. Informed consent was obtained
before all endoscopic interventions. A retrospective
review of all patients who underwent OTSC placement
between 02-2009 and 10-2012 at our institution was
performed. Key data were collected prospectively and
analyzed retrospectively on patient demographics,
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instrumentation channel leaving the second channel
open for suction. When the twin grasper was used
it was inserted into the second channel to avoid
preemptive firing of the OTSC due to friction between
the instrument and the thread.
Follow-up exams were conducted only if considered
useful by the endoscopist. Otherwise routine follow-up
intervals depending on the individual clinical pathology
and procedure were performed.

Table 1 Overview on patient characteristics, indications and
overall success rates
Patients, n
Sex
Age (yr), median
Clip type
12/6T
14/6T
OTSCs (n total)
Indication for OTSC placement
Upper GI bleeding
Lower GI bleeding
Gastrointestinal perforation
Fistula
Bleeding prevention
Perforation prevention
Technical success
Clinical success

84
50 males
34 females
71 (2-98)
77
24
101
41
3
7
3
12
18
78/84 (92.85%)
75/84 (89.28%)

RESULTS
Descriptive statistics were used for absolute values,
percentages, means or medians with ranges and
standard deviation wherever appropriate.
From February 2009 until October 2012, 84 pati
ents [median age, 71 years (range, 2-98 years), 34
women, 50 men, ASA 2-4] were treated with 101
OTSC clips (77 12/6t clips and 24 14/6t clips) (Table
1). Overall technical success was achieved in 78/84
(92.8%) patients. In 75/84 patients (89.28%), a
primary successful clinical treatment could be achieved
(Table 2). The mean number of OTSCs placed on the
initial endoscopic exam was 1 (range, 1-3). Only 2/84
patients required a repeat endoscopic intervention with
repeat clip placement. Depending on the individual
situation, antibiotic prophylaxis was given in 58/84
cases (69%). The results according to the different
indications are presented in the following subsections of
the paper.

GI: Gastrointestinal; OTSC: Over-the-scope-clip.

indications for the procedure, previously attempted
therapies, technical and clinical success of the procedure
as well as adverse events. Technical success was
defined as number/percentage of OTSCs attempted
and successfully deployed. Clinical success was
defined based on the intended treatment, achieving
hemostasis for GI bleeding cases, lack of contrast
extravasation on fluoroscopic examination in the cases
of perforation/fistula closures.
For applications in the upper gastrointestinal tract
routinely a 12/6t OTSC was applied. In the lower
GI tract routinely the 14/6t OTSC was used in the
rectum and the 12/6t OTSC in the colon proximal to
the rectum. All OTSC placements were performed
by four advanced endoscopists. As a routine for clip
placement, a double-channel gastroscope was used in
case of acute bleeding events in the upper GI tract as
well as in the colon if the lesion could be reached with
the gastroscope (EG530D Fujifilm, Tokyo, Japan, see
below). Otherwise, a standard colonoscope (EC590Z
M-type; Fujifilm, Tokyo, Japan) was used. All cases
were performed under midazolam/propofol sedation.
After identifying the lesion, the endoscope was
withdrawn and the OTSC mounted on the distal end.
The endoscope was re-inserted, and the lesion was
centered within the cap of the OTSC followed by
suctioning of the tissue into the cap. In the setting of
GI perforations and insufficient suction to effectively
aspirate tissue into the cap due to air leakage from
the perforation site a traditional gasping forceps or the
“Twin Grasper” system (OVESCO Corp., Tuebingen,
Germany) was used to pull the defect into the cap. In
the few fistula cases, we used a combination of suction
and grasping the tissue with a standard grasper.
A double-channel endoscope proved especially
useful in severe bleeding cases since suction capability
was assured via the second channel. A Y-adapter was
attached for intermediate forceful flushing through the
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Gastrointestinal bleeding

Forty-one patients were treated with active or recent
massive upper gastrointestinal bleeding (hemoglobin <
7 g/dL at admission or prior to emergency endoscopy;
Table 2). Of these 13/41 (31.7%) had failure of a
previously attempted hemostasis method (standard
through the scope hemoclips or adrenalin injection
plus hemoclip) (Figure 1A-D). Technical success in this
group was 35/41 (85.36%). A total of 43 clips were
applied in this group with only two patients requiring
multiple clip application.
In 38 cases (92.7%), the acute bleeding was
related to peptic ulcer disease, in 2 cases (4.9%)
due to bleeding of malignant ulcers (one gastric
adenocarcinoma, one gastric lymphoma) and in one
patient (2.4%) due to deep muscle laceration and
serious bleeding at the level of the GE junction after a
30 mm balloon dilatation for achalasia (Table 2). In the
peptic ulcer disease group, 13 ulcers were located in
the stomach (antrum n = 2, angulus n = 2, corpus n =
9), 8 in the pyloric channel or duodenal bulb and 17 in
nd
rd
the 2 or 3 duodenum. Of the 41 upper GI bleeding
patients, 31/41 (75.60%) were on pre-existing
anticoagulation. 9/41 (21.95%) took warfarin, 17/41
(41.46%) aspirin, 4/41 (9.75%) heparin/enoxaparin
and 1 (2.4%) was anti-coagulated with a combination
of aspirin plus clopidogrel.
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Table 2 Indications and succes of over-the-scope-clip placement
n

Indication
Perforation closure
Incomplete perforation (laceration of mucosa/inner muscle layer)
After mechanical stress at the level of the rectosigmoid
After balloon dilation of pyloric stenosis
Perforation
After colonic EMR
Due to colonic methane gas explosion
Intraoperative during cholecystectomy; perforation of a large duodenal diverticulum
Prevention of secondary perforation after resective techniques
EMR
Esophageal EMR
Gastric EMR
Duodenal EMR
Cecal EMR
EMR ascending colon
Sigmoid EMR
ESD
Esophageal ESD
Rectal ESD
Hemostasis severe bleeding
Upper GI bleeding
Acute ulcer bleeding
Forrest Ⅰa
Forrest Ⅰb
Forrest Ⅱa
Forrest Ⅱb
Severe bleeding at GE junction after balloon dilation for achalasia
Gastric adenocarcinoma
Gastric lymphoma
Lower GI bleeding
Severe bleeding from rectal ulcer
Forrest Ⅰa
Forrest Ⅱb
Prevention of secondary bleeding after resective techniques
EMR
Gastric EMR
Duodenal EMR
Colorectal EMR
ESD
Esophageal ESD
Rectal ESD
Fistula closure
After PEG removal
After dilation of pseudocyst access, false tract

Technical
success

Need for
surgery

Death due to
relapse

Death due to
other cause

3
1

3
1

No
Yes

No
No

No
No

1
1
1

1
1
1

Yes
Yes
No

No
No
No

No
No
No

2
2
2
2
1
1

2
2
2
2
1
1

No
No
No
No
No
No

No
No
No
No
No
No

No
No
No
No
No
No

3
5

3
5

No
No

No
No

No
No

9
3
23
3
1
1
1

4
3
23
2
1
1
1

4
No
No
1
No
1
No

4
No
No
1
No
No
No

1
No
4
1
No
No
No

2
1

2
1

No
No

No
No

No
No

1
3
3

1
3
3

No
No
No

No
No
No

No
No
No

1
4

1
4

No
No

No
No

No
No

2
1

2
1

No
No

No
No

No
No

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; GI: Gastrointestinal.

successfully performed. The patient survived and was
discharged on POD 7 after the second OTSC.
Five patients (12.2%) underwent additional sur
gical treatment due to high-risk bleeding lesions or
unsuccessful treatment. Of these patients, four had
presented with a Forrest Ⅰa bleeding lesion and one
patient with a Forrest Ⅱb lesion (Table 2). In four of
five cases, the initial clip placement had been difficult
due to a reduced visibility in a Forrest Ⅰa bleeding
situation. In one patient with a Forrest Ⅱb lesion, clip
placement was unsuccessful (Table 2).
In three patients, the GI bleeding originated from
a lower source, at the rectum level (radiation proctitis
with repetitively bleeding from a rectal ulcer n = 2, a
rectal ulcer of unknown cause n = 1). Technical and

In the GI bleeding group, clinical success was
achieved in 35/41 patients (85.36%). One patient
treated had experienced massive re-bleeding from
an ulcer on the posterior wall of the duodenal bulb
after a prior attempt of hemostasis using conventional
endoscopic hemostasis techniques (injection and
hemoclip) and following surgical over-sewing of the
gastroduodenal artery. An extensive re-bleeding after
surgery was successfully stopped by OTSC application
onto the ulcer ground (Figures 2A-D; Video 1).
Unfortunately, the patient re-bled a third time already
on solid food on post-operative day (POD) 10 after
the first OTSC application. Due to a high operative risk
based on advanced chronic obstructive pulmonary
disease, repeat application of the OTSC again was
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A

B

C

D

Figure 1 Ulcer (Forrest Ⅱa) at the gastric angulus (A-D). Acute bleeding after attempt of closure of the visible vessel using a standard hemoclip. Successful
hemostasis using a 12/6t over-the-scope-clip.

A

B

C

D

Figure 2 Severe recurrent ulcer bleeding from the gastroduodenal artery at the posterior wall of the duodenal bulb despite primary endoscopic clipping
and surgical oversewing (A-D). Visible surgical threads at the ulcer base (A); Intermittent massive re-bleeding at rinsing and suction (B); Successful application of a
12/6t Over-the-Scope-Clip by pulling the ulcer bed into the transparent distal attachment cap (C, D).
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A

B

C

D

E

F

G

H

I

Figure 3 Acute perforation after endoscopic mucosal resection of a 2 cm tubulovillous adenoma at the right colonic flexure (A-I). Successful closure of the
large defect using two large 14/6t over-the-scope-clips applied side-to-side.

clinical success in this group was 3/3 (100%) (Table 2).

suspected at the level of a sigmoid diverticulosis could
not be identified endoscopically. Abdominal imaging
immediately post procedure revealed free fluid and
gas in the abdominal cavity. The patient underwent
sigmoid resection with confirmation of a diverticular
perforation and had an uneventful course. No defect
at the level of the hepatic flexure could be detected
intraoperatively. Furthermore, a 2-year old patient
was treated with a 12/6t OTSC clip after suspicion of
an incomplete perforation due to a balloon dilatation
of a pyloric stenosis. Due to unsecure closure at the
level of the pylorus surgical removal of the clip and a
pyloroplasty were performed.
Three patients were treated after endoscopic
laceration of the mucosa ± superficial muscle layer
(incomplete perforation with increased secondary
perforation risk). One of the three lacerations occurred
when passing the endoscope through a narrow
descending colon with multiple diverticula. The other
two appeared while pushing the endoscope probably
too forcefully forward through the lower and mid
sigmoid. Technical and clinical success were 100%
with a 12/6t OTSC system placed in all three cases.
No leakage of contrast medium was detected on
fluoroscopic examination directly after the closure.

Perforation closures

In regards to perforation closure, technical success
was 7/7 (100%). A total of 9 OTSC clips were applied.
Two patients needed two OTSCs placed side by side
due to perforation size (Table 2).
Placement of the OTSC was clinically successful in
4/7 cases (57.14%) due to causes not related to the
OTSC application. In one patient with an extremely
rare case of colonic disruption due to a methane
gas explosion during electrocautery use, a CT scan
performed immediately post procedure revealed free
fluid and gas in the abdominal cavity. The patient
therefore underwent sigmoid resection and lavage
of the peritoneal cavity the same day. The resected
surgical specimen showed a successful closure of
the two 1.5 cm wall defects. One patient had a
perforation after endoscopic mucosal resection (EMR)
of a 2 x 2 cm polyp at the hepatic flexure, which was
successfully treated with two 14/6t OTSC clips (Figure
3A-I, Video 2). The patient showed clinical signs of
perforation with a distended abdomen after placement
of the second large OTSC (21 mm outer diameter of
the device). However, the perforation site which was
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One patient was treated with an OTSC clip after
laparoscopic cholecystectomy with iatrogenic injury
of a large duodenal diverticulum located close to the
cystic stump.

due to cerebral bleeding.

Complications

As mentioned above one patient with successful primary
OTSC closure of a large colonic perforation following EMR
resection of a polyp at the hepatic flexure, a secondary
perforation was detected in the relatively narrow sigmoid
colon with multiple diverticula. It is presumed that the
secondary perforation occurred when advancing the
endoscope with the second of the two macroclips
with 21 mm outer diameter. The patient underwent
uneventful surgical resection of the sigmoid colon.
During the surgery the perforation at the level of the
right colonic flexure was inspected and noted to be
successfully closed with two 14/6t OTSC clips and was
preserved. The postoperative course of the patient was
uneventful.
We observed one case of capture of a conventional
grasper forceps within the teeth of the OTSC following
its release. The clip had been placed in an attempt of
perforation prevention, and was being placed in the
distal esophagus because of suspected inner muscle
layer resection following cap-EMR. The handle of the
grasper was cut and the endoscope was removed. An
attempt of focal APC coagulation was applied to try to
open the OTSC but failed. Neither was successful the
capture of the two horns on one side of the OTSC in a
mechanical lithotripsy basket and metal spiral. A final
attempt by removing the clip gently mechanically and
being ready to close a perforation with another OTSC
was finally successful. The tip of the endoscope had
been prepared with a hard distal attachment cap as
used for cap EMR (14.8 mm outer diameter, MAJ-291,
Olympus Optical, Tokyo, Japan). The further course
after clip removal was uneventful and a second OTSC
not needed.

Prevention of secondary perforation or bleeding

Eighteen patients underwent OTSC application to
prevent secondary perforation (PSP) after incomplete
wall damage during complex widespread endoscopic
resection (10 EMR cases and 8 ESD cases; Table 2).
Technical and clinical success in this group was 18/18
(100%). A total of 29 clips were applied and 7/18
(38.8%) patients had multiple OTSC applications at the
same procedure. No leakage was found radiologically
by filling the lumen with water-soluble contrast
medium directly thereafter or at a control within 24 h.
No secondary perforations occurred.
OTSC clip was applied in 12 cases (14.28%)
for prevention of secondary bleeding (PSB) after
widespread EMR or ESD with multiple blood vessels
≥ 2 mm at the wound ground (Table 2). Technical
success in this group was 12/12 (100%), without
any bleeding events after the OTSC treatment. In
10/12 patients (83.3%) primary OTSC application
was performed, with successful definitive bleeding
prevention in all cases. 2/12 (16.6%) patients were
successfully treated by OTSC application after failure of
standard hemoclips for secondary bleeding prevention
after clip placement on vessels during ESD.

Fistula closure

A persistent entero-cutaneous fistula after percutaneous
endoscopic gastrostomy removal was successfully
closed in 2 patients by OTSC application. One patient
with a false lumen that was created during redilatation of a gastrocystic tract for exchange of the
two transgastric pancreatic pseudocyst drainages was
treated successfully by OTSC application (Table 2).
Technical success in this group was 3/3 (100%), with
a total of 3 clips used. Clinical success was 100% with
no patients needing a secondary intervention.

DISCUSSION
Gastrointestinal bleeding and perforations require
immediate and careful endoscopic intervention to
prevent hemodynamic compromise from exsanguination
or complications from extra-luminal fluid accumulation
with sepsis from inadequate perforation closure.
Traditionally, GI bleeding has been managed
endoscopically with electrocautery, epinephrine
injection or hemoclip application. Often, multiple
hemoclips may be necessary. Perforations in the upper
and lower GI-tract have been generally managed by
surgeons but appear to be amenable to endoscopic
closure thus avoiding surgery in patients that often
have significant comorbidities. The over-the-scope-clip
has become an important tool in the armamentarium
of the interventional endoscopist though introduced
in the market only recently. However, experience
from large patient series is still limited and most of
the published literature is experimental or reports
[10-12]
small case series
. Controlled porcine studies
have shown successful defect closure in various

Mortality

Overall, a total of 11 patients (11/84, 13.09%) died
in the study group with all of the patients being in
the gastrointestinal bleeding group. The mortality
rate due to bleeding and hemorrhagic shock in the
Forrest Ⅰa group was the highest with 4/41 (9.75%).
One patient died despite endoscopic and subsequent
surgical intervention due to hemorrhagic shock. In an
87-year patient and a 92-year old patient, surgery was
refused by the surgeons and relatives, respectively.
Both patients died due to re-bleeding from penetrating
ulcers. Seven patients died from causes not related to
re-bleeding: two due to respiratory insufficiency and
multi-organ failure, three due to acute heart failure (two
following a non-ST segment myocardial infarction and
one a cardio-renal syndrome), one due to methicillinresistant staphylococcus aureus sepsis and one patient
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NOTES procedures as well as in artificial duodenal
[2,5,13,14]
and colonic perforations
. Initial clinical data
on the successful treatment of eleven patients with
severe gastric and colonic bleeding and perforations
of the GI tract using the OTSC were reported by
[7]
Kirschniak et al in 2007. He recently reported the
largest monocentric retrospective series on 50 patients
treated for bleeding, perforations and fistulas using the
[12]
[15]
OTSC . Haito-Chavez et al confirmed the data in a
first North Italian series. To date, the largest published
experience is an international, multicenter study on
the use of the OTSC for GI fistulae, perforations and
leaks in 188 patients.
In this large retrospective single center series, we
[10]
were able to confirm observations from Repici et al
[16]
and from Manta et al
that the OTSC facilitates the
treatment of life-threatening bleeding not amenable
to standard hemostatic procedures and devices. Given
that severe upper gastrointestinal bleeding is one of
the most challenging emergencies in gastroenterology.
The mortality rate still ranges between 3.5% and
[17-19]
14%
. Having effective tools to manage difficult
bleeding cases is imperative and may change
outcomes especially for high-risk patients. The data
reported in our case series on patients presenting
with severe non-variceal gastrointestinal bleeding
(Forrest Ⅰa, Ⅰb, Ⅱa and Ⅱb; hemoglobin < 7g/dL)
are encouraging. Nevertheless, the OTSC application
system may have its limitations in emergency bleeding
situations. After identifying the bleeding source,
the scope has to be removed in order to mount the
device on the endoscope, comparable to a variceal
band ligator. However, mounting the system on the
endoscope is fast and easy and the skills are acquired
[20]
after a short learning period .
[1,21]
In 2006, Schurr et al
published data about
the closure of iatrogenic colon perforations with the
OTSC in an experimental survival animal study in
pigs. The authors concluded that the OTSC system
is a simple and secure closure method for iatrogenic
colon perforations, and may be considered as an
[22]
alternative to surgical repair. Weiland et al evaluated
success rates of the OTSC in closure of iatrogenic
gastrointestinal perforations and anastomotic leaks in
a systematic literature review in 2013. In their analysis
a total of 17 clinical case series and 22 preclinical
research articles were evaluated. They found a high
mean rate of 80%-100% on procedural success
and durable closure in 57%-100%. Our clinical data
confirm these results for perforation closure. One
limitation, however, was that our overall case number
of perforations was small. A reproducible closure of
transmural GI defects appears to be possible with the
[23]
OTSC in an experimental setting . However, Matthes
[20]
et al
showed in their porcine model that only tissue
defects from 5 to 20 mm in the stomach and 10 to
25 mm in the colon could be closed reliably using one
OTSC. For larger defects 2 clips were recommended.
Previously published data on the OTSC have
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shown that indications for the use of the OTSC are not
limited to iatrogenic GI perforations and bleedings.
Also fistulas and secondary leaks could be successfully
closed using the OTSC system if an effective external
[24-28]
[29]
drainage is guaranteed
. Baron et al
recently
published their experience in a retrospective US
multicenter study on OTSC placement. 31 of 45
patients included had anastomotic leaks or fistulae.
Of these, clinical success with permanent closure
was achieved in 20/31 cases (65%). Haito-Chavez
[15]
et al
showed a similar long-term success in 60.2%
of patients with a median follow-up of 146 d. Further
clinical trials are needed to clarify optimal indications
and limitations of the system.
There are no evidence-based recommendations
concerning re-nutrition after successful application
of conventional clips or OTSCs, e.g., after severe GI
bleeding. We experienced a case of heavy re-bleeding
10 d after successful hemostasis with severe bleeding
from the gastroduodenal artery. The patient had
eaten solid food at that time including meat. Until
further clinical experience is gained, we empirically
recommend for our patients with heavy bleeding
and OTSC application a liquid diet on the first 3 postinterventional days and a soft diet for at least 14 d
after the intervention to reduce the risk of a premature
OTSC loss.
Prospective randomized trials of emergency
situations are difficult to conduct and therefore data is
limited. Our experience indicates that the OTSC may
represent a helpful tool for the prevention of secondary
necrosis and perforation after widespread endoscopic
resections. However, results of prospective trials are
currently lacking.
A very rare complication using the OTSC system
may be the capture of a grasping instrument within
the teeth of the clip as happened in one case in
our series. This potentially severe complication can
effectively be avoided by sufficient retraction of the
instrument into the distal cap before releasing the clip
as recommended by the company. Even if in most
cases the OTSC is simply applied by suction this should
not be forgot, especially in emergency situations.
Misplacement of the clip can potentially necessitate clip
removal. Until now, only few cases of OTSC removal
[30]
have been published so far. Fähndrich et al
were
the first to demonstrate successful opening of the clip
in three patients using a Nd:YAG-Laser. One limitation
of the Nd:YAG laser aside potential tissue damage in
case of misapplication is its lack of availability in every
[31]
endoscopy unit. Neumann et al
showed in an “ex
vivo” porcine model a guidewire removal technique in 8
of 15 cases with a low removal success rate of 53.3%.
On the one side a removal of the OTSC seems feasible
with these different techniques, on the other hand
they all have limitations and in our opinion there is a
need of a secure and easy removal system. Schmidt et
[32]
al
reported on a prototype of a “Clip Cutter” device
(DC ClipCutter, Ovesco Endoscopy). Similar to spark
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gap formation in a car engine by electrical discharge
the clip is opened by holding it between a fork-like
device. Until now, there is a lack of data concerning
what happens with the OTSC and the application site
over time. The OTSC itself is composed from nitinol
and suited as permanent implant. While some OTSC
seems to fall off spontaneously others seem to be
overgrown by hyperplastic tissue. Systematic studies
in different anatomical locations are needed in order
to give recommendations for a systematic secondary
control or removal.
In conclusion, our study confirms the usefulness of
the OTSC for the treatment of severe gastrointestinal
bleeding, fistula closure and the non-surgical ma
nagement of perforations. Further studies for its
systematic use in high-risk bleeding patients or as a
prophylactic measure to avoid secondary perforation or
bleeding in multimorbid patients are eagerly awaited.
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10

The over-the-scope clip (OTSC) is a new endoscopic device, which recently
obtained technical approval not only in Europe but also in the US and other
non-European countries. The OTSC has become an important tool in the
armamentarium of the interventional endoscopist though introduced in the
market only recently. However, experience from large patient series is still
limited and most of the published literature is experimental or reports small
case series.

11

Innovations and breakthroughs

12

In this current retrospective analysis of 84 patients, the authors aimed to provide
clinical data on using the macroclip for gastrointestinal (GI) emergencies such
as severe GI bleeding, perforations and fistulas as well as for the prevention
of bleeding and perforation after complex resective procedures. To the best of
current knowledge, this is the largest single center experience on the OTSC
use published so far.

13

Applications
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This largest single center experience published so far confirms the high value of
the OTSC for the endoscopic treatment of GI emergencies and complications.
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Good series of OTSC usage in a wide range of clinical indications. The
endoscopic pictures are useful but will benefit from labelling of the pictures
to identify, parts of the photo that may not be so clear to general readers not
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Abstract
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AIM: To assess the prevalence of nutritional disorders
in children with inflammatory bowel disease (IBD) in
Saudi Arabia.

Institutional review board statement: This report constitutes a
portion of the national study of the characteristics of IBD in Saudi
children, approved by the Institutional Review Board, College of
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newly diagnosed with IBD between 2003 and 2012 were
analyzed. The diagnosis of IBD and the differentiation
between Crohn’s disease (CD) and ulcerative colitis
(UC) were confirmed by gastroenterologists according
to the standard criteria. The body mass index (BMI) of
2
each child [weight (kg)/height (m)] was calculated at
the time of diagnosis. The World Health Organization
standards and references were used and the BMI for
age > +1 and < -2 standard deviation score were used
to define overweight and thinness, respectively. Age
stratification analysis was performed to investigate any
age-related variation in the prevalence of nutritional
status between children < 10 years of age and older.

INTRODUCTION
Nutritional impairment in the form of poor weight
gain, weight loss and underweight (thinness) is one
of the most important features of inflammatory bowel
disease (IBD), occurring more commonly in children
with Crohn’s disease (CD) than in children with
[1,2]
ulcerative colitis (UC) . However, recent reports in
the Western literature have indicated an increasing
proportion of adults and children presenting with
[3]
overweight and obesity rather than underweight .
In developing countries, IBD is a new condition
[4-6]
in both adults and children . A recent study from
Saudi Arabia reported a low incidence compared to the
findings in the Western literature, although there was
[7]
a statistically significant increase in trend over time .
It has been suggested that studying the characteristics
of this emerging condition in new populations may
enhance the understanding of these diseases. The
lack of information on the nutritional status of children
affected with IBD from developing countries in general
and Saudi Arabia in particular prompted this study,
with the objective to describe the nutritional status in
Saudi children with newly diagnosed IBD.

RESULTS: There were 374 children from 0.33 to 17
years of age, including 119 (32%) children with UC
and 255 (68%) with CD. All of the children were Saudi
nationals, and 68 (57%) of the UC and 150 (59%)
of the CD children were males. A positive history of
anorexia at the time of diagnosis was found in 30 (25%)
patients with UC and 99 (39%) patients with CD. The
prevalence of thinness was 31%, 35% and 24% in
children with IBD, CD and UC, respectively, with a
significantly higher prevalence of thinness in children
with CD than in children with UC (P = 0.037) only in the
age group of 10-17 years (P = 0.030). The prevalence
of overweight was 16 %, 15% and 20 % in the children
with IBD, CD and UC, respectively, indicating a higher
prevalence in UC that was statistically significant only in
the age group of 10-17 years (P = 0.020).

MATERIALS AND METHODS
The data from a national cohort of children newly
diagnosed with IBD between 2003 and 2012
were analyzed. The diagnosis of IBD and the diffe
rentiation between CD and UC were confirmed by
gastroenterologists according to the revised Porto
[8]
criteria . The World Health Organization (WHO)
[9,10]
standards and reference were used
. Accordingly,
overweight and thinness were defined by body mass
index (BMI) for age > +1 and < -2 standard deviation,
respectively. Weight and length/height were measured
2
at the time of diagnosis and BMI [weight (kg)/height
(m)] was calculated for each patient and plotted on
the relevant WHO charts. Age stratification analysis
was performed to investigate any age-related varia
tion in the prevalence of nutritional status between
children < 10 years of age and older, in accordance
[11]
2
with Paris classification . χ test was used to test the
significance of estimates, and p-value of < 0.05 was
considered to be statistically significant.
This report constitutes a portion of the national
study of the characteristics of IBD in Saudi children.
The study was approved by the Institutional Review
Board, College of Medicine, King Saud University (No.
10/2647/IRB).

CONCLUSION: A high proportion of children with
IBD presented with overweight instead of the classical
underweight. Awareness of this finding is important for
patient care.
Key words: Overweight; Thinness; Ulcerative colitis;
Crohn disease; Children; Saudi Arabia
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first from a developing
country to demonstrate that a high proportion of
children with inflammatory bowel disease (IBD)
presented with overweight instead of the classical
underweight. Age stratification revealed a significant
variation between Crohn’s disease and ulcerative colitis
in the prevalence of thinness as well as overweight
between children < 10 years of age and older children.
Physicians caring for children should be aware that
children with IBD may present with overweight instead
of the classical underweight.

RESULTS

El Mouzan MI, Al Edreesi MH, Al-Hussaini AA, Saadah OI, Al
Qourain AA, Al Mofarreh MA, Al Saleem KA. Nutritional status
of children with inflammatory bowel disease in Saudi Arabia.
World J Gastroenterol 2016; 22(5): 1854-1858 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i5/1854.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i5.1854
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There were 375 children from 0.33 to 17 years of age,
including 119 (31.7%) patients with UC, 255 (68%)
patients with CD and one (0.3%) patient with IBDundetermined. The latter, however, was not included in
the analysis. All of the children were Saudi nationals,
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Table 1 Nutritional status distribution n (%)
WHO definitions

Table 3 Age-specific prevalence of overweight n (%)

UC = 119
(32)

CD = 255
(68)

IBD = 374
(100)

28 (24)a
67 (56)
24 (20)b

89 (35)a
129 (50)
37 (15)b

117 (31)
196 (53)
61 (16)

Thinness (< -2 SD)
Normal
Overweight (> +1 SD)

Age (yr)
< 10
10-17
0.33-17

UC

CD

9/67a (9)
9/55b (16)
15/52a (29) 28/200b (14)
24/119 (20) 37/255 (15)

P value

IBD

0.843
0.020
0.219

18/122c (15)
43/252c (17)
61/374 (16)

a

P = 0.065; bP = 0.822; cP = 0.676. UC: ulcerative colitis; CD: Crohn disease;
IBD: inflammatory bowel disease.

a

P = 0.037, bP = 0.219. WHO: World Health Organization; UC: ulcerative
colitis; CD: Crohn’s disease; IBD: inflammatory bowel disease.

DISCUSSION

Table 2 Age-specific prevalence of thinness n (%)
Age (yr)
< 10
10-17
0.33-17

UC
18/67a (26.9)
10/52a (19.2)
28/119 (24)

CD
19/55 (34.5)
70/200 (35)
89/255 (35)

P value
0.359
0.030
0.037

Nutritional impairment in children with IBD is one of
the most important features of these diseases, and the
assessment of nutritional status is essential for treating
these children. Although the causes of thinness are not
completely understood, contributing factors include
anorexia, inadequate caloric intake, malabsorption,
loss of nutrients, chronic inflammation, and including
[12]
effect of proinflammatory cytokines . In addition
to the well-known weight loss in patients presenting
with IBD, overweight and obesity have been recently
reported at the time of diagnosis in an increasing
[13,14]
number of children
.
The data reported in this study are derived from
a multicenter national sample of Saudi children with
an estimate of 80% coverage and are therefore
representative of the Saudi population of children
ranging in age from 0.33 to 17 years with a confirmed
diagnosis of IBD. In this analysis, we used BMI
to define overweight and thinness in accordance
[15,16]
with current recommendations
. In this report,
assessment at diagnosis excluded any effect of therapy,
allowing for a more accurate definition of the impact
of IBD on nutritional status. The WHO definitions and
references were used because of unavailability of local
data on z scores at the time of this analysis, and the
intention was to facilitate comparison with studies in
other populations.
In this study, the 78% prevalence of weight loss
in patients with CD and 42% in patients with UC at
the time of diagnosis are within the range (40% to
90% in CD patients and 20%-55% in UC patients)
[17]
reported in the Western literature , indicating a
more important impact of CD than UC on nutritional
status. Additionally, the 35% prevalence of thinness
in patients with CD is comparable with the 32% in a
[18]
report from France . The high prevalence of thinness
of 31 %, 35% and 24 % in patients with IBD, CD and
UC contrasts with the lower prevalence rates reported
[3]
from the United States . However, the significantly
more common prevalence of thinness in patients with
CD than in patients with UC is similar to the reports
in the literature likely reflecting the effects of more
extensive disease in the patients with CD than in the
[3]
patients with UC . The discrepancy between the
high prevalence of history of weight loss and thinness

IBD
37/122b (30.3)
80/252b (32)
107/374 (31)

P = 0.450; bP = 0.874. UC: ulcerative colitis; CD: Crohn’s disease; IBD:
inflammatory bowel disease.
a

and 68 (57%) of the UC and 150 (59%) of the CD
children were male. A positive history of anorexia at
the time of diagnosis was noted in 30 (25%) patients
with UC and 99 (39%) patients with CD. A history of
weight loss at the time of the diagnosis was positive
in 42% of the patients with UC and 78% of the
patients with CD. The distribution of nutritional status
in the 374 children is shown in Table 1, indicating a
prevalence of thinness of 31%, 35%, and 24% in IBD,
CD, and UC children, respectively, with a significantly
higher prevalence of thinness in CD children than UC
children (P = 0.037). In contrast, the prevalence of
overweight was 16%, 15% and 20 % in the children
with IBD, CD and UC, respectively, with no statistically
significant difference between the children with UC and
CD (P = 0.219).
The age-specific prevalence of thinness is shown in
Table 2, indicating a significantly higher prevalence in
CD patients 10-17 years of age (P = 0.030) compared
with those < 10 years, whereas no significant agerelated difference was noted in the UC or IBD group.
The age-specific prevalence of overweight is depicted
in Table 3. In UC patients, although not statistically
significant, the prevalence of overweight was higher
in the 10-17 year age group than in those < 10 years
of age (P = 0.064). However, there was a significantly
higher prevalence of overweight in the 10- to 17-yearold patients with UC than in those with CD (P = 0.020),
whereas no significant age-related difference was
noted in patients with CD or IBD. An overview of the
age distribution of BMI in children with overweight is
presented in Figure 1, indicating no clear pattern of
distribution. Finally, there was no significant difference
between males and females in the prevalence of
overweight or thinness in the patients with UC, CD or
IBD (P > 0.05).
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food might be a contributing factor. These age-related
findings, not reported in the literature, indicated the
importance of age stratification in the description of
nutritional status and added to the particularities of
IBD in children < 10 years old, as described in the
Paris classification.
In conclusion, in this study from a developing
country, the finding of a high prevalence of thinness
is expected and was similar to findings in the Western
literature. However, the high prevalence of overweight,
especially in older children with UC, was an unexpected
presenting feature of IBD in a developing country but
consistent with the findings in the Western literature.
Accordingly, physicians caring for children should
be aware that overweight, rather than thinness, is
not an uncommon nutritional presentation of IBD.
Prospective studies are warranted to define the impact
of overweight and obesity on the natural history and
management of IBD in children.

UC BMI
CD BMI

30

2

BMI (kg/m )

25
20
15
10
5
0

<5

5-7

8-10
11-12
Age (yr)

13-14

15-17

Figure 1 Body mass index distribution of children with overweight by age
at diagnosis for ulcerative colitis and crohn disease. UC: ulcerative colitis;
CD: crohn’s disease; BMI: Body mass index.

indicates that a significant proportion of patients lost
weight from higher SD scores but still above the -2 SD
score and is therefore not included in the prevalence of
thinness as defined by the level of BMI < -2 SD.
Overweight and obesity in IBD have been increa
singly reported in children and adults at the time
of diagnosis of IBD. Studies from the United States
reported a prevalence of overweight in 23.6%,
20% and 31% in children with IBD, CD, and UC,
[3,19]
respectively
, which is similar to the increased rate
of overweight in the general pediatric population in
[20,21]
the United States
. This report from Saudi Arabia
revealed a prevalence of BMI > +1 SD of 16%, 15%
and 20% in children with IBD, CD and UC, respectively,
an unexpected finding in a developing country in
general but an expected finding in developing coun
tries such as Saudi Arabia, considered to be “in
transition”, where the improved economic status led
to a change toward more sedentary activity and a
Western dietary lifestyle. This high rate of overweight
in IBD and particularly UC children is consistent with
the estimated prevalence of overweight (21%) in the
[22]
general pediatric population of the Saudi Arabia .
We are unaware of reports on the prevalence of
overweight in IBD children from other developing
countries for comparison.
The age-specific analysis of nutritional status
in this report revealed that the significantly higher
prevalence of thinness in children with CD (P = 0.037)
occurred only in the 10- to 17-year age group (P =
0.030), not in those < 10 years of age (P = 0.359),
suggesting more severe and widespread CD in older
children coupled with poor diet. Similarly, the agespecific prevalence of overweight in IBD in this study
revealed a significantly higher prevalence in children
with UC than in children with CD ranging in age
between 10 and 17 years, not in children < 10 years
of age. Although the explanation for this finding is not
clear, we speculate that different dietary lifestyle of
older children with easier access to high fat containing
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Nutritional impairment in the form of poor weight gain, weight loss and
underweight (thinness) is one of the most important features of inflammatory
bowel disease (IBD), occurring more commonly in children with Crohn’s
disease (CD) than ulcerative colitis (UC). However most of the data are from
Western populations. Because of the increasing reports of IBD from developing
countries, data on nutritional status are needed.

Research frontiers

Nutrition and growth assessment of children with IBD is important in patient
care. The pattern and prevalence of nutritional impairment in children from
developing countries are not known. This study reports on the increasingly high
prevalence of overweight rather than the classical underweight to increase the
awareness of this clinical nutritional presentation of IBD.

Innovations and breakthroughs

This is the first report on the prevalence of nutritional presentation of IBD in
children in developing countries. The high prevalence of overweight in IBD
is rarely reported worldwide. In addition, the finding of significant variation
between CD and UC in prevalence of thinness as well as overweight between
children < 10 years of age and older children indicates the importance of age
stratification.

Applications

The most important application is to make the physicians caring for children that
a high proportion may present with overweight and not underweight.
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The authors report on the pattern and prevalence of nutritional impairment in
children with inflammatory bowel disease at the time of diagnosis and before
any treatment, reflecting the impact of inflammation on nutritional status. The
identification of increasing prevalence of overweight is important for patient
care. Further studies from developing countries are needed to confirm these
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Abstract
AIM: To evaluate the clinical value of staging lapa
roscopy in treatment decision-making for advanced
gastric cancer (GC).

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of Nanfang
Hospital.

METHODS: Clinical data of 582 patients with ad
vanced GC were retrospectively analyzed. All patients
underwent staging laparoscopy. The strength of
agreement between computed tomography (CT) stage,
endoscopic ultrasound (EUS) stage, laparoscopic stage,
and final stage were determined by weighted Kappa
statistic (Kw). The number of patients with treatment
2
decision-changes was counted. A χ test was used to
analyze the correlation between peritoneal metastasis
or positive cytology and clinical characteristics.

Informed consent statement: Patients were given informed
consent and agreed to participate in the study.
Conflict-of-interest statement: The authors declare no conflict
of interest in this work.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS: Among the 582 patients, the distributions of
pathological T classifications were T2/3 (153, 26.3%),
T4a (262, 45.0%), and T4b (167, 28.7%). Treatment
plans for 211 (36.3%) patients were changed after
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To improve the survival of these patients, multimodal
therapy, including surgery and systemic chemotherapy,
are the current recommendations. It is well-known
that the specific option of multimodal therapy is based
on clinical evaluation of the TNM stage by imaging and
[2-7]
exploratory laparotomy . Clinically, underestimation
of tumor staging by imaging may lead to unnecessary
laparotomy, while overestimation of tumor staging
by imaging may exclude the opportunity of potential
curative surgery as a therapeutic option.
Computed tomography (CT) and endoscopic ultra
sound (EUS) are the most widely used conventional
[8]
modalities for preoperative staging of GC . It was
previously reported that CT or EUS has an accuracy
[9-13]
of 60%-83% in determining the T stage
. Ap
proximately 30% of laparotomies were unnecessary
and resulted in significant tissue damage due to
the low sensitivity of conventional examinations for
[14-17]
peritoneal metastasis detection
. Laparotomy has
high accuracy for T staging and high sensitivity for the
detection of peritoneal metastasis. However, laparotomy
for patients with non-resectable or disseminated disease
[18]
is unnecessary .
To avoid unnecessary conventional exploratory
laparotomy, staging laparoscopy as a minimally invasive
approach has been recommended prior to surgery
[2,3,19]
planning in order to exclude distant metastases
.
For suspected M1 cases, negative findings by staging
laparoscopy may help patients regain the potential
of radical surgery. In addition to the M stage, the T
stage has an important impact in the treatment plan.
Neoadjuvant chemotherapy has been reported to
[3,7,20,21]
increase R0 resection rate in T4a or T4b patients
.
Since the stage of the tumor is adjusted by staging
laparoscopy or laparotomy, parts of the treatment
plans should be changed, which may improve patient
survival. However, if the treatment plan is changed to
neoadjuvant chemotherapy instead of surgery followed
by laparotomy, there is no need for a patient to suffer
from open-close surgery. Furthermore, damage would
be reduced if staging laparoscopy is used instead of
laparotomy.
Although staging laparoscopy has been widely
[2-4]
described and advocated prior to surgery , discrepant
results have been reported; and results based on
Chinese patients have been rarely reported. Our
study focuses on the number of treatment plans that
changed due to staging laparoscopic findings. The aim
of this study is to evaluate the clinical value of staging
laparoscopy in treatment decision-making for advanced
GC.

staging laparoscopy was performed. Two (10.5%) of
19 patients in M1 regained the opportunity for potential
radical resection by staging laparoscopy. Unnecessary
laparotomy was avoided in 71 (12.2%) patients. The
strength of agreement between preoperative T stage
and final T stage was in almost perfect agreement (Kw
= 0.838; 95% confidence interval (CI): 0.803-0.872;
P < 0.05) for staging laparoscopy; compared with CT
and EUS, which was in fair agreement. The strength
of agreement between preoperative M stage and
final M stage was in almost perfect agreement (Kw
= 0.990; 95% CI: 0.977-1.000; P < 0.05) for staging
laparoscopy; compared with CT, which was in slight
agreement. Multivariate analysis revealed that tumor
size (≥ 40 mm), depth of tumor invasion (T4b), and
Borrmann type (Ⅲ or Ⅳ) were significantly correlated
with either peritoneal metastasis or positive cytology.
The best performance in diagnosing P-positive was
obtained when two or three risk factors existed.
CONCLUSION: Staging laparoscopy can improve
treatment decision-making for advanced GC and
decrease unnecessary exploratory laparotomy.
Key words: Staging laparoscopy; Advanced gastric
cancer; Tumor staging; Peritoneal metastasis; Risk
factor
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Staging laparoscopy plays an important role in
advanced gastric cancer (GC) staging, which performs
better than computed tomography or endoscopic
ultrasound. Staging laparoscopy can improve treatment
decision-making for advanced GC and decrease
unnecessary exploratory laparotomy. Tumor size (≥
40 mm), depth of tumor invasion (T4b), and Borrmann
type (Ⅲ or Ⅳ) were significantly correlated with either
peritoneal metastasis or positive cytology. The best
performance in diagnosing P-positive was obtained
when two or three risk factors existed.
Hu YF, Deng ZW, Liu H, Mou TY, Chen T, Lu X, Wang D, Yu
J, Li GX. Staging laparoscopy improves treatment decisionmaking for advanced gastric cancer. World J Gastroenterol
2016; 22(5): 1859-1868 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i5/1859.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1859

INTRODUCTION

MATERIALS AND METHODS

It is estimated that 990000 new gastric cancer (GC)
[1]
cases occur in the world annually . Approximately
42% of these cases occur in China. Due to the absence
of a mass screening program, more than 80% of all
Chinese cases are discovered at an advanced stage.

WJG|www.wjgnet.com

A total of 1319 GC patients underwent surgery in
Nanfang Hospital from June 1, 2004 to May 1, 2014.
A total of 747 patients received staging laparoscopy,
in which 112 patients who had early GC and 53
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disease, M1. N stage was not addressed in this study.
Modality-specific staging criteria are shown in Table
[10,12]
1
. The following four situations were considered in
order for treatment plans to be changed: the planned
operation was radical resection, but the final operation
was palliative surgery; the planned operation was
palliative surgery, but the final operation was radical
resection; the planned operation was gastrectomy
alone, but the final operation was combined resection;
the planned operation was combined resection, but the
final operation was gastrectomy alone.

Table 1 Modality-specific staging criteria
Stage
T stage
T2/3

T4a
T4b
M stage
M0
M1
T stage
T2/3
T4a
T4b
M stage
M0
M1
T stage
T2/3
T4a
T4b
M stage
M0
M1

Criteria
CT criteria
Neoplasm shows focal or diffuse thickening of gastric wall
with transmural involvement, is almost well enhanced, and
has smooth outer wall border and clear fat plane around
tumor
Transmural tumor with irregular or nodular outer border
and/or perigastric fat infiltration
Obliteration of fat plane between gastric tumor and adjacent
organ or invasion of adjacent organ
CT criteria
Distant metastasis absent
Distant metastasis present
EUS criteria
Tumor extent beyond the muscularis propria up to 4 mm
Tumor extent beyond the muscularis propria greater than 4
mm
Direct extension and invasion of tumor into adjacent organ
EUS criteria
Distant metastasis absent
Distant metastasis present
SL criteria
Tumor with clear and smooth outer gastric surface
Tumor with nodular or irregular outer gastric surface
infiltration of adjacent organs
SL criteria
Distant metastasis absent
Distant metastasis present

CT protocol

EUS protocol

A total of 150 patients were examined by EUS as
supplementary staging, and a radial echoendoscope
capable of emitting frequencies of 7.5 and 12 MHz was
[24,25]
used
. After an overnight fast, the procedure was
[24]
carried out in patients, as Power et al
described.
In addition, all patients were biopsied and pathology
confirmed.

CT: Computed tomography; EUS: Endoscopic ultrasound; SL: Staging
laparoscopy.

patients who received neoadjuvant chemotherapy were
excluded. Thus, 582 patients were enrolled in our study.
Preoperative staging entailed physical examinations,
fiberoptic gastroscopy, simple chest radiography, and
contrast-enhanced CT of the abdomen and pelvis. EUS
and lavage cytology examination were performed as
needed. All patients enrolled in this study received
endoscopy and biopsy, while 150 patients received EUS.
Five hundred sixty-three M0 patients were planned
to undergo radical surgery, and 19 M1 patients were
planned to undergo palliative surgery. Among the
enrolled patients, 99 patients underwent supplementary
lavage cytology examination. Each patient that under
went gastrectomy had final pathologic staging, while
staging for the remaining patients was established by
clinical information.
th
Staging was principally based on the 7 edition
of the American Joint Committee on Cancer (AJCC)
[22]
cancer staging manual . T stages were defined
as follows: T2/3, tumor that invades beneath the
subserosal connective tissue; T4a, tumor that in
vades the serosa (visceral peritoneum); and T4b,
tumor that invades adjacent structures, such as the
spleen, transverse colon, liver, diaphragm, pancreas,
abdominal wall, adrenal gland, kidney, small intestine,
and retroperitoneum. Metastasis to sites other than
regional lymph nodes (distant metastasis) and positive
peritoneal cytology were classified as metastatic

WJG|www.wjgnet.com

[9,14,23]

CT examinations
were performed using 10 mm
slices. All patients underwent contrast-enhanced
CT within 4 wk of the operation. Examinations were
carried out according to the following protocol: 30
min before CT, after an overnight fast, 100 ml of
intravenous sodium iothalamate was delivered by a
power injector. Then, all patients were asked to drink
600-800 ml of water to distend the stomach. The
procedure was carried out in patients, as previously
[23]
described by Kim et al .

Staging laparoscopy protocol

The patient was placed in the supine position with
legs apart under general anesthesia, the surgeon
stood on the left side of the patient, and the camera
[19,26]
operator stood between the patient’s legs
. A first
assistant stood at the right side of the patient and held
retractors if needed. A 12 mm subumbilical incision
was made and a pneumoperitoneum with CO2 under
13-15 mmHg pressure was established through a port.
Laparoscopy was performed using a 30° telescope.
Two other 5-mm ports were made on the left upper
and lower quadrants to allow for the use of grasping
and biopsy forceps. If needed, two final 5-mm ports on
the right quadrants were made. A thorough abdominal
cavity inspection was performed, and biopsies were
taken from any tissue suspected to be cancerous.
If tumors were positioned in the posterior wall, the
lesser sac was inspected. The liver, diaphragm, serosal
surfaces, peritoneum, omentum, and pelvic organs
were systematically inspected.
Lavage cytology examination was performed in
some cases of serosal invasion as a supplementary
investigation. Ascitic fluid, if present, was aspirated
and sent for cytology examination. If no ascites was
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Table 2 Agreement of computed tomographic and laparoscopic staging of T stage (n = 582)
Computed tomography
Final stage
T2/3
T4a
T4b
T2/3
T4a
T4b

Acc.
76%
56%
72%

Staging laparoscopy

T2/3

T4a

T4b

T2/3

T4a

T4b

115
82
22
Sens.
75%
67%
5%

35
176
136
Spec.
76%
47%
98%

3
4
9
PPV
53%
51%
56%

126
49
0
Sens.
82%
81%
100%

27
212
0
Spec.
89%
92%
100%

0
1
167
PPV
72%
89%
99%

NPV
90%
63%
72%

Acc.
87%
87%
100%

NPV
93%
85%
100%

Overall accuracy: 51.5% (computed tomography), and 86.8% (staging laparoscopy). Acc.: Accuracy; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value.

best cut-off for diagnosing P-positive was identified.
All tests were two-sided, and P values < 0.05 were
considered statistically significant. Data analysis was
carried out with Statistical Package for Social Sciences
(SPSS) version 16.0 (SPSS, Chicago, IL, United States)
and Statistical Analysis System (SAS) version 9.2 (SAS,
Raleigh, NC, United States).

present, peritoneal lavage was performed using 300
mL of normal saline instilled into the right and left
upper quadrants and pelvis; and washings were
collected for cytology examination after the abdomen
was gently agitated.

Statistical analysis

Findings from CT, EUS, and staging laparoscopy were
compared with the final stage of GC. Statistically
comparable results between the preoperative stage
determined by CT, EUS, and staging laparoscopy and
the final stage were determined using weighted Kappa
[27,28]
statistic (Kw)
. Weighted Kappa values were defined
as follows: values between 0.01 and 0.20 were defined
as in slight agreement, values between 0.21 and 0.40
were defined as in fair agreement, values between
0.41 to 0.60 were defined as in moderate agreement,
values between 0.61 to 0.80 were defined as in
substantial agreement, and values between 0.81 to
[29]
1.00 were defined as in almost perfect agreement .
Accuracy, sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)
2
were calculated. A χ test was used to analyze the
correlation between peritoneal metastasis or positive
cytology and clinical factors, including age, gender,
T stage, tumor size, histological type, Borrmann
type, tumor location, ECOG score, and lymph node
[27]
metastasis . Tumor size was sub-classified as <
40 mm or ≥ 40 mm, and type was based on the
Borrmann classification. Histological types of GC
according to the WHO classification guidelines were
categorized into differentiated and undifferentiated
types, and tumor locations were graded based on
whether the tumor involved each portion of the
stomach. P-positive was defined as either peritoneal
metastasis or positive cytology. P-negative was defined
as neither peritoneal metastasis nor positive cytology.
Receiver operating characteristic (ROC) curves were
employed to evaluate the effects of several cut-off
points on the diagnostic performance of the number
of risk factors for P-positive. The summary accuracy
measure of Youden’s index (sensitivity + specificity - 1,
range: 0-1) was used. By maximal Youden’s index, the

WJG|www.wjgnet.com

RESULTS
Agreement of T stage

The strength of agreement between the preoperative
T stage and the final T stage was in almost perfect
agreement (Kw = 0.838; 95% CI: 0.803-0.872;
P < 0.05) for staging laparoscopy, in which 8.4%
(49/582) were underestimated and 5.9% (28/582)
were overestimated. The strength of agreement
between the preoperative T stage and the final T
stage was in fair agreement (Kw = 0.287; 95%
CI: 0.235-0.339; P < 0.05) for CT; in which 41.2%
(240/582) were underestimated, and 7.2% (42/582)
were overestimated (Table 2).
Among the 150 patients who underwent EUS,
the strength of agreement between the preoperative
T stage and the final T stage was in almost perfect
agreement (Kw = 0.831; 95% CI: 0.759-0.904; P <
0.05) for staging laparoscopy, in which 6.0% (8/150)
were underestimated and 7.3% (10/150) were
overestimated. The strength of agreement between
preoperative T stage and the final T stage was in
fair agreement (Kw = 0.344; 95%CI: 0.239-0.448;
P < 0.05) for EUS, in which 10.0% (15/150)
were underestimated and 42.0% (63/150) were
overestimated (Table 3).

Agreement of M stage

The strength of agreement between preoperative
M stage and the final M stage was in almost perfect
agreement (Kw = 0.990; 95% CI: 0.977-1.000; P <
0.05) for staging laparoscopy; in which 0.3% (2/582)
were underestimated, and none was overestimated.
The strength of agreement between preoperative M
stage and the final M stage was in slight agreement
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Table 3 Agreement of endoscopic and laparoscopic staging of T stage (n = 150)
Endoscopic ultrasound
Final stage
T2/3
T4a
T4b
Acc.
67%
50%
79%

T2/3
T4a
T4b

Staging laparoscopy

T2/3

T4a

T4b

T2/3

T4a

T4b

28
4
0
Sens.
38%
57%
58%

42
29
11
Spec.
95%
46%
83%

3
18
15
PPV
88%
35%
42%

64
8
0
Sens.
88%
82%
100%

9
42
0
Spec.
90%
91%
99%

0
1
26
PPV
89%
82%
96%

NPV
62%
68%
90%

Acc.
89%
88%
99%

NPV
88%
91%
100%

Overall accuracy: 48.0% (endoscopic ultrasound), and 86.7% (staging laparoscopy). Acc.: Accuracy; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value.

Table 4 Agreement of computed tomographic and laparoscopic staging of M stage (n = 582)
Computed tomography
Final stage

M0
M1
M1

Acc.
79%

Staging laparoscopy

M0

M1

M0

M1

442
121
Sens.
89%

2
17
PPV
12%

444
2
Sens.
100%

0
136
PPV
99%

Spec.
79%

NPV
100%

Acc.
100%

Spec.
100%

NPV
100%

Overall accuracy: 78.7% (computed tomography), and 100% (staging laparoscopy). Acc.: Accuracy; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value.

Patients with advanced gastric carcinoma
(n = 582)

M1
(n = 138)

M0
(n = 444)

Staging
laparoscopy
+ R0 resection
(n = 436)

Staging
laparoscopy
+ bypass
(n = 3)

Staging
laparoscopy
alone
(n = 5)

Staging laparoscopy
+ palliative
resection
(n = 63)

Staging
laparoscopy
+ bypass
(n = 18)

P1H0 (n = 103)
H1P0 (n = 13)
P1H1 (n = 15)
CY1 (n = 7)

Staging
laparoscopy
alone
(n = 57)

Figure 1 Operation after staging laparoscopy. P1H0: Peritoneal metastasis alone; H1P0: Hepatic metastasis alone; P1H1: Hepatic and peritoneal metastasis;
CY1: Positive peritoneal lavage cytology alone.

(Kw = 0.169; 95% CI: 0.090-0.243; P < 0.05) for CT;
in which 20.8% (121/582) were underestimated, and
0.3% (2/582) were overestimated (Table 4).

patients were diagnosed by staging laparoscopy. For
M0 cases, 436 patients underwent radical gastrectomy
and eight patients in T4b received palliative operations
(three bypass and five staging laparoscopy alone); and
combined resection was considered to be unsuitable for
such patients. For M1 cases (103 for peritoneum alone,
13 for liver alone, 15 for liver and peritoneum, and
seven positive cytology), 63 patients received palliative
resection due to obstruction or bleeding from the tumor
(five patients underwent palliative resection as planned),
18 patients underwent bypass (two patients underwent
laparoscopic bypass as planned), and 57 patients
underwent staging laparoscopy alone (10 patients

Peritoneal lavage cytology examination

Ninety-nine patients underwent peritoneal lavage
cytology examination. Among these 99 patients, seven
(7.1%) P0 cases had positive cytology and 16 P1
cases had negative cytology; while 76 patients were in
P0CY0, and none was in P1CY1.

Operation after staging laparoscopy

Four hundred forty-four M0 patients and 138 M1

WJG|www.wjgnet.com
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Patients with advanced gastric carcinoma
undergoing staging laparoscopy (n = 582)
Staging laparoscopy
Treatment plan
changed
(n = 211)

PO: palliative surgery
FO: radical resection
(n = 2)

PO: radical resection
FO: palliative surgery
(n = 129)

Palliative
resection
(n = 58)

Bypass
(n = 19)

PO: gastrectomy alone
FO: combined resection
(n = 73)

Underwent planning
treatment
(n = 371)

PO: combined resection
FO: gastrectomy alone
(n = 7)

Staging laparoscopy
alone
(n = 52)

Figure 2 Treatment plan changed after staging laparoscopy. PO: Planning operation; FO: Final operation.

planned to undergo combined resection as T4b on CT
underwent gastrectomy alone (Figure 2).

1.0

Sensitivity

0.8

Safety of staging laparoscopy

Sixty-two (10.7%) patients underwent staging
laparoscopy alone, including 10 patients who were
planned to undergo staging laparoscopy for tumor
detection. Among these patients, two patients
developed pneumonia; and there was no mortality.
Median postoperative hospital stay was 5 d (range,
2-22 d).

0.6

0.4

0.2

0.0

0.0

0.2

0.4
0.6
  1 - specificity

0.8

Comparison of clinical characteristics

1.0

Clinical characteristics were compared between
P-negative and P-positive patients (Table 5). Gender,
tumor size, the middle third involved, depth of
tumor invasion, and Borrmann type were found to
be significantly correlated with P-positive status by
univariate analysis. Among these factors, multivariate
analysis indicated that tumor size (≥ 40 mm), depth
of tumor invasion (T4b), and Borrmann type (Ⅲ or
Ⅳ) were significantly correlated with P-positive status
(Table 6).

Figure 3 Receiver operating characteristic curve according to the number
of independent risk factors for P-positive status.

underwent laparoscopic exploration as planned). In
summary, 21 patients underwent laparoscopic gastro
jejunostomy, while 62 (10.7%) patients underwent
staging laparoscopy alone (Figure 1).

Treatment plans changed after staging laparoscopy

Indications for staging laparoscopy based on the
number of risk factors

The treatment plans of 211 (36.3%) patients were
changed after staging laparoscopy. One hundred
twenty-nine (22.2%) patients who were planned to
undergo radical gastrectomy were changed to palliative
operations (58 patients for palliative gastrectomy, 19
patients for laparoscopic bypass, and 52 patients for
staging laparoscopic alone) due to metastases that
were not detected by CT. Two patients, who were
classified as M1 by CT, underwent radical surgery after
being classified as M0 at staging laparoscopy. Seventythree (12.6%) patients who were planned to undergo
gastrectomy alone as non-T4b on CT underwent
combined resection. Seven (1.2%) patients who were

WJG|www.wjgnet.com

A total of 582 patients were classified according to
the number of independent risk factors for P-positive
status. Among these patients, 117 had no risk factor
(no P-positive), 216 had only one risk factor (19
P-positive), 153 had two risk factors (41 P-positive),
and 96 had three risk factors (65 P-positive) (Table 7).
Based on the ROC curve (Figure 3) and the number
of independent risk factors, patients were classified
into two groups. The maximal Youden’s index value
(0.535) of the cut-off for diagnosing P-positive patients
was obtained when two or three risk factors existed.
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Table 5 Relationship between clinicopathologic features
determined by clinical staging and peritoneal metastasis or
positive cytology (n = 582)
Characteristic
Gender
Male (n = 397)
Female (n = 185)
Age
< 65 (n = 441)
≥ 65 (n = 141)
ECOG score
0 (n = 224)
1 (n = 291)
2 (n = 67)
Tumor size (mm)
< 40 (n = 238)
≥ 40 (n = 346)
Upper third
Not involved (n = 455)
Involved (n = 127)
Middle third
Not involved (n = 401)
Involved (n = 181)
Lower third
Not involved (n = 200)
Involved (n = 382)
fT stage
T2/3 (n = 153)
T4a (n = 262)
T4b (n = 167)
Borrmann type
Type Ⅰ or Ⅱ (n = 285)
Type Ⅲ (n = 253)
Type Ⅳ (n = 44)
Differentiation
Differentiated (n = 577)
Undifferentiated (n = 5)
Lymph node metastasis
Negative (n = 240)
Positive (n = 342)

P-negative
(n = 457)

P-positive
(n = 125)

328
129

69
56

334
123

88
37

175
227
55

49
64
12

215
242

21
104

358
99

97
28

333
124

68
57

159
298

41
84

145
232
80

8
30
87

265
166
26

20
87
18

454
3

123
2

183
274

57
68

Table 6 Correlation between clinicopathologic features
determined by clinical staging and peritoneal metastasis or
positive cytology (multivariate analysis)

P value

Variables
Tumor size (mm)
< 40
≥ 40
fT stage
T2/3
T4a
T4b
Borrmann type
Type Ⅰ or Ⅱ
Type Ⅲ
Type Ⅳ

0.001

0.573

0.751

< 0.001

0.903

0.015
< 0.001
0.215
< 0.001
< 0.001
< 0.001
< 0.001

Odd ratio

95%CI

1.000
2.123

1.160-3.887

1.000
1.714
11.54

0.731-4.020
4.942-26.947

1.000
6.291
5.844

3.524-11.231
2.457-13.904

Table 7 Indications for staging laparoscopy determined based
on the number of independent risk factors

< 0.001

No. of independent
risk factors
0, 1
2, 3
Total
Accuracy
Sensitivity
Specificity
PPV
NPV

0.750

< 0.001

< 0.001

P0 CY0

P1 or CY1

Total

314
143
457

19
106
125

333
249
582
72%
85%
69%
43%
94%

PPV: Positive predictive value; NPV: Negative predictive value.
0.293

The use of staging laparoscopy should be decreased
if the findings of staging laparoscopy do not change
the treatment plan. In the current study, the treatment
plans of 211 (36.3%) patients were changed after
staging laparoscopy. Two patients classified as M1 by CT
regained the opportunity for potential radical resection
by staging laparoscopy; and unnecessary laparotomy
was avoided in 71 (12.2%) patients, including 19
patients with laparoscopic gastrojejunostomy. Higher
[14]
rates have been reported by Kakroo et al
(14
[15]
patients, 28%), de Graaf et al (84 patients, 20.2%),
[16]
Nakagawa et al (22 patients, 22%), and Muntean et
[17]
al (17 patients, 37.8%).
Furthermore, staging laparoscopy is an invasive
procedure that requires general anesthesia and
pneumoperitoneum. It increases hospital cost and anes
[33,34]
thesia time and has associated risks
. However,
operation-related complications rarely occur, with rates
[9,17,33,35]
ranging up to 4.2%
. Complications occur more
[32]
often with exploratory laparotomy . In our study,
no perioperative and low postoperative complications
(3.2%) were recorded in patients who underwent
staging laparoscopy alone. As reported by Karanicolas
[34]
et al , patients who underwent staging laparoscopy
alone had a significantly lower rate of in-hospital
mortality (5.3% vs 13.1%, P < 0.05) and shorter length
of hospitalization (2 d vs 10 d, P < 0.05) than patients
who had unnecessary laparotomy.

0.305

fT stage: Final T stage; P-negative: No peritoneal metastasis and positive
cytology; P-positive: Peritoneal metastasis or positive cytology.

The summary of the diagnostic accuracy at this cut-off
value is shown in Table 7.

DISCUSSION
Staging laparoscopy is recommended to confirm the
absence of peritoneal metastasis prior to surgery in
[2,3,19]
patients with advanced GC
. Staging laparoscopy
has a significant advantage in detecting tumors by
direct visualization compared with imaging modalities
such as CT and EUS. Tissue magnification by
laparoscopy allows for the detection of small suspicious
peritoneal nodules, which may be undetected by
[30,31]
imaging modalities
. As the entire abdominal
cavity could be closely examined by laparoscopy, tiny
peritoneal nodules located in the subphrenic space or
[32]
Douglas pouch can be detected . Staging laparoscopy
can be easily performed and causes minimal tissue
[33]
damage .
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Chinese cases of gastric cancer (GC) are discovered at an advanced stage.
To improve patient survival, multimodal therapy including surgery and systemic
chemotherapy are the current recommendations. It is well-known that the
specific option of multimodal therapy is based on clinical evaluation of the
TNM stage by imaging and exploratory laparotomy. The aim of this study is to
evaluate the clinical value of staging laparoscopy in treatment decision-making
for advanced GC.

The major reason some laparotomies are ultimately
found to be unnecessary is peritoneal metastasis. Our
finding has indicated that tumor size (≥ 40 mm),
depth of tumor invasion (T4b), and Borrmann type
(Ⅲ or Ⅳ) were independent risk factors. As reported,
CA-125, tumor size (> 4 cm tumor size), Borrmann
type Ⅲ or Ⅳ , serosa invasion, and positive lymph
node metastasis have been reported to be significantly
correlated with either peritoneal metastasis or positive
[35-37]
cytology
; which is similar to our finding. Thus,
staging laparoscopy should be performed in patients
with risk factors, especially with two or three risk
factors. Moreover, if lymph nodes are found too close
or adherent to the celiac trunk when detected by CT,
the relevant area should also be examined to confirm
resectability of the disease at staging laparoscopy.
These patients may require neoadjuvant chemotherapy
to increase R0 resection rate.
Although staging laparoscopy had a good per
formance in detecting P-positive status, in our study,
it failed to find peritoneal disseminations in two cases.
Staging laparoscopy using 5-aminolevulinic acid (ALA)mediated photodynamic diagnosis in advanced GC
has been reported to be helpful in detecting peritoneal
[18,38]
[38]
metastasis
. Kishi et al
reported that the tumor
detection rate using 5-ALA photodynamic diagnosis was
significantly higher than using white light (72% vs 39%,
P < 0.0001) and two peritoneal metastases that were
invisible under white light were detected under induced
fluorescence. However, this procedure requires special
equipment currently not routinely available in clinical
practice, like D-LIGHT System.
High-quality staging laparoscopy combined with
cytology examination is an important means for
improving the clinical evaluation of tumors. The current
study on staging laparoscopy procedure included the
examination of all abdominal organs, assessment
of tumor depth, washing cytology, and biopsy of
suspicious peritoneal nodules.
This study has some limitations. Staging laparoscopy
has shortcomings compared to CT and EUS. For
example, lymph node metastasis is not easily detected
by laparoscopy. The standard of cytology examination
is not unified, which may result in missed diagnosis of
positive cases.
Staging laparoscopy is a valuable technique in
staging advanced GC and has an important role in
the detection of occult intra-abdominal metastasis
not detected by conventional radiological staging.
The strengths of the agreement between the staging
laparoscopy stage and the final stage were almost
perfect. Staging laparoscopy can improve treatment
decision-making for advanced GC and decrease
unnecessary exploratory laparotomy.

Research frontiers

Laparoscopy used for staging advanced GC is becoming more common.
Few prior reports have analyzed the clinical value of staging laparoscopy in
treatment decision-making for advanced GC.

Innovations and breakthroughs

In this study, staging laparoscopy was found to be a useful tool for staging
advanced GC. It was more effective especially in detecting peritoneal
metastasis. Three clinical characteristics were found to be the risk factors of
P-positive advanced GC.

Applications

This study suggests that staging laparoscopy has a better performance in
staging advanced GC. Undergoing staging laparoscopy prior to open surgery
can help to decrease unnecessary exploratory laparotomy.

Terminology

The weighted Kappa statistic value provides a measure of the agreement
between two scorers that classify observations into one of several groups. The
range of the weighted Kappa value is from 0 to 1. When the value approaches
1, the agreement is closer to the gold standard. Youden’s index was suggested
as a way of summarizing the performance of a diagnostic test. Its value ranges
from 0 to 1, in which a zero value means that a diagnostic test gives the same
proportion of positive results for groups with and without the disease, such
as when the test is useless. A value of one indicates that there are no false
positives or false negatives, such as when the test is perfect.

Peer-review

The author of this paper evaluated the clinical value of staging laparoscopy in
treatment decision-making for advanced GC. Staging laparoscopy performed
better in staging advanced GC. Undergoing staging laparoscopy prior to open
surgery can help decrease unnecessary exploratory laparotomy. Tumor size
(≥ 40 mm), depth of tumor invasion (T4b), and Borrmann type (Ⅲ or Ⅳ) are
significantly correlated with either peritoneal metastasis or positive cytology.
The best performance in diagnosing P-positive was obtained when two or three
risk factors existed.
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Abstract
AIM: To study a new imaging equipment, highresolution micro-endoscopy (HRME), in the diagnosis
and pathological classification of colon polyps.

Institutional review board statement: This study was approved
by the General Hospital of Chinese people’s Armed police Forces
Institutional Review Board.

METHODS: We selected 114 specimens of colon
polyps, 30 of which were colon polyps with known
pathological types and 84 that were prospective polyp
specimens; 10 normal colon mucosa specimens served
as controls. We obtained images of 30 colon polyp
specimens with known pathological types using HRME
and analyzed the characteristics of these images
to develop HRME diagnostic criteria for different
pathological types of colon polyps. Based on these
criteria, we performed a prospective study of 84 colon
polyp specimens using HRME and compared the results
with those of the pathological examination to evaluate
the diagnostic value of HRME in the pathological
classification of different types of colon polyps.

Informed consent statement: All Study participants, or their
legal guardians, provided informed written consent before study
enrollment.
Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.
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licenses/by-nc/4.0/

RESULTS: In the 30 cases of known pathological
type of colon polyp samples, there were 21 cases of
adenomatous polyps, which comprised nine cases of
tubular adenoma, seven cases of villous adenoma
and five cases of mixed adenomas. The nine cases
of non-adenomatous polyps included four cases of
inflammatory polyps and five cases of hyperplastic
polyps five. Ten cases of normal colonic mucosa were
confirmed pathologically. In a prospective study of
84 cases using HRME, 23 cases were diagnosed as
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mainly on conventional white light endoscopy (WLE);
however, WLE cannot identify the pathological types of
[1-3]
colon polyps directly
. When polyps are observed,
endoscopic resection (endoscopic mucosal resection
or endoscopic submucosal dissection) is used to
remove the polyp tissues for pathology examination
to determine its pathological type. This method
increases the risk of bleeding and perforation, and is
unnecessary for nonadenomatous polyps. At the same
time, it also increases the cost and time for patients.
Therefore, we need a new endoscopic technique
that can judge the pathological types of colon polyps
timely, accurately and quickly, to reduce unnecessary
biopsies and costs. Ideally, this technique should
involve optical biopsy under endoscopy.
High-resolution micro-endoscopy (HRME) is a new
imaging technique that allows real-time pathological
[4,5]
diagnoses using nuclear imaging . Recently, HRME
has been applied in clinical trials and achieved
[6,7]
satisfactory outcomes . Based on these experiences,
we designed an HRME imaging system. To verify
the effectiveness of this imaging system in clinical
practice, we selected ex vivo colon polyp specimens
as our subjects and performed HRME imaging of these
specimens. We analyzed different types of colon polyps
to develop preliminary diagnostic criteria for HRME. In
addition, we compared the results of HRME with those
of the pathological examination to evaluate the value
of this imaging system in the diagnosis of different
types of colon polyps.

inflammatory polyps, 11 cases as hyperplastic polyps,
18 cases as tubular adenoma, eight cases as villous
adenoma and 24 cases as mixed adenomas. After
pathological examination, 24 cases were diagnosed as
inflammatory polyps, 11 cases as hyperplastic polyps,
19 cases as tubular adenoma, eight cases as villous
adenoma and 22 cases as mixed adenomas. Compared
with the pathological examinations, the sensitivities,
specificities, accuracies, and positive and negative
predictive values of HRME in diagnosing inflammatory
polyps (87.5%, 96.7%, 94.0%, 91.3% and 95.1%),
hyperplastic polyps (72.7%, 95.9%, 92.9%, 72.7% and
95.9%), tubular adenomas (73.7%, 93.8%, 89.3%,
77.8% and 92.4%), villous adenomas (75.0%, 97.4%,
95.2%, 75.0% and 97.4%), and mixed adenomas
(75.0%, 93.3%, 88.1%, 81.8% and 90.3%) were
relatively high.
CONCLUSION: HRME has a relatively high diagnostic
value in the pathological classification of colon
polyps. Thus, it may be an alternative to confocal
microendoscopy in lower-resource or community-based
settings.
Key words: High-resolution micro-endoscopy; Colon
polyps; Pathology; Diagnostic criteria
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: High-resolution micro-endoscopy (HRME)
is a new imaging method for cytology imaging that
can obtain real time pathological diagnosis. In this
study, we determined the HRME diagnostic criteria
for pathological types of colon polyps. According to
the criteria, we performed a prospective study of
the diagnostic value of colon polyps using HRME.
The results showed that HRME has a relatively high
diagnostic value in the pathological classification of
colon polyps. This low cost microendoscopic technique
might be an alternative to confocal microendoscopy in
lower-resource or community-based settings.

MATERIALS AND METHODS
Objects

The present study included 114 patients diagnosed
with colon polyps who underwent electronic colo
noscopy between August 2014 and November 2014 in
the Gastrointestinal Endoscopy Center of the General
Hospital of Chinese People’s Armed Police Forces. We
obtained 114 polyp specimens via electrocoagulation,
endoscopic mucosal resection (EMR), or endoscopic
submucosal dissection (ESD), and observed the
specimens ex vivo using HRME. In addition, we
obtained 10 normal colon mucosa specimens by
biopsy. The study was approved by the hospital ethics
committee.

Tan T, Qu YW, Shu J, Liu ML, Zhang L, Liu HF. Diagnostic
value of high-resolution micro-endoscopy for the classification
of colon polyps. World J Gastroenterol 2016; 22(5): 1869-1876
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v22/i5/1869.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i5.1869

General methods

HRME system: We used our self-developed HRME
imaging system in the present study. This system
included a 30000-pixel optical fiber of 1.8 m in length,
a 10 × microscope lens, a 500-nm dichroscope, an
optical filter, a three-dimensional combined translation
stage, a scientific-grade cooled CCD camera, and
image-processing software. During the imaging
process, images were transferred to the computer at a
rate of 17 frames/s.
The probe used in the current study provides a
720 µm diameter field-of-view with 4.4 µm spatial

INTRODUCTION
Colon polyps are common diseases of the gastrointestinal
[1-3]
system . Generally, colon polyps can be divided into
adenomatous polyps and nonadenomatous polyps.
Adenomatous polyps have a tendency to develop
in to tumors, but nonadenomatous polyps do not.
At present, the diagnosis of colon polyps depends
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Figure 1 Structural diagram and image of the high-resolution micro-endoscopy equipment.

resolution (Figure 1).

activated the imaging software. We adjusted the focus
so that each pixel could be identified clearly in the field
of view, which was defined as the optimal imaging
state.
For image processing, we placed a specimen on
the imaging plate and sprayed the specimen with
2-3 mL of 0.01% proflavine hydrochloride topically.
After 30 s, the specimen was washed with phosphatebuffered saline to remove the stain, and the liquid
on the surface was gently wiped off using dry cotton
balls. The surface of the specimen was observed from
different angles using the cephalic end of the optical
fiber. Each imaging site was marked and recorded
during the imaging process to ensure that the same
site observed by HRME and pathology. Clear images
were retained for subsequent analysis.

Reagents: Reagents used included the following:
0.01% proflavine hydrochloride (Sigma Company,
San Francisco, United States), normal saline (Chen
Xin Pharmaceutical Company, Beijing, China), pronase
particles (Beijing Tide Pharmaceutical Company,
Beijing, China), and sodium bicarbonate (Beijing Tide
Pharmaceutical Company, Beijing, China).
Imaging methods: Routine bowel preparation was
carried out for all patients before inspection, because
during the inspection, the bowel should be clean.
Endoscopic resection was performed on colon polyps
found during WLE, and imaging of the specimens was
then carried out using HRME.
For HRME sample pretreatment, we washed the
removed polyp and biopsy specimens with normal
saline slowly to remove fecal residue on the surface,
and then washed the polyp and biopsy specimens
repeatedly with a solution containing pronase and
sodium bicarbonate (1 g of sodium bicarbonate and
20000 units of pronase were dissolved in 50 mL water)
to remove the mucus on the surface. The specimens
were washed with normal saline again and wiped with
dry cotton balls.
As noted, we established an imaging system and
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Pathological examination: After imaging, each site
of the imaged tissues was removed for pathological
examination. In pathological examination, we used
transverse section slices instead of longitudinal
sections. Pathological diagnosis divided the colon
polyps into adenomatous polyps (tubular adenomas,
villous adenomas and mixed adenomas) and
nonadenomatous polyps (inflammatory polyps and
hyperplastic polyps). Two pathologists completed the
pathological diagnosis.
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HRME diagnosis: HRME diagnosis proceeded as
follows: First, we established the diagnostic criteria.
Retrospective analysis was carried out for HRME
imaging of 30 colon polyp specimens, and HRME
diagnostic criteria were established according to
the characteristics of various images for different
pathological types of colon polyps.
According to the established diagnostic criteria, we
carried out a prospective study of HRME imaging for
84 colon polyp specimens and compared the results
with those of the pathological examination to evaluate
the sensitivities, specificities, accuracies, positive
predictive values and negative predictive values of
HRME in diagnosing various types of colon polyps.
The entire process of HRME imaging was completed
within 15 min. The specimens were examined by
two systemically trained doctors together. The result
of image analysis was compared with that of the
pathological examination. The image analysis was
carried out in a double-blind mode.

of the glands were slightly curved and dilated, or,
occasionally, expanded epithelia were observed
(Figure 2B). For tubular adenomas, there were many
linear crypts: The glands were enlarged, parallel
arrangement of the nuclei with dilated openings was
observed occasionally, and the glands were tube-like
in shape (Figure 2C). For villous adenomas, there were
extra wide or even open crypts as in tubular adenoma;
the lengths of the glands were different, and villouslike structures were observed (Figure 2D). For mixed
adenomas, the characteristics of the mixed adenoma
fell between those of villous adenomas and those of
tubular adenomas (Figure 2E).

Results of the prospective study using HRME

Among 84 cases enrolled in the prospective study,
HRME showed that 50 specimens were adenomatous
polyps, including 18 cases of tubular adenomas,
8 cases of villous adenomas, and 24 cases of
mixed adenomas, and that 34 specimens were
nonadenomatous polyps, including 23 cases of
inflammatory polyps and 11 cases of hyperplastic
polyps. The pathological examination showed that
49 specimens were adenomatous polyps, including
19 cases of tubular adenomas, 8 cases of villous
adenomas, and 22 cases of mixed adenomas, and that
35 specimens were nonadenomatous polyps, including
24 cases of inflammatory polyps and 11 cases of
hyperplastic polyps. Statistical analysis showed that
the sensitivities, specificities, accuracies, positive
predictive values (PPV), and negative predictive values
(NPV) of HRME were relatively high in diagnosing
inflammatory polyps, hyperplastic polyps, tubular
adenomas, villous adenomas and mixed adenomas
(Table 1).

Statistical analysis

We used SPSS 17.0 (IBM, Armonk, NY, United States)
for data analysis. Data in the present study were
analyzed using the fourfold table test. We calculated
the sensitivities, specificities, accuracies and positive
and negative predictive values of HRME in diagnosing
inflammatory polyps, hyperplastic polyps, tubular
adenomas, villous adenomas and mixed adenomas.

RESULTS
General conditions

Among 114 patients, 77 were males and 37 were
females (male:female ratio = 2.1:1). The mean
age was 48.4 ± 5.3 year (range, 19-81 year). Polyp
diameters ranged from 0.6 to 4.2 cm. Among 30 colon
polyp specimens with known pathological types, 21
were adenomatous polyps (including nine cases of
tubular adenomas, seven cases of villous adenomas,
and five cases of mixed adenomas) and nine cases
were nonadenomatous polyps (including four cases
of inflammatory polyps and five cases of hyperplastic
polyps). Ten normal colon mucosa specimens were
proved by pathological examination to be nonpolypous colons.

DISCUSSION
Colon polyps are abnormal growths that arise from the
mucosa of the colon and protrude into the lumen and
[1-3]
are the most common benign tumors in the colon .
Substantial clinical, pathological and epidemiological
data have suggested that the incidence of adenomas
developing into colon cancer is 1.5%-9.4%, and that
[8,9]
the process of oncogenesis requires 8-10 years .
Clinical studies have shown that about 80% of
colon cancers develop from colon adenomas and
that the incidence of colon cancer in patients with
colon adenomas is four times that in the normal
[10]
population . Therefore, physicians must learn the
clinical and pathological characteristics of colon polyps
to prevent colon cancer and reduce its incidence and
mortality.
Based on histopathological features, colon
polyps are divided into nonadenomatous polyps and
[10,11]
adenomas
. Nonadenomatous polyps include
inflammatory polyps, hyperplastic polyps and
hamartomatous polyps. Adenomas polyps include

HRME diagnostic criteria for colon polyps

HRME identifies the target tissue by observing the size,
morphology, arrangement and glandular structures of
the nucleus, and calculating the nuclear-cytoplasmic
ratio of the region of interest. The image characteristics
of colon polyps with different pathological types were
analyzed and summarized to develop initial HRME
diagnostic criteria. For inflammatory polyps, the nuclei
had the same size and regular round, oval, and daisylike glandular structures (Figure 2A). For hyperplastic
polyps, the size, morphology and cavity diameter
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Figure 2 High-resolution micro-endoscopy diagnostic criteria for colon polyps. A: Inflammatory polyps (a: WLE images; b: HRME images; c: Pathological
images); B: Hyperplastic polyps (a: WLE images; b: HRME images; c: Pathological images); C: Tubular adenoma (a: WLE images; b: HRME images; c: Pathological
images); D: Villous adenomas (a: WLE images; b: HRME images; c: Pathological images); E: Mixed adenomas (a: WLE images; b: HRME images; c: Pathological
images). WLE: White light endoscopy; HRME: High-resolution micro-endoscopy.
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for in vivo histopathological imaging, and the results
[15-19]
suggested a favorable future for its application
.
Their results suggested that high-resolution fiber optics
could be combined with endoscopy in clinical practice
to develop images of the target lesions. In 2014,
[15]
Vila et al
combined HRME with WLE to observe
Barrett mucosa-associated tumors and achieved
[7]
satisfactory results. In 2012, Pierce combined HRME
with colonoscopy for real-time imaging of the cervical
epithelia, and found that the efficacy of diagnosis
was improved. In addition, researchers combined
HRME with cystoscopy and bronchoscopy to observe
cellular changes in target lesions directly. They found
that HRME was quite useful in guiding biopsy and in
[7,16,19]
identifying the surgical margin
.
At present, the study of HRME is still at the
preclinical stage. Although many studies have sug
gested its promising future, this technique still has
[4,15-19]
some shortcomings
. Firstly, HRME is a small
field-of-view imaging technique (720 µm); therefore, it
cannot realize macroscopic imaging for lesions. Thus,
HRME can only be used for further detailed checks
of a suspicious lesion after wide field endoscopic
examination. Secondly, HRME is a microscopic imaging
method, subtle movement in the process of imaging,
such as breathing and heartbeat, could produce motion
artifacts; therefore, it is more difficult to perform HRME
than white light endoscopy. Thirdly, the lack of contrast
agents is a major problem for HRME. Recently, more
and more studies have examined specific contrast
agents developed for certain molecules. These specific
contrast agents could be used in HRME imaging to
obtain quantitative and qualitative data to improve
the diagnostic rate for certain diseases. To date, there
is no unified standard description of lesions observed
during HRME, which limits the clinical application of
this imaging technique. In the present study, we used
HRME to image colon polyps, developed diagnostic
criteria for the different types of colon polyps, and laid
the foundation for future research.
How to connect HRME diagnosis with pathological
diagnosis is the focus of HRME imaging research.
HRME only observes the tissue surface; therefore, in
the pathological process, we must ensure that it is
a transverse section instead of longitudinal section.
In this study, all of the specimens for pathological
examinations were made with transverse sections.
This is the true sense of point-to-point biopsy.
The limitations of this study were as follows. First,
we used HRME to image ex vivo specimens of colon
polyps, but we did not make an in vivo study. Second,
the fluorescence imaging agent used was proflavine
hydrochloride, which combines with the DNA and RNA
in the nucleus. However, proflavine hydrochloride is a
nonspecific fluorescence imaging agent that cannot be
used in targeted imaging of lesions. Finally, some of
the specimens used came from biopsy, and because of
the small size of the biopsy specimens, it was difficult

Table 1 Efficacy of diagnosis using high-resolution microendoscopy for colon polyp classification
HRME

Sensitivity Specificity

Inflammatory
Hyperplastic
Tubular
Villous
Mixed

87.5%
72.7%
73.7%
75.0%
75.0%

Accuracy

PPV

NPV

94.0%
92.9%
89.3%
95.2%
88.1%

91.3%
72.7%
77.8%
75.0%
81.8%

95.1%
95.9%
92.4%
97.4%
90.3%

96.7%
95.9%
93.8%
97.4%
93.3%

HRME: High-resolution micro-endoscopy; PPV: Positive predictive values;
NPV: Negative predictive values.

tubular adenomas, villous adenomas and tubularvillous adenomas (mixed type). The process of
adenoma-carcinoma transition has been investigated
by molecular studies, which showed that the onco
genesis of adenomatous polyps is closely related
[12]
to their size, morphology and pathological type .
Therefore, clinicians need early identification of the
[10-12]
pathological types of adenomatous polyps
. The
results of the present study showed that HRME was
highly effective in diagnosing tubular adenomas, villous
adenomas and mixed adenomas. Compared with
histopathological examination, HRME has advantages
such as simple operation, short process time, low
cost and real-time pathological imaging. Therefore,
we believe that HRME has an important value in
[6,13,14]
identifying the pathological types of colon polyps
.
The sample size in the present study was limited and
the training of personnel participating in the study was
not homogeneous; therefore, large-sample studies
should be carried out, and personnel training should
be improved to increase the reliability of the results.
HRME is a new imaging method based on highresolution fiber optics and molecular imaging
techniques. It can perform real-time imaging of the
target tissue and thereby achieve tissue imaging at
[4]
the cellular level . HRME uses a light-emitting diode
as an excitation source to emit light. The excitation
light is filtered by an optical filter to form a narrowband excitation light that is focused by the objective
lens and is conducted through the high-resolution
optic fiber to reach the targeted tissue, producing a
fluorescent signal. The fluorescent signal returns via
the optical fiber and is magnified by the objective
lens. The excitation light and the fluorescent signal are
separated by a dichroscope, and only the fluorescent
signal is conducted to the charge-coupled device (CCD)
chip for imaging. Cytological images of the target
tissue are thus obtained. At present, when we find
lesions under white light endoscopy, we cannot judge
the character of lesions. As an alternative, we could
use HRME for lesions imaging, because of the instant
histopathological characteristics of HRME, allowing us
to make an accurate judgment of lesion properties at
first pass, which will help doctors to make the best the
choice of treatment.
Recently, scholars have used the HRME technique
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to rinse them completely, which might have affected
the imaging and thus influenced the outcome of the
preliminary diagnosis.
So far, evaluation of the diagnostic utility of
HRME is still at the preclinical stage, although it
shows good prospects for clinical application. HRME
imaging equipment has not bee perfected and it is not
widely used in clinical settings. The practicability and
diagnostic accuracy of HRME need to be validated in
further randomized controlled trials to validate before
HRME could be applied clinically.
In conclusion, HRME is a newly developed imaging
tool that shows promise for imaging at the cellular and
subcellular levels, and has the potential to carry out
[4,5,7,15-19]
real-time pathological imaging in target tissues
.
Preclinical studies have verified that this technique has
relatively high sensitivity, specificity and accuracy, which
[6,7,13-19]
suggest a promising future in clinical practice
.
Future research should improve this imaging system,
particularly in terms of new contrast agents that promote
the combination of this technique with endoscopy.
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Abstract

alarming data. Our data show that the risk of adverse
events seems to be related to improper use rather than
to NSAIDs safety profile.

AIM: to investigate gastrointestinal complications
associated with non-steroidal anti-inflammatory drug
(NSAIDs) use in children.

Cardile S, Martinelli M, Barabino A, Gandullia P, Oliva S,
Di Nardo G, Dall’Oglio L, Rea F, de’ Angelis GL, Bizzarri
B, Guariso G, Masci E, Staiano A, Miele E, Romano C.
Italian survey on non-steroidal anti-inflammatory drugs and
gastrointestinal bleeding in children. World J Gastroenterol
2016; 22(5): 1877-1883 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i5/1877.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1877

METHODS: A retrospective, multicenter study
was conducted between January 2005 and January
2013, with the participation of 8 Italian pediatric
gastroenterology centers. We collected all the
cases of patients who refer to emergency room for
suspected gastrointestinal bleeding following NSAIDs
consumption, and underwent endoscopic evaluation.
Previous medical history, associated risk factors,
symptoms and signs at presentation, diagnostic
procedures, severity of bleeding and management of
gastrointestinal bleeding were collected. In addition,
data regarding type of drug used, indication, dose,
duration of treatment and prescriber (physician or selfmedication) were examined.

INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs)
are perhaps some of the most extensively used
medications in the world for their anti-inflammatory
[1,2]
and antipyretic effects, in both adults and children .
They are frequently used for fever control and
are generally considered to be safe. Despite their
benefits, there is evidence for gastrointestinal (GI)
complications, including peptic ulcer disease, bleeding
and perforation. These GI events result in more
than 100000 hospitalizations annually in the United
States and in 7000-10000 deaths, especially among
[3-5]
those who belong to high-risk categories
. The
pathogenesis of NSAID gastrointestinal toxicity is
topical injury to the mucosa, and systemic effects
associated with mucosal prostaglandin depletion
[6]
derived from COX-1 . Adverse effects associated
with the use of NSAIDs are most commonly reported
in the upper GI tract; and in addition to damage to
the gastric mucosa, NSAIDs may also cause mucosal
[7]
damage in the small intestine and colon . The clinical
presentation of GI complications from NSAIDs is not
always typical, since many patients may have nonspecific symptoms and signs, such as dyspepsia,
nausea, vomiting, abdominal pain, diarrhea and
anemia. Only acute GI bleeding (hematemesis and/or
melena) is considered the typical clinical manifestation
[5]
of peptic damage from NSAIDs . Data on children are,
however, limited, and the evidence is based mainly on
[8-13]
case reports, series and relatively small cohorts
.
NSAIDs were associated with 12 out of 390 fatal
events (0.03%) in a British study conducted from 1990
[11]
to 2000 . In another survey, among children affected
by rheumatoid arthritis on long-term treatment with
NSAIDs, more than 75% of patients had abdominal
[12]
pain, gastritis, antral erosions or ulcers . More
[13]
recently, Grimaldi-Bensouda et al
reported that 83
out of 177 (46.9%) children with upper gastrointestinal
bleeding (UGIB) had taken NSAIDs at least once
before the index date, with an adjusted odds ratio
(OR) of 8.2. GI complications related to the use of
NSAIDs is therefore well known and well studied in the

RESULTS: Fifty-one patients, including 34 males, were
enrolled (median age: 7.8 years). Ibuprofen was the
most used NSAID [35/51 patients (68.6%)]. Pain was
the most frequent indication for NSAIDs use [29/51
patients (56.9%)]. Seven patients had positive family
history of Helicobacter pylori (H. pylori ) infection or
peptic ulcer, and 12 had associated comorbidities.
Twenty-four (47%) out of 51 patients used medication
inappropriately. Hematemesis was the most frequent
symptom (33.3%). Upper gastrointestinal endoscopy
revealed gastric lesions in 32/51 (62%) patients,
duodenal lesions in 17 (33%) and esophageal lesions in
8 (15%). In 10/51 (19.6%) patients, a diagnosis of H.
pylori gastritis was made. Forty-eight (94%) patients
underwent medical therapy, with spontaneous bleeding
resolution, while in 3/51 (6%) patients, an endoscopic
hemostasis was needed.
CONCLUSION: The data collected in this study
confirms that adverse events with the involvement of
the gastrointestinal tract secondary to NSAID use are
also common in children
Key words: Hematemesis; Gastrointestinal bleeding;
non-steroidal anti-inflammatory drug; Melena; Pediatrics
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It is known that non-steroidal antiinflammatory drug (NSAIDs) are one of the most
extensively used medications. Adverse effects
associated with their use are commonly reported in the
gastrointestinal tract. Data on children are limited and
evidence is based mainly on case reports, and relatively
small cohort studies. Our manuscript represents
the first Italian survey focusing on gastrointestinal
bleeding occurrences following NSAIDs consumption
in a pediatric population. A high number of selfprescriptions and inappropriate use represent the most
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including portal hypertension, history of GI bleeding
or peptic disease, gastro-oesophageal reflux disease
(GERD), Helicobacter pylori (H. pylori) infection and
coagulation disorders were also recorded. In addition,
data regarding type of drug used, indication, dose,
duration of treatment and prescriber (physician or
self-medication) were collected. The appropriateness
of drug use was also evaluated. It was considered
inappropriate if the weight-dose, number of admini
strations per day or age of the patient were not in
accordance with the Package Inserts of the drug.
Informed consent was obtained from the parents of
participating children. The study was approved by
the Scientific Committee of the Coordinating Unit
(University of Messina, Prot. E 37/12, 07/09/2012).

Table 1 Baseline characteristics of 51 patients with gastro
intestinal bleeding following non-steroidal anti-inflammatory
drug consumption n (%)
Characteristics
Median age (range)
Gender
Male
Female
Indications for drug use
Pain
Fever
Inflammation
Comorbidities (n = 12)
Cardiovascular disease
Celiac disease
Cystic fibrosis
Diaphragmatic hernia
GERD
H. pylori infection
IBD
Neurological diseases/cognitive impairment
Pulmonary atelectasis
Other medications (n = 19)
Corticosteroids
Antibiotics
Acetaminophen
Baclofen

Patients
7.6 yr
(5 mo-15.3 yr)
34 (66.7)
17 (33.3)
29 (56.9)
21 (41.2)
1 (2)
1 (2)
1 (2)
1 (2)
1 (2)
1 (2)
3 (5.9)
1 (2)
2 (3.9)
1 (2)

Statistical analysis

Variables were screened for distribution, and ap
propriate parametric or non-parametric tests were
adopted as necessary. The Student’s t test, the Mann2
Whitney test for continuous variables, and the χ and
Fisher’s exact tests for categorical variables were
used where appropriate. In order to distinguish agebased differences, enrolled children were divided into
three subgroups: age ≤ 3 years; age > 3 years ≤
7 years; age > 7 years. Statistical significance was
predetermined as p < 0.05. Percentages were rounded
to the nearest whole numbers. SPSS version 20 was
used for all statistical analyses.

7 (13.7)
10 (19.6)
1 (2)
1 (2)

H. pylori: Helicobacter pylori; GERD: Gastroesophageal reflux disease; IBD:
Inflammatory bowel disease; NSAIDs: Non-steroidal anti-inflammatory
drugs.

adult population, but studies are needed in pediatrics
in order to define preventive strategies. The primary
aim of our survey was to retrospectively collect all the
cases of GI bleeding following NSAIDs consumption in
the Italian pediatric population; as a secondary aim,
we also evaluated appropriateness of the prescription,
clinical presentation, and correlated risk factors.

RESULTS
Fifty-one patients, including 34 males, were enrolled
in the study (median age: 7.8 years; range 5 mo to
18 years) between January 2005 and January 2013.
Baseline characteristics of the enrolled patients are
shown in Table 1. There was a progressive increase
of cases between 2005 and 2013, with the highest
number of cases reported in 2011 [18/51 (35.2%)].

MATERIALS AND METHODS
A retrospective, multicenter study was conducted,
with the participation of eight Italian pediatric
gastroenterology centers. All the centers involved were
asked to retrospectively collect data from pediatric
patients who had presented at the emergency room
for suspected gastrointestinal bleeding, following
NSAIDs consumption. The cases were collected from
January 2005 to January 2013. Previous medical
history, symptoms and signs at presentation,
diagnostic procedures, severity of bleeding and
treatment to manage GI bleeding were collected.
Endoscopic procedure was considered an emergency
treatment if carried out within 12 h from GI bleeding,
while all the procedures performed after 12 h were
considered elective treatments. Physicians were
required to report endoscopy findings, if performed.
Esophageal damage was described according to the
[14]
Los Angeles Classification . Forrest classification
[15]
was used to describe ulcerations . Risk factors,
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Drug use and indications

Ibuprofen was the most used NSAID [35/51 (68.6%)],
followed by ketoprofen [5/51 (9.8%)] and acetylsa
licylic acid [4/51(7.8%)]. Other NSAIDs used included
flurbiprofen, ketoralac, naproxen, niflumic acid and
nimesulide. All NSAIDs associated with GI bleeding
are shown in Table 2. Patients’ age was significantly
lower in those using ibuprofen compared with patients
taking other NSAIDs [median age 5.5 years, range 5
mo-15 years vs median age 11 years, range 2.2-15
years; p = 0.004)]. Pain was the most frequent
indication for NSAIDs use, being reported in 29
of 51 patients (56.9%), followed by fever [21/51
patients (41%)], and inflammation [(1/51 (2%)]
(Table 1). The median duration of NSAID use prior to
bleeding was 4 d (range 1-263 d). An analysis of the
appropriateness of drug use showed that 24 (47%) of
51 patients used medications inappropriately in terms
of weight-appropriate dose [8/24 (33.3%)], number of
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Table 2 Reports on non-steroidal anti-inflammatory drugs n (%)
NSAIDs

Patients

Age (mo)

Male gender

Dose (mg/kg)

No. of
administrations

Duration (d)

Ibuprofen
Ketoprofen
Acetylsalicic ac.
Flurbiprofen
Ketoralac
Naproxen
Niflumic ac.
Nimesulide

35 (68.6)
5 (9.8)
4 (7.8)
3 (5.9)
1 (2)
1 (2)
1 (2)
1 (2)

66 (5-183)
125 (27-180)
143.5 (113-170)
100 (73-116)
142
76
139
166

20 (57.1)
4 (80)
3 (75)
3 (100)
1 (100)
1 (100)
1 (100)
1 (100)

10 (8-50)
2 (1-3)
60 (5-200)
20 (3-25)
3
25
25
2

7 (1-18)
4 (2-15)
2.5 (1-22)
6 (4-9)
1
5
10
2

4 (1-263)
5 (1-18)
14 (2-25)
4 (3-4)
1
2
5
6

Continuous variables are expressed as median and range. ac: Acid; NSAIDs: Non-steroidal anti-inflammatory drugs.

GI endoscopic lesions varied in different age groups.
Younger children (age ≤ 3 years) showed more
proximal lesions (esophageal and gastric) compared
with older age groups (100% vs 82.7% vs 62.5%, p =
0.04). Duodenal lesions were significantly more in the
oldest group (> 7 years) (37.5% vs 18.5% vs 0%, p
= 0.04). Colonic lesions were documented in 2 of 51
patients. Detailed endoscopic findings are shown in
Table 4.

Table 3 Appropriateness of use and medical prescription of
non-steroidal anti-inflammatory drugs n (%)
1

NSAIDs (n )

Inappropriate use
Weight-dose

Ibuprofen (35)
Ketoprofen (5)
Acetylsalicic ac. (4)
Flurbiprofen (3)
Ketoralac (1)
Naproxen (1)
Niflumic ac. (1)
Nimesulide (1)

4 (11.4)
1 (20)
0
2 (66.7)
0
1 (100)
0
0

No. of
administrations/d

Age

Medical
prescription

10 (28.5)
2 (40)
0
2 (66.7)
1 (100)
0
0
0

0
0
4 (100)
0
0
0
0
0

26 (74.3)
3 (60)
1 (25)
2 (66.7)
1 (100)
1 (100)
1 (100)
0

Additional risk factors for GI bleeding

Twelve (23.5%) of 51 patients had associated
comorbidities (Table 1). A family history of peptic
disease was identified in 5/51 (9.8%) patients. In 3
(5.8%) of 51 patients, a family history of H. pylori
was recorded, while in 10 (19.6%) of 51 patients,
a histologic diagnosis of H. pylori active gastritis
was made. Nineteen (37.3%) patients had taken
other drugs contemporarily, including steroids [7/19
(36.8%)], antibiotics [10/19 (52.6%)], acetaminophen
[1/19 (5.3%)], and baclofen [1/19 (5.3%)]. Five
(9.8%) patients were taking gastro-protective drugs,
including proton pump inhibitors (PPI) (4 patients)
and H2 receptor antagonists (H2RAs) (1 patient). The
duration of therapy [median 6 d (range 5-19 d) vs
median 3.5 d (range 1-263 d), p = 0.02] and number
of administrations [median 12 (range 8-18) vs median
6 (range 1-22), p = 0.03] were significantly higher in
those patients using gastro-protective drugs

1

Number of patients inappropriately using NSAIDs in terms of weightdose, number of administrations per day, and age. ac: Acid; NSAIDs: Nonsteroidal anti-inflammatory drugs.

administrations per day [15/24 (62.5%)] and age of
patients [4/24 (16.6%)]. In 31 (31.4%) of 51 patients,
NSAIDs were taken without a medical prescription
(Table 3).

Clinical features

Hematemesis was the most frequent symptom,
being present in 17 of 51 patients (33.3%). Age of
children presenting with hematemesis was lower when
compared to those with other symptoms, with a trend
towards statistical significance [median age 6.1 years,
range 5 mo-15 years vs median age 8 years, range
1.4-15.2 years; p = 0.08)]. Sixteen out of 51 patients
(31.3%) reported abdominal pain and heartburn, while
melena was the main symptom in 4 of 51 patients
(7.8%). Anemia was the only sign in 13 patients (25%).
One patient experienced nausea and vomiting (1.9%).

Therapeutic management

Forty-eight (94%) of 51 patients underwent medical
therapy [PPIs: 47 patients (98%); H2RAs: 1 patient
(2%)] with spontaneous bleeding resolution. In 3
patients (6%), an endoscopic hemostasis was needed
(2 thermic and 1 mechanical). One (50%) of these 3
patients experienced re-bleeding after 48 hours with
the need of a second endoscopic examination. No case
required surgical treatment.

Endoscopic findings

All patients included in this study underwent upper GI
endoscopy to exclude the presence of mucosal lesions.
In 2 of 51 (3.9%) patients, ileocolonoscopy was also
performed. Thirty-one of 51 patients (61%) required
an emergency procedure, while in 20 patients (39%),
the procedure was performed electively. Upper GI
endoscopy confirmed the presence of gastric lesions
in 32 (62%) of 51 patients, duodenal lesions in 17
(33%) and esophageal lesions in 8 (15%). Upper
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DISCUSSION
To the best of our knowledge, this is the first Italian
survey focusing on GI bleeding occurrences following
NSAIDs consumption in a pediatric population.
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prescriptions from 0.7 × 100.000 in 2005 to 1.7 ×
[17]
100.000 in 2010 . Our data confirm a progressive
increase of reports during the study-period. NSAIDs
are commonly used agents in pediatrics for their
anti-inflammatory, anti-pyretic and analgesic effects.
Above all, ibuprofen use has been accepted, due to
its safety profile, and demonstrated by two different
[18,19]
large-scale studies
. These papers by Lesko et
[18,19]
al
, comparing the safety of acetaminophen
and ibuprofen in children, showed no statistical dif
ferences in gastrointestinal complications, even if
hospitalizations for GI bleeding occurred only in those
[16]
patients receiving ibuprofen. Indeed, Bianciotto et al
reported an adjusted OR of 3.8 for ibuprofen-related
[13]
GI bleeding, while Grimaldi-Bensouda et al reported
an OR of 10. Not surprisingly, ibuprofen was the most
used drug among our patients, being associated with
GI bleeding in 68.6% of cases. In addition, ibuprofen
use was significantly frequent in younger patients,
confirming the safety perception of prescribing doctors
[16]
and families . On the contrary, the number of reports
concerning the use of acetylsalicylic acid, aspirin,
is rather alarming. In all of these cases, aspirin use
should be considered inappropriate, since aspirin is
indicated exclusively in patients older than 16 years.
These data are similar to those reported by Grimaldi[13]
Bensouda et al with striking difference that aspirin is
not contraindicated in children in France. Nevertheless,
the most alarming findings are those concerning
NSAIDs prescription. Analysis of the appropriateness
of drug consumption revealed that 47% of enrolled
patients experienced an inappropriate use of medi
cations in terms of weight-appropriate dose, number of
administrations per day and patient age. Furthermore,
in 31.4% of the cases, NSAIDs were taken without
any medical prescription. These findings reinforce the
hypothesis that at least in a subset of patients, NSAIDs
GI toxicity is related to improper use rather than the
safety profile of the molecules.
The main indications for NSAID use was pain and
fever, confirming the increasing tendency to prescribe
NSAIDs, and mainly ibuprofen, for their antipyretic
properties. It is generally assumed that gastrointestinal
[1]
bleeding is associated with long-term use of NSAIDs .
However, in our study, the median time between
NSAIDs use and GI bleeding was 4 d, highlighting
that the adverse event may occur even during shortterm therapy. Hematemesis was the most frequent
symptom, being present in 33.3% of the patients
included in the study. In addition, this manifestation
seems age-related, being significantly more frequent
among younger children. This data could in someway
be linked to the location of the lesions. Indeed, children
of the youngest age group (≤ 3 years), showed more
proximal lesions (esophagus and stomach) compared
with the oldest age group (mainly duodenal lesions).
[13]
Grimaldi-Bensouda et al
reported similar data, with
esophageal lesions being more frequent in younger
children.

Table 4 Detailed endoscopic findings in 51 patients presenting
with gastrointestinal bleeding after non-steroidal antiinflammatory drug use n (%)
≤ 3 yr
> 3 ≤ 7 yr > 7 ≤ 16 yr P value
(n = 11) (n = 14)
(n = 26)

Variables
Upper GI lesions
Proximal (esophagus
and stomach)
Distal (duodenum)
Location
Esophagus
Stomach
Duodenum
Colon
Esophagus
Upper
Middle
Lower
Los Angeles
classification
Grade A
Grade B
Grade C
Grade D
Stomach
Antrum
Body
Fundus
Type of lesions
Erythema
Edema
Erosions
Ulcerations
Duodenum
Bulb
Duodenum
Type of lesions
Nodularity
Erythema
Erosions
Ulcerations
Forrest Classification
for ulcerations
Grade 1a
Grade 1b
Grade 2a
Grade 2b
Grade 2c
Grade 3
Colon
Transverse
Sigmoid
Type of lesions
Erythema
Edema

0.04
10 (100)

12 (85.7)

15 (62.5)

0

2 (14.3)

9 (37.5)

2 (18.1)
8 (72.7)
0
1 (9)

2 (14.3)
10 (71.4)
2 (14.3)
0

4 (15.4)
11 (42.3)
9 (34.6)
1 (3.8)

0
0
2 (18.1)

0
0
2 (14.3)

0
0
4 (15.3)

0.06

0.90

0.50
2 (100)
0
0
0

2 (100)
0
0
0

3 (75)
1 (25)
0
0

0
4 (50)
4 (50)

0
4 (40)
6 (60)

4 (36.4)
3 (27.3)
4 (36.4)

5 (62.5)
0
2 (25)
1 (12.5)

8 (80)
1 (10)
1 (10)
0

4 (36.4)
1 (9.1)
3 (27.3)
3 (27.3)

0
0

2 (100)
0

8 (88.9)
1 (11.1)

0
0
0
0

1 (50)
1 (50)
0
0

1 (11.1)
0
0
8 (88.8)

0.09

0.40

1.00

0.02

0.30
0
0
1 (100)
0
0
0

0
0
0
0
0
0

2 (18.2)
1 (9.1)
2 (18.2)
0
2 (15.4)
6 (54.5)

1 (9)
0

0
0

0
1 (3.8)

1 (100)
0

0
0

0
1 (100)

GI: Gastrointestinal; NSAIDs: Non-steroidal anti-inflammatory drugs.
[16]

Recently, Bianciotto et al , on behalf of the Italian
Multicenter Study Group for Drug and Vaccine Safety
in Children, reported an increased risk of UGIB
associated with use of drugs, including NSAIDs, oral
steroids and antibiotics. These data are in agreement
with a warning published in 2010 by the Italian Drug
Agency (AIFA), which warned of a significant increase
[17]
of adverse NSAID-related reactions in children . This
increase was mainly referred to the rise of ibuprofen
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pediatric population. A number of factors are known to increase the risk of ulcer
bleeding with NSAID, including comorbid disease, young age and use of highdose of multiple NSAIDs.

Although data in pediatrics are still limited, ac
cording to the American College of Gastroenterology,
the main risk factors for NSAID-related GI toxicity
should be considered: the concomitant use of other
medications (including corticosteroids, anticoagulants,
antiplatelet), a history of previous peptic ulcer, H. pylori
[1]
infection, prolonged or high-dose therapy . In relation
to these factors, certain groups of patients at greater
risk may be identified and an adequate preventive
[1]
strategy may be used . Risk stratification does not
seem to be translated in pediatric patients. Indeed,
a high number of our patients showed significant
risk factors for bleeding, including comorbidities,
family history for peptic disease and active H. pylori
infection. Concerning the association with H. pylori
infection, it is still unclear whether NSAIDs GI toxicity
[20]
is increased in patients with H. pylori gastritis . Some
authors suggest H. pylori detection and eradication
[21]
at least in chronic users . Another main risk factor
is the use of other concomitant drugs. In our study
population, 29.6% of patients had taken other drugs
at the same time, including steroids, antibiotics
and acetaminophen. In particular, concerning the
concomitant use of ibuprofen and acetaminophen, the
American Academy of Pediatrics strongly discourages
the therapeutic association, due to the low benefit/
[22]
risk ratio . The most common prevention strategies
consist of the use of gastro-protective drugs. In
our study population, 9.8% of enrolled patients
used gastro-protective agents, and their use was
significantly associated with duration of therapy and
number of administrations, suggesting that prevention
strategy is currently adopted only for longer courses of
treatment.
This study has several limitations. Besides the
retrospective nature and therefore the possibility of
recall biases, our study was mainly descriptive, since
we did not have any comparison groups to draw
definitive conclusions regarding overall NSAIDs safety.
This survey represents the first Italian retrospective
study on pediatric population to describe GI bleeding
secondary to the use of NSAIDs. These data show
that the risk of adverse events seems to be related
to their improper use rather than to NSAIDs safety
profile. The high number of self-prescriptions and
the high percentage of inappropriate use represent
the most alarming data. These findings underline the
need for better promotion of NSAIDs use in children
among general pediatricians and families, in order
to prevent the occurrence of serious adverse events.
Further studies are needed to better define possible
risk stratification and preventive strategies in pediatric
patients.

Research frontiers

The most important area in the clinical study in this field is related to the high
risk of gastrointestinal bleeding in pediatric population when there is poor
adherence to the indications and dosages of NSAID. An adequate knowledge
of these risks is helpful as a precautionary measure.

Innovations and breakthroughs

This is one of the few retrospective studies conducted in the pediatric
population that defines clinical presentation, type and distribution of lesions of
the gastrointestinal tract secondary to the use of NSAID.

Applications

The results of this survey can change the manner of use of these drugs in
clinical practice.

Peer-review

This study confirms a three-fold increased risk of upper gastrointestinal
complications associated with NSAID use. Data in elderly population are
known, while there are few studies in the pediatric population. An adequate
prevention can be useful to limit the risks of important side effects.
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Abstract

Institutional review board statement: This study was reviewed
and approved by the Institutional Review Board of the First
Affiliated Hospital of Zhejiang University School of Medicine.

AIM: To explore the association between serum α-Lfucosidase (AFU) and non-alcoholic fatty liver disease
(NAFLD).

Informed consent statement: All participants were informed
verbally about the purpose and design of the study. The study was
approved by the Ethics Committee of the First Affiliated Hospital
of Zhejiang University School of Medicine.

METHODS: A total of 16473 individuals (9456 men
and 7017 women) were included in the current study,
who presented for a health examination at the First
Affiliated Hospital of Zhejiang University School of
Medicine in 2014. The baseline characteristics of
the cohort were compared by NAFLD status. Linear
regression analysis and stepwise multiple regression
analysis were applied to assess the risk factors for
NAFLD. Receiver operating characteristic curve was
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Data sharing statement: Technical appendix, statistical code,
and dataset are available from the corresponding author at
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[3,4]

metabolic syndrome (MetS) . For this reason, NAFLD
[3]
is often considered a hepatic manifestation of MetS .
Alpha-L-fucosidase (AFU) is a sort of lysosomal
enzyme present in all mammalian cells and hydrolyzes
[5]
[6]
sugars containing L-fucose . Deugnier et al first
found that AFU is overexpressed in patients with
hepatocellular carcinoma (HCC) in 1984. The sensitivity
and specificity of AFU for the diagnosis of HCC were
about 80% and 70%, respectively, in contrast with
[7]
40% and almost 100% for α-fetoprotein (AFP) .
A simultaneous determination of both markers can
[7]
improve the sensitivity to 82% . AFU has been
clinically used widely as a supplement to AFP in early
detection of HCC.
NAFLD is a clinicopathological syndrome that
ranges from simple steatosis to steatohepatitis, fibrosis
[8]
or cirrhosis of the liver , and cirrhosis is the most
[9]
important risk factor for HCC, regardless of etiology .
Thus, NAFLD is often considered a precursor for
[10]
HCC . Due to the high sensitivity of AFU in early
detection of HCC, we hypothesized that AFU could be a
biomarker for diagnosis of NAFLD, which is a precursor
of HCC.
In this study, we performed a large cross-sectional
survey to analyze the association between AFU and
NAFLD in a Chinese population.

used to determine the sensitivity and specificity of AFU
in the diagnosis of NAFLD.
RESULTS: The prevalence rates of NAFLD and
metabolic syndrome (MetS) were 38.0% and 25.4%,
respectively. The NAFLD group had significantly higher
AFU levels than the non-NAFLD group (28.7 ± 7.9
U/L vs 26.0 ± 7.3 U/L, P < 0.001) and the prevalence
rate of NAFLD increased with progressively higher
serum AFU levels. AFU was positively correlated
with MetS and its five components: central obesity,
hypertriglyceridemia, low high-density lipoprotein
cholesterol, and elevated blood pressure and fasting
glucose. Stepwise multiple logistic regression analysis
showed that AFU was associated with an increased
risk of NAFLD (OR = 1.009, 95%CI: 1.003-1.014, P <
0.001). The best cut-off value of AFU for the diagnosis
of NAFLD was 27.5 U/L. The area under the curve
(diagnostic efficacy index) was 0.606. The sensitivity
and specificity were 54.6% and 61.8%, respectively.
CONCLUSION: AFU level is significantly associated
with NAFLD, and elevated AFU level is an independent
risk factor for NAFLD.
Key words: α-L-fucosidase; Biomarker; non-alcoholic
fatty liver disease; metabolic syndrome; Cross-sectional
study

MATERIALS AND METHODS

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Study population

We conducted a cross-sectional study among adults
who presented for their annual health examinations
at the First Affiliated Hospital of Zhejiang University
School of Medicine in 2014. The analyses were limited
to participants who had full records of anthropometric
and biochemical data, as well as results of hepatic
ultrasonography examination. Exclusion criteria inclu
ded: (1) those taking antihypertensive or antidiabetic
agents, lipid-lowering agents, or uric-acid-lowing
agents; (2) those with alcohol consumption > 140 g/
wk for men and 70 g/wk for women; (3) those with a
history of other known causes of chronic liver disease
such as viral hepatitis or autoimmune hepatitis;
and (4) those using hepatotoxic medications (e.g.,
sulfonamides and azithromycin). A total of 16473
participants (9456 men and 7017 women) were
included in the final analysis. All participants were
informed verbally about the purpose and design of the
study. The personal information of each participant was
anonymized both at collection and prior to analysis.
The study was approved by the Ethics Committee
of the First Affiliated Hospital of Zhejiang University
School of Medicine.

Core tip: Alpha-L-fucosidase (AFU) is a well-established
marker for hepatocellular carcinoma. This study was
the first attempt to investigate the relationship between
AFU level and non-alcoholic fatty liver disease (NAFLD)
in a large cross-sectional cohort from a southern urban
Han Chinese population. It provided evidence that
AFU level was significantly associated with NAFLD,
and elevated AFU level was an independent risk factor
for NAFLD. AFU may be a potential biomarker for the
diagnosis of NAFLD.
Lu ZY, Cen C, Shao Z, Chen XH, Xu CF, Li YM. Association
between serum α-L-fucosidase and non-alcoholic fatty liver
disease: Cross-sectional study. World J Gastroenterol 2016;
22(5): 1884-1890 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i5/1884.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1884

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has attracted
attention for its high prevalence (20%-30%) in
[1,2]
developed countries . The development of NAFLD is
closely associated with central obesity, type 2 diabetes,
hypertension, and dyslipidemia, which form a cluster
of metabolic disorders that is now recognized as

WJG|www.wjgnet.com

Study data

Study data included four parts: medical history,
questionnaire, and anthropometric and biochemical
measurements. All medical histories including previous
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diseases and drug prescription were assessed by
examining physicians. Questions about alcohol intake
included the frequency of alcohol consumption per
week and the usual amount per day. Persons smoking
at that time were considered to be current smokers.
The anthropometric measurements involved height,
weight, blood pressure and waist circumference (WC).
Height and weight were measured while wearing light
clothing without shoes. Body mass index (BMI) was
calculated as weight (kg) divided by the square of the
height (m). Blood pressure, including systolic blood
pressure (SBP) and diastolic blood pressure (DBP),
was measured on the right arm with participants in a
sitting position after a 5-min rest. WC was measured
with the measuring tape positioned midway between
the lowest rib and the superior border of the iliac crest
as the patient exhaled normally.
Biochemical measurements were performed after
participants were instructed to complete an overnight
fast. Fasting blood samples were obtained from an
antecubital vein, and the samples were used for the
analysis of biochemical values. The values included
triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), γ-glutamyltransferase (GGT),
AFU, uric acid (UA), and fasting plasma glucose
(FPG). All biochemical values were measured using a
Hitachi 7600 clinical analyzer (Hitachi, Tokyo, Japan)
and Sysmex XE-2100 auto-analyzer (Sysmex, Kobe,
Japan) using standard methods.

Windows version 13.0 (SPSS, Chicago, IL, United
States). Continuous variables are presented as the
mean ± SD or the median and interquartile range
(IQR), as appropriate. The Student’s t test or MannWhitney U test was used for comparisons of continuous
2
data, while the χ test was used for comparisons of
categorical variables. Linear regression analysis was
used to determine the relationship between AFU level
and prevalence of NAFLD and MetS. Stepwise multiple
regression analysis (Backward: Wald; Entry: 0.05,
Removal: 0.10) was applied to assess the risk factors
for NAFLD. P < 0.05 (two-tailed test) was considered
statistically significant. The receiver operating cha
racteristic (ROC) curve was used to determine the
sensitivity and specificity of AFU in the diagnosis of
NAFLD.

RESULTS
Patient characteristics

Of the 16473 subjects enrolled in this study, 6263
(38.0%) and 4177 (25.4%) fulfilled the diagnostic
criteria for NAFLD and MetS, respectively. The
prevalence rates of MetS components, including central
obesity, hypertriglyceridemia, low HDL-C, elevated
blood pressure and elevated FPG, were 46.48%,
29.11%, 36.73%, 33.98% and 12.19%, respectively.
Demographic and biochemical characteristics were
compared by NAFLD status (Table 1). Patients with
NAFLD exhibited higher AFU. Meanwhile, BMI,
WC, SBP, DBP, white blood cell count, UA, FBG,
TG, TC, LDL, very-low density lipoprotein, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), GGT, cholinesterase, alkaline phosphatase,
carcinoembryonic antigen and HDL were higher in the
NAFLD group.

Diagnosis of NAFLD and definitions of MetS

Abdominal ultrasonographic examinations were
carried out by experienced radiologists who were
unaware of the aims of the study and were blinded
to the laboratory values, using a Toshiba Nemio 20
sonography machine (Toshiba, Tokyo, Japan) with a
3.5-MHz probe. Images were captured in a standard
fashion, with the patient in the supine position, with
the right arm raised above the head. Fatty liver disease
was diagnosed and its degree was assessed according
to the criteria described by the Chinese Liver Disease
[11]
Association .
The diagnosis of MetS was based on the definition
recommended by the Asia-Pacific Working Party on
[12]
NAFLD 2006 . MetS was diagnosed if any three
or more of the following were present: (1) central
obesity: WC > 90 cm for men and > 80 cm for
2
women and/or BMI > 25 kg/m in both genders; (2)
hypertriglyceridemia: TGs ≥ 1.7 mmol/L; (3) low
HDL-C: HDL-C < 1.03 mmol/L for men and < 1.29
mmol/L for women; (4) elevated blood pressure: blood
pressure ≥ 130/85 mmHg; and (5) elevated fasting
glucose: FPG ≥ 5.6 mmol/L or previously diagnosed
type 2 diabetes.

Association of AFU level with NAFLD

In order to have a further understanding of the
association between AFU and NAFLD, all 16473
subjects were classified into quartiles by their AFU
levels (quartile 1 was defined as AFU ≤ 22 U/L,
quartile 2 was 22-27 U/L, quartile 3 was UA 27-31
U/L, and quartile 4 was ≥ 31 U/L). As seen in Table
2, the prevalence rate of NAFLD was significantly and
positively correlated with AFU levels. The prevalence
rate for NAFLD substantially increased with increasing
AFU levels. Compared with individuals in the lowest
AFU quartile, those in the highest quartile had a
prevalence ratio of 1.85.

Association of AFU level with MetS and its components

NAFLD is often considered a hepatic manifestation
of MetS. To understand better the role of AFU in
increasing incidence of NAFLD, we performed another
investigation on the association between AFU and
MetS. The results showed a significantly higher
prevalence rate of MetS with higher AFU levels. In

Statistical analysis

Statistical analyses were performed using SPSS for
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curve (diagnostic efficacy index) was 0.606.

Table 1 Comparison of clinical characteristics between
subjects with and without non-alcoholic fatty liver disease
Variable
Age (yr)
Gender
(male/female, n)
BMI (kg/m2)
WC (cm)
SBP (mmHg)
DBP (mmHg)
WBC (109/L)
UA (mmol/L)
FBG (mmol/L)
TG (mmol/L)
TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
AFU (U/L)
ALT (U/L)
AST (U/L)
GGT (U/L)
Cholinesterase
(U/L)
ALP (U/L)
AFP (mg/L)

With NAFLD

Without
NAFLD

t value

P value

47.9 (10.3)
4616/1647

44.3 (11.2)
4840/5370

20.844
1097.9281

< 0.001
< 0.0011

80.032
80.773
39.998
42.506
23.672
49.434
30.8582
44.9602
22.188
13.685
39.894
22.591
30.3962
16.9162
27.7532
48.125

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.0012
< 0.0012
< 0.001
< 0.001
< 0.001
< 0.001
< 0.0012
< 0.0012
< 0.0012
< 0.001

19.818
0.2102

< 0.001
< 0.8412

26.1 (2.9)
22.5 (2.7)
90.7 (8.2)
79.7 (8.5)
134.2 (17.5)
123.1 (17.1)
82.3 (11.1)
74.6 (11.2)
6.41 (1.6)
5.83 (1.5)
369.8 (87.8)
303.3 (81.2)
5.00 (4.66-5.49) 4.72 (4.46-5.01)
1.70 (1.20-2.45) 1.00 (0.73-1.43)
4.9 (0.9)
4.62 (0.9)
2.7 (0.7)
2.6 (0.6)
1.1 (0.3)
1.3 (0.3)
28.7 (7.9)
26.0 (7.3)
25 (18-37)
16 (11-22)
22 (18-27)
19 (16-22)
34 (22-57)
17 (12-28)
9537 (1579)
8315 (1585)
68 (20.1)
2.6 (2.0-3.5)

61 (19.9)
2.4 (1.8-3.4)

DISCUSSION
This study may be the first to investigate the rela
tionship between AFU level and NAFLD. The prevalence
rates of NAFLD and MetS were 38.0% and 25.4%,
respectively, which were comparable with recent
studies that investigated the association between
[13-15]
NAFLD and MetS in the Chinese population
. In
this study, we provided evidence that AFU level was
independently associated with NAFLD. The NAFLD
group tended to have elevated AFU levels compared
with the non-NAFLD group. In addition, the prevalence
rate of NAFLD increased with elevated AFU levels,
which means that the subjects with elevated AFU levels
had a higher risk of NAFLD. We further analyzed the
association between AFU and MetS to confirm indirectly
the relationship between AFU and NAFLD. Similarly,
the results showed that AFU was positively correlated
with MetS and its five components. Logistic regression
analysis was performed to screen the risk factors for
NAFLD and AFU was found to be an independent risk
factor for NAFLD. Finally, the sensitivity was 54.6% and
specificity was 61.8% for the diagnosis of NAFLD at the
best cut-off value of 27.5 U/L.
However, the physiological mechanism for this
association remains unclear. There exist several
possible explanations for the relationship. One of the
most convincing explanations is that the AFU in the
serum comes from lysosomal leakage. The subjects
with NAFLD tend to have hypertriglyceridemia and low
HDL-C, and lipid peroxidation has been demonstrated
[16,17]
to be involved in the formation of NAFLD
. Lipid
peroxidation modifies the functional characteristics
not only of the cell membranes, but also membranes
of intracellular organelles such as mitochondria
[18,19]
and lysosomes
. The ensuing changes following
lysosomal membrane oxidation induce perturbation in
this membrane permeability and may result in leakage
[20]
of lysosomal AFU . According to this explanation, AFU
is deemed to be an indicator to monitor the change in
membrane permeability.
Another reasonable explanation was related
to inflammatory response in NAFLD. It has been
demonstrated that development and progression of
hepatic inflammation play a key role in the formation
[21,22]
and progress of NAFLD
. As seen in this and previous
studies, higher white blood cell counts are known to
[23]
be associated with the presence of NAFLD . AFU can
modulate inflammation by reducing the interaction
between fucosylated adhesion molecules, which
[24]
normally support white blood cell extravasation .
Thus, AFU could be seen as a mediator in the NAFLD[25]
associated chronic hepatic inflammation .
AFU seems not to be a satisfactory biomarker for
the diagnosis of NAFLD with respect to the sensitivity
and specificity compared with other biomarkers, such

1 2

χ value; 2Z value. Data are expressed as mean ± SD or median (IQR).

NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; WC:
Waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; WBC: White blood cell; UA: Uric acid; FBG: Fasting blood
glucose; TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density
lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol;
AFU: α-L-fucosidase; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGT: γ-Glutamyltransferase; ALP: Akaline phosphatase;
AFP: Alpha-fetoprotein.

addition, all the five components (central obesity,
hypertriglyceridemia, low HDL-C, elevated blood
pressure, and elevated FPG) were also seen to be
significantly and positively correlated with AFU (Figure
1). It can be inferred that AFU level may be not only
an important factor for NAFLD, but also a significant
factor for MetS.

Risk factors for NAFLD

To explore the independent risk factors associated with
the presence of NAFLD, we performed stepwise multiple
regression analysis with a logistic regression model. AFU
was found to be a significant independent risk factor for
NAFLD (OR = 1.009, 95%CI: 1.003-1.014, P < 0.001).
The other risk factors are listed in Table 3, including age,
gender, height, weight, BMI, WC, DBP, platelet count,
white blood cell count, neutrophil, albumin, UA, FBG,
TG, HDL, AFU, ALT, AST, cholinesterase, and AFP.

Sensitivity and specificity of AFU for diagnosis of
NAFLD

The ROC curve of AFU plotted for the diagnosis of
NAFLD is shown in Figure 2. The best cut-off value for
AFU was 27.5 U/L, at which the sensitivity was 54.6%
and the specificity was 61.8%. The area under the
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Table 2 Prevalence rate of non-alcoholic fatty liver disease according to quartile of a-L-fucosidase
AFU level quartile

Total

NAFLD

χ2

P value

PR%

PR

Quartile 1
Quartile 2
Quartile 3
Quartile 4

4119
4118
4118
4118

1137
1375
1652
2099

32.527
143.969
471.421

< 0.001
< 0.001
< 0.001

27.60
33.39
40.11
50.97

1.00
1.21
1.45
1.85

AFU: a-L-fucosidase; PR%: Prevalence rate; PR: Prevalence ratio; NAFLD: Non-alcoholic fatty liver disease.
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Figure 1 Prevalence rates of metabolic syndrome and its five components in patients with different quartile levels of a-L-fucosidase.

Table 3 Risk factors for non-alcoholic fatty liver disease
P value

OR

95%CI

0.002
0.072

90.042
49.919

< 0.001
< 0.001

1.023
1.665

1.018-1.028
1.445-1.918

0.011
0.013
0.034
0.005
0.002
0.000
0.034
0.043
0.008
0.000
0.021
0.022
0.082
0.003
0.002
0.004
0.000
0.008

13.337
18.069
6.456
88.152
23.193
3.157
30.938
21.986
26.043
97.787
93.656
107.298
36.514
9.243
95.540
45.869
60.140
4.135

< 0.001
< 0.011
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.002
< 0.001
< 0.001
< 0.001
< 0.042
< 0.001

0.961
1.057
1.090
1.049
1.010
1.001
1.211
0.817
1.039
1.003
1.227
1.253
0.611
1.009
1.022
0.975
1.000
0.985

0.941-0.982
1.030-1.084
1.020-1.166
1.039-1.060
1.006-1.014
1.000-1.002
1.132-1.296
0.751-0.889
1.024-1.055
1.003-1.004
1.177-1.279
1.201-1.308
0.520-0.717
1.003-1.014
1.017-1.026
0.968-0.982
1.000-1.000
0.970-0.999

b

SE

Age
Male
gender
Height
Weight
BMI
WC
DBP
Plt
WBC
NEU
ALB
UA
FBG
TG
HDL
AFU
ALT
AST
ChE
AFP

0.023
0.510
-0.040
0.055
0.087
0.048
0.010
0.001
0.192
-0.202
0.039
0.003
0.205
0.226
-0.493
0.009
0.022
-0.025
0.000
-0.015

Wald χ

0.8

Sensitivity

2

Variable

0.6

0.4

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 2 Receiver operating characteristic curve of a-L-fucosidase
plotted for diagnosis of non-alcoholic fatty liver disease. The area under
the curve (diagnostic efficacy index) is 0.606.
[26,27]

as cytokeratin 18 (AUROC = 0.8)
, HAIR score
[28]
(hypertension, ALT, insulin resistance, AUROC = 0.9) .
But AFU has the advantages of widespread application
and convenience of use as a simple biomarker. This
is a preliminary study in the investigation of NAFLD
biomarkers and further studies are needed to improve
the sensitivity and specificity (i.e., setting up a new
scoring system including other available biochemical

β: Partial regression coefficient; SE: Standard error of partial regression
coefficient; NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass
index; WC: Waist circumference; DBP: Diastolic blood pressure; Plt:
Platelet; WBC: White blood cell; NEU: Neutrophil; ALB: Albumin; UA:
Uric acid; FBG: Fasting blood glucose; TG: Triglyceride; HDL: Highdensity lipoprotein; AFU: a-L-fucosidase; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; ChE: Cholinesterase; AFP: a-fetoprotein.
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may act as an independent risk factor. AFU may be a potential biomarker for
the diagnosis of NAFLD.

indices).
AFU was established as a tumor marker in a series of
studies reporting that its activity increases significantly
[7,29,30]
in the serum of HCC patients
. In the current study,
AFU was demonstrated as an independent risk factor for
NAFLD. In addition, the link between AFU and NAFLD
may provide a potential explanation for why AFU is
often elevated in HCC patients. Tumor cell injury, tissue
necrosis and mononuclear macrophage accumulation
are often present in HCC, thus, elevated AFU level could
be an indicator of changes in membrane permeability
following cell injury or inflammation response.
There were several limitations to this study. First,
the diagnosis of NAFLD was based on ultrasonographic
examination. Although liver biopsy is recognized as the
gold standard for the diagnosis of NAFLD, invasiveness
and complications make it impractical for screening of
NAFLD. Ultrasonographic examination has been widely
used because of its non-invasiveness and reasonable
accuracy, although it is still not sensitive enough to
detect mild steatosis. Second, the subjects enrolled in
this study were mostly office staff, which is a middleincome group. The prevalence rate of NAFLD and MetS
may have been overestimated. Third, it is single-center
experience and there was no validation study for AFU.
It is hard to confirm the generation of our findings. We
are planning to conduct a multi-center large cohort
study to investigate the applicability of our findings
to the rest of the Chinese population. Moreover, it is
still an unresolved question whether elevated AFU is a
bystander effect, a cause, or a consequence of NAFLD.
In summary, our large cross-sectional study shows
that AFU levels are positively associated with NAFLD
and may act as an independent risk factor. AFU may
be a potential biomarker for the diagnosis of NAFLD.
Further studies are needed to reveal the detailed
relationship and the possible mechanisms between
serum AFU and NAFLD.

Applications

AFU levels are positively associated with NAFLD, which may provide a new
promising biomarker to predict NAFLD. It is necessary to monitor serum AFU
levels when people undergo health examination.

Terminology

Changes in permeability of cell membranes and intracellular organelles such as
mitochondria and lysosomes are seen in hepatocytes of patients with NAFLD.
AFU comes from lysosomal leakage and may act as a predictor of liver function.

Peer-review

It is a preliminary study, which is the first to show AFU levels are positively
associated with NAFLD and may act as an independent risk factor. The design
is strict and methods are valid. We are inferred that it is necessary to monitor
serum AFU to screen NAFLD and the potential risk of HCC.
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conducted in 20 referral centers in Japan. There were
148 patients who underwent SOCPS; 124 for biliary
diseases and 24 for pancreatic diseases. The attempted
interventions were SOCPS examination, SOCPS-directed
tissue sampling, and therapy for stone removal,
among others. The main outcomes were related to the
procedure success rate in terms of visualizing the target
lesions, SOCPS-directed adequate tissue sampling, and
complete stone removal.
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RESULTS: A total of 148 patients were enrolled for the
diagnosis of indeterminate biliary and pancreatic lesions
or treatment of biliary and pancreatic disease. The
overall procedure success rate of visualizing the target
lesions was 91.2% (135/148). The overall procedural
success rates of visualizing the target lesions of
diagnostic SOCPS in the bile duct and pancreatic duct
were 95.5% (84/89) and 88.2% (15/17), respectively.
Diagnosis: the overall adequate tissue for histologic
examination was secured in 81.4% of the 86 patients
who underwent biopsy under SOCPS (bile duct, 60/75,
80.0%; pancreatic duct, 10/11, 90.9%). The accuracy
of histologic diagnosis using SOCPS-directed biopsies
in indeterminate bile duct lesions was 70.7% (53/75).
In the pancreatic duct, the accuracy of SOCPS visual
impression of intraductal papillary mucinous neoplasm
was 87.5% (14/16). Stone therapy: complete biliary
and pancreatic stone clearance combined with
SOCPS-directed stone therapy using electrohydraulic
lithotripsy or laser lithotripsy was achieved in 74.2%
(23/31) and 42.9% (3/7) of the patients, respectively.
Others: SOCPS using the SpyGlass system was used in
cannulation of the cystic duct in two patients and for
passing across the obstructed self-expandable metallic
stent for a malignant biliary stricture in two patients.
All procedures were successful in both SOCPS-guided
therapies. The incidence of procedure-related adverse
events was 5.4% (8/148).

Institutional review board statement: The study was approved
by the Institutional Review Boards or Ethics Committees of all
participating centers.
Clinical trial registration statement: The clinical trial was
registered at UMIN CTR (http://www.umin.ac.jp). The registration
identification number is UMIN000015155.
Informed consent statement: All study participants, or
their legal guardian, provided written consent prior to study
enrollment.
Conflict-of-interest statement: The authors have no conflicts
of interest to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Toshio Kurihara, MD, Department of
Gastroenterology and Hepatology, Tokyo Medical University,
6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160-0023,
Japan. kurihara618@gmail.com
Telephone: +81-3-33426111
Fax: +81-3-53816654

CONCLUSION: SOCPS with direct visualization and
biopsy for diagnosis and SOCPS-directed therapy for
biliary and pancreatic diseases can be safely performed
with a high success rate.

Received: May 1, 2015
Peer-review started: May 8, 2015
First decision: June 19, 2015
Revised: July 14, 2015
Accepted: September 30, 2015
Article in press: September 30, 2015
Published online: February 7, 2016

Key words: Cholangioscopy; Endoscopic retrograde
cholangiopancreatography; Pancreatoscopy; Singleoperator; SpyGlass
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This investigation was a prospective, mul
ticenter study in Japan involving 148 enrolled patients
in whom the utility and safety of single-operator
cholangiopancreatoscopy (SOCPS) with the SpyGlass
system in pancreatobiliary disorders were analyzed.
SOCPS with direct visualization and biopsy for diagnosis,
and SOCPS-directed therapy for biliary and pancreatic
diseases can be safely performed with a high success
rate.

Abstract
AIM: To assess the utility and safety of single-operator
cholangiopancreatoscopy (SOCPS) using the SpyGlass
system in widespread clinical application for biliary and
pancreatic diseases.
METHODS: This study was a prospective case series
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diseases who underwent SOCPS using the SpyGlass
system were prospectively evaluated between October
2011 and September 2012. A total of 154 patients were
prospectively enrolled and retrospectively analyzed.
Eligibility for study entry was based on an age of 20
years or older and the existence of an indication for
cholangiopancreatography. In the diagnostic procedure,
the main patient inclusion criteria were indeterminate
biliary and pancreatic duct stricture and filling defect.
In the therapeutic procedure, the main inclusion
criteria were biliary and pancreatic stones that were
treatable by conventional lithotripsy. The exclusion
criteria included age younger than 20 years, pregnancy,
bleeding diatheses, distorted anatomy, severe jaundice
or cholangitis, critically ill patients, and inability to
provide informed consent.
The protocol was approved by the institutional
review boards or ethics committees of each participating
institution. The study was performed at 20 Japanese
referral centers according to the guidelines described
in the Declaration of Helsinki for biomedical research
involving human subjects. The protocol appears on
UMIN CTR (UMIN000015155).

Kurihara T, Yasuda I, Isayama H, Tsuyuguchi T, Yamaguchi T,
Kawabe K, Okabe Y, Hanada K, Hayashi T, Ohtsuka T, Oana S,
Kawakami H, Igarashi Y, Matsumoto K, Tamada K, Ryozawa S,
Kawashima H, Okamoto Y, Maetani I, Inoue H, Itoi T. Diagnostic
and therapeutic single-operator cholangiopancreatoscopy in
biliopancreatic diseases: Prospective multicenter study in Japan.
World J Gastroenterol 2016; 22(5): 1891-1901 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i5/1891.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i5.1891

INTRODUCTION
The usefulness of peroral cholangiopancreatoscopy
(POCPS) in the direct endoscopic diagnosis and
treatment of biliary and pancreatic diseases has
[1-6]
been reported . Direct visualization of the bile and
pancreatic ducts by POCPS is valuable in the diagnosis
of biliary and pancreatic abnormalities that may not
be detectable by cholangiography. Distinct advantages
of POCPS are that it enables more precisely targeted
biopsy in direct visualization and difficult stone therapy
by electrohydraulic lithotripsy (EHL) or laser lithotripsy.
However, POCPS has several technical limitations
involving the POCP scope. For example, the restricted
cholangioscope tip deflection hampers observation
of the entire biliary and pancreatic ducts. Suboptimal
irrigation capabilities have also rendered POCPS
examination and therapy more difficult. Moreover, the
POCPS system is fragile, and its repair cost is high.
In addition, POCPS requires two endoscopists, one
to operate the duodenoscope, the other to operate
the cholangioscope. These disadvantages prevent
POCPS from being widely used for the diagnosis and
treatment of pancreatobiliary diseases.
The SpyGlass Direct Visualization system (Microvasive
Endoscopy; Boston Scientific Corp., Natick, MA, United
States) was, therefore, developed to overcome these
disadvantages. The SpyGlass system is a single-operator
POCPS technique. This system consists of a reusable
optical probe and a disposable access catheter. In
addition, the SpyGlass system has distinct characteristics,
such as two separate, dedicated irrigation channels and
four-way tip deflection for complete observation. To date,
there have been numerous studies on the usefulness of
[7-20]
the SpyGlass system
. However, there is presently
only one multicenter, prospective study involving a large
[9]
case series .
The aim of this study was to prospectively assess
the efficacy of single-operator cholangiopancreatoscopy
(SOCPS) using the SpyGlass system in a widespread
clinical application for biliopancreatic diseases.

SOCPS system

The SpyGlass Direct Visualization system consists
of capital equipment, including an irrigation pump,
light source, monitor, access and delivery catheter
(SpyScope), and an optical probe (SpyGlass). The
part used as the observation scope is composed of
two modularized components. One component is
a disposable SpyScope 10 Fr access and delivery
catheter with a 1.2-mm-diameter working channel
and dedicated irrigation channels. This catheter is
introduced through a therapeutic duodenoscope with a
working channel diameter of 4.2 mm. The catheter is
capable of tip deflection of at least 30 degrees in four
directions, thus facilitating visualization of the entire
circumference of the biliary tree. The other component
is a reusable SpyGlass Fiber Optic Probe that provides
6000 pixel images and a 70-degree field of view. This
probe is available as a multiple-use device that may be
reprocessed after each use. The SpyBite biopsy forceps
is a single-use device with jaws at the tip that open to
4.1 mm, obtaining adequate tissue for histology.

SOCPS procedure

This study was designed to document the performance
of the SOCPS system in the setting of routine clinical
practice. The procedure was performed with patients
under sedation using intravenous midazolam or
flunitrazepam, with continuous monitoring of the pulse
rate, oxygen saturation, and blood pressure. The
procedure using the SpyGlass system was performed
by a single operator. The decision whether to attempt
SOCPS during the initial endoscopic retrograde
cholangiopancreatography (ERCP) procedure was at the
discretion of the endoscopist. The endoscopist could

MATERIALS AND METHODS
Patients

This prospective case series was conducted at 20
referral centers in Japan. Patients with biliopancreatic
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A

C

B

D

Figure 1 Single-operator cholangiopancreatoscopy procedure. A: Computed tomography revealed a hilar and inferior bile duct stricture and wall thickening; B:
Endoscopic retrograde cholangiogram showed a nonconsecutive bile duct stricture in the hilar and inferior bile ducts; C: SpyGlass view revealed an irregular granular
stricture with a thin to thick tortuous vessel; D: Cholangioscope-guided biopsy using the SpyBite was performed in this case.

elect to defer performing SOCPS, for instance, to limit
the length of the session. Endoscopic sphincterotomy
(EST) or endoscopic papillary balloon dilation (EPBD)
was performed before SOCPS without a dilated
papillary orifice for mucin, which is produced from
intraductal papillary mucinous neoplasms (IPMNs).
For the SOCPS, the SpyScope was advanced through
the 4.2-mm working channel of the therapeutic
duodenoscopes (TJF-240 or TJF-260V; Olympus
Medical Systems, Tokyo, Japan) into the bile duct or
pancreatic duct. The SpyScope was inserted through
the papilla under direct endoscopic and fluoroscopic
imaging and advanced toward the target lesion with
or without the use of a guidewire. Before observation
using the SpyGlass, the contrast agent and bile were
aspirated, then the bile duct was irrigated through the
dedicated irrigation channel with sterile saline.
In the diagnostic procedure, we initially examined
the image of the biliary or pancreatic duct stricture
and filling defect using the SpyGlass system. During
the procedure, the quality of target lesion visualization
using SOCPS was rated as able or unable to visualize.
SOCPS findings were classified as benign or malignant
impression. The definition of SOCPS findings was
[8]
evaluated according to a previous report . In the bile
duct, a lesion was defined as malignant on the basis
of the presence or absence of a mass, an irregular
granular stricture with a thin to thick tortuous vessel,
or papillary or villous projections. Benign lesions were
defined by a smooth surface without neovascularization
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or scar. If the target lesion could be observed by
SOCPS, biopsies from the target lesion were attempted
under cholangioscopic or pancreatoscopic guidance
using the SpyBite (Figure 1). Adequate tissue was
defined as sufficient quantity of tissue enabling a
pathologist to make a histologic diagnosis. If necessary,
fluoroscopy-guided transpapillary biopsy using
conventional biopsy forceps was also performed. In
biopsy patients without tissue evidence of malignancy,
follow-up was scheduled every 2 mo using imaging
examinations until 6 mo.
In the stone therapy, after EST or EPBD, a
conventional stone extraction procedure was initially
attempted using a basket, a balloon, and a mechanical
lithotriptor. In some cases, sphincteroplasty via a
small sphincterotomy and using a 12-mm to 18-mm
controlled radial expansion balloon (Boston Scientific
Corp.) was attempted. SOCPS-guided lithotripsy was
then considered when these stone removal techniques
failed. We used the YAG-laser or EHL technology for
SOCPS-guided stone therapy. We confirmed under
SOCPS view whether the stone and YAG-laser or EHL
probe came in contact with each other (Figure 2). YAGlaser and EHL bursts were delivered under continuous
saline irrigation via the SpyScope’s irrigation channels
for the bile duct stone. On the other hand, intermittent
irrigation at the minimal setting was delivered for the
pancreatic stone. Stone fragmentation was confirmed
on SOCPS and cholangiography. When sufficient stone
fragmentation was achieved, a stone fragment was
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A

B

Figure 2 Single-operator cholangiopancreatoscopy view. A: Obstructive impacted stone targeted by the electrohydraulic lithotripsy probe; B: Obstructive impacted
stone targeted by green laser spot.

89 bile duct

106 diagnostic

17 pancreatic duct
148 total patients
31 bile duct
38 stone therapy
7 pancreatic duct

42 therapy

2 cystic duct cannulation
4 others
2 passing across the
obstructed SEMS

Figure 3 Flow chart of this study. Overall characteristics of 148 patients who underwent single-operator cholangiopancreatoscopy. SEMS: Self-expandable metal
stent.

extracted using a conventional basket and balloon
catheter. Complete stone clearance was determined by
SOCPS and cholangiography.

diagnosis. The final diagnoses were made on the basis
of the surgical specimen and clinical follow-up for
more than 6 mo. The success rate of complete stone
removal in the therapeutic procedure was calculated.

Outcome measurement

The main outcomes were related to the procedure
success rate in terms of the following: (1) visualization
of the target lesions; (2) SOCPS-directed adequate
tissue sampling; (3) complete stone removal; and (4)
others. The secondary outcomes were the sensitivity
and specificity of SOCPS impression in accordance with
the histologic diagnosis of SOCPS-directed biopsies,
and the occurrence of adverse events. Adverse events
[21]
were assessed according to established criteria .

RESULTS
A total of 154 patients were enrolled during the study
period, with 148 completing the study. The evaluation
of six patients was discontinued prematurely because
of loss to follow-up. Among the 148 patients, 106
patients were classified for diagnostic purposes and
42 for therapeutic purposes. The detailed breakdown
of the particular conditions and numbers of patients
was as follows: indeterminate bile duct lesion (n =
89), indeterminate pancreatic lesions (n = 17), stone
therapy by YAG-laser or EHL (n = 38), assistance of
cystic duct cannulation (n = 2), and passing across the
obstructed self-expandable metal stent (SEMS) (n = 2)
(Figure 3). The characteristics of all the patients in this
study are shown in Table 1. The overall success rate of

Statistical analysis

Summary statistics consisted of the mean, standard
deviation, and median. The diagnostic accuracy,
sensitivity, and specificity of the SOCPS examination,
and the histologic diagnosis of SOCPS-directed biopsy
were determined together with those in the final
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Table 1 Overall characteristics of 148 patients who underwent
single-operator cholangiopancreatoscopy

Table 3 Accuracy of single-operator cholangiopancreatoscopy
impression in indeterminate bile duct lesion, n

Characteristic

Diagnosis by SOCPS
impression

Male/female, n
Mean age (yr), (range)
Previous examination, n (%)
CT
MRCP
ERCP
Preparation of the papilla, n (%)
EST
EPBD

Value
98/50
68.4 (38-93)
146 (98.6)
96 (64.9)
148 (100)

2
25

Sensitivity, 94.7%; Specificity, 92.6%; Accuracy, 94.0%. SOCPS: Singleoperator cholangiopancreatoscopy.

130 (87.8)
3 (2.1)

Table 4 Procedure success rate of diagnostic single-operator
cholangiopancreatoscopy for indeterminate bile duct lesions

Table 2 Characteristic of 89 patients with indeterminate bile
duct lesions
n
10
26
19
17
15
2
58
2
2
3
3
19
2

Bile duct target
site

n

Success rate
of visualizing
target site, n
(%)

Biopsy
attempted
(n )

Adequate
tissue for
histologic
examination,
n (%)

Intrahepatic
Hilar
Superior
Mid
Inferior
Mobile filing defect
Overall

10
26
19
17
15
2
89

8 (80.0)
26 (100)
19 (100)
16 (94.1)
13 (86.7)
2 (100)
84 (95.5)

6
26
19
14
10
0
75

5 (83.3)
21 (80.8)
15 (78.9)
12 (85.7)
7 (70.0)
60 (80.0)

Table 5 Accuracy of histologic diagnosis using single-operator
cholangiopancreatoscopy-directed biopsies in indeterminate
bile duct lesions (n = 75)
Final diagnosis (n )

Diagnosis by SOCPS-biopsy
Malignant
Benign
Inadequate

IPNB: Intraductal papillary neoplasm in the bile duct; PSC: Primary sclerosing
cholangitis.

Malignant

Benign

37
20
0

0
16
2

Sensitivity, 64.9%; Specificity, 88.9%; Accuracy, 70.7%. SOCPS: Singleoperator cholangiopancreatoscopy.

visualizing the target lesions was 91.2% (135/148).

Diagnostic SOCPS

Adequate tissue for histologic examination was se
cured in 80.0% (60/75) of these patients (Table 4).
A final diagnosis of a malignant or benign tumor was
established on the basis of surgical findings in 27
patients and of pathologic findings and clinical followup for more than 6 mo in 48 patients. The accuracy
of histologic diagnosis using SOCPS-directed biopsies
in indeterminate bile duct lesions was 70.7% (53/75)
(Table 5).

A total of 106 patients underwent diagnostic SOCPS.
These patients were grouped into 89 patients with bile
duct lesions and 17 with pancreatic lesions.
Bile duct access: Of the 89 patients with bile duct
abnormalities, the success rate of visualizing the target
lesions was 95.5% (84/89). The hilar and superior
common bile ducts were the most frequent target
sites.
In the 89 patients with indeterminate bile duct
lesions, the final diagnoses are shown in Table 2.
Among the 89 patients suspected with bile duct
cancer, 56 cases (62.9%) showed an irregular granular
mucosal surface with thin to thick tortuous vessels
in the bile duct lumen. The sensitivity and specificity
of SOCPS impression were 94.7% and 92.6%,
respectively, with an accuracy of 94.0% (Table 3).
The SOCPS-guided targeted biopsy was attempted
in 75 patients with indeterminate bile duct lesions.
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Benign

54
3

Malignant
Benign

CT: Computed tomography; MRCP: Magnetic resonance cholangiopancrea
tography; ERCP: Endoscopic retrograde cholangiopancreatography; EST:
Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation.

Bile duct target site
Intrahepatic
Hilar
Superior
Mid
Inferior
Mobile filling defect
Suspected disease
Bile duct cancer
Cystic duct cancer
IPNB
IgG4-related cholangitis
PSC
Inflammatory change
Bile duct stone

Final diagnosis
Malignant

Pancreatic duct access: Pancreatoscopy using
SOCPS for diagnostic purposes was attempted in 17
patients. Fifteen patients underwent SOCPS for further
evaluation of the dilated main pancreatic duct and a
suspected IPMN, and the remaining two patients for
indeterminate main pancreatic duct stricture. Among
these patients, IPMN was finally diagnosed in 16
cases and pancreatic carcinoma in one case. Before
SOCPS, endoscopic imaging showed an enlarged
orifice of the papilla in 15 patients, and a dilated main
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A

B

Figure 4 Pancreatoscopy using single-operator cholangiopancreatoscopy for diagnostic purposes. A: SpyGlass view revealed a papillary and fish-egg-like
lesion in the main pancreatic duct; B: Pancreatoscopy-guided biopsy using the SpyBite was performed in this case.

Table 6 Characteristic of 17 patients who underwent singleoperator cholangiopancreatoscopy with pancreatic duct lesion

Table 8 Characteristics of 38 patients with single-operator
cholangiopancreatoscopy-guided stone therapy

n
14
2
1

Location of main lesion of pancreatic duct
Head of pancreas
Body
Tail
Suspected disease
Pancreatic cancer
IPMN
Preparation of the papilla
EST
EPBD

Characteristic

1
16
1
1

IPMN: Intraductal papillary mucinous neoplasm; EST: Endoscopic
sphincterotomy; EPBD: Endoscopic papillary balloon dilation.

Table 7 Procedure success rate of diagnostic single-operator
cholangiopancreatoscopy for pancreatic duct lesions n (%)
Pancreatic
duct target
site

n

Head
Body
Tail
Overall

15
1
1
17

Success
rate of
visualizing
target site
14 (93.3)
0 (0)
1 (100.0)
15 (88.2)

Biopsy
performed,

Adequate
tissue for
histologic
examination

10
0
1
11

9 (90.0)
0 (0.0)
1 (100)
10 (90.9)

n

23/15
65.8 (38-93)
31
20.6 (5-48)
14
14
3
7
13.9 (7-30)
6
1
37
1
15
20

EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon
dilation; EHL: Electrohydraulic lithotripsy.

15 patients in whom visualization of the target lesion
was successfully achieved, SOCPS-directed biopsy was
not attempted in four patients because SOCPS direct
visualization enabled an obvious diagnosis of IPMN.

pancreatic duct (> 5 mm) in the same 15 patients.
Therefore, the number of patients who required EST or
EPBD before SOCPS was only two patients. The most
frequent target site was the head of the pancreas in 14
patients. Pancreatic lesions were located in the main
pancreatic duct in all of the 17 patients (Table 6). The
procedural success rate of visualizing target lesions
was 88.2% (15/17) (Table 7). Pancreatoscopy using
SOCPS failed in two patients because of the inability to
advance the SpyScope to the target site. In patients
with IPMN in the main pancreatic duct, the lesion
could be seen as a papillary stricture or fish-egg-like
lesion in 87.5% (14/16) of the patients (Figure 4). The
SOCPS-guided targeted biopsy was attempted in 11
patients, and adequate tissue sampling for histologic
examination was secured in 90.9% (10/11). Of the
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Value

Male/female, n
Mean age (yr), (range)
Bile duct stones, n
Mean size of stone (mm), (range)
Cause of difficulty of conventional treatment, n
Confluence stone
Large impact stone > 20 mm
Intrahepatic stone
Pancreatic stone, n
Mean size of stone (mm), (range)
Cause of difficulty of conventional treatment, n
Impact stone
Large stone > 20 mm
Pretreatment of the papilla, n
EST
EPBD
Devices used during stone therapy
EHL
YAG laser

Therapeutic SOCPS

SOCPS-guided stone therapy: SOCPS-guided stone
therapy using EHL or laser lithotripsy was attempted
in 38 patients. Bile duct stone and pancreatic duct
stone therapies were carried out in 31 and seven
patients, respectively. Stone extraction previously
failed in all patients using conventional stone the
rapies such as EST, EPBD, use of a basket catheter,
mechanical lithotripsy, and occasionally large balloon
sphincteroplasty. The mean sizes of the bile duct stone
and pancreatic duct stone were 20.6 mm and 13.7
mm, respectively. EST or EPBD had been performed
before SOCPS in 97.4% (37/38) or 2.6% (1/38) of the
patients, respectively (Table 8).
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drainage tube of the appropriate length was retro
gradely inserted into the gallbladder.
Passing across the obstructed SEMS for a malignant
biliary stricture under SOCPS guidance was performed
in two patients who had unresectable hilar bile duct
carcinomas. They underwent bilateral biliary drainage
using uncovered SEMS deployment, which formed a
partial stent-in-stent. In these patients, stent occlusion
due to tumor ingrowth resulted in obstructive jaundice
and acute cholangitis. Necessitating reintervention for
cholangitis, bilateral inner plastic stent placement was
attempted. However, a guidewire could not be passed
through the mesh space of the uncovered SEMS,
thus SOCPS-guided reintervention was considered.
In these two patients, a guidewire was successfully
passed across the hilar bile duct stricture under direct
visualization of SOCPS, which revealed the mesh space
of the SEMS. Finally, inner plastic stent placement was
achieved in both patients.

The stone locations were the common bile duct
in 28 patients and the intrahepatic bile duct in three
patients. The bile duct stones that were difficult to
retrieve were: a large common bile duct stone that
was impacted (n = 14 patients), a confluence stone
(n = 14), and an intrahepatic impacted stone (n = 3).
The procedure success rate of visualizing a target bile
duct stone was 96.8% (30/31). The success rate of
complete stone removal was 74.2% (23/31). Of the 23
patients with successful stone removal, complete stone
clearance was achieved in one session in three patients
and in two sessions in 18 patients. Of the remaining
two patients, one needed two sessions and the other
needed eight sessions. Of the 20 patients who required
more than one SOCPS session, ten had an impacted
stone, six had a hard and/or multiple large stones,
and four had a confluence stone. After SOCPS-guided
stone therapy, five patients had additional mechanical
lithotripsy to further aid in the fragmentation and
extraction of the remaining stones. SOCPS-guided
stone therapy in the bile duct failed in eight patients.
One patient had an intrahepatic stone that could not
be visualized, and four had a confluence stone. In the
remaining patient, stone therapy could not be carried
out successfully because of the inability to sufficiently
target the stone using EHL and a laser probe. In
the failed bile duct stone therapy using SOCPS, 5/8
patients were treated by permanent stenting with
a regular stent exchange and the remaining three
patients were treated by surgery.
SOCPS-guided pancreatic duct stone therapy was
attempted in seven patients; the procedure success
rate of visualizing the target stone was 71.4% (5/7). In
the two patients for whom visualizing the target stone
failed, the SpyScope could not be advanced to the
area of interest because the downstream pancreatic
duct was tightly bent and had a small duct diameter.
SOCPS-guided stone therapy for complete stone
clearance was successfully achieved in 42.9% (3/7)
of the patients. Despite the successful visualization of
the target stone, complete stone clearance failed in
two patients, because of a huge stone (> 30 mm) in
one patient, and a hard impacted stone in the other.
However, permanent stent insertion with a regular
stent exchange was achieved in these two patients as
aided by pancreatoscopy-directed stone fragmentation.

Adverse events

The incidence of procedure-related adverse events
among the patients was 5.4% (8/148). All adverse
events occurred in the bile duct access. Cholangitis
developed in four of these patients, mild pancreatitis
in two patients, post-EST bleeding in one patient,
and aspiration pneumonia in one patient. All adverse
events resolved without sequelae.

DISCUSSION
Pancreatocholangioscopy has some advantages for
[1-6]
pancreatobiliary disorders, as reported previously .
However, pancreatocholangioscopy has not been
widely performed for clinical use because of its
technical and practical limitations. SOCPS using the
SpyGlass system was developed to overcome those
limitations. In this prospective multicenter case series
conducted in Japan, SOCPS using the SpyGlass system
with direct visualization and biopsy for the diagnosis
and therapy of biliary and pancreatic diseases was
safely performed with a high success rate. One of the
advantages of cholangioscopy is its ability to precisely
identify the location of the lesion for subsequent biopsy
sampling under direct visualization. In the present
study, adequate tissue sampling and accurate SOCPSdirected biopsy sampling was achieved in 80.0% and
70.7%, respectively, of the patients in whom previous
ERC impression and ERC-guided biopsies and cytology
had yielded indeterminate diagnoses.
Tissue sampling of malignant and benign bile duct
lesions remains a challenging procedure. Generally,
the accuracy of standard biopsy under fluoroscopic
guidance was previously reported to be approximately
[8-10]
50% of all the patients
. The diagnostic accuracy of
cytology is as low as 20% to 30%. On the other hand,
SOCPS-guided direct tissue sampling was reported
[8-10]
to have a high success rate and a high accuracy
.
In view of these results, SOCPS-guided direct tissue

Others: SOCPS with the SpyGlass system used in
cannulation of the cystic duct was attempted in two
patients. Cystic duct cannulation was intended to
enable gallbladder cytology for the diagnosis of a
suspected gallbladder carcinoma. SOCPS-guided cystic
duct cannulation was performed because conventional
cystic duct cannulation failed. SOCPS enabled direct
visualization of a branch of the cystic duct and a
guidewire was inserted into the cystic duct from
the SpyScope working channel. The guidewire was
then advanced to the gallbladder under fluoroscopic
guidance. Finally, a 5 Fr endoscopic naso-gallbladder
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[27]

sampling was considered technically feasible and
clinically useful. Generally, the intrahepatic and inferior
bile ducts were considered difficult sites to visualize
by cholangiography. In this study, the success rates
of visualizing the target lesion in the intrahepatic bile
duct and inferior bile duct were 83.3% and 70.0%,
respectively. The SpysScope features of four-way tip
deflection and smaller diameter (10 Fr) provide the
possibility to achieve a high success rate of visualizing
any site. These potential abilities have not been
particularly reported to date.
The present study reveals the potential value of
SOCPS for biliary disorders. However, one big issue
is that the quality of visualization by the SpyGlass
is less than the quality of visualization by videocho
langiography. Particularly in the bile duct, the presence
of many fragments and concentrated bile juice prevent
good visualization because the focus distance of the
SpyGlass is short and the volume of light and resolution
are limited. Therefore, sufficient irrigation by the
dedicated irrigation channel and absorption of the bile
using a 1.2-mm-diameter working channel are needed
to achieve optimum SpyGlass visualization.
Despite the technical difficultly in observing the
pancreatic duct by pancreatoscopy (because of
the narrow and curved duct), the success rate of
visualizing the target lesion in this area was 88.2%
among the patients in the present study, which was
equivalent to the success rate of visualization of the
target lesion in the bile duct. However, there are some
limitations in the present study, such as the small
number of patents (n = 17) examined. Moreover, in
the case of IPMN, the occasional presence of a large
amount of mucin in the pancreatic duct prevents
good visualization. In such cases, sufficient irrigation
and mucin absorption are needed. In IPMN cases, a
papillary stricture or fish-egg-like lesion in the main
pancreatic duct could be seen with a high success
rate of 93% (14/15) among the patients in this study
(Figure 3). Taken together, the present study provides
evidence of the feasibility and usefulness of SOCPS
using the SpyGlass system for the diagnosis of IPMN in
the main pancreatic duct.
Stone clearance in the bile duct can be achieved
using a conventional endoscopic procedure in up to
[22-24]
90% of patients with stone disease
. To improve the
outcome and ease of lithotripsy by ERCP, mechanical
lithotripsy and endoscopic papillary large-balloon dilation
[25,26]
after sphincterotomy were developed
. Bile duct
stones that are huge, impacted, and located behind a
stricture or the intrahepatic bile duct and confluence
stones are difficult to extract conventionally. To achieve
further improvement of the success rate of stone
clearance, several therapies for difficult bile duct stones
have been introduced such as extracorporeal shockwave
lithotripsy (ESWL) and EHL or laser lithotripsy under
direct visual control with a cholangioscope. The success
rate of complete stone removal using ESWL has been
reported to be about 80% with complications of up
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to 35% . Patients also need to undergo endoscopic
treatment repeatedly. Therefore, ESWL has not been
authorized as a first-line treatment for difficult bile
duct stones. EHL and laser lithotripsy via a peroral
cholangioscope for difficult bile duct stones have been
reported, and their success rate of complete stone
[28-30]
removal ranges from 88% to 90%
. In the present
series, the success rate of complete stone removal
under SOCPS with EHL and laser lithotripsy was 74.2%
(23/31). This success rate is lower than that previously
reported mainly because of the substantial proportion of
confluence stones (14/31). In some cases, it is beyond
the capability of cholangioscopy-directed stone therapy
to extract confluence stones. However, the confluence
stones in 71.4% (10/14) of the patients were
successfully and completely extracted in this series.
This result suggests that SOCPS-guided lithotripsy with
EHL or YAG-laser is an alternative for difficult-to-extract
confluence stones. In the present study, complete
stone clearance in the pancreatic duct was successfully
achieved in 42.9% (3/7) of the patients. This success
[20]
rate is lower than that previously reported . After
SOCPS-guided lithotripsy fragmentation, there is limited
success using mechanical lithotripsy and a conventional
basket catheter for clearance of large and hard pan
creatic stones because stone capture and extraction
are difficult and the risk of adverse events increases. In
the present series, despite the successful visualization
of the target stone, complete stone clearance failed
in two patients. However, permanent stenting with
a regular stent exchange was achieved in these pati
ents as facilitated by pancreatoscopy-directed stone
fragmentation.
In the present series, SOCPS using the SpyGlass
system had wide clinical applications, such as in the
cannulation of the cystic duct and for passing across
an obstructed SEMS. In patients with an unresectable
malignant hilar biliary stricture, SEMS is expected to
show long-term stent patency. However, complications
of SEMS placement in the hilar bile duct, such as stent
occlusion, are still encountered at an unacceptably
high frequency. Reintervention is thus required in
cases of stent dysfunction. If a guidewire cannot be
passed through a mesh space of an uncovered SEMS
by conventional ERCP, SOCPS-directed visualization
can be used to reveal the mesh space of the SEMS and
a guidewire can subsequently be passed into the SEMS
mesh via the working channel. We believe that the
SOCPS-directed procedure is very useful for enabling
passage through the narrow stricture and hole.
In conclusion, SOCPS-guided SpyBite biopsies
have a high accuracy in patients with indeterminate
biliary and pancreatic lesions, as well as a high success
rate for the complete clearance of bile duct stones.
Our study further demonstrates the efficacy, safety,
and possible wide clinical application of the SOCPSguided procedure for the diagnosis and therapy of
pancreatobiliary disorders. However, there are also
several limitations in this study. Although this was
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a prospective study, randomization was not carried
out and there was a lack of controls. All participating
institutions were also tertiary-care and high-volume
referral centers.
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Abstract
AIM: To prospectively evaluate the effectiveness and
safety of continuous wound infiltration (CWI) for pain
management after open gastrectomy.

Clinical trial registration statement: We applied for waiver of
the clinical trial registration.

METHODS: Seventy-five adult patients with American
Society of Anesthesiologists (ASA) Physical Status
Classification System (ASA) grade 1-3 undergoing open
gastrectomy were randomized to three groups. Group
1 patients received CWI with 0.3% ropivacaine (group
CWI). Group 2 patients received 0.5 mg/mL morphine
intravenously by a patient-controlled analgesia pump
(PCIA) (group PCIA). Group 3 patients received
epidural analgesia (EA) with 0.12% ropivacaine and 20
µg/mL morphine with an infusion at 6-8 mL/h for 48 h
(group EA). A standard general anesthetic technique
was used for all three groups. Rescue analgesia (2
mg bolus of morphine, intravenous) was given when
the visual analogue scale (VAS) score was ≥ 4. The
outcomes measured over 48 h after the operation were
VAS scores both at rest and during mobilization, total
morphine consumption, relative side effects, and basic
vital signs. Further results including time to extubation,
recovery of bowel function, surgical wound healing,
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abdominal laparotomy may have a major impact on
patients. Inadequate pain control causes suffering
and distress, and might lead to some postoperative
complications, prolong hospitalization, and trigger
[1]
chronic pain syndromes . Postoperative pain is likely
to impair respiratory effort by restricting thoracic
and abdominal breathing, reducing tidal volume
and vital capacity, and may also cause respiratory
and cardiovascular depression and cognitive, gastro
[2,3]
intestinal and neuroendocrine dysfunction . These
changes will probably negatively interfere with the
postoperative recovery course.
Multimodal analgesia techniques, including phar
macological and non-pharmacological techniques, can
reduce the opioid consumption and prevent common
[4,5]
postoperative side effects . Therefore, multimodal
analgesia seems to be the best mean of managing
pain after major surgery. Intravenous analgesia or
epidural analgesia with a patient-controlled analgesia
(PCA) pump is often adopted as the main element for
[6]
pain management after open gastrectomy . Patientcontrolled intravenous analgesia (PCIA) is frequently
used after major abdominal surgery, although there is
evidence that PCIA can retard postoperative recovery
since the analgesia is often accompanied by side effects,
such as postoperative nausea and vomiting (PONV),
[7,8]
sedation, and dizziness . Epidural analgesia (EA) with
local anesthetics provides better analgesia than PCIA,
especially for mobilization pain. However, it is limited
in daily practice by contraindications, technical failure,
[9-13]
and side effects
. For medical staff, effectiveness,
tolerance, convenience and potential benefit for recovery
are the critical factors of analgesia techniques. EA has
been identified as the more expensive postoperative
analgesic strategy, in terms of pain-free days, as
[14]
compared with PCIA .
As a useful supplement component of multimodal
postoperative analgesia, local anesthetic wound
infiltration is widely applied to different surgeries.
Continuous wound infiltration (CWI) is an analgesic
technique to administer local anesthetics directly into
the surgical wound at a constant speed, through a
multi-holed catheter that is placed by the surgeon
at the end of the surgery. Its analgesic efficacy was
[15]
studied after major abdominal surgery , but there is
little evidence for open gastrectomy in particular. This
technique has a high rate of success, good tolerance
and is easy to implement compared with PCIA or EA,
and may provide better analgesia with a reduction in
[14,16]
length of hospitalization
. CWI has recently gained
popularity as an alternative method of providing post
operative pain management. This technique remains
relatively untested in China, and there are few studies
that have examined whether it can provide satisfactory
analgesia after open abdominal surgery without
PCIA. This study aimed to evaluate the effectiveness
of CWI with ropivacaine as the main component of
a multimodal analgesic strategy, as an alternative to
PCIA or EA following open gastrectomy.

mean length of hospitalization after surgery, and the
patient’s satisfaction were also recorded.
RESULTS: All three groups had similar VAS scores
during the first 48 h after surgery. Group CWI and
group EA, compared with group PCIA, had lower
morphine consumption (P < 0.001), less postoperative
nausea and vomiting (1.20 ± 0.41 vs 1.96 ± 0.67,
1.32 ± 0.56 vs 1.96 ± 0.67, respectively, P < 0.001),
earlier extubation (16.56 ± 5.24 min vs 19.76 ± 5.75
min, P < 0.05, 15.48 ± 4.59 min vs 19.76 ± 5.75 min,
P < 0.01), and earlier recovery of bowel function (2.96
± 1.17 d vs 3.60 ± 1.04 d, 2.80 ± 1.38 d vs 3.60 ±
1.04 d, respectively, P < 0.05). The mean length of
hospitalization after surgery was reduced in groups
CWI (8.20 ± 2.58 d vs 10.08 ± 3.15 d, P < 0.05)
and EA (7.96 ± 2.30 d vs 10.08 ± 3.15 d, P < 0.01)
compared with group PCIA. All three groups had similar
patient satisfaction and wound healing, but group PCIA
was prone to higher sedation scores when compared
with groups CWI and EA, especially during the first 12
h after surgery. Group EA had a lower mean arterial
pressure within the first postoperative 12 h compared
with the other two groups.
CONCLUSION: CWI with ropivacaine yields a
satisfactory analgesic effect within the first 48 h after
open gastrectomy, with lower morphine consumption
and accelerated recovery.
Key words: Postoperative pain; Gastrectomy; Wound
infiltration; Epidural analgesia; Patient-controlled
analgesia; Incision infection; Ropivacaine
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This prospective study compared the analgesic
effectiveness and safety of continuous wound infiltration
(CWI) with ropivacaine after open gastrectomy with
epidural analgesia and patient-controlled intravenous
analgesia. CWI could provide similar analgesia
compared with epidural analgesia and patient-controlled
intravenous analgesia within the first 48 h after surgery,
but with lower morphine consumption, fewer side
effects, and an accelerated early recovery. These results
suggest that CWI with local anesthetics could be a
suitable option for postoperative pain management after
major abdominal surgery.
Zheng X, Feng X, Cai XJ. Effectiveness and safety of continuous
wound infiltration for postoperative pain management after open
gastrectomy. World J Gastroenterol 2016; 22(5): 1902-1910
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i5/1902.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i5.1902

INTRODUCTION
The intense pain in the postoperative period of

WJG|www.wjgnet.com

1903

February 7, 2016|Volume 22|Issue 5|

Zheng X et al . CWI analgesia after open gastrectomy
Beijing, China) filled with 250 mL of 0.3% ropivacaine.
The CWI device delivered the solution with a 5 mL/h
constant flow (2.5 mL/h per catheter) within the first
48 h after surgery.
The patients in group PCIA used electronic con
trolled analgesia pumps (GemStar®; Abbott Hospira,
Chicago, IL, United States) containing 0.5 mg/mL
morphine with a size of 200 mL that delivered a bolus
of 2 mg with a 5 min lockout time. Patients over
70-years-old, or weighing less than 40 kg, took a half
dose of the bolus. When the skin was sutured, the PCA
pump was connected to the venous catheter.
Group EA underwent mid-thoracic epidural catheter
insertion at approximately T 7-8, and a test dose of
4 mL of 2% lidocaine was given before anesthesia
induction. At the end of surgery, the epidural catheter
was connected to a PCA pump for 48 h with an
infusion of 0.1% ropivacaine and 20 µg/mL morphine
at 6-8 mL/h. A bolus infusion of 3-4 mL/h was also set
for breakthrough pain with a lock time of 15 min.
All the patients were transferred to the postanesthesia care unit (PACU) as soon as the surgery
was finished. The anesthesiologists and nurses of
the PACU were then in charge of pain assessment
and recording of the VAS score. In the PACU, a
supplementary dose of 2 mg morphine was admini
stered if the VAS score was over 6 in group CWI. The
time to extubation was also recorded. While in the
wards, the same APS team was responsible for the
management of postoperative pain for a 48 h period.
Postoperative pain at rest was measured using VAS
for the first 48 h after surgery (0: no pain to 10:
very severe pain), and mobilization pain was defined
as the pain experienced when coughing using the
same scale. Interventions were undertaken, such as
reprogramming of the PCA pump or administration
of supplementary morphine, if rescue analgesia was
needed. When contraindications were eliminated, 40
mg of parecoxib was administered routinely every 12 h
within the first 48 h after surgery. Other variables were
recorded, including but not limited to consumption of
morphine, recovery of bowel function, PONV, sedation
score, and wound healing score (1: no effusion, 2:
effusion, 3: infection). Time to bowel recovery was
defined as the first anal exhaust. PONV was recorded
as a three-point rating scale (1: no PONV, 2: nausea
without vomiting, 3: nausea with vomiting). The
level of sedation was measured using the Ramsay
sedation score as follows: (1) anxious and irritable or
dysphoric or both; (2) co-operational, oriented and
quiet; (3) responsive to command; (4) asleep, quickly
responsive to light tap or loud auditory stimulus; (5)
asleep, slowly responsive to light tap or loud auditory
stimulus; and (6) asleep, no response to light tap or
loud auditory stimulus. Finally, patient satisfaction
(using a four-point rating scale of 1: poor, 2: fair, 3:
good, 4: excellent) and length of hospitalization were
recorded and compared between the three groups.

MATERIALS AND METHODS
After gaining approval by the institutional ethics board,
a prospective, randomized and double-blinded study
of the patients scheduled for open gastrectomy was
undertaken from January 2012 to March 2014 at
Sir Run Run Shaw Hospital, which is affiliated with
Zhejiang University, School of Medicine. Written
informed consent was obtained from each patient.
The patients were divided randomly into the following
three groups according to a computer-generated
randomization code: CWI with 0.3% ropivacaine
(group CWI), PCIA with morphine (group PCIA),
and epidural analgesia (group EA). The inclusion
criteria were defined as adult patients (aged 18-75
years) who would undergo open gastrectomy with
grades 1-3 according to the American Society of
Anesthesiologists Physical Status Classification System
(ASA). Exclusion criteria included a history of allergy
to local anesthetics, contraindication of EA, inability
to use a PCA device, chronic hepatic disease, obesity
2
(body mass index > 30 kg/m ). Patients with chronic
pain, opioids addiction, and psychiatric disorders which would prevent postoperative assessments were also excluded. Effectiveness and safety of the
three analgesic methods were evaluated by the same
acute pain service (APS) team who were blinded to the
entire anesthesia procedure and analgesia approach.
All the patients were induced with propofol (2 mg/
kg), sufentanil (1 µg/kg), and cisatracurium (0.15 mg/
kg). After tracheal intubation, mechanical ventilation
with a mixture of 50% O2 and 50% air was initiated, and
maintenance was obtained with combined intravenousinhalational anesthesia to keep an appropriate ane
sthetic state (bispectral index 40-60). Remifentanil was
also administrated to maintain anesthesia with a dose
of 0.2 µg/kg per min. Both intravenous and halogenated
agents were stopped 20 min before awakening. The
surgical incision was designed from the xiphoid process
to above or below the umbilicus. All the patients
received 10 mL of 0.75% ropivacaine infiltrated into the
tissues around the incision, including the peritoneum,
muscles and subcutaneous tissue, before the skin was
sutured. Residual neuromuscular block was reversed if
necessary.
For the patients in group CWI, two multiholed
catheters were inserted by the surgeons through a
separate puncture of the layer of deep fascia adjacent
to the surgical incision before closure. These multiholed
catheters could deliver local anesthetics at a constant
rate (2.5 mL/h for each) through the side holes in
the front portion (8 cm). The introducer needle was
placed 2-3 cm from both ends of the incision and the
multiholed catheters were inserted into the incision
along the full length of the wound before the needle
was removed and secured by suturing to the skin.
The catheters were then connected to an elastomeric
pump (CWI device, TJPS120-1-250-5; Surgiland,
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Table 1 Demographic characteristics of the patients studied (mean ± SD)
Parameter

Group PCIA

Group EA

Group CWI

P value

Age (yr)
BMI (kg/m2 )
Sex
F/M, n/n
%/%
ASA status
Ⅰ/Ⅱ/Ⅲ, n/n/n
%/%/%
Surgical approach
Subtotal/total, n/n
%/%
Ulcer/tumor, n/n
%/%
Blood loss (mL)
Time of operation (min)
Length of wound (cm)

63.56 ± 10.21
23.37 ± 3.87

62.40 ± 9.69
22.90 ± 3.46

61.96 ± 12.72
22.60 ± 2.27

0.831
0.701

8/17
32/68

11/14
44/56

9/16
36/64

0.671

6/17/2
24/68/8

6/14/5
24/56/20

4/18/3
16/72/12

0.657

16/9
64/36
4/21
16/84
161.60 ± 58.50
251.20 ± 63.02
16.48 ± 3.49

19/6
76/24
2/23
8/92
167.60 ± 48.93
268.40 ± 66.67
16.68 ± 3.53

18/7
72/28
1/24
4/96
157.20 ± 60.66
263.20 ± 52.10
15.48 ± 3.23

0.637
0.032
0.807
0.594
0.418

BMI: Body mass index; ASA: American Society of Anesthesiologists.

Statistical analysis

observed in group PCIA compared with the other two
groups, especially within the first 12 h after surgery
(Table 2 and Figure 2B). The length of hospitalization
was reduced in groups CWI and EA compared with
group PCIA (P < 0.05 and P < 0.01, respectively; Table
2), but no difference in wound healing scores or the
satisfactory score of postoperative pain management
was observed between the three groups (P > 0.05;
Table 2 and Figure 2C). Group EA had a lower mean
arterial pressure (MAP) than the other two groups,
especially within the first 12 h after surgery, while no
difference was observed in heart rate between the
three groups (Figure 2D and E). No severe compli
cations or deaths occurred in any of the groups.

Statistical analysis was performed using SPSS (version
17.0; SPSS Inc., Chicago, IL, United States). All data
were examined for normal distribution. The length
of hospitalization was analyzed using the MannWhitney U test, and the other variables were then
compared and analyzed using one-way ANOVA analysis
2
(Bonferroni test) and χ test. P < 0.05 was considered
to be statistically significant. The statistical methods
of this study were reviewed by Prof. Yi Shen from
the Teaching-Researching Office of Epidemiology and
Health Statistics, School of Public Health, Zhejiang
University.

RESULTS

DISCUSSION

Overall, 75 cases were recruited to this study (25 per
group) and all patients successfully completed the
study. Demographic characteristics had no significant
difference in terms of age, sex, body mass index, ASA
status, and length of wound between the three groups.
No statistically significant difference was observed
between the three groups with regards to operating
time, blood loss, length of wound, and surgical
approach. Patients’ characteristics and intraoperative
data are presented in Table 1.
The postoperative VAS scores both at rest and
during mobilization were similar between the three
groups for the first 48 h after surgery (Figure 1),
but morphine consumption was significantly lower in
groups CWI and EA than in group PCIA (Figure 2A).
The mean total morphine consumption was 12.84 ±
4.07 mg in group CWI, 11.52 ± 4.62 mg in group EA,
and 42.32 ± 7.25 mg in group PCIA over the first 48
h after surgery, which had significant difference (P <
0.001). The patients in groups CWI and EA had earlier
extubation and earlier bowel recovery than the patients
in group PCIA. With reference to side effects, higher
scores for PONV and higher sedation scores were

WJG|www.wjgnet.com

Inadequate postoperative analgesia can cause a
multitude of problems. Three types of pain may occur
after surgery: constant incisional pain, incision-associated
pain, and pain caused by elevated tension in the
[17,18]
wound
.
PCIA and EA are widely used as a basic component
of postoperative pain management, although they
are associated with adverse drug effects and risks
of epidural puncture. A means of reducing opioid
consumption, avoiding the risks and complications
of epidural puncture, and at the same time providing
effective postoperative analgesia would be the ideal
choice.
Multimodal analgesia is based on the treatment
of various components of postoperative pain. The
combined use of different analgesic techniques leads
to further decrease in pain and doses of analgesic
drugs, and the lower doses contribute to decrease or
[19]
avoidance of adverse drug effects . There is evidence
in the literature that if the wound is infused with local
anesthetics, spinal dorsal horn neuron sensitization
may be reduced due to the block of parietal afferents,
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Figure 1 Visual analogue scale score at rest and during mobilization within the first 48 h after surgery. A: VASr: Visual analogue scale (VAS) score at rest; B:
VASm: VAS score on mobilization.

ensure the effectiveness since continuous preperitoneal
infusion of 0.2% ropivacaine could provide effective
[27]
analgesia combined with morphine PCA .
In our study, all patients in the three groups
underwent similar surgical procedures with broadly
comparable surgical wounds from the xiphoid process
down to the umbilicus or below the umbilicus,
suggesting similar pain suffering. VAS scores at rest
and during mobilization of group CWI were similar
to those of the other two groups within the first 48 h
after surgery, suggesting that continuous infiltration
with local anesthetics was as effective as the other two
techniques. The similar consumption of morphine in
groups CWI and EA that was obviously lower than that
of group PCIA also demonstrated the good analgesic
effectiveness of CWI. The analgesic effectiveness of
CWI was affected by several factors, however. First,
the effectiveness of surgical wound infiltration with
local anesthetics depends in part on the level of tissue
where the infiltration takes place. Inappropriate
placement of the catheters may impair the efficacy of
this wound infiltration technique after open abdominal
surgeries. Second, the surgical wound should be
covered by the multiholed catheters completely. If
the size of surgical incision was beyond the length of
the catheters, the patients might need other types
of analgesic techniques or to be changed to another
model of CWI device with a longer catheter. Third,
the analgesic effect also depended on appropriate
concentration of local anesthetics and sufficient
infiltrating area. Other studies illustrated the need for
deep placement with proper concentration and volume
[26,27]
of local anesthetics
.
The risk of increased surgical wound infection and
systemic toxicity of local anesthetics were the main
problems causing surgeons to hesitate to adopt the
CWI technique. However, the results of our study
highlight that CWI was not only an effective but also
a safe postoperative analgesic technique. None of
the 25 patients in group CWI developed a surgical
[28]
wound infection, consistent with Lluis’
study, or
local anesthetic intoxication. Even if larger amounts of

Table 2 Early recovery, postoperative nausea and vomiting,
patient’s satisfaction, and hospitalization length of the three
groups (mean ± SD)

Extubation (min)
Bowel recovery (d)
PONV
Satisfaction
Hospitalization (d)

Group PCIA

Group EA

Group CWI

P value

19.76 ± 5.75
3.60 ± 1.04
1.96 ± 0.67
2.88 ± 0.78
10.08 ± 3.15

15.48 ± 4.59b
2.80 ± 1.38a
1.32 ± 0.56d
3.04 ± 0.84
7.96 ± 2.30b

16.56 ± 5.24a
2.96 ± 1.17a
1.20 ± 0.41d
3.24 ± 0.72
8.20 ± 2.58a

0.014
0.048
< 0.001
0.272
0.013

a

P < 0.05, bP < 0.01, dP < 0.001 vs group patient-controlled intravenous
analgesia (PCIA). PONV: Postoperative nausea and vomiting; EA:
Epidural analgesia; CWI: Continuous wound infiltration.

thereby providing analgesia over the duration of wound
[20]
[21]
infiltration . Data from Hopf’s
study indicated
that postoperative pain aggravated the inflammatory
response and reduced infusion and oxygenation of the
wound site. Therefore, wound infiltration with local
anesthetics may be a better choice for postoperative
analgesia.
We observed that a single-shot infiltration with
0.75% ropivacaine into the incision below the
xiphoid process appeared to be an effective means
of early postoperative analgesia after laparoscopic
cholecystectomy. This technique is convenient but
does not provide long-term benefits in terms of
pain control. This time-limited effect of a single shot
administration of local anesthetics has been resolved
by a CWI technique through multiholed catheters.
Systematic studies confirmed the benefits and the
safety of this technique when applied in several major
[22-24]
pain surgeries
, but in most cases it was combined
[25,26]
with other analgesic methods
and there was no
uniform standard of concentration since different
local anesthetics were adopted in these studies.
Our study is the first to evaluate the effectiveness
of CWI as the principal component of multimodal
postoperative analgesia. We chose ropivacaine, a pure
levorotatory stereoisomer, considering its higher safety
in cardiotoxicity. As the only means of postoperative
analgesia in our study, we chose 0.3% ropivacaine to
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Figure 2 Characteristic after surgery. A: Cumulative morphine consumption within the first 48 h after surgery. bP < 0.01 vs group patient-controlled intravenous
analgesia (PCIA); B: Ramsay sedation score within the first 48 h after surgery. aP < 0.05, bP < 0.01 vs group PCIA; C: Wound healing score within 72 h after surgery; D:
Mean arterial pressure within the first 48 h after surgery. bP < 0.01 vs group PCIA; E: Heart rate within the first 48 h after surgery. aP < 0.05 vs group PCIA.

ropivacaine were used, the total plasma concentration
of ropivacaine had been reported to remain far below
[29]
the known toxic threshold . Therefore, we did not
measure the plasma ropivacaine concentration in our
study. Only one patient in group PCIA suffered from
skin itching, but the symptom was not severe. No
urinary retention was observed in the three groups.
In our study, group CWI had a lower PONV score and
a lower Ramsay sedation score within the first 12 h
after surgery compared with group PCIA, suggesting
that CWI may be safer than intravenous PCA, perhaps

WJG|www.wjgnet.com

due to the lower consumption of morphine. The similar
wound healing scores within the first 48 h of the three
groups showed that CWI did not hinder the recovery
of the surgical wound, although the elastic pump
infiltrated the surgical wound with local anesthetics
continuously. EA also showed good effectiveness with
almost parallel VAS scores compared with intravenous
PCA in our study, and with less side effects related to
morphine. However, the obvious lower MAP in group
EA in our study suggested that a higher incidence
of hypotension accompanied with EA should not be
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ignored, in addition to the risks of epidural puncture.
Epidural-associated hypotension is a frequently
encountered problem that may result in dizziness
and an excessive volume of fluid, and which can
slow down the early postoperative recovery. Thus,
as a postoperative analgesic technique, CWI showed
its superiority in safety compared with epidural and
intravenous PCA. However, our study did not include
elderly patients (aged > 75 years) or those with severe
systemic disease (ASA status > 3) who may be more
prone to severe sedation or respiratory depression.
We cannot generalize our findings to these patients,
although it could be argued that CWI with local
anesthetics might benefit these patients even more.
In some studies, the endpoints evaluated the
impact of a treatment on postoperative pain, including
the pain score directly and morphine consumption
indirectly. Patients’ satisfaction and hospitalization or
the cost-effectiveness should also be included in the
indicators of assessing the postoperative analgesic
treatment. The elastic pump infiltrating the surgical
wound continuously with local anesthetics at a
constant rate alleviated postoperative pain at rest
effectively and encouraged early mobilization. It is
well recognized that early mobilization after surgery
favors early recovery of bowel function and reduces
[30]
risk of pulmonary complications . In our study,
the patients in group CWI were extubated earlier
and bowel recovery suggested a faster recovery in
open gastrectomy patients with a CWI. The shorter
hospitalization in group CWI compared to group PCIA
also suggested a faster postoperative recovery. Our
study showed higher satisfaction scores in patients
of group CWI compared to the other two groups,
presumably related to the earlier recovery with
reduced morphine consumption, experience of less
side effects, and need for fewer interventions.
With a lower morphine consumption and lower
risk of hypotension related to EA, the workload of the
APS team was reduced greatly and they could focus
on assessing the effectiveness of CWI, providing
additional analgesics when necessary and even taking
charge of more patients. In groups PCIA and EA,
patients were informed about PCA before surgery,
and were able to demonstrate their ability to use the
device. It can take a lot of time for the APS team
and nurses in wards to educate patients of different
educational levels regarding how to use a PCA pump.
In group CWI, avoiding the PCA pump reduced the
occurrence of mistakes caused by patients’ misuse
or mechanical faults of the pumps. All the patients
in our study underwent the same standard surgical
procedure and anesthesia scheme with nonsteroidal
anti-inflammatory drugs included in the multimodal
postoperative analgesic plan and additional morphine
as the only means to alleviate breakthrough pain.
This unified protocol of rescue management for
breakthrough pain eased the burden of the APS
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team and made it easy to compare the effectiveness
of different analgesic techniques between the three
groups. So, it seems that CWI with local anesthetics is
an effective, safer and more economic postoperative
analgesic technique.
We could not make any firm conclusions that CWI
of local anesthetics shortened the length of hospital
stay or reduced abdominal complications in our
study, as it was influenced by many other factors. For
example, hospital stay exceeded 60 d in three cases
due to unexpected cerebral infarction and pulmonary
embolus. Furthermore, the incidence of abdominal
complications was influenced by various factors, such
as nutritional status, time of drain removal and healing
[31-33]
of the anastomotic sites
. High quality, multicenter,
large-sample randomized controlled trials are expected
to eliminate such effects.
In conclusion, CWI with local anesthetics after
open gastrectomy provided comparable postoperative
analgesia to intravenous PCA with morphine and EA,
with lower morphine consumption and fewer adverse
reactions, favoring earlier recovery after surgery.
This technique appears to be a safe and effective
means of providing postoperative analgesia after open
abdominal surgery.
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Multimodal analgesic techniques are the best means of addressing pain after
major surgery. Patient-controlled intravenous analgesia (PCIA) and epidural
analgesia (EA) are two routine methods with clinical application after major
abdominal surgery, although each has side effects and limitations. Continuous
wound infiltration (CWI) has shown its superiority in avoiding risks of invasive
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gastrectomy.

Research frontiers

Pain has been considered to be the 5th vital sign of patients in many Western
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of “fast-track anesthesia” for surgical patients. Analgesia with a lower opioid
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infiltration, peripheral nerve blocks, paravertebral blocks, and transversus
abdominal plane blocks.
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a multimodal analgesic regimen can provide satisfactory and safe analgesia
after open gastrectomy. CWI could be an alternative to PCIA or EA after major
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This study provides additional evidence supporting CWI with local anesthetics
as a safe and effective analgesia after open gastrectomy.
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the degree of pain, with 0 as no pain and 10 as very severe pain. VAS
score over 4 is moderate or severe pain that needs intervention. Multimodal
analgesia is an approach to treat various components of postoperative pain
due to different physiological mechanisms. The rationale for this strategy
is achievement of sufficient analgesia due to additive or synergistic effects
between different analgesics, stages and passes, with concomitant reduction of
side effects, due to resulting lower doses of analgesics and differences in side
effect profiles.
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Abstract
AIM: To evaluate the relationship between glutathione
S-transferase M1 (GSTM1) polymorphism and susceptibility
to esophageal cancer (EC).
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METHODS: A comprehensive search of the United
States National Library of Medicine PubMed database
and the Elsevier, Springer, and China National
Knowledge Infrastructure databases for all relevant
studies was conducted using combinations of the
following terms: “glutathione S-transferase M1”,
“GSTM1”, “polymorphism”, and “EC” (until November
1, 2014). The statistical analysis was performed using
the SAS software (v.9.1.3; SAS Institute, Cary, NC,
United States) and the Review Manager software (v.5.0;
Oxford, England); crude odds ratios (ORs) with 95%
confidence intervals (CIs) were used to assess the
association between the GSTM1 null genotype and the
risk of EC.
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RESULTS: A total of 37 studies involving 2236 EC
cases and 3243 controls were included in this metaanalysis. We observed that the GSTM1 null genotype

1911

February 7, 2016|Volume 22|Issue 5|

Lu QJ et al . GSTM1 and esophageal cancer risk: A meta-analysis
electrophilic carcinogens through conjugation with
glutathione, and there is a widely variable organ
distribution of the four classes of GSTs, although all
of these display esophageal expression: GSTA (a),
[7,8]
GSTM (m), GSTP (p), and GSTT (h) . Homozygous
deletions of GSTM1 have been associated with the
loss of enzymatic activity for the detoxification of
carcinogens, which consequently confers a risk for
some cancers, such as colorectal, pancreatic, eso
[9-12]
phageal, and head and neck cancers
. Therefore,
the null genotype of GSTM1 might be associated with
[13]
an increased risk of EC . Many previous studies
have investigated the association between the GSTM1
null genotype and the risk of EC, but these studies
[8,14-18]
have provided controversial findings
. It remains
uncertain whether the GSTM1 polymorphism is a risk
factor for EC. Considering these controversial results,
we conducted a meta-analysis summarizing reported
case-control or prospective studies to assess the risk
of EC.

was a significant risk factor for EC in most populations
(OR = 1.33, 95%CI: 1.12-1.57, P heterogeneity < 0.000001,
2
and I = 77.0%), particularly in the Asian population (OR
= 1.53, 95%CI: 1.26-1.86, P heterogeneity < 0.000001, and
I 2 = 77.0%), but not in the Caucasian population (OR =
2
1.02, 95%CI: 0.87-1.19, P heterogeneity = 0.97, and I = 0%).
CONCLUSION: The GSTM1 null polymorphism may
be associated with an increased risk for EC in Asian but
not Caucasian populations.
Key words: Meta-analysis; glutathione S-transferase
M1; Polymorphism; Esophageal cancer; Deletions
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Many previous studies have investigated the
association between the glutathione S-transferase M1
(GSTM1) null genotype and the risk of esophageal
cancer (EC), but these studies have provided con
troversial findings. The present study represents the
largest meta-analysis to estimate the association
between the GSTM1 polymorphism and EC risk. We
investigated these two genotypes (GSTM1 null or
GSTM1 present) in terms of EC morbidity.

MATERIALS AND METHODS
Search strategy

We conducted a comprehensive search of the US
National Library of Medicine PubMed database and
the Elsevier, Springer, and China National Knowledge
Infrastructure databases for all relevant studies using
combinations of the following terms: “glutathione
S-transferase M1”, “GSTM1”, “polymorphism”, and “EC”
(until November 1, 2014). Additional eligible studies
were identified through references that were cited in
the relevant articles. The full text of each potentially
relevant paper was scrutinized to ensure that the
following inclusion criteria were met: (1) the articles
clearly described studies concerning the association of
EC with GSTM1 polymorphism; (2) The study design
should be observational (case-control or prospective);
(3) Sufficient data for estimating the odds ratios (ORs)
and 95% confidence intervals (CIs) were present; and
(4) If more than one publication reported on the same
population, we selected the study with the largest
sample size.

Lu QJ, Bo YC, Zhao Y, Zhao EJ, Sapa WB, Yao MJ, Duan
DD, Zhu YW, Lu WQ, Yuan L. Glutathione S-transferase M1
polymorphism and esophageal cancer risk: An updated metaanalysis based on 37 studies. World J Gastroenterol 2016;
22(5): 1911-1918 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i5/1911.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1911

INTRODUCTION
Esophageal cancer (EC), which is the sixth leading
cause of cancer-associated death worldwide, has two
major histological types: esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma
[1]
(EADC) . The five-year survival rate for EC is less
[2]
than 20% . A growing body of epidemiological
evidence suggests that environmental factors together
with genetic factors play important roles in the risk
[3,4]
of developing EC . The major risk factors for EC
include alcohol consumption, smoking tobacco, and
[5]
micronutrient deficiency . Various factors and multiple
processes lead to EC development. In addition to the
above mentioned factors, genetic factors also account
for EC cases.
Previous studies have suggested that glutathione
S-transferases (GSTs) are phase Ⅱ metabolizing
enzymes that detoxify free radicals and other car
[6]
cinogens . Therefore, individual variation in phases
Ⅱ enzyme activity may contribute to varying sus
ceptibility to EC progression. The GST family plays
an important role in the detoxification of a variety of

WJG|www.wjgnet.com

Data extraction

Two researchers independently extracted the fol
lowing data from each study that met the inclusion
criteria: first author’s surname, year of publication,
country, ethnicity of the subjects (stratified into
Asian, Caucasian, and African populations), sources
of the controls (categorized as population-based
studies and hospital-based studies), histological type
(adenocarcinoma and squamous cell carcinoma),
number of different genotypes in cases and controls,
smoking status, and the frequency of different ge
notypes in the cases and controls. Individuals with
“present” genotype were defined as carriers with at
least one of the functional alleles in accordance with
the definition used in most studies, whereas individuals
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Table 1 Characteristics of the studies included in this meta-analysis
Ref.

Year

[49]

Morita et al
Nimura et al[43]
Hori et al[31]
Lin et al[27]
Shao et al[36]
van Lieshout et al[30]
Tan et al[14]
Shi et al[40]
Yokoyama et al[15]
Gao et al[42]
Casson et al[48]
Wang et al[50]
Wang et al[44]
Abbas et al[33]
Roth et al[51]
Han et al[39]
Lu et al[28]
Yin et al[35]
Casson et al[45]
Jain et al[32]
Dong et al[47]
Wideroff et al[41]
Rossini et al[29]
Li et al[34]
Zendehdel et al[23]
Ji et al[38]
Malik et al[26]
Liu et al[24]
Moaven et al[12]
Li et al[16]
Gao et al[37]
Chen et al[17]
Liu et al[46]
Talukdar et al[25]
Sharma et al[13]
Dura et al[8]
Djansugurova et al[18]

1997
1997
1997
1998
1999
1999
2000
2002
2002
2002
2003
2003
2004
2004
2004
2005
2005
2005
2006
2006
2007
2007
2007
2008
2009
2010
2010
2010
2010
2010
2012
2012
2013
2013
2013
2013
2013

Ethnicity

Asian
Asian
Asian
Asian
Asian
Caucasian
Asian
Asian
Asian
Asian
Caucasian
Asian
Asian
Caucasian
Asian
Asian
Asian
Asian
Caucasian
Asian
Asian
Caucasian
Caucasian
Asian
Caucasian
Asian
Asian
Asian
Asian
Black
Asian
Asian
Asian
Asian
Asian
Caucasian
Asian

Country

Japan
China
Japan
China
China
The Netherland
China
China
Japan
China
Canada
China
China
French
China
China
China
China
Canada
India
China
United States
Brazil
China
Sweden
China
India
China
Iran
Africa
China
China
China
India
India
The Netherland
Kazakhstan

Source of
controls

PB
HB
PB
PB
HB
PB
PB
HB
HB
PB
PB
PB
HB
PB
Nest
HB
PB
HB
HB
HB
HB
PB
HB
PB
PB
PB
HB
PB
HB
HB
HB
HB
HB
PB
PB
PB
PB

Genotype distribution
Case

Control

Null

Present

Null

Present

23
47
41
20
68
17
46
67
103
106
26
27
74
39
41
46
36
69
34
39
76
37
51
77
85
111
68
54
65
33
22
68
47
44
129
228
72

30
42
53
25
40
17
104
31
131
35
19
35
53
29
90
43
68
37
22
61
44
30
74
48
85
78
67
43
83
206
18
31
63
68
186
204
43

55
63
196
21
55
128
76
51
321
133
25
19
44
59
145
48
4
61
54
51
51
121
99
55
230
98
79
32
58
80
45
90
74
40
139
318
24

77
74
232
24
57
119
74
69
313
90
20
19
57
61
309
51
100
45
41
86
69
87
153
70
239
127
116
65
78
200
35
96
146
90
297
273
76

PB: Population-based study; HB: Hospital-based study.

carrying none of the alleles were classified as the “null”
genotype.

were performed using the SAS (v.9.1.3; SAS Institute,
Cary, NC, United States) and Review Manager software
(v.5.0; Oxford, England) with two-sided P values and a
0.05 significance level.

Statistical analysis

Crude ORs with 95%CIs were used to estimate the
strength of the relationship between the GSTM1
polymorphism and EC risk. The pooled ORs were
evaluated for null vs present genotypes. The hete
2
rogeneity was assessed using a χ analysis based
[19]
on the Q-test . The heterogeneity was considered
significant for P < 0.05. In the presence of significant
heterogeneity, a random-effects model (the
[20]
DerSimonian and Laird method)
was used to
calculate pooled estimates; otherwise, a fixed-effects
[21]
model (the Mantel-Haenszel method) was used .
These two models provided similar results in the
absence of heterogeneity. The potential publication
bias was assessed using a funnel plot and linear
[22]
regression asymmetry test .The statistical analyses

WJG|www.wjgnet.com

RESULTS
Eligible studies

A total of 37 studies involving 2236 EC cases and
3243 controls were finally included in this meta[8,12-18,23-51]
analysis
. The main characteristics of these
studies are presented in Table 1. Among these
studies, one case-control study was nested within a
[51]
cohort study , and 25 studies provided data of the
histological type of the EC cases. The smoking statuses
of the cases and controls were recorded in six studies.

Meta-analysis

Considering the obvious heterogeneity among the 37
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Study or subgroup
Abbas 2004
CHEN 2012
Djansugurova 2013
Dong 2007
Dura 2013
FRCSC 2006
FRCSC 2003
Gao 2002
GAO 2012
HAN 2005
Hori 1997
Jain 2006
Ji 2010
Li 2010
Li 2008
Lin 1998
Liu 2010
Liu 2013
Lu 2005
Malik 2010
Moaven 2010
MORITA 1997
Nimura 1997
Rossini 2007
Roth 2004
Shao 1999
Sharma 2013
Shi 2002
Talukdar 2013
Tan 2000
Van Lieshout 1999
Wang 2003
Wang 2004
Wideroff 2007
Yin 2005
Yokoyama 2002
Zendehdel 2009

Case
Events
Total
39
68
72
76
228
34
26
106
22
46
41
39
111
33
77
20
54
47
36
68
65
23
47
51
41
68
129
67
44
46
17
27
74
37
69
103
85

Control
Events
Total

68
99
115
120
432
56
45
141
40
89
94
100
189
239
125
45
97
110
104
135
148
53
89
125
131
108
315
98
112
150
34
62
127
67
106
234
170

59
90
24
51
318
54
25
133
45
48
196
51
98
80
55
21
32
74
4
79
58
55
63
99
145
55
139
51
40
76
128
19
44
121
61
321
230

120
186
100
120
591
95
45
223
80
99
428
137
225
280
125
45
97
220
104
195
136
132
137
252
454
112
436
120
130
150
247
38
101
208
106
634
469

Weight
2.5%
2.8%
2.6%
2.8%
3.5%
2.4%
2.0%
2.9%
2.1%
2.6%
3.0%
2.7%
3.1%
3.0%
2.8%
2.0%
2.6%
2.9%
1.5%
3.0%
2.9%
2.4%
2.7%
3.0%
3.0%
2.7%
3.3%
2.7%
2.7%
2.9%
2.2%
2.0%
2.7%
2.7%
2.7%
3.3%
3.2%

Odds ratio
M-H, random, 95%CI
1.39
2.34
5.30
2.34
0.96
1.17
1.09
2.05
0.95
1.14
0.92
1.08
1.84
0.40
2.04
0.91
2.55
1.47
13.24
1.49
1.05
1.07
1.31
1.07
0.97
1.76
1.48
2.92
1.46
0.43
0.93
0.77
1.81
0.89
1.38
0.77
1.04

[0.76,
[1.40,
[2.93,
[1.39,
[0.75,
[0.60,
[0.48,
[1.29,
[0.44,
[0.64,
[0.58,
[0.63,
[1.25,
[0.26,
[1.23,
[0.40,
[1.42,
[0.92,
[4.50,
[0.96,
[0.66,
[0.56,
[0.77,
[0.69,
[0.64,
[1.03,
[1.10,
[1.67,
[0.86,
[0.27,
[0.45,
[0.34,
[1.07,
[0.51,
[0.79,
[0.57,
[0.73,

Odds ratio
M-H, random, 95%CI

2.53]
3.91]
9.61]
3.92]
1.23]
2.30]
2.52]
3.27]
2.04]
2.02]
1.44]
1.83]
2.73]
0.63]
3.38]
2.10]
4.57]
2.36]
38.89]
2.32]
1.69]
2.04]
2.24]
1.65]
1.48]
3.02]
2.00]
5.11]
2.48]
0.69]
1.90]
1.73]
3.07]
1.54]
2.40]
1.04]
1.48]

Total (95%CI)
4572
7377 100.0%
1.33 [1.12, 1.57]
Total events
2236
3242
2
Heterogeneity: Tau² = 0.20; χ = 154.38, df = 36 (P < 0.00001); I ² = 77%
Test for overall effect: Z = 3.27 (P = 0.001)

0.01

0.1
Favours case

1

10
100
Favours control

Figure 1 Forest plot for the association between the glutathione S-transferase M1 polymorphism and esophageal cancer risk.
2

included studies (P < 0.001, I = 77%), the randomeffects model (DerSimonian-Laird method) was used
to calculate the pooled ORs for the GSTM1 null vs
GSTM1 present genotypes. Individuals with GSTM1
null genotypes were significantly associated with
an increased risk for EC compared those carrying
the GSTM1 present genotype (OR = 1.33, 95%CI:
1.12-1.57, Figure 1). In the sensitivity analysis,
individual studies were sequentially removed. The
results indicated that no individual study significantly
affected the pooled OR, suggesting that these results
were statistically robust.
In the subgroup analysis based on ethnicity,
a positive correlation was observed between the
GSTM1 null genotype and the EC risk in the Asian
population (OR = 1.53, 95%CI: 1.26-1.86) but not

WJG|www.wjgnet.com

in the Caucasian population (OR = 1.02, 95%CI:
0.87-11.19). However, the results of the stratified
analysis based on histological type showed that the
GSTM1 null genotype increased the risk of EC in
patients whose histological type was unknown, but
no statistically significant association was observed
for either the ESCC patients or the EADC patients.
Moreover, the heterogeneity was significantly reduced
among Caucasian populations and studies based on
the histological type of adenocarcinoma. Because
only one study (14EADC, 137 ESCC) reported an
association between the GSTM1 polymorphism and
EADC in Asian populations, we only analyzed the data
according to ESCC and EADC in Caucasian populations,
and the results showed no statistically significant
association between the GSTM1 polymorphism and
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0.0

Table 2 Main results of the pooled odds ratios in this metaanalysis

0.2

Null vs present
Total
Ethnicity
Asian
Caucasian
Histological type
ESCC
EADC
NR
Smoking status
Smokers
Nonsmokers
Histological type of
Caucasian
ESCC
EADC

95%CI

P value

37

1.33

1.12-1.57

0.00001

27
8

1.53
1.02

1.26-1.86
0.87-1.19

0.00001
0.97

22
8
12

1.15
0.98
1.82

0.91-1.45
0.81-1.18
1.58-2.09

0.00001
0.93
0.007

6
6

0.97
0.97

0.53-1.77
0.57-1.64

0.00001
0.001

5
8

1.15
0.98

0.91-1.45
0.81-1.18

0.33
0.93

SE (log[OR])

No. of studies OR

0.4

0.6

0.8

1.0

0.1

1
OR

10

100

Figure 2 Funnel plot evaluating the risk of publication bias in this metaanalysis.

Medical Research revealed that there was no evidence
of increased risk of EC associated with the GSTM1
[56]
null genotype . The result might reflect a relatively
small sample size and, to a lesser extent, different
ethnicities, different histological types and the source
of the controls.
In the present meta-analysis, most of the included
studies concerned Asian populations. This phenomenon
might be attributed to the occurrence of EC, which
displays a remarkable geographical difference.
Specifically, the ‘‘EC belt’’, which stretches from North
Central China westward through Central Asia and
northern Iran, exhibits a particularly high EC incidence
[57]
in Asian populations , which explains why many of
the studies were conducted in Asian countries.
In the subgroup analysis based on histological
type, no significant association was detected
between the GSTM1 polymorphism and ESCC or
EADC risk, indicating that histological type might
affect the statistical correlation between the GSTM1
polymorphism and EC. Similar results have been
[23,55,58]
reported in previous studies
, indicating that
further clarification of the histological type might avoid
the interference of some confounding factors.
Several potential limitations of the present metaanalysis should also be acknowledged. Only one of the
included studies was conducted in Africa, and it did
not provide sufficient data for the subgroup analysis
based on ethnicity. Therefore, we could not include
the African population in the subgroup analysis based
on ethnicity. Moreover, only published studies were
included in the present meta-analysis, which might
have biased the results.
In conclusion, this meta-analysis demonstrated that
the GSTM1 null polymorphism might be associated
with an increased risk for EC in Asian populations but
not in Caucasian populations. Larger well-designed
epidemiological studies are warranted to verify these
findings.

The P value for heterogeneity. ESCC: Esophageal squamous cell carcinoma;
EADC: Esophageal adenocarcinoma; NR: Not reported.

ESCC or EADC. The main results of this meta-analysis
and the heterogeneity test are shown in Table 2.

Publication bias

A funnel plot was used to graphically estimate the
publication bias of the literature. As shown in Figure
2, the shape of the funnel plot was symmetrical in
the overall population, suggesting the absence of
publication bias. The results of Egger’s test showed
statistical evidence for funnel plot symmetry (t = 1.76,
P = 0.0873).

DISCUSSION
GSTM1 is a member of the family of cytosolic GSTs,
which are phase Ⅱ xenobiotic-metabolizing enzymes.
These enzymes play a crucial role in the detoxification
and elimination of electrophilic carcinogens through
[12]
conjugation with glutathione . Many studies have
investigated the association between the GSTM1
null genotype and various types of cancer, such as
colorectal carcinoma, lung cancer, liver cancer, and EC,
but the findings are controversial, particularly those
[52,53]
obtained for EC
. The results of this meta-analysis
showed that the GSTM1 null genotype is significantly
associated with an increased risk of EC in the overall
population. Furthermore, in the subgroup analysis by
ethnicity, we detected a significant association between
the GSTM1 polymorphism and EC risk in Asians
but not in Caucasians, suggesting that the GSTM1
null polymorphism might contribute to increased
susceptibility to EC in Asians. Similar results have
[54,55]
been obtained in several previous meta-analyses
.
However, other studies have shown conflicting results.
A pooled analysis of 20 studies from the Archives of

WJG|www.wjgnet.com
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Abstract
Acute liver failure (ALF) is a reversible disorder that
is associated with an abrupt loss of hepatic mass,
rapidly progressive encephalopathy and devastating
complications. Despite its high mortality, an emergency
liver transplantation nowadays forms an integral part
in ALF management and has substantially improved
the outcomes of ALF. Here, we report the case of a
32-year-old female patient who was admitted with
grade Ⅳ hepatic encephalopathy (coma) following
drug-induced ALF. We performed an emergency
auxiliary partial orthotopic liver transplantation with
a “high risk” graft (liver macrovesicular steatosis
approximately 40%) from a living donor. The patient
was discharged on postoperative day 57 with normal
liver function. Weaning from immunosuppression was
achieved 9 mo after transplantation. A follow-up using
CT scan showed a remarkable increase in native liver
volume and gradual loss of the graft. More than 6
years after the transplantation, the female now has
a 4-year-old child and has returned to work full-time
without any neurological sequelae.
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Core tip: The use of a “high risk” organ (i.e. , steatosis
graft) bears the risk of poor graft and patient survival.
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donor (liver macrovesicular steatosis approximately
40%).

It is commonly recommended to use marginal and
steatotic grafts in recipients who are in a relatively
good clinical condition (i.e. , MELD scores < 20) and
avoid using them for fulminant or end-stage liver
failure. In the presented case of a young female
with acute liver failure, the use of a “high risk” graft
(partial liver with approximately 40% macrovesicular
steatosis) resulted in an excellent short and long term
outcome. She survived immunosuppression weaning
without any neurological sequelae after the auxiliary
partial orthotopic liver transplantation.

CASE REPORT
A 32-year-old female with grade Ⅳ HE (coma) was
transferred to our hospital. Thrity-seven days prior
to her current admission, a diagnosis of “suppurative
tonsillitis” was made in another hospital. She
received antibiotics without improvement. Later, she
noted hyperpyrexia, jaundice, and a laboratory test
revealed elevated hepatic enzymes. Five days prior
to admission, she presented with signs of HE-i.e., the
presence of a flapping tremor (hepatic encephalopathy
grade Ⅱ )-and was diagnosed with “subacute liver
failure”. She was subsequently treated conservatively
without improvement. Her HE deteriorated to a
constant coma (grade Ⅳ HE). She was then admitted
to our hospital for consideration of an emergency
living donor liver transplantation (LDLT) with the
diagnosis “acute liver failure, suspicion of drug-induced
liver injury”. On the day of admission, the laboratory
test results showed the following: pH 7.46 (range,
7.35-7.45), serum ALT 304.4 IU/L (range, 0-40 IU/
L), AST 222.7 IU/L (range, 0-40 IU/L), total bilirubin
433.6 µmol/L (range, 0-21 µmol/L), platelet count
9
9
96 × 10 /L (range, 100-300 × 10 /L), prothrombin
time 62.0 s (range, 12-16 s), INR 6.9 (range,
0.95-1.5), Cr 60.1 µmol/L (range, 30-110 µmol/L),
and ammonia 82.7 µg/dL (range, 0-75 µg/dL). While
serological markers of hepatitis virus, herpes simplex
virus and Epstein-Barr virus infection were negative,
that of cytomegalovirus showed positive. The patient
remained in a hepatic coma. However, a computed
tomography (CT) scan of her head revealed no signs
of focal lesion or cerebral edema. Her only candidate
for living donor was her 34-year-old sister, whose ABO
blood type was identical to the recipient’s. The results
of donor’s liver function tests were normal. According
to the CT volumetric result, the graft-to-recipient
weight ratio (GRWR) was 1.55% if a right lobe graft
was to be used. The remnant liver volume in the donor
was calculated as 35.4% to the standard liver volume.
However, the donor’s height and body weight were
170 cm and 95 kg. Her body mass index (BMI) was
2
calculated to be 32.9 kg/m . Given an anticipated high
risk of donor steatosis, a laparoscopic liver biopsy was
performed before proceeding with LDLT. This revealed
approximately 40% macrovesicular steatosis (Figure
1A). Thus, a right hepatectomy was considered
too risky for the donor. A left graft was thought to
be insufficient to support the recipient’s metabolic
demand after the LDLT. Considering the report of
recipient’s liver biopsy demonstrated only a 50%
hepatocyte loss (Figure 1B), the GRWR was more than
0.8% if the donor’s left lobe was used according to
the CT volumetric results. Given absence of cerebral
edema on CT and the recipient’s young age, we finally
decided to perform the APOLT using the left lobe graft

Duan WD, Wang XT, Wang HG, Ji WB, Li H, Dong JH.
Auxiliary partial liver transplantation for acute liver failure
using “high risk” grafts: case report. World J Gastroenterol
2016; 22(5): 1919-1924 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i5/1919.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i5.1919

INTRODUCTION
Acute liver failure (ALF), or fulminant hepatic
failure, was first described in 1970 as a potentially
[1]
reversible disorder . It can arise from many cau
ses and in its most severe forms leads to hepatic
encephalopathy (HE), coagulopathy and even
progressive multiorgan failure. Although it is rare,
this life-threatening disease occurs mostly in young
adults and is associated with high mortality. ALF is
the most frequent indication for emergency liver
[2]
transplantation in many countries .
Auxiliary liver transplantation (ALT) is the
implantation of a donor’s partial or whole liver graft
in a heterotopic or orthotopic position with the
[3,4]
retention of all or part of the native liver . As an
alternative to an emergency liver transplantation
for acute liver failure, an auxiliary partial orthotopic
liver transplantation (APOLT) has been reported
to have similar patient survivals as an orthotopic
[5,6]
liver transplantation (OLT) . With the prospect
of native liver regeneration and the eventual
withdrawal of immunosuppression, an APOLT seems
to be the preferred choice for treating ALF in some
[7]
situations .
Because of the risk of primary nonfunction,
delayed graft function, increased complications, or
poor long-term outcomes following transplantation,
steatotic grafts are used very cautiously and
[8]
implanted mainly in well selected patients .
However, with the increasing incidence of obesity
and diabetes in the general population, donor
graft steatosis is encountered in many potential
[9,10]
donors
. Here we report a case of a successful
APOLT in a young female suffering from acute
liver failure with a high Model for End Stage Liver
Disease (MELD) score (MELD score = 36.6), using
a marginal graft that was from a fatty liver living
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B

Figure 1 Histopathological finding of the donor and the recipient liver by Hematoxylin-Eosin staining. A: The preoperative specimen of biopsy from the donor
showed approximately 40% macrovesicular steatosis; B: The preoperative specimen from the recipient showed 50% hepatocytes loss.

were followed using CT scans and ultrasoundguided percutaneous liver biopsies. The follow-up
showed hepatocyte regeneration and a remarkable
size increase in the native liver, with a notable
decrease in the graft size (Figure 2). Weaning from
the immunosuppression was gradually started
and eventually accomplished 9 mo after the trans
plantation. Two years after the transplantation, the
young female had a baby. The patient returned to
work full-time without any neurological sequelae at
review.

after receiving an informed consent of the family and
the approval of our Ethics Committee. Therefore, the
recipient’s left liver (segments 2-4 and the left part
of segment 1 according to Couinaud’s segmentation)
was resected with a gall bladder removal. The donor’s
left lobe (segments 2-4 to Couinaud’s segmentation
with middle hepatic vein; 440.0 g) was orthotopically
implanted. The GRWR was calculated to be 0.85%.
The graft’s left hepatic vein (LHV) and middle
hepatic vein (MHV) were reconstructed to be a com
mon orifice by venoplasty, as were the recipient’s LHV
and MHV. These two orifices were anastomosed in an
end-to-end fashion. The portal vein and hepatic artery
of the graft were anastomosed to the corresponding
recipient’s structures in an end-to-end fashion. A biliary
reconstruction was achieved with a retro-colic Rouxen-Y hepaticojejunostomy. Two tubes for drainage
and preventing biliary duct stricture were placed via
the native liver’s right hepatic duct and the graft’s
left hepatic duct, respectively. A portal flow diversion
was not performed in the recipient because notably
stiffness of the native liver was observed. We utilized
Histidine-Triptopan-Ketoglutarate (HTK) solution to
preserve the graft, and the cold ischemia time was less
than 90 min. The total operative time was 775 min
with a blood loss of 4000 ml. A blood transfusion of
5855 ml, including 1250 ml from an autotransfusion,
was performed. The patient was then transferred to
the SICU. The immunosuppression regimen consisted
of tacrolimus, mycophenolate mofetil and lowdose steroids. Ganciclovir was administrated after
transplantation.
On posttransplant day 7, the recipient regained
consciousness. However, on posttransplant day 10, a
repatching of the hepaticojejunostomy anastomosis was
performed due to a bile leakage. On posttransplant day
16, she was transferred out of the SICU. After a series
of supportive and rehabilitative therapy, the patient
discharged on foot from our hospital on posttransplant
day 57 with normal liver function and without any
neurological disorders.
The changes in the native liver and the graft
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DISCUSSION
ALF, which was previously called fulminant he
patitis or acute hepatic necrosis, is a severe
clinical syndrome that is characterized by a rapid
deterioration of liver function, subsequent cognitive
disturbances and coagulopathy in patients with
[11]
previously normal liver function . ALF is a po
tentially fatal condition in which spontaneous
recovery is expected in only 10% to 40% of patients.
In contrast the short-term survival rate after liver
[12]
transplantation (LT) is 68% to 84% . In the United
States and Europe, patients with ALF are assigned to
the highest priority category on the liver transplant
waiting list because performing an emergency
liver transplantation within 48 to 72 h is crucial for
[13]
survival . Emergency liver transplantation is now
considered an integral part of the management
of acute liver failure and the only curative therapy
[14]
in patients fulfilling poor prognostic criteria . In
China, “Organ demand versus supply” is still the
greatest obstacle to increasing the frequency of liver
transplantation. Thus, it affects treatment decisions
[15]
for acute liver failure . LDLT is the preferred choice of
transplant in ALF patients in counties with a limited
[16]
cadaveric donor pool . However, in our case, severe
right lobe steatosis and a relatively small and fatty
left lobe led to a potential therapeutic dilema. Thus,
an APOLT with a living donor become an attractive
and effective alternative because an APOLT not only
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Figure 2 Serial computed tomographic findings of the native liver and graft. The volume of the native right liver (on the left side of the black dotted line) in the
recipient serially increased and the volume of the graft (on the right side of the black dotted line) notably decreased after transplantation (A-F). The CT scans were
performed on posttransplant day 28 (A), 132 (B), 182 (C), 222 (D), 365 (E), and 567 (F), respectively. CT: Computed tomography.

non-B hepatitis or drug induced hepatitis, age < 10
years or > 40 years, serum bilirubin > 300 µmol/
L. Unfortunately, our young patient fulfilled the
criteria (Table 1), which indicated a poor prognosis.
In addition, the graft was from a fatty liver living
donor with moderate steatosis (approximately
40% macrovesicular steatosis). The use of a “high
risk” organ (i.e., steatosis graft) is thought to bring
inferior outcomes. The use of marginal and steatotic
grafts is commonly recommended for recipients who
are in a relatively good clinical condition (i.e., MELD
score < 20) but should be avoided in fulminant or
[20]
end-stage liver failure . However, in our case, the
young female survived immunosuppression weaning
without any neurological sequelae after the APOLT.
The following factors may have contributed to her
fully recovery from acute liver failure.
Patient age is an important factor in predicting
the regenerative capacity of the native liver. For
ALF patients, a recipient’s age strongly affects
the outcomes of an emergency transplantation.
Although postoperative mortality has more than
[21,22]
doubled in those over 50 years of age
, children
and recipients aged < 40 years (our patient was
32 years old) appear to have a more favorable
outcomes. The volume of viable hepatocytes by
histologic examination is also considered to have
prognostic value. The likelihood of a histological
recovery appears to be minimal in livers with
[23]
total hepatocyte loss at the time of ALT . The
critical mass associated with a good prognosis has
been calculated to be between 25 and 40%(the

Table 1 Appraisal of King‘s College Hospital criteria for nonacetaminophen acute liver failure in our patient
KCH criteria
Prothrombin time > 100 s
Prothrombin time > 50 s
Jaundice to encephalopathy time >
7d
Etiology non-A, non-B hepatitis or
drug induced hepatitis
Age < 10 yr or > 40 yr
Serum bilirubin > 300 µmol/L

Patient’s figures

Positive or
negative

62.0 s
62.0 s
13 d

Negative
Positive
Positive

Drug induced
hepatitis
32 yr
433.6 µmol/L

Positive
Negative
Positive

KCH: King’s College Hospital.

solves the problems of donor safety and graft source
but also allows immunosuppression to be withdrawn.
In our case, the situation was more challenging.
The pretransplant MELD scores, which reflects the
severity of liver impairment and has a positive
correlation with liver regeneration-associated his
topathological parameters (percentage of hepa
tocyte loss, number of proliferating hepatocytes
[17,18]
and numbers of HPCs)
, was as high as 36.6.
The King’s College Hospital (KCH) criteria are one of
most widespread prognostic systems to identify ALF
candidates for liver transplantation. According to the
[19]
description given by O’Grady , the KCH criteria
for non-acetaminophen ALF patients are as follows:
prothrombin time > 100 s or the presence of any 3
of the following: prothrombin time > 50 s, jaundice
to encephalopathy time > 7 d, etiology non-A,
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Laboratory diagnosis

remaining mass of our patient’s liver was calculated
[24]
to be 50%) . In addition, patients with signs
of cerebral edema are unlikely to be suitable for
an APOLT (our patient had no signs of cerebral
[25]
edema) . There are significantly poorer outcomes
in patients with cerebral edema. A report by Chan
[13]
et al
demonstrated that moderate to severe
cerebral edema (n = 4) and mild cerebral edema
(n = 7) were associated with 1-year survival
[13]
rates of 25% and 44%, respectively . During
the transplant procedure in our case, we avoided
factors that may have magnified the effect of
steatosis, such as a cold ischemic time longer than
10 h, donors without a beating heart, and elderly
[26]
donors . In addition, the GRWR > 0.8%, portal
vein inflow shunting to the native liver mass and
delicate venous outflow reconstruction in our case
contributed to the decreased risk of graft failure
[27]
due to portal hyper perfusion . We did not narrow
or ligate the native liver’s portal vein because the
native liver was markedly stiff. The portal flow was
directed to the graft in the early stage because of a
high portal pressure in the damaged and stiff native
remnant liver due to ALF. Later, once the native
liver has recovered and intrahepatic structure has
normalized, an opposite effect may occur, which
can lead to decreased portal blood supply to the
[7,28]
graft
.
The successful experiences from small-for[29-31]
size graft APOLTs
may reveal that a newly
implanted graft can complement the function of
the partially remaining native liver during the early
posttransplant period. Then, the remnant native
liver expands its function in proportion to its volume
growth. The key for the successful treatment of
ALF is to ensure that the patient has a sufficiently
functioning liver mass to survive the acute illness
and allow for native liver recovery. An APOLT is a
feasible solution to achieve this goal for ALF under
urgent conditions, even with a notably steatotic
graft.

pH 7.46 (range, 7.35-7.45), serum ALT 304.4 IU/L (range, 0-40 IU/L), AST
222.7 IU/L (range, 0-40 IU/L), total bilirubin 433.6 µmol/L (range, 0-21 µmol/
L), platelet count 96 × 109/L (range, 100-300 × 109/L), prothrombin time 62.0
s (range, 12-16 s), INR 6.9 (range, 0.95-1.5), Cr 60.1 µmol/L (range, 30-110
µmol/L), and ammonia 82.7 µg/dL (range, 0-75 µg/dL).

Imaging diagnosis

A computed tomography scan of her head revealed no signs of a focal
lesion or cerebral edema.

Pathological diagnosis

The report of the recipient’s liver biopsy demonstrated only a 50%
hepatocyte loss.

Treatment

An auxiliary partial orthotopic living donor liver transplantation.

Related reports

Emergency liver transplantation has substantially improved the outcomes
of acute liver failure and is an integral part of the management for this
condition. Auxiliary partial orthotopic liver transplantation with a living donor
is an attractive and effective option because auxiliary partial orthotopic
liver transplantation not only solves the problems of donor safety and graft
source but also allows immunosuppression to be withdrawn.

Term explanation

Acute liver failure is a reversible disorder associated with an abrupt loss
of hepatic mass, rapidly progressive encephalopathy and devastating
complications. Auxiliary partial orthotopic liver transplantation is an
operation that can be performed with the use of a small-for-size graft
because the graft can achieve sufficient regeneration with the support of
remnant native liver.

Experiences and lessons

The key for successful treatment of acute liver failure is to ensure that
the patient has a sufficient functioning liver mass to survive the acute
illness to allow for native liver recovery, and auxiliary partial orthotopic liver
transplantation is a feasible solution to achieve this goal for acute liver failure
under urgent conditions even with a notably steatotic graft.

Peer-review

This is a very interesting case report of emergency auxiliary living donor liver
transplantation in a patient with acute liver failure.
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Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
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Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
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Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
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Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
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Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
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Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
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Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
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Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
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Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
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EDITORIAL

Surveillance of colonic polyps: are we getting it right?
Stewart N Bonnington, Matthew D Rutter
precursor lesion of CRC. Following the finding and
removal of colonic polyps at an initial colonoscopy,
some patients are at an increased risk of developing
CRC in the future. This is the rationale for postpolypectomy surveillance colonoscopy. However, not all
individuals found to have colonic adenomas have a risk
of CRC higher than that of the general population. This
review examines the literature on post-polypectomy
surveillance including current international clinical
guidelines. The potential benefits of surveillance
procedures must be weighed against the burden of
colonoscopy: resource use, the potential for patient
discomfort, and the risk of complications. Therefore
surveillance colonoscopy is best utilised in a selected
group of individuals at a high risk of developing
cancer. Further study is needed into the specific
factors conferring higher risk as well as the efficacy
of surveillance in mitigating this risk. Such evidence
will better inform clinicians and patients of the relative
benefits of colonoscopic surveillance for the individual.
In addition, the decision to continue with surveillance
must be informed by the changing profile of risks
and benefits of further procedures with the patient’s
advancing age.
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Core tip: Increasing numbers of surveillance colono
scopies for previous colonic polyps are being
performed. Each colonoscopy brings the burden of
bowel preparation, potential discomfort, and risk of
complications. Colonoscopy is a finite resource and
must be recommended only with a strong indication.
Individuals with non-advanced adenomas have no
significantly increased risk of colorectal cancer (CRC)
compared to the general population. Patients with an
advanced adenoma, have a CRC risk similar to that
of the general population after just one surveillance
colonoscopy. This review examines the evidence behind

Abstract
Colorectal cancer (CRC) is the third most commonly
diagnosed cancer worldwide. The identification of
colonic polyps can reduce CRC mortality through earlier
diagnosis of cancers and the removal of polyps: the
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current surveillance guidelines and questions the
rationale for surveillance in individuals with relatively
low cancer risk.

pathway is highly variable: one study estimates that
only 0.25% of adenomas per year will progress to
[12]
[11,13-15]
cancer : some stabilise and some regress
.
Adenoma prevalence in Western screening popu
lations (age 50-75 years) can be as high as 40%,
with advancing age and male sex associated with
higher prevalence. However, lifetime risk of CRC is
only 5.5% due to the highly variable progression
[16-22]
of adenomas
. Overall, projections of 10-year
cumulative risk for progression from adenoma to
[15,23]
carcinoma are less than 10%
.

Bonnington SN, Rutter MD. Surveillance of colonic polyps: Are
we getting it right? World J Gastroenterol 2016; 22(6): 1925-1934
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i6/1925.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i6.1925

INTRODUCTION

RISK FACTORS

Colorectal cancer (CRC) is the second leading cause of
[1]
death from cancer in the United Kingdom and United
[2]
States . Over 41000 people in the United Kingdom
are diagnosed with CRC annually and over 16000
people die of the disease.
Recognised risk factors for the development of
CRC include advancing age, a personal or family
history of CRC, longstanding inflammatory bowel
disease affecting the colon, and specific conditions
such as familial adenomatous polyposis (FAP), and
hereditary non-polyposis colon cancer (HNPCC). This
review focuses on an important risk factor for the
development of CRC: a personal history of colorectal
adenomas.
Some colonic polyps such as adenomatous and
serrated polyps carry malignant potential, while
others do not (hyperplastic, post-inflammatory,
hamartomatous). This review will discuss only those
polyps with malignant potential.
The majority of CRCs arise from colonic adenomas.
Adenomas arise following aberrant proliferation of
epithelial cells in the colon. These lesions may then
[3]
progress to varying degrees in size and dysplasia .
Adenomas represent the major precursor for CRC
both in high-risk groups such as patients with a family
history of familial adenomatous polyposis (FAP) or
hereditary non-polyposis colorectal cancer (HNPCC),
as well as in the general population. This concept is
[4-8]
termed the “adenoma-carcinoma sequence” .
However, 20%-30% of colorectal cancers arise
through a different molecular pathway to the
conventional adenoma-carcinoma sequence. These
CIMP-positive cancers (CpG island methylator pheno
type) are believed to arise from serrated polyps. Such
lesions are over-represented among “interval cancers”
[9]
(cancers diagnosed 6-36 mo after a colonoscopy) .
Growing evidence points to the importance of reco
gnising and managing serrated lesions in preventing
[10]
CRC .
The speed of progression along the pathway
of proliferation and dysplasia is a key factor in
determining clinical practice in patients found to have
colonic adenomas. Progression from adenoma to
invasive cancer can occur in 5 years or take more
[11]
than 20 years . Additionally, progression along this

WJG|www.wjgnet.com

In recent years, an understanding of adenoma
features predicting risk of progression to cancer has
[15]
led to the term “advanced adenoma” , referring to
adenomas possessing at least one of three high risk
characteristics: size of at least 10 mm, villous archi
[24-26]
tecture of at least 25%, or high grade dysplasia
.
Overall, these lesions progress to cancer at an annual
rate of up to 5%: significantly higher than the average
[12]
rate for all adenomas , and this risk increases with
age to 25% at age 55 years and to 40% at age 80
years. Annual rates of progression from adenoma
to carcinoma also vary depending on which of these
advanced features is present. Size of at least 10 mm
confers a 3% annual risk; villous architecture 17%,
[12]
and high grade dysplasia 37% .
As these figures illustrate, high grade dysplasia
(HGD) confers high risk of progression to cancer.
However, in keeping with the adenoma-carcinoma
sequence described previously, high grade dysplasia is
more likely to be found in larger lesions: as adenomas
[27]
progress in size, so too dysplasia progresses . The
number of adenomas possessing advanced features
(HGD or > 25% villous architecture) increases with
polyp size from approximately 1%-2% in diminutive
adenomas (< 5 mm) to 7%-12% for small adenomas
(5-9 mm) and 20%-30% for large adenomas (≥
[24,28,29]
10 mm)
. Advancing age of the patient also
increases the likelihood of HGD within an adenoma,
[30]
independent of polyp size and histological type .
Most adenomas detected at colonoscopy (60%-75%)
[31]
are smaller than 10 mm diameter . Larger adenomas
of at least 10 mm in diameter are at higher risk of
containing CRC and are also a risk factor for meta
chronous cancer development (i.e., a cancer diagnosed
[24]
at least 6 mo after the index procedure) . The
absolute risk of metachronous advanced adenomas
is close to 20% in patients whose largest baseline
[32]
adenoma is 20 mm or more in size .
The risk factor most closely correlating to CRC risk is
the total number of adenomas, both at index procedure
and cumulatively over the individual’s lifetime. Patients
with one or two small tubular adenomas removed
do not have a significantly increased metachronous
[33]
colorectal cancer risk . In contrast, the presence of
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one or more advanced adenomas predicts a higher rate
[25]
of both any and advanced metachronous adenomas .
The risk of metachronous CRC increases with the
[24]
number of advanced adenomas . Large polyp size
(≥ 10 mm) and proximal location in the colon are
independent predictors of further advanced neoplasia
[34]
at follow-up . The risk for metachronous advanced
adenomas increases progressively with the number of
adenomas at baseline examination: patients with only
1 adenoma have a risk of 9% while those with 5 or
more adenomas have a 24% risk.

rate for polyps over 10 mm in size may be as high as
[47]
12% . There are multiple factors likely to contribute
to missed polyps at colonoscopy including quality of
bowel preparation, and the training and experience of
the colonoscopist. The time taken by colonoscopists
during withdrawal of the colonoscope from the caecum
is a powerful predictor of adenoma detection rate
[48]
(ADR) . Higher rates of interval cancers are seen in
[49,50]
association with low ADR at screening colonoscopy
.
The protection afforded by colonoscopy is signifi
cantly greater in respect of distal CRC as compared to
lesions of the proximal colon. There are a number of
factors postulated to explain this differential: poorer
right-sided bowel preparation, incomplete colonoscopy,
anatomical factors impeding visibility, and potentially
different biology of right-sided lesions, especially via
[35,51]
the serrated pathway
.
Incomplete resection of adenomatous tissue is
believed to be a substantial contributor to interval
cancers. Rates of incomplete resection for diminutive
polyps are 29% for conventional biopsy and 17% for
[52,53]
hot biopsy
. Residual polyp tissue is more likely
to remain after resection of sessile polyps and risk
increases with polyp size. Rates of 17% for polyps
of 10-20 mm and 7% for lesions of 5-9 mm have
been quoted. There also appears to be a higher
rate of incomplete resection for serrated lesions in
comparison to conventional adenomas (31% and 7%
[54]
respectively) .
Missed lesions are likely to account for more than
half of interval cancers diagnosed at 3 to 5 years after
[55]
the index procedure . Therefore, the quality of the
index and subsequent colonoscopies is paramount in
maximising the potential benefit of surveillance proce
dures. Quality of colonoscopy is directly associated
[50]
with rates of interval CRC .

BENEFIT OF COLONOSCOPY
Colonoscopic screening has been shown to be effective
[27,35-38]
in reducing CRC incidence and mortality
.
This effect is via a number mechanisms. Firstly, the
removal of pre-cancerous lesions, i.e., adenomatous
polyps, thereby interrupting the progression to
carcinoma: preventing cancers. Secondly, detection
of CRC at an earlier, pre-symptomatic stage with
resultant increased likelihood of successful endoscopic
[27,39-41]
or surgical treatment
.
The third mechanism, which may reduce CRC
incidence and mortality, is surveillance colonoscopy.
Risk stratification based upon index colonoscopy
findings allows patients with polyps at higher risk
of progression to cancer to be offered a further
[19,20,42]
examination in the future
. The evidence for the
potential benefits of surveillance will be discussed in
detail later.
Patients diagnosed with CRC at an earlier stage
have significantly better prognosis than those
diagnosed with more extensive disease. Of patients
diagnosed with Dukes’ A CRC, 93% will survive 5
years. Those diagnosed with modified Dukes’ D cancer
however, have a less than 7% chance of living a
further 5 years.
Colonoscopy is considered to be the gold standard
for adenoma detection and affords an opportunity
for therapy, through polypectomy, as well as allowing
histological diagnosis. Double-contrast barium enema
and CT colonography (CTC) show poorer sensitivity
compared to colonoscopy, particularly with respect
[43,44]
to very small and flat polyps
. An optimally
performed double-contrast barium enema and FIT
(faecal immunohistochemical test) detect only half
of adenomas of 5 mm or larger that are detected by
[45]
colonoscopy .

RATIONALE FOR SURVEILLANCE
The major CRC mortality risk reduction is achieved
at index colonoscopy, i.e., diagnosis of cancers at an
earlier stage and removal of adenomas with the aim of
reducing CRC incidence.
Individuals found to have colonic polyps are at
[11,23,56,57]
increased risk of advanced neoplasia in the future
.
This risk may be due to a number of mechanisms: (1)
Missed lesions at the initial colonoscopy; (2) Incomplete
removal of adenomatous tissue at initial colonoscopy;
and (3) The individual’s propensity to colonic neoplasia
(either lifestyle factors, an inherent imbalance of cell
[25,46,57-60]
proliferation, or a combination of these)
.
In view of the increased risk of CRC, it seems logical
that this group may benefit from closer monitoring
than the general population. There are two reasons
to consider surveillance colonoscopy in patients found
to have adenomas at the index procedure. Firstly,
as discussed above, there may be missed lesions,
particularly small polyps, which may be identified at a
subsequent procedure. Secondly, after a time interval,

LIMITATIONS OF COLONOSCOPY
However, there remain limitations to colonoscopic
screening. Even colonoscopy does not allow detection
of all adenomas. “Back-to-back” colonoscopies have
indicated significant miss rates of 27% for small
adenomas (< 5 mm) and 6% for adenomas of more
[46]
than 10 mm diameter . Studies performing both CTC
and colonoscopy estimate that the colonoscopy miss
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Table 1 British Society of Gastroenterology guidelines 2010
Health and Care Excellence

, supported by the 2011 guidelines of The National Institute for

Risk of colorectal cancer or advanced adenomas (≥ 1 cm as measured at endoscopy or high-grade dysplasia)
Patients with only one or two small (< 1 cm) adenomas are at low risk, and need no colonoscopic surveillance or 5-yearly until one negative examination
then cease surveillance. Recommendation grade: B
Patients with three or four small adenomas or at least one adenoma ≥ 1 cm are at intermediate risk and should be screened 3-yearly until two
consecutive examinations are negative. Recommendation grade: B
If either of the following is detected at any single examination (at baseline or follow-up): ﬁve or more adenomas, or three or more adenomas at least
one of which is ≥ 1 cm, the patient is at high risk and an extra examination should be undertaken at 12 mo before returning to 3-yearly surveillance.
Recommendation grade: B
Patients can be offered surveillance until age 75 yr and thereafter continue depending on relative cancer risk and comorbidity. Colonoscopy is likely to
be less successful and more risky at older ages. Further, the average lead time for progression of an adenoma to cancer is 10 yr which is of the same order
as the average life expectancy of an individual aged 75 yr or older, suggesting that most will not beneﬁt from surveillance. Recommendation grade: B
These guidelines are based on accurate detection of adenomas, otherwise risk status will be underestimated. Patients with a failed colonoscopy, for
whatever reason, should undergo repeat colonoscopy or an alternative complete colonic examination. Recommendation grade: B
The site of large sessile adenomas removed piecemeal should be re-examined at 2-3 mo. Small areas of residual polyp can then be treated endoscopically,
with a further check for complete eradication in 2-3 mo. India ink tattooing aids recognition of the polypectomy site at follow-up. If extensive residual
polyp is seen, surgical resection needs to be considered, or alternatively referral to a colonoscopist with special expertise in advanced polypectomy
techniques. If there is complete healing of the polypectomy site, then there should be a colonoscopy at 1 yr, to check for missed synchronous polyps,
before returning to 3 yearly surveillance. Recommendation grade: B

adenoma or carcinoma) with 0.6% having carcinoma.
Factors conferring higher risk of further adenomas at
surveillance are age greater than 60 years, male sex,
and the presence of more than one adenoma at the
initial procedure. The finding of more than 2 adenomas
at initial examination increases the risk of advanced
[32,61]
neoplasia at follow-up examination
.

[80]

Table 2 American Gastroenterological Association 2012
Findings at index procedure

Suggested surveillance
interval

Strength of
evidence

10 yr

Moderate

5–10 yr

Moderate

3 yr
< 3 yr
3 yr
3 yr
3 yr

Moderate
Moderate
High
Moderate
Moderate

5 yr

Low

3 yr

Low

1 yr

Moderate

No polyps/small (< 10 mm)
rectosigmoid hyperplastic
1-2 small (< 10 mm) tubular
adenomas
3-10 tubular adenomas
> 10 adenomas
One tubular adenoma ≥ 10 mm
One villous adenoma
Adenoma with high grade
dysplasia (HGD)
Serrated lesions
Sessile serrated polyp (SSP) < 10
mm with no dysplasia
SSP ≥ 10 mm OR with dysplasia
OR serrated adenoma
Serrated polyposis syndrome

Stratification
Reported prevalence of adenomas ranges from
15%-40%, with advancing age and male sex asso
ciated with increasing prevalence. However, rates
of adenoma detection may be as high as 50% in
the general population when using modern “high
[62,63]
definition” endoscopes
. Therefore the number of
patients who could potentially be offered surveillance
colonoscopy is substantial.
To avoid unnecessary, or “low yield”, surveillance
colonoscopies, it is necessary to identify those
individuals with increased risk of CRC. This can be
achieved through a risk stratification approach, as
adopted by all the major current clinical guidelines
(Tables 1-3).
Current guidelines vary in their definition of
each risk group. However, there is consensus that
individuals with one or two adenomas possessing no
advanced features are classified as “low risk”. At the
opposite end of the spectrum, it is agreed that finding
high grade dysplasia or greater than 10 adenomas
confers a “high risk”.
Current guidelines’ variability in recommendations
is due to the lack of good quality evidence to support
surveillance strategy.
United Kingdom guidelines do not take account
of polyp architecture, while guidance in the United
States and Europe classifies individuals with a villous
adenoma as “high risk”.

new lesions may have developed.
Although the risk of developing further adenomas
is known, no randomised study has directly assessed
the effect of post-polypectomy surveillance on CRC
incidence or mortality. The efficacy of surveillance has
been assessed by retrospective epidemiological series
indicating that patients not entered into a surveillance
programme have three- to fourfold greater risk of
CRC. However, the increased risk pertains to those
found to have advanced adenomas at the index
procedure. Individuals with non-advanced adenomas
did not have significantly higher risk than the general
[23,60]
population
.
It is established that individuals with previously
identified adenomas have an increased risk of further
adenomas at a follow-up examination. At 4 year
interval, 35.5% of patients will again be found to
have at least one adenoma, but only 8.6%-12%
will have advanced neoplasia (either an advanced
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Table 3 European Society of Gastrointestinal Endoscopy 2013

The following recommendations for post-polypectomy endoscopic surveillance should be applied only after a high quality baseline colonoscopy with
complete removal of all detected neoplastic lesions
In the low risk group (patients with 1-2 tubular adenomas < 10 mm with low grade dysplasia), the European Society of Gastrointestinal Endoscopy
(ESGE) recommends participation in existing national screening programmes 10 yr after the index colonoscopy. If no screening programme is available,
repetition of colonoscopy 10 yr after the index colonoscopy is recommended (strong recommendation, moderate quality evidence)
In the high risk group (patients with adenomas with villous architecture or high grade dysplasia or ≥ 10 mm in size, or ≥ 3 adenomas), the ESGE
recommends surveillance colonoscopy 3 yr after the index colonoscopy (strong recommendation, moderate quality evidence). Patients with 10 or more
adenomas should be referred for genetic counselling (strong recommendation, moderate quality evidence)
In the high risk group, if no high risk adenomas are detected at the first surveillance examination, the ESGE suggests a 5-yr interval before a second
surveillance colonoscopy (weak recommendation, low quality evidence). If high risk adenomas are detected at first or subsequent surveillance
examinations, a 3-yr repetition of surveillance colonoscopy is recommended (strong recommendation, low quality evidence)
The ESGE recommends that patients with serrated polyps < 10 mm in size with no dysplasia should be classified as low risk (weak recommendation, low
quality evidence). The ESGE suggests that patients with large serrated polyps (≥ 10 mm) or those with dysplasia should be classified as high risk (weak
recommendation, low quality evidence)
The ESGE recommends that the endoscopist is responsible for providing a written recommendation for the post-polypectomy surveillance schedule (strong
recommendation, low quality evidence)

In a comparison of current United Kingdom and
United States guidelines, it was found that following
United Kingdom guidelines would better identify a
group of patients at high risk of advanced neoplasia:
those with ≥ 5 small adenomas or ≥ 3 adenomas
including at least one of ≥ 10 mm. These patients
would be offered a surveillance interval of 3 years
according to United States guidelines or 1 year
according to United Kingdom guidance. At one year
follow-up, this group had an 18.6% risk of advanced
[64]
neoplasia .
Conversely, patients with 1 or 2 small adenomas
would be classified as low risk by United Kingdom
guidelines regardless of histology. This group could be
at relatively high risk if histology revealed advanced
adenomas (HGD or villous architecture) and as such
would be advised 3 year surveillance under United
States guidelines. The same group of patients could
have been offered no surveillance by following United
Kingdom guidelines, but have a 7.1% absolute risk of
[64]
advanced neoplasia at 1 year .
Current guidelines take account of findings at
both the index and first surveillance colonoscopy in
determining the second surveillance interval. This
approach would be supported by a recent study showing
that high risk features identified at either the index
or first surveillance procedure increase the risk of
[65]
advanced neoplasia at second surveillance .

with a yield of 0.8% for CRC. These findings would
support the current strategy of 12 mo surveillance
[66]
in this group . The same study found that villous
architecture and a right-sided adenoma at the index
procedure were associated with an increased risk
of finding advanced neoplasia at 1 year follow-up.
Therefore within the high risk group, there are other
factors which could be used to further inform the
appropriate surveillance interval for an individual.
Current United States guidelines classify patients
with > 10 adenomas as highest risk. However, as only
0.1% of screening patients fall into this category, its
clinical utility is limited.

Low risk

Within the low risk group, it is known that the
absolute risk of advanced neoplasia at follow-up is
low. Current guidelines are based on evidence that
this group carries no increased risk of CRC compared
[23,25]
to the general population
. A recent meta-analysis
suggested individuals in the low risk group at the index
procedure have a higher risk of advanced neoplasia
at follow-up compared to those found to have no
[67]
adenoma . However, the absolute risk in both groups
remains very low.
On the basis that the low risk group carry a risk
of CRC equivalent to the general population, the
guidelines advise surveillance at the interval prescribed
by the relevant screening programme, i.e., effectively
advising no increased surveillance over that of the
general population. The United Kingdom guidelines
allow for deviation from this rule in that the low risk
group may be offered no surveillance or a further
procedure at 5 years. Of note, the United Kingdom
NHS Bowel Cancer Screening Programme (BCSP),
while following United Kingdom guidelines (BSG, 2010
and NICE, 2011), offers no surveillance in this group.
Recent data from Norway suggest a significant
reduction in CRC mortality at 7.7 years in “low risk”
[68]
patients after a single screening examination .
However, the definition of “low risk” used in this study

SURVEILLANCE INTERVALS
High risk

The evidence to support the use of surveillance applies
predominantly to the “high risk” group. The incidence
of advanced neoplasia and carcinoma in these
individuals is significantly increased at follow-up, and
[33,59,60]
CRC mortality is reduced by their surveillance
.
Data from the United Kingdom screening pro
gramme shows that in high risk individuals (by United
Kingdom guidelines), the overall yield for advanced
neoplasia at first surveillance (at 12 mo) was 6.6%,
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differs from that used in current guidelines as the
study authors used cancer registry data and so did
not have access to details of polyp size or number.
Therefore, all patients with “multiple” polyps or with
histology showing either villous architecture or highgrade dysplasia were classified as “high-risk”. This
definition makes comparison with other studies
difficult.

rising adenoma detection rates associated with
modern endoscopes and rising quality standards, and
the increased recognition and surveillance of serrated
lesions.
While colonoscopy is a generally safe procedure,
[74]
there is a risk of major complications . As such, the
decision to proceed with surveillance colonoscopy must
be informed by both the risk of CRC and the risk of
a complication related to the procedure. Additionally,
even an uncomplicated colonoscopy may represent
considerable burden on the patient, who undergoes
bowel preparation, time off work, and potential
discomfort during the procedure. Fear of pain during the
procedure is known to reduce the uptake of screening
[75,76]
colonoscopy
. For surveillance programmes to be
effective, uptake must be maximised. By definition,
individuals invited for surveillance already have
personal experience of colonoscopy. This experience
is likely to inform the individual’s decision on whether
to undergo a surveillance procedure, highlighting the
importance of patient experience during colonoscopy.

Intermediate risk

Current guidelines differ most in recommendations for
individuals with intermediate risk. It is in this group
of patients that the benefit of surveillance is most
uncertain.
Patients with 3 or 4 diminutive adenomas at index
colonoscopy would be offered a surveillance procedure
at 3 years according to United Kingdom, European,
and United States guidelines. However, there is
little evidence that this group of patients carries any
significantly increased CRC risk compared to the
general population.
There is evidence for the increased risk of iden
tifying further adenomas at first surveillance in patients
classified as intermediate risk at index procedure.
However, the relative risk varies within this group of
individuals dependent upon factors such as polyp size,
patient age, and the presence of advanced adenoma
at the index procedure, i.e., with the varying definition
[69]
of intermediate risk . Evidence for an effect of
surveillance on CRC incidence and mortality is lacking.

WHEN TO STOP SURVEILLANCE
The decision to discontinue surveillance is guided
in current literature only on the criterion of the patient’s
[77]
chronological age . It is known that rates of com
plications and post-procedure hospital admission are
increased with advancing age and multi-morbidity.
Advancing age also reduces the potential survival
benefit in surveillance: as progression from adenoma
to carcinoma is likely to take around 10 years, patients
with a life expectancy of a similar or shorter time have
little chance of benefit from a surveillance colonoscopy.
However, the use of chronological age alone is
an over-simplification of the decision to discontinue
surveillance: a decision which must balance the
relative risks for the individual.
Patients found at their initial procedure to have an
advanced adenoma, have a CRC risk similar to that
of the general population after just one surveillance
[23,59]
follow-up colonoscopy
. Further study is needed to
identify more detailed criteria to guide the decision on
continued surveillance.

Serrated lesions

American and European guidelines include serrated
polyps in their recommendations, which are not
specifically dealt with in United Kingdom guidelines.
Serrated polyps are known to be more challenging
to identify at colonoscopy and their predilection for
the proximal colon is thought in part to explain the
relatively lower protective effect of colonoscopy on
[10]
incidence of right-sided CRCs .
Significant variability in detection of these lesions
by endoscopists and their classification by pathologists
has caused evidence on their natural history and
risk profile to be lacking. However, further study and
increased awareness of these lesions is likely to lead to
further recommendations for surveillance in individuals
found to have serrated polyps.

ADHERENCE
There is strong evidence that adherence to current
[78]
guidelines by physicians is highly variable . Some
surveillance procedures are performed earlier than
advised, some late, and some not performed at all.
Clinical guidelines are only a guide to clinicians and
many will choose to advise a different approach for an
individual patient.
Also, patients may choose not to be subjected to
surveillance procedures for multiple reasons including
their experience of colonoscopy and the perceived
benefits of surveillance. The subject of patient choice

DISADVANTANGES AND LIMITATIONS
OF SURVEILLANCE
At present, surveillance procedures account for
20%-30% of capacity in endoscopy departments:
approximately the same proportion as primary
[70-73]
screening procedures
. It is likely that demand for
surveillance procedures will increase in line with more
widespread implementation of screening programmes,
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CONCLUSION

Table 4 Adenoma surveillance
Findings at index procedure
No adenomas
1-2 adenomas with no advanced
neoplasia
3-4 adenomas with no advanced
neoplasia
≥ 3 adenomas and advanced neoplasia
≥ 5 adenomas

Internationally, increasing numbers of patients are
embarking upon a course of surveillance colonoscopies
due to the polyps discovered at the time of a previous
examination. Each colonoscopy involves the burden of
bowel preparation, potential anxiety and discomfort,
and risk of complication for the patient. In many health
settings, colonoscopy is a finite resource and so must
be recommended only with a strong indication.
It is believed that individuals with non-advanced
adenomas have no significantly increased risk of
colorectal cancer compared to the general population.
In addition, patients found at their initial procedure
to have an advanced adenoma, have a CRC risk
similar to that of the general population after just one
[23,59]
surveillance follow-up colonoscopy
.
As shown in this review, there is some retrospective
evidence to support surveillance procedures in patients
at the highest risk of CRC. For those at lower risk,
further evidence is needed to better stratify risk and
so inform discussions between the individual and
their clinician on whether surveillance colonoscopy is
appropriate.

Suggested initial surveillance
interval
No surveillance
No surveillance
3 yr
1 yr
1 yr

in surveillance is an area requiring further study.

FURTHER STUDY
As discussed in the introduction to this paper, pro
gression from adenoma to cancer usually occurs over
many years. As such, the benefits of surveillance
of colonic adenomas in reducing morbidity and
mortality can only be realised over the long term. The
introduction of surveillance programmes has become
widespread only in recent years, so far limiting the
available data on long-term follow-up. The known
increased risk of CRC in patients found to have
adenomas would make a randomised trial comparing
surveillance to no surveillance unethical. Therefore,
further study of the data from the era of widespread
adenoma surveillance is needed to better inform future
practice.
Current guidelines base recommendations on data
collected prior to the widespread implementation of
population screening programmes and prior to the
use of robust quality metrics in colonoscopy. These
factors may significantly alter the population classified
within each risk group and so have a major impact
on the outcomes of each group. More contemporary
data from the era of high quality colonoscopy and
population screening may allow more accurate risk
stratification to better utilise limited colonoscopy
resources in the future.

REFERENCES
1

2
3

4
5
6

future of adenoma surveillance

The table 4 summarises suggested surveillance inter
vals based on current knowledge on risk stratification
by polyp factors.
Polyp factors may be used, as in current guidelines,
to determine surveillance interval. However, including
other patient factors in this assessment may allow
more accurate risk stratification. Possible factors
include age, sex, family history of colorectal cancer,
smoking status, or obesity.
Additionally, this combination of polyp and patient
factors may further inform the decision on whether to
continue with any further surveillance after the first
surveillance procedure, as it is the first surveillance
procedure that has greatest effect in reducing the
future risk in the highest risk patients.

WJG|www.wjgnet.com

7
8
9
10

11

12

1931

Cancer Research UK. Bowel Cancer Statistics. Cancer Research
UK, 2015. Accessed January 2016. Available from: URL: http://
www.cancerresearchuk.org/health-professional/bowel-cancerincidence-statistics
American Cancer Society. Colorectal Cancer Facts & Figures
2014-2016. Atlanta: American Cancer Society, 2014. Available
from: URL: http://www.cancer.org/
Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger
AC, Leppert M, Nakamura Y, White R, Smits AM, Bos JL.
Genetic alterations during colorectal-tumor development. N
Engl J Med 1988; 319: 525-532 [PMID: 2841597 DOI: 10.1056/
NEJM198809013190901]
Nowell PC. Mechanisms of tumor progression. Cancer Res 1986;
46: 2203-2207 [PMID: 3516380]
Risio M. The natural history of adenomas. Best Pract Res Clin
Gastroenterol 2010; 24: 271-280 [PMID: 20510828 DOI: 10.1016/
j.bpg.2010.04.005]
Morson BC. The evolution of colorectal carcinoma. Clin
Radiol 1984; 35: 425-431 [PMID: 6499378 DOI: 10.1016/
S0009-9260(84)80033-1]
Muto T, Bussey HJ, Morson BC. The evolution of cancer of the
colon and rectum. Cancer 1975; 36: 2251-2270 [PMID: 1203876
DOI: 10.1002/cncr.2820360944]
Morson BC. Genesis of colorectal cancer. Clin Gastroenterol
1976; 5: 505-525 [PMID: 1022372]
Leggett B, Whitehall V. Role of the serrated pathway in colorectal
cancer pathogenesis. Gastroenterology 2010; 138: 2088-2100
[PMID: 20420948 DOI: 10.1053/j.gastro.2009.12.066]
East JE, Vieth M, Rex DK. Serrated lesions in colorectal cancer
screening: detection, resection, pathology and surveillance.
Gut 2015; 64: 991-1000 [PMID: 25748647 DOI: 10.1136/
gutjnl-2014-309041]
Loeve F, Boer R, Zauber AG, Van Ballegooijen M, Van
Oortmarssen GJ, Winawer SJ, Habbema JD. National Polyp Study
data: evidence for regression of adenomas. Int J Cancer 2004; 111:
633-639 [PMID: 15239144 DOI: 10.1002/ijc.20277]
Eide TJ. Risk of colorectal cancer in adenoma-bearing individuals
within a defined population. Int J Cancer 1986; 38: 173-176 [PMID:

February 14, 2016|Volume 22|Issue 6|

Bonnington SN et al . Future of adenoma surveillance

13

14
15
16

17

18
19

20

21

22

23

24

25

26

27

28

29

3733258]
Hoff G, Foerster A, Vatn MH, Sauar J, Larsen S. Epidemiology
of polyps in the rectum and colon. Recovery and evaluation of
unresected polyps 2 years after detection. Scand J Gastroenterol
1986; 21: 853-862 [PMID: 3775252 DOI: 10.3109/003655286090
11130]
Eide TJ. Natural history of adenomas. World J Surg 1991; 15: 3-6
[PMID: 1994603 DOI: 10.1007/BF01658952]
Stryker SJ, Wolff BG, Culp CE, Libbe SD, Ilstrup DM, MacCarty
RL. Natural history of untreated colonic polyps. Gastroenterology
1987; 93: 1009-1013 [PMID: 3653628]
Rex DK, Lehman GA, Hawes RH, Ulbright TM, Smith JJ.
Screening colonoscopy in asymptomatic average-risk persons with
negative fecal occult blood tests. Gastroenterology 1991; 100:
64-67 [PMID: 1796931]
DiSario JA, Foutch PG, Mai HD, Pardy K, Manne RK. Prevalence
and malignant potential of colorectal polyps in asymptomatic,
average-risk men. Am J Gastroenterol 1991; 86: 941-945 [PMID:
1858757]
Leslie A, Carey FA, Pratt NR, Steele RJ. The colorectal adenomacarcinoma sequence. Br J Surg 2002; 89: 845-860 [PMID:
12081733 DOI: 10.1046/j.1365-2168.2002.02120.x]
Lieberman DA, Weiss DG, Bond JH, Ahnen DJ, Garewal H,
Chejfec G. Use of colonoscopy to screen asymptomatic adults
for colorectal cancer. Veterans Affairs Cooperative Study Group
380. N Engl J Med 2000; 343: 162-168 [PMID: 10900274 DOI:
10.1056/NEJM200007203430301]
Imperiale TF, Wagner DR, Lin CY, Larkin GN, Rogge JD,
Ransohoff DF. Risk of advanced proximal neoplasms in
asymptomatic adults according to the distal colorectal findings. N
Engl J Med 2000; 343: 169-174 [PMID: 10900275 DOI: 10.1056/
NEJM200007203430302]
Regula J, Rupinski M, Kraszewska E, Polkowski M, Pachlewski
J, Orlowska J, Nowacki MP, Butruk E. Colonoscopy in colorectalcancer screening for detection of advanced neoplasia. N Engl J
Med 2006; 355: 1863-1872 [PMID: 17079760 DOI: 10.1056/
NEJMoa054967]
Hassan C, Pickhardt PJ, Kim DH, Di Giulio E, Zullo A, Laghi
A, Repici A, Iafrate F, Osborn J, Annibale B. Systematic review:
distribution of advanced neoplasia according to polyp size at
screening colonoscopy. Aliment Pharmacol Ther 2010; 31: 210-217
[PMID: 19814745 DOI: 10.1111/j.1365-2036.2009.04160.x]
Cottet V, Jooste V, Fournel I, Bouvier AM, Faivre J, BonithonKopp C. Long-term risk of colorectal cancer after adenoma
removal: a population-based cohort study. Gut 2012; 61: 1180-1186
[PMID: 22110052 DOI: 10.1136/gutjnl-2011-300295]
Winawer SJ, Zauber AG, O’Brien MJ, Ho MN, Gottlieb L,
Sternberg SS, Waye JD, Bond J, Schapiro M, Stewart ET.
Randomized comparison of surveillance intervals after colonoscopic
removal of newly diagnosed adenomatous polyps. The National
Polyp Study Workgroup. N Engl J Med 1993; 328: 901-906 [PMID:
8446136 DOI: 10.1056/nejm199304013281301]
Atkin WS, Morson BC, Cuzick J. Long-term risk of colorectal
cancer after excision of rectosigmoid adenomas. N Engl J
Med 1992; 326: 658-662 [PMID: 1736104 DOI: 10.1056/
NEJM199203053261002]
Brenner H, Hoffmeister M, Stegmaier C, Brenner G, Altenhofen L,
Haug U. Risk of progression of advanced adenomas to colorectal
cancer by age and sex: estimates based on 840,149 screening
colonoscopies. Gut 2007; 56: 1585-1589 [PMID: 17591622 DOI:
10.1136/gut.2007.122739]
Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS,
Sternberg SS, Waye JD, Schapiro M, Bond JH, Panish JF. Prevention
of colorectal cancer by colonoscopic polypectomy. The National
Polyp Study Workgroup. N Engl J Med 1993; 329: 1977-1981
[PMID: 8247072 DOI: 10.1056/NEJM199312303292701]
Butterly LF, Chase MP, Pohl H, Fiarman GS. Prevalence
of clinically important histology in small adenomas. Clin
Gastroenterol Hepatol 2006; 4: 343-348 [PMID: 16527698 DOI:
10.1016/j.cgh.2005.12.021]

WJG|www.wjgnet.com

30

31
32

33

34

35

36

37

38

39
40

41

42
43
44

1932

Lieberman D, Moravec M, Holub J, Michaels L, Eisen G. Polyp
size and advanced histology in patients undergoing colonoscopy
screening: implications for CT colonography. Gastroenterology
2008; 135: 1100-1105 [PMID: 18691580 DOI: 10.1053/
j.gastro.2008.06.083]
O’Brien MJ, Winawer SJ, Zauber AG, Gottlieb LS, Sternberg
SS, Diaz B, Dickersin GR, Ewing S, Geller S, Kasimian D.
The National Polyp Study. Patient and polyp characteristics
associated with high-grade dysplasia in colorectal adenomas.
Gastroenterology 1990; 98: 371-379 [PMID: 2403953]
Konishi F, Morson BC. Pathology of colorectal adenomas: a
colonoscopic survey. J Clin Pathol 1982; 35: 830-841 [PMID:
7107955 DOI: 10.1136/jcp.35.8.830]
Martínez ME, Baron JA, Lieberman DA, Schatzkin A, Lanza E,
Winawer SJ, Zauber AG, Jiang R, Ahnen DJ, Bond JH, Church
TR, Robertson DJ, Smith-Warner SA, Jacobs ET, Alberts DS,
Greenberg ER. A pooled analysis of advanced colorectal neoplasia
diagnoses after colonoscopic polypectomy. Gastroenterology 2009;
136: 832-841 [PMID: 19171141 DOI: 10.1053/j.gastro.2008.12.007]
Lieberman DA, Weiss DG, Harford WV, Ahnen DJ, Provenzale
D, Sontag SJ, Schnell TG, Chejfec G, Campbell DR, Kidao J,
Bond JH, Nelson DB, Triadafilopoulos G, Ramirez FC, Collins JF,
Johnston TK, McQuaid KR, Garewal H, Sampliner RE, Esquivel
R, Robertson D. Five-year colon surveillance after screening
colonoscopy. Gastroenterology 2007; 133: 1077-1085 [PMID:
17698067 DOI: 10.1053/j.gastro.2007.07.006]
Martínez ME, Sampliner R, Marshall JR, Bhattacharyya AK,
Reid ME, Alberts DS. Adenoma characteristics as risk factors for
recurrence of advanced adenomas. Gastroenterology 2001; 120:
1077-1083 [PMID: 11266371 DOI: 10.1053/gast.2001.0050101083]
Baxter NN, Goldwasser MA, Paszat LF, Saskin R, Urbach DR,
Rabeneck L. Association of colonoscopy and death from colorectal
cancer. Ann Intern Med 2009; 150: 1-8 [PMID: 19075198 DOI:
10.7326/0003-4819-150-1-200901060-00306]
Hewitson P, Glasziou P, Irwig L, Towler B, Watson E. Screening
for colorectal cancer using the faecal occult blood test, Hemoccult.
Cochrane Database Syst Rev 2007; (1): CD001216 [PMID:
17253456 DOI: 10.1002/14651858.CD001216.pub2]
Atkin WS, Edwards R, Kralj-Hans I, Wooldrage K, Hart AR,
Northover JM, Parkin DM, Wardle J, Duffy SW, Cuzick J. Onceonly flexible sigmoidoscopy screening in prevention of colorectal
cancer: a multicentre randomised controlled trial. Lancet 2010;
375: 1624-1633 [PMID: 20430429 DOI: 10.1016/S01406736(10)60551-X]
Brenner H, Stock C, Hoffmeister M. Effect of screening
sigmoidoscopy and screening colonoscopy on colorectal cancer
incidence and mortality: systematic review and meta-analysis of
randomised controlled trials and observational studies. BMJ 2014;
348: g2467 [PMID: 24922745 DOI: 10.1136/bmj.g2467]
Atkin W, Kralj-Hans I, Wardle J, Duffy S. Colorectal cancer
screening. Randomised trials of flexible sigmoidoscopy. BMJ
2010; 341: c4618 [PMID: 20736284 DOI: 10.1136/bmj.c4618]
Kahi CJ, Imperiale TF, Juliar BE, Rex DK. Effect of screening
colonoscopy on colorectal cancer incidence and mortality. Clin
Gastroenterol Hepatol 2009; 7: 770-775; quiz 711 [PMID:
19268269 DOI: 10.1016/j.cgh.2008.12.030]
Segnan N, Armaroli P, Bonelli L, Risio M, Sciallero S, Zappa M,
Andreoni B, Arrigoni A, Bisanti L, Casella C, Crosta C, Falcini
F, Ferrero F, Giacomin A, Giuliani O, Santarelli A, Visioli CB,
Zanetti R, Atkin WS, Senore C. Once-only sigmoidoscopy in
colorectal cancer screening: follow-up findings of the Italian
Randomized Controlled Trial--SCORE. J Natl Cancer Inst 2011;
103: 1310-1322 [PMID: 21852264 DOI: 10.1093/jnci/djr284]
Bretthauer M, Kalager M. Colonoscopy as a triage screening
test. N Engl J Med 2012; 366: 759-760 [PMID: 22356330 DOI:
10.1056/NEJMe1114639]
Waye JD. What is a gold standard for colon polyps? Gastro
enterology 1997; 112: 292-294 [PMID: 8978372 DOI: 10.1016/
S0016-5085(97)70247-6]
Winawer SJ, Stewart ET, Zauber AG, Bond JH, Ansel H, Waye

February 14, 2016|Volume 22|Issue 6|

Bonnington SN et al . Future of adenoma surveillance

45

46

47

48

49

50

51

52
53

54

55

56

57

58

JD, Hall D, Hamlin JA, Schapiro M, O’Brien MJ, Sternberg SS,
Gottlieb LS. A comparison of colonoscopy and double-contrast
barium enema for surveillance after polypectomy. National Polyp
Study Work Group. N Engl J Med 2000; 342: 1766-1772 [PMID:
10852998 DOI: 10.1056/NEJM200006153422401]
Imperiale TF, Ransohoff DF, Itzkowitz SH, Levin TR, Lavin
P, Lidgard GP, Ahlquist DA, Berger BM. Multitarget stool DNA
testing for colorectal-cancer screening. N Engl J Med 2014; 370:
1287-1297 [PMID: 24645800 DOI: 10.1056/NEJMoa1311194]
Rex DK, Cutler CS, Lemmel GT, Rahmani EY, Clark DW,
Helper DJ, Lehman GA, Mark DG. Colonoscopic miss rates of
adenomas determined by back-to-back colonoscopies. Gastro
enterology 1997; 112: 24-28 [PMID: 8978338 DOI: 10.1016/
S0016-5085(97)70214-2]
Pickhardt PJ, Choi JR, Hwang I, Butler JA, Puckett ML,
Hildebrandt HA, Wong RK, Nugent PA, Mysliwiec PA, Schindler
WR. Computed tomographic virtual colonoscopy to screen for
colorectal neoplasia in asymptomatic adults. N Engl J Med 2003;
349: 2191-2200 [PMID: 14657426 DOI: 10.1056/NEJMoa031618]
Barclay RL, Vicari JJ, Doughty AS, Johanson JF, Greenlaw RL.
Colonoscopic withdrawal times and adenoma detection during
screening colonoscopy. N Engl J Med 2006; 355: 2533-2541
[PMID: 17167136 DOI: 10.1056/NEJMoa055498]
Kaminski MF, Regula J, Kraszewska E, Polkowski M,
Wojciechowska U, Didkowska J, Zwierko M, Rupinski M,
Nowacki MP, Butruk E. Quality indicators for colonoscopy and the
risk of interval cancer. N Engl J Med 2010; 362: 1795-1803 [PMID:
20463339 DOI: 10.1056/NEJMoa0907667]
Corley DA, Jensen CD, Marks AR, Zhao WK, Lee JK, Doubeni
CA, Zauber AG, de Boer J, Fireman BH, Schottinger JE, Quinn
VP, Ghai NR, Levin TR, Quesenberry CP. Adenoma detection rate
and risk of colorectal cancer and death. N Engl J Med 2014; 370:
1298-1306 [PMID: 24693890 DOI: 10.1056/NEJMoa1309086]
Brenner H, Hoffmeister M, Arndt V, Stegmaier C, Altenhofen L,
Haug U. Protection from right- and left-sided colorectal neoplasms
after colonoscopy: population-based study. J Natl Cancer Inst
2010; 102: 89-95 [PMID: 20042716 DOI: 10.1093/jnci/djp436]
Peluso F, Goldner F. Follow-up of hot biopsy forceps treatment of
diminutive colonic polyps. Gastrointest Endosc 1991; 37: 604-606
[PMID: 1756918 DOI: 10.1016/S0016-5107(91)70863-8]
Woods A, Sanowski RA, Wadas DD, Manne RK, Friess SW.
Eradication of diminutive polyps: a prospective evaluation of bipolar
coagulation versus conventional biopsy removal. Gastrointest
Endosc 1989; 35: 536-540 [PMID: 2689263 DOI: 10.1016/
S0016-5107(89)72906-0]
Pohl H, Srivastava A, Bensen SP, Anderson P, Rothstein RI,
Gordon SR, Levy LC, Toor A, Mackenzie TA, Rosch T, Robertson
DJ. Incomplete polyp resection during colonoscopy-results of the
complete adenoma resection (CARE) study. Gastroenterology 2013;
144: 74-80.e1 [PMID: 23022496 DOI: 10.1053/j.gastro.2012.09.043]
Robertson DJ, Lieberman DA, Winawer SJ, Ahnen DJ, Baron
JA, Schatzkin A, Cross AJ, Zauber AG, Church TR, Lance P,
Greenberg ER, Martínez ME. Colorectal cancers soon after
colonoscopy: a pooled multicohort analysis. Gut 2014; 63: 949-956
[PMID: 23793224 DOI: 10.1136/gutjnl-2012-303796]
Yamaji Y, Mitsushima T, Ikuma H, Watabe H, Okamoto M,
Kawabe T, Wada R, Doi H, Omata M. Incidence and recurrence
rates of colorectal adenomas estimated by annually repeated
colonoscopies on asymptomatic Japanese. Gut 2004; 53: 568-572
[PMID: 15016753 DOI: 10.1136/gut.2003.026112]
Robertson DJ, Greenberg ER, Beach M, Sandler RS, Ahnen D,
Haile RW, Burke CA, Snover DC, Bresalier RS, McKeown-Eyssen
G, Mandel JS, Bond JH, Van Stolk RU, Summers RW, Rothstein
R, Church TR, Cole BF, Byers T, Mott L, Baron JA. Colorectal
cancer in patients under close colonoscopic surveillance.
Gastroenterology 2005; 129: 34-41 [PMID: 16012932 DOI:
10.1053/j.gastro.2005.05.012]
Anti M, Armuzzi A, Morini S, Iascone E, Pignataro G, Coco C,
Lorenzetti R, Paolucci M, Covino M, Gasbarrini A, Vecchio F,
Gasbarrini G. Severe imbalance of cell proliferation and apoptosis

WJG|www.wjgnet.com

59

60

61

62

63

64

65

66

67

68

69

70

71

72

1933

in the left colon and in the rectosigmoid tract in subjects with
a history of large adenomas. Gut 2001; 48: 238-246 [PMID:
11156647 DOI: 10.1136/gut.48.2.238]
Brenner H, Chang-Claude J, Rickert A, Seiler CM, Hoffmeister
M. Risk of colorectal cancer after detection and removal of
adenomas at colonoscopy: population-based case-control study. J
Clin Oncol 2012; 30: 2969-2976 [PMID: 22826281 DOI: 10.1200/
JCO.2011.41.3377]
Brenner H, Chang-Claude J, Jansen L, Seiler CM, Hoffmeister M.
Role of colonoscopy and polyp characteristics in colorectal cancer
after colonoscopic polyp detection: a population-based case-control
study. Ann Intern Med 2012; 157: 225-232 [PMID: 22910933 DOI:
10.7326/0003-4819-157-4-201208210-00002]
Jørgensen OD, Kronborg O, Fenger C. A randomized surveillance
study of patients with pedunculated and small sessile tubular and
tubulovillous adenomas. The Funen Adenoma Follow-up Study.
Scand J Gastroenterol 1995; 30: 686-692 [PMID: 7481533 DOI:
10.3109/00365529509096314]
Gupta N, Bansal A, Rao D, Early DS, Jonnalagadda S, Wani SB,
Edmundowicz SA, Sharma P, Rastogi A. Prevalence of advanced
histological features in diminutive and small colon polyps.
Gastrointest Endosc 2012; 75: 1022-1030 [PMID: 22405698 DOI:
10.1016/j.gie.2012.01.020]
Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. Prevalence
and variable detection of proximal colon serrated polyps during
screening colonoscopy. Clin Gastroenterol Hepatol 2011; 9: 42-46
[PMID: 20888435 DOI: 10.1016/j.cgh.2010.09.013]
Martínez ME, Thompson P, Messer K, Ashbeck EL, Lieberman
DA, Baron JA, Ahnen DJ, Robertson DJ, Jacobs ET, Greenberg
ER, Cross AJ, Atkin W. One-year risk for advanced colorectal
neoplasia: U.S. versus U.K. risk-stratification guidelines. Ann
Intern Med 2012; 157: 856-864 [PMID: 23247939 DOI: 10.7326/0
003-4819-157-12-201212180-00005]
Laish I, Blechman I, Feingelernt H, Konikoff FM. Yield of second
surveillance colonoscopy to predict adenomas with high-risk
characteristics. Dig Liver Dis 2015; 47: 805-810 [PMID: 26048253
DOI: 10.1016/j.dld.2015.05.005]
Lee TJ, Nickerson C, Goddard AF, Rees CJ, McNally RJ, Rutter
MD. Outcome of 12-month surveillance colonoscopy in high-risk
patients in the National Health Service Bowel Cancer Screening
Programme. Colorectal Dis 2013; 15: e435-e442 [PMID: 23663559
DOI: 10.1111/codi.12278]
Hassan C, Gimeno-García A, Kalager M, Spada C, Zullo A,
Costamagna G, Senore C, Rex DK, Quintero E. Systematic review
with meta-analysis: the incidence of advanced neoplasia after
polypectomy in patients with and without low-risk adenomas.
Aliment Pharmacol Ther 2014; 39: 905-912 [PMID: 24593121
DOI: 10.1111/apt.12682]
Løberg M, Kalager M, Holme Ø, Hoff G, Adami HO, Bretthauer M.
Long-term colorectal-cancer mortality after adenoma removal. N
Engl J Med 2014; 371: 799-807 [PMID: 25162886 DOI: 10.1056/
NEJMoa1315870]
de Jonge V, Sint Nicolaas J, van Leerdam ME, Kuipers EJ,
Veldhuyzen van Zanten SJ. Systematic literature review and
pooled analyses of risk factors for finding adenomas at surveillance
colonoscopy. Endoscopy 2011; 43: 560-572 [PMID: 21437854
DOI: 10.1055/s-0030-1256306]
Radaelli F, Paggi S, Bortoli A, De Pretis G. Overutilization of
post-polypectomy surveillance colonoscopy in clinical practice: a
prospective, multicentre study. Dig Liver Dis 2012; 44: 748-753
[PMID: 22627070 DOI: 10.1016/j.dld.2012.04.015]
Rex DK, Overhiser AJ, Chen SC, Cummings OW, Ulbright
TM. Estimation of impact of American College of Radiology
recommendations on CT colonography reporting for resection
of high-risk adenoma findings. Am J Gastroenterol 2009; 104:
149-153 [PMID: 19098863 DOI: 10.1038/ajg.2008.35]
Lieberman DA, Williams JL, Holub JL, Morris CD, Logan JR,
Eisen GM, Carney P. Colonoscopy utilization and outcomes 2000
to 2011. Gastrointest Endosc 2014; 80: 133-143 [PMID: 24565067
DOI: 10.1016/j.gie.2014.01.014]

February 14, 2016|Volume 22|Issue 6|

Bonnington SN et al . Future of adenoma surveillance
73

74

75

76

77

Petruzziello L, Hassan C, Alvaro D, Kohn A, Rossi Z, Zullo A,
Cesaro P, Annibale B, Barca A, Di Giulio E, Giorgi Rossi P, Grasso
E, Ridola L, Spada C, Costamagna G. Appropriateness of the
indication for colonoscopy: is the endoscopist the ‘gold standard’?
J Clin Gastroenterol 2012; 46: 590-594 [PMID: 22178958 DOI:
10.1097/MCG.0b013e3182370b7b]
Levin TR, Zhao W, Conell C, Seeff LC, Manninen DL, Shapiro
JA, Schulman J. Complications of colonoscopy in an integrated
health care delivery system. Ann Intern Med 2006; 145: 880-886
[PMID: 17179057 DOI: 10.7326/0003-4819-145-12-200612190-0
0004]
Subramanian S, Liangpunsakul S, Rex DK. Preprocedure patient
values regarding sedation for colonoscopy. J Clin Gastroenterol
2005; 39: 516-519 [PMID: 15942439 DOI: 10.1097/01.mcg.0000
165667.79530.44]
Denberg TD, Melhado TV, Coombes JM, Beaty BL, Berman
K, Byers TE, Marcus AC, Steiner JF, Ahnen DJ. Predictors of
nonadherence to screening colonoscopy. J Gen Intern Med 2005; 20:
989-995 [PMID: 16307622 DOI: 10.1111/j.1525-1497.2005.00164.
x]
Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J,
van Ballegooijen M, Kuntz KM. Evaluating Test Strategies for
Colorectal Cancer Screening-Age to Begin, Age to Stop, and
Timing of Screening Intervals: A Decision Analysis of Colorectal
Cancer Screening for the U.S. Preventive Services Task Force

78

79

80

81

from the Cancer Intervention and Surveillance Modeling Network
(CISNET). Rockville (MD), 2009. Available from: URL: http://
www.rockvillemd.gov/
Shah TU, Voils CI, McNeil R, Wu R, Fisher DA. Understanding
gastroenterologist adherence to polyp surveillance guidelines. Am
J Gastroenterol 2012; 107: 1283-1287 [PMID: 22951869 DOI:
10.1038/ajg.2012.59]
Cairns SR, Scholefield JH, Steele RJ, Dunlop MG, Thomas
HJ, Evans GD, Eaden JA, Rutter MD, Atkin WP, Saunders BP,
Lucassen A, Jenkins P, Fairclough PD, Woodhouse CR. Guidelines
for colorectal cancer screening and surveillance in moderate and
high risk groups (update from 2002). Gut 2010; 59: 666-689 [PMID:
20427401 DOI: 10.1136/gut.2009.179804]
Lieberman DA, Rex DK, Winawer SJ, Giardiello FM, Johnson DA,
Levin TR. Guidelines for colonoscopy surveillance after screening
and polypectomy: a consensus update by the US Multi-Society Task
Force on Colorectal Cancer. Gastroenterology 2012; 143: 844-857
[PMID: 22763141 DOI: 10.1053/j.gastro.2012.06.001]
Hassan C, Quintero E, Dumonceau JM, Regula J, Brandão C,
Chaussade S, Dekker E, Dinis-Ribeiro M, Ferlitsch M, GimenoGarcía A, Hazewinkel Y, Jover R, Kalager M, Loberg M, Pox
C, Rembacken B, Lieberman D. Post-polypectomy colonoscopy
surveillance: European Society of Gastrointestinal Endoscopy
(ESGE) Guideline. Endoscopy 2013; 45: 842-851 [PMID:
24030244 DOI: 10.1055/s-0033-1344548]
P- Reviewer: Meshikhes AWN, Tovey FI S- Editor: Ma YJ
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

1934

February 14, 2016|Volume 22|Issue 6|

World J Gastroenterol 2016 February 14; 22(6): 1935-1942
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i6.1935

© 2016 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2016 Hepatocellular Carcinoma: Global view

Combined locoregional treatment of patients with
hepatocellular carcinoma: state of the art
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Abstract

Roberto Iezzi, Alessandro Posa, Giuseppe Coppola, Lorenzo
Bonomo, Department of Bioimaging, Institute of Radiology, “A.
Gemelli” Hospital - Catholic University, 00168 Rome, Italy

In recent years, a combination of intervention
therapies has been widely applied in the treatment
of hepatocellular carcinoma (HCC). One such
combined strategy is based on the combination of
the percutaneous approach, such as radiofrequency
ablation (RFA), and the intra-arterial locoregional
approach, such as trans-arterial chemoembolization
(TACE). Several types of evidence have supported
the feasibility and benefit of combined therapy,
despite some studies reporting conflicting results and
outcomes. The aim of this review was to explain the
technical aspects of different combined treatments and
to comprehensively analyze and compare the clinical
efficacy and safety of this combined treatment option
and monotherapy, either as TACE or RFA alone, in
order to provide clinicians with an unbiased opinion
and valuable information. Based on a literature review
and our experience, combined treatment seems to be
a safe and effective option in the treatment of patients
with early/intermediate HCC when surgical resection is
not feasible; furthermore, this approach provides better
results than RFA and TACE alone for the treatment of
large HCC, defined as those exceeding 3 cm in size. It
can also expand the indication for RFA to previously
contraindicated “complex cases”, with increased risk
of thermal ablation related complications due to tumor
location, or to “complex patients” with high bleeding
risk.
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Core tip: A combination of imaging-guided local percu
taneous and transarterial treatments of hepatocellular
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carcinoma is a promising strategy for tumors exceeding
3 cm in diameter and for multifocal tumors that are
not amenable to resective surgery and for which the
use of a single locoregional treatment option is often
inadequate. In this paper, we assessed the indications,
the technical aspects, the clinical efficacy and the
safety of the different strategies of combining local
non-surgical treatments for hepatocellular carcinoma
complicating liver cirrhosis. The aim of this review is
to explain the technical aspects of different combined
treatments and to analyze and comprehensively
compare the clinical efficacy and safety of the combined
treatment and monotherapy, either chemoembolization
or RF ablation alone, in order to provide clinicians with
an unbiased opinion and valuable information.

relapse after initial remission or stable disease is very
[3-6]
high .
However, the early stage also includes patients with
a single large HCC exceeding 3 cm in diameter, and
the intermediate stage includes many patients with
very different presentations of HCC. Indeed, patients
with 4 small HCC nodules, with multinodular unilobar
or bilobar disease and well-compensated liver function,
are all classified as intermediate stage. The principal
purpose of research in this field should be to increase
the rate of patients who are suitable for non-surgical
curative treatment and, consequently, to reduce
[7]
indications for palliation alone .
In this scenario, the purpose should be to expand
the indication for RFA, that is a curative treatment
for nodules smaller than 3 cm, by increasing its
effectiveness in the treatment of single larger HCC
nodules and for use during the intermediate stage.
To this end, a combination of intervention therapies
has been widely developed and performed in recent
years. One such combined strategy is based on the
association of the percutaneous approach, such as
RFA, and the intra-arterial locoregional approach, such
[8]
as TACE . Several types of evidence have indicated
the feasibility and benefit of combined therapy,
despite some studies reporting conflicting results and
[9]
outcomes .
Hence, the aim of this review was to explain the
technical aspects of different combined treatments and
to analyze and comprehensively compare the clinical
efficacy and safety of this combined treatment option
and monotherapy, either TACE or RFA alone, in order
to provide clinicians with an unbiased opinion and
valuable information.

Iezzi R, Pompili M, Posa A, Coppola G, Gasbarrini A,
Bonomo L. Combined locoregional treatment of patients with
hepatocellular carcinoma: State of the art. World J Gastroenterol
2016; 22(6): 1935-1942 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i6/1935.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.1935

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common cancers in the world. It is responsible
for an estimated 1 million deaths annually and, in
most cases, complicates the clinical course of liver
cirrhosis, resulting in a poor prognosis due to its
[1,2]
rapidly infiltrating growth . A careful multidisciplinary
assessment of tumor characteristics, liver function,
and physical status is required for proper therapeutic
management. However, consensus about a common
treatment strategy for patients with HCC has not been
reached worldwide, even if several proposals have
been published. The most recent one is the BarcelonaClinic Liver Cancer (BCLC) staging classification and
treatment schedule that is currently used for clinical
management of patients with HCC.
According to the BCLC staging system, surgical
approaches, including surgical liver resection (SR) and
liver transplantation (LT), as well as image-guided
tumor ablation, such as radiofrequency ablation (RFA),
are regarded as potentially curative treatments for HCC
but are only recommended in patients with early stage
tumor. Patients diagnosed with intermediate stage
HCC are candidates for trans-arterial chemoemboli
zation (TACE), which has proven to control symptoms
[1]
and prolong survival . However, it is important to
emphasize that this option is considered as a palliative
and not a curative treatment, characterized in most
instances by an unsatisfactory long-term outcome due
to the inability to achieve complete tumor necrosis.
Furthermore, repeated TACE is often required to
completely eradicate the residual tumors, but its
efficiency is limited and the rate of tumor recurrence or

WJG|www.wjgnet.com

RATIONALE
It is well known that RFA is only indicated for early
stage HCC patients with fewer than 3 tumors, due
to the local range of the treatment action, and with
tumors less than 3-cm in size, due to a complete
response rate lower than 50% in larger lesions, which
is clearly poor for a treatment intended to cure the
tumor. Furthermore, a high rate of local recurrence
in lesions exceeding the 3 cm threshold has been
demonstrated even after an initial complete post[10]
treatment response .
To expand indication for RFA, we should look at the
limitations of RFA. The first consideration is the number
of lesions; due to its local range of action, patients
with multiple monolobar nodules should be considered
less ideal for RFA than TACE, which acts by combining
ischemia, anoxia and chemotoxicity at the tumor
level with a range of action that could be regional
or global. On the other hand, when considering the
lesion size, the RFA induced volume of coagulation
necrosis should be increased, with the potential result
of also completely treating lesions exceeding the 3
cm threshold. We know that the extent of coagulation
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necrosis is a function of the energy delivered into
the tumor, of the local tissue interaction and of the
negative factor of heat loss due to perfusion-mediated
tissue cooling. Indeed, lesions bordering a large vessel
(> 3 mm) may not achieve complete necrosis due to
the thermal protection provided by the adjacent blood
flow, a phenomenon termed “heat sink”. Blood flow
promotes heat loss, and reducing or eliminating blood
flow during the RFA procedure is known to increase
the volume of the ablative zone as confirmed more
[11]
than 10 years ago by Rossi et al . More specifically,
the authors demonstrated the strict relationship
between the shape and size of radiofrequency induced
thermal lesions and hepatic vascularization. This
ex vivo study brought the same group to test this
assumption in vivo, performing RFA after the occlusion
of tumor blood supply, resulting in a significant
[12]
increase in RFA coagulation necrosis . This study was
essential in demonstrating that, in order to increase
the volume of coagulation necrosis (ablation zone
size), arterial occlusion of the tumor feeding vessels
obtained using balloon occlusion, embolization, and
chemoembolization can be combined with RFA.
On the basis of these results, we should alter our
final goal of looking for a new bio-kill formula. We
can achieve tumor death not only from using the
RFA induced thermal damage or the TACE derived
ischemic-cytotoxic injury. These treatments can be
combined in order to overcome the drawbacks when
they are applied alone.

performed after RFA could increase its therapeutic
effect acting on the large zones of sublethal heating
obtained during RFA application in tissues surrounding
the electrode. In detail, the chemotherapy drug
should be concentrated on a relatively small volume
of residual viable neoplastic tissue, characterized by
reduced cell resistance to the drug due to previous
exposure to sublethal heating. Furthermore, the
delivery of a chemotherapy drug could be enhanced
by the reactive hyperemia induced by RFA application.
The rationale of performing TACE after RFA was based
on the hypothesis that there could be a loss in efficacy
of the drugs used during TACE when they are exposed
[16]
to high temperatures . Furthermore, TACE performed
before RFA could have a negative impact on the quality
of the ultrasonography (US) images; as a matter of
fact, after TACE, the lesions become hyperechoic,
thereby hampering the identification of viable tissue in
the tumor area.
The last option, described in our previously
published paper, could be to perform a single-step
combination therapy, applying RFA to the lesion during
balloon-occlusion of the hepatic artery supplying
the tumor, thereby enhancing the thermal damage,
followed by selective TACE to enhance the cytotoxic
[17]
injury . In detail, balloon occlusion of the tumor
arterial supply increases the area of coagulation
necrosis (ablation zone size) obtained with RFA,
reducing arterial blood flow and minimizing heat loss,
[12,18]
as already shown by other authors
.
A demonstration of the superiority of one approach
over the other is not possible due to the lack of
randomized comparative studies.

COMBINATION OPTIONS STRATEGY
Several studies have evaluated a multimodal approach
to increasing the effectiveness of single treatments for
single large or intermediate stage HCC. The available
data suggest that combined therapy with RFA and
TACE is superior to RFA or TACE alone in preventing
the incomplete necrosis of HCC and in improving
patient survival, but it is not clear which is the best
[13-15]
combination of these two procedures
.
The first and more common option is represented
by TACE followed by RFA. TACE can reduce the cooling
effect of hepatic blood flow by decreasing hepatic
arterial flow and increasing the necrotizing effect of
RFA therapy at the tumor level. Furthermore, the
edematous change in the tumor tissue induced by
ischemia and inflammation after TACE is expected
to enlarge the area of tumor necrosis during RFA
treatment, thereby increasing the ablation safety
margin and reducing local recurrence.
The second option is to perform RFA followed by
TACE. Instead of using only lethal heating, which is
obtained with RFA, you can actually try to obtain a
sustained anticancer effect from the sublethal heating
created in the large area surrounding the heating
zone. In this area we have a number of phenomena,
including increased blood flow, increased vascular
permeability and effects on multiple cell targets. TACE
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TIME-INTERVAL OPTIONS STRATEGY
To date, there has been no clear consensus about the
time interval between TACE and RFA for balancing local
therapeutic efficacy and safety. In a study by Choe et
[19]
al , it was reported that the time-interval between
TACE and RFA treatments should be chosen carefully
to achieve a balance between successful tumor
eradication and adequate preservation of liver function.
A longer time interval between the two treatments
might preserve liver function because sufficient time
[19]
is allowed for hepatic functional recovery . However,
this extended time prolongs the hospital stay required
or may increase the number of patient admissions to
the hospital. Conversely, a short interval can lead to
better local efficacy because of the more synergistic
effect of the combination of TACE and RFA. However, a
short interval might increase the potential risk of liver
function injury, mainly in cirrhotic patients with mild to
moderate liver dysfunction.
In our opinion, only using a single-step “combined”
approach makes it possible to obtain and amplify the
synergistic effects of RFA and TACE. This approach
entails further relevant advantages, such as the
reduction of hospitalization days, decrease in patient
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discomforts, and cost saving due to the performance
of both procedures in the same session. However,
in many published papers, the treatments were
performed during different sessions, separated
[10,20,21]
by a time-interval of 1-30 d
. In fact, the
administration of treatments in sequential order is
common practice in clinical medicine, particularly
when a treatment fails; it could also be performed per
protocol independently from the partial effectiveness
or failure associated with a specific therapy. In other
words, instead of administering different therapies
together, there is planned sequential administration
based on some specific effects induced by each
therapy, which provides additional benefits over time.
Based on this definition, it could be more appropriate
and correct to define this approach as “sequential
treatment” and not “combined treatment”. In our
opinion, when dealing with the association of different
locoregional HCC treatments, it should be mandatory
to distinguish between sequential and combined
treatments in order to provide more comparable
results to the scientific community.

US-guidance with the patient under sedation with
Fentanyl citrate (0.1-0.2 mg, Phentanest; Daiichi
Sankyo, Tokyo, Japan) and local anesthesia. In detail,
US-guidance has been most widely implemented as
the standard guiding modality for RFA (Figure 1).
The advantages of US are several, including easy
availability, lower cost and real-time multiplanar
imaging capability. However, ultrasound also has
serious drawbacks. For multiple overlapping ablations,
the characteristic hyperechoic area of microbubbles
generated by previous ablation cycles often obscures
the index tumor and may hinder accurate placement
of the electrode for subsequent ablation cycles.
Furthermore, ultrasound-guided targeting is difficult
for tumors in sonographic blind spots, such as the
liver dome. In addition, for combined treatment,
prior chemoembolization may alter the sonographic
conspicuity of the index tumor owing to variable
uptake of iodized oil and the chemotherapeutic agent
in the tumor and the adjacent hepatic parenchyma.
For this reason, computed tomography (CT) fluoro
scopy has also been used to guide RFA alone or RFA
[22-24]
combined with TACE (sequential approach)
. It
provides several contiguous axial images through
near real-time image reconstruction during the
interventional procedure. When the CT plane includes
both the electrode path and the index tumor, the
needle advancement into the tumor can be monitored
in real-time. One major drawback of this guiding
modality is the high radiation dose to both patient
and operator, which is on the order of centigrays per
second of exposure, whereas conventional fluoroscopy
[25]
is on the order of centigrays per minute of exposure .
This concern is obviously magnified for cases requiring
multiple overlapping ablations. Furthermore, targeting
the index tumor tends to be more time-consuming
than other guidance modalities, such as ultrasound
and conventional fluoroscopy. For a tumor in the dome
of the liver, oblique advancement of the electrode is
preferred to avoid violation of the thorax or the pleura.
However, such an oblique approach might have been
technically cumbersome with CT fluoroscopy guidance
owing to a limited range of CT gantry tilting. Although
the transthoracic approach for dome lesions has
been generally accepted as safe, pneumothorax can
complicate 38%-70% of cases, of which 18%-40% will
[13,26,27]
require chest tube placement
. Alternatively, the
oblique approach for a dome lesion under CT guidance
with coronal/sagittal reformatted imaging is also useful
to avoid this complication.
Another potential guiding-technique is represented
[28]
by biplane fluoroscopy . For combined treatment,
this technique has several potential strengths. First,
the visible fluoroscopically index tumor can be easily
targeted regardless of location and successfully
ablated with a single session procedure. Furthermore,
registration and fusion of intraprocedural ultrasound
with pre-procedural CT, magnetic resonance imaging
(MRI) or positron emission tomography images

TREATMENT PROCEDURES
All of the combined treatments should be performed
in a single-step approach, using antibiotic prophylaxis,
patient monitoring and anesthesiological assistance,
in an angiographic suite that has the structural charac
teristics of an operating room.

TACE

Hepatic artery angiography is usually performed
through a right common femoral approach to map
liver vascular anatomy, check for arteriovenous shunts
and identify the arterial tumor supply. A superselective
catheterization and chemoembolization is performed
using a coaxial technique and by placing a 2.7-Fr
microcatheter (Progreat; Terumo, Tokyo, Japan) into
the distal segmental hepatic artery feeding the HCC.
In the case of balloon-occluded RFA, a 0.014-inch
guide wire is advanced into the segmental hepatic
artery feeding the lesion, enabling optimal guidance
of a low-profile 4-5 mm monorail percutaneous
transluminal angioplasty (PTA)-balloon. Conventional
chemoembolization is performed by infusing an
emulsion of chemotherapeutic agent (EpirubicinDoxorubicin/Cisplatin/Mytomicin-C) and iodized oil
(Lipiodol Ultra Fluid; Mitsui, Tokyo, Japan), followed by
embolization performed with gelatin sponge particles
(Gelfoam; Pfizer, Tokyo, Japan). Drug-eluting bead
TACE is performed with a slow injection of a 100-300
µm DC-Bead (Terumo, Tokyo, Japan) loaded with
Epirubicin (Farmorubicin® 50 mg Powder) until the
complete intended dose is administered and slow flow
is observed.

RFA

Before or after TACE, RFA is usually performed using
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A

B

C

D

Figure 1 Treatment procedure. A: Hepatocellular carcinoma in SVIII (4.5 cm in size) confirmed on digital subtraction angiography; B: Radiofrequency ablation (RFA)
electrode placed into the tumor under ultrasonography-guidance with ablation performed during balloon-occlusion (circle); C: Post-RFA digital subtraction angiography
showing the central devascularized area with peripheral reactive hyperemia; D: Complete devascularization obtained with superselective Drug-eluting bead transarterial chemoembolization.

have been reported as feasible for thermal ablation
[29,30]
of liver tumors
. With these fusion techniques,
inconspicuous dome HCCs on ultrasounds could be
targeted for percutaneous RFA. Second, proper needle
placement into the tumor can be more confidently
made because biplane fluoroscopy provides real-time
orthogonal projectional imaging for the simultaneous
delineation of the electrode and the index tumor.
Enhanced targeting confidence may shorten the
overall procedure time, especially for cases requiring
multiple overlapping ablations. In addition, fluoroscopy
provides much higher resolution and artifact-free
images than CT or CT fluoroscopy, allowing for more
precise overlapping ablations. Unlike ultrasounds,
microbubbles generated by previous cycles of ablation
do not obscure the radio-opaque index tumor in
fluoroscopy. Third, this method allows for a greater
degree of freedom for electrode insertion than
ultrasounds or CT guidance. This is pertinent not only
for liver dome tumors as described above but also
for subcapsular tumors that may be better accessed
through an oblique approach with biplane fluoroscopy
than with ultrasound or CT to avoid direct puncture
[31]
and to minimize the risk of bleeding or seeding .
However, a major drawback of this guiding method
is obviously that fluoroscopy cannot provide crosssectional imaging with the soft-tissue contrast available
when using ultrasound or CT. Therefore, ultrasound
as an accessory guidance modality is required to
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avoid a traversal of critical intrahepatic or extrahepatic
structures during targeting and to estimate the
ablation zone. Future perspectives could be based on
the use of MRI to guide RFA alone or in combination
[21]
with TACE in a sequential approach .

CLINICAL INDICATIONS
Combined vs curative treatments

A recent meta-analysis showed that RFA plus TACE
significantly improved the overall survival (OS) rates
at 1 and 3 years compared with RFA alone in patients
with a single HCC, without significant differences in
major complications. Subgroup analyses by tumor size
showed that RFA plus TACE significantly improved the
OS at 1, 3 and 5 years compared with RFA alone for
patients with HCC larger than 3 cm. However, there
was no advantage for patients with HCC smaller than
3 cm; the reason for this may be that RFA alone can
already achieve complete necrosis in treating small (<
3 cm) HCC nodules, suggesting that adding TACE to
[32]
RFA could be redundant .
There are conflicting results in the literature when
analyzing the comparison between combined treat
ment and surgical resection (SR). Some retrospective
studies have suggested that TACE-RFA may yield OS
[8,12,33]
rates comparable to those from SR
. Yamakado et
[34]
al
reported that patients with early-stage HCC who
underwent TACE-RFA had OS and disease-free survival
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A

B

Figure 2 Complex lesion. A: Hepatocellular carcinoma in SV (5 cm in size), located on the intra-abdominal free-surface, adjacent to a gastrointestinal structure; B:
Combined treatment allows obtaining a central safe necrosis with radiofrequency ablation (RFA); subsequent post-RFA trans-arterial chemoembolization was used to
treat a peripheral portion of the tumor, obtaining a safe complete response.

(DFS) rates similar to those found in patients who
[4]
underwent SR. In contrast, Kagawa et al reported
that compared with SR, TACE-RFA in patients with
early-stage HCC yielded a similar rate of OS but a
[35]
lower rate of DFS. In a study by Takuma et al , the
OS and DFS rates after TACE-RFA in patients with early
stage HCCs within the Milan criteria were significantly
lower than those observed after SR. These findings
may be explained by differences in baseline patient
characteristics; in fact, after adjusting for propensity
score matching, patients who underwent TACE-RFA
had a similar OS rate but had poorer DFS compared
to patients who underwent SR. The difference in DFS
rates may be mainly due to local tumor progressions,
which are higher after TACE-RFA. Based on published
papers, it seems that TACE-RFA is safe and may confer
an OS rate comparable with that of SR after adjusting
for potential confounders. However, SR improves the
DFS rate compared with the rate attained with TACERFA. We can conclude that combined treatments
may be considered an effective treatment modality in
patients with early/intermediate HCC when SR is not
feasible.

which is significantly better than that achieved in a
comparable control group of patients treated with DEB[38]
TACE alone . It is worth noting that these promising
results were obtained in a single-step procedure
without significantly increasing the procedural time,
and the benefit of combined therapy was not offset
by any important side effects or worsening of liver
function, as none of our patients experienced an
increased Child-Pugh score at 1-mo post treatment.
Furthermore, in patients with lesions > 5 cm, a large
necrotic area was obtained in most cases, and a
sustained CR was achieved in about half of the cases
with a mean number of only 1.3 procedures per
patient. This implies the potential reduction of the
therapeutic procedures number, and consequently of
the liver function failure risk. Finally, in some cases,
the combined therapy appeared to be promising as an
effective bridge treatment to liver transplantation.

Complex lesions/complex patients

Combined treatments could expand the indication for
[39]
RFA to previously contraindicated cases . In detail,
it could be possible to effectively also treat complex
lesions with RFA, i.e., hepatic tumors adjacent to the
diaphragm with a consequent high risk of thermal
injury, or tumors located next to the intra-abdominal
free surface, or proximal to the hepatic portal region.
As a matter of fact, the aim to ensure a safety margin
is tempered by the high risk of damaging big arterial or
portal vein vessels, bile ducts, or intestinal loops with
subsequently serious complications, such as hepatic
infarction, biloma, abscesses or intestinal perforation.
On the other hand, less aggressive treatments, using
lower RFA power or shortened exposure time to the
RFA needle, may result in local recurrence. Taking
this into consideration, in these cases the RFA should
be limited to the tumor portions located far from
the diaphragm or intra-abdominal free surface as
well as adjacent to vascular/biliary structures; these
tumor portions can then be treated with post-RFA
chemoembolization in order to obtain an effective and

Combined vs palliative treatments (TACE)

The combined use of TACE and RFA may have an
advantage over TACE alone in the treatment of HCC
because they are mutually complementary, thereby
significantly improving the efficacy, quality of life and
[33,36,37]
long-term survival of HCC patients
. In detail,
TACE plus RFA increases the chance of peritumoral
satellitosis clearance, reduces the possibility of tumor
recurrence, thereby enhancing the possibility of
complete tumor necrosis and conceivably improves
the OS rate. In a recent study, we demonstrated
that balloon-occluded RFA immediately followed
by DEB-TACE was effective at achieving prolonged
local disease control in single large HCCs (> 3 cm),
with a sustained complete response in 62.5% of the
treated lesions, a 2-year cumulative HCC recurrence
rate of 48.1%, and an overall survival rate of 91.1%,
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secure safety margin (Figure 2). Finally, it’s noteworthy
that using this single-step approach could make it
possible to also safely treat “complex patients” with
high risk for bleeding complications without requiring
blood transfusion or other prophylactic treatment.
As a matter of fact, transarterial chemoembolization
performed after RFA could effectively and immediately
treat any eventual RFA-induced hepatic bleeding.

7

8

CONCLUSION

9

The combined use of TACE and RFA (combined
treatment) is a safe and effective option in the
treatment of patients with HCC. In detail, combined
treatments may be considered an alternative
treatment modality in patients with single large or
multinodular HCC when surgical resection is not
feasible. In particular, this approach seems to provide
better results than RFA and DEB-TACE alone for
the treatment of large HCC exceeding 3 cm in size,
significantly improving the efficacy, quality of life
and long-term survival of patients. Finally, it could
also expand the indication for RFA to previously
contraindicated “complex cases”, in which the
application of RFA alone entails an increased risk of
complications, or to “complex patients” with high risk
of RFA-related bleeding complications.
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Hepatocellular carcinoma and hepatitis B surface protein
Yong-Wei Li, Feng-Cai Yang, Hui-Qiong Lu, Jiong-Shan Zhang

Abstract

Yong-Wei Li, Jiong-Shan Zhang, Department of Traditional
Chinese Medicine, the Third Affiliated Hospital of Sun Yat-sen
University, Guangzhou 510630, Guangdong Province, China

The tumorigenesis of hepatitis B virus (HBV)-associated
hepatocellular carcinoma (HCC) has been widely
studied. HBV envelope proteins are important for the
structure and life cycle of HBV, and these proteins
are useful for judging the natural disease course and
guiding treatment. Truncated and mutated preS/S
are produced by integrated viral sequences that are
defective for replication. The preS/S mutants are
considered “precursor lesions” of HCC. Different preS/S
mutants induce various mechanisms of tumorigenesis,
such as transactivation of transcription factors and an
immune inflammatory response, thereby contributing
to HCC. The preS2 mutants and type Ⅱ “Ground
Glass” hepatocytes represent novel biomarkers of HBVassociated HCC. The preS mutants may induce the
unfolded protein response and endoplasmic reticulum
stress-dependent and stress-independent pathways.
Treatments to inhibit hepatitis B surface antigen (HBsAg)
and damage secondary to HBsAg or the preS/S
mutants include antivirals and antioxidants, such as
silymarin, resveratrol, and glycyrrhizin acid. Methods
for the prevention and treatment of HCC should be
comprehensive.
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widely studied. The preS/S mutants are considered
“precursor lesions” of HCC. Different preS/S mutants
induce various mechanisms of tumorigenesis, such as
transactivation and an inflammatory response. The
preS2 mutants and type Ⅱ “Ground Glass” hepatocytes
represent novel biomarkers of HCC. The preS mutants
may induce the unfolded protein response and
endoplasmic reticulum stress-dependent and stress-
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independent pathways. Treatments to inhibit hepatitis
B surface antigen (HBsAg) and damage secondary to
HBsAg or the preS/S mutants include antivirals and
antioxidants. Methods for the prevention and treatment
of HCC should be comprehensive.

large (LHBs, including the preS1 + preS2 + S domain),
middle (MHBs, including the preS2 + S domain), and
small (SHBs, the S domain alone) surface proteins,
[16]
respectively . Additionally, truncated and mutated
preS2/S (the LHBs and truncated MHBs) or HBx
proteins are produced by integrated viral sequences
[17,18]
defective for replication
. The viral surface proteins
are important for the HBV structure and life cycle
because HBsAg reflects the transcriptional activity
[19]
of the cccDNA . The small surface proteins (SHBs)
are major components of the virion envelope and
[20]
the nucleocapsid-free subviral particles . The HBV
envelop proteins and capsids (with the HBV genome)
are assembled on the viral particles in the endoplasmic
[21,22]
reticulum (ER) and are discharged from the cell
.
The viral surface proteins may interact with a host cell
[3]
receptor to initiate the infection . However, more than
a dozen host-binding proteins to the preS1, preS2, or S
[22]
domain have been identified . PreS1, but not preS2,
which is myristoylated at the glycine residue in position
[23,24]
2, is essential for virus infection
. The preS1 domain
has a receptor binding site that contains the essential
aa residues 9-18 and recognizes the asialoglycoprotein
receptor on the surface of human hepatocytes or HCC
[25-27]
cells
. HBV initially combines with heparan sulfate
proteoglycans (HSPGs) that are trapped within the
[20]
liver in the space of Dissé . Sodium taurocholate
cotransporting polypeptide (NTCP) is a binding partner
for the myristoylated peptide 2-48 of the preS1
domain. Additionally, hepatitis delta virus uses HBV
[16]
envelope proteins for its transmission . However, the
initial phases of HBV infecting hepatocytes, namely
virion attachment, uncoating, and entry, are not
[3]
completely identified . Another important role of HBV
surface proteins is in tumorigenesis, particularly in HCC,
[3,28]
which has complex and heterogeneous features
.

Li YW, Yang FC, Lu HQ, Zhang JS. Hepatocellular carcinoma
and hepatitis B surface protein. World J Gastroenterol 2016;
22(6): 1943-1952 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i6/1943.htm DOI: http://dx.doi.
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INTRODUCTION
There are approximately 387 million carriers of
hepatitis B virus (HBV) worldwide, and one-quarter of
[1]
them will develop hepatocellular carcinoma (HCC) .
In HBV-endemic regions, chronic hepatitis B (CHB)
[2]
is a primary risk for HCC . Epidemiological studies
have provided overwhelming evidence for a causal
[3]
role of CHB infection in HCC development . The risk
for developing HCC increases from 6 to 37 times
in patients with different statuses of HBV infection
[4-8]
compared with control subjects . In one study, the
relative risk of HCC was increased by approximately
[9]
100-fold in HBV carriers compared with noncarriers .
Most of the HCC cases occur at the advanced stage or
the anti-HBe-positive phase, with the peak incidence
[10]
occurring in the sixth decade . However, studies of
[3]
HBV-induced tumorigenesis are widely debated .

STRUCTURE AND ROLE OF SURFACE
PROTEINS IN HBV
The HBV genome of hepadnaviruses is a relaxed
circular, partially double-stranded DNA (RC-DNA)
[11]
structure . The RC-DNA is converted into a template
for the transcription of viral RNAs - covalently closed
[12-14]
circular molecules - in the nucleus
. Three major
unspliced transcripts, with sizes of 3.5 kb, 2.4 kb, and
2.1 kb, and a less abundant 0.8 kb transcript with a
common polyadenylation site, all code for the viral
proteins; the 3.5 kb pregenomic RNA also serves
as a template for viral replication through a reverse
[14]
transcription mechanism . The 3.2 kb HBV genome
[3]
has four overlapping open reading frames (ORFs) :
the preC/C ORF encodes the e antigen (HBeAg)
and core antigen; the P ORF encodes the terminal
protein (TP) and viral polymerase that possesses
DNA polymerase, reverse transcriptase, and RNase H
activities; and the X gene encodes hepatitis B x protein
(HBx) for virus replication. The spliced viral transcript
encodes a viral protein termed the hepatitis B spliced
[15]
protein (HBSP) . The preS/S ORF overlapping the
HBV polymerase ORF encodes the three viral surface
proteins. Three co-terminal envelope proteins termed

WJG|www.wjgnet.com

HBV PROTEINS AND GENOME IN
HEPATOCARCINOGENESIS
HBV tumorigenesis involves inflammation and liver
regeneration, HBV gene mutations, and viral (mutant)
[4,13,29,30]
oncoproteins
. HCC-associated signaling pathways
[31]
include the Wnt/b-catenin signaling , the p14ARF/p53
[32]
pathway , transforming growth factor alpha (TGF-α)
signaling, Ras/mitogen-activated protein kinase (MAPK)
signaling, and phosphatase and tensin homolog/Akt and
[33]
mammalian target of rapamycin (mTOR) pathways .
Both HBeAg and HBV genotype C infections are
[3,34]
considered risk factors of HCC
. Because reverse
transcriptase lacks proofreading activity, HBV gene
mutations occur more frequently than in other DNA
[35]
viruses . Various mutations can predict HBV-associated
[35]
HCC during long-term infection . HCC-associated
mutations include the preS region in HBV genotype C,
C1653T in enhancer Ⅱ, as well as T1753V and A1762T/
G1764A in the basal core promoter in HBV genotype
C. These mutations alone or in combination can predict
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[36-38]

HCC development in 80% of all cases
. HBSP can
[39]
promote carcinogenesis
as well as hepatoma cell
[40]
motility and invasion . Occult HBV infection (OBI,
positive for HBV-DNA, negative for serum HBsAg) may
produce proteins with transforming properties that
[41,42]
contribute to hepatocellular transformation
. HBV
DNA integration may frequently regulate key cellular
[42]
pathways of carcinogenesis , contribute to cis- or
[3,43-47]
trans-activation
, and influence gene families
that are involved in cell survival, proliferation, and
[42]
immortalization .
Both HBx and HBs (mutant) proteins are desi
gnated “viral oncoproteins”. The HBx protein has
[3]
been studied extensively . Tumorigenesis of the HBx
protein may influence the regulation of the cell cycle,
[1,48-50]
signaling pathways, DNA repair
, chromosomal
[51]
[52,53]
instability , cell transcription
, proliferation,
[54-56]
and inflammation and immune responses
. The
HBs (mutant) proteins, primarily preS mutants, are
[57]
recognized as “precursor lesions of HCC”
and a risk
[58]
factor for the post-operative recurrence of HCC . The
tumorigenesis of HBs (mutant) proteins has also been
widely studied.

EPIDEMIOLOGY OF PRES MUTANTS
PreS mutants evolve in the long course of CHB,
[3,7]
possibly for immune pressure, or antivirals . The
frequency of preS mutants increases successively
in the different stages of CHB infection. A metaanalysis showed that it was approximately 10%, 20%,
35%, and 50% in asymptomatic HBsAg carriers,
CHB patients, patients with liver cirrhosis, and HCC
[36]
[69]
patients, respectively . Su et al
reported that
these mutants are present in up to 63% of HCC
patients. The prevalence of the preS mutants varied
in different countries and HBV genotypes; there was
a higher prevalence in genotype B and C than in the
[70]
other genotypes . The mutants are located in both
[69,71]
the preS1 and preS2 regions
. The preS2 mutants
[36]
occur more frequently than the preS1 mutants ,
possibly because preS1 is essential for virus infection.
The preS2 mutants often coincide with changes in
[71]
human immune cell epitopes .

DIFFERENT PRES MUTANTS INDUCE
VARIOUS MECHANISMS THAT
CONTRIBUTE TO HCC

CLINICAL ASSOCIATION BETWEEN
HEPATITIS B SURFACE PROTEINS AND
HCC

The preS1/preS2/S sequence encodes a transcriptional
[17,72,73]
activator with potentially transforming properties
.
These transcriptional effects can activate the protein
kinase C-dependent c-Raf-1/MAP1-kinase signal
pathway, thus promoting transcription factors to
[17]
increase the proliferation rate of hepatocytes . Only
the carboxy-terminal truncation of LHBs or MHBs
[1]
has transactivating properties . The truncated LHB
protein expressed in transgenic mice resulted in the
[74]
development of HCC . The transactivating effects of
MHBs are mediated via sequence-specific binding to
[75,76]
DNA
, thereby stimulating promoter sequences of
[77,78]
the c-myc, c-fos, and c-Ha-ras oncogenes
. Both
LHBs and MHBs proteins have the same transcriptional
[73,79]
effects
.
Subsequent studies have reported tumorigenesis in
several mutants. An HBV polymerase rtA181T/surface
truncation mutant in a patient with advanced HCC
transactivated the simian virus 40 and human c-Myc
promoters; the tumorigenic effects of the mutant were
[80]
identified in nude mice . Three mutations, sL95*,
sW182*, and sL216*, activated cell proliferation
and transformational abilities; the sW182* mutant
demonstrated potent tumorigenic activity. However,
[81]
the three mutants could not promote ER stress . A
W4P/R mutation in the LHB region of HBV genotype C
may contribute to HCC development in an interleukin
[82]
(IL)-6-dependent manner only in male patients .
In vitro, the MHBst167 mutants interacted with the
[83]
proteins related to tumor development/progression .
Because the preS mutants varied in different research

HBsAg has primarily been considered a marker of
HBV infection. Since the two methods for HBsAg
quantification, the Architect HBsAg assay (Abbott
[59]
Diagnostics, Abbott Park, IL, United States)
and
[60]
Elecsys HBsAg Ⅱ quant assay , first became available,
serum HBsAg levels have been found to reflect the
[61]
activity of intrahepatic cccDNA . These methods may
evaluate HBV replication more accurately.
HBsAg levels vary significantly according to the
[62]
different courses of HBV infection . They have proven
useful in judging the natural disease course and guiding
treatment in addition to HBV DNA and HBV envelope
[61]
antigen and antibody . CHB is classified into five
phases: the ‘‘immune tolerant phase”, ‘‘immune active
phase”, ‘‘inactive HBV carrier state”, ‘‘HBeAg-negative
[63,64]
CHB phase”, and ‘‘HBsAg-negative phase”
. In HBeAgpositive patients, the HBsAg levels are associated with
fibrosis and immune tolerance; lower HBsAg levels
[65,66]
are associated with moderate to severe fibrosis
.
In HBeAg-negative patients, an HBsAg level less than
[67]
1000 IU/mL was associated with a lower risk of HCC .
The absolute lowest risk with a cumulative risk for HCC
decreased less than 1% over 9 years after the patients
[68]
had anti-HBs and anti-HBe seroconversion . However,
[68]
the prediction
may not apply to preS mutants
because these mutants may account for the different
[61]
levels of HBsAg
and have a close association with
HCC.
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groups, it is difficult to investigate the corresponding
management.

HCC might facilitate persistent HBV infection and vice
versa. These mechanisms require further study.

Pres2 mutants induce ER stress-dependent and stressindependent pathways

PRES MUTANTS INDUCE ER STRESS
THAT CONTRIBUTES TO HCC

The preS2 mutant protein accumulated in the ER can
trigger the ER stress-dependent vascular epithelial
growth factor/Akt/mTOR and nuclear factor kappa B/
[96]
COX-2 signal pathway . Through this signal pathway,
HBx and envelope proteins that accumulate simulta
neously in GGHs can enhance the oncogenic effects in
[97]
transgenic and human HCCs . mTOR can suppress
[98]
autophagy and regulate cellular metabolism . The
[98]
suppression of autophagy by mTOR
is in contrast to
[94]
the induction of autophagy during UPR . This might
result in contradictory treatment for HCC and HBV
[57]
infection .
The LHBs protein with preS2 mutants may also
activate an ER stress-independent pathway, ultimately
leading to a growth advantage in type Ⅱ GGHs. The
pathway includes c-Jun activation domain binding
protein 1 nuclear translocation and activation of
p27/retinoblastoma/Cdk2/cyclin A, D pathways, which
results in cell cycle progression, cell proliferation, and
[99-101]
centrosome over-duplication
.
Together, the data show that the preS2 mutant
protein is a promising gene transactivator and an ER
[85]
stress inducer, resulting in host genomic instability
and HCC development.

HBV proteins utilize the ER protein folding machinery
[84]
and cellular secretory pathway . Therefore, the
underlying mechanisms of preS mutants that contribute
to HCC are involved in ER stress. Both preS1 and preS2
[85]
mutants activate ER stress in hepatocytes . Different
preS mutants activate differential activities of ER stress
[86]
in hepatoma cells with accumulated LHB proteins .

PreS1 mutants in HBV tumorigenesis

A previous study showed that HBV preSl mutants
demonstrate hepatocarcinogenesis effects through
[87]
the transactivation of the TGF-α gene . PreS1
mutant activated higher levels of ER chaperones
(Grp78 and 94), calcium release, cyclooxygenase-2
(COX-2), inflammatory cytokines, and oxidative stress
[85]
intermediates, which tend to result in apoptosis . The
HBV preS2 mutant proteins play a more important role
in ER stress.

“Ground glass” hepatocytes accumulated with preS
mutants

“Ground glass” hepatocytes (GGHs) comprise abun
dant particles of surface antigens that accumulate in
[88-90]
[85]
the ER during CHB infection
. Su et al
found
that type Ⅱ GGHs distributed in large clusters express
marginal HBs proteins that harbored preS2 mutants
and usually emerge at the late nonreplicative stage
or in cirrhotic liver; type Ⅰ GGHs, which accumulate
with inclusion-like HBs (small surface protein) proteins
and harbor preS1 mutants, are usually scattered
[86]
sporadically during the replicative phases . Type Ⅱ
GGHs with preS2 mutants are suggested biomarkers
of HCC and can predict recurrence and survival in HBV[91]
infected HCC patients .
The mutated HBV surface proteins cannot be
properly folded in the ER, possibly leading to the
[90]
induction of the unfolded protein response (UPR) .
Both HBV surface proteins and HBx protein can
[92,93]
trigger the UPR
. HBV SHBs activate the UPR and
host autophagy to enhance HBV envelopment and
[94]
replication . However, HBV also activates the ER
degradation-enhancing mannosidase-like proteins
(EDEMs) to enhance the degradation of HBV surface
proteins (terminally misfolded glycoproteins), thus
[95]
relieving ER stress during the UPR . The mechanisms
might maintain the balance between viral loads and
host cells to facilitate the persistence of HBV infection.
This mechanism may direct us to a new treatment
strategy. However, the pathogenic role of the UPR in
HBV infection and HCC appears to be complex. A drug
(similar to EDEM) that relieves ER stress to prevent
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HBV SURFACE PROTEINS INDUCE AN
IMMUNE INFLAMMATORY RESPONSE
CONTRIBUTING TO HCC
HBV-induced chronic necroinflammation plays an
indirect role in hepatocarcinogenicity in the preS/S
[74]
transgenic mice . The LHBs proteins in the ER
triggered inflammation, abnormal regeneration and
[102]
transcription, resulting in cancer development . This
mechanism is similar to the contribution of the W4P/R
mutation to HCC development in an IL-6-dependent
[84]
manner . Another immune-associated carcinogenesis
mechanism is viral immune escape induced by HBV
[103]
mutants
. HBV escape from the host’s immune
surveillance may favor the clonal proliferation of
[104]
hepatocytes with the preS mutants .
HBV surface proteins may be detected in immune
cells. In dendritic cells, both HBV and HBsAg abrogated
the CpG-A/TLR9-induced signal pathway and decreased
the levels of co-stimulatory molecules and cytokines;
[105]
this mechanism may contribute to HBV persistence .
In addition, microRNAs may contribute to carcino
genesis in HBV-induced HCC. Both HBx and HBs
proteins can increase microR499a expression, which
[106]
might play an oncogenic role by targeting MAPK6 .
The duration of time between when HBV first
enters a host and HCC development is long. A large
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Table 1 PreS1/S2/S and hepatocellular carcinoma carcinogenesis
Function
A trans-activator function
Transactivation of NF-kB, or AP and other transcription factors for
transactivation, stimulating promoter sequences of the c-myc, c-fos,
and c-Ha-ras oncogenes
A transcriptional activator, activated tumor promoter pathways via
the PKC-dependent c-Raf-1/ Erk2, MAP1- kinase signal pathway,
increase the proliferation rate of hepatocytes
Transactivator with DNA-binding properties
Transactivated the simian virus 40 and human c-Myc promoters
truncation mutant
Activated cell proliferation and transformational abilities
Interacted with the proteins related to tumor development/
progression in vitro
Biomarkers of HCC and predictor of recurrence survival

Contributing to HCC in an IL-6-dependent manner only in male
patients
Other
Increase microR499a expression, which might play an oncogenic
role by targeting MAPK6

Ref.
Caselmann et al[72] 1990,
Kekulé et al[75] 1990
Meyer et al[77] 1992,
Lauer et al[78] 1994

MHBst

Trigger the ER stress-dependent pathway
VEGF/Akt/mTOR and NF-κB/COX-2 signal pathway in GGHs
Enhance the oncogenic effects in transgenic and human HCCs
An ER stress-independent pathway
Activate JAB1 nuclear translocation and activation of p27/
retinoblastoma/Cdk2/cyclin A, D pathways, results in cell cycle
progression, cell proliferation, and centrosome over-duplication, a
growth advantage in type Ⅱ GGs
Immune-associated carcinogenesis
HBV-induced chronic necroinflammation
The clonal proliferation of hepatocytes with the preS mutants

PreS1/S2/S mutation
Integration of HBV preS/S sequences

LHBs, the preS2

Hildt et al[17,73,79] 1996, 1998, 2002

HBV surface (S)
Polymerase rtA181T/surface

Alka et al[76] 2000
Lai et al[80] 2008

sL95*, sW182*, and sL216*
MHBst167

Huang et al[81] 2014
Li et al[83] 2014

GGHs harbored preS2 mutants in the ER

Malhi et al[90] 2011,
Su et al[85] 2014

Co-expressing hepatitis B virus X protein and
surface antigens

Yang et al[96] 2009
Wu et al[97] 2014

LHBs with preS2 mutants

Wang et al[99] 2005,
Hsieh et al[101] 2011,
Wang et al[100] 2012

Pre S/S transgenic mice
The HBV mutants escape from the host’s immune
surveillance
A W4P/R mutation in the LHB region of HBV
genotype C

Chisari et al[102] 1989
Zhong et al[104] 1999

HBs proteins

Xiang et al[106] 2014

Lee et al[82] 2015

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; LHBs: Hepatitis B virus large surface protein; PKC: Protein kinase C; MHBst167: C terminally
truncated surface antigen middle protein of hepatitis B virus; MAPK: Mitogen-activated protein kinase; ERK: Extracellular Signal-regulated Kinase
signaling; GGHs: “Ground glass” hepatocytes; VEGF: Vascular epithelial growth factor; JAB1: c-Jun activation domain binding protein 1; LHBs: MHBs,
large (including the preS1 + preS2 + S domain), middle (including the preS2 + S domain) surface proteins.

number of factors participate in carcinogenesis (Table
1). What are the key and special factors? For example,
not all inflammation results in cancer. Additionally,
are there any other special factors that promote HCC
development in an IL-6-dependent manner?

therapy for HCC include suppression of HBV replication
and recovery from molecular abnormalities due to HBV
infection. Achieving HBsAg loss and anti-HBs positivity
[61]
is the final aim of antivirals . Nucleos(t)ide analog
(NA) therapy has antiviral effects that may reduce HCC
development and the post-operative recurrence of
[111]
HCC . NA treatment affects the reverse transcription
of pregenomic RNA but does not affect cccDNA and
subgenomic RNA that have translational activity
[112]
associated with HBsAg levels . Thus, the current NA
therapy hardly clears HBsAg. With NA treatment, it
[113,114]
may take 36 to 52 years to achieve HBsAg loss
.
Lamivudine was the first licensed NA introduced to
treat HBV, and it reduced the incidence of HCC when
compared to no treatment. However, the development
of HCC may increase in cases with lamivudine
resistance. The current first-line NAs, entecavir
and tenofovir, may also reduce HCC development,
but the risk of HCC is not eliminated, even in the
patients who remain in virological remission with this
[115]
therapy
. NA resistance suggests antiviral failure.

TREATMENTS TO INHIBIT HBSAG AND
DAMAGE SECONDARY TO HBSAG
ANTIVIRALS
HBV-induced HCC was the first tumor to be prevented
by universal immunization against the responsible
[1]
virus . The host’s immune system can control HBsAg
[61]
levels . However, spontaneous HBsAg seroclearance
is rarely achieved (an annual incidence of 1%-2% in
[107,108]
CHB
). At an advanced stage of HCC, the levels
of HBsAg are still high, while that of HBV DNA may
be negative. This tumor type with a poor prognosis
[109,110]
is refractory to chemotherapeutic regimens
. In
chronic HBV infection, the prophylactic measures or
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Additionally, the drug-resistant HBV strains may have
[116]
mutant surface proteins with oncogenic effects
.
In our study, substitutions in the S region, but not
the drug-resistant mutations, possibly resulted in the
[117]
poor effects of adefovir
. Subsequent studies also
showed that preS2 mutants induced resistance to
[118]
NAs and predicted HCC development
. Treatment
with interferon inhibits HBsAg or preS mutant proteins
[119-121]
more than NAs
.
Thus, due to cccDNA, HBV and HBsAg cannot be
[61]
eliminated . There are also no measures to manage
the integrative HBV DNA. It is impossible to develop
sequence-specific antivirals for so many envelope
mutants. The rtA181T/surface mutant may occur
spontaneously in the absence of antiviral therapy. Its
oncogenic potential warrants careful re-evaluation of
[80]
the current strategy of prolonged antiviral therapy .
However, there are many compounds in develop
ment for CHB up to June 22, 2015, such as Myrcludex
B (entry inhibitor targeting NTCP), Rep 2139 (REP 9AC,
HBsAg release inhibitor), TKM-HBV (HBsAg inhibitor),
[122]
and BSBI-25 (cccDNA inhibitor) . These compounds
should improve the effects of antivirals and reduce the
[123]
burden of drug resistance and HCC development .

required.
Comprehensive prevention and treatment also
include avoiding other risk factors such as aflatoxin
B1 and alcohol intake. A prolonged battle against the
damage induced by this virus is necessary.
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Abstract
Hepatitis C virus (HCV) infects over 150 million people
worldwide. In most cases, HCV infection becomes
chronic causing liver disease ranging from fibrosis
to cirrhosis and hepatocellular carcinoma. Viral
persistence and pathogenesis are due to the ability of
HCV to deregulate specific host processes, mainly lipid
metabolism and innate immunity. In particular, HCV
exploits the lipoprotein machineries for almost all steps
of its life cycle. The aim of this review is to summarize
current knowledge concerning the interplay between
HCV and lipoprotein metabolism. We discuss the
role played by members of lipoproteins in HCV entry,
replication and virion production.

Author contributions: All authors made substantial con
tributions to analysis and interpretation of data, drafting the article
or making critical revisions related to important intellectual
content; and gave final approval of the version of the article.
Supported by AIRC (to Tripodi M; No. IG-13529 to Fimia
GM); Ministry for Health of Italy (“Ricerca Corrente” to Grassi
G, Tripodi M, Alonzi T, Fimia GM and Ippolito G; “Ricerca
Finalizzata” to Fimia GM and Ippolito G); Ministry of University
and Research of Italy (PRIN to Tripodi M; PhD program to Di
Caprio G).
Conflict-of-interest statement: No potential conflicts of
interest. No financial support.

Key words: Apolipoproteins; Hepatitis C virus; Lipid
metabolism; Lipoproteins; Review

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of the review is to summarize current
knowledge concerning the interplay between hepatitis
C virus (HCV) and lipoprotein metabolism. In particular,
the manuscript discusses the role played by members
of lipoproteins family in all steps of HCV life cycle.

Correspondence to: Tonino Alonzi, PhD, UOSD Gene
Expression and Experimental Hepatology, National Institute for
Infectious Diseases “L. Spallanzani” IRCCS. Via Portuense 292,
00149 Rome, Italy. tonino.alonzi@inmi.it
Telephone: +39-6-55170909
Fax: +39-6-5582825

WJG|www.wjgnet.com

Grassi G, Di Caprio G, Fimia GM, Ippolito G, Tripodi M, Alonzi
T. Hepatitis C virus relies on lipoproteins for its life cycle. World
J Gastroenterol 2016; 22(6): 1953-1965 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i6/1953.htm DOI:

1953

February 14, 2016|Volume 22|Issue 6|

Grassi G et al . HCV and lipoprotein metabolism
[16]

http://dx.doi.org/10.3748/wjg.v22.i6.1953

secretory pathway .
Lipoproteins are responsible for lipids packaging
and transport through the bloodstream and for their
delivery to target tissues. The transported lipids,
which are the core of the lipoproteins, are cholesteryl
esters (CE) and triglycerides (TG), derived either
from the diet or from liver neo-synthesis. They are
enveloped by a layer of phospholipids, free cholesterol
and proteins (mainly apolipoproteins), which control
lipoproteins assembly, transport and metabolism by
mediating interactions with receptors, enzymes and
[17,18]
lipid transport proteins
. Lipoproteins vary in the
content of lipids and proteins. Their classification and
isolation procedures are commonly based on their
density, which reflect their different content of CE,
TG, free cholesterol and apolipoproteins. The main
lipoproteins particles generated by the liver are the
very low-density lipoproteins (VLDL), intermediatedensity lipoproteins (IDL), low-density lipoproteins
(LDL), in which apolipoprotein(apo)B-100 (apoB)
is the main structural component, and high-density
lipoproteins (HDL), where apoA-I is the main structural
[17,18]
component
.
In the endogenous transport pathway, the liver
releases TG and CE in the circulation mainly through
[19]
the generation of VLDL particles . Mobilized lipid
storage pool in the liver, as well as de novo synthesis
of fatty acids and phospholipids, contribute to hepatic
VLDL synthesis. Lipoprotein lipase (LPL) hydrolyses the
TG present in the core of circulating VLDL, releasing
free-fatty acids (FFA) to the target tissues. A large
proportion of the resulting particles (IDL) is efficiently
removed from plasma by the hepatocytes through the
LDL receptor (LDLR). The remaining part is converted
to LDL by a reaction catalyzed by hepatic lipase, which
further reduces the amount of TG. Once formed,
CE-rich LDL delivers cholesterol to peripheral tissues
where are taken up by the LDLR and internalized via
a clathrin-dependent pathway. Following endocytosis,
LDL are degraded into lysosomes and free cholesterol
is released and either accumulated within the cells or
incorporated into new lipoproteins.
In the reverse transport system, HDL carry the
excess of cholesterol from extrahepatic cells to the
liver. HDL biosynthesis and maturation are complex
multistep processes that involve the secretion of
proteins-rich and lipid-poor particles (nascent HDL)
and a massive extracellular lipid acquisition of mainly
phospholipids and cholesterol. The major lipid
components of HDL are CE and phospholipids, while
apoA-I and apoA-Ⅱ are the main apolipoproteins
[17,18]
required for normal HDL biosynthesis
.
Several steps of HCV life cycle are strictly linked to
host lipoprotein metabolism, the aim of this review is to
describe this close relationship (summarized in table 1).

INTRODUCTION
Hepatitis C virus (HCV) infection is one of the main
causes of chronic liver disease worldwide. It has been
estimated that 130-170 million people are chronically
[1-3]
infected with HCV
with a prevalence, in selected
[4]
countries, ranging from 0.4% to 12.3% .
Acute infection is spontaneously cleared only in
15%-30% of individuals and the majority of patients
develop chronic infection. HCV infection is generally a
slowly progressive disease characterized by different liver
damages that can progress to life-threatening diseases,
[5,6]
such as cirrhosis and hepatocellular carcinoma .
The recent advent of highly potent direct-acting
antiviral drugs (DAAs), employed in interferoncontaining and interferon-free combinations, has
led to virus elimination in more than 90% of treated
[7]
patients . However, it is yet unclear whether, and
how, the virus-induced liver damages are reversible;
therefore, it is important to fully elucidate the me
chanism of HCV-induced pathogenesis.
HCV does not cause a direct cytopathic effect on
host cells and most of the related liver dysfunctions
are likely due to the virus-mediated alteration of host
processes such as immune responses and several
[8-10]
metabolic pathways
. In particular, HCV interferes
with the host lipid metabolism and cholesterol
homeostasis. Several lipids abnormalities have been
associated to HCV chronic infection, such as liver
steatosis, particularly evident in patients infected with
the genotype 3 of the virus, hypobetalipoproteinemia
[11]
and hypocholesterolemia .
The relationship existing between the virus and the
lipid metabolism is very intimate, every step of the
viral life cycle relies at least on one member involved
[12,13]
in lipid pathways
.
HCV is an enveloped positive-strand RNA virus, a
member of the genus Hepacivirus within the family of
Flaviviridae. HCV enters the cell by receptor-mediated
endocytosis involving multiple cell surface molecules
[14]
(as recently reviewed by Ding and coauthors ).
After pH-dependent fusion and uncoating, the 9.6
kb single-stranded RNA genome is translated at the
rough endoplasmic reticulum (ER). The resulting
polyprotein precursor is processed by cellular and viral
proteases into ten mature proteins; core and envelope
glycoproteins E1 and E2 are the main constituents of
the virus particle, p7 and nonstructural protein (NS) 2
participate in virus assembly, while NS3, NS4A, NS4B,
NS5A, and NS5B are sufficient for viral RNA replication
[15]
and are involved in virus assembly . Replication
takes place in ER-derived membrane spherules called
membranous web, which formation and architecture
remain to be fully elucidated. Progeny RNA is then
packaged into virus particles that exit the cell via the
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Table 1 Components of lipoprotein metabolism involved in hepatitis C virus life cycle
Name

Lipoprotein association

GAGs
LDLR

Main function

HCV life cycle step

Function

Ref.

Lipoproteins adsorption
apoE- and apoB-containing lipoproteins
receptor

Entry
Entry

LVP adsorption
LVP binding

[33-36,40]
[37-44]

Cellular distribution of lipids
?
GAGs/LDLR binding
?
?
?
?
?
Viral and cellular membranes
fusion
?
?
?
?

[42]
[102-105,110]
[35,36,51]
[106-111]
[82,83]
[82,110,111]
[85]
[110,111]
[58,59]

VLDL and LDL
VLDL, LDL and HDL

Structural protein of VLDL/LDL
Ligand of LDL receptor

HDL >> VLDL

Structural protein of HDL

ApoH
ApoA-Ⅱ
ApoC-I

VLDL >> HDL
HDL >> VLDL
VLDL, LDL, HDL

Cholesterol efflux
Structural protein of HDL
Inhibitor of CETP activity

RNA replication
Virion production
Entry
Virion production
RNA replication
Virion production
RNA replication
Virion production
Entry

ApoC-Ⅱ
ApoC-Ⅲ
ACSL3

VLDL, LDL, HDL
VLDL, LDL, HDL

Activator of LPL
Inhibitor of LPL and HL
Phosphatidylcholine synthesis for apoB

Virion production
Virion production
Virion production
Virion production

ApoB
ApoE
ApoA-I

[110,111]
[110,111]
[110,111]
[105]

GAGs: Glycosaminoglycans; LDL: Low-density lipoproteins; LDLR: LDL receptor; ApoB: Apolipoprotein B-100; VLDL: Very low-density lipoproteins;
HDL: High-density lipoproteins; LVP: Lipoviral particles; LPL: Lipoprotein lipase; HL: Hepatic lipase; CETP: Cholesteryl ester transfer protein; ACSL3:
Cyl-coenzyme A synthetase 3.

revealed that HCV has a spherical morphology of
different sizes (range 40-70 nm diameter), with an
enveloped membrane displaying the two surface viral
[20,21]
glycoproteins E1 and E2
. HCV exists as a mixture
of infectious and noninfectious particles, both in vivo
and in vitro, and, very interestingly, virions found with
a very low buoyant density (range 1.10-1.14 g/ml)
[22-26]
displayed the highest infectivity
.
The high buoyant density is mainly due to the
association with apoB-containing lipoproteins (VLDL/
LDL) to form the so-called lipoviral particles (LVP).
Different lipoproteins components, such as cholesterol,
TG, apoB, apoE, apoA-I and apoCs, have been found in
[27,28]
the LVP of HCV infected patients
. In vitro produced
[26,29,30]
HCV particles have confirmed these associations
.
HCV LVP enter into the cells via a multi-step endo
cytosis that requires a growing number of receptors,
co-receptors and host factors, which probably are
responsible for the hepatotropism of the virus. The
long list of these host proteins includes two binding
factors glycosaminoglycans (GAGs) and low-density
lipoprotein receptor (LDLR), four receptors CD81,
scavenger receptor class B type 1 (SR-BI), claudin-1
(CLDN1), occludin (OCLN), and several co-receptors
epidermal growth factor receptor (EGFR), ephrin
receptor A2 (EphA2), the cholesterol transporter
Niemann-Pick C1-like 1 (NPC1L1), transferrin receptor
1 (TfR1) and the cell-death-inducing DFFA-like effector
b (CIDEB). For an exhaustive description of all known
HCV receptors and their involvement in HCV cell entry,
we refer the reader to recent reviews and references
[14,31]
therein
. Here we will focus on molecules involved
in lipoprotein metabolism.
HCV entry into the cells is a process that requires
spatial and temporal control of these cellular cofactors.
The putative mechanism consists of three main steps
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(1) viral attachment to the hepatocyte; (2) receptormediated endocytosis; and (3) endosomal fusion.
Members of the lipoprotein metabolism seem to be
involved in all these steps.
Attachment of the virus to the host cell is firstly
obtained by the interactions with GAGs and LDLR
present on the surface of the cells, which are known
[32]
to mediate lipoprotein metabolism . It has been
demonstrated that HCV binds to the GAGs present
on heparan sulfate (HS) proteoglycans (HSPGs) and
syndecan 1 and syndecan 4 have been reported to
[33,34]
be involved in this process
. The minimum HS
oligosaccharide length required for HCV infection
is a decasaccharide with the N- and 6-O-sulfation.
Very interestingly, it has been reported that apoE is
responsible for this process, while viral glycoproteins,
although capable of binding to GAGs, are not
[35,36]
involved
.
The LDLR, which transports the cholesterol-rich
[37]
LDL intracellularly via clathrin-mediated endocytosis ,
is involved in this first step of HCV entry. However, its
exact role in HCV infection still remains controversial;
it is not clear whether it acts as a HCV receptor or
as a facilitator of initial attachment to hepatocyte
surface or for other steps of the virus life cycle, such
[38-44]
as viral replication
. It is worth to note that the
internalization of infectious particles and lipoproteins
mediated by LDLR displays different kinetics, thus
suggesting distinct uptake steps/pathways for HCV
[42]
and lipoproteins .
The capture of viral particles is mediated by other
members of the lipoprotein metabolism. In fact, after
the initial interaction with GAGs and LDLR, HCV utilizes
SR-BI, a major receptor of high-density lipoproteins
(HDL) that can bind also apoB-containing lipoproteins
[45,46]
(VLDL/LDL) and oxidized forms of LDL
. SR-BI is a
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glycoprotein with two N- and C-terminal cytoplasmic
domains separated by a large extracellular domain,
which is involved in lipoprotein metabolism, mediating
the uptake and the intracellular delivery of the
cholesterol esters (CE). Interestingly, the SR-BImediated intracellular lipid transportation is different
from that of the LDLR. In fact, it binds lipoproteins
on the cell surface and delivers CE intracellularly
without internalization of the intact lipoprotein particle
[47]
(as reviewed by Shen and coauthors ). This could
partially explained the aforementioned distinct
internalization pathways described for HCV and
[42]
lipoproteins .
The interaction between HCV and SR-BI is thought
to mediate the dissociation of lipoproteins from LVP,
likely through the SR-BI-mediated cholesterol transfer
activity, and to induce conformational changes in
the E2 glycoprotein, exposing its CD81 interaction
[48,49]
domains
. Interestingly, it has been reported that
HDL increases HCV entry into the cells by accelerating
their endocytosis through SR-BI activation, with the
consequence of decreasing the neutralizing effect of
[50]
the anti-HCV antibodies . On the other hand, apoBcontaining lipoproteins competed and effectively
inhibited the interaction between HCV and hepatocytes
and, as reported for LDLR, the binding to SR-BI is not
mediated by E2 but mainly, although not exclusively,
[51]
by apoE .
Together, these studies suggest that the first step
of HCV entry is regulated by the complex interactions
occurring between lipoproteins components, lipo
proteins receptors (i.e., GAGs, LDLR and SR-BI) and
HCV envelope glycoproteins.
After the attachment to the cells, HCV binds
its receptors, the tetraspanin CD81 and the tight
junction proteins CLDN1 and OCLN, leading to
cellular internalization of the virus through a clathrindependent endocytosis process. After the binding
to HCV, CD81 moves toward the tight junctions and
interacts with CLDN1. This movement depends on the
activation of several transduction pathways such as
EGFR, Ras and Rho GTPases, which trigger the actinmediated lateral membrane diffusion of HCV-CD81
[52-54]
complexes
. It is reported that also TfR1 is
engaged at a post-CD81 binding step in HCV entry
and it is involved in the viral entry. Although the exact
mechanism of action is unknown, the TfR1 inhibition
decreases significantly the infection of HCV derived
from cell culture (HCVcc) and HCV pseudoparticles
(HCVpp), thus suggesting that it is involved in viral
internalization. Interestingly, the cell-to-cell spread is
[55]
less dependent on this molecule . Similarly, OCLN
is required for HCV entry and it acts after the GAGs
and SR-BI post binding step and prior to endosomal
acidification, thus suggesting that the tight junction
region is the last to be encountered by the virion
[56]
before cellular internalization .
The interaction of HCV-CD81 complexed with CLDN1
induces clathrin-mediated endocytosis. Following
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uptake, HCV co-receptor complexes are trafficked
[57]
to RAB5A containing endosomes for HCV fusion .
Interestingly, receptor-specific antibodies and HCV
particles increased CD81 and CLDN1 endocytosis, thus
supporting a model wherein HCV stimulates receptor
trafficking to promote viral particle internalization.
After viral internalization, the interaction between E2
and CD81 induces a yet unknown fusion mechanism
between the viral glycoproteins and the endosomal
membrane in a low-pH environment. Interestingly,
this process is favoured by apoC-I, an exchangeable
[58,59]
apolipoprotein that predominantly resides in HDL
.
ApoC-I specifically enhances the infectivity of HCVcc
and HCVpp as well as of HCV isolated from viremic
chimpanzees. ApoC-I increases the infectivity via
a direct interaction with the HCV glycoproteins.
Interestingly, the hypervariable region 1 (HVR1),
located at the N-terminus of the HCV E2 glycoprotein,
is the essential viral component for the apoC-I[58]
mediated activity . ApoC-I activity does not rely on
SR-BI or CD81, thus not influencing the binding or
the internalization steps of HCV entry. ApoC-I instead
enhances the pH-dependent fusion rates between viral
and target membranes, as measured by a HCVpp/
[58]
liposome fusion assay .
Following fusion, HCV genomic RNA is released into
the cytosol, where it is directly translated to produce
viral proteins and initiate viral replication.

HCV REPLICATION AND LIPOPROTEINS
HCV RNA replication is a multi-step process regulated
[60]
by several viral and cellular proteins . It is well
established that the minimal viral proteins necessary
and sufficient for viral replication are NS3-4A, NS4B,
NS5A and NS5B, together with 5’ and 3’ untranslated
[15]
regions . HCV replication occurs within a dense
cluster of rearranged intracellular membranes referred
to as membranous web. It is composed by doublemembrane vesicle structures, most likely derived
[61]
from the ER . This membranous matrix is the center
of HCV replication. In fact, it contains all the nonstructural viral proteins necessary for replication
[62]
as well as the newly synthesized viral RNA . It is
worth to note that, although the membranous web
[61]
is induced by all HCV replicase factors (NS3-5B) ,
the sole expression of NS4B and NS5A induces very
[63,64]
similar membrane alterations
. HCV, through
NS5A, hijacked the isomerase activity of cyclophilin
[65,66]
A (CypA)
and the membrane-deforming ability
of proline-serine-threonine phosphatase interacting
[67]
protein 2 (PSTPIP2)
for remodeling intracellular
membranes and, thus, enhancing HCV replication.
The replication step of HCV life cycle is highly
linked to the host lipid metabolism processes. RNA
replication occurs in membranes rich in cholesterol
and sphingolipids, two lipids not abundant in the ER
[68]
membrane . Since HCV hijacks host lipid metabolism
at different levels, it is likely that these lipids are
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transported to the membranous web, rather than that
the replication complexes take place in specific area
of the ER enriched in cholesterol and sphingolipids.
In fact, HCV is able to alter the lipid composition of
membranes affecting the subcellular localization of
the lipid kinase phosphatidylinositol-4-kinase Ⅲα
(PI4KⅢα), which leads to a different distribution of
its product phosphatidylinositol-4-phosphate (PI4P)
from the Golgi compartment and plasma membrane
[69,70]
to the cytoplasm
. HCV utilizes the redistribution of
PI4P to alter the lipid composition of the membranous
web, attracting sphingolipids and cholesterol through
the recruitment of the PI4P-interacting lipid transfer
proteins four-phosphate adaptor protein 2 (FAPP2),
which is also a glycosphingolipid-binding protein, and
[71,72]
oxysterol-binding protein (OSBP), respectively
.
In addition to these structural and molecular
alteration of membranes, HCV also induces de novo lipid
and membrane biosynthesis modulating the expression
of a number of genes involved in lipid metabolism.
This is likely mediated by the transcriptional activity of
the sterol regulatory element-binding protein (SREBP)
[73,74]
pathway
. In this regards, it has been well described
how HCV infection is able to alter the lipidomic profile of
[75]
hepatocytes .
While the lipid metabolism involvement in HCV
replication has been well demonstrated, the role
of members of the lipoprotein machineries is far
to be fully proved. It has been reported that LDLR
is necessary for viral RNA replication. The use of a
neutralizing antibody against LDLR after HCV RNA
electroporation into Huh7 cells induced a decreased
RNA production. The treatment with this antibody
induced a changed in the cellular lipid profile, with an
increase of CE level and a change in phospholipids
[i.e., increased phosphatidylethanolamine (PE) and a
lower phosphatidylcholine (PC) content]. Therefore,
it is likely that LDLR is necessary to the virus to have
the adequate amount and variety of lipids at the
[42]
membranous web .
Although how LDLR contributes to HCV life cycle,
in general, and to the viral entry step, in particular,
is still controversial, its importance is undisputed.
The role of this receptor in viral life cycle is further
emphasized by the direct or indirect ability of HCV to
modulate LDLR expression by both increasing its gene
transcription and inhibiting its PCSK9-mediated protein
[44]
degradation . Interestingly, the HCV-mediated
PCSK9 regulation has been reported to be different
in patients infected with the genotype 3 compare to
those with genotype 1, thus suggesting that HCV can
affect lipoprotein metabolism in a genotype specific[76]
manner .
This hypothesis is indirectly supported by the
observation that hepatoma cells transfected with core
proteins of the different HCV genotypes displayed a
[77]
genotype-specific intracellular TG accumulation . This
accumulation is probably caused by the virus-mediated
inhibition of the microsomal triglyceride transfer
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protein (MTTP), a key enzyme in the apoB-containing
[78]
lipoproteins assembly pathway . It has been also
found that the HCV genotype could also affect the
circulating levels of apolipoproteins. In chronic patients
the infection with genotype 1b was found to be an
independent factor significantly associated with higher
levels of apoA-Ⅱ and apoE, and lower levels of apoCⅡ and apoC-Ⅲ, while genotype 2 infection was
associated only with lower levels of apoC-Ⅱ and apoC[79]
Ⅲ . Moreover, the HCV genotypes influence the levels
of LDL-cholesterol differently in patients with different
IL28B polymorphisms, as well as the lipid-related
[80]
genes expression in cultured cells . These different
effects on lipoproteins machinery, together with other
[81]
pathogenic effects
could explain, at least partially,
the HCV genotype-specific steatogenic effects.
Another connection between the lipoprotein meta
bolism and the RNA replication step of the HCV life
cycle was discovered in our laboratory. We found that
apoA-I is involved in the replication step of HCV. In
fact, the downregulation of apoA-I induces significant
decrease of viral RNA levels in either replicon carrying
[82]
cells and in the HCVcc infected cells .
Although apoA-I is the major structural protein of
the HDL, we focused our attention on this exchangeable
apolipoprotein because a decreased association of
apoA-I to the circulating LDL of HCV infected patients
was found by a proteomic analysis. This result sug
gests that the function of apoA-I necessary for HCV
replication could be linked to a its putative role in the
biogenesis of apoB-containing lipoproteins rather than
that of HDL. This is indirectly supported by the finding
that the siRNA-mediated downregulation of apoA-I
induces a significant reduction of HCV RNA only at later
time point (day 4-6 post-silencing), when a decreased
levels of apoB secretion was observed (unpublished
results).
The apoA-I involvement in HCV replication were
confirmed by others using different replicon system
[83]
and siRNAs , thus lowering a possible off-targets
effect, as recently underlined by a work on MOBKL1B
[84]
by Rice’s group . Interestingly, Saito’s laboratory
found that one of the transcriptional effect of a histone
deacetylase inhibitor treatment (SAHA) was the
down-regulation of apoA-I and also the up-regulation
of osteopontin (OPN), which are per se sufficient to
[83]
induced the inhibition of HCV RNA replication .
Another apolipoprotein that has been described to
influence HCV replication is apoH (also known as b2glycoprotein I), which was able to limit RNA replication
[85]
using human liver slices as a HCV infection model .
Although, the authors have not proved a direct effect
on HCV replication, treatment with apoH reduced HCV
[85]
production while not affecting HCV entry . A negative
effect of apoH on the virus is also supported by the
positive correlation between high plasma levels of apoH
and viral clearance, both in spontaneous remission and
in response to pegylated-interferon/ribavirin therapy
[86]
in HCV patients . Interestingly, patients carrying the
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favorable IL28B rs12979860 CC SNP correlated with
high plasma concentration of apoH, thus unveiling this
apolipoprotein as a quantitative trait associated with
[86]
IL28B .
[87]
Remarkably, apoH is part of the LDL
and it is
known to influence the size and the lipid composition of
[88-90]
LDL
. This further reinforces the idea that proteins
affecting the generation of apoB-containing lipoproteins
could have also an effect on HCV replication. However,
since the inhibition of either apoB expression or MTTP
function does not affect viral replication, this suggests
that the distribution or the quality of lipids related to
the lipoprotein machinery could influence HCV RNA
production.

of the typical low density, exit the cell via the secretory
pathway. Although, the exact mechanisms are still
poorly understood, it is now evident that assembly
and secretion of HCV particles are associated with the
VLDL/LDL pathway. There are different experimental
evidences supporting this model.
Notably, in humanized livers of transplanted
SCID/Alb-uPA mice, HCV infection occurs only when
the engraftment of human hepatocytes is sufficient to
obtain a human-like lipoproteins profile while it is not
[101]
correlated to the number of human hepatocytes .
In Huh7 cells, the isolation of membrane vesicles
in which HCV replicates lead to the enrichment in
different members of the apoB-containing lipoproteins
[102]
such as apoB, apoE and MTTP
. Interestingly, the
impairment of VLDL/LDL production through the
downregulation of apoB or the inhibition of either MTTP,
which stabilizes apoB by transferring lipids during its
translation, or long chain acyl-coenzyme A synthetase
3 (ACSL3), which mediates the phosphatidylcholine
synthesis required for apoB secretion, lead to a
[102-105]
decreased HCV particles production
.
However, the direct requirement of apoB is contro
versial. Other researchers did not find a dependency of
HCV production on apoB but rather on the activity of
[106-108]
apoE
. Moreover, it has been reported that MTTP
inhibitors at low doses, which are effective for apoB
secretion inhibition, are ineffective for HCV production,
while at higher concentrations those inhibitors blocked
apoE expression and secretion and, consequently,
[106]
suppressed the generation of viral particles
. The
ectopic expression of apoE, but not apoB or MTTP, was
found necessary also for the production of infectious
HCV trans-complemented particles in human non[108]
liver cells . Moreover, apoE but not apoB was found
necessary also for the cell-to-cell transmission of the
virus. In fact, either the silencing of apoE in donor
cells, but not in acceptor cells, inhibited the cell-to-cell
[109]
viral spread .
A recent work of Matsuura’s lab smooth out
the controversy. They showed that apoB and apoE
redundantly participate in the formation of infectious
[110]
HCV particles
. They generated Huh7 cells knock
out for either or both apoB and apoE by zinc finger
nucleases and found that the single knock out cells
have a slightly reduction of HCV virions, while the
apoB/apoE double knock out severely impaired
the formation of infectious viral particles. More
interestingly, they showed that the overexpression of
different exchangeable apolipoproteins (i.e., apoA-I,
apoA-Ⅱ, apoC-I, apoC-Ⅱ, apoC-Ⅲ, apoE but not
apoH) in the double knock out Huh7 cells rescued the
[110]
capability of producing viral particles .
These results were independently confirmed in
complemented HCV virus production experiments
using the non-permissive 293T/miR-122 cells
transfected with HCV, in which the expression of cDNAs
encoding for all members of the apoA and apoC family,

HCV VIRION PRODUCTION AND
LIPOPROTEINS
The last step of the intracellular HCV life cycle is
the formation of viral particle. The dynamic of virus
assembly is challenging to track, suggesting that this
process is either rare or rapid. However, it is now well
recognized that the HCV virion biogenesis strictly
relies mainly on lipid droplets (LD), the storage sites
for neutral lipids in cells, and on the apoB-containing
[91-93]
lipoprotein machinery
.
HCV particles production is a coordinated and
complex process regulated spatially and temporally
by all viral proteins and host factors. Virion assembly
is coordinated between the synthesis of new positive
RNA strands, its encapsidation and the acquisition of
[94]
envelop, likely via budding into the ER .
The RNA replication site and the formation of
nucleocapsid has to be separated to avoid competition
for the binding of viral RNA. This is obtained by the
localization of the core protein on the surface of
cytosolic LD, probably through the presence of two
amphipathic helices and a palmitoylated conserved
cysteine residue. The MAPK-regulated cytosolic
phospholipase A2, group IVA (PLA2G4A) is important
for the core recruitment at the LD and for the specific
cleavages of lipids with arachidonic acid, which is
essential for the production of highly infectious viral
[95]
particles . LD localization of core may be also
enhanced by the diacylglycerol acyltransferase-1
[96]
(DGAT-1) , an enzyme involved in LD morphogenesis
[97]
that is also known to influence VLDL biogenesis .
The LD localization of core is an essential step. In
fact, it regulates the recruitments of the other viral
components and cellular factors, which regulate the
transfer of both the newly replicated viral genomes
from the membranous web and the HCV glycoproteins
[94,98,99]
E1 and E2 from the ER, to the assembly site
.
Although this step is not fully elucidated, it is likely
regulated through protein-protein interactions between
multiple viral proteins and a yet not fully unveil list of
[94,100]
cellular proteins, as recently reviewed elsewhere
.
Nascent virions, following maturation and acquisition
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but not apoD, complemented HCV virus production,
[111]
although at lower levels compared with apoE .
These results support the data obtained by different
labs in which a requirement of other apolipoproteins
for HCV production has been reported.
For instance, apoJ, a small heat shock protein
that prevents unfolded secretory protein aggregation
[112]
identified as a VLDL-associated protein
, was
found involved in efficient infectious HCV virion
[113]
production . ApoJ silencing decreased the HCV virion
production, without affecting the HCV RNA replication,
which could be restored upon reconstitution with a
siRNA-resistant apoJ. Most likely, apoJ is involved
at the step of virion assembly, since it was found
to interact with core and NS5A, stabilizing the dual
protein complex. Interestingly, immunofluorescence
analysis showed that HCV infection induces a cellular
redistribution of apoJ from Golgi to LD at the ER-Golgi
[113]
membrane contact site .
Our lab found that the silencing of apoA-I induced
[82]
a significant decrease in HCVcc production , although
at lower levels respect of that of apoE (unpublished
data). As described for other cellular components
also the distribution of apoA-I was affected by HCV.
We found that the apoA-I specific association to
LDL was reduced in the circulating lipoproteins of
HCV infected patients. Although it is known that
the exchange of apolipoproteins among lipoprotein
particles and interconversion of particles occurs in
the plasma compartment, we found that the HCVinduced decreased association of apoA-I with LDL
has a cellular origin. The HCV-associated LDLspecific reduction in apoA-I was also observed in the
different HCV cellular models (i.e., HCVcc, genomic
and subgenomic replicons). The results obtained
with subgenomic replicon-carrying Huh7 cells, which
recapitulate only the viral RNA replication step,
indicate that the sole NS viral proteins are sufficient
to impair the apoA-I/LDL association, thus reinforcing
the hypothesis that VLDL/LDL biogenesis and viral
replication could share common sites and bridging
molecules. However, although apoA-I is known to
[114,115]
be associated to the circulating VLDL and LDL
,
its role in the physiology of these lipoproteins is yet
unknown. A possible role of apoA-I in the viral life cycle
could be to drive HCV components in the right cellular
compartments, and its binding activity to NS5A seems
[116,117]
to support this hypothesis
.
Moreover, as above mentioned, Fukuhara and
colleagues found that different apolipoproteins are
sufficient for HCV viral production in culture. More
specifically, they found that the amphipathic α-helices
present in the different apolipoproteins possess a
redundant role in the assembly of HCV, through a
direct interaction with the viral particles at the post[110]
envelopment step .
Interestingly, similar results were found for the
replication step of HCV life cycle. The N-terminal
amphipathic helix of NS5A, which motif is very
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similar to that of apolipoproteins, bound specifically
to PI 4,5-bisphosphate [PI(4,5)P2], inducing a
conformational change that stabilizes the interaction
between NS5A and TBC1D20, which is required for
[118]
HCV replication .
Since phosphoinositides bind and regulate localization
of proteins via a variety of structural motifs, these
results support the hypothesis that the requirement
of the different apolipoproteins is related to the
proper cellular localisation of viral components, which
is necessary for the exploitation of lipid, in general,
and of the lipoprotein metabolism, in particular. In
other words, HCV may modulate the production of
lipoproteins in the host cells to make this pathway
more appropriate for viral maturation.
This point of view is supported by the observation
that there is no correlation between the ability to
generate VLDL and the production of LVP. In fact, the
VLDL-producing HepG2 cells generated LVP similar,
for both density and apolipoproteins content, to those
[119]
generated by the VLDL-deficient Huh7.5 cells .
However, it is important to note that dissimilarities
exist in the molecular composition of LVP found in
HCV patients or generated in culture; for instance
serum LVP could be immunoprecipitated by anti-apoB
antibodies while the interaction with HCVcc is less
[29]
efficient .
These discrepancies should be kept in mind
because may have major implications for our under
standing of HCV assembly and secretion. In fact, the
exact model for the LVP composition is not yet defined.
It has been proposed either a single-particle model,
in which HCV exists as a hybrid particle fused to a
VLDL/LDL, or as a two-particles structure, in which the
virion is surrounded by lipoproteins (Figure 1).

CONCLUSION
HCV interacts with and hijacks host cell machineries
and pathways to generate a chronic and productive
infection. It is now well established that HCV has an
intimate relationship with the host lipid metabolism,
which has a role in all the steps of the viral infectious
cycle. In particular, HCV modulates the production of
lipoproteins in the host cells to make it more effective
for viral production, propagation and persistence.
The virus circulates in the bloodstream as a highly
lipidated LVP, although it is not yet known whether
fused with or surrounded by lipoproteins (Figure 1).
HCV utilizes the lipoproteins pathways for cell entry,
virus assembly and, possibly also for RNA replication.
Moreover, it is becoming recognized that its strict
resemblance with VLDL/LDL may contribute to the
viral immune evasion strategies, such as masking
viral epitopes or escaping from anti-HCV neutralizing
antibodies directed against either viral proteins or the
entry factors involved in lipoproteins pathways (i.e.,
CD81 and SR-BI as reviewed by Vercauteren and
[120]
coauthors ).
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Figure 1 hepatitis C virus life cycle. Following the initial binding of hepatitis C virus (HCV) to glycosaminoglycans present on heparan sulfate proteoglycans
(HSPGs), to low-density lipoprotein receptor (LDLR), to scavenger receptor class B type 1 (SR-BI) and to CD81, the viral particles utilize different proteins, such
as epidermal growth factor receptor (EGFR), Ras, Rho ephrin receptor A2 (EphA2), transferrin receptor 1 (TfR1), cholesterol transporter Niemann-Pick C1-like 1
(NPC1L1), claudin-1 (CLDN1) and occludin (OCLN), for entering into the cell by clathrin-mediated endocytosis. After the pH-dependent fusion between viral and target
membranes, HCV RNA is released into the cytosol and translated at the rough ER, giving rise to a polyprotein that is then cleaved into mature viral proteins. Viral
proteins together with host cell factors, induce the formation of the membranous web (MW), composed by vesicles as well as cytosolic lipid droplets (cLD) where the
RNA replication occurs. Assembly of HCV particles probably starts in close proximity to the ER and lipid droplets. The viral envelope is acquired by budding into the
ER at sites of lipoprotein synthesis. HCV particles are thought to be released via the constitutive secretory pathway in association with components of lipoproteins in
order to produce a mature form of lipoviroparticles (LVP). This lipidation might occur either during budding (hybrid particle model; Ⅰ) or during egress via interaction
between the virion and lipoproteins (dual-particle model; Ⅱ).

What has not been investigated yet is the possible
involvement of lipid/lipoprotein metabolism in the
dysregulation of the immune response mediated by
[121]
HCV, as recently reported for the hepatitis B virus .
Recent evidences showing that LVP affect dendritic
[122]
cells maturation
, ApoE3 blocks the antiviral effect
[123]
of ficolin-2
and the VLDL and LDL of chronic
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infected patients induce an altered intracellular
[124]
lipid production
suggest that the HCV-induced
modification of lipoprotein metabolism could be
involved in the regulation of the immune response.
Overall, decoding the multiple interactions that
HCV establishes with the lipoproteins pathways is
mandatory to obtain a deeper knowledge of HCV
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biology and pathogenesis, a step necessary to
understand and to manage the reversibility of liver
damages upon DAAs-mediated viral clearance.
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Abstract
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Chronic inflammation associated with hepatitis C virus
(HCV) infection can lead to disabling liver diseases
with progression to liver cirrhosis and hepatocellular
carcinoma. Despite the recent availability of more
effective and less toxic therapeutic options, in most
parts of the world the standard treatment consists of
a weekly injection of pegylated interferon α (IFN-α)
together with a daily dose of ribavirin. HCV patients
frequently present circulating non-organ-specific
autoantibodies demonstrating a variety of staining
patterns in the indirect immunofluorescence assay
for antinuclear antibodies (ANA). Between 20% to
40% of HCV patients treated with IFN-α and ribavirin
develop autoantibodies showing a peculiar ANA pattern
characterized as rods and rings (RR) structures. The
aim of this article is to review the recent reports
regarding RR structures and anti-rods/rings (antiRR) autoantibody production by HCV patients after
IFN-α/ribavirin treatment. Anti-RR autoantibodies first
appear around the sixth month of treatment and reach
a plateau around the twelfth month. After treatment
completion, anti-RR titers decrease/disappear in half
the patients and remain steady in the other half. Some
studies have observed a higher frequency of anti-RR
antibodies in relapsers, i.e. , patients in which circulating
virus reappears after initially successful therapy.
The main target of anti-RR autoantibodies in HCV
patients is inosine-5’-monophosphate dehydrogenase
2 (IMPDH2), the rate-limiting enzyme involved in the
guanosine triphosphate biosynthesis pathway. Ribavirin
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is a direct IMPDH2 inhibitor and is able to induce the
formation of RR structures in vitro and in vivo . In
conclusion, these observations led to the hypothesis
that anti-RR autoantibody production is a human model
of immunologic tolerance breakdown that allows us to
explore the humoral autoimmune response from the
beginning of the putative triggering event: exposure to
ribavirin and interferon.

Until recently, in most countries, the standard
treatment for hepatitis C consisted of weekly injections
of 180 mcg of interferon alpha (IFN-α) 2a or 1.5
mcg/kg of IFN-α-2b, typically together with daily 15
[3,4]
mg/kg ribavirin for 48 to 72 wk . IFN has potent
antiviral activity but does not act directly on the virus
or replication complex. Instead, it acts by inducing
IFN-regulated genes (ISGs) that provide a non[5,6]
specific antiviral response . Ribavirin is a synthetic
guanosine analogue that acts directly against RNA
and DNA viruses, probably by inhibiting the virusdependent RNA polymerase. As a guanosine analogue,
ribavirin is intracellularly phosphorylated to generate
the monophosphate (RMP), diphosphate (RDP),
and triphosphate (RTP) forms. RMP is a competitive
inhibitor of inosine-5’-monophosphate dehydrogenase
2 (IMPDH2), which leads to depletion of GTP required
[7]
for the intracellular synthesis of viral RNA . The
incorporation of RTP instead of GTP by the virusdependent RNA polymerase leads to inhibition of
viral replication or to the production of defective
virions. However, RTP has been shown to be a weak
[8]
inhibitor of many viral polymerases . RTP can also
be incorporated into viral RNA, forming a template
for pairing to CTP and UTP with equal efficiency.
The frequency of transitions G→A and A→G in the
viral genome will then increase, leading to lethal
[9,10]
mutagenesis
. Therefore, ribavirin alone has no
significant effect on HCV, but has a valuable adjuvant
[11]
effect when used in combination with IFN-α therapy .
Autoantibodies are immunoglobulins directed against
self-antigens. They can disturb cellular physiology and
cause tissue damage by several mechanisms, such as
(1) blocking membrane receptors; (2) causing cytolysis
by means of antibody-dependent cytotoxic activity;
(3) immune complex formation; and (4) complement
[12]
activation, among others . The presence of non-organspecific autoantibodies in the sera of HCV patients is
common. The proportion of ANA-positive HCV patients
can vary from 7% to 50%, with an average of 20%
to 30%, depending on the population studied and the
methodology used. Some HCV patients also present
autoantibodies normally associated with autoimmune
liver diseases such as autoimmune hepatitis (AIH)
[13,14]
and primary biliary cirrhosis
. Altogether, these
observations suggest that chronic hepatitis C infection is
[15]
a strong autoimmunogenic condition .
Molecular mimicry, imbalance of effector T cells and
regulatory T cells, and direct action over B lymphocytes
are possible mechanisms leading to autoimmune
[16]
manifestations of HCV . CD81 on the surface of B
lymphocytes is a natural ligand for HCV envelope 2
(E2) protein. B lymphocyte-specific protein CD21, a
receptor for the complement C3d fragment, is closely
related to CD81. The B cell threshold for polyclonal
activation is lowered considerably when HCV E2 coated
by C3d engages CD81 and CD21, favoring misleading
B cell activation against autoantigens. In addition, the
B lymphocyte activating factor (BAFF) is upregulated

Key words: Rods and rings; autoantibodies; Hepatitis C;
ribavirin; Interferon-α
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Between 20% and 40% of hepatitis C
virus patients treated with interferon-α and ribavirin
develop autoantibodies showing a peculiar antinuclear
antibodies pattern characterized as rods and rings (RR)
structures. In those patients, the first appearance of
anti-RR autoantibodies occurs around the sixth month
of treatment and reaches a plateau around the twelfth
month. The main target of anti-RR autoantibodies is the
inosine-5’-monophosphate dehydrogenase 2 (IMPDH2)
enzyme, critical in de novo GTP biosynthesis. In cell
culture, IMPDH2 inhibition by ribavirin promotes its
aggregation into RR structures. These observations led
to the hypothesis that anti-RR autoantibody production
represents a human model of immunologic tolerance
breakdown that allows us to explore interesting
aspects of the humoral autoimmune response from the
beginning of the putative triggering event.
Keppeke GD, Calise SJ, Chan EKL, Andrade LEC. Anti-rods/
rings autoantibody generation in hepatitis C patients during
interferon-α/ribavirin therapy. World J Gastroenterol 2016;
22(6): 1966-1974 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i6/1966.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.1966

INTRODUCTION
Liver inflammation caused by infection with the
hepatitis C virus (HCV) remains a major health
challenge. HCV is transmitted by parenteral contact
with contaminated blood, frequently through medical
procedures. HCV is a small RNA virus 40 to 100 nm in
[1]
diameter . It has a single-stranded RNA genome that
is used directly as messenger RNA in protein synthesis.
This positive single-stranded RNA is copied to the
negative strand form, which is used as a template
for the production of new virus copies. It replicates in
the cytosol and endoplasmic reticulum of the infected
cells, usually hepatocytes, producing ten viral proteins.
Some of these viral proteins inhibit apoptosis and
others inhibit interferon effects. The pathological effects
of HCV on the liver are mainly caused by the action of
[2]
the host immune system on infected hepatocytes .

WJG|www.wjgnet.com

1967

February 14, 2016|Volume 22|Issue 6|

Keppeke GD et al . Anti-rods/rings autoantibody in hepatitis C

A

10 mm

B

C

D

10 mm

Figure 1 Inosine-5'-monophosphate dehydrogenase 2 and cytidine triphosphate synthetase enzymes can aggregate into rods and rings structures.
A: Representative image of the RR pattern observed in a Euroimmun HEp-2 slide; B-D: HEp-2 cells were cultivated with DON treatment and labeled by indirect
immunofluorescence with anti-RR-positive HCV serum (B) and rabbit anti-CTPS1 antibody (C). Merged image of panel B and C plus DAPI (D). IMPDH2-based (solid
arrows), CTPS-based (arrowheads), and mixed RR structures (dotted arrows) can be observed. (A-D) All data and images were obtained in our own laboratory
from assays performed by Keppeke GD. RR: Rods and rings; DON: 6-diazo-5-oxo-L-norleucine; HCV: Hepatitis C virus; IMPDH2: Inosine-5'-monophosphate
dehydrogenase 2; CTPS: Cytidine triphosphate synthetase.

during HCV infection. BAFF binds CD19, a transducer
of activation signal into the cell, adding to the
[15,17,18]
production of autoantibodies and cryoglobulins
.
Since autoantibodies against rods and rings (RR)
structures have been observed by several laboratories,
the aim of this article is to review the recent reports
revealing the main characteristics of anti-RR
autoantibody production by HCV patients, including
its clinical relevance and close relationship with IFN-α
plus ribavirin treatment. The major characteristics of
RR structures and their molecular constituents are also
discussed.

samples from several patients, we showed that
anti-RR autoantibody production is closely related with
[20,25]
IFN-α/ribavirin therapy
. Anti-RR autoantibodies
initially appeared around the sixth month of treatment
in nearly half the patients (47%); the anti-RR titers
also increased during treatment, reaching their highest
levels towards the end of the standard therapy at
twelve months. After treatment completion, there
was a decrease in anti-RR titer in half the patients
[20]
while titers remained steady in the other half . A
[22]
recent publication by Novembrino et al also reported
anti-RR titer decline after treatment cessation. They
reported that the frequency of anti-RR increased in
parallel with therapy duration, with rates of 9%, 38%,
[22]
and 53% at weeks 12, 24, and 48, respectively .
Since the first reports on autoantibodies against
RR structures in HCV patients came out, important
questions have been raised regarding the clinical
relevance of such autoantibodies. A summary of the
available data from the literature is presented in Table 1.
[21]
One of the earliest studies by Covini et al found that
these autoantibodies were more prevalent in patients
who did not respond to therapy or relapsed (HCV viral
load increased six months after end of treatment)
when compared with patients that eliminated the
[21]
virus completely (33% vs 11%, p = 0.037) . The
[22]
publication from Novembrino et al mentioned above

HCV treatment induces
autoantibodies against RR
structures
About 30% of HCV patients treated with IFN-α plus
ribavirin (IFN-α/ribavirin) develop autoantibodies
that recognize cytoplasmic and nuclear structures
resembling rods and rings (RR) (Figure 1A) in the
indirect immunofluorescence assay for antinuclear
[19-21]
antibodies (ANA)
. Despite occurring in high
titers, anti-RR autoantibodies have not yet been
clearly linked with demographic, clinical, or virological
[20,22-24]
features
. Instead, by analyzing sequential
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Table 1 Summary of findings relating the presence of anti-rods and rings autoantibodies to hepatitis C virus treatment outcome
Publication

Patient cohort

Covini et al[21] (2012)

Keppeke et al[20] (2012)

Carcamo et al[19] (2013)

Novembrino et al[22] (2014)

Results

Conclusions

Italian cohort:
The prevalence of anti-RR antibody was significantly higher in
REL/NR n = 30;
REL/NR (33%) than in SVR (11%, P = 0.037)
SVR n = 45;
(total = 75)
Brazilian cohort:
The proportion of NR was equivalent in the 39 patients with
Anti-RR reactivity n = 39;
anti-RR reactivity (77%) when compared with the 86 anti-RR
No anti-RR reactivity n = 86;
negative (64%, P = 0.150)
(total = 125)
United States cohort: n = 47; In the United States cohort, NR/REL had significantly higher
Italian cohort: n = 46;
anti-RR titers compared to SVR (about 1:3200 vs 1:100, P =
(total = 93)
0.0016)
In the Italian cohort, REL had significantly higher titers
when compared to NR and SVR (P = 0.004 and P = 0.015,
respectively)
Italian cohort:
Anti-RR reactivity was significantly more frequent in REL (56%)
SVR n = 53;
than in SVR (30%) or NR (12%) (P = 0.0282)
REL n = 27;
NR n = 8;
(total = 88)

Higher prevalence of anti-RR
in REL

No association between antiRR reactivity and treatment
outcome
Higher titer of anti-RR in REL

Higher prevalence of anti-RR
in REL

NR: Non-responders, patients who did not respond to therapy; REL: Relapsers, hepatitis C virus viral load increased six months after end of treatment;
SVR: Sustained virological response, patients that eliminated the virus completely.

reported a higher frequency of anti-RR autoantibodies
in relapsers when compared with patients that
achieved sustained virological response (SVR) (56%
vs 30%, p = 0.0282). Since these two studies found
a higher prevalence of anti-RR reactivity in relapsers,
it should be mentioned that relapsing patients are
usually submitted to a second or third round of
IFN-α/ribavirin treatment. We discuss above that
longer exposure to the treatment increases the chance
that the patient will produce anti-RR autoantibodies. In
a previous study, we found no association between the
presence of anti-RR autoantibodies and the response
to anti-HCV treatment with IFN-α/ribavirin in a cohort
[20]
of 125 patients . This difference between the studies
may be related to the origin of the cohorts studied and
[21]
[22]
SVR rates, since Covini et al and Novembrino et al
studied Italian patients achieving SVR of approximately
60%, while we studied Brazilian patients with SVR at
approximately 30% (Table 1).
The main target of anti-RR autoantibodies has
been demonstrated in several studies, using different
[19,21,23-26]
methods, to be the IMPDH2 enzyme
. In a 2013
[19]
report from Carcamo et al , 96% of samples from
a cohort of 46 Italian patients with anti-RR reactivity
recognized a 55 kDa band in immunoprecipitation
(IP) corresponding with IMPDH2 mobility. In the same
study, they also analyzed an American cohort of 47
patients; however, only 53% of American patients
[19]
recognized a similar 55 kDa band in IP . When we
tested a group of Brazilian samples using the same
methodology, 12 of 15 patients (80%) recognized the
[25]
[26]
55 kDa IMPDH2 band . Probst et al
developed
a cell-based indirect immunofluorescent assay with
HEK293 cells expressing recombinant IMPDH2. Using
this assay, they found that all 33 anti-RR-positive
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samples they examined recognized recombinant
IMPDH2. Additionally, we performed a sandwich
ELISA assay where the native antigen was captured
by affinity-purified polyclonal anti-IMPDH2 antibody
and found that 37 of the 53 (70%) anti-RR-positive
[25]
samples presented reactivity above the cut-off .
Finally, double-labeling immunofluorescent studies
showed that anti-RR autoantibodies label the same RR
structures as a commercial anti-IMPDH2 antibody, but
not filamentary structures labeled by an anti-cytidine
triphosphate synthetase (CTPS) antibody, a critical
enzyme in pyrimidine biosynthesis that aggregates into
[23,27-29]
filamentary RR-like structures
. Altogether, these
data indicate that IMPDH2 is a major target of anti-RR
autoantibodies.

RR STRUCTURES AND THEIR
FUNCTIONS
Over the last few years, a number of reports have
described the ability of CTPS and IMPDH2, rate-limiting
enzymes in the cytidine and guanine nucleotide
biosynthesis pathways, respectively, to form large
[23,30-34]
polymers
. Under certain conditions, these
enzymes aggregate into structures in the shape of
rods 3-10 µm in length and rings 2-5 µm in diameter
(Figure 1). These structures have been designated
rods and rings (or RR) when the structures are
composed mainly of IMPDH2, or cytoophidia (Greek
for “cellular snakes”) and CTPS filaments when the
structures are composed mainly of CTPS, by different
[23,28,29,35]
laboratories
. The first mention of RR-like
structures dates back to 1987, when Willingham et
[36]
al
published that they immunized Balb/c mice with
Schmidt-Ruppin Rous sarcoma virus-transformed
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Balb 3T3 cells and obtained a monoclonal antibody
that labeled cytoplasmic structures very similar to
RR structures in indirect immunofluorescence. The
putative antigen/structure was named “nematin”
due to the worm-like appearance of the observed
structures.
Enzyme aggregation into non-membrane-bound
[37]
large bodies is a common feature in eukaryotic cells .
Although it is not known whether all aggregates
represent functional entities or enzymatically inactive
storage depots, examples of assembled polymers are
discussed as a result of: (1) pathologic damage to
enzymes (e.g., sickle-cell hemoglobin); (2) enhanced
enzymatic activity (e.g., acetyl-CoA carboxylase); (3)
formation of structural and functional elements (e.g.,
actin fibers and microtubules); and (4) as a means to
[37]
store catalytic potential (e.g., CTPS filaments) .
The function of RR structures is still unknown. To
our knowledge, no study has specifically addressed the
enzymatic activity state of the IMPDH2 enzyme while
aggregated into RR. However, four very recent reports
draw apparently contradicting conclusions regarding
the enzymatic state of the CTPS enzyme when
presented in the filamentary cytoophidia form. Three
[38]
[39]
of the reports, from Barry et al , Aughey et al , and
[40]
Noree et al , agreed that the aggregation of CTPS
[38-40]
into cytoophidia downregulates enzymatic activity
.
[41]
Strochlic et al , on the other hand, demonstrated
that CTPS within the cytoophidia structures is
[41]
catalytically active during Drosophila oogenesis .
Thus, the current hypothesis is that the assembly
and disassembly of RR/cytoophidia structures allows
for a highly sensitive control of enzymatic activity
by keeping enzymes in active/inactive forms. This
could be an important mechanism of regulation of the
indispensable GTP/CTP biosynthesis pathways.
The observation that some RR structures disas
semble after injection of anti-IMPDH2 antibody into live
cells indicates that IMPDH2 molecules are the major
[27]
building blocks of IMPDH2-based RR structures .
However, it also indicates that the binding among
IMPDH2 molecules to form RR structures is not
very strong, allowing its disassembly by putative
chemical tension, allosteric interactions, or other
unknown mechanisms generated by the binding of
several antibodies. These observations reinforce the
hypothesis that assembly and disassembly of RR
structures represent highly sensitive maneuvers to
control enzymatic activity as described in the previous
[27]
paragraph .

based (structures composed mainly of IMPDH2)
and CTPS-based (structures composed mainly of
CTPS) filamentary structures within the same cell.
We also reported that after treatment with glutamine
antagonist 6-diazo-5-oxo-L-norleucine (DON), both
enzymes can interact in the formation of “mixed” RR
structures that display a mosaic of IMPDH2 and CTPS
[29]
aggregation (Figure 1B-D) .
IMPDH is involved in purine biosynthesis, catalyzing
the nicotinamide adenine dinucleotide (NAD+)dependent oxidation of inosine-5’-monophosphate
(IMP) to xanthosine-5’-monophosphate (XMP), which
is then converted into guanosine triphosphate (GTP),
[42,43]
a precursor of the guanine nucleotide
. Humans
express two distinct versions of IMPDH with 84%
sequence resemblance and similar kinetic properties,
[43]
encoded by different genes: IMPDH1 and IMPDH2 .
Both IMPDH1 and IMPDH2 are expressed constitutively
in most tissues, however IMPDH2 is highly expressed
[44-46]
in cancer cells and proliferating tissues
. Therefore,
IMPDH has been targeted by immunosuppressive
drugs such as mycophenolate (mycophenolic acid or
MPA). CTPS is involved in pyrimidine biosynthesis,
catalyzing the final step in the biosynthesis of the
nucleotide cytosine by converting uridine triphosphate
[47,48]
(UTP) into cytidine triphosphate (CTP)
. In humans,
two versions of CTPS are encoded by different genes:
the CTPS gene for the enzyme CTPS1 and the CTPS2
gene for the enzyme CTPS2. Both are expressed
constitutively in all tissues, as they are related to
cellular growth and development, but have been shown
to be overexpressed in cancer tissues, making them
[48,49]
candidate targets for anti-cancer chemotherapy
.
IMPDH2 and CTPS seem to respond differently
to conditions that induce their aggregation into
RR/cytoophidia, such as the increase in intracellular
[32,33]
concentrations of nucleotides
. In the presence of
excess guanosine, IMPDH2-based RR formed by DON
[29]
disassembled, but not CTPS-based cytoophidia . This
indicates that there are likely two distinct aggregation
models for IMPDH and CTPS. RR and cytoophidia show
very similar characteristics of formation and behavior,
such as the morphological characteristics of rods and
rings predominantly localizing to the cytoplasm and
occasionally being observed within the nucleus as
shorter, thinner structures. However, it has not yet
been determined if the mechanisms that regulate the
aggregation of each enzyme into RR/cytoophidia are
related or not. While some progress has been made in
the study of the enzymatic activity of CTPS filaments,
the enzymatic state of IMPDH2 in its aggregated form
is still totally unknown.

Aggregation of IMPDH2 vs CTPS

Several publications demonstrated the ability of
IMPDH2 and CTPS to aggregate into large filamentary
structures; however, those studies were focused
[23,30-32]
on only one of these enzymes at a time
.
While studying both enzymes simultaneously, we
demonstrated the independent formation of IMPDH2-
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Tolerance breakdown: the anti-RR
case
Self-immune tolerance breakdown with autoantibody
production is a multifactorial process that involves
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IFN-α + ribavirin therapy

Anti-RR antibody levels
increase
Chronic HCV
infection
No anti-RR
detected

0

6

12 mo

IMPDH2 aggregates into RR in the patient cells

Turnover cellular RR and present to host immune system

IFN-α further stimulates autoimmune response to RR

Figure 2 Anti-rods and rings autoantibody production in patients with chronic hepatitis C virus infection. Ribavirin therapy leads cells to present RR
structures, while interferon-α stimulates the host immune system. These factors, plus others yet to be confirmed, could contribute to the tolerance breakdown with
autoantibody production against RR structures, whose levels increase during treatment. RR: Rods and rings; HCV: Hepatitis C virus; IFN: Interferon.

intrinsic and extrinsic aspects. Intrinsic aspects depend
on individual characteristics and certain abnormalities
which may involve genes related to the major
histocompatibility complex and several molecules
involved in the control of the innate and adaptive
response, as well as the hormonal environment.
Extrinsic aspects could be various xenobiotics such as
bacterial and viral infections or physical and chemical
agents such as UV light exposure, pesticides, and
[50]
drugs (including medications ). Improper nutrition
[51,52]
and lack of exercise are also possible contributors
.
The generation of anti-RR/IMPDH2 autoantibody
appears to depend on inhibition of the target enzyme by
treatment with ribavirin. In a previous study from our
laboratory, none of 166 treatment-naïve HCV patients
showed anti-RR reactivity. In fact, anti-RR/IMPDH2
antibodies were exclusively observed in patients who had
[20]
undergone IFN-α/ribavirin therapy . The absence of
anti-RR in HCV patients prior to IFN-α/ribavirin therapy
[21,22]
was also described in other studies
. However,
it is possible that the immunological abnormalities
associated with HCV infection and administration of
IFN-α that stimulate the host immune system establish
the conditions for ribavirin to act as an activator for
the breakdown of tolerance with generation of antiIMPDH2 autoantibodies (Figure 2). Indeed, we noticed
that systemic lupus erythematosus patients treated
with mycophenolate mofetil, an inhibitor of IMPDH2,
do not develop anti-RR antibodies, except in extremely
[20,53,54]
rare cases
. In other words, the production of
autoantibodies to IMPDH2 is unlikely to result from the
inhibition of IMPDH2 and formation of RR alone (Figure
[54]
2) .
In view of the facts that anti-RR autoantibodies
primarily target IMPDH2, that inhibition of IMPDH2 by
ribavirin leads to its aggregation into RR structures,
and that HCV patients undergoing ribavirin treatment
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produce anti-RR/IMPDH2 antibodies, we hypothesize
that this represents a human model of immunologic
tolerance breakdown followed by autoantibody
production. We explored such a model, aiming to
determine the temporal kinetics of the humoral autoim
mune response to IMPDH2 in patients from the onset
of treatment with IFN-α/ribavirin. We demonstrated
that regarding titer, avidity maturation, and isotype
levels, the humoral autoimmune response to IMPDH2
resembled that of a conventional humoral response to
infectious agents, although at a considerably slower
pace in titer increase and avidity maturation, as well as
in isotype class switch, since these changes occurred
over months in contrast to a time frame of weeks in
[25,55]
the case of an infectious challenge
. The temporal
kinetics of the humoral autoimmune response is not
readily accessible in human diseases, because we do
not know when the triggering event occurs. The model
of anti-RR/IMPDH2 autoantibody induced by ribavirin
treatment provides a unique opportunity to study
this aspect of the autoimmune response in humans.
This difference may be related to the peculiarities in
the adjuvant milieu in autoimmune and infectious
diseases. The conventional infectious process is fueled
by the strong adjuvant effect of the innate immune
response associated with the inflammation caused by
exposure to pathogen-associated molecular patterns
(PAMPs) related to infectious agents. In the scenario
of an autoimmune response, on the other hand,
these elements are lacking or are present in minor
proportions, thus possibly conveying different kinetics of
the specific autoimmune response against self-antigens.
Another element that might contribute to a slower pace
in the maturation of the autoimmune humoral response
is the existence of an array of counter-regulatory
mechanisms that contribute to the maintenance of
tolerance to self, including regulatory T and B cells.
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meantime, it might be appropriate to closely follow
anti-RR-positive patients with more frequent viral load
measurements.
In conclusion, the autoantibody response against
IMPDH2 elicited by ribavirin treatment in hepatitis
C patients has allowed us to explore interesting
aspects of immunological tolerance breakdown in
humans from the beginning of the triggering event.
In addition, anti-RR autoantibodies turned out to be
invaluable tools in the investigation of the intriguingly
large cytoplasmic and nuclear structures known as
rods and rings. The molecular constitution of these
RR/cytoophidia structures thus far appears to be
largely based on the IMPDH2 and/or CTPS enzymes.
Our laboratory and others have had the opportunity
to verify that the RR structures may occur in many
physiological and pathological instances. Currently, our
efforts are dedicated to understanding the biological
significance and the biochemical mechanisms involved
in the process of aggregation of enzymes, especially
the IMPDH2 enzyme, into RR structures. Future studies
should also investigate why IMPDH2 is preferentially
targeted by the immune system of HCV patients
under IFN and ribavirin therapy, the role of IMPDH2
aggregation into RR filaments in this phenomenon,
and to establish animal models for anti-RR tolerance
breakdown as observed in HCV patients.

CLINICAL RELEVANCE OF ANTI-RR
AUTOANTIBODY
The possible clinical impact of anti-RR antibodies
has been investigated by several laboratories, but
no association has been found with disease severity,
clinical evidence of autoimmunity, viral load or strain,
[20,22-24]
or intensity of liver inflammation and injury
.
On the other hand, as outlined above, some studies
indicate that the presence of anti-RR autoantibodies,
especially at high titer, are more frequently observed
in HCV-treated patients classified as relapsers. This
association was observed in the cohorts of Italian
[19,21,22]
and American patients
, but no such trend was
[20]
observed in the Brazilian cohort . These observations
could suggest that the presence of anti-RR auto
antibodies indicates a higher chance for poor response
to IFN-α/ribavirin therapy, and might support interruption
of the treatment and a switch to the new protease
inhibitors available for HCV therapy.
However, we emphasize that there is no established
evidence for this reasoning. The association observed
in the Italian and American cohorts is marginally
significant from a statistical point of view, and there
is considerable overlap between responders and
relapsers with respect to the presence of anti-RR
reactivity. In addition, no such association was found
in the larger Brazilian cohort. In fact, we propose
that the marginal association observed in some
cohorts may operate from a different perspective.
The production of autoantibodies against RR/IMPDH2
is stimulated by IFN-α/ribavirin treatment, save rare
[53]
exceptions . Ribavirin has been shown to induce
[23,29]
IMPDH2 to aggregate into RR structures in vitro
and in vivo (Keppeke and Andrade, unpublished data).
The strict association between anti-RR reactivity and
IFN-α/ribavirin treatment in HCV patients strongly
suggests that the ribavirin-induced IMPDH2 aggregate
is the triggering immunogen in this drug-induced
autoimmune reaction. It is therefore conceivable that
longer exposure to the treatment would result in a
higher chance of anti-RR autoantibody development.
Unpublished observations from our laboratory show
that up to approximately 70% of the patients treated
for a second or third time present positive anti-RR
reactivity as opposed to an approximately 40%
frequency in patients treated for the first time. This
finding adds strength to the hypothesis that longer
treatment means a higher chance to produce anti-RR
autoantibodies. Relapsers are patients that often need
to receive successive rounds of treatment with IFN-α/
ribavirin. In view of this reasoning, we propose that
the higher proportion of anti-RR reactivity in relapsers
observed in the Italian cohort might be attributed
to the longer period of exposure to ribavirin in these
patients. This hypothesis must be appropriately
challenged in prospective follow-up studies with a
large and heterogeneous cohort of patients. In the
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Abstract
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Laparoscopic surgery is applied today worldwide to
most digestive procedures. In some of them, such as
cholecystectomy, Nissen’s fundoplication or obesity
surgery, laparoscopy has become the standard in
practice. In others, such as colon or gastric resection,
the laparoscopic approach is frequently used and its
usefulness is unquestionable. More complex procedures,
such as esophageal, liver or pancreatic resections are,
however, more infrequently performed, due to the
high grade of skill necessary. As a result, there is less
clinical evidence to support its implementation. In the
recent years, robot-assisted laparoscopic surgery has
been increasingly applied, again with little evidence
for comparison with the conventional laparoscopic
approach. This review will focus on the complex
digestive procedures as well as those whose use in
standard practice could be more controversial. Also
novel robot-assisted procedures will be updated.
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Core tip: Laparoscopic surgery is increasingly used in
the treatment of digestive diseases. New procedures
are performed and novel technologies are applied.
In addition, robot-assisted laparoscopic surgery has
appeared as a useful tool for the digestive surgeon.
The aim of this paper is to up-date the recent advances
and scientific evidence supporting clinical practice.
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Kelling, a German surgeon, used a laparoscope to
[1]
assess the peritoneal cavity in a dog . This procedure
was followed by different studies until 1987 when
Mouret in France performed the first video assisted
laparoscopic cholecystectomy. In 1993 this technique
was established by consensus as the gold standard
[2]
for the treatment of cholelithiasis . Since then,
laparoscopy has been successfully used to perform
fundoplications, appendectomies, splenectomies,
nephrectomies and a long etcetera.
Colorectal cancer is the second cause of death
[3]
in western countries . Despite the progress in the
different medical treatments and radiotherapy, surgery
remains as the only potentially curative approach
for this disease. The implementation of laparoscopic
surgery in the field of colorectal surgery faced bigger
difficulties because of the need of working in a broader
surgical field that involved several quadrants, moving
apart the small bowel, dissecting the retroperitoneal
[4]
planes and removing a big sized specimen . Despite
[5]
all these difficulties, Jacobs et al in 1991 reported
the first laparoscopic sigmoidectomy for colon cancer
starting a new era for colorectal surgery.
The enthusiasm for laparoscopic colorectal re
sections for cancer suffered a setback when in 1993
[6]
Alexander et al reported the first case of wound
recurrence three months after a right colectomy for
[4]
colon cancer. Tomita et al published their experience
in laparoscopic colorectal resections in 1999 reporting
a 1% wound recurrence similar to the one reported
in open surgery. We have needed more than 20 years
in order to have clinical evidence to demonstrate the
benefits of laparoscopic surgery over open surgery in
the treatment of rectal tumors.
A prospective comparative study performed at the
Barcelona Clinic Hospital comparing laparoscopic and
open colonic resections with 219 patients with a 98 mo
mean follow-up, demonstrated that the laparoscopic
surgery group had a faster recovery after surgery and
less morbidity with a longer survival and a lower local
[7,8]
recurrence rate .
Several multicentric prospective randomized studies
have shown the advantages of laparoscopic colonic
surgery in terms of complications, postoperative
recovery and oncological safety (COST, COLOR and
[9-11]
CLASSIC)
.
There is not yet enough evidence in the case of
rectal surgery. The conclusions of many retrospective
studies make us think that this approach will have
several advantages but solid data is still lacking.
Some studies such as the prospectively performed
[12]
by Ströhlein et al
comparing laparoscopic and open
surgery, conclude that the laparoscopic surgery group
has the same oncological results, with faster recovery
and a shorter hospital stay, finding statistically
significant differences in mid and lower rectal tumors.
This study presents a high conversion rate of 22%.
[13]
Braga et al
published a prospective and
randomized study with 168 patients comparing open

INTRODUCTION
Laparoscopic surgery has spread worldwide these
days and many digestive procedures have become
the standard practice. The rapid development in
technology and improvement in surgeon skills have
allowed that virtually every complex surgical technique,
usually performed through open approaches, has
been accomplished laparoscopically. Numerous reports
favoring this approach have been published recently.
Caution interpreting literature is, however,
necessary. There is a risk for selection and publication
bias. Selection bias is possible because most favorable
(in terms of location, number and tumor size) cases
could have been operated on through a laparoscopic
approach. Publication bias could also happen, since it
is generally recognized a trend to report studies only
with good outcomes and those exhibiting significant
differences, which can lead to an overestimation of
the laparoscopic approach. This publication bias can
also be induced by some journal editors, who could
prefer to publish papers with positive and spectacular
outcomes more than negative and poor results. In
addition, most published studies have been performed
at large academic institutions by experienced
surgeons, which could not reflect the current general
practice.
Although feasibility of most laparoscopic procedures
in general surgery has been shown, some have
concerns about reproducibility, at least for the most
complex techniques.
There are also concerns about costs of minimally
invasive techniques in the era of cost containment. The
advantage could come from shortening hospital stays
and possibly diminishing some complications, but the
disadvantage is more expensive surgical material and
longer operating room times.
All of these considerations can be applied with
robotic-assisted surgery, a novel approach applied
today in most surgical procedures, and this approach
is becoming used more and more.
The scope of this review tries to update most
digestive surgical procedures, which precludes a
systematic review. Outstanding papers were reviewed,
but we especially focused on most of the recent work.

MINIMALLY INVASIVE COLORECTAL
SURGERY
Laparoscopic procedures started in 1902 when George
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and laparoscopic surgery for rectal cancer with a 5-year
follow-up. This study concludes that postoperative
morbidity and postoperative stay were significantly
lower in the laparoscopic group. Survival and local
recurrence were similar in both groups with better
scores in the quality of live tests in the laparoscopic
group after the first year. Long term costs were similar
in both groups. Conversion rate in the laparoscopic
group was 7.5%.
In a review of the literature presented by Indar and
[14]
Efron , the results of several prospective randomized
trials were analyzed. From this review we can say that
laparoscopic rectal surgery is safe, with good results
in terms of morbidity, leaks and hospital stay. The
conversion rate ranged from 3% to 29%. A higher
conversion rate could be due to a lack of experience
of the surgeons even though in some studies this rate
was not reduced with a progression in the learning
[15]
curve . The factors associated with conversion in the
[16]
CLASSIC trial
were a high body mass index (BMI),
inaccessibility of the tumor, fixation of the tumor, and
[17]
loss of definition of the surgical planes. Pugliese et al
have shown a significant increase in the anastomotic
leak rate in the converted cases. Other alarming data
is the increase of local recurrence rate up to 16% in
those cases converted during laparoscopic surgery
[12]
for rectal cancer, as shown by Ströhlein et al .
[18]
Scheidbach et al
presented a prospective study
with 1409 patients with a 10-year follow-up about the
impact of conversion in colorectal laparoscopic surgery.
They observed statistically significant differences in
terms of a higher blood loss, more postoperative
complications, more anastomotic leaks and a decrease
of the survival rate in the cases converted to open
surgery.
The COREAN Trial was a randomized and pro
spective study performed by three Korean centers
with a wide experience, recruiting 170 patients in
the laparoscopic arm and 170 patients in the open
group, with a 3-year follow-up. There was a very low
conversion rate of 2% maybe because of the huge
laparoscopic experience of these centers. There were
no statistical difference in the oncological results in
both groups and in the surgical specimen quality. The
laparoscopic group showed a faster recovery with less
need of postoperative pain-killers, a faster recovery
of oral intake and a better quality of life 3 years after
[19]
surgery .
[20]
In a meta-analysis published by Anderson et al
including 1403 cases of laparoscopic rectal surgery
and 1577 cases of open rectal surgery, there was no
difference in terms of survival or oncological results.
[21]
The Finnish trial published by Kellokumpu et al
comparing open surgery vs laparoscopic surgery for
rectal cancer concluded that the laparoscopic approach
offered a faster recovery after surgery, lower blood loss
and a shorter in hospital stay with less complications
in the long term. Survival and local recurrence
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were similar in both groups. Conversion rate in the
laparoscopic group was up to 22%.
In the cohort retrospective study from Brazil,
[22]
Melani et al
analyzed 84 rectal cancer patients that
had undertaken surgery between 2000 and 2003,
50% with a laparoscopic approach and 50% with an
open procedure. Follow-up was longer than 5 years
in both groups and they found no difference in terms
of complications, survival and oncological results. No
conversion rate data was provided and the authors
admitted a selection bias since the study was not
randomized.
[23]
Park et al
published a comparative study of
two groups with mid-low rectal tumors in which they
performed ultralow intersphincteric dissection with an
open approach vs a laparoscopic approach. Oncological
and survival results were similar in both groups after
a 3-year follow-up, but the authors concluded that
the laparoscopic surgery group had less postoperative
morbidity, a shorter hospital stay and a faster
functional recovery.
In 2013, the COLOR Ⅱ trial results after a 3-year
follow-up were published. 1103 patients from 30
centers were recruited and randomized either to
[24]
laparoscopic or open surgery . The authors conclude
that the laparoscopic group patients had less blood
loss, a shorter time to start bowel movements and
a shorter hospital stay, with statistically significant
differences. No difference in specimen quality was
observed. Postoperative morbidity and mortality were
also similar. Conversion rate was 17% even though
the surgical teams were selected among centers with
experience in laparoscopic colorectal surgery.
[25]
In a recently published study , the authors
analyze data from 3 randomized and controlled trials
that compare laparoscopic vs open surgery for rectal
cancer. The mean follow up was of 124.5 mo in the
laparoscopic group and 136.6 mo in the open group.
Disease free survival after a 10-year follow-up were
similar in both groups. There was a tendency towards
a lower local recurrence in the stage Ⅲ tumors treated
with laparoscopic surgery.
In summary, we can say that laparoscopic colonic
surgery is feasible and completely comparable to
open surgery, with advantages in postoperative
complications and hospital stay. Rectal laparoscopic
resection is also feasible and the studies performed to
date suggest that short and long-term outcomes are
comparable to open surgery.

Robotic colorectal surgery

Despite the advantages of the laparoscopic approach
for colorectal surgery, this approach has some
limitations such as loss of the 3D vision, limitations
in the freedom degrees of the surgical instruments,
the amplification of the physiological tremor and the
“fulcrum” effect.
The implementation of robotic technology avoids
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this disadvantages and improves the ergonomics
[26]
[27]
of the surgeon . Uhrich et al
proved that the
uncomfortable positions during laparoscopic surgery
increase surgeons fatigue and iatrogenic injuries.
The development of robotic surgery started in the
th
mid-80s of the 20 century mainly focused in the
development of tele-surgery. The FDA approved the
use of Da Vinci system (Intuitive Surgical, Sunnyvale,
CA, United States) in 2000, and nowadays is the only
robotic system available for minimally invasive surgery.
The first article published about robotic colonic
surgery using Da Vinci Surgical System was from
[28]
Weber et al
reporting a right colectomy and a
sigmoidectomy for benign diseases. At the same
time, other authors published their first robotic colonic
[29-31]
surgery case reports
.
[32]
In 2004, D'Annibale et al
reported 53 patients
that had undertaken robotic colonic resections. In this
group, 22 were resections for oncological reasons.
They concluded that the operative and postoperative
results were similar to those obtained with conventional
[33]
laparoscopic instruments. Braumann et al
published
the first 5 robotic colonic resections performed in
Germany in 2005.
[34]
[35]
Pigazzi et al
and Hellan et al
published the
first article reporting robotic rectal resections in
2006. These authors reported the first series of 39
consecutive resections for rectal cancer, concluding
that this technique is safe and feasible.
In Asia, the first robotic rectal surgery with total
mesorectal excision was performed by Baik in June
[36]
2006 . The same author published the first extended
[37]
[38]
resection with hysterectomy . Ng et al
reported
the first robotic abdominoperineal resection in Hong
Kong.
Few data are available regarding the value of
robotic colonic resections but the results seem to be
similar to those reported by conventional laparoscopic
[39]
approaches . No final conclusions can be made at
this moment.

helped to preserve sexual and urinary function after
total mesorectal excision.
[42]
Biffi et al , studied the blood loss during robotic
rectal resections and reported that only one case of
their series of 49 patients required blood transfusion,
by contrast with patients with open surgery who
required blood transfusion in 12 cases of 105.
[43]
Shiomi et al , in a study with 113 consecutive
robotic rectal resections, 12 of them having T4 tumors,
observed no conversion and no hospital mortality. The
frequency of Clavien Ⅲ/Ⅳ complications was 2.7%.
They concluded that robotic instrumentation was
helpful in performing advanced dissections with a very
low morbidity and conversion rates.

Robotic vs laparoscopic surgery for rectal cancer
comparative studies
[44]

deSouza et al
compared the results obtained
with robotic surgery in 36 consecutive cases against
those obtained in 46 cases with laparoscopic assisted
surgery using a hand port for the splenic flexure. The
authors conclude that robotic total mesorectal excision
is feasible and safe, and comparable with open surgery
in terms of perioperative and anatomopathological
results. There was a statistically significant difference
in the tumor location, with more mid and low rectal
tumor in the robotic group.
[45]
Kwak et al
in another retrospective study
concluded that the results of robotic surgery were
comparable to those obtained with a laparoscopic
group. This study was performed by a single surgeon
with a huge experience in minimally invasive surgery
for the treatment of rectal cancer. He recognizes
a selection bias in this study and concludes that
prospective, multicentric and randomized studies are
necessary.
[46]
A very interesting study from Kang et al ,
compared three groups of patients with mid and low
rectal tumors treated with either open, laparoscopic
or robotic approach. They observed that the robotic
group had a faster postoperative recovery with a lower
hospital stay, less pain and better specimen quality.
The disease free survival rate was similar in all groups
three years after surgery.
[47]
Fernandez et al , retrospectively compared a
group of patients treated with a robotic approach vs
a group treated with a laparoscopic approach. They
performed a low anterior resection in all cases with
low anastomosis. They observed no difference in blood
loss, postoperative morbidity or surgical specimen
quality but, nevertheless, they recognized that the
robotic group had lower tumors with a more advanced
disease and more chemo radiation. The conversion
rate was 17% in the laparoscopic group and 8% in the
robotic group.
[48]
Patriti et al
performed a study comparing 29
patients with robotic rectal resections against 37
treated with a laparoscopic approach with a one-year

Robotic rectal resections for rectal cancer

There are not many articles regarding robotic rectal
resections in the scientific literature. Hopefully, the
ROLARR (Robotic vs Laparoscopic Resection for Rectal
cancer) trial results will be available in a few months
and will give some valuable information.
[40]
Baek et al
analyzed the results of 64 rectal
resections for cancer with no operative mortality, a
mean blood loss of 200 mL, a conversion rate of 9.4%
and a leak rate of 7.7%. The mean of harvested lymph
nodes was 14.5, the distal margin was 3.4 cm and the
circumferential margin was negative in all cases. They
found a local recurrence in 6 patients after an interval
of 23 mo. The disease free survival rate was 73.7%.
[41]
Luca et al , performed a study analyzing sexual
and urinary function in 74 patients after robotic rectal
resections concluding that robotic instrumentation
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follow-up. They obtained similar results in both groups
with a higher conversion rate in the laparoscopic
group: 7% vs 0%.
[49]
Lin et al , performed a meta-analysis concluding
that robotic surgery is clearly superior in terms of
conversion rate. Another meta-analysis of studies
comparing robotic vs laparoscopic surgery for rectal
[50]
cancer performed by Trastulli et al
suggested
that the robotic surgery group had a statistically
significant difference in conversion rate without
significant differences in operation time, hospital stay,
postoperative morbimortality or surgical specimen
quality. The meta-analysis performed by Ortiz-Oshiro
[51]
et al had similar conclusions.
In the systematic review of the literature performed
[52]
by Scarpinata and Aly
excluding the studies that
referred to colonic resections, they suggested that
there is evidence that robotic surgery may offer a
better short term results, mainly in obese or male
patients. It also may be better in those cases with
previous radiotherapy and lower tumors. There was
no evidence of any difference in terms of leakages,
circumferential margins or preservation of the auto
nomous function.
[53]
A study performed by a Taiwanese group ,
compared the postoperative results of 64 patients
with ultralow anterior resection and intersphincteric
dissection. Twenty-eight patients had undertaken a
conventional laparoscopic approach and 36 a robotic
approach. They found statistically significant differences
in terms of surgical time - longer in the case of robotic
surgery - and in the number of definitive stomas,
which was 46.4% in the laparoscopic group vs 19.4%
in the robotic surgery group. The authors conclude that
this kind of procedure is feasible and safe with robotic
instrumentation, with better functional outcomes and
that surgical time will diminish as the experience of the
surgeons increases.
[54]
Casillas et al , analyzed the results of robotic
colorectal surgery performed in a single institution by
a single surgeon. They compared 200 laparoscopic
cases vs 144 robotic cases. They observed a shorter
hospital stay and a lower complication rate in the case
of robotic surgery.
[55]
Park et al , performed a prospective study with
217 patients that undertook minimally invasive surgery
for rectal cancer. 133 patients had robotic surgery
while 84 had a conventional laparoscopic approach.
There were statistically significant differences in favor
of the robotic approach in terms of hospital stay and
conversion rates (0% vs 7.1%). Overall survival rate
and disease free survival rate were similar in both
[56]
groups with a 5-year follow-up. Saklani et al
have
reported similar results in a 3-year follow up study.
[57]
In a recently published meta-analysis, Xiong et al
made a comparative analysis between laparoscopic and
robotic rectal surgery in terms of safety and efficacy.
They identified 8 studies with an overall number of
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1229 patients, 554 robotic cases vs 675 laparoscopic
cases. The authors concluded that the robotic approach
is safe and feasible, but they did not find statistically
significant differences in circumferential margins or in
sexual function after surgery.
In summary, rectal robotic excision is feasible and
safe, is comparable to laparoscopic surgery in terms of
short and long-term outcomes, with some advantages
such as shorter hospital stay, lower conversion
rates and better functional results. Some particular
conditions such as lower rectal tumors, male and/or
obese patients or locally advanced rectal tumors may
be indications that could benefit the most from the
robotic approach.

Robotic colorectal surgery learning curve

The use of robotic instrumentation in rectal surgery
requires not only training in surgical technique but
also training in the use of the robotic system. This
training has the specific handicap of the loss of the
tactile feedback. The procedure is performed from a
console far from the patient. This requires an excellent
coordination between the surgeon and the surgical
assistant.
The advantages that robotic technology provides
make, for an expert surgeon in open surgery, less
necessary the previous training in conventional laparo
scopic surgery. The surgeon expert in conventional
laparoscopic procedures has to make a specific training
in robotic surgery. No differences have been observed
in the learning curve for robotic surgery in surgeons
with previous training in laparoscopic surgery vs those
without that training.
[58]
Giulianotti et al observed that the robotic surgery
learning curve was short for easy procedures as suture
knotting or instrument use. They also observed that
the training for advanced surgical procedures required
previous experience in open and laparoscopic surgery.
Very few studies analyze the learning curve in
[59]
robotic surgery. Bokhari et al estimated following the
Cumulative Summation (CUSUM) technique that 50
robotic rectal procedures are necessary for a surgeon
[60]
to be proficient in this procedure. Sng et al
have
recently published an article reporting a multiphasic
learning curve. In the first phase (around 35 initial
cases) the surgeon performs selected easy cases. In
the second phase, with a worse CUSUM, the surgeon
performs more complex cases (to 100 cases). Finally
the surgeon enters in a consolidation phase.
[61]
Buchs et al have reported that the learning curve
can be reduced using simulation in an animal/cadaver
model or through the visualization of video clips or
attending to courses.
[62]
In a recent study, Byrn et al
compared their
initial 43 robotic rectal surgery cases with the following
42 cases observing a significant reduction of surgical
time and costs.
Other considerations concerning training are made
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[73]

at the end of the paper.

Palanivelu et al
in 2006 with 130 cases or others
[74]
including hybrid procedures . Three meta-analysis
have compared MIE with open esophagectomy and
find a benefit of MIE in a hospital stay, respiratory
[75-77]
complications and overall morbidity
. Current
evidences suggest that MIE is a feasible and safe
technique with benefits in the short term. As a result,
indications have been expanded from the Barrett’s
esophagus with high grade dysplasia to locally advanced
tumors after neoadjuvant therapy, which are also the
[74]
indications of open esophagectomy . Some aspects
such as oncological outcomes, anastomosis location or
patient positioning are, however, controversial. There
are to date only a few works reporting long-term
oncological outcomes and they have a short follow-up
and a small number of patients, but they have failed,
up to now, to show benefits by comparison with open
[78,79]
esophagectomy
. Probably, because of this, and
despite the MIE procedures increasing, today only 30%
of esophagectomies are performed worldwide through
minimally invasive approaches, with 20% in 2009
in Japan or 19% in the United Kingdom in the last 8
[80-82]
years
.
Patient positioning influences the MIE technique.
In the MIE as well as in the open technique, the left
lateral decubitus has been more frequently used,
although the prone decubitus is now been increasingly
used. In 2012, the first controlled randomized
[83]
trial analyzing this position was published . Fiftynine MIE patients who were operated on in prone
decubitus were compared with 56 patients treated
by esophagectomy through a thoracotomy in semi
lateral left decubitus. A significant decrease in
respiratory complications in the MIE group was found
by comparison with the open group (9% vs 29%). It is
not clear whether the benefits are due to the position
or the minimally invasive approach or, more probably,
a combination of both. However, recent studies
[84,85]
comparing both positions
show that the prone
decubitus provides some advantages such as better
oxygenation and exposition of the surgical field, which
lead to improved postoperative outcomes. As a result,
the prone decubitus is being increasingly used.
Regarding the anastomosis location, the Mc
Keown technique with cervical anastomosis, using
thoracoscopy only for the esophageal mobilization, has
been the most used procedure to date since a lower
skill is needed by comparison with the intrathoracic
anastomosis. However, the McKeown technique
is associated with high complication rates such as
recurrent laryngeal nerve injury, and anastomosis
leak. As a result, there is a tendency to perform more
intrathoracic anastomoses. In 2012 a large series
of 1000 MIE patients compared 481 cases treated
by the McKeown technique with 530 with the Ivor
[86]
Lewis procedure . The outcomes in both groups
were similar with low mortality rate and a similar
number of retrieved lymph nodes, but the authors

Cost-effectiveness studies

One of the most criticized aspects of robotic colorectal
surgery is the increase of cost per procedure. Cost
analysis may vary depending on the criteria we use
and the items we analyze. Rectal cancer process is
very long and the analysis of costs of this process may
vary a lot if we analyze just the perioperative period
or a 5-year period including stoma cost, quality of life
or local recurrence. The cost analysis also varies a lot
depending on the health care system characteristics.
There are not yet high quality articles that are con
clusive about the cost issue.
[63]
Delaney et al
reported a significant increase
of in-hospital costs with robotic colorectal surgery:
2946 dollars per laparoscopic procedure vs 3721.5
dollars per robotic resection. This increase was mainly
attributed to the increase in intraoperative costs.
[64]
However Rawlings et al
did not find any
statistically significant difference when they analyzed
intraoperative, staff and surgical time costs.
[55]
Park et al
compared robotic with laparoscopic
rectal cases with 150 laparoscopic rectal cases and
concluded that the robotic approach increased the
perioperative costs. These authors recommended
cost effectiveness studies including long-term results,
oncological results and functional outcomes. Bodner et
[65]
al have reported similar results.

MINIMALLY INVASIVE
ESOPHAGECTOMY
The esophageal cancer frequency - mainly adeno
carcinoma - is increasing worldwide, presently being
th
th
[66]
the 8 in the incidence ranking and 6 in mortality .
For patients with advanced loco-regional disease
(T2-T4a and N +, stages Ⅱ and Ⅲ), controlled
randomized trials and a large meta-analysis have shown
a clear benefit in disease-free survival in patients treated
[67]
with chemo-radiotherapy and surgery . However,
esophagectomy is one of the most complex procedures
of the gastro-intestinal surgery, with a high postoperative
[68]
morbidity and mortality, mainly of respiratory origin .
The potential advantages of minimally invasive pro
cedures, especially regarding a decrease in pulmonary
complications, have been studied for the last 4
[69]
decades . Minimally invasive esophagectomy (MIE)
includes conventional pure laparoscopy/thoracoscopy,
hybrid procedures (celiotomy/thoracotomy; celiotomy/
thoracoscopy), hand-assisted surgery and, more
recently, robot-assisted esophagectomy.
The first thoracoscopic esophagectomy was per
[70]
formed in 1992 by Cuschieri . Later, other experiences
have been published: some reporting less than 5 cases
[71]
of MIE Ivor Lewis each , larger series of three-field
esophagectomy -McKeown technique such as that
[72]
of Luketich et al
in 2003 with 222 patients, that of
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concluded that Ivor Lewis MIE is preferable because
a lower frequency of recurrent laryngeal nerve injury
and a mortality rate of 0.9%, not higher than that of
McKeown. Similar outcomes were found in another
study from 2014 comparing 103 Ivor Lewis MIE with
[87]
185 McKeown MIE , with significantly better results
found in the first group: overall morbidity (16.5% vs
31.4%), respiratory complications (8.7% vs 25.9%),
anastomosis leak (1.9% vs 13%), anastomosis
stenosis (0% vs 4.9%), and recurrent laryngeal nerve
injury (1% vs 7.0%).
Nevertheless, intrathoracic anastomosis in difficult
to do through a minimally invasive approach, so there
is a limited number of papers reporting more than 50
[88-92]
cases each in the last 2 years
.

needed.

MINIMALLY INVASIVE GASTRECTOMY
Gastric cancer incidence is decreasing but is still fourth
in the world ranking and accounts for 10% of the overall
cancer deaths. There are wide geographic variations,
not only in incidence but in their clinical features also.
Fifty percent of world cases are diagnosed in Asia and
[106]
it is the most common cancer in South Korea
. In
the western world there is a trend for tumors to be
advanced at diagnosis, to locate more proximally, to be
histologically diffuse, and the patients tend to be older 10 years more on average, to have an increased body
[107]
mass index and more comorbidities
. Because of
these differences, two classification systems have been
developed - the Japanese Gastric Cancer Association
(JGCA) and the Union for International Cancer Control
[108,109]
(UICC/TNM)
. Also, different concepts concerning
the optimal surgery, the reconstruction type and the
minimally invasive surgery implementation have arisen
between the West and the East. Fortunately, unification
of the classification systems and approximation of the
lymphadenectomy extent have been achieved in the
last decade. As a result, the D2 lymphadenectomy
[110,111]
has been implemented in the West
and in
the East now is accepted that no more than a D2
[112]
lymphadenectomy is mandatory .
The same as in other procedures, minimally
invasive gastrectomy (MIG) in case of cancer could
show some advantages. These techniques were pio
[113]
neered by Kitano et al
in 1992 with a laparoscopic
-assisted gastrectomy. Since then, the development
has been determined, not only by the tumor features
- location and stage, but also by the above mentioned
differences between the West and the East. In general,
the high incidence or early tumors in the East led to
7341 distal and 1103 total laparoscopic gastrectomies
in 2009 in Japan, and 3783 laparoscopic procedures
in South Korea, in contrast with 245 in Spain between
2005 and 2008 and 133 in the United Kingdom
[114]
between 2011 and 2012 .

Robot-assisted esophagectomy

Some limitations of the MIE can be overcome by
the aid of the robotic systems, which provide some
advantages such as a tridimensional view of a field
selected for the surgeon instead of the assistant-, the
7 degrees of freedom allowing movements similar
to open surgery, the tremor suppression resulting in
a better precision, and a better ergonomics which
leads to less surgeon fatigue. All of these advantages
are even greater in small surgical fields, with few
instrument exchanges as the thoracic phase of an
esophagectomy is.
The first robot-assisted MIE using the Da Vinci
[93]
system was published by Kernstine et al
in 2004.
A few short series, between 6 and 47 cases, have
been reported since then, always with cervical
[94-99]
anastomosis
. The first robot-assisted Ivor Lewis
series were published from 2013 to now, reporting
[100]
[101]
[102]
22
, 17
, and 50
cases, respectively, all with
the patient in lateral decubitus. In 2014 our group
published the first series of robot-assisted Ivor
Lewis in prone decubitus with intrathoracic manual
[103]
anastomosis
. We feel that the prone position
makes the dissection and lymphadenectomy easier, in
an optimal field. We had no respiratory complication
in 39 cases, although a stapled anastomosis, either
transthoracic or transoral, is more difficult. The robotic
assistance makes a manual intrathoracic anastomosis
easier and allowed us to use the prone position and its
potential advantages without flawing short and longterm oncological outcomes, as we recently reported in
[104]
a series of 21 cases .
Despite these potential advantages, the evidence
to show any possible superiority of the robot-assisted
MIE over either open esophagectomy or conventional
thoracoscopic esophagectomy is still very limited.
Since 2012 a single center controlled randomized trial
has been ongoing in the Netherlands to compare the
[105]
robot-assisted and open esophagectomy
, with a
recruitment prevision of 112 patients - 56 per arm and
a follow-up of 5 years. However, for stronger evidence,
multicentric trials with a large number of patients is
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Laparoscopic distal gastrectomy

For tumors in early stage and distal location, literature
is profuse in retrospective studies, case series and
comparative studies but there are seldom randomized
controlled trials (RCTs) comparing Laparoscopic
distal gastrectomy (LDG) with open gastrectomy and
[115-122]
they have a limited case number
. Despite the
limitations, LDG appears to have advantages over open
gastrectomy in terms of postoperative pain, recovery
of gastrointestinal and pulmonary function, hospital
stay and return to normal activity. The complexity
of a proper lymphadenectomy - especially if a D2 is
mandatory, and the concerns about oncological safety
[123]
has slowed down its generalization .
Additional evidence has been provided by several
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[124-127]

meta-analysis
, some of them with more than
[128-131]
3000 patients including advanced stages
and
[132]
the most recent with 2144 cases . All coincide in the
LDG perioperative advantages - blood losses, overall
morbidity, hospital stay - and that oncological results
are not inferior to those of open surgery, although
more operative time is spent.
Currently two multicentric phase Ⅲ RCTs are
[133]
ongoing, one from the Japan Clinical Oncology Group
and another from the Korean Laparoendoscopic
[134]
Gastrointestinal Surgery
. The joined recruitment
prevision is more than 2300 patients and the results are
expected for 2015.
At the moment, and after the international expert
group meeting, the LDG is accepted for distal tumors
cT1-2 cN0 and the laparoscopic total gastrectomy (LTG)
for proximal tumors cT1 cN0, although no consensus
[135]
was achieved for other stages .
Literature data concerning LDG in locally advanced
tumors (stage Ⅱ and Ⅲ) are even scantier. Only two
[136,137]
RCTs have compared MIG and open gastrectomy
.
Two meta-analysis, have been published: the first
included 7 studies with 174 laparoscopic and 278 open
[138]
gastrectomies , and the second analyzed 10 studies
with 495 laparoscopic and 544 open gastrectomies,
[139]
both with D2 lymphadenectomy
. Both coincide
in that the minimally invasive approach in advanced
gastric cancer is associated with a longer operative
time, but less blood losses, pain, postoperative
complications and hospital stay. Similar lymph node
number and overall survival were found in the two
approaches.
A recently published phase Ⅱ prospective clinical
trial with 157 patients concluded that laparoscopic
gastrectomy with D2 lymphadenectomy for advanced
gastric cancer is technically feasible and safe, with
[140]
acceptable morbidity and mortality rates .
More high quality RCTs comparing open and
laparoscopic gastrectomy are needed, as well as
multicentric studies. Even so, some aspects will
probably not able to be applied to the West due to the
above mentioned clinical and histological differences.

In the West, the European pioneer groups in this
[143]
[144]
field, such as Dulucq et al
or Huscher et al
published a series of only 8 and 11 LTG, respectively.
In 2013, a specialized center, the MSKCC published a
[145]
series of 17 cases .
[146-148]
Three recent meta-analysis
also suggest
that, in skilled hands, LTG has better perioperative
outcomes than the open procedure in terms of blood
losses, pain, resumption of oral intake, hospital stay,
with no inferiority concerning lymph node retrieved
and survival. However, the operative times are longer.
A phase Ⅱ multicentric prospective trial (KLASS-03)
in patients with stage Ⅰ gastric cancer is currently
ongoing, with the aim of assessing perioperative
morbidity and mortality of LTG by comparison with the
[149]
open procedure .

Robot-assisted gastrectomy

The main advantages of the robotic systems have
already been discussed. In the case of gastric cancer,
these potential advantages lie in a better precision
for the lymphadenectomy and an improved skill for
[150]
[151]
intracorporeal anastomosis
. Hashizume et al
published the first Robot-assisted gastrectomy (RAG) in
2002, but because the procedure is technically complex
and the equipment is expensive, the spreading has
been slow. Several groups have compared the RAG
with the laparoscopic and open techniques. The
Yonsei University group published in 2009 the initial
experience with 100 patients, extended to 236 cases
more (73% subtotal and 27% total) in 2011 of RAG
compared with 591 laparoscopic (81% subtotal and
19% total). They concluded that RAG seems to have
better short-term results with comparable oncological
[152,153]
outcomes
. Other published series until 2012
support these conclusions, although the largest one
[154,155]
reports less than 40 cases
. The first metaanalysis, also from 2012, compared 268 RAG with 650
[156]
laparoscopic gastrectomies
. Significant differences
were not found in overall morbidity, hospital stay, or
number of lymph nodes retrieved.
Interesting, to make the most of the benefits
of the robotic assistance, the morbidity due to ana
stomotic leak must be minimal. A study analyzing
postoperative complications in 5839 patients (4542
open, 861 laparoscopic and 436 robotic gastrectomies)
concluded that, even in expert hands, minimally
invasive techniques are associated with an increased
risk of anastomotic leak by comparison with open
gastrectomy, although the overall morbidity and
[157]
mortality rates were similar .
Since 2012, seven new meta-analysis have been
published, analyzing between 404 and 762 RAG
[158-164]
patients
. All concluded that RAG was associated
with lower blood loss and shorter hospital stay, with
an adequate lymphadenectomy, by comparison with
the laparoscopic and open gastrectomy, although with
longer operative times.

Laparoscopic total gastrectomy

The Laparoscopic total gastrectomy (LTG) spreading
has been slower worldwide, even in Korea and Japan,
due to the need of an esophagogastric anastomosis,
which is technically demanding, and because of the
low incidence of the proximal gastric cancer in the
East. The first relatively large series appeared in 2009,
[141]
such as that of Shinohara et al
with 57 patients or
the multicentric study from South Korea by Jeong et
[142]
al
of 131 laparoscopic-assisted total gastrectomies.
Both conclude that LTG is feasible and safe - morbidity
of 31% and 19%, respectively with no mortality, it is
possible to retrieve sufficient lymph nodes - 46 and
35, respectively - although with long operative times 4.5 h on average.
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More high quality studies are needed to clearly
define the role of RAG.

wound infection, incisional hernia, anastomotic leak
and cause of death were studied. They found that in
the laparoscopically treated patients a 75% and 89%
decrease of wound infection and incisional hernia risk,
respectively. The risk of reoperation, anastomotic
leak, and death cause were, nevertheless, similar in
the laparoscopic and open surgery groups. Another
[189]
review of 361 studies including 85048 patients
analyzed the 30 d mortality and found a 0.28% rate
for biliopancreatic diversion and duodenal switch and
1% for revisional surgery.
The restrictive procedures are associated with
lower mortality rates than the mixed techniques,
and the malabsorptive procedures have the highest
mortality. In the meta-analysis by Buchwald et
[189]
al
a higher mortality is found in open surgery by
comparison with the laparoscopic procedures, with
the exception of BPD/DS. Higher complication rate
[190]
has, however, been reported in laparoscopic cases .
[191]
Flum et al
published a population-based study
of Medicare beneficiaries and found a laparoscopic
surgery mortality at 30 d, 90 d and 1 year of 2%, 2.8%
and 4.6%, respectively as well as higher mortality for
individuals older than 65 years.
[192]
Morino et al
studied the mortality risk factors of
several bariatric procedures, such as gastric bypass,
banding gastroplasty, adjusted gastric banding,
biliopancreatic diversion, biliointestinal diversion and
other procedures in a 13871 patient retrospective
analysis. They concluded that the laparoscopic
approach significantly reduces the mortality risk, and
the surgical technique, the open approach, a prolonged
operative time, associated comorbidities and the
surgeon experience increased the risk.
Mortality associated to laparoscopic bariatric
procedures has been shown to be lower in centres with
more than 100 cases per year (0.3%) than in those
[193]
with less than 100 (1.2%) .
In summary, the laparoscopic approach significantly
reduces the overall mortality risk, since the hazard
of thromboembolism as well as other complications
decreases by comparison with open surgery. However
the evidence level of long term outcomes of most
review studies are low since many patients are lost to
follow-up in many series.

MINIMALLY INVASIVE BARIATRIC
SURGERY
Obesity is a world health problem of epidemic
[165,166]
dimension in western countries
. A WHO report
estimates that more than 1600 million people are
overweight and 400 million people have frank obe
[167]
sity
. The increase in obesity prevalence is associa
ted with a rise in the associated disease prevalence
such as diabetes mellitus, hypertension, hyperlipi
demia, obstructive sleep apnea, cardiovascular and
pulmonary disorders, some tumors, osteoarticular
[167,168]
disorders, and depression
. Life expectancy
of obese patient is approximately reduced by 12
[167]
years
. Bariatric surgery has been shown to be the
most effective treatment to achieve significant and
[169-173]
sustained weight loss
and also improves every
cardiovascular risk factor, with the exception of the
[174]
hypercholesterolemia
. These comorbidities lead to
an increased consumption of health resources, and as
a result, to increased costs of obesity treatment.
The therapy of this disorder includes both medical
and surgical treatment. The former is based on a
multidisciplinary approach with the participation of
endocrinologists, dieticians and psychologists. The
aim is to achieve a change in the life style, promoting
physical exercise and healthy nutritional habits with
[175,176]
the support of multiple drugs of limited efficacy
.
The current surgical techniques can be divided into
restrictive (adjustable gastric banding and sleeve
gastrectomy), malabsorptive (biliopancreatic diversion)
[177,178]
and mixed (gastric bypass)
. Since 1993, these
techniques are being increasingly performed laparo
[179]
scopically with preference over the open approach .
Laparoscopy in obesity surgery offers several advan
tages: less pain, lower frequency of wound infection
and incisional hernia, less postoperative complications,
shorter hospital stay, faster recovery and better
[180]
cosmetic results
. Several early studies on vertical
[181]
[182]
banding gastroplasty , adjusted gastric banding ,
[183-186]
and Roux-en-Y gastric bypass
, support some
of these advantages, although the mortality rate did
not decrease, probably because of the limited number
[187,188]
of cases in each series. Later, several reviews
,
including the 2009 Cochrane study, compared
laparoscopic and open surgery, but no statistically
significant difference was found regarding mortality,
morbidity, reoperations or weight loss.
Two reviews of observational studies conclude
that the frequency of incisional hernia and wound
infection are lower in laparoscopic surgery, although
lacking a direct comparison with open procedures.
[180]
The systematic review by Reoch et al
analyzed
6 randomized studies including 510 patients with a
minimum follow-up of 12 mo. The risks of reoperation,
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Robot-assisted bariatric surgery

Robot-assisted bariatric surgery (RABS) has been
used since 1998, when a gastric band was put
[194]
from the distance
, and shows some advantages
over the laparoscopic techniques, which have some
limitations related with a poor ergonomics due to
a limited instrument mobility due to the abdominal
wall width, and hepatomegaly. RABS suppresses the
position port limitation as well as the physiological
[195]
tremor and confers a better ergonomics . The three
[196]
dimensional view allows a more precise dissection
and a decrease in blood loss. A shorter learning curve

1983

February 14, 2016|Volume 22|Issue 6|

Rodríguez-Sanjuán JC et al . Laparoscopic and robot-assisted digestive surgery
by comparison with conventional laparoscopy has been
[197]
claimed .
Several studies report that RABS is safe with
lower complications than the laparoscopic techniques.
[198]
Edelson et al
compared 287 robotic and 120
laparoscopic gastric banding cases, and they did not
find any significant difference in intraoperative or
postoperative complications, hospital stay or operative
time; the time was, however, significantly lower in
2
patients with a BMI > 50 kg/m operated on through
a robotic approach (91 min vs 103 min). Fourman et
[199]
al
reported similar findings in a literature review of
RABS which included gastric banding.
The gastric bypass has been used since 2000,
[200]
with satisfactory outcomes
. Lower complication
rates than those of the laparoscopic approach,
without mortality or anastomotic leaks have been
[199,201-205]
published
. Others also report significantly
[206]
less anastomotic failures with RABS . Skilled teams
have achieved similar operative times and even
[199,206,207]
shorter
, with comparable long-term results
concerning weight loss and comorbidity improvement.
In a review of 1686 patients comparing laparo
scopic and robotic bypass, similar results were
found regarding anastomotic leaks, postoperative
[208]
complications, operative time and hospital stay
.
However, an advantage was found in a decrease of
the anastomosis stenosis rate at 6 mo. Most groups
coincide in that anastomosis leak is lower with RABS,
although without reaching statistical significance.
The vertical gastrectomy or sleeve gastrectomy
(SG) has become in one of the most popular bariatric
procedures due to its effectiveness in reducing weight.
Overweight losses as high as 61% after 24 mo have
[209]
been reported , as well as comorbidity improvement
[210,211]
such as diabetes resolution in 47%-66%
. Other
advantage are the lower operative time needed,
the shorter hospital stay and the lower frequency of
complications, by comparison with the laparoscopic
GB. Since the use of robotic surgery has been limited
to the most complex procedures - revisional surgery
and gastric bypass, there are only a few studies
[199,211-217]
on SG
which do not show any significant
difference concerning complication frequency - stenosis,
bleeding-, mortality or hospital stay. One study reports
a lower fistula frequency and a shorter stay in the
[218]
robotic cases, but without statistical significance
.
This technique, when performed with robot assistance,
is associated with longer operative times and is more
expensive, and thus is controversial its generalized use.
However, it is proposed as a way to learn robotic skills
before performing the gastric bypass.
The Scopinaro biliopancreatic diversion (BPD) and
the biliopancreatic bypass with duodenal switch (DS)
are more effective than the gastric bypass in achieving
weight loss and improvement of obesity associated
[219,220]
comorbidities
but due to their complexity, higher
complication rates and the need of nutritional control,
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are the least used. The first results of these procedures
performed through a laparoscopic approach were
[221]
published by Ren et al
in 2000, with a 2.5%
mortality. In a systematic review, a 30-d mortality
of 0.1% for restrictive procedures, 0.5% for gastric
bypass and 1.1% for BPB/DS were reported 59. Sudan
[222]
et al
reported a series of 59 robotic BPB/DS without
mortality, anastomotic leaks, bleeding, sepsis or
pulmonary thromboembolism.
The main criticism to RABS is its high cost, as well
as the longer operative time, especially because of the
preoperative docking time needed. This however, can
be minimized with increasing experience of the surgical
team.

LIVER SURGERY
Nowadays, laparoscopic resection is increasingly being
performed for both benign and malignant liver lesions.
This review will focus on the latter.
There are several options to perform a laparoscopic
liver resection (LLR): totally laparoscopic, handassisted and hybrid resection. In the latter, the liver
is mobilized laparoscopically, with the hilar dissection
and parenchymal division performed through an
abdominal incision, usually epigastric as described by
[223]
Koffron et al
. Hand-assisted laparoscopy and the
hybrid technique have been recommended as a bridge
to the totally laparoscopic technique as the first steps
of surgeons not familiar with complex laparoscopic
[224]
procedures . There is not sufficient data supporting
the superiority of any technique over the other in
terms of operative time, blood losses or complication
[225]
rates .
Every type or liver resection has been performed:
from non-anatomic resection to segmentectomy or
right lobectomy, removing from one tumor node
[226]
to multiple nodes
. Pedicle control can be done,
the same as in open surgery, in order to minimize
bleeding.
Laparoscopic liver surgery is associated with
some potential benefits by comparison with the open
technique. There is a better view due to magnification
and favorable vision angles. This is the case of the
adrenal glands and the area around the inferior vena
cava, since these structures are located on the dorsal side
of the liver and are best seen by a laparoscope inserted
[227]
through the umbilicus
. There is also less bleeding
[226]
with less transfusion needs, as most papers show ,
explained in part by the laparoscopic magnification, and
decreased venous oozing from the cut surface under
[227]
pneumoperitoneum . Another explanation is a longer
portal clamping time by comparison with open surgery,
[228]
as reported in some works , although this is not seen
[226]
in others
. The lower analgesia requirements are
[228]
due to less postoperative pain . A lower frequency of
postoperative complications has been claimed; several
papers have reported a trend to decreased complications
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[229-232]

[231]

rates, although without significant differences
.
Particularly, a lower overall incidence of pulmonary
[233]
complications has been reported . A recent published
metaanalysis reports a significant decrease in the
[226]
complication rate of laparoscopic cases
, but other
studies find similar complications in laparoscopic and
[228]
open groups
. Other advantages are shorter in hospital stays - due to less pain and less complications-,
better cosmetic results. Lower frequency of incisional
hernia. Further resections, if necessary, or even salvage
transplantation in the case of hepatocellular carcinoma
(HCC) are probably easier and this could increase the
re-resection rates. All of this without compromising
[228]
the oncologic aims as free borders (R0 resection) .
Increased liver regeneration has been reported in living
donor patients operated by laparoscopy by comparison
[234]
with open procedures . Although the reason is unclear
and these findings have to be confirmed, the diminished
acute-phase stress response and improved immune
system function reported after laparoscopic surgery
could explain this in part.
There are however some concerns regarding
the laparoscopic technique. The first is the problem
[230]
of venous gas embolism
. Since the pneumo
peritoneum rises intrabdominal pressure, an increased
risk of CO2 embolism is possible, although because
of its greater solubility than nitrogen, it is much
safer. Also, the use of argon beam coagulation could
increase the risk of argon gas embolism. As a result,
some authors recommend its avoidance or extremely
[224]
cautious use
, only over minor bleeding points
and opening one port to allow venting excessive
gas pressure. Concerns also remain regarding the
oncologic adequacy of LLR compared with open liver
resection as well as failure to detect occult lesions,
which is especially important in the case of metastases.
This will be discussed later. There is a potential risk
of tumor dissemination (port metastasis, peritoneal
carcinomatosis). In case of major bleeding, the
[227]
restriction on movements make the suture difficult ,
leading to important risks. On the other hand,
laparoscopic procedures might result in additional
hospital costs due to the need for laparoscopic
instrumentation, and possibly longer operative times.
However, these costs can be offset by shorter lengths
of stay. Estimates of costs in some centers find that
the laparoscopic approach is not associated with higher
[230]
costs .
The advent of minimally invasive liver surgery could
result in overuse of these procedures. Some authors
have stated with caution that laparoscopic procedures
could lead to their use in cases where surgery is not
indicated and therefore that laparoscopic procedures
should only be used when an open procedure is clearly
indicated. However, some authors argue that in some
cases, especially when faced with diagnostic and
therapeutic dilemmas, laparoscopic procedures might
be considered instead of conservative nonsurgical
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management .
Most published papers report case series of
laparoscopic resections, usually comprising a small
number of patients. To date there are no published
randomized clinical trials. In addition, few works have
reported comparisons with open resection. This is
probably due to the difficulty of putting together a
team skilled in both advanced laparoscopic and open
hepatic surgery.
Conversion rates are variable. The reasons are
oncological, bleeding, strong adhesions due to previous
surgery and no progression for anatomical reasons.
Transection methods are variable but any energy
device or staplers can be used. For deeper transection,
an ultrasonic aspirator (CUSA or equivalent) or the
[224]
clamp-crushing technique can be used .
Indications for LLR are the same as those of open
surgery: large and symptomatic benign lesions,
diagnostic concerns and, especially malignant tumors.
The latter comprise any type of malignancy, but
most frequently, colo-rectal metastases, HCC and
cholangiocarcinoma. Our discussion will be focused on
the malignant lesions.
Recently, the Second International Consensus
Conference published their recommendations for LLR.
They found these were not inferior to open resection
in mortality, postoperative complications, margin
negativity, overall survival, and costs. Laparoscopy
was superior in length of stay. Also, technical
recommendations were provided. They state that
minor LLR (less than 3 segments) is “confirmed to
be a standard practice in surgery but is still in an
assessment phase”. They also state that “major LLR is
an innovative procedure and is still in an exploration or
[224]
learning phase and has incompletely defined risks” .

LIVER METASTASES
When several years ago laparoscopic LLR began,
some concerns regarding liver metastasis resections
arose: will free margins can be achieved? Will small
[235]
metastases be found
? No trials comparing open
and laparoscopic metastasis resection were available
in 2009 when the few available studies reported an
[235]
80%-87% 3-year overall survival
. Nowadays we
have some studies which allow comparing several
aspects of open and laparoscopic surgery.
As mentioned above for liver resections in general,
most published papers concerning metastasis reports
a negligible or nihil mortality with a trend to a lower
[226,232]
complication rate in laparoscopic series
, although
[229,236]
this is not seen in other works
. Also, the bleeding
and transfusion needs are significantly lower than in
[226,229,237-239]
open surgery
.
The mean operation time ranges from 180 to 377
min - depending on the resection extent - which is
[226,229,237-239]
similar to the time spent in open resections
.
[226,229,237-239]
The length of stay ranges from 3.7 to 7.3 d
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[230]

and 18.3 in a study from Japan
but is significantly
shorter in laparoscopic resections in all of them.
Concerning oncologic outcomes, the papers report
R0 resection rates ranging 82.7%-100%, not different
[226,229,232]
from those obtained in open resections
.
The long-term outcomes - overall and disease-free
survival - are also similar. The 5-year overall survival
[226]
rate found in the metaanalysis by Schiffman et al
is 51.4%, although rates as high as 76% have been
[226]
reported
. In addition, non-significant differences
have been found when compared with survival
[226,229,232,237]
after open procedures
. Importantly, no
significant difference between laparoscopic and open
[226,237]
resections disease-free survival has been found
,
reflecting that no missed metastasis was left behind
after laparoscopic procedures.

Concerning oncologic results, significant differences
[242]
in free margin rates have not been found , although
in a non-randomized study it was significantly higher
[244]
in LLR than in open surgery
. Both overall and
disease-free survival have been shown to be similar in
[242-244]
cirrhotic patients
. Also, tumor recurrence seemed
[242-244]
similar
.
As a result, LLR for hepatocellular carcinoma
appears feasible and safe both in cirrhotic and noncirrhotic patients, provided the functional status of the
latter is acceptable. Also, oncologic long-term results
are not inferior to those of open surgery.

CHOLANGIOCARCINOMA
Laparoscopy can be used in cholangiocarcinoma both
for staging work-up and for therapy.
Cholangiocarcinoma (CC) has considerable rates of
unresectability due to the common invasion of vessels,
secondary and tertiary biliary duct divisions, presence
of distant lymph node metastases and peritoneal
metastases. Staging laparoscopy (SL), often combined
with ultrasound, detects many of this settings,
therefore avoiding unnecessary laparotomies and has
been used with staging purposes for many years. The
usefulness appears to have decreased considering
reports from 2002 and from 2011, showing a drop
both in efficacy (41.8% to 14%) and accuracy (72%
[245]
to 32%)
. This decrease can be explained by the
continuous improvement in imaging techniques which
detect today minimal disease. As a result, today the
most extended opinion is that SL only is indicated in
case of concerns of unresectable disease on imaging
techniques or in patients with high risk of holding it, as
T2/T3 cases of the Jarnagin-Blumgart staging system
[246]
are .
On the other hand, experience with laparoscopic
treatment of CC is short, with most papers reporting
[247,248]
only a few cases of laparoscopic
or robot-assisted
[249]
laparoscopic treatment
. Two case series report 14
[250]
cases each. Yu et al
treated 8 Bismuth Ⅰ tumors
by local excision and 6 Bismuth Ⅱ cases by partial
hepatectomy. The R0 resection rate was 100% in the
former but only 60% in the latter. Importantly, they do
not perform caudate lobe excision. Overall, there was
no mortality and there was 35.7% of biliary fistula.
[251]
They report two tumor recurrences. Gumbs et al
report a multicenter experience of 9 intrahepatic and
5 perihilar CC. The former were treated by partial
hepatectomy as well as 3 of the perihilar tumors, with
a conversion rates of 11% and 20%, respectively.
No caudate lobe resection was carried out. The R0
resection rate was 77.7% in the intrahepatic and 80%
in the perihilar CC. In the intrahepatic CC the mortality
and morbidity rates were 11% and 33%, respectively,
whereas in the perihilar CC there was no mortality or
complications. The survival rates were 66.6% at 22 mo
in the intrahepatic and 100% at 10 mo in the perihilar
CC.

HCC
Resection is the usual therapy for HCC in non-cirrhotic
patients. However, most cases in the western world
arise in cirrhotic patients. This implies to deal with
a liver with some functional impairment as well as
more fibrotic tissues. Current guidelines recommend
resection only in solitary tumors when portal hyper
tension has been excluded and serum bilirubin is
[240]
normal
. Although the best candidates are those
patients with tumors up to 5 cm of diameter, resection
[240]
in bigger tumors is also acceptable
. Anatomic
resections are recommended because of its better
[230,240]
survival rate than wedge resections
.
In 2007 some benefits - reduced blood losses
and morbidity in cirrhotic patients as compared with
open resections, especially with lower frequency of
postoperative ascites - were already recognized for
[241]
the laparoscopic approach
. The possible benefits
of laparoscopy in cirrhotic patients can be due to
preservation of the abdominal wall and round ligament,
which avoids interruption of collateral circulation
and, therefore, preventing a rise in portal pressure;
less mobilization and manipulation of the liver which
reduces liver trauma; avoidance of exposure of the
abdominal viscera, which allows to restrict fluid
requirements and decreases electrolytic and protein
losses; and by reduction of intraoperative blood losses.
A recent metaanalysis of studies dealing with
HCC in both cirrhotic and non-cirrhotic patients found
lower rates of bleeding and transfusion requirements
in laparoscopic resections, by comparison with open
[242]
procedures . There were no significant differences in
operation time. Concerning complications, lower rates
of postoperative ascites and liver insufficiency were
found. However, the frequency of other complications
such as bile leakage, postoperative bleeding, intra[242,243]
abdominal abscess, and mortality was similar
.
These results ought to be interpreted cautiously since
not all the analyzed patients were cirrhotic. The length
of hospital stay appeared to be similar after both
[242]
approaches .
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Concerning robot-assisted surgery, there is an
anecdotal published case of hilar CC treated by
[249]
extended right hepatectomy and bile duct excision .
They had free margins with no complications.
This scanty experience allow us to conclude that
laparoscopic treatment of CC is feasible and that
the rates of mortality, morbidity and survival are
comparable to the open surgical procedures.
In the absence or randomized control trials is difficult
to reach any conclusion concerning superiority of
laparoscopic over open resection. For the moment, only
clinical data mainly coming from case series performed
in highly specialized centers show comparable oncolo
gical results and some advantages in hospital stay.

instrument movements, abolition of the physiologic
hand tremor and 3-dimensional view. Also easier
suture ligation for vessel control rather than stapling
has been claimed as well as easier retrohepatic
dissection thus facilitating access to the hepatic
[260,261]
veins
. Intracorporeal suturing and tying in
difficult locations can also be facilitated by the robotic
technology.
Among the disadvantages of robotic hepatectomy
are the longer times required to dock the robot, to
exchange instruments, and to reposition or redock the
instruments if the viewing field has to be changed.
Also, the lack of tactile sensation when suturing and
knot tying might lead to injury due to uncontrolled
[262]
tissue overstretching or suture disruption .
Although the published experience on robotic
[262]
hepatectomy is scanty, Ho et al
published a
systematic review in 2013 comprising data of more
than 200 patients. The procedures performed
included wedge resection, segmentectomy, right and
left hepatectomy and left lateral segmentectomy
for both benign and malignant diseases. A right live
donor hepatectomy was also done. The conversion
rate was 4.6%. Mean operation time was variable,
ranging 200 to 507 min. The morbidity rate was
20.3%, with bile collections and abdominal abscess
being the most frequent complications. No mortality
has been reported. It can be concluded that robotic
liver resection is safe and feasible when performed by
experienced surgeons.
Because of the relatively short follow-up, results
concerning cancer-specific survival are scanty and
most papers only report some recurrence cases. As a
result it is too early to draw any conclusion concerning
oncological results.
Some studies comparing robotic vs laparoscopic
hepatectomy in both benign and malignant lesions
have been published.
[261]
Ji et al
showed that robotic hepatectomy is
safe and feasible, with slightly lower complication and
conversion rates than traditional laparoscopic and
open resections. However, longer operative times
and hospital stays were found by comparison with
laparoscopic procedures, as well as increased costs. On
[263]
the other hand, Berber et al
did not find significant
differences in operative time in a comparison between
a small series of robotic and laparoscopic resections.
[260]
Tsung et al
recently reported 51 robotic resec
tions. Importantly, liver mobilization and adhesiolysis
were carried out by conventional laparoscopy prior
to robotic docking for transection. When compared
with matched laparoscopic resections, no significant
differences in blood losses, postoperative complication
rates, mortality rates, postoperative intensive care unit
admission rate, length of stay or margin involvement
were found. Robotic resections used up more operation
room time, although leading to less conversions than
laparoscopic resections did.

LIVING-DONOR LIVER TRANSPLANT
Right lobe living donor liver transplantation is the
usual way of adult-to-adult live liver transplantation.
Laparoscopic approach for liver procurement has
been used in a few reports. The procedure has
been performed as totally laparoscopic right or left
[252-257]
hepatectomy
and laparoscopically assisted using
[256,257]
a hand port system
. Also, the hybrid technique
[256]
has been performed
because some authors claim
a shortening in the prolonged operative times of the
[256]
procedure with this technique . The reported donor
outcomes were satisfactory with low complication rates
[252-257]
-most of them minor- and without mortality
.
Some studies have compared the laparoscopic
[234]
and open techniques. Baker et al
studied donor
right hepatectomies and found in the donor similar
rates of complications, estimated blood losses, and
hospital stays, as well as shorter operative times and
higher liver regeneration volumes in the laparoscopic
[258]
group. Kim et al
studied left lateral sectionectomies
and found a significantly shorter hospital stay and
time to oral diet in the laparoscopic group. Duration
of operation, blood loss, warm ischemia time and
complications were comparable, with no deaths in any
group.
In summary, every liver resection procedure
seems safely feasible through a laparoscopic approach
provided the surgeon has proper training in both
complex laparoscopic and liver procedures. The
learning curve for this training has been estimated in 60
[259]
cases . Short and long-term results for metastases
and hepatocellular carcinoma are as good as in open
procedures, with shorter in-hospital stay and a trend
for less complications and intraoperative bleeding. The
Second International Consensus Conference considers
that there are insufficient evidence from few centers to
[224]
give any recommendation .

ROBOTIC HEPATECTOMY
Theoretical advantages of robotic over laparoscopic
hepatectomy are increased freedom degrees of the
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In summary, although robotic liver resection
is feasible in skilled hands, experience is very
short. Indeed, the Second International Consensus
Conference considers that there is insufficient data for
[224]
evaluation .

17%-30% of cases
. Obesity is significantly
[271]
associated to conversion .
The complication rate has been reported significantly
[271,274]
lower in laparoscopic cases
, although the severity
[263]
grade was similar than in open procedures
. Other
[272,273]
[267]
papers showed similar rates
. Tran Cao et al
studied a nationwide database and compared the
short-term outcomes of 382 minimally invasive distal
pancreatectomy (mainly laparoscopic and some
robotic) with those of open distal pancreatectomy. They
found a significant reduction in overall perioperative
morbidity among patients undergoing minimally
invasive surgery, including a significant decrease in
hemorrhagic complications and postoperative infections
in laparoscopically treated patients. Results of five
[266]
meta-analyses
support these findings concerning
overall perioperative morbidity, although clinically
relevant pancreatic fistula frequency was significantly
lower in laparoscopic cases only in one of the analyzed
studies.
Patients converted from laparoscopic to open
surgery have significantly more severe complications
[271]
than those with not converted
which reflects the
need of proper selection for a laparoscopic approach.
[267,271,273]
The reported mortality ranges 0%-1%
.
Some have reported operation times significantly
[271]
longer in laparoscopic than in open procedures , but
[273]
others find similar duration .
The hospital stay has also been reported to be
[27,270,271,273]
significantly lower with a laparoscopic approach
.
[275]
A recently published meta-analyses , comprising
data of 3701 patients, all of them from non-randomized
studies, confirmed most of the above mentioned
findings: superiority of laparoscopic over open DP
in terms of blood loss, time to first oral intake, and
hospital stay. Mean operation time, mortality -0.4%
in DP-morbidity and safety showed no difference.
However, data concerning oncologic radicality and
effectiveness are limited.

PANCREATIC SURGERY
Different types of laparoscopic pancreatic resection are
performed: tumor enucleation, distal pancreatectomy,
central pancreatectomy, pancreatico-duodenectomy
and total pancreatectomy, although the latter is
anecdotal. These techniques have been used for
both benign (chronic pancreatitis, cystic tumors) and
malignant diseases.

Tumor enucleation

Although in general formal pancreatic resection is
recommended for most tumors, enucleation can be
performed for neuroendocrine neoplasms if tumor
size does not exceed 2 cm and if no findings of
[264]
malignancy are detected on preoperative staging
.
Pancreatic tumor enucleation can be easily performed
by laparoscopy with excellent morbidity and mortality
[265]
outcomes .

Distal pancreatectomy (pancreatic left resection)

This is the most frequently performed type of
laparoscopic pancreatectomy for both benign and
[266,267]
malignant diseases
.
Distal pancreatectomy can be accomplished with
or without splenic preservation. Splenectomy could
adversely influence oncologic long-term outcomes, in
addition to predispose to infectious complications. As
a result, efforts to preserve the spleen should be done
in case of benign or low grade malignancies, provided
that splenic vessels are not involved with the tumor.
More controversial is splenic preservation in case of
adenocarcinoma. Whatever the case, if the spleen is
[264,268]
to be preserved, two techniques are used
: in the
first, section of the splenic vessels both at the level of
transection of the pancreas and at the splenic hilum
is performed, leaving the short gastric vessels as the
only blood flow supply. In the second technique, the
splenic vessels are preserved by meticulous ligation
of all the branches reaching the pancreas. However,
patency of splenic vein - although not that of the
artery - can be compromised after a laparoscopic DP in
[269]
as high as 35% . The frequency of splenic infarction
and appearance of gastric varices is higher in case of
[268]
splenic vessel section .
Blood losses have been reported to be significantly
lower in case of a laparoscopic approach by comparison
[270-273]
with open procedures
. Localizing small tumors
by laparoscopy or laparoscopic ultrasonography can
be difficult and this leads to conversion in many cases.
Other causes of conversion can be bleeding or difficult
structure identification which lead to conversion in
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Distal pancreatectomy for adenocarcinoma

Most articles report a mixture of benign and malignant
diseases as indication of distal pancreatectomy
(DP). As a result, to reach conclusions concerning
safety and oncological outcomes when dealing with
adenocarcinomas is difficult. A few papers compare
open and laparoscopic approaches only in case of
[270]
pancreatic adenocarcinoma. Kooby et al
performed
a multicenter matched analysis of 23 laparoscopic
procedures compared with 189 open procedures and
found no significant differences in positive margin
rates, number of nodes examined or overall survival.
The median follow-up was only 10 mo and, thus, it
is premature to conclude that the long-term results
[272]
are as safe as in open procedures. Magge et al
compared 28 patients with 34 operated on by an open
approach. They found not significant differences in
margin-negative resection (open, 88%; laparoscopic,
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86%) and median lymph node clearance. Also, no
significant differences were found for overall survival
or risk of local recurrence.

this technique is feasible by laparoscopy
.
[281]
A review from 2013
collected 51 published
cases operated on through total laparoscopy or robotic
assistance. Pancreatic reconstruction was done with
a Roux-en-Y pancreato-jejunostomy, or pancreatogastrostomy. The procedure was long with a mean
time of 356 min. Blood loss was minimal in most
cases. Mortality was nil, but morbidity was high,
mainly due to pancreatic fistula (46%).
When performed by a robotic approach, the
procedure is associated with long operative times
(mean: 394 min) and a 23% of severe complications,
[276]
although without mortality .

Distal pancreatectomy for neuroendocrine tumors:

A recent paper compared laparoscopic an open
[274]
DP performed for neuroendocrine tumors
. The
laparoscopic procedure showed no mortality, a
significant lower complication rate and shorter hospital
stay. No significant difference was found concerning
margin involvement, long-term survival, and overall
costs.
In summary, DP is feasible, safe and reproducible
for most laparoscopy skilled surgeons. Concerning
its use in case of adenocarcinoma, it also appears as
safe as open DP but more studies analyzing long-term
results are needed.

Pancreaticoduodenectomy

Three techniques are currently employed for LPD: pure
laparoscopy (PL), hand-assisted (HA) laparoscopy,
and laparoscopic-assisted (LA) surgery. In contrast
with DP, where only resection is to be performed, the
pancreaticoduodenectomy (PD) requires a complex
resection as well as pancreatico-jejunal, hepatojejunal and gastro-jejunal anastomoses. As a result,
although feasible, the difficulty of the procedure
makes that experience with laparoscopic pancreati
coduodenectomy is limited to a few case series.
[282]
Gumbs et al
analyzed most reported cases until
2011 comprising 285 patients, although only 32%
had pancreatic adenocarcinoma. The most important
findings for the entire cohort were a 9% conversion
rate, 2% mortality, 48% morbidity and a length of stay
of 12 d. Margin involvement was found in 0.4% with
an average of retrieved lymph nodes of 15. The mean
disadvantage was a long operation time ranging from
263 to 750 min.
Direct comparison between laparoscopic and open
[273]
PD has been performed by some groups. The first ,
which included 60% of patients with malignant tumors
- pancreatic, biliary, ampullary - found significantly
lower blood losses, and hospital stay as well as more
lymph node harvested in the laparoscopic group.
However, the average operative time was significantly
increased. There were no differences in overall
complications, pancreatic fistula, delayed gastric
emptying, and resection margin involvement. The
[283]
main finding of the second study
was a significant
reduction in blood losses and, thus, the transfusion
need in the laparoscopic patients although it did not
show relevant differences in morbidity.
[284]
Asbun and Stauffer
compared 53 laparoscopic
and 215 open PD. They found significant differences
favoring laparoscopic PD blood losses, transfusions,
length of hospital stay, length of ICU stay (P < 0.001),
and number of lymph nodes retrieved although the
operative time was significantly longer. The rates of
overall complications, pancreas fistula, delayed gastric
emptying, margin involvement were not significantly
different.
[283]
Kuroki et al
compared 20 laparoscopic and 31

Robotic distal pancreatectomy

Theoretical advantages and disadvantages of robotic
surgery have been discussed earlier. The published
papers dealing with robotic DP are still scanty.
[276]
Zureikat et al
report 83 robotic DP with no
mortality and a low rate of severe complications,
although with 43% cases of pancreatic fistula. The
average operative time was 256 min and 2% required
conversion.
[277]
Waters et al
compared 17 robotic against
32 open and 28 laparoscopic DP. Cystic tumors
predominated among the indications of robotic
resection. In this group, longer operative times,
similar blood losses, no mortality, shorter hospital
stay and lower hospital costs were found. Higher rates
of splenic preservation were achieved in comparison
with the open and laparoscopic approaches. Daouadi
[278]
et al
compared 30 robotic DP and 94 laparoscopic
DP patients. The robotic DP group included more
adenocarcinomas. Significant differences in blood loss,
hospital stay, or morbidity were not found. However,
there was a statistically significant 36% increase in R0
resection with robotic surgery, as well as more lymph
nodes harvested. Also the conversion rate was lower.
[279]
The study by Kang et al
included 20 robotic
and 25 laparoscopic DP for benign and borderline
malignant lesions. Although the intent was to preserve
the spleen, the overall rate of splenic preservation
was very low. A higher splenic preservation rate was
achieved with the robotic approach. This took longer
operative times and had increased costs compared to
laparoscopic cases.
In summary, although feasible and safe, robotic DP
has not yet shown clear advantages over laparoscopic
DP.

Central pancreatectomy

This technique can be applied for the treatment of
benign or borderline lesions of the pancreas situated in
the pancreas neck. Although uncommonly performed,
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open PD. They also report a significant reduction of
blood losses and transfusion need but they did not find
significant differences in morbidity.
[285]
Song et al
report a comparison between 137
laparoscopic and 2055 open pylorus-preserving PD
for periampullary tumors. A shorter hospital stay
and a lower analgesic consumption was seen in the
laparoscopic cases. No other difference was found
including complications, blood losses margin involve
ment or lymph nodes retrieved.
[286]
In a recent systematic review of several series ,
the operative time averaged 464.3 min (338-710
min) with conversion in 9.1% of patients. The mean
estimated blood loss was 575 mL. Average mortality
was 1.9% and morbidity ranged between 18.1% and
64.2%, with pancreatic fistula ranging between 4.5%
and 52.3% of patients. An average of 14.4 lymph
nodes were retrieved and 4.4% of cases had marginal
involvement.
In summary, laparoscopic PD is feasible and as
safe as the open procedure in highly skilled hands
and high-volume centers. Long operative times are
needed. Decreased blood losses seem to be the
main advantage. Concerning its use in case of adeno
carcinoma, more studies are needed.

blood losses, shorter hospital stay, longer operative
times with no significant difference in morbidity,
mortality, as well as R0 resection rate and number of
lymph nodes retrieved in case of malignancy. Patients
with pancreatic adenocarcinoma of both groups had
similar overall and disease-free survival.
In summary, the same as laparoscopic PD, robotic
PD is feasible in highly skilled hands and high-volume
centers. Although the very short published experience
makes to reach firm conclusions difficult, it suggests
that robotic PD is as safe as laparoscopic PD with some
advantages over open PD. However, the former is
more time-consuming.

TRAINING IN LAPAROSCOPIC SURGERY
In 1889 Halsted established at the Johns Hopkins
Hospital the need of a new training system in surgery.
Nowadays, it is rewarding to see how surgeons can be
proficient in several techniques when they repeat them
[290]
in a simulator .
Today, traditional methods are not enough to teach
and learn surgical skills because of the reductions in
training hours during the residency programs and the
lack of time of the surgeons to adequately teach these
techniques. On the other hand, laparoscopic surgery
learning curve and the risk of severe complications
when inexperienced surgeons perform these pro
cedures, make it more difficult for residents to learn
minimally invasive techniques.
Costs per procedure have increased with minimally
invasive procedures and technology is making the
surgical environment more complex. A surgeon
does not learn alone anymore, and they depend on
a complex team that has to be trained and work
together. As a result, surgical training models are
evolving to serve as a complement to the standard
[291]
surgical training in the theatre .

Robotic PD

Published experiences concerning robotic PD are even
[276]
less common. Zureikat et al
report 132 cases with
a 90 d mortality rate of 3.8% and a frequency of
severe complications (Ⅲ-Ⅳ) of 21%. The frequency
of pancreatic fistula was 17%, although only 3.7%
were of grade C. Conversion was needed in 8%. The
procedure took long operative times (mean 527 min),
and although decreased with improved experience, the
last cases of the series lasted over 400 min.
[286]
In the systematic review by Boggi et al
, the
robotic PD used up more operative time and had
higher pancreatic fistula rate by comparison with pure
laparoscopic PD (but not laparoscopically assisted
PD). However, significant differences were not found
concerning overall morbidity or mortality (2.7%, 1.1%,
and 2.4% for pure laparoscopic, laparoscopically
assisted, and robotic PD, respectively).
Another systematic review analyzed several nonrandomized studies comparing open and robotic
[287]
pancreatectomies, most of them PD
. It included
137 cases of robotic PD and 203 open PD. The median
conversion rate was 10%. Overall complications,
reoperation rate, and margin involvement were
significantly lower in robotic group, with no significant
difference in postoperative pancreatic fistula, and
[288]
mortality. In one study included in this review
involving only PD, a significant increase in the R0
resection rate, with 100 % of patients in the robotic
group compared with 87% in the open group.
[289]
A recently published paper
comparing robotic
and open PD, report similar findings such as lower
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Current situation of surgical residents training

With the arrival of laparoscopic surgery to the
surgical departments in the 90s, the surgical resident
training has suffered a huge transformation with a
decrease in its autonomy. This has resulted in the
need of additional training to obtain the confidence
and maturity of judgment. As a result, the number
of fellowships has dramatically increased during the
last ten years. This change has enlarged the surgical
[290]
training .
Laparoscopic surgery training programs have
evolved in several ways in the different countries.
Sweden or The Netherlands have national programs
limited to basic procedures (cholecystectomy) using
[292]
training techniques as virtual reality . In the United
States and Canada, the surgical training method is
structured and the program of the American College
of Surgeons (ACS) demands the inclusion of basic
training in the Fundamentals of Laparoscopic Surgery
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[293]

[301]

(FLS) in the residency programs
. Spain has a
limited training of two 3-d courses for the residents,
[294]
one basic and another for advanced training
. In
Latin America, the project of Laparoscopia Avanzada
Práctica (LAP), pretends to bring near a big number of
[295]
countries to basic programs in laparoscopic training .

“ex vivo” viscera
. Without any doubt, the animal
model most frequently used is the porcine model,
[302]
mainly in colorectal surgery training . Despite this, it
is not possible to define nowadays when competency
is reached with an animal model, if this model is the
best one for laparoscopic training and if what is learned
in this model is translated into clinical practice.
There are few studies about the use of cadaveric
[303]
human models . These models have been used for
training in laparoscopic skills, such as cholecystectomy,
and have demonstrated the increase of capacitation by
comparison with VR simulators. We believe that this
model has to be reserved for advanced laparoscopic
procedures (colorectal or bariatric surgery) that require
[304]
a huge degree of realism. Leblanc et al
assessed
the use of fresh human cadavers for surgical training
in laparoscopic sigmoidectomy. They observed that the
use of this model improved clinical practice in terms
of dissection, traction/counter traction, eye-hand
coordination, suture, bleeding control and theatre
time comparing with the use of a VR simulator. Palter
[305]
et al
studied the sequencing of VR simulators
with human cadaver models for training in colorectal
laparoscopic surgery. He added a cognitive module
in order to help the participants to understand the
procedure and how to plan and execute a right
colectomy or a sigmoidectomy. He observed that this
training approach improved the technical knowledge
and the performance in the theatre in comparison with
the traditional training during the residency program.
Hybrid models are those that use a complex
robotized mannequin together with the abdomen/
thorax of a live animal. These models allow us a high
laparoscopic realism simulation while we adjust the
cardiologic/respiratory parameters of the robotized
mannequin. This way we are able to simulate for
example a coronary event during the simulated
laparoscopic procedure.
[306]
In other opportunities , scenarios can be created
to train the laparoscopic surgery team in a simulated
theatre with a hybrid patient (SimMan 3G; Laerdal)
and a laparoscopic VR simulator (Lap Mentor Express,
Simbionix). These authors observed that the global
assessment of the team showed a high qualification.
[307]
Powers et al
observed that these simulation
models let us discriminate between the technical and
non-technical abilities in residents and experienced
surgeons. The target of this innovative multidisciplinary
simulation is to identify the problem and to start with
the adequate solution by the surgical team.
[308]
Zendejas et al
observed in a recent review that
whenever simulator is used, it has huge advantages in
laparoscopic or open surgery training comparing with
no simulator use. These authors also observed that
adding the use of simulators to the traditional training
is more effective than the use of traditional training

How does the resident get trained in laparoscopic
surgery? The curricular model

One of the most important aspects of the residency
program is that training has to be based in a curri
cular model. Based on the premises that experts
[296]
indicate
, these curricula have to be: (1) Endorsed
by an accredited training institution (ACS) with a clear
message regarding how this surgical training will be; (2)
If simulation is used as a training tool, this demands
a new and different approach of the instructors; (3)
Training has to be integrated with clinical practice; (4)
Adequate simulators have to be used in the correct
timing and they should be validated for training; (5)
The features and different types of surgical simulators
are continuously changing. This has to be taken
into account in order to plan the update of these
simulators; (6) Residents must have reserved time to
use simulators in their training; and (7) Financing has
to be sustainable using business principles.

How do surgical simulators contribute to laparoscopic
training?

Virtual reality (VR) simulators provide surgical
training without supervision in a safe environment for
both patient and trainees. Skills obtained in the VR
simulator can be transferred to the theatre. However,
evidence is only limited to basic surgical skills and
laparoscopic cholecystectomy. There is no evidence
yet of the effect of VR simulators on advanced
[297]
laparoscopic procedures . The introduction of haptic
feedback in these VR simulators has not increased the
[298]
validation of laparoscopic surgical competences
.
In summary, all the trails that compare the training
using VR simulators and standard laparoscopic training
in the theatre observe a higher performance after
training with VR, confirming that current training using
structured simulation is more efficient than traditional
[291]
training
. Supported by these findings, countries
such as Sweden or The Netherlands have established
a structured training for laparoscopic cholecystectomy
based in the use of VR simulators. This has allowed
these countries validate resident competency before
[299,300]
being trained in the theatre
.
Animal models for resident training in advanced
laparoscopic techniques (Nissen, Colectomy) are the
more realistic models, but they are limited in some
countries because of religious beliefs or laws. All these
reasons are behind the substitution of these animals
by synthetic models or even by simulated models with
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How can we keep and improve the acquired training
during residency?

alone.

Our model for laparoscopic surgery training for
residents

[315]

Mattar et al
observed that general surgery resi
dency inadequately prepares trainees for fellowship
results of a survey of fellowship program directors.
Fellowship programs are well established in
countries such as the United States, Canada, United
Kingdom or Australia. On the other hand, they have
not had a good degree of implementation in the rest
of Europe or in Eastern countries. These fellowship
programs are advanced laparoscopic surgery training
programs that have their own problems. Fellowships
coexist with residency programs in the same institution
and the continuous advance of new surgical techniques
and the complexity of the surgical equipment make
that some of the training is short in time or objectives.
These reasons are making fellowships more and more
specific as the recent fellowships in robotic colorectal
[316]
surgery or rectal surgery is .
The development of national training programs
in advanced laparoscopic surgery, such as the one
[317]
developed in the United Kingdom
in laparoscopic
colorectal surgery (Lapco) have shown good results in
terms of short- and long-term training and have had a
[318,319]
positive impact on the trainee learning curves
.
There are an increasing number of short length
training courses in advanced laparoscopic surgery.
They are usually limited to 3-5 d and they include live
procedures performed by expert surgeons in most of
the cases. Some theoretical knowledge is also given
either during the course or on-line and, in some
cases, the trainees have the opportunity to practice
the technique on an animal or cadaver model. These
courses have been mostly developed in colorectal,
bariatric and upper gastro-intestinal surgery.
The impact of these courses on the training of the
participant will depend on his previous experience
in laparoscopic or open surgery. This way, we see
that surgeons that come to a course with previous
laparoscopic experience posteriorly implement
the acquired knowledge during the course in a
60%-70%. Without this experience the degree of
[320,321]
implementation is under 25%
. Kinoshita et
[322]
al
have demonstrated in Japan that after a training
course in gastric laparoscopic surgery the number of
laparoscopic gastrectomies increased in a 50% in the
participating institutions. Participants answered to
the survey saying that they felt improvement in their
surgical skills in 100% of the initial procedures. On the
[323]
other hand, Brunckhorst et al
say that there is very
poor evidence concerning the training value of live
operations and that very few high quality studies have
been performed in this field.
Our point of view is that these 3-5 d courses
provide knowledge and skills that help the trainee in
starting laparoscopic surgery in an already established
unit. These courses also help surgeons in sharing
experience with experts.

Following the experience of authors such as Haluck et
[296]
al
, we think that the University Hospital Marqués
de Valdecilla resident training meets a number of
[309]
requirements
: (1) Our curriculum in laparoscopic
procedures is developed during the full residency
[310]
period. We think like Sadideen et al
that the first
steps in surgical skill training have to be done outside
the theatre and that practice is the most important
thing to achieve automaticity in surgical skills. In the
clinical environment, the needs of the patient prevail
over the needs of the trainee; (2) The curriculum is
compound by 19 laparoscopic modules; this allows
the trainee to progressively gain competence as he
learns. At the same time, each year modules are more
technically advanced; (3) We support training in a
simulated environment and advance in the learning
curve during simulation. We have observed that doing
gastrointestinal anastomosis and colonic resections
[311]
this curve is shorter and increases patient safety ; (4)
Working with the most realistic models in each training
phase, we observed that an important part of the
initial training can be performed with low cost animal
“ex vivo” models. Some examples are gastrointestinal
anastomosis, cholecystectomy or gastric bypass; (5)
The modular curriculum covers not only technical skills
competencies but also teamwork competencies during
crisis in laparoscopic surgery procedures. Teamwork
competencies are trained in hybrid simulators; (6)
The training process of the resident is assessed with
Global Rating Scales of Operative Performance. Even
though we also apply this assessment to the clinical
practice, it is very difficult to move this assessment
[312]
to the professional competence
; and (7) The ACS
accredits this training program and the center where it
is developed.
We think that progress is very difficult and it may
be necessary a trial/error system that let us advance.
Learning from other programs that have tried, failed or
[313]
succeeded may be a key point .

Current challenges of resident training in laparoscopic
surgery

For most of the groups around the world, the most
important challenge is defining how simulation based
training can be implemented and improve the training
system. There are many questions to be answered, as
we cannot say with scientific evidence in which degree
simulated training improves results or quality in clinical
practice and patient safety.
Simulators have to improve their benefits and
design, and objective measures have to be developed
so we can say in which degree the trainee acquires the
adequate clinical competencies that can be translated
[314]
in to the theatre .
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In summary, we can say that current literature
consistently proves the positive impact of simulation in
theatre time and the scores in predefined performance
but, however, this is not enough to ensure the transfer
of these lab acquired skills to the theatre.

surgical systems will make it possible to train the
procedure before doing it in the real world. It will make
training a particular procedure in a particular patient
possible.
In summary, we should imagine a surgeon being
trained in his work environment in complex minimally
invasive procedures by anther surgeon that is “on-line”.
Robotic surgical systems will be present in daily work
and training.

Which is the future of surgical training?

We are living a huge technological advance in all social
[324]
scopes and also in surgical training . In this context,
the acquisition of knowledge is progressively moving
to e-learning platforms that reduce classroom hours.
This system includes interactive feedback with the
instructor, assessment of the procedure and interaction
with other participants. This system may also be
[325]
combined with VR training .
VR simulators for laparoscopic surgery have been
importantly improved with haptic technologies. In the
near future, it may even be possible to import real 3D
images to VR software. This may allow the trainees to
perform real operations in virtual surgical fields that
look like the real ones. Modelling this imported images,
the trainee may even be able to work in fields with
[326]
anatomical variations .
“Virtual cadavers” based on 3D images recon
structed from computerized tomographies will replace
human cadaver and animal models. It will be possible
to create huge libraries with this “virtual cadavers”.
The exposure to multiple scenarios during the same
basic procedure will make easier the trainee progress
from competency to expertise.
Tele-simulation will be possible thanks to this
libraries allowing tele-training. Virtual environments as
second life (SL) will be used to completely represent a
training centre or meeting room. These environments
are already available in the market and can make
possible the interaction of scenarios, patients, VR
simulators, lectures or videoclips. Surgeons will be able
to build their own virtual clinic or whatever they may
need to simulate according to the level of competency
[327]
that is trained .
[328]
Tele-mentoring
using robots as RP-7 (RP-7,
Intouch Health, Santa Barbara, California) makes
possible active mentoring of the trainees with verbal
instructions or changing position of the instruments/
camera when needed. It also makes possible a passive
mentoring just with verbal instructions. This telementoring seems to be a valuable tool for training
minimally invasive procedures.
Now is the moment when all this separate tools,
laparoscopic surgery, tele-presence, VR, digital image,
networking… join together making tele-surgery
possible. A surgeon is able to be miles away from the
theatre and assist a surgical procedure.
Robotic surgery has been progressively incor
porated to advanced laparoscopic procedures and has
made those procedures easier. Robotics will facilitate
the training of those surgical procedures. Mixing VR or
virtual libraries with the surgical console of the robotic
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Coagulopathy and transfusion therapy in pediatric liver
transplantation
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Abstract

Mirco Nacoti, Francesco Fazzi, Ezio Bonanomi, Pediatric
Intensive Care Unit, Ospedale Papa Giovanni XXIII Piazza
OMS, 24127 Bergamo, Italy

Bleeding and coagulopathy are critical issues
complicating pediatric liver transplantation and
contributing to morbidity and mortality in the cirrhotic
child. The complexity of coagulopathy in the pediatric
patient is illustrated by the interaction between
three basic models. The first model, “developmental
hemostasis”, demonstrates how a different balance
between pro- and anticoagulation factors leads to a
normal hemostatic capacity in the pediatric patient at
various ages. The second, the “cell based model of
coagulation”, takes into account the interaction between
plasma proteins and cells. In the last, the concept of
“rebalanced coagulation” highlights how the reduction
of both pro- and anticoagulation factors leads to a
normal, although unstable, coagulation profile. This new
concept has led to the development of novel techniques
used to analyze the coagulation capacity of whole blood
for all patients. For example, viscoelastic methodologies
are increasingly used on adult patients to test
hemostatic capacity and to guide transfusion protocols.
However, results are often confounding or have
limited impact on morbidity and mortality. Moreover,
data from pediatric patients remain inadequate. In
addition, several interventions have been proposed to
limit blood loss during transplantation, including the
use of antifibrinolytic drugs and surgical techniques,
such as the piggyback and lowering the central venous
pressure during the hepatic dissection phase. The
rationale for the use of these interventions is quite solid
and has led to their incorporation into clinical practice;
yet few of them have been rigorously tested in adults,
let alone in children. Finally, the postoperative period
in pediatric cohorts of patients has been characterized
by an enhanced risk of hepatic vessel thrombosis.
Thrombosis in fact remains the primary cause of early
graft failure and re-transplantation within the first 30

Davide Corbella, Department of Anesthesia, Ospedale Papa
Giovanni XXIII, 24127 Bergamo, Italy
Francesca Rapido, Faculty of Medicine, Università Statale di
Milano, 20122 Milano, Italy
Author contributions: Nacoti M, Corbella D and Fazzi F
reviewed the literature and drafted the manuscript; Rapido F and
Bonanomi E revised and approved the final version.
Conflict-of-interest statement: The authors have no conflicts of
interest to report.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Mirco Nacoti, MD, Pediatric Intensive
Care Unit, Ospedale Papa Giovanni XXIII Piazza OMS,
Organizzazione Mondiale della Sanità 1, 24127 Bergamo,
Italy. mnacoti@hpg23.it
Telephone: +39-35-2675150
Fax: +39-35-2674989
Received: May 30, 2015
Peer-review started: June 4, 2015
First decision: October 14, 2015
Revised: November 23, 2015
Accepted: December 30, 2015
Article in press: December 30, 2015
Published online: February 14, 2016

WJG|www.wjgnet.com

2005

February 14, 2016|Volume 22|Issue 6|

Nacoti M et al . Coagulopathy and pediatric liver transplantation
[18]

d following surgery, and it occurs despite prolongation
of standard coagulation assays. Data, however, are
currently lacking regarding the use of anti-aggregation/
anticoagulation therapies and how to best monitor for
thrombosis in the early postoperative period in pediatric
patients. Therefore, further studies are necessary to
elucidate the interaction between the development
of the coagulation system and cirrhosis in children.
Moreover, strategies to optimize blood transfusion and
anticoagulation must be tested specifically in pediatric
patients. In conclusion, data from the adult world can
be translated with difficulty into the pediatric field as
indication for transplantation, baseline pathologies
and levels of pro- and anticoagulation factors are not
comparable between the two populations.

for PLTx . One of the critical challenges in liver
transplantation is the maintenance of hemostasis
[19,20]
perioperatively
as liver disease already leads to
[21]
decreases in the hemostatic reserve . Furthermore,
conventional coagulation tests are inappropriate for
[22,23]
clinical decision-making
. Finally, even though
general rules valid in transfusion medicine can be
[24]
applied to pediatric patients , children have a number
of important differences compared to adults, especially
[25-31]
with respect to the hemostatic system
. Here,
we review the pattern of hemostatic abnormalities
observed in pediatric patients with end-stage liver
disease, point-of-care coagulation (POC) monitoring
during PLTx, and the transfusional and non-transfu
sional agents clinically useful to prevent or reduce
bleeding and thrombosis in PLTx. The review ends with
a discussion concerning future areas of investigation
for PLTx.

Key words: Children; Coagulation; Thrombosis; Liver
disease; Transfusion; Transplantation; Point of care
coagulation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

HEMOSTASIS DEFECTS IN PEDIATRIC
LIVER DISEASE

Core tip: In the last two decades, extensive investi
gation of abnormalities in hemostasis in adult cirrhotic
patients and improvements in both surgical and
anesthetic management has enhanced outcome
following liver transplantation. Unfortunately, such
knowledge cannot be directly applied to pediatric
patients, as major differences exist between adults and
children undergoing liver transplantation. In this review,
we discuss the pattern of hemostatic abnormalities
in children with end-stage liver disease, point-of-care
coagulation monitoring, and clinical strategies designed
to reduce bleeding and thrombosis in pediatric liver
transplantation. In conclusion, we propose a prioritized
research agenda for this pediatric subspecialty.

Normal hemostatic mechanism in the pediatric
population

“Developmental hemostasis” and the “cell based
model of coagulation” are the two basic concepts
required to evaluate hemostatic disorders in children
with coagulopathy. “Developmental hemostasis”
[32]
was coined in the late 1980s by Andrew et al
to
describe hemostasis as an evolving process that is age
dependent, from fetal to geriatric periods. Accordingly,
the functional levels of proteins change in a predictable
way with age. Vitamin K-dependent factors, the
contact factors and eight inhibitors [antithrombin Ill
(AT-Ill), heparin cofactor Ⅱ, a2-antiplasmin, tissue
factor pathway inhibitor (TFPI), alpha-1-antitrypsin, Cl
esterase inhibitor, protein C (PC) and protein S (PS)]
are at minimum levels at birth but gradually increase
approaching adult levels by 6 mo of life. Conversely,
factor Ⅷ and von Willebrand factor (vWF, the main
platelet-vessel wall adhesive protein) are the only two
procoagulant proteins that exhibit markedly elevated
levels at birth when compared to adult values.
Moreover, the protein levels of alpha-2-macroglobulin
(a2M), a thrombin inhibitor of secondary importance
in adults, are extremely high in neonates and often
[25,32-34]
reach twice those measured in adults
. Both
quantitative and qualitative differences of the coagu
lation protein have been reported. Post-translational
modifications (PTMs) may in particular affect the
structure of hemostatic proteins and alter their function.
For example, mean fibrinogen values are comparable
between neonates and adults, but results indicate that
neonatal fibrinogen is dysfunctional, and it is this form
[34]
which persists until 1 year of age .
However, despite differences in the quantity and
quality of hemostatic proteins relative to the adult
(Table 1), hemostasis is intact in neonates and young
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INTRODUCTION
Pediatric liver transplantation (PLTx) is the treatment
of choice for children suffering from end-stage liver
[1,2]
disease . The reported 5-year survival rate after
[3-5]
PLTx is over 85%
. In the last two decades, a
growing body of research has provided insight into the
donor and recipient factors affecting graft and patient
[6-13]
survival
, and incorporation of these findings into
clinical practice has improved graft and patient survival
following PLTx. Red blood cell (RBC) transfusion, for
example, is one factor which has a negative impact
on outcome following liver transplantation in adult
[14-17]
patients
. A similar result was recently reported

WJG|www.wjgnet.com

2006

February 14, 2016|Volume 22|Issue 6|

Nacoti M et al . Coagulopathy and pediatric liver transplantation
platelets have specialized procoagulant functions,
while vascular endothelial cells have specialized
anticoagulant features. The endothelial cells express
the thrombomodulin (TM) which binds the thrombin
released into the circulation from the site of injury, and
converts it from a procoagulant to an antithrombotic.
Thrombin in complex with TM activates Protein C
on the endothelial cell surface, and this activated
Protein C (APC) forms a complex with Protein S. The
APC/Protein S complex cleaves and inactivates any
factor Ⅴa and factor Ⅷa that has been activated on
endothelial cell surfaces and thus, prevents further
formation of additional procoagulant enzymes where
an intact endothelium is present. In addition to
TM, endothelial cells also express other important
antithrombotic surface proteins, such as antithrombin
Ⅲ (ATⅢ) and tissue factor pathway inhibitor (TFPI).
These plasma protease inhibitors prevent inappropriate
intravascular coagulation by inhibiting active proteases
which have been released from the cell surface into
the fluid phase.
This cell-based model may explain some aspects
of pediatric hemostasis that a protein-centric model
does not. For example, while platelet number and
volume are similar between neonates and adult,
neonatal platelets clearly exhibit hyporesponsiveness
[40]
during the first 2 to 4 wk after birth . However, in
most in vivo assays used to detect platelet function,
platelet dysfunction is not observed in neonates. This
result is probably due to the fact that vWF plays a
[41]
more prominent role in neonatal hemostasis , so
that a higher concentration of circulating vWF and
a greater percentage of large vWF multimers, the
molecules most effective in promoting platelet vessel
wall adhesiveness, are present. This model also
potentially provides an explanation for the regulation
of the plasma levels of hemostatic proteins. Lisman et
[30]
al
reported that children transplanted with an adult
liver graft maintain a pediatric hemostatic profile after
transplantation despite receiving the adult graft. This
result indicates that the liver graft does not control
the plasma levels of hemostatic proteins. Instead,
regulatory mechanisms may involve the hormonal
[42,43]
system
or alternatively, an extra-hepatic sensor
which might be present on the vascular endothelium.
Why does “developmental hemostasis” even exist?
For this answer, we have to look at hemostasis as
a system working within a network of physiological
systems, such as wound repair, inflammation and
angiogenesis. Recently, ATⅢ has also been shown to
[44]
possess potent anti-angiogenic properties . Intere
stingly, the levels of ATⅢ are low in the neonate, a
time at which angiogenesis is extremely active. It is
therefore possible that the levels of ATⅢ modulate
angiogenesis, making AT replacement therapy poten
[45]
tially deleterious during neonatal life .

Table 1 Hemostatic differences in the pediatric population
Parameters

Defects

Procoagulant factors
Factors Ⅱ, Ⅶ, Ⅸ, Ⅹ
↓ quantity
(vitamin K-dependent)
Fibrinogen
Dysfunctional
Platelet
Hyporesponsiveness
vWF
↑ quantity/
Hyperfunction
Factor Ⅷ
↑ quantity
Anticoagulant factors
AT-Ⅲ
↓ quantity/
dysfunctional
Heparin Cofactor Ⅱ
↓ quantity
TFPI
↓ quantity
↓ quantity
α2-antiplasmin
↓ quantity
α1-antitrypsin
C 1 esterase inhibitor
↓ quantity
Protein C
↓ quantity
Protein S
↓ quantity
↑ quantity
α2-macroglobulin

Activity

Time to
normalization

↓

6 mo

↓
↓
↑

1 yr
2-4 wk
/

↑

/

↓

6 mo

↓
↓
↓
↓
↓
↓
↓
↑

6 mo
6 mo
6 mo
6 mo
6 mo
6 mo
6 mo
6 mo

infants. However, this “restored balance” can only be
demonstrated using an assay, such as endogenous
[35]
potential thrombin generation (EPT) , which reflects
the interaction of pro- and anticoagulants. Conse
quently, traditional tests, such as prothrombin time
(PT) and activated partial prothrombin time (APTT),
might be inadequate to assess coagulation capacity in
[27,36]
neonates
.
This discrepancy may be explained by the com
plexity of the hemostatic system. It is not a simple
cascade model with an “intrinsic” and an “extrinsic”
[37,38]
component
, but rather an interaction between
the blood vessel wall, coagulation proteins within the
plasma and cellular components of the blood which
are predominantly platelets. Hoffman and Monroe in
[39]
2000
proposed a new concept of hemostasis that
integrates both the humoral cascade and cellular
factors, which is now widely accepted as representative
of actual hemostasis in vivo. These investigators
conceptualized a cell-based model of coagulation in
which the three overlapping phases of coagulation
(initiation, amplification, and propagation) occur on
different cell surfaces. The initiation phase takes place
on tissue factor-bearing cells such as fibroblasts. If the
procoagulant stimulus is strong enough to produce
adequate levels of the factors Ⅹa, Ⅸa and thrombin,
then the amplification phase is triggered. Small amounts
of thrombin generated on TF-bearing cells amplify the
initial procoagulant signal by enhancing adhesion and
activation of platelets and activating factors Ⅴ, Ⅷ and
XI. In the final stage, the propagation phase, the active
proteases combine with their cofactors on the surface
of platelets producing thrombin on a large scale which
results in the polymerization of fibrin.
According to this model, TF-bearing cells and
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and acute liver failure are completely different, and it
remains unknown as to whether or not alterations in
[22,51-54]
hemostasis influence outcome in these patients
.
Indication for PLTx in 30%-50% of cases is
cholestatic disease, such as biliary atresia or familial
[1,7,8,10]
intrahepatic cholestasis
. These patients exhibit
[55]
a normal hemostatic profile . It remains uncertain
however as to whether one of the features of their
disease, as in their adult counterparts, is a hyper
[56]
coagulable state . It is a reasonable possibility as
these pediatric patients have a higher incidence of
hepatic vessel thrombosis following transplantation.
[51]
Acute liver failure
is the indication for PLTx
in about 10% to 15% of cases, but it is associated
[57-59]
with a higher mortality rate
. In two studies,
coagulation impairment during acute liver failure in
[60,61]
adult patients has been evaluated
. Patients were
assessed simultaneously using the PT test and the
thromboelastogram (TEG). In both studies, the two
methods did not generate comparable results. PT
was elevated in most patients with acute liver failure,
but TEG results were very different; in most cases,
coagulation appeared to be normal, but when altered
(either hypo- or hypercoagulability), coagulation status
was not predictable with classical laboratory tests.
Similar evaluations have not yet been performed on
pediatric patients so it remains unclear as to how these
results and methodologies can be applied to different
patient populations.
Exceptions to this argument are metabolic disease
and cancer. In these cases, patients do not experience
classic “global” liver failure from a functional point
of view. Deficient synthesis for metabolic disease is
mostly associated with specific metabolic pathways,
but such changes do not affect the hemostatic system.
Although data is lacking, it can be inferred that
alterations of coagulation during PLTx in patients with
metabolic disease and cancer can be entirely attributed
to the surgery and not to a pre-existing coagulopathy.
The last variable to consider is the concept of
rebalanced coagulation in liver disease.
The liver is the site where procoagulation, anticoa
gulation and fibrinolytic factors are produced. As
liver failure progresses, production of these factors is
[21,22,62-67]
generally reduced
which subsequently drives
the establishment of a “rebalanced system”. This
rebalanced system includes multiple alterations in
the clotting cascade, clot lysis, and the number and
function of platelets (Table 3).
However, rebalanced hemostasis is typically less
stable with the possibility of a rapid switch from a
hypo- to a hypercoagulable state along with clinical
complications such as renal failure, infection and/or
trauma. Furthermore, coagulopathy, as detected by PT/
PTT, does not protect from thrombotic events. Indeed,
cirrhotic patients exhibit an incidence of peripheral
deep vein thrombosis and pulmonary embolism that
[68,69]
is two-fold higher than in controls (0.5%-1.0%)
.

Table 2 Liver transplantation phases and coagulation status
Liver transplantation phases
Pre-existing coagulation disorders

Liver transplantation surgery
Pre-anhepatic phase
Anhepatic phase
Reperfusion phase

After liver transplantation surgery

Coagulation status
Developmental hemostasis
Rebalanced hemostasis in chronic
disease
Unpredictable effect in acute liver
failure
Coagulopathy of surgical trauma
Surgical challenge
Hyperfibrinolysis
(lack tPa clearance)
Ischemic-reperfusion syndrome
Heparin-like effect
tPa release
Tendency to thrombotic state (days
1-14 after liver transplantation)
Recovery of coagulation activity in
1 mo

COAGULAPATHY IN PEDIATRIC
LIVER DISEASE AND DURING LIVER
TRANSPLANTATION
The mantra of pediatricians that “children are not little
adults” is especially true for pediatric patients with
end-stage liver disease because of differences in the
natural history of their disease, responses to medical
[31]
therapy and overall nutritional status . Although
research focused on coagulopathy in the context of
PLTx is lacking, data from adult patients indicates that
derangements of the hemostatic system occur in three
phases: pre-operatively (pre-existing), intraoperatively,
or postoperatively (Table 2).

Pre-existing coagulation disorders

The first variable to consider is age of the pediatric
patient, which ranges widely from the newborn to the
adolescent. As discussed above, the entire coagulation
system is normally subject to substantial changes in
[45]
the early years of life , especially in the first months,
and it is unclear how these changes influence the
development of coagulopathy in liver disease. While
no scientific studies have specifically addressed this
topic, patient weight, a proxy of age in the pediatric
population, has been related to blood loss in some
[46-48]
[49]
case series
, yielding a threshold value of 10 kg .
This finding however was not confirmed in a more
[50]
recent study . The relevance of other factors, such as
indication for PLTx or technical difficulty of the surgery,
was also not defined. What is certain, is that our
current knowledge and ability to monitor and interpret
the hemostatic system in young children, especially in
[27,36]
the newborn, is limited
.
The second major variable to consider is the
heterogeneity in the indications for PLTx. There are
four major indications: cholestatic cirrhotic disease,
acute liver failure, metabolic disease and cancer. The
clinical features of the pediatric patient with chronic
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Table 3 Factors implicated in rebalancing
System

Increases

Clotting cascade

Factor Ⅷ

Clot lysis

Platelet

Decreases

Procoagulation factors Ⅴ, Ⅶ, Ⅸ, Ⅹ, XI, prothrombin
Vitamin K-dependent procoagulation factors Ⅱ, Ⅶ, Ⅸ , Ⅹ
Vitamin K-dependent anticoagulation factors protein C and protein S;
anticoagulant proteins synthesized by the liver such as protein Z, protein
Z-dependent protease inhibitor, antithrombin, heparin cofactor Ⅱ, and alpha2-macroglobulin
Fibrinogen and dysfibrinogenemia
Tissue plasminogen activator (tPA) (due to enhanced
Plasminogen, antiplasmin (alpha-2 plasmin inhibitor or alpha-2 PI),
release by the activated endothelium and/or by
thrombin-activatable fibrinolysis inhibitor (TAFI), and factor XIII
reduced hepatic clearance)
Levels of plasminogen activator inhibitor (PAI-1)
Plasma von Willebrand factor (vWF; main platelet
Thrombocytopenia and thrombocytopathy (usually from hypersplenism,
vessel wall adhesive protein)
altered levels of thrombopoietin metabolism, antiplatelet antibodies and
defective platelet aggregation)
ADAMTS-13 (vWF cleaving protease)

The incidence of portal vein thrombosis in children in
end-stage liver disease has been reported to be about
[70]
10% .
PT and APTT fail to detect this rebalanced state
because these tests are insensitive to plasma
levels of anticoagulant proteins (protein C pathway,
antithrombin and tissue factor pathway inhibitor) and
cannot take into account the role of the endothelium
[22]
and cells in the hemostatic process . By contrast,
global assays, such as EPT, which test for both
procoagulant and anticoagulant components, will
[65,66]
detect this rebalanced state
.
[71]
A recent study
performed on children and adole
scents with chronic liver disease seems to contradict
the concept of “rebalanced hemostasis” observed in
cirrhotic adults: EPT data was found to be in agreement
with routine coagulation tests in this pediatric
cohort. However, the reference values for TF and
TM concentrations chosen to evaluate EPT were not
based on those used in other studies involving adult
[65,66]
patients
. This conflicting result represents only one
of the many pitfalls and dilemmas emerging from the
research agenda to evaluate hemostasis in neonates
[27]
and children . To our knowledge, no other significant
studies have undertaken the issue of hemostasis
impairment in pediatric chronic liver disease. However,
several studies promoted by the Biliary Atresia
Research Consortium (BARC) and the Cholestatic Liver
Disease Consortium (CLIC) are currently in progress.

increased capillary fragility, and dilution coagulopathy
[72,73]
secondary to fluid replacement
.
The anhepatic phase includes by definition
procedures from the occlusion of hepatic vasculature
to revascularization of the transplanted-liver. During
this phase, the production of coagulation factors and
hepatic clearance is reduced. Hyperfibrinolysis may
be the major problem during this phase due to lack
of tissue plasminogen activator (tPA) clearance while
[74]
levels of PAI-1 remain relatively unchanged .
Reperfusion is the most delicate of the three phases
because several imbalances, as a part of a larger
ischemia/reperfusion injury (IRI) syndrome, may
affect both anticoagulant and procoagulant pathways.
Thrombocytopenia is readily apparent, mostly due
to the trapping of platelets in the liver sinusoids,
[23]
but platelet activation is also occurring . Additional
complications originate from the so-called heparinlike effect (HLE) due to release of heparinoids from the
[75]
endothelium of the donor tissue
and an enhanced
[74]
release of t-PA causing hyperfibrinolysis .
In a recent retrospective study, analysis of a series
of TEG (native and heparinase) collected during each
surgical phase of liver transplantation was performed
and demonstrated that alterations in coagulation
[76]
were occurring during liver transplantation . Apart
from a transient period of HLE, a significant number
of patients presented with hypercoagulable TEGs
during the procedure. In addition, a prospective study
using trans-esophageal monitoring detected incidental
intracardiac thromboemboli in 1.9% of the patients
[77]
during liver transplantation . Thus, hypercoagulability
during liver transplantation deserves a closer look
as thromboembolic events are associated with high
[78]
morbidity and mortality rates .
Only one study describing the alterations of
coagulation during liver transplantation in pediatric
[55]
patients was found . The study was well conducted
but included only 8 children. TEG data was collected
for these pediatric patients in each phase of surgery.
Coagulation changes were found to be similar to

Coagulation disorders during liver transplantation

Liver transplant surgery is academically divided into
[72]
three phases : pre-anhepatic, anhepatic and postreperfusion phases.
The pre-anahepatic phase is characterized by the
presence of pre-existing coagulopathy superimposed
with other factors, including coagulopathy due to the
trauma of surgery, intraoperative bleeding related to
surgical challenge, such as lysis of adhesions in the
case of reoperations, bleeding due to the development
of collateral circulation and portal hypertension,
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[76]

those recorded in adults
but less severe. Authors
speculated that the reason for this difference was
the preponderance of cholestatic disease in children
compared to hepatocellular disease in adults.
[79]
In another pediatric study , platelet function
during PLTx was evaluated using aggregometry,
with the assumption that platelet function could be
implicated in the development of the IRI syndrome.
Analysis of platelet function revealed that a reduction
in aggregation occurred after surgery began, reaching
a nadir during anhepatic and post-reperfusion
phases. A slow normalization followed in the first 6
d after surgery. Interestingly, ADP triggered platelet
aggregation levels were characterized by a strong
linear correlation with markers of liver injury and IRI.
In summary, a tendency towards a prothrombotic
state with an initial worsening of platelet function
during the dissection and anhepatic phase of surgery
has been observed. During the reperfusion phase,
the heparin-like effect predominates but appears to
be generally a transient effect. At this stage, there is,
on average, a slight deterioration of coagulation and
platelet functions, in terms of strength of the clot.

coagulation and fibrinolysis system in 63 pediatric
patients following liver transplantation by measuring
PAI-1, TM, ADAMTS-13, soluble E-selectin, protein
C and plasminogen activity, fibrin and PT. Blood
samples were obtained from day 0 to day 28 after
liver transplantation in order to develop a complete
postoperative profile. Results showed a rapid recovery
of coagulation activity from day 1 with a full recovery
of the coagulation and fibrinolysis system to normal
levels by days 21-28. Soluble fibrin levels, a marker of
the thrombogenic state, increased significantly on day
1 and then gradually decreased, normalizing by day
14. These data indicate that the prothrombotic state
may continue for a timeframe of up to 14 d after liver
transplantation, and that appropriate antithrombotic
therapy may therefore be required during this period.
Therapy to counteract these imbalances has been
[80]
tested. Hardikar et al
treated 41 children after PLTx
with a standardized hemostatic replacement therapy
protocol to reduce hemorrhagic and thrombotic
complications. Plasmatic antithrombin levels were
measured daily, and replacement therapy was given to
maintain levels between 70% and 100%. Fresh frozen
plasma (FFP; 15 mL/kg) was given daily to supplement
native protein C and protein S levels and ceased once
native protein C levels were maintained/stabilized.
Intravenous unfractionated heparin was started 24 h
postoperatively at 10 UI/kg per hour, and monitored
to maintain Anti-factor Xa levels between 0.1 and
0.3 UI/mL. As a result, both thrombotic and bleeding
complications were reduced. While the use of FFP in
the period after PLTx is questionable because of impact
[18]
on graft survival , this study raises the importance
of the development of clinical guidelines addressing
perioperative management of coagulation for this
particular pediatric group.
In summary, analysis of the key data available in
the literature indicates that the post-operative period
after PLTx is not characterized by significant bleeding
disorders, but rather by prothrombotic activity which
can last for up to at least 14 d following surgery.

Coagulation disorders after liver transplantation

Early surgical complications after liver transplantation
include primary nonfunction (PNF) of the graft,
bleeding, hepatic artery thrombosis (HAT) and portal
[1,4,5,11,80,81]
vein thrombosis (PVT)
. PNF is a rare but
catastrophic event of unknown etiology that is most
likely related to IRI syndrome. It is characterized
by high transaminase levels, coagulopathy and
[1]
progression to multiple organ failure . HAT occurs
in 5%-18% of pediatric recipients, which is three to
four times more frequent than in adult transplant
[4,5,80,82]
patients
. HAT occurs most often within the first
30 d after transplantation and leads to massive graft
failure in early onset cases. PVT occurs in 5%-10% of
[4,5,80,82]
recipients
and may lead to progressive portal
hypertensive complications. It is more frequent in
children transplanted for biliary atresia, because of
pre-existing portal vein hypoplasia, which requires a
[5]
complex surgical anastomosis .
Avoidance of vascular complications is critical in
liver transplantation, especially with today’s paucity of
liver donors. Etiology of this apparent prothrombotic
state after PLTx has been explored in the last year.
[30]
Lisman et al
showed that the hemostatic profile of
the pediatric group receiving a left split from an adult
donor liver was remarkably different from the adult
group receiving the right split for several months after
[81]
liver transplantation. In a recent paper, Chen et al
monitored the biochemical markers of coagulation
impairment (PT, APTT, thrombin time, fibrinogen
and platelet count) for the first 7 d after surgery in
20 children undergoing liver transplant from a living
donor. Post-operative tests did not detect a deficit
[83]
in coagulation function. Mimuro et al
studied the
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POINT-OF-CARE COAGULATION
MONITORING DURING PEDIATRIC LIVER
TRANSPLANTATION
POC devices for coagulation have been developed
in order to provide the clinician with immediate and
reliable results near the patients without the need for a
central laboratory. Long turnaround times of standard
coagulation tests from a central laboratory (about
45-60 min) stimulated POC device development.
The main goal is to avoid blind transfusion of
blood product in massively bleeding patients. Blind
massive transfusion is still advocated in resuscitation
[84]
algorithms
when POC devices are not available.
A determined amount of blood products is often
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used in these cases, maintaining a defined ratio
[85,86]
between platelets, red blood cells and plasma
.
The second goal is to spare blood products in order to
reduce costs and to avoid inappropriate use of them.
Growing evidence indicates that transfusion per se is
an independent risk factor for mortality, respiratory
[16,18,87,88]
failure, sepsis and graft survival
. Moreover,
every blood product may have a detrimental effect
on morbidity and mortality, at least in liver transplant
[16]
patients .
Three families of POC devices developed for
monitoring coagulation are commercially available. The
first family is made of POC, such as the CoaguChek
XS (Roche Diagnostics, West Sussex, United Kingdom)
and i-STAT (Abbott Point of Care, Abbott Park, IL,
United States), that gives as an output the PT/INR
[89]
ratio. Although fast and reliable , they are useless
in the setting of cirrhotic patients as the standard
coagulation tests are sufficient. PT and APTT do not
predict bleeding or thrombotic events and are not
useful in determining the type of blood product to
be transfused. This reflects the fact that these tests
are not sensitive to the reduction of antithrombotic
[21,22]
factors
and give no insight into the process of
[65]
the generation of thrombin , interaction between
platelets and fibrinogen or fibrinolysis. The role of
these POC devices in the treatment of the cirrhotic
patient is thus limited to risk stratification for post[90]
transplant morbidity and mortality .
The second family of devices is made up of a large
group of POCs that have been developed to study
the functional activity of the platelets. Platelets lead
the process of clot formation as they initiate the plug
process adhering to the vascular injuries, activate the
aggregation process and are eventually responsible
for the propagation phase. The number and function
of platelets is decreased in cirrhotic patients. However,
POCs for coagulation function have been developed
to assess platelet function impairment mostly due to
anti-aggregation therapies, and they are therefore
[91]
mainly useful in two therapeutic scenarios : stable
patients to achieve an anti-aggregation profile in
order to reduce their atherothrombotic risk; and
bleeding patients to rule out a possible pharmacologic
[92]
impairment of platelet function .
Among the POCs marketed to evaluate platelet
function, only three have been implemented in the
pediatric population. The Verify Now Rapid platelet
Function analyzer (Accumetrics, San Diego, CA,
United States) is a POC that measures the degree of
aggregation of platelets in whole blood over fibrinogencoated polystyrene microparticles in the presence of
a platelet agonist. The agonists specifically test for
inhibition due to the aspirin-like effect (agents active
over the arachidonic acid pathway), P2Y12 inhibitors
and GPⅡb/Ⅲa inhibitors. The main indications for the
use of this device are to evaluate the efficacy of anti[93]
aggregation therapies
and to guide the intervention
in order to counteract the platelet inhibitors in the case

WJG|www.wjgnet.com

of bleeding. Two POCs measure platelet function under
high shear stress conditions in whole blood. These
tests have the advantage of assessing the ability of the
platelet to initiate the process of primary hemostasis
in whole blood. The high shear stress condition
closely simulates that of flow in blood vessels. The
first, the Platelet Function Analyzer-100 (PFA-100;
Siemens Healthcare Diagnostics, Deerfield, IL, United
States) measures the time a plug takes to occlude
the aperture of a capillary. Platelet aggregation is
enhanced by the capillary membrane, which is coated
with either collagen/epinephrine or collagen/ADP, and
by the high shear stress condition. PFA-100 has been
investigated in the pediatric population, and reference
[94]
values from healthy subjects are available . This
test is sensitive to a multitude of different factors:
platelet number, hematocrit, drug and dietary effects,
platelet receptor defects, vWF deficit, release and
[95]
granule defect, and anti-aggregation therapies .
However, this global test of hemostasis is not able
to discriminate between different types of primary
[95]
defects in hemostasis , and its main indication is
[96]
in monitoring aspirin and desmopressin therapy .
Although tested in the pediatric population, mainly in
cardiac patients, neither PFA-100 nor Verify Now was
entered into the guidelines of antithrombotic therapy
[97]
for pediatric patients in 2012 .
The Cone and Platelet Analyzer (CPA) is the second
device that analyzes primary hemostasis in whole
[98]
blood under high shear conditions . It has been
[99]
used to test platelet function in newborns
and in
[100]
the cardiac pediatric patients
, but the available
data for pediatric patients remain limited. These POCs
in fact have little utility in the setting of a transplant
or when the patient is bleeding as they are designed
largely to evaluate platelet function which is mainly a
characteristic of cirrhotic coagulopathy. Their clinical
utility for pediatric as well as adult patients can be
related to their ability to monitor anti-aggregation
therapy in those patients needing long term therapy
following a thrombotic event. Their utility in the
setting of PLTx is potentially more appropriate for the
postoperative period in order to reduce the incidence of
HAT/PVT while maintaining a targeted anti-aggregation
profile.
Devices that measure the viscoelastic properties of
a clot in whole blood make up the third group of POCs.
[101]
Described for the first time in the 1940s by Hartert ,
these devices assess clot formation and dissolution
kinetics. They measure the force transmitted to a pin
that is immersed in the blood by the rotation of the
cup in the case of the thromboelastography (TEG;
Haemonetics Corporation, Braintree, MA, United
States) or by the rotation of the pin itself in the case
of the rotational thromboelastography (ROTEM; Tem
International GmbH, Munich, Germany).
These tests have been extensively studied as
monitor devices to guide transfusion during surgery
and in particular, in trauma, cardiac or liver transplant

2011

February 14, 2016|Volume 22|Issue 6|

Nacoti M et al . Coagulopathy and pediatric liver transplantation

Factors involved
Deficit coagulation
Factors
Heparine
Cooling

Platelets
Fibrinogen
Factor XIII
Factor VII

Initiation

Plasma
Cryoprecipitate
Protamine
Forced warming

Strength

Platelets transfusion
Fibrinogen
supplementation
Desmopressine

Hyperfibrinolysis
Sepsis
Ischemia reperfusion injury

Stability

Antifibrinolytic agents
Tranexamic acid
Aprotinine
Aminocaproic acid
Source control

Possible counteraction

Figure 1 Standard thromboelastographic trace and liver transplant. A thromboelastographic trace superimposed with the surgical phases, affected factors, and
counteractive measures.

patients. The standard tests have been modified
with the inclusion of a particular activator or inhibitor
to detect specific drug effects on coagulation, as
in the case of the platelet mapping panel for TEG,
or to define a specific factor effect such as FIBTEM
for functional fibrinogen levels. These tests were
entered into the guidelines of the European Society
[102]
of Anaesthesiology
for application with massively
bleeding patients in the perioperative period and into
the Task Force for Advanced Bleeding Care in Trauma
[84,103]
in 2007
. TEG and ROTEM generate basically the
same information on clot kinetics through a slightly
different technique. However, the two outputs are
not directly interchangeable. TEG and ROTEM are
particularly appealing because of their ability to
obtain information at each stage of clot formation and
dissolution. The tests collect information far beyond the
initiation of clot information, which is typically evaluated
in standard coagulation testing with PT and APTT. TEG
and ROTEM provide information about the strength of
the clot and fibrinolysis. These two data seem to be
of the utmost importance because a reduction in clot
strength is an ominous sign in a bleeding patient, and it
[104,105]
is strongly and directly correlated with mortality
.
Hyperfibrinolysis is a well-known complication in
the setting of liver failure. There is strong evidence
that by counteracting it with antifibrinolytic drugs, such
as aprotinine or tranexamic acid, at least blood product
[106]
transfusions can be reduced . Moreover, a reduction
in mortality was observed in massive bleeding trauma
[107]
treated with tranexamic acid in the CRASH-2 trial .
These results can potentially be applied to cirrhotic
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patients with massive bleeding, where consumption
coagulopathy is viewed as a common feature and
in PLTx patients experiencing HAT because a hyper
[82]
coagulative state can be detected . In Figure 1,
a standard thromboelastographic trace is shown,
along with the factors that can alter the trace and the
possible action used to counteract the disorder.
TEG/ROTEM tests and their clinical application have
been extensively discussed in several reviews in recent
[108]
years
. Enthusiasm for these techniques must be
balanced against weak evidence for their utility and
the need for better studies to sustain their wide spread
use in clinical practice. To date, TEG/ROTEM tests have
been included in three reviews from the Cochrane
Collaboration. The first review demonstrated that a
thromboelastographic guided algorithm reduced the
amount of blood product transfused but had little,
[109]
if any, impact on mortality and morbidity
. The
second review failed to detect a reduction in blood
product transfusion with a TEG guided transfusion
algorithm, but the number of studies was limited
[106]
and of poor quality
. In the most recent study,
thromboelastographic technique failed to identify
trauma induced coagulopathy. However, the analysis
was performed on the data from a small number of
poor quality trials so that the authors suggested that a
[110]
greater research effort be put forth in this field .
TEG/ROTEM tests share some drawbacks that
have slowed their entry into routine clinical practice.
The first is that these test are perceived as awkward
to use by doctors. Trained personnel are needed, as
well as daily calibration and a standardized technique.
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Table 4 Reference parameters for Thromboelastogram in healthy and pathologic pediatric populations
Type of patient

Age

n

R, min

k, min

Alpha, 0

MA, mm

Lys30, %

Note

Rajwal et al[113]

Healthy

1-15 yr

14

Pivalizza et al[114]

Healthy

Healthy

25
33
24
29
59

7.6 ± 1.4
3.1 ± 1.4
2.4 ± 0.5
2.5 ± 0.6
2.7 ± 0.7
2.8 ± 0.6
1.6 ± 0.4

31.2 ± 4.8
55 ± 10.5
74.2 ± 3.5
73.2 ± 3.1
71.2 ± 4.2
72.9 ± 4.2
67.2 ± 4.5

52.6 ± 6.4
57.6 ± 3.7
70.2 ± 6.1
70.2 ± 4.7
68.4 ± 5.2
70.5 ± 3.3
61.8 ± 4.6

0.8 ± 1.0
1.9 ± 1.2
3.4 ± 2.9
2.1 ± 1.3
2.1 ± 1.4
2.0 ± 1.1
0.7 ± 0.7

Native blood
recalcified blood
Celite as activator

Edwards et al[112]

< 13 mo
13-24 mo
25-48 mo
49 mo-9 yr
Newborn

17.4 ± 3.6
7.7 ± 2.6
10.1 ± 3.1
9.8 ± 3.3
10.5 ± 3.0
9.6 ± 2.5
5.3 ± 1.3

Chan et al[29]

Healthy

Brenn et al[115]

44
24
24
26
26
15
15

8.7 ± 2.6
7.7 (4.5-11.6)
8.3 (5.7-10.9)
7.8 (5.3-11.0)
6.9 (3.8-11.1)
4.8 ± 1.0
5.0 ± 0.6

2.1 ± 0.7
1.8 (1.2-2.3)
2.0 (1.4-3.3)
2.0 (1.4-2.8)
1.9 (1.2-2.9)
1.6 ± 0.6
1.3 ± 0.4

61.6 ± 7.1
66.5 (58.8-73.4)
63.6 (53.8-70.3)
63.9 (54.3-70.7)
65.1 (54.9-73.2)
68 ± 8
71 ± 5

59.6 ± 4.2
67.2 (60.7-73.2)
65.2 (57.6-71.3)
65.0 (57.3-72.8)
66.5 (56.8-74.4)
65 ± 8
70 ± 4

0.2 ± 1.3
3.8 (0.3-8.4)
3.0 (0.2-7.8)
3.3 (0.2-6.2)
3.7 (0.5-8.0)

Cerebral palsy
Idiopathic
scoliosis

8.7 ± 2.6 yr
< 1 yr
1-5 yr
6-10 yr
11-16 yr
15 ± 3 yr
14 ± 1.5 yr

Kang et al[55]

Cirrhotic
undergoing liver
transplant

9 mo-7 yr

8

9.6 ± 6.2
7.4 ± 2.8
10.1 ± 2.4

46.9 ± 11.5
47.3 ± 7.9
46.1 ± 9.7

9.2 ± 3.2

49.9 ± 8.8

Ref.

Cord blood,
recalcified blood
Recalcified blood
Mean and
2.5%-97.5%

Patients
undergoing spinal
fusion surgery
Baseline
Anhepatic phase
30' after
reperfusion
90' after
reperfusion

R: Reaction time for the time from placement of blood in the cup until the clot formation; k: Coagulation time, the time between TEG trace elevation from 2
to 20 mm; Alpha: Alpha angle, the slope of the TEG trace describing the kinetics of clot formation; MA: Maximum amplitude as an indicator of clot stability
and firmness; Lys30: Clot lysis expressed as an amplitude reduction at 30 min after MA. TEG: Thromboelastogram.

This last issue is of utmost importance because
without standardized technique, it is difficult to
directly compare data across studies. For example,
reference values vary between cohorts of patients with
[29,111]
differences in age
, pathology, type of activator
used (kaolin vs tissue factor), and the use of native
or citrated whole blood, or plasma. Moreover, preanalytical factors, such as the type of phlebotomy,
the mean time before starting the assay, the methods
in which the different factors are added to the blood
sample, or even the way they are mixed, may
profoundly influence the results of the test. The need
for standardization is illustrated by the fact that in the
last few years, three societies were founded with this
focus: the TEG-ROTEM Working Group, the Working
Party for the Standardization of Thromboelastography,
and a subcommittee of the International Society on
Thrombosis and Hemostasis.
Experience with these two methodologies on
pediatric patients is increasing, but they were applied to
pathologic patients long before reference values were
defined for different age ranges. One of the first reports
of thromboelastographic parameters in children were
[55]
from patients undergoing liver transplantation in 1989
while the first report on reference values from healthy
[29]
individuals was in 2007 . One of the most significant
findings was with neonates. These tests revealed
a nearly normal pattern of clotting kinetics despite
profound alterations detected in standard coagulation
[112]
assays . This result seems to reinforce the concept of
restored coagulation in neonates, where concomitant
reduction of pro- and anticoagulants has occurred.
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Restored balance in neonates was confirmed in vitro
[35]
with the ETP test, which includes thrombomodulin ,
but not by conventional coagulation tests, such as PT or
[27,36]
APTT
.
In Tables 4 and 5, the thromboelastometric
parameters published for the different pediatric
populations considering the underlying pathology/
disease and the technical characteristics of the exam
are shown.

Measures to reduce bleeding and
transfusion
Strong data indicate that the use of blood products
during liver transplantation in adults is associated with
[14-17,87]
morbidity and mortality
. Our group found similar
results with PLTx exploring both intraoperative and the
[18]
post-transplant phase . In our study, perioperative
transfusion of FFP and RBCs was found to be an
independent risk factor for predicting one-year patient
and graft survival. The effect on one-year survival was
dose-related. All of these studies were retrospective,
and the main criticism is that the transfusion
requirements may be considered as a surrogate
marker for sicker patients. Prospective randomized
trials analyzing different transfusion strategies are
needed, but they are very difficult to design as levels of
hemoglobin and coagulation factors are highly variable
during surgery. The mechanism linking transfusion and
poor outcomes after liver transplantation is unknown.
Transfusion related immunomodulation, transfusion
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Table 5 Reference parameters for rotational thromboelastogram in healthy and pathologic pediatric populations
Ref.
Strauss et al[28]
Oswald et al[111]

Oasthaus et al[116]

Haizinger et al[117]

Type of patient

Age

n

CT, s

CFT, s

MCF, mm

Pre-term
Full term
Healthy

Newborn

47
184
51
55
54
70
79
50
51
55
54
70
79
50
17
17
17
17
17
17
6
17
6
6
6
6
6
6
6
17
6
6
6
6
6
6

185 (108-357)
194 (98-588)
184 (105-285)
172 (76-239)
161 (99-207)
170 (99-239)
168 (97-212)
171 (128-206)
48 (38-65)
53 (37-77)
55 (37-73)
56 (46-97)
57 (43-74)
59 (44-91)
177 ± 28
178 ± 41
194 ± 43
51 ± 6
50 ± 5
68 ± 40
179 ± 17
332 ± 207
166 ± 25
257 ± 95
183 ± 22
187 ± 29
172 ± 11
196 ± 55
35 ± 12
55 ± 62
35 ± 9
35 ± 7
33 ± 9
34 ± 15
45 ± 19
36 ± 11

80 (52-183)
76 (34-208)
44 (27-88)
60 (37-100)
61 (42-112)
60 (40-94)
64 (48-93)
68 (45-106)
57 (30-105)
72 (44-146)
75 (46-139)
72 (41-109)
77 (49-114)
81 (53-115)
60 ± 21
70 ± 16
105 ± 68
71 ± 25
88 ± 22
141 ± 99
56 ± 23
127 ± 184
45 ± 9
78 ± 47
49 ± 22
53 ± 11
60 ± 17
61 ± 11
65 ± 31
119 ± 119
65 ± 12
98 ± 43
75 ± 33
79 ± 29
96 ± 39
85 ± 17

57 (42-66)
60 (39-71)
66 (54-73)
63 (52-73)
64 (50-72)
63 (53-73)
62 (53-69)
62 (54-71)
62 (54-74)
60 (46-71)
60 (46-72)
61 (52-70)
60 (53-68)
62 (53-72)
64 ± 6
61 ± 4
56 ± 6
62 ± 6
59 ± 6
54 ± 9
68 ± 7
62 ± 10
69 ± 3
61 ± 6
67 ± 7
69 ± 4
63 ± 8
66 ± 3
65 ± 9
54 ± 10
64 ± 2
54 ± 7
65 ± 9
63 ± 5
59 ± 9
58 ± 5

Normal
Acyanotic
Cyanotic
Normal
Acyanotic
Cyanotic
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac
ASA I
ASAⅢ-Ⅳ cardiac

0-3 mo
4-12 mo
13-24 mo
2-5 yr
6-10 yr
11-16 yr
0-3 mo
4-12 mo
13-24 mo
2-5 yr
6-10 yr
11-16 yr
211 ± 116 d
134 ± 61 d
135 ± 132 d
211 ± 116 d
134 ± 61 d
135 ± 132 d
0-1 mo
1-3 mo
3-6 mo
6-12 mo
0-1 mo
1-3 mo
3-6 mo
6-12 mo

CLI60, %

Note
Median (MIN-MAX)
InTEM median
(2.5%-97.5%)

87 (71-94)
86 (71-95)
88 (77-94)
86 (74-93)
87 (70-97)
88 (76-94)

ExTEM median
(2.5%-97.5%)

InTEM (mean ± SD)

94 ± 2
93 ± 2
91 ± 4
91 ± 2
93 ± 3
89 ± 2
91 ± 2
90 ± 3
94 ± 3
89 ± 2
92 ± 4
91 ± 2
92 ± 4
90 ± 4
91 ± 2
89 ± 3
94 ± 4
89 ± 2
92 ± 3

ExTEM (mean ± SD)

InTEM (mean ± SD)

ExTEM (mean ± SD)

CT: Clotting time, “r” time in TEG; CFT: Clot formation time, “k” time in TEG; MCF: Maximum clot firmness, MA in TEG; CLI60: Final clot lysis
index at 60 min = LY A60 in TEG; INTEM and EXTEM are two different activated baseline analyses. ROTEM: Rotational thromboelastogram; TEG:
Thromboelastogram.

associated circulatory overload, transfusion associated
acute lung injury, hemolytic transfusion reactions,
acute non-hemolytic transfusion reactions, transfusionassociated graft versus host disease and transfusion
transmitted infection have all been proposed as
[118-121]
possible mechanisms
.
A significant decrease in blood loss and blood
product requirement has been observed during
liver transplantation over the past 10 years, even
if a wide range of blood product transfusion rates
[86]
still exist between organ transplantation centers .
This decrease can be explained by improvements in
surgical and anesthetic techniques, and by a better
understanding of the rebalanced hemostatic system
[21,22]
in cirrhotic adult patients
. Pediatric studies in this
field are often observational studies or case reports.
Based on data from adult patients, the strategies to
reduce bleeding and transfusion should be analyzed in
three different phases: pre-operative, intraoperative,
and postoperative (Table 6).
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PRE-OPERATIVE MANAGEMENT
In some pediatric and adult series, the value of preoperative hemoglobin was found to be one of the
factors most strongly correlated to the need for
[122,123]
transfusion during surgery
. It has been shown
that platelet activation, as well as RBCs, have an active
[21]
role in the generation of thrombin . It therefore
seems reasonable to treat children with erythropoietin,
supplemental iron and folic acid when feasible, in
order to achieve higher hemoglobin levels before
[124,125]
surgery
. Although portal hypertension and
hypersplenism can slow the rise of the pre-operative
mass of red cells, bone marrow normally responds
to stimulation with erythropoietin. The time available
before transplantation appears to be the determining
factor since this type of therapy requires several weeks
to be effective. In adults, the transjugular intrahepatic
portal-systemic shunt (TIPS) may be considered to
optimize the pre-operative state of the patient. TIPS
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[131]

study
reporting a reduction of blood loss with low
CVP management is of limited scientific value because
bleeding was not defined as the primary outcome.
However, the possible effects of such a strategy cause
concern. A low CVP strategy may reduce cardiac
output and, ultimately, oxygen delivery to peripheral
tissues which could lead to secondary damage,
especially to the kidney, and impact mortality, as
[132]
reported by Schroeder et al .
Based on the data available, it is not currently
possible to state any clear indications for or against
strategies for lowering the CVP during liver dissection,
for either pediatric or adult patients.

Table 6 Measures to reduce bleeding complications and
transfusions during liver transplantation
Surgical phase

Procedure

Pre-operative

Erythropoietin
Supplemental iron and folic acid
Low CVP (fluid restriction, phlebotomy,
vasopressors, Pringle maneuver)
Acute intraoperative hemodilution
Low transfusional trigger
Drugs (rFVIIa, antifibrinolytics)
Blood salvage
Surgical technique
TEG/ROTEM
Low transfusional trigger
Minimize blood sampling
Erythropoietin
Supplemental iron and folic acid

Intraoperative

Postoperative

Acute intraoperative hemodilution and transfusion
trigger

Another strategy for the reduction of perioperative
blood transfusions in the course of liver transplant is
[125]
acute intraoperative hemodilution
. It is generally
performed by the removal of a certain amount of
the circulating blood mass of the patient, up to 30%,
with immediate reinfusion of the same amount of
crystalloid or colloid solutions. The blood collected is
then reinfused as needed, based on blood loss or after
implantation of the liver. So far, there is no precise
information concerning the target hemoglobin or
hematocrit to reach or effect on outcome.
Some studies in PLTx and in the craniosynostosis
repair field have reported a safe transfusion trigger as
[123,133]
up to 8 g/L of hemoglobin and a 25% hematocrit
.
In the pediatric critical care area, it has been reported
that in a stable child, a transfusion trigger of 7 g/L of
[134]
hemoglobin appears to be safe .
Further research is necessary to define the transfusion
trigger based on absolute values of hemoglobin rather
[24]
than on other pathophysiological parameters .

CVP: Central venous pressure; rFVIIa: Activated recombinant factor Ⅶ;
TEG: Thromboelastogram; ROTEM: Rotational thromboelastogram.

is mainly used as therapy for upper gastrointestinal
bleeding but also less frequently as a treatment to
reduce portal hypertension in patients with pronounced
[126]
varicose veins . Some authors have speculated that
this second effect could reduce bleeding during surgery,
[84]
especially during hepatectomy . A recent study
indicated that TIPS is a feasible and effective technique
also in children with ascites or gastrointestinal bleeding
who are unresponsive to medical and endoscopic
[127]
treatment .
Given the lack of scientific studies of high quality,
none of these strategies has been rigorously validated
statistically, although they have already entered into
clinical medical practice.

INTRAOPERATIVE MANAGEMENT

Pharmacological strategies

Blood volume management

Drugs that have been used during liver transplantation
surgery to reduce blood losses are essentially activated
recombinant factor Ⅶ (rFⅦa) and antifibrinolytics.

Different strategies in the management of blood
volume can influence the amount of blood loss in
the course of liver transplantation, especially during
the dissection phase of surgery. Some studies
have reported a lower amount of blood loss when
strategies to reduce central venous pressure (CVP) are
[122,128-130]
utilized
. These strategies are realized mostly
through intraoperative fluid restriction, phlebotomy,
vasodilators and the Pringle maneuver. The rationale
is that low CVP should favor the venous return from
the liver, thereby reducing the portal venous pressure
and blood loss from surgical tranche. In addition, in
case of injury to the vena cava, this strategy would
facilitate surgical repair maneuvers, although with a
possible increased risk of venous air embolism. All
of these studies are prospective, nonrandomized,
underpowered, and on adults. For these reasons, they
cannot be considered conclusive, although almost all
reported a reduction of blood loss when a policy of
CVP reduction was implemented. The only pediatric
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Activated recombinant factor Ⅶ

rFVIIa acts by directly binding to tissue factor (TF).
This complex activates the common pathway of
coagulation in turn by activating factor X, which
precipitates the conversion of prothrombin to thrombin
to form a hemostatic clot. In addition, rFⅦa binds the
[135]
activated platelets at the site of tissue damage
.
There are two case series which describe the use
[125]
of rFⅦa within the liver transplant. In the first
,
two cases are described as part of overall strategies
for saving blood components in patients who were
Jehovah’s Witnesses. In this case, the drug, which has
a half-life of 2-3 h, was administered prophylactically
before skin incision, in order to reduce bleeding during
[136]
the liver dissection phase. In the second series , the
rFⅦa was used as a treatment for post-reperfusion
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coagulopathy with apparently good results in terms of
clinical and laboratory data. However, antifibrinolytic
drugs were simultaneously used, so they could be an
[137,138]
important source of bias. Systematic reviews
of the use of rFⅦa in the adult population (including
liver transplantation) failed to show a benefit in terms
of the number of blood transfusions, and it was
associated with a significant increase in the incidence
of arterial thrombotic events. For this reason, rFⅦa is
recommended only as rescue therapy for uncontrolled
[102]
bleeding .

A few case reports suggest that disseminated
intravascular coagulopathy, acute respiratory distress
syndrome and renal failure can arise from the rein
troduction of fat microemboli, denatured protein, free
hemoglobin, cell fragments, and platelet-leukocyte
aggregates into the blood stream. More carefully
designed studies have failed to show a significant
increase in these complications. The washing phase
after centrifugation eliminates these products as well as
heparin, plasma elastases and soluble cytokines such
as TNF-alpha. By now, the safety of this procedure has
[148,149]
been well demonstrated in adults
. In the pediatric
field, there are some studies which have evaluated
the effectiveness of the cell saver, especially in cardiac
[150,151]
surgery and surgery for scoliosis
. Traditionally,
patients undergoing bowel resection and cancer
surgery are not considered as suitable candidates for
the use of intraoperative blood scavenging because
of the fear of retransfusing bowel flora and exfoliated
cancer cells. At present, the discussion is still open as
to whether these are contraindications for the use of
[102,147]
the cell saver
. The use of these techniques in
[152,153]
liver transplantation still remains controversial
.
Moreover, these techniques are relatively expensive
and require sophisticated equipment and trained
[20]
personnel .

Antifibrinolytics

As discussed in the previous section, hyperfibrinolysis
may be enhanced during anhepatic and post-reper
fusion phases. There are two families of antifibrinolytics:
serine protease inhibitors (aprotinin) and lysine analogs
(tranexamic acid and epsilon aminocaproic acid).
Aprotinin is a non-specific Kunitz-type protease inhibitor.
In addition to plasmin, it also inhibits trypsin, kallikrein,
elastase, urokinase and thrombin. Lysine analogs
competitively inhibit the activation of plasminogen to
[135]
plasmin, preventing plasmin from degrading fibrin .
Several systematic reviews have shown that all
antifibrinolytic drugs safely reduce blood loss and
[106,139,140]
transfusion, in both adult liver transplantations
[141-143]
and in major pediatric surgeries
. No randomized
controlled trials have been performed in the PLTx
field. Aprotinine is no longer available, having been
[144]
withdrawn from the market due to safety concerns .
With regard to the use of antifibrinolytic drugs, it is
important to understand whether they should be used
extensively prophylactically or only in a documented
hyperfibrinolysis state, because pediatric patients show
[4,5,80,82]
an increased prothrombotic state
.
Other pharmacological methods, such as fibrinogen
and prothrombin complex concentrates (PCC), have
not been investigated in PLTx. Fibrinogen use in adult
patients is recommended by the European Society of
[102]
Anaesthesiology according to FIBTEM tracing
. A
randomized controlled trial (the PROTON trial) studying
the effect of PCC on RBC transfusion requirements in
[145]
adult liver transplantation is currently in progress
.
Use of protamine at the time of reperfusion to reverse
[72]
the HLE
does not seem useful because HLE is
usually a temporary phenomenon unless graft function
[75,146]
is poor
.

Surgical techniques

There are essentially two surgical techniques used to
decrease blood loss: the application of a veno-venous
[20,154]
bypass and the piggyback technique
. In the first,
the bypass allows decompression of the splanchnic
venous congestion allowing less loss and enhancing
hemodynamic stability. In the second technique, a
direct anastomosis between the retrohepatic vena
cava of the donor with the inferior vena cava of the
recipient is performed with tangential clamping.
There are several variants of this technique, but all
enable a less challenging retroperitoneal dissection
and avoid a vascular anastomosis between the graft
[154]
and the recipient cava. A recent Cochrane review
has shown no significant difference in postoperative
mortality and morbidity between the two techniques.
The warm ischemic time was significantly shorter in
the piggyback method. No scientific studies investigate
this issue in pediatrics. One last issue discussed in the
literature is the possible difference in bleeding between
transplants from living or deceased donors. Two case
series compared the intraoperative bleeding trend of
liver transplants from living and deceased donors. In
[155]
the first study of 157 pediatric patients , a significant
increase in blood transfusions was observed in liver
transplants from living donor relative to deceased
[156]
donors. The second study (n = 46 pediatric cases)
confirmed the trend although statistical significance
was not achieved because of sample size. These data
should be further validated because of limitations in

Blood salvage

The use of the cell saver for blood salvage within
the surgical field is now considered standard in the
management strategies of liver transplantation in
[124]
patients who are Jehovah’s Witnesses
. With the
cell saver technique, shed blood is suctioned from
the surgical field, centrifuged, washed, mixed with an
additive/anticoagulant solution and then reinfused as
[147]
required .
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terms of number and homogeneity in the cohorts.

antifibrinolytic drugs for treatment of fibrinolysis (evident
from microvascular oozing or TEG/ ROTEM clot lysis
measurements) but not for routine prophylaxis (1C);
and (4) recommendation against the routine use of rF
Ⅶa (1A) and against the use of FFP for preprocedural
correction of mild to moderately elevated INR (1C).

POSTOPERATIVE MANAGEMENT
The main strategy to decrease transfusion require
ments without increasing adverse outcomes in a
pediatric intensive care unit is to maintain a hemoglobin
[134]
threshold of 7 g/dL for red cell transfusion
.
Another feasible strategy to reduce the possibility of
transfusion in the postoperative period is to minimize
the amount of blood sampling. In addition, the early
use of erythropoietin, early supplementation with iron,
multivitamins and folic acid have been described in
[124,125]
some case series
.

Summary and Future Directions
The first international conference on Coagulopathy of
Liver Disease was held in 1995 in Charlottesville, VA,
United States. This event stimulated the creation of a
stable multidisciplinary group with a focus on coagulation
disorders in liver disease where the two fields of
[22]
hematology and hepatology converge . Unfortunately,
new knowledge in this area cannot be simply applied
[30]
to pediatric patients as emphasized by Lisman et al .
Few pediatric data have been published, and clinical
algorithms used in adult practice must be specifically
tested in pediatric settings before they can be applied
to neonates and children for many reasons. First of all,
hemostasis is still in development in children, and they
suffer from different liver disease pathologies than adults.
Thus, the age of onset and etiology of the end-stage
liver disease may influence the hemostatic system in
unpredictable ways. For example, hemostasis in healthy
[35,118]
neonates is already considered to be rebalanced
.
Second, laboratory tests for the evaluation of coagulation
require standardization, including maintenance of
sample integrity, equipment/analyzers, reagents and
age dependent reference levels, in order to avoid
[27]
erroneous or conflicting results . Third, the impact of
the use of the blood products on morbidity and mortality
of children with end-stage liver disease must be further
investigated both before and after liver transplantation.
Lastly, more randomized controlled trials analyzing the
medical strategies to reduce bleeding and thrombotic
complications should be performed specifically in PLTx
patients. In conclusion, a multidisciplinary effort involving
hematologists, hepatologists, pediatricians, surgeons,
and anesthesiologists is needed to fill the gap.

UP-TO-DATE CLINICAL PRACTICE
GUIDELINES
In the previous paragraphs, we briefly went through
the possible clinical strategies aimed at reducing the
use and need of blood products during PLTx. Those
strategies have been extrapolated from different
population settings, such as healthy individuals, adult
or pediatric cardiac patients, or from very small and
biased trials. Even though some evidence exists,
standardized protocols have not yet been established,
so that local clinical practice currently prevails.
[102]
However, the European Society of Anaesthesiology
has published some clinical guidelines for the treatment
of perioperative bleeding in patients in 2013.
The recommendations suggested for pediatric
surgery patients to reduce blood loss and transfusion
requirements are the following: (1) perioperative
antifibrinolytic therapy (2A); (2) TEG/ROTEM or timely
detection of coagulation defects, including dilutional
coagulopathy and hyperfibrinolysis (2C); (3) critical
hemoglobin threshold of 8 mg/dL for RBC transfusion
(2C); (4) transfusion of PLTs concentrates if PLTs count
< 50000/μL (2C); (5) fibrinogen concentrate (30-50
mg/kg) or cryoprecipitate (5 mL/kg) may be used
to increase plasma fibrinogen concentrations above
trigger values of 1.5-2.0 g/L or FIBTEM MCF > 7 mm
(2C); (6) no clear recommendation can be made
regarding the indication for FFP transfusion, PCC, or
FXIII; and (7) recommendation against the use of rFⅦa
(1C) and routine use of desmopressin in the absence
of hemophlia (2C).
Other recommendations from adult liver transplant
patients that may be translated into the pediatric
cirrhotic field but are waiting for pediatric derived
evidence are the following: (1) use of a viscoelastic test
to evaluate the coagulation profile and recommendation
against the use of standard laboratory tests, such as
PT\APTT for cirrhotic patients (C); (2) fluid restriction,
phlebotomy, vasopressors, transfusion protocols (C) and
low central venous pressure (B) may be associated with
low transfusion rates during liver transplantation; (3)
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RESEARCH AGENDA
The end-stage liver disease responsible for the
observed age and disease related changes in coagu
lation proteins must be elucidated because it may
have important biological ramifications. The concept of
rebalanced hemostasis should be evaluated in cirrhotic
pediatric patients.
New laboratory assays to evaluate the coagulation
system need to be validated in children, in light of our
understanding of developmental hemostasis.
The development of pediatric specific algorithms
to guide clinical management of bleeding disorders
and transfusion therapy during liver transplantation
requires specific clinical outcome studies in children.
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TOPIC HIGHLIGHT
2016 Liver Transplantation: Global view

Portopulmonary hypertension in liver transplant candidates
Serife Savas Bozbas, Huseyin Bozbas
significant. Survival is very low without medical
treatment and liver transplantation. With advances in
medical therapy for elevated pulmonary artery pressure
(PAP) and liver transplant surgery, survival of patients
with PoPHT and advanced liver disease is significantly
improved. Because of the prognostic significance of
PoPHT and the limited donor pool, a comprehensive
preoperative cardio-pulmonary assessment is of great
importance in cirrhotic patients prior to transplant
surgery. Therefore, a detailed transthoracic Doppler
echocardiographic examination must be an essential
component of this evaluation. Patients with mild PoPHT
can safely undergo liver transplant surgery. In cases of
moderate to severe PoPHT, right heart catheterization
(RHC) should be performed. In patients with moderate
to severe PoPHT on RHC (mean PAP 35-45 mmHg),
vasodilator therapy should be attempted. Liver
transplantation should be encouraged in cases that
demonstrate a positive response. Bridging therapy with
specific pulmonary arterial hypertension treatment
agents should be considered until the transplant
surgery and should be continued during the peri- and
post-operative periods as needed.
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Core tip: Portopulmonary hypertension (PoPHT) is
one of the most common findings on preoperative
assessment of cirrhotic patients prior to liver transplant
surgery. Since it has prognostic significance, diagnosis
of PoPHT by Doppler echocardiography and further
characterization by right heart catheterization is critical
in classifying these patients. Therapy with pulmonary
arterial hypertension (PAH)-specific agents should be
started when PoPHT is moderate to severe. Patients
with a positive response should be encouraged to
undergo liver transplant surgery. Bridging therapy with

Abstract
Pulmonary vascular disorders including portopulmonary
hypertension (PoPHT) are among the common
complications of liver disease and are prognostically

WJG|www.wjgnet.com

2024

February 14, 2016|Volume 22|Issue 6|

Bozbas SS et al . Portopulmonary hypertension prior to liver transplantation

these agents should be considered until the time of
transplant surgery and continued during the peri and
postoperative periods as needed.

Table 1 Summary on assessment, grading and therapy for
portopulmonary hypertension

Bozbas SS, Bozbas H. Portopulmonary hypertension in
liver transplant candidates. World J Gastroenterol 2016;
22(6): 2024-2029 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i6/2024.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.2024

TTDE in all patients prior to transplant surgery, systolic PAP ≥ 30
mmHg
RHC in selected cases, confirmation and grading of PoPHT:
Mild PoPHT: mPAP > 25 mmHg, PVR > 240 dynes/s per cm-5, PCWP ≤
15 mmHg, allow LT
Moderate PoPHT: mPAP 35-45 mmHg, PVR > 240 dynes/s per cm-5,
PCWP ≤ 15 mmHg if responder to vasodilator therapy, allow LT
Severe PoPHT: mPAP > 45 mmHg, PVR > 240 dynes/s per cm-5, PCWP
≤ 15 mmHg, medical therapy
PoPHT: Portopulmonary hypertension; TTDE: Transthoracic Doppler
echocardiography; PAP: Pulmonary artery pressure; RHC: Right
heart catheterization; PVR: Pulmonary vascular resistance; LT: Liver
transplantation.

INTRODUCTION
Patients with advanced liver disease display a variety
of pulmonary abnormalities. Pulmonary vascular
disorders - including portopulmonary hypertension
(PoPHT) - are among the common complications
of liver disease. Pulmonary hypertension in these
patients is also defined as PoPHT when pulmonary
arterial hypertension (PAH) is associated with portal
[1-3]
hypertension
. Although it is commonly seen in
cirrhotic patients, it may also occur in the absence of
liver disease. The Nice World Pulmonary Hypertension
Symposium classified PoPHT as one of the associated
[4]
forms of PAH . In this paper we review the literature
about PoPHT in liver transplant candidates.

venous blood volume and pressure, pulmonary artery
vasoconstriction and neurohumoral activation are
responsible for the development of PoPHT in cirrhotic
[9]
patients . It has similar histopathological features
[10,11]
. Obstruction of pulmonary
as other types of PAH
arterial blood flow, proliferation of periarteriolar smooth
muscle cells, vasoconstriction, increased endothelin
concentrations, platelet aggregation/in situ thrombosis
are characteristic findings in PoPHT and other forms of
[11-14]
PAH
. The severity of liver disease did not correlate
[15]
with the severity of PoPHT .

DIAGNOSIS

SYMPTOMS AND SIGNS

The diagnosis of PoPHT requires the following 2
conditions: (1) Elevated pulmonary arterial pressure
(PAP) and other hemodynamic variables obtained
by right heart catheterization (RHC). Mean PAP > 25
mmHg, pulmonary capillary wedge pressure (PCWP)
< 15 mmHg and pulmonary vascular resistance >
-5
240 dynes/s per cm ; and (2) presence of portal
hypertension (with or without liver disease). Documen
tation of splenomegali, portosystemic shunts, thrombo
cytopenia or varices - these are accepted as signs of
portal hypertension.
Assessment and staging severity of PoPHT based
on transthoracic Doppler echocardiography (TTDE) and
[1]
RHC are provided in Table 1 .

Symptoms of PoPHT may not be overt and may be
attributed to underlying liver disease or associated
conditions. Therefore, the recognition of PoPHT
requires high clinical suspicion. Symptoms are similar
to those in other forms of PAH. Dyspnea is the most
common symptom in patients with PoPHT. Weakness,
easy fatigue, edema, orthopnea, palpitation and
chest pain on exertion are other common symptoms.
Syncope may occur in patients with severe PoPHT.
On physical examination, there may be jugular
venous distension, a loud S2, left parasternal systolic
murmur due to tricuspid regurgitation, peripheral
edema, and ascites.
Chest X-ray findings are non-diagnostic and may
show cardiomegaly and dilation of main pulmonary
arteries. Electrocardiographic findings include right
bundle branch block, right axis deviation and precordial
T wave inversions. Mild-moderate hypoxemia and
hypocapnia are common in arterial blood gases
analyses.

EPIDEMIOLOGY AND
PATHOPHYSIOLOGY
Although evidence varies widely, PoPHT is seen in
as many as quarter of patients with advanced liver
[5]
[6]
disease . Krowka et al demonstrated that 5% of
patients with chronic liver disease have hemodynamic
criteria for PoPHT. Data from a French PAH registry
[7]
showed a prevalence of 9.4% . A report from the
multicenter United States-based REVEAL registry
involving more than 3500 patients showed that 5% had
[8]
PoPHT . The exact pathogenesis of PoPHT is not well
defined. Arterial hyperdynamic circulation, increased

WJG|www.wjgnet.com

ASSESSMENT
TTDE is an accurate, reliable, and reproducible tool
to estimate systolic PAP in the absence of pulmonary
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It has high sensitivity as a screening test. Its noninvasive nature makes it a recommended method
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[7]

cirrhotic patients with PoPHT have very poor pro
[13,25,26]
gnosis
. Before the availability of PAH-specific
therapies, the survival of patients with PoPHT is very
[27]
[28]
poor . Swanson et al from the Mayo Clinic reported
a 14% survival at 5 years in PoPHT patients without
liver transplantation and PAH-specific therapies.
Complications of advanced liver disease and right
ventricular failure due to progressive elevation in PAP
are responsible for poor survival rates.
[29]
A study by Kia et al
demonstrated that ele
vated PAP determined by TTDE was associated with
increased mortality and morbidity following liver
transplant surgery. Data from the Multicenter Liver
Transplant Database demonstrated a mortality rate
of 36% in patients with PoPHT undergoing liver
[30]
transplantation . The exact mechanism of how
the risk increases in cirrhotic patients with PoPHT
following liver transplant surgery is unclear. However,
multisystemic involvement, pleural effusion, rightsided heart failure, peri- and post-operative fluid shift,
hypoxia and surgical trauma are among the possible
mechanisms.
The REVEAL registry provides us with valuable infor
[8]
mation regarding treatment and outcome of PoPHT .
Initiation of PAH-specific therapies were delayed in
PoPHT vs idiopathic PAH. Baseline hemodynamics were
better in PoPHT than those in idiopathic PAH; survival
was worse in PoPHT.

to screen for PoPHT in patients with cirrhosis . Pul
monary artery pressure should be carefully evaluated.
For this purpose, the maximum tricuspid regurgitant
flow velocity (v) should be obtained using continuous
wave Doppler examination followed by systolic PAP
calculations using the modified Bernoulli equation.
2
[Systolic PAP (mmHg) = 4v + estimated mean right
atrial pressure]. Patients with a systolic PAP value
≥ 30 mmHg are usually diagnosed with PoPHT[16].
With this cutoff (30 mmHg), positive and negative
predictive values of 59% and 100% respectively were
[17]
reached .
TTDE also provides additional valuable information
about the indirect signs of PAH such as right ventricular
dilatation, right ventricular hypertrophy and abnormal
[18]
septal motion . TTDE has a pivotal role in the
initial evaluation of PoPHT as recommended by both
[19,20]
European and the American guidelines
.
Because PoPHT has prognostic significance it
is common belief that TTDE is mandatory in the
evaluation of cirrhotic patients prior to liver transplant
even when the patient is asymptomatic.
However, the exact timing of RHC and systolic
PAP cutoff values have yet to be identified. Different
centers report varying approaches. A systolic PAP
value > 50 mmHg via TTDE gave a sensitivity of 97%
[21]
and a specificity of 77% via RHC . This suggests
that RHC should be considered when systolic PAP
> 50 mmHg and in situations where systolic PAP is
30-50 mmHg with other signs of PoPHT such as right
ventricular dilation or dysfunction as well as signs of
right ventricular failure.
RHC is the gold standard method for the diagnosis
[3,22]
of PoPHT
. Not only does it confirm PoPHT but it
also provides additional data to exclude other causes
of PAH in liver transplant candidates. By obtaining
pulmonary vascular resistance (PVR), cardiac output,
mean PAP and PCWP, the nature and severity of
PoPHT can be highlighted (Table 1). For example,
in cases of left heart disease, the cardiac output
(CO) is reduced and PVR and PCWP are increased.
In patients with PoPHT, CO and PCWP are low while
PVR is elevated. In the hyperdynamic state the
CO increases, PCWP is normal and PVR decreases.
Because the treatment and prognosis of these clinical
conditions are entirely different, their documentation is
very important. Patients with elevated mean PAP but
normal PVR (hyperdynamic state) benefit from liver
transplantation. These patients should proceed to liver
transplant surgery without further characterization
and treatment. The trans-pulmonary gradient can
be calculated as a mean PAP-PCWP. Values above 12
mmHg have been shown to correlate with increased
[23,24]
PVR
.

TREATMENT
Drug therapy

Calcium channel blockers are not advised in patients
with PoPHT. As a consequence of mesenteric vaso
dilation, they have the potential to worsen portal
hypertension. Beta-blockers are not suggested
because they may reduce exercise capacity. Warfarin
anticoagulation is not recommended because of the
risk of hemorrhage in cirrhotic patients. Diuretics are
useful agents for symptomatic benefits in patients
with volume overload and fluid retention. Both loop
and potassium sparing diuretics can be used for this
purpose. Oxygen therapy is recommended in hypoxic
patients (PaO2 < 60 mmHg, O2 saturation < 90%).
Data regarding the use of PAH-specific therapies
are limited in patients with PoPHT. This is because
most studies excluded patients with PoPHT. Table 2
provides a short summary on the new PAH specific
agents in use. However, these agents were used in
small studies that enrolled a limited number of patients
[31-35]
with PoPHT
. In general, these agents provided
significant hemodynamic improvement.

Liver transplantation

Innovation in surgical techniques, improvements in
peri-operative care and developments in immune
suppressant drugs have made organ transplantation
the preferred therapy for patients with end stage

PROGNOSIS AND OUTCOME
Without liver transplantation and medical therapy,
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at 3-mo intervals because response to vasodilator
therapy cannot be obtained with short-term use. Thus,
the determination of acute responders during RHC is
[37]
not recommended .
When PoPHT is severe it usually contraindicates
[38,39]
liver transplantation
. Conversely, liver transplan
tation is a therapeutic option in patients with PoPHT
and advanced liver disease. A functioning liver
graft decreases pulmonary artery pressure in these
[28,36]
patients
.
[5]
In a study by Starkel et al PoPHT was identified
in 38 of 145 patients (26%). It was mild in 82% of
cases. The duration of mechanical ventilation and
intensive care unit stay was similar between patients
with and without PoPHT. One of the 5 patients who had
severe PoPHT (mean PAP > 40 mmHg) died, but the
remaining 4 patients were alive and in excellent clinical
condition during the 3 years of follow up.
In the United States, transplant programs prioritize
if the hemodynamics can be improved with PAHspecific therapies and meet standardized MELD
[40]
exception guidelines . Goals of treatment for this
approach are as follows: (1) Documentation of
moderate to severe PoPHT by RHC (mean PAP ≥ 35
mmHg, PCWP ≤ 15 mmHg, and PVR > 400 dynes/s
-5
per cm ); (2) Improvement in hemodynamics with
PAH-specific therapy (mean PAP < 35 mmHg, PVR <
-5
400 dynes/s per cm and satisfactory right ventricular
function on TTDE, as well as improvement in right
ventricular dilation and function); and (3) MELD
exception update every 3 mo.
The aim of this policy is to perform liver transplan
tation before irreversible changes related to PoPHT
occur. When liver transplantation is to be performed in
patients with severe PoPHT demonstrating a positive
response to vasodilator therapy, perioperative use
of inhaled nitric oxide and intravenous epoprostenol
should be considered. Adequate right ventricular
function is very significant with regard to a successful
transplant operation in patients with PoPHT. Prolonged
PoPHT and progressively increasing PAP may predi
spose subjects to right ventricular hypertrophy and
eventually right ventricular dysfunction. In such cases
an acute rise in cardiac output to more than 15 L/min
during the reperfusion of the liver graft may precipitate
acute right ventricular failure. Liver transplant surgery
itself induces marked hemodynamic alterations that
can adversely affect the peri-operative course in
patients with pulmonary vascular disease. Acute right
ventricular failure and right ventricular dysfunction
may develop in patients with severe PoPHT that may
be fatal. Therefore right ventricular function should
also be evaluated during the peri- and post-operative
periods. In case of right ventricular failure, milrinone
can be used, and PAH specific agents should be
continued following transplant surgery as necessary.
Growing evidence suggests that unless severe
and associated with right ventricular dysfunction,
PoPHT should no longer be considered to be an

Table 2 Pulmonary arterial hypertension-specific therapy: A
summary of agents used
Entothelin receptor antagonists
Agents used in PoPHT: bosentan, ambrisentan
Mechanism of action: blockade of endothelin receptors
Route of administration: oral
Effects: vasodilation, decrease in PVR and portal pressure
Adverse effects: hepatotoxicity
PDE-5 inhibitors
Agents used in PoPHT: sildenafil, tadalafil, vardenafil
Mechanism of action: inhibition of PDE-5 enzyme
Route of administration: oral
Effects: vasodilation, decrease in portal pressure
Adverse effects: hypotension
Prostacyclins
Agents used in PoPHT: epoprostenol, iloprost
Mechanism of action: prostaglandin analogue, increase in cAMP
Route of administration: epoprostenol IV, iloprost inhalation
Effects: vasodilation, antiaggregation
Adverse effects: flushing, headache, nausea, diarrhea. Problems
with IV epoprostenol use: cost, infection, catheter thrombosis, and
thrombocytopenia
PAH: Pulmonary arterial hypertension; PoPHT: Portopulmonary
hypertension; PDE-5: Phosphodiesterase type 5 enzyme; PVR: Pulmonary
vascular resistance; IV: Intravenous.

organ failure. Liver transplantation is the best available
therapeutic option for the treatment of patients with
end stage liver disease. Advances in medical therapy
for elevated PAP and liver transplant surgery, survival
of patients with PoPHT and advanced liver disease are
[28]
thus significantly improved . Treatment strategies
for PoPHT in cirrhotic patients are mainly based on
recommendations for idiopathic PAH management
and the treatment of underlying liver disease. Thus,
by definition, a functioning transplanted liver graft
emerges as a therapeutic option for PoPHT in such
cases. As surgical techniques, hospital care, and PAHspecific therapies have improved, the stabilization
and improvement and even cure of PoPHT in cirrhotic
patients is achievable with liver transplantation. In a
previous study we determined that liver transplantation
[36]
improves PoPHT .
Patients with mild PoPHT can safely undergo liver
transplant surgery. In cases of moderate to severe
PoPHT, the response to vasodilator therapy should be
evaluated. When mean PAP is lowered to < 35 mmHg,
patients benefit from liver transplant surgery and liver
transplantation should be encouraged.
[28]
Swanson et al
demonstrated that a combination
of PAH-specific therapy and liver transplantation
provided the best outcome vs those who did not
receive any therapy and those who only received
medical therapy. Survival at 5 years were 76%, 14%
and 45%, respectively. These findings are valuable
and clinically relevant. Therefore it is of great value
to evaluate patients with moderate to severe PoPHT
whether they respond or not. Unfortunately, there is
no way to predict long-term response to vasodilator
therapy. The evaluation of PAP should be repeated
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absolute contraindication to liver transplantation. The
current data indicate that PoPHT improves and even
normalizes in some cases following successful liver
[5,36,41]
transplantation
. Therefore, this suggests that
liver transplantation should not be denied in all patients
with severe PoPHT. When patients are in good clinical
condition, young, and without severe right ventricular
dysfunction or high pulmonary vascular resistance,
improvements in PAP with vasodilator therapy liver
transplantation should still be considered even when
PoPHT is severe.
[42]
Khaderi et al
reported the long-term follow
up results of patients with severe PoPHT who
underwent orthotopic liver transplantation. Of the
488 liver transplant patients, 7 had severe PoPHT.
All 7 of these patients received vasodilator therapy
(6 patients IV epoprostenol, 1 oral sildenafil) and
their mean PAP reduced to ≤ 35 mmHg. They also
received IV or inhaled epoprostenol during the perioperative period. The survival rate was 85.7% after
a median follow up of 7.8 years. Furthermore, all
the surviving patients were in good functional status
(NYHA Ⅰ or Ⅱ). Although the number of patients
enrolled is small, the findings of this study are valuable
and clinically relevant. This demonstrates that liver
transplantation improves PoPHT even when severe.
The authors concluded that moderate to severe PoPHT
responsive to vasodilator therapy does well with liver
transplantation, and such patients should be accepted
as good candidates for transplant surgery.

3
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CONCLUSION
Given the prognostic significance of PoPHT and the
limited donor pool, a comprehensive preoperative
cardio-pulmonary assessment is of paramount impor
tance in cirrhotic patients prior to transplant surgery.
A detailed Doppler echocardiographic examination
must be the essential component of this evaluation.
Pulmonary artery pressure should be calculated and
right ventricular function should also be assessed. The
RHC should be considered when PoPHT is moderate to
severe.
PAH-specific agents - either alone or in combination
- are critical when deciding on liver transplant
surgery in patients with moderate to severe PoPHT.
Liver transplantation should be encouraged in cases
displaying a positive response. Bridging therapy with
specific PAH treatment agents should be considered
until transplant surgery. This should be continued
during the perioperative period and following surgery
as needed.
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Cytomegalovirus and ulcerative colitis: Place of antiviral
therapy
Sylvie Pillet, Bruno Pozzetto, Xavier Roblin

Abstract

Sylvie Pillet, Bruno Pozzetto, Xavier Roblin, Groupe Immunité
des Muqueuses et Agents Pathogènes (GIMAP)-EA3064, Faculty
of Medicine of Saint-Etienne, University of Lyon, 69365 Lyon
Cedex 7, France

The link between cytomegalovirus (CMV) infection and
inflammatory bowel diseases remains an important
subject of debate. CMV infection is frequent in
ulcerative colitis (UC) and has been shown to be
potentially harmful. CMV reactivation needs to be
diagnosed using methods that include in situ detection
of viral markers by immunohistochemistry or by
nucleic acid amplification techniques. Determination
of the density of infection using quantitative tools
(numbers of infected cells or copies of the genome) is
particularly important. Although CMV reactivation can
be considered as an innocent bystander in active flareups of refractory UC, an increasing number of studies
suggest a deleterious role of CMV in this situation.
The presence of colonic CMV infection is possibly
linked to a decreased response to steroids and other
immunosuppressive agents. Some treatments, notably
steroids and cyclosporine A, have been shown to favor
CMV reactivation, which seems not to be the case
for therapies using anti-tumor necrosis factor drugs.
According to these findings, in flare-ups of refractory
UC, it is now recommended to look for the presence of
CMV reactivation by using quantitative tools in colonic
biopsies and to treat them with ganciclovir in cases of
high viral load or severe disease.
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Core tip: There is increasing evidence for the
deleterious effect of in situ cytomegalovirus (CMV)
reactivation in flare-ups of refractory ulcerative colitis.
In patients aged > 30 years with a high density of
infection in the colonic tissue, or with stigmata of
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severe disease associated with colonic markers of
CMV reactivation (whatever the density of infection),
treatment with ganciclovir is highly recommended,
together with anti-tumor necrosis factor monoclonal
antibody therapy in the absence of any contraindication
to these drugs. For validating the present strategy
based on our experience and the in-depth analysis
of the available literature presented in this review,
prospective randomized controlled studies are urgently
needed.

CMV infection is of particular interest in inflam
matory bowel diseases (IBD) that combine inflam
mation in the colon and the long-term maintenance
of immunosuppressive therapy; both of which can
[7]
reactivate latent CMV . Local inflammation in the
bowel wall leads to the secretion of proinflammatory
cytokines, including tumor necrosis factor (TNF)-α. As
a consequence, these cytokines are able to activate
CMV replication and the migration of CMV-infected
monocytes and macrophages in the inflamed tissue
to propagate infection further, generating a vicious
[2]
cycle of pathology . However, IBD is a complex entity
that involves different clinical situations dominated
by Crohn’s disease (CD) and ulcerative colitis (UC).
In CD, severe CMV primary infections have been
reported; some of them being complicated further
[8]
by hemophagocytic lymphohistiocytosis . The
administration of ganciclovir was shown to contribute
[9]
to clinical remission . However, and although the
seroprevalence to CMV is similar in CD and UC pa
[10]
tients , CMV reactivation was shown to be much less
frequent in CD than in UC patients, with no significant
[10-20]
impact on clinical evolution
. This observation can
be attributed to the different cytokine profiles observed
in these two IBDs: CD is most likely attributed to T
+
helper (Th)1 and Th17 CD4 T-cell differentiation with
secretion of interferon-γ that exerts an inhibiting effect
on CMV replication. In contrast, UC exhibits a Th2
profile with limited secretion of antiviral cytokines,
[21]
which could favor viral reactivation or tolerance .
Consequently, CD will be excluded from the scope of
this review.
The use of various virological methods for diag
nosing CMV reactivation affects the results obtained
when exploring the role of this agent in UC and has
led to controversial theories. Once the role of CMV is
established in the evolution of UC, several predictive
factors can be selected in order to identify those
patients who are more likely at risk of developing
CMV reactivation in the colon, and who may therefore
benefit from antiviral therapy. Accordingly, the aim of
this review is to answer four successive questions: (1)
how to diagnose CMV reactivation accurately in colonic
tissue of UC patients; (2) what is the impact of colonic
CMV infection in the evolution of UC; (3) what are
the predictive factors that may help to identify those
patients at risk of unfavorable evolution; and (4) in
this population, can antiviral therapy be of any use in
improving the long-term evolution of UC?

Pillet S, Pozzetto B, Roblin X. Cytomegalovirus and ulcerative
colitis: Place of antiviral therapy. World J Gastroenterol 2016;
22(6): 2030-2045 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i6/2030.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.2030

INTRODUCTION
Cytomegalovirus (CMV) belongs to the Herpesviridae
family. The viral genome consists of linear doublestranded DNA protected by a capsid and an envelope.
After primary infection, which may or may not be
symptomatic, the virus is known to maintain a
persistent, life-long infection of the host, often as a
latent form that can be found in several cell types.
These cells are mainly myeloid progenitors, monocytes
and endothelial cells, meaning that CMV could be
latent in several organs or tissues, and especially in
[1,2]
the colon . During the latent stage, the CMV genome
is present as an episomal circular form in the cell
nucleus, with minimal viral expression and without
viral particle production. CMV can reactivate from the
latent stage, leading to the production of new viral
particles. CMV reactivation is triggered by inflammation
or immunosuppression. Beside reactivation from an
endogenous latent virus, reinfection can be induced by
an exogenous strain present in a tissue/organ graft or
blood transfusion.
The host immune response is critical in controlling
CMV infection. Cellular immunity, especially natural
killer cells, and interferons play a major role at
the stage of primary infection and in long-term
control of the infection. Consequently, the clinical
expression of CMV infection is generally absent in
an immunocompetent host, even if some severe
[1-5]
infections, especially colitis , have been reported
in the literature. In contrast, the most preoccupant
manifestations of CMV infection are observed in
immunocompromised patients with altered cellular
immunity, that is, after transplantation of solid organ
grafts or hematopoietic stem cells, in cases of HIV
infection, in patients undergoing chemotherapy
or immunotherapy, and during pregnancy. Clinical
manifestations may vary from acute febrile illness to
organ disease (e.g., retinitis, pneumonitis, encephalitis,
[6]
colitis and hepatitis) .
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HOW TO DIAGNOSE CMV
REACTIVATION ACCURATELY IN
COLONIC TISSUE OF UC PATIENTS
Figure 1 shows the different techniques that are
presently used for the diagnosis of CMV infection.
Only a few techniques are indicated for the current
diagnosis of CMV reactivation in the colonic tissue of
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UC patients.
Specific IgG serology, usually performed by ELISA, is necessary to identify those patients who have already been in contact with CMV and consequently could be at
risk of an endogenous reactivation at the colonic level. In seropositive patients, two kinds of techniques can identify CMV reactivation at this level.
The first group of techniques relies on histological examination of colonic tissue. The direct examination of colon biopsies after hematoxylin and eosin (HE) staining
can show typical aspects of “owl’s eye” images (Figure 1) but this technique is poorly sensitive and frequently leads to false-negative results. Immunohistochemistry (IHC)
[22-25]
[26]
on colonic tissue is much more sensitive and can be quantitative by numbering the infected cells
. However, a recent paper from McCurdy et al
indicated that a
great number of biopsy samples must be examined in order to achieve adequate sensitivity.
The second group of techniques is based on the detection of CMV DNA in colonic tissue. In situ hybridization can be used for this purpose but, as for HE staining,
this technique lacks sensitivity and can only identify severe CMV reactivation episodes. It has largely been replaced by molecular techniques based on nucleic acid
amplification tests (NAATs). Although very sensitive, qualitative PCR with two rounds of amplification (nested PCR) should be avoided because of the risk of cross[27,28]
contamination and false-positive results
. In contrast, real-time quantitative PCR (qPCR) assays are very sensitive, allowing the detection of low-level reactivation,

Figure 1 Techniques currently used for the detection of markers of cytomegalovirus infection. Analyses highlighted in orange are very useful, those highlighted in yellow of little use, and those without color of no use, for the diagnosis of
CMV reactivation in inflammatory bowel diseases. ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry; CMV: Cytomegalovirus; HE staining: Hematoxylin and eosin staining; NAAT: Nucleic acid amplification test.
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and accurate determination of the viral load, and can
be automated. In contrast with IHC, they give no
information on the infectious potential of the detected
genome, nor on the stage (latent or productive) of
CMV infection. To optimize the predictive value of
these tests, it is necessary to determine the thresholds
of CMV DNA load that would require initiating antiviral
[6,29]
therapy
. One of the main difficulties with NAATs
is the inter-laboratory standardization of quantitative
[6,30,31]
data
, together with the harmonization of viral
[10,25,29,32-34]
load expression in tissue specimens (copies
[6]
[10,25]
or international units , per mg of tissue
, µg
[14,34]
[29,32,33]
of DNA
or number of cells
). This lack of
standardization makes the comparison of results
between studies difficult and universally accepted
cut-off values of CMV DNA load for assessing CMV
[24,32,33]
disease have still to be defined
. Another
important feature with NAATs is the risk of a falsenegative result if the biopsy is performed at a distance
from an inflamed focus; indeed, CMV markers
[10,14,25,34]
are detected in inflamed tissue only
and
[35-40]
inflammation
is present in the mucosa as foci that
are sometimes difficult to identify during colonoscopy.
To minimize this risk, it is our experience to measure
CMV DNA on a couple of biopsies taken at the same
time and to use the result exhibiting the highest
viral load (manuscript in press). As detailed below,
the presence of ulcers is correlated with that of viral
[20,25,41,42]
stigmata
, which indicates that these areas
must be privileged in performing the biopsies. As an
alternative to colonic biopsies, some authors have
[43-45]
proposed the determination of viral load in feces
;
however, this technique was recently shown to be
poorly sensitive for the detection of CMV colitis in
[46]
immunosuppressed patients .
IHC is still considered to be the gold standard for
[26,47,48]
the identification of CMV in tissue sections
.
However, the choice between IHC and NAAT (mainly
qPCR) for detecting CMV reactivation in colon biopsy
[25]
of UC patients is a matter of ongoing debate , even
[49]
in current international recommendations , although
an increasing number of laboratories are switching
from histology-based techniques to qPCR assays for
the quantification of CMV load in colonic tissue, due to
the simplicity and rapidity of the latter tests. Indeed,
with current NAATs, the results of viral load can be
recovered within one working day. Due to the absence
of any indication on the infectivity of a detected
genome, the use of viral load thresholds avoids the
useless treatment of latent infection.

on the clinical evolution of UC has been highly
[22,27,50]
[10,12-17,20,22,41,42,51-85]
debated
. Table 1
lists, in
chronological order, the main studies that have tried to
explore this relationship. Some of them have reported
CMV markers in patients without an impact on IBD
evolution, which has led to the idea that CMV infection
[27]
could be considered as an “innocent bystander”
or
byproduct of the pathology. Many others have shown a
negative impact of CMV infection in UC evolution and,
in some of them, an improvement of clinical status
when antiviral therapy was initiated, suggesting an
active role of CMV.
In our opinion, many of these discrepancies are
related to misleading definitions of the populations
of patients included in the studies or to the use of
inadequate tools for the evaluation CMV reactivation
in the gut. First, patients with CMV primary infection
exhibiting CMV colitis are sometimes mixed with
patients with CMV reactivation, notably in historic
studies, which introduced a bias in the evaluation of
[53,58,86-90]
prognosis
. Second, several studies, including
[41,74,78,84]
some recent ones
, have evaluated CMV
markers in both UC and CD patients, although these
two IBDs are very different in terms of the risks of CMV
reactivation, as discussed above. Third, a few studies
used peripheral blood markers, and notably pp65
antigenemia (Figure 1), to evaluate CMV reactivation
in UC patients; positive antigenemia was associated
with steroid refractoriness and UC exacerbation in
[71]
[5]
one study , corticoresistance in another , and the
[76]
presence of ulcer and risk of colectomy in a third .
[10,14,19,64,77,78,82]
However, viremia is poorly sensitive
; no
threshold has been established for starting therapy;
and the search for CMV should be performed in colonic
biopsy in order to evaluate the risk of reactivation at an
early stage of infection, corresponding to an increased
chance of successful antiviral treatment. Finally, as
stated in the previous section, the comparison of
clinical results between studies is rendered difficult by
the diversity of techniques that are used to determine
CMV reactivation at the colonic level (IHC vs NAATs)
and the lack of standardization of the different tests
used for quantifying the viral load.
Despite these discrepancies, there is an increasing
consensus for considering CMV reactivation as a
marker of poor prognosis in UC patients, as illustrated
by the results of the studies listed in Table 1 and by
[47,49,91]
the recommendations of international guidelines
for the systematic detection of CMV reactivation in
flare-ups of UC patients, and in using antiviral drugs
in particular circumstances that will be detailed later in
this review.

WHAT IS THE IMPACT OF COLONIC
CMV INFECTION ON THE EVOLUTION OF
UC?

Factors implicated in the occurrence of CMV reactivation
in UC patients

Role of immunotherapy: Administration of steroids
is a known predisposing factor for CMV reactivation
[92]
by suppressing anti-CMV T-cell specific function

General considerations

The implication of CMV reactivation in colonic tissue
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Table 1 Main studies recording the impact of cytomegalovirus on inflammatory bowel diseases course
Studies by chronological
order

No. of studied patients
by type of IBD

Method used for CMV detection

Main results of the study

Impact of
CMV

Vega et al[51], 1999

7 UC and 2 CD

Histology and IHC

Unfavorable

Cottone et al[52], 2001

55 UC and 7 CD

Histology and IHC
PCR in PBMC

Ganciclovir allowed clinical remission in 5/7
patients, with absence of CMV markers after
antiviral therapy
Antiviral treatment (3 with ganciclovir and 2
with foscarnet) allowed clinical remission in
5/7 patients

5 UC, 3 CD, 2
indeterminate colitis; all
medically refractory
47 moderate to severe
UC

Heterogeneous (serology,
histology, IHC, ISH, PCR, cell
culture)
pp65 antigenemia and IHC

Ganciclovir improved clinical outcome in 8/9
patients

Unfavorable

Unfavorable

38 UC and 4 CD with
severe disease
80 UC

pp65 antigenemia, qualitative PCR
in leucocytes, histology and IHC
IHC

Kishore et al[57], 2004

61 UC and 2 CD

Serology (IgM), qualitative PCR in
biopsy

Alain et al[58], 2005

63 CD and 28 UC

Association of CMV infection with steroid
resistance [13/16 (81.3%) vs 9/31 (29%), P =
0.001] and severe endoscopic score (P < 0.05);
ganciclovir effective in 8/12 patients (66.7%)
No clear association with steroid resistance, no
need for antiviral therapy
CMV detected in 10 of 40 (25%) patients with
refractory UC vs 1 of 40 (2.5%) patients with
nonrefractory UC
CMV infection associated with poor outcome,
with surgical treatment (4/10 vs 4/53, P < 0.05)
and death (3/10 vs 0/53, P < 0.005)
8/14 patients with CMV infection experienced
high dose steroid or azathioprine; ganciclovir
improved 4/4 treated patients
Trend for an association between CMV
reactivation and corticoresistance (15/55,
27.3% vs 2/22, 9.1%, P = 0.123)
No association with disease severity
CMV markers in surgical specimens more
frequently detected in patients with severe or
refractory disease
No pouchitis in CMV positive patients
(compared to 3/21 of CMV negative ones)
CMV positive cell density associated with
steroid resistance and colectomy rate
18 out 23 patients receiving CyA exhibited
CMV infection; 15/18 (83.3%) CMV positive
required colectomy; colectomy could be
avoided in the 3 remaining patients by
administration of ganciclovir
Low peripheral viral load observed in 25/48
patients; none exhibited CMV markers in
tissue. No impact on clinical outcome and
spontaneous clearance of CMV markers in
blood without ganciclovir
Clinical remission after ganciclovir alone
in 4/12 treated, the remaining 8 required
additional anti-inflammatory treatment
Steroid and CyA treatment predisposes to
CMV reactivation in colon (6/19); ganciclovir
associated to remission in 3/6 patients; CMV
markers detected in 2 surgical specimens
CMV infection more frequent in steroid
resistant patients (8/23, 34.8% vs 1/31, 3.2%)
CMV-positive patients required hospitalization
(OR = 4.9; 95%CI: 1.2-19.0) and were
hospitalized ≥ 7 d (OR = 5.0; 95%CI: 1.6-21.3)
CMV infection more frequent after corticoid or
azathioprine therapy; no relation with disease
severity; no need of antiviral therapy
Absence of large ulcer in case of CMV infection
Irregular ulceration associated to 100% of CMV
infection
Persistence of CMV markers in colon after
acute colitis flare-up despite remission

Unfavorable

Papadakis et al[53], 2001

Wada et al[54], 2003

Criscuoli et al[55], 2004
Kambham et al[56], 2004

Maconi et al[59], 2005

Serology (IgM), viruria, pp65
antigenemia, detection of mRNA in
blood, tissue cell culture of blood
and tissue, histology and IHC
77 UC with colectomy
Histology and IHC

Dimitroulia et al[12], 2006
Kojima et al[60], 2006

58 UC and 27 CD
126 UC with colectomy

PCR in blood and IHC
Histology and IHC

Lavagna et al[61], 2006

24 refractory UC leading
to colectomy
34 UC and 16 CD

IHC and PCR in tissue

23 severe UC

Heterogeneous (serology or
histology or IHC or PCR in blood)

Matsuoka et al[63], 2007

69 moderate to severe
UC

pp65 antigenemia and qPCR in
plasma, histology

Yoshino et al[14], 2007

30 UC refractory to
immunosuppressive
therapies
114 active UC

qPCR in tissue

Kuwabara et al[13], 2007
Minami et al[62], 2007

Domènech et al[64], 2008

Maher et al[65], 2009
Kim et al[17], 2010

Lévêque et al[16], 2010

Omiya et al[42], 2010
Suzuki et al[66], 2010
Criscuoli et al[67], 2011

IHC

pp65 antigenemia tissue: histology,
IHC and detection of pp67 mRNA

49 UC and 23 CD with
active disease
122 UC

Serology, histology and IHC

33 CD and 20 UC

qPCR in tissue

20 UC
73 UC

PCR in tissue
pp65 antigenemia

28 UC with CMV
reactivation

Histology, IHC and nested PCR in
tissue
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Unfavorable

None
Unfavorable

Unfavorable

Unfavorable

None
Unfavorable

None
Unfavorable
Unfavorable

None

Unfavorable

Unfavorable

Unfavorable
Unfavorable

None

None
Unfavorable
None
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Nguyen et al[22], 2011

26 UC and 17 CD

Histology and IHC

Roblin et al[10], 2011

42 moderate to severe
UC

qPCR in tissue

Al-Zafiri et al[20], 2012

13 CD and 18 UC with
CMV reactivation

IHC

Kim et al[68], 2012

72 moderate to severe
UC treated with IV
steroids
17 UC refractory to
tacrolimus

PCR in tissue

Yoshino et al[69], 2012

qPCR in tissue

Fukuchi et al[70], 2013

51 active UC

IHC or qPCR in tissue

IIda et al[71], 2013

187 active UC

pp65 antigenemia

13 UC with CMV
reactivation

IHC

26 UC and 110 IBD
hospitalized
249 CD+151 UC

qPCR in blood or tissue
Qualitative PCR in stools

118 UC

pp65 antigenemia

Kim et al[76], 2014

72 moderate to severe
UC

Heterogeneous (serology or
histology or IHC or PCR)

Kim et al[77], 2014

229 moderate to severe
UC

IHC and pp65 antigenemia

Maconi et al[78], 2014

30 UC and 8 CD with
active colitis and CMV
infection

Histology/IHC

222 UC

Antigenemia, histology, PCR

Olaisen et al[80], 2014

77 patients undergoing
colectomy

IHC

Yamada et al[81], 2014

33 refractory UC

qPCR in tissue

43 moderate to severe
UC

pp65 antigenemia

Ciccocioppo et al[32], 2015

24 UC and 16 CD

qPCR in tissue

Jones et al[83], 2015

1111 IBD patients

Histology, IHC, ISH

Gauss et al[84], 2015

166 UC and 131 CD

IHC and PCR in tissue

McCurdy et al[41], 2015

45 UC, 21 CD and 2
indeterminate IBD
colitis

Histology, ISH, IHC

Kopylov et al[72], 2013

Delvincourt et al[73], 2014
Do Carmo et al[74], 2014
Inokuchi et al[75], 2014

Matsumoto et al[79], 2014

Chun et al[82], 2015
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Higher colectomy rate in patients exhibiting
high grade infection; decreased colectomy rate
with ganciclovir use
The tissue CMV DNA load is predictive of
resistance to immunosuppressive therapy;
ganciclovir treatment cleared CMV DNA in
tissue and improved outcome in 7/8 patients
Colectomy rate higher (9/31, 29%) in CMV
positive than in CMV negative (65/581, 11.2%)
IBD patients
Association of CMV infection with steroid
resistance; clinical improvement after
ganciclovir (11/14)
Colectomy-free time lower in CMV positive
patients than in CMV-negative ones
(35.7% at 17.7 mo vs 88.9% at 45.9 mo
respectively, log-rank test P < 0.005)
CMV DNA became negative after GMAA in
patients with clinical remission
CMV infection more frequent in steroid
refractory patients
(27/82, 32.9% vs 6/105, 5.7%)
The disease was more severe in the 7 patients
requiring ganciclovir therapy, including 1
death and 3 colectomies
No alteration of the course of IBD flare

Unfavorable

CMV infection is rare (only 9 patients) and is
not associated with IBD disease activity
Delay to clinical remission higher in CMV
positive patients (21 d vs 16 d, P < 0.01);
ganciclovir decreased the rate of colectomy in
multivariate analysis
Cumulative colectomy (log rank, P = 0.025)
and disease flare-up rates (log-rank, P = 0.048)
higher in CMV positive patients
Association between positive pp65
antigenemia and rate of colectomy
(13/39, 33.3% vs 5/44, 11.4%, P < 0.05)
Antiviral therapy associated with a higher
clinical remission rate at 12 mo (77.8% vs 45%,
P < 0.05, and 77.8% vs 19.4%, P < 0.05) in UC
patients and patients with steroid-dependent/
refractory disease, respectively
CMV infection as a risk factor for
hospitalization because of UC aggravation
(OR = 8.2, 95%CI: 1.91-35.33, P < 0.005)
CMV positive patients received higher doses
of corticoids and were at higher risk of
postoperative complications
Induction remission rate by infliximab lower
(54.5%) in CMV-positive patients than in CMVnegative ones (81.8%) although not statistically
significant
Positive antigenemia associated with steroid
refractoriness (11/12, 91.7% vs 12/31, 38.7%,
P < 0.005); ganciclovir improved outcome:
colectomy in 2/8 (25%) vs 2/4 (50%)
In refractory patients, more frequent CMV
infection and higher viral load; efficacy of
ganciclovir in all refractory patients
Antiviral therapy improved surgery-free
survival outcome
CMV reactivation associated to longer hospital
stay (P < 0.001)
CMV reactivation associated to medically
refractory disease (OR = 3.69, P < 0.001) and
endoscopic ulcers (OR = 2.95, P < 0.001)

None

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable
Unfavorable

Unfavorable

None

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable

Unfavorable
Unfavorable
Unfavorable
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Minami et al[85], 2015

29 severe UC treated
either with tacrolimus
or infliximab

qPCR in tissue

Colectomy rate higher in patients with CMV
infection (5/6, 83.3% vs 8/23, 34.8%, P < 0.05)

Unfavorable

GMAA: Granulocyte/monocyte adsorptive apheresis; IHC: Immunohistochemistry; ISH: In situ hybridization; NAAT: Nucleic acid amplification test;
PBMC: Peripheral blood monocular cells; PCR: Polymerase chain reaction; qPCR: Quantitative real-time PCR; IBD: Inflammatory bowel diseases; CD:
Crohn’s disease; UC: Ulcerative colitis; CMV: Cytomegalovirus.

[93,94]

and by directly activating viral replication
.
Indeed, many studies have documented this risk
[14,17,32,52,59,80]
in UC patients
. It has been shown that
administration of steroids over a period of at least 3
mo at a dose of at least 10 mg is associated with a risk
of CMV reactivation, without any effect of cumulative
[52]
doses . The prevalence of CMV reactivation increased
with the exposition of high-dose steroid therapy for
[17]
7-14 d .
With regards to immunomodulatory therapy other
than steroids, cyclosporine (CyA) is also associated
[62,64,83]
with the risk of active CMV infection
. In a study
including 23 patients with severe UC undergoing CyA
treatment, 18 of them developed CMV infection, as
illustrated by the presence of IgM antibody, CMV DNA
or inclusion bodies by histology after approximately
[62]
8 d of treatment . In a prospective study, CMV
infection was observed in five of six UC patients after
[64]
7-10 d CyA treatment . Consequently, the risk of
CMV infection should be carefully monitored when this
drug is used as an alternative to other contraindicated
immunomodulatory agents. In contrast, the use of
azathioprine or anti-TNF monoclonal antibodies (mAbs)
was not associated with an increased risk of CMV
[10,41,52,64,95-99]
reactivation
. We recently reported 109
consecutive flares-up of UC in patients undergoing
anti-TNF maintenance therapy; these patients
were not at a higher risk of CMV reactivation and,
reciprocally, the occurrence of CMV reactivation had
no effect on the further evolution of UC. These results
plead for the preferential use of these molecules
in cases of refractory flare-up associated with CMV
[100]
reactivation . However, in a recent study combining
CD and UC patients, the use of immunomodulators,
including thiopurines or methotrexate, was significantly
[41]
associated with occurrence of CMV disease .
Tacrolimus was recently proposed as an alternative to
previous treatments, especially in cases of refractory
[85,98]
flare-up
; further studies are needed to appreciate
[101]
the risk of developing CMV reactivation in this context .

(CD or UC). In another retrospective study, Gauss
[84]
et al
recorded positive CMV markers in 21 IBD
patients - 18 with CMV DNA in colonic biopsy and
three with positive blood antigenemia (the PCR assay
was not done) - out of 100 patients, and most of them
(17/21) exhibited UC. The presence of CMV markers
was significantly associated with age ≥ 30 years (OR
= 14.26; 95%CI: 2.89-118.57). Despite the high
significance of these data, they relied only on two
studies with a low number of patients, which implies
that further trials are required to consolidate these
observations.
Other predictive factors of CMV infection in IBD
patients: The two retrospective studies mentioned in
the above paragraph also documented other predictive
factors of CMV infection in IBD patients. In addition
[41]
to age > 30 years, McCurdy et al
identified four
additional risk factors: medically refractory IBD; the
presence of ulcers at endoscopy; treatment with
corticosteroids; and treatment with immunomodulators
(with the exception of anti-TNF mAb). After adjustment
in a multivariate model, refractory disease, treatment
with immunomodulators and age > 30 years remained
independently associated with CMV infection. The
authors propose a CMV risk score based on these
criteria for the prediction of CMV infection in IBD
patients. Furthermore, in addition to age > 30 years,
[84]
the case-control study of Gauss et al
identified
a blood leukocyte count < 11000/mL, disease
duration at admission < 60 mo, and the presence
of immunosuppressive therapy at admission as
significant predictors of CMV infection in IBD patients.
As no stratification was done by type of IBD in these
two retrospective studies, it would be interesting to reevaluate specifically these predictors in UC patients
who are most at risk of CMV infection among IBD
patients.

WHAT ARE THE PREDICTIVE FACTORS
OF UNFAVORABLE EVOLUTION IN UC
PATIENTS WITH CMV INFECTION?

Age > 30 years: Two recent studies have docu
mented the risk of CMV reactivation in IBD patients
older than 30 years. In a retrospective case-control
study performed on 68 IBD patients (66% with UC)
exhibiting CMV infection by tissue analysis, who were
each matched to three controls without stigmata of
[41]
CMV infection, McCurdy et al
showed that CMV
disease was significantly associated with age > 30
years. No stratification was performed by type of IBD
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Resistance to steroids and other immunosuppressive
agents

CMV reactivation was recorded as one of the most
important risk factors for steroid-refractory UC. A
retrospective study that investigated CMV infection by
IHC in 77 surgical specimens reported a rate of CMV
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infection of 27.3% in samples from steroid-refractory
UC patients compared to 9.1% in those from steroid[102]
sensitive ones
. In the prospective study that we
conducted on 42 consecutive patients hospitalized
for moderate to severe UC and treated with IV
steroids, the only factor associated by multivariate
analysis with CMV DNA in inflammatory tissue was
[10]
resistance to steroids (OR = 4.7; 95%CI: 1.2-22.5) .
Two other prospective studies reported the same
association between resistance to steroids and CMV
[52,64]
[71,78]
reactivation
. Recent studies
including two
[41,84]
multivariate analyses
confirmed the link between
CMV reactivation and steroid resistance. In a metaanalysis published last year and summarizing 11
studies involving 867 IBD patients, the relative risk
for steroid resistance was significantly higher in CMV[103]
positive patients (OR = 2.07; 95%CI: 1.80-2.39) .
As shown in our work on flare-ups of refractory
UC, CMV reactivation affects the response to immuno
[10]
suppressive therapy, including anti-TNF mAbs . In
[81]
a similar context, Yamada et al
showed that the
induction remission rate by infliximab was lower
(54.5%) in CMV-positive than in CMV-negative patients
(81.8%), although the difference was not statistically
significant.

colonoscopic findings were compared between 15 CMVpositive and 58 CMV-negative patients, as determined
by blood antigenemia: more abnormalities (irregular
ulceration, wide mucosal defect) were observed in
[66]
patients with UC complicated by CMV infection .
More recently, the retrospective study mentioned
[41]
previously
reported a trend towards severe
endoscopic disease in CMV-infected IBD patients
(OR = 1.67; 95%CI: 0.85-3.32). In the subgroup of
UC patients, the presence of endoscopic ulcers was
significantly associated with CMV disease (OR = 3.0;
95%CI: 1.38-6.51). In another study, the absence
of large ulcers was predictive of non-active CMV
infection in UC patients positive for the presence of
colonic CMV DNA: the 10 patients exhibiting this profile
attained remission without antiviral therapy at 2 mo
[42]
and maintained remission . However, other studies,
[10,54]
including ours
, did not identify stigmata of tissue
injury as a marker of CMV infection. It may depend
upon the severity of UC in the studied populations that
may have been lower in the latter studies.

Density of viral infection

Using either molecular or histological assays to
evaluate the density of viral infection, this quantitative
or semi-quantitative marker was shown to be related
to the severity of colonic lesions in UC patients. Using
[22]
histopathology, Nguyen et al
distinguished lowgrade CMV infection (when IHC was positive only)
from high-grade infection (detected by HE staining):
colectomy rates were 29% and 83%, respectively, in
[83]
untreated patients. Jones et al
defined high-grade
CMV density by the presence of more than four typical
inclusions in biopsy specimens. Similarly, Kuwabara
[13]
et al
proposed that dense CMV disease, defined as
> 10 inclusions per histological section, was shown to
be predictive of significantly higher final daily doses of
steroids before surgery, and showed increased steroid
resistance. In addition, the frequency of emergency
surgery was higher and postoperative hospital stay
was significantly longer in the dense CMV group.
By using qPCR in colon biopsies, we performed a
random sensitivity analysis for correlating the presence
of CMV in tissue with the occurrence of resistance to
[10]
the successive lines of treatment . A positive colonic
CMV load was associated with an increased risk of
steroid resistance [likelihood ratio (LR+) of 3.0], with
a sensitivity of 50% and a specificity of 100% [area
under the receiver operating characteristic curve
(AUROC) = 0.54, P < 0.05]. A viral load of > 250
copies/mg of tissue was predictive of resistance to
three successive lines of treatment with a sensitivity of
100% and specificity of 66.6% (LR+ 4.33; AUROC =
0.85, P < 0.05). In contrast, the absence of CMV DNA
in tissue was predictive of a favorable response to any
treatment with a sensitivity of 100% and specificity of
50% (LR+ 2.21; AUROC = 0.65, P < 0.05).

Acute severe colitis and requirement of colectomy

Since the first description of CMV markers in surgical
[104]
specimens
, a higher rate of colectomy has been
observed in cases of CMV reactivation vs CMV-negative
[20,69,76,85]
groups
. In the prospective study published
[64]
by Domènech et al , colectomy was performed in
3/6 patients exhibiting CMV reactivation compared
to 2/12 patients without markers of CMV infection.
The prevalence of CMV markers detected using IHC
in surgical specimens was also shown to be higher in
severe UC than in refractory UC (25% vs 8.3% and
[56,60]
25% vs 2.5%
, respectively). In a recent report,
[69]
Yoshino et al
showed that the colectomy-free time
was higher in patients without CMV colitis. Finally,
Matsumoto and Yoshida reported recently that CMV
infection and steroid use were independent risk factors
for hospitalization because of UC aggravation and
[79]
the need for surgery . By retrospective analysis of
a surgery database including 1100 patients, Uchino
[105]
et al
recorded seven cases exhibiting UC-related
lesions in the stomach and small intestine after
colectomy; six of seven exhibited CMV infection either
with positive antigenemia or CMV markers in tissue
(IHC or PCR). These severe CMV infections were all
refractory to ganciclovir treatment.

Presence of ulcers with endoscopic examination

Several studies have argued for a link between the
presence of ulcers after endoscopic examination, CMV
reactivation and unfavorable evolution. In a study of UC
patients hospitalized due to exacerbation of symptoms,
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grade CMV infection (44% vs 83% without CMV
[83]
treatment). Similarly, Jones et al
argued that
antiviral treatment significantly reduced the risk of
surgery (OR = 0.31; 95%CI: 0.14-0.70); patients
with high-grade infection showed a significant benefit
of antiviral therapy, whereas those with low-grade
infection presented higher rates of colectomy. In a
[10]
study performed in our hospital , eight patients with
a high CMV DNA load in the colon, and who had failed
to respond to at least two lines of treatment, were
treated with ganciclovir for 15 d in addition to their
ongoing immunosuppressive therapy. For seven of
them, clinical remission was obtained with a sustained
response to the last therapeutic line after a follow-up
of 6 mo, which resulted in a step-down therapeutic
[10]
strategy for all of them .
Recently, a meta-analysis was performed to deter
mine the impact of antiviral therapy on the colectomy
[48]
rate in UC patients presenting with CMV infection .
Fifteen studies were included in this meta-analysis
with a total of 333 patients; 43.2% were treated
with antiviral therapy and 56.8% were not. The
diagnosis was made primarily by HE and/or IHC in
seven studies and by tissue PCR in four. No difference
was noticed in terms of colectomy between patients
treated with antiviral therapy and those without
treatment (OR = 0.92; 95%CI: 0.31-2.76), with
2
moderate heterogeneity (I = 65%). There was no
significant difference in the risk of colectomy based
on the method of CMV diagnosis. Next, the authors
analyzed the risk of colectomy in those patients
with corticosteroid-refractory UC related to CMV
reactivation; eight studies were available concerning
139 patients, 77 of whom received antiviral therapy.
The risk of colectomy was significantly lower in patients
with corticosteroid-refractory UC treated with antiviral
therapy than in patients not treated with antiviral
therapy (OR = 0.20; 95%CI: 0.08-0.49), with no
2
heterogeneity (I = 0). When the analysis was limited
to studies that defined refractory disease as failure to
respond to 1 wk of intravenous corticosteroids, the
benefit of antiviral therapy remained significant (OR =
0.23; 95%CI: 0.06-0.82). Finally, when the analysis
was further stratified on the method of CMV diagnosis,
the risk of colectomy remained significantly lower only
when CMV infection was based on histological criteria
(3 studies; OR = 0.06; 95%CI: 0.01-0.34) but not on
tissue PCR (4 studies; OR = 0.31; 95%CI: 0.09-1.11).
The latter observation may be related to the fact that
the analysis was not adequately powered and that
three of the four studies based on tissue PCR reported
only qualitative results.

WHAT IS THE BENEFIT OF ANTI-CMV
THERAPY ON THE EVOLUTION OF UC IN
PATIENTS WITH CMV REACTIVATION?
Systematic review of literature

Regarding the management of CMV infection in UC
patients, the guidelines of the European Crohn’s and
Colitis Organization in 2014 are as follows: “Screening
for CMV infection is not necessary before starting
immunomodulator therapy. In patients with acute
steroid-resistant colitis, CMV should be excluded,
preferably by tissue PCR or immunohistochemistry,
before increasing immunomodulator therapy. In case
of severe steroid-resistant colitis with CMV detected
in the mucosa during immunomodulator therapy,
antiviral therapy should be initiated and discontinuation
of immunomodulators considered until colitis symp
toms improve. In case of systemic CMV disease,
[49]
immunomodulator therapy must be discontinued” .
However, randomized controlled trials would be useful
in reinforcing the level of evidence supporting these
guidelines.
If most of the gastroenterology societies re
commend antiviral treatment of severe flare-ups of
UC exhibiting CMV markers in inflamed tissue, no
recommendations are given on which antiviral drug
should be used and for what duration. No study has
compared ganciclovir and foscarnet in this indication
and no data are available on the pharmacokinetics of
antiviral drugs in colonic tissue; notably, regarding the
difference between ganciclovir and valganciclovir and
the role of possible malabsorption in inflamed tissue.
[106]
In contrast to transplant recipients
, the overall
incidence of CMV resistance to ganciclovir in IBD has
never been analyzed. In this context, most authors
use ganciclovir to treat CMV reactivation in UC patients
[48]
(reviewed in Shukla et al ). In our clinical practice,
we use empirically IV ganciclovir for 1 wk followed by
oral valganciclovir for 2 wk but the relevance of this
strategy has not been evaluated.
A lot of case reports, as well as punctual prospective
studies, have reported a clinical improvement
associated with a reduction of colectomy rate when UC
patients with CMV reactivation received ganciclovir (or
[50]
exceptionally, foscarnet). In a previous review paper ,
[14,34,51,64,67,68,95]
we collected seven prospective studies
that
analyzed the efficacy of treatment of CMV reactivation
by ganciclovir in UC patients: from a total of 58 treated
patients, 46 presented a clinical improvement and 11
justified colectomy (18%).
Several studies analyzed the benefit of ganciclovir
on colectomy rate according to the density of
[22]
CMV infection. In the study of Nguyen et al , the
antiviral treatment did not change colectomy rate
for the patients with low-grade CMV infection (31%
vs 29% without CMV treatment) but it significantly
decreased the colectomy rate for those with high-
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Place of granulocyte/monocyte adsorptive apheresis in
the treatment of CMV-related flare-ups of UC

Granulocyte/monocyte adsorptive apheresis (GMAA)
is a biological therapy comprising removal of
granulocytes/macrophages producing inflammatory
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Refractory
1
ulcerative colitis
Age > 30 yr

Quantification of
CMV density in
colonic tissue

No CMV
reactivation

Low-grade
2
density

No stigmata of
4
severe disease

High-grade
3
density

Stigmata of
4
severe disease

Intensification of
immunosuppressive
therapy

Ganciclovir
therapy associated to
anti-TNF Mabs

Figure 2 Therapeutic algorithm for the intake of flare-ups of refractory ulcerative colitis in patients aged > 30 years according to the quantification of
cytomegalovirus density in colonic tissue. 1Defined by steroid resistance or immunosuppressive treatment or anti-TNF drugs; 2Defined by quantification of CMV
DNA in intestinal tissue of 10-250 copies/mg of inflamed tissue or low-grade CMV density by IHC in biopsy specimens (4 inclusions or less); 3Defined by quantification
of CMV DNA in intestinal tissue of > 250 copies/mg of inflamed tissue or high-grade CMV density by IHC in biopsy specimens (more than 4 inclusions); 4Defined by a
need for hospitalization and a Lichtiger score > 10. CMV: Cytomegalovirus; IHC: immunohistochemistry; TNF: Tumor necrosis factor.

Discussion of therapeutic algorithms

cytokines. This strategy was evaluated in a rando
mized, double-blind, sham-controlled study for
the treatment of UC flare-ups. The treatment was
well tolerated but did not demonstrate efficacy for
induction of clinical remission or response in patients
[107]
with moderate-to-severe flare-ups
. More recently,
Japanese studies have investigated the efficacy of
GMAA in active UC flare-ups associated or not with
colonic CMV reactivation. In a retrospective study,
11 UC patients in clinical failure under steroid and
immunomodulatory therapy were treated with
additional GMAA: nine achieved remission and two
[108]
[70]
underwent colectomy
. Fukuchi et al
tested this
strategy in 51 active UC flare-up episodes, and 15 of
them were associated with in situ CMV infection. In the
absence of steroid treatment, the clinical remission rate
did not differ between UC patients, whether positive
and negative for CMV (73.3% vs 69.4%). CMV DNA
became negative in all UC patients positive for CMV
who achieved clinical remission 1 wk after completion
of intensive GMAA but no data on long-term evolution
were reported. Presently GMAA is not recommended
in the treatment of UC flare-ups by American and
European guidelines. Additional studies are needed to
evaluate the benefit of GMAA in UC patients with flareups associated with CMV reactivation.

WJG|www.wjgnet.com

At least three therapeutic algorithms have been
proposed for the intake of refractory flare-ups of UC
according to the presence of CMV reactivation in the
[48,50,109]
gut
. These algorithms are all similar but do not
take into consideration the risk factors listed above
[83]
together with the density of CMV infection
and the
absence of reciprocal deleterious effects between anti[100]
TNF mAbs and CMV reactivation
. The therapeutic
algorithm that we propose in Figure 2 integrates these
relatively new concepts. Of note, as recommended by
[49]
the European guidelines , the antiviral therapy must
be initiated after discontinuation of immunomodulators
that will be reintroduced at the end of the flare-up.

CONCLUSION
Despite conflicting results, there is increasing evidence,
notably in recent studies, for the deleterious effect
of in situ CMV reactivation in flare-ups of refractory
UC. In patients aged > 30 years with a high density
of infection in the colonic tissue or with stigmata of
severe disease associated with colonic markers of
CMV reactivation (whatever the density of infection),
treatment with ganciclovir appears to be recommended
with anti-TNF mAb therapy in the absence of explicit
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contraindications to these drugs. In order to validate
the present strategy based on our experience and the
in-depth analysis of the available literature presented
in this review, prospective randomized controlled
studies are urgently needed.
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Glucose metabolism in gastric cancer: The cutting-edge
Lian-Wen Yuan, Hiroharu Yamashita, Yasuyuki Seto

Abstract

Lian-Wen Yuan, Department of Geriatric Surgery, Second
Xiangya Hospital, Center-South University, Changsha 410011,
Hunan Province, China

Glucose metabolism in gastric cancer cells differs
from that of normal epithelial cells. Upregulated
aerobic glycolysis (Warburg effect) in gastric cancer
meeting the demands of cell proliferation is associated
with genetic mutations, epigenetic modification and
proteomic alteration. Understanding the mechanisms of
aerobic glycolysis may contribute to our knowledge of
gastric carcinogenesis. Metabolomic studies offer novel,
convenient and practical tools in the search for new
biomarkers for early detection, diagnosis, prognosis,
and chemosensitivity prediction of gastric cancer.
Interfering with the process of glycolysis in cancer
cells may provide a new and promising therapeutic
strategy for gastric cancer. In this article, we present
a brief review of recent studies of glucose metabolism
in gastric cancer, with primary focus on the clinical
applications of new biomarkers and their potential
therapeutic role in gastric cancer.
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INTRODUCTION

ALTERED GLUCOSE METABOLISM IN
GASTRIC CANCER

Gastric cancer is one of the most common cancers
[1,2]
worldwide and ranks second in cancer-related deaths .
Recent advances in cancer diagnosis and treatment
have resulted in limited improvement in gastric cancer[3]
related mortality . Estimates even suggest that gastric
[4]
cancer-related mortality will continue to increase .
To improve the survival rate, several studies have
elucidated molecular mechanisms of gastric cancer,
and identified biomarkers predicting prognosis and
[5,6]
response to treatment . A few biomarkers have
been used as therapeutic targets for advanced gastric
[7]
cancer . However, the therapeutic results are still
unsatisfactory, which may be due to multiple genetic
variations and changes in microenvironment, such
as altered glucose metabolism promoting gastric
carcinogenesis.
Several decades ago, alteration of glucose meta
bolism in cancer cells, termed “Warburg effect”, was
described. This discovery has revitalized the interest
in the role of glucose metabolism in oncology since
18
the widespread use of F-fluorodeoxyglucose (FDG)
positron emission tomography (PET) to evaluate
[8]
various types of malignant tumors . Compared with
genomics and proteomics, metabolomics is a recent
“omic” technique and the last step before phenotype,
which provides new insight into pathophysiologic
mechanisms in carcinogenesis. In fact, these biological
pathways are not independent but co-dependent and
co-operative in the progress of carcinogenesis.
The high mortality rate of gastric cancer is due
to delayed diagnosis and lack of effective therapies
for metastasis. Gastric cancer is generally screened
using endoscopy and serum carbohydrate antigens,
such as carcinoembryonic antigen (CEA). Clinical
application of endoscopy is limited because of its
relative invasiveness, cost and technical complexity,
[9]
even in high-incidence countries of east Asia .
Additionally, the current serum biomarkers have
poor sensitivity and specificity for gastric cancer.
Therefore, new biomarkers that are non-invasive and
enable stratification of patients with high sensitivity
and specificity for screening, diagnosis, prognosis,
prediction, and monitoring of aggressive and advanced
gastric cancer are needed. Metabolomics facilitates
the investigation of these biomarkers via new and
interesting analytical techniques that enable the
detection of an array of metabolites in a single assay
and open new avenues for diagnostics and drug
discovery. By identifying and targeting the key link
in altered glucose metabolism, specific and even
individualized therapeutic strategies for gastric cancer
may be developed.
This article will review the recent studies on glucose
metabolism in gastric cancer and particularly the key
applications of glucose metabolism in gastric cancer
surveillance, diagnosis and therapy.
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In 1956, Otto Warburg initially observed that cancer
cells generally undergo glycolysis instead of oxidative
phosphorylation for energy, compared with nonneoplastic cells. The metabolic phenomenon is
well known as aerobic glycolysis or the “Warburg
[10]
effect” . Based on the results of “Warburg effect”,
increased glucose consumption, increased glycolytic
activity and the accumulation of lactic acid are critical
[11,12]
hallmarks of cancer cells
. Compared with normal
cells that mainly generate energy via mitochondrial
oxidative phosphorylation, cancer cells predominantly
obtain energy via increased glycolysis even under
aerobic conditions. Converting glucose into lactate
via glycolysis is inefficient in generating ATP, but it
produces a large number of intermediate products
driving cell proliferation. Therefore, increasing glucose
consumption, leading to anaerobic glycolysis, is
believed to provide an evolutionary advantage to
[13]
cancer cells . The accumulation of lactic acid causes
acidic microenvironment, and has a protective effect
on tumor cells. Lactic acid induces the expression
of glycolytic enzymes in tumor cells, such as 6-pho
sphofructokinase1 (PFK1) to enhance the supply
of ATP, and resist cellular apoptosis and promote
[14]
metastasis . In addition, lactic acid promotes tumor
angiogenesis, providing a suitable microenvironment
for tumor development and metastasis.
A number of studies have confirmed the asso
[15-19]
ciation between obesity and gastric cancer
. An
[20]
et al
confirmed the relationship between glucose
metabolism, diabetes and gastric cancer by observing
improved glucose metabolism after treatment of
gastric cancer. A higher fasting serum glucose level
significantly increased the incidence of gastric cancer
in Helicobacter pylori (H. pylori)-seropositive patients
[21]
nearly 3.5-4.2 fold , suggesting that hyperglycemia
may be an important cofactor in H. pylori-mediated
[22,23]
[24]
gastric carcinogenesis
. Song et al
used gas
chromatography/mass spectrometry (GC/MS) to
analyze the tissue metabolites of gastric cancer
patients and healthy controls. The GC/MS revealed
that several intermediate products of aerobic glycolytic
pathways, such as fumaric acid and alpha-ketoglutaric
acid increase significantly in cancer tissues than in
the normal mucosa, suggesting that altered glucose
metabolism may be an important parameter in
distinguishing gastric cancer cells from normal cells.
Similarly, abnormal glucose metabolism was observed
[25-28]
by other researchers in gastric cancer tissue
.
[29]
Ikeda et al
demonstrated that the serum levels
of 3-hydroxypropionic acid and pyruvic acid were
upregulated in gastric cancer. Therefore, abnormal
glucose metabolism may be related to tumor growth
involving aggressive cancer cell proliferation, which
requires a lot of energy, possibly causing altered
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Enzymatic changes in glucose metabolism of cancer
cells

serum levels of a few intermediate metabolites.
Serum metabolic profiling has a great potential role in
identifying gastric cancer and the underlying metabolic
[30]
mechanisms .
[31]
Chen et al
used capillary electrophoresis-mass
spectrometry based on moving reaction boundary
(MRB-CE-MS) to investigate the metabolomics of
gastric cancer patients’ urinary samples to search for
possible tumor biomarkers. They found that lactic acid
was remarkably increased, while citric acid, malic acid,
and succinate were significantly decreased in patients
with gastric cancer compared with controls, suggesting
that glycolysis is upregulated while tricarboxylic acid
[31]
cycle is decreased in gastric cancer . The results
implied that urinary metabolic profiles based on MRBCE-MS analysis were useful in clinical diagnosis and
prognosis of gastric cancer patients, consistent with
[32-36]
findings from other studies
.

The family of glucose transporters (Gluts), which
control the glucose transport across the plasma
into the cytosol, play a critical role in glucose meta
[44-46]
bolism
. Increasing evidence shows that Gluts,
especially the class Ⅰ Gluts (1-4), play an key role in
cancer glucose metabolism and cancer progression,
[47]
[48]
such as in lung tumor , breast cancer , and bladder
[49]
[50]
cancer . Recently, Shimada et al
reported that
Glut-3 and Glut-1 expression were positive in benign
gastric schwannoma with a high FDG uptake, but
Glut-2 and Glut-4 expression were negative. 18F-FDG
uptake in primary gastric lymphoma is also related
[51]
[52]
to GLUT1 expression . Alakus et al
investigated
GLUT-1 expression in 35 patients with gastric cancer,
who underwent FDG-PET, and suggested that FDG
uptake in gastric cancer is associated with GLUT-1
expression and that low FDG uptake in signet-ring cell
carcinoma is due to the low expression of GLUT-1 in
[53]
this histological subtype. Yamada et al also observed
that GLUT-1 expression occurred from an early cancer
stage and was the most influential factor underlying
the degree of FDG uptake in gastric carcinoma. FDG
uptake correlated with GLUT-1 expression, responding
to glucose metabolism, may serve as a prognostic
[53]
biomarker of gastric cancer . However, the study of
[54]
Takebayashi et al
showed no connection between
FDG standardized uptake value (SUV) and GLUT-1
expression in gastric cancer. Currently, evidence on the
role of Gluts in glucose metabolism in gastric cancer is
still limited.
Several other glycolytic enzymes, including glucose[55]
6-phosphate dehydrogenase (G6PD) , hexokinase
[56,57]
[58,59]
(HK)-Ⅱ
and pyruvate kinase M2 (PKM2)
, have
been confirmed to participate in the carcinogenesis
and predict the progression of gastric cancer. G6PD is
involved in the normal processing of carbohydrates by
converting glucose into ribose-5-phosphate, which is
the first key step in glycolysis. Overexpression of G6PD
in gastric cancer tissues is significantly correlated with
progression of gastric cancer. Increasing G6PD levels in
gastric cancer may enhance the level of NAPDH which
protects cells from DNA damage induced by reactive
[55]
oxygen species (ROS) . Hexokinases catalyze the first
phosphorylation step of glycosis, to produce glucose6-phosphate. HK-Ⅱ is upregulated in many human
cancers associated with enhanced aerobic glycolysis,
the Warburg effect. HK-Ⅱ was overexpressed in gastric
[57]
cancer with worse prognosis . Unlike HK-I that is
predominant in gastric polyps and normal mucosa, a
significant elevation of HK-Ⅱ was found in gastric cancer,
Changes in the hexokinases isoenzymes composition
in gastric mucosa with intestinal metaplasia were
expressed to a lesser degree but with similar likelihood
[60]
of cancer . HK-Ⅱ, as a component of survival signaling
nexus, integrates glucose metabolism and cell survival
through Akt/mTOR pathways. It can positively regulate

POTENTIAL MECHANISMS RESULTING
IN ALTERED GLUCOSE METABOLISM IN
GASTRIC CANCER
About 80 years after Warburg presented his hypothesis
on aberrant glucose metabolism in cancer cells, his
viewpoint has been confirmed using positron emission
tomography (PET) with the glucose analog tracer in
clinical oncology. The potential genetic, epigenetic and
proteomic mechanisms underlying the relationship
between glucose metabolism and cancer have only
been partially elucidated.

Genes and alteration of glucose metabolism

Carcinogenesis is due to proto-oncogene activation and
tumor suppressor gene inactivation, which are closely
associated with glucose metabolism. As a protooncogene, Myc plays an important role in glucose
metabolism by enhancing the expression of glycolytic
[37]
enzymes including glucose transporter 1 (GLUT1) ,
[38,39]
lactate dehydrogenase A (LDHA)
and pyruvate
[40]
Kinase M2 (PKM2) . Inactivation of p53, a well-known
tumor suppressor, directly mediates the Warburg
effect. In many cancers, p53 loss was observed to
promote glucose flux via glycolytic pathway and
[40]
reduced oxidative phosphorylation . The p53 protein
increases oxidative phosphorylation and decreases
glycolysis via downregulation of GLUT1, GLUT3, and
[41]
GLUT4 expression
and inactivation of glycolytic
[42]
enzymes, such as phosphoglycerate mutase (PGM) .
Recently, we studied the role of Klotho, an antioncogene, in gastric cancer and found that restoration
of Klotho gene expression could remarkably inhibit
cell proliferation and induce apoptosis in gastric cancer
cells by downregulating the phosphorylation levels of
IGF-1R, IRS-1, PI3K, Akt, and mTOR proteins. In the
process, it may be associated with altered glucose
[43]
metabolism, which requires further research .
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glucose starvation-induced autophagy through TORC1
[61]
inhibition . Pyruvate kinase M2 (PKM2) is another
glycolytic enzyme, which controls the final rate-limiting
step of glycolysis by catalyzing the dephosphorylation
of phosphoenolpyruvate (PEP) to pyruvate and is
[62]
overexpressed in many human cancers . Recent
studies have indicated that PKM2 was overexpressed
in gastric cancer and associated with tumor size,
[59,63]
depth of invasion and lymph node metastasis
. The
knockdown of PKM2 partially affected the stability of
NF-kB subunit p65 in gastric cancer cells, suggesting
that post-translational regulation of p65 by PKM2
may be a plausible mechanism correlated with cell
[64]
proliferation . Another study demonstrated that the
PKM2 expression, E-cadherin expression, and ERK1/2
phosphorylation were correlated with each other in
gastric cancer cells, which suggested an important
connection between PKM2 and E-cadherin in the
motility and invasion of gastric cancer cell stimulated by
[65]
EGFR .

glucose homeostasis. Insulin is also implicated in
cellular activation and angiogenesis mediated by
the activation of signaling of the insulin receptor
(IR), insulin growth factor (IGF)-1, IGF2 and the
[74,75]
IGF-1R
. Increased IGF signaling is associated
[74-76]
with many cancers
. In addition, downregulation
of the IGF-1 receptor expression and reduced
[77]
signaling have been found to inhibit tumor growth .
Increasing IGF-I expression was observed in gastric
tumors progressing from benign proliferative lesions
[78]
to malignant lesions . IGF-I can induce epithelialto-mesenchymal transition (EMT) which is involved in
the metastasis of numerous cancers, by activating a
PI3K/Akt-GSK-3β-ZEB2 signaling pathway in gastric
[79]
[76]
[80]
cancer BGC-823 cells . Li et al
and Min et al
found that IGF-IR signaling promoted tumor growth
in gastric cancer. IGF-1R blockade reduced gastric
tumor growth in vivo and in vitro by inhibiting both
angiogenesis and lymphangiogenesis, attributed to
the decreasing activity of both protein kinase B (Akt)
and mitogen-activated protein kinase (MAPK). IGF-1R
expression in gastric cancer was correlated with lymph
node metastasis, poor prognosis and high histological
malignancy grade, and may play an important role
in tumor growth and metastasis via the lymphatic
[81]
pathway .

Signaling pathways involved in glycolysis

Hypoxia-inducible factor pathway: One of the
common explanations for enhanced glycolysis in cancer
cells is cancer tissue hypoxia, attributed to the rapid
[66]
growth of cancer cells . Hypoxia is now recognized as
a key factor in carcinogenesis, and Hypoxia-inducible
factor (HIF)-1 is a critical transcription factor of the HIF
pathway involved in both sensing and responding to
changes in cellular oxygen, which aids in the survival
[67,68]
of cells in hypoxic microenvironment
. Increasing
evidence shows that HIF-1 and HIF pathway may
mediate gastric carcinogenesis. Generally HIF-1 is
not or minimally expressed in the normal gastric
mucosa from patients with gastric cancer, peptic ulcer
[69,70]
[71]
or dyspepsia
. Recently, Lin et al
conducted a
systematic review of the literature and meta-analysis
to investigate the role of HIF-1α in gastric cancer.
Of the nine studies including 1103 subjects, HIF-1α
positive expression was observed in half the patients
and always indicated poor prognosis for patients with
gastric cancer. Activation of the Ras-MAPK signal
transduction pathway and PI3K-AKT-mTOR signaling,
and loss of tumor suppressor proteins, such as PTEN
and p53, elevated HIF-1α expression. HIF-1α directly
stimulates glycolysis by activating the expression
of glucose transporters and several key glycolytic
enzymes, such as HK, PKM2 and LDH-A. The HIF-1αdependent pathway increases glycolysis and inhibits
mitochondrial O2 consumption, then promoting tumor
[72,73]
cell survival
.

PI3K-Akt-mTOR pathway: The PI3K-Akt-mTOR
pathway is currently a widely studied intracellular
signaling pathway. It is directly associated with cellular
quiescence, proliferation, cancer, and longevity. Recent
studies showed that the PI3K-Akt-mTOR pathway
was activated in gastric cancer and activation of the
pathway was correlated with metastasis, poor prognosis
[82,83]
and lower survival in gastric cancer
. In addition,
activation of this pathway promoted glycolysis and
[84]
inhibited autophagy . Akt expression directly increases
the surface translocation of glucose transporters
and enhances aerobic glycolysis by prompting HK-Ⅱ
binding to voltage-dependent anion channel. (VDAC)
[85]
at the outer mitochondrial membrane . PI3K/Akt
also increased fatty acid synthesis in cancer cells by
suppressing mitochondrial acid fatty oxidation and
promoting a metabolic phenotype supporting cancer
cell growth and proliferation in the absence of glucose
[86]
by oxidizing fatty acid . Upregulation of the PI3K-AktmTOR pathway and increased glucose consumption via
glycolysis offer evolutionary advantages to cancer cells
in normoxia as well as hypoxia.
In general, the regulation of glucose metabolism
in carcinogenesis is a multi-factor, multi-step process.
[87]
In their review, Smolková et al
presented the wave
hypothesis of metabolic regulation during carcinogenesis,
which consisted of four waves. First, the fundamental
reprogramming of gene expression or initiation by stem
cells establishes the conditions conducive to cancer
cell proliferation. Second, subsequent responses to
microenvironmental conditions cause a typical Warburg

Insulin signaling pathway: Another important
signaling pathway involved in glucose metabolism
is insulin signaling pathway. Suppressing glucose
production in the liver and enhancing glucose uptake
in the insulin-sensitive tissues of the human body is
well known as the classic action of insulin mediating
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[92]

effect. Third, aglycemia and nutrient shortage due to
rapid cell growth during malignancy, stimulate gluta
minolysis, which may influence restoration of suppressed
mitochondrial biogenesis, leading to oxidative pho
sphorylation (OXPHOS)-dependent cancer cells. The
fourth wave of gene reprogramming entails retrograde
signaling from revitalized mitochondria.

tumor recurrence in gastric cancer. Lee et al
also
18
investigated the role of F-FDG PET in gastric cancer
prognosis based on histopathological subtypes and
18
found that patients with negative F-FDG tumor
uptake showed better recurrence-free survival than
18
those with positive F-FDG tumor uptake in the
subgroup of patients with gastric adenocarcinoma,
while the opposite findings were obtained in the
subgroup patients with signet-ring cell carcinoma and
mucinous adenocarcinoma.
18
A higher SUVmax of F-FDG PET/CT was linked to
the presence of microsatellite instability (MSI) in gastric
[94]
cancer . Gastric cancers with MSI tend to show
less lymph node metastasis and manifest favorable
[95]
18
prognosis . The high SUVmax of F-FDG PET/CT
showed poor prognosis in gastric cancer. The SUVmax
more than 3.8 indicated increasingly aggressive
behavior, elevated postoperative recurrence and
shorter relapse-free survival in gastric signet-ring cell
[96]
18
carcinoma . The degree of F-FDG uptake in gastric
cancer predicts histologically positive lymph nodes
and non-curative surgery. The sensitivity, specificity
and accuracy of the diagnosis of metastatic lymph
node were 73.5%, 74.5% and 74.1%, respectively,
using the SUVmax cutoff of 3.75 or greater. When the
SUVmax was defined as 4.35 or more for metastatic
lymph nodes to predict non-curative surgery, the
sensitivity and specificity were 58.8% and 91.6%,
respectively, which were higher than those obtained
with CT scan. Therefore, pretreatment PET/CT may be
[96]
helpful in optimizing surgical strategy .
Postoperative routine follow-up of gastric cancer
is important to the surveillance of recurrence. The
conventional follow-up using computed tomography
(CT) and endoscopy, cannot frequently detect re
currence before symptom development. PET/CT shows
good specificity for asymptomatic advanced gastric
cancer and provides useful information for the clinical
management of patients with suspected gastric cancer
[97]
recurrence . However, prudence should be exercised
with the incidental findings of PET/CT, most of which
were benign with additional investigations associated
[98]
with high cost .
Despite adequate surgery with radical lympha
denectomy, the prognosis of advanced gastric cancer is
still poor. Since the early 1990s, neoadjuvant therapy
gained importance for the treatment of locally advanced
[99]
or initially unresectable GC . Currently, measurement
of changes in morphology using different imaging
modalities is still the main approach to evaluate the
response to neoadjuvant therapy. However, alterations
in glucose metabolism always precede changes in
morphological changes. The response to neoadjuvant
therapy initially manifests in altered glucose uptake,
18
demonstrated with F-FDG PET. In fact, a dual modality
PET-CT has been recommended for early assessment
of therapeutic response in GIST patients treated with
[100]
imatinib . In gastric cancer, changes in FDP uptake
occur early during the course of neoadjuvant therapy,

CLINICAL APPLICATION OF ALTERED
GLUCOSE METABOLISM IN GASTRIC
CANCER
Role of glucose metabolism in gastric cancer imaging

Based on the increased glucose uptake in cancer cells,
PET/CT scan can reflect cancer cell glucose metabolism
18
18
using F-2-fluoro-2-deoxy-D-glucose ( F-FDG) as
a tracer and has been widely used in the diagnosis
and monitoring of human cancers. 18F-FDG is the
most commonly used radiolabeled glucose analog in
clinical practice. Currently, gastroscopic biopsy and
histopathological examination are the gold standard
of diagnosis of gastric cancer. In recent years, PET/CT,
integrating images from FDG-PET with CT, have been
used to detect gastric cancer. Compared with contrastenhanced CT (CECT) and endoscopic ultrasonography,
PET/CT does not offer the advantages of sensitivity
and accuracy, and therefore, FDG-PET/CT scans are
[88]
not indicated in routine staging of gastric cancer .
Nevertheless, due to its high specificity, PET/CT is
useful when CECT findings were equivocal and in the
[89]
detection of distant lymph node metastasis .
Several factors influence the visibility of PET/CT
in gastric carcinoma. PET/CT imaging is based on
increased glucose metabolism in gastric cancer. FDG
avidity depends on tumor histologic subtype. Low FDG
uptake is more often seen in diffuse type histology
(mucinous, signet ring and poorly differentiated)
compared with the intestinal subtype, which depends
on GLUT-1 expression. The low GLUT-1 expression may
be lead to low FDG uptake in signet-ring cell carcinoma
[52,53]
of gastric cancer
. The maximum standardized
uptake value [SUV(max)] of PET/CT is significantly
correlated with tumor size, and lower FDG uptake is
often found in early gastric carcinoma which is likely
[53,54]
due to less total cancer cells in the primary lesions
.
18
The motility and physiological uptake of F-FDG in
the stomach also influence the accuracy of PET/CT
in diagnosis of gastric cancer. Stomach distension to
increase gastric volume with water or milk can reduce
physiological gastric FDG uptake, display the lesions
more clearly and significantly improve the diagnostic
[90,91]
accuracy
.
Although PET/CT is not recommended in the
primary detection of gastric cancer due to its poor
sensitivity, FDG-PET shows better results in the
evaluation of biological aggressiveness and/ or patient
[92,93] 18
prognosis in gastric cancer
. F-FDG uptake is an
independent and significant prognostic indicator of
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which is significantly related with histopathological
responses, and a complete metabolic response in
[101]
FDP-PET always suggest favorable prognosis
. It
is still a challenge to distinguish the complete histopa
thological remission after neoadjuvant therapy by
PET/CT. Different histologic subtypes may interfere with
the evaluation of PET/CT and the best time to undergo
post-treatment PET/CT is still unclear.
PET/CT is a powerful, noninvasive metabolic
imaging modality for detecting many human tumors.
However, detection of gastric cancer by PET/CT may
seem less than ideal, because FDP uptake is strongly
[102]
related to tumor size and histopathological subtype .
In order to improve the sensitivity and specificity of
PET/CT in evaluating gastric cancer, other tracers
target more specific biological processes, such as proli
18
18
feration ( F-3′-fluoro-3′-deoxy-L-thymidine; F-FLT),
18
18
tumor hypoxia ( F-fluoromisonidazol; F-FMISO) and
phospholipid metabolism (radioactively labeled choline
[103-105] 18
derivates)
. F-FLT, as a substrate for thymidine
kinase 1, is a new PET tracer with the potential ability
to accumulate in proliferating tissues and malignant
[106]
18
tumors
. A higher accumulation of F-FLT was
reported in gastric cancer than in normal gastric
18
mucosa. F-FLT uptake is significantly correlated with
[107]
gastric cancer differentiation and cellular density
.
18
18F-FLT PET was more sensitive than F-FDG PET in
imaging gastric cancer, especially in tumors frequently
18
presenting with or without low F-FDG uptake,
and may improve early evaluation of response to
[103]
neoadjuvant treatment
. However, F-FLT PET/CT
imaging is not recommended for pre-treatment
assessment of metastatic gastric cancer as it does
not show significant advantages in evaluating liver
18
and bone metastases, compared with F-FDG PET/CT
[108]
imaging .

or plasma, and aims to diagnose various diseases
[109]
by analyzing the data
. The small molecule
endogenous metabolites are mainly composed of the
intermediate products produced by the four metabolic
cycles, which include the glucose metabolism, lipid
metabolism, amino acid metabolism and nucleic
acid metabolism, in which glucose metabolism is the
[110]
core (Figure 1)
. The intermediate metabolites are
important in biological systems and are promising
[111]
candidates for understand disease phenotypes
.
Metabolomic studies, comparing the metabolite profiles
of cancer cells vs normal cells, offer an opportunity
to identify the changes in metabolic pathways, which
prompt carcinogenesis. Compared with genomics,
transcriptomics and proteomics, metabolomics provides
terminal molecular data of the biological system which
may be an effective way to elucidate the phenotypic
changes associated with cancer. Recently, metabolomic
studies have been successfully conducted in gastric
[24-36]
[112-115]
cancer
and other human cancers
.
Metabolomics approaches in gastric cancer may be
applied largely in three ways. First, specific metabolites
responsible for phenotypes associated with cancerrelated mutations should be identified. Second, the
common metabolites with altered levels in gastric
cancer cells compared with normal cells, need to
be found. Third, the response of cancer metabolism
[28,29]
to environmental changes needs investigation
.
Advances in the highly sensitive metabolomic
methods and data analysis techniques may facilitate
[116]
such applications in a single study
. Metabolomic
profiles may offer a chance to identify the potential
biomarkers for early diagnosis, prognosis, drug target
identification and treatment response. Recently,
several metabolites were suggested as diagnostic and
[117,118]
prognostic biomarkers for gastric cancer
. Gastric
carcinogenesis is a complex phenomenon involving
multiple epigenetic and genetic factors including
several genetic, environmental and infectious agents
causing a cumulative effect in the early stages. The
model of gastric carcinogenesis is well known and
includes the following sequential stages: chronic
atrophic gastritis (CAG), intestinal metaplasia (IM),
gastric dysplasia (DYS) and finally gastric cancer (GC).
Plasma metabolomic studies, in which fifteen identified
metabolites were quantitatively detected, showed
unique metabolic profiles in the different stages of GC.
The metabolic phenotype of chronic superficial gastritis
(CSG) is significantly different from CAG, IM, DYS and
GC, whose plots clustered closely. A similar metabolic
[119]
pattern was shown in IM and GC . The discriminative
metabolites characterizing the different stages of
GC may be widely used in gastric cancer screening
and early diagnosis combined with endoscopy. As
previously mentioned, several serum metabolomic
studies in GC suggested significant metabolic diffe
rences between cancer and control groups, suggesting
potential biomarkers for the early diagnosis of GC.

Role of glucose metabolites in gastric cancer screening
and diagnosis

Currently, gastroscopy still represents the gold
standard for diagnosis of gastric cancer. Despite its
uncomfortable and invasive features, gastroscopy
is widely used in the surveillance, early screening
and follow-up of gastric cancer. Over the past few
years, several tumor serum biomarkers have been
used as novel non-invasive tools for early diagnosis
of gastric cancer. However, due to low specificity and
sensitivity, current serum biomarkers such as CEA and
carbohydrate antigens are not as effective as other
screening methods.
Recently, serum and urine metabolomic studies
of gastric cancer based on the use of highly sensitive
detection techniques may present a novel opportunity
to seek potential new biomarkers for early screening
of asymptomatic gastric cancer and its follow-up.
Metabolomics is defined as a quantitative description
of all endogenous low-molecular-weight components
(< 1 kDa) in a biological sample, such as tissue, urine
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Figure 1 Glucose metabolism in gastric cancer. The figure incorporates the interplay between glucose and the other three metabolic pathways[110].
[33]

Kim et al studied urinary metabolomic biomarkers
of gastric cancer in mouse models and found the
presence of significant endogenous metabolic
differences between tumor-bearing mice and controls.
The study indicated that trimethylamine oxide
(TMAO), 3-indoxylsulfate, hippurate, and citrate might
serve as useful urinary biomarkers for the detection
[35]
of gastric cancer in a mouse model. Jung et al
demonstrated that metabolomic changes in amino
acid and lipid metabolism of urine samples resembled
those in gastric cancer tissue, and were highly
accurate in predicting gastric cancer with a much
higher sensitivity than carbohydrate antigen 19-9
and CEA. Further, 4-hydroxyphenylacetate, alanine,
phenylacetylglycine, mannitol, glycolate, and arginine
levels were significantly related to T stage of gastric
cancer. Compared with serum and urine samples,
tissue samples require invasive approaches such as
endoscopy and surgery, which limits their application
in the screening and early diagnosis of gastric
cancer. However, identification of new biomarkers
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simultaneously in tissue and serum or urine samples
is helpful. Tissue metabolic markers in gastric cancer
[23,24]
. Integrated the
were identified by some studies
recent studies on the profiling of glucose metabolites
in gastric cancer, lactate and fumarate were recognized
as the most commonly biomarkers for gastric cancer
[120]
screening and diagnosis .

Role of glucose metabolites in gastric cancer prognosis

Recent advances in metabolomics have offered new
avenues to predict gastric cancer metastasis. Hur et
[28]
al
analyzed the levels of Krebs cycle components
in gastric cancer tissues and found that the levels
of pyruvic acid, lactic acid and ketone bodies were
associated with histopathology. In particular, the
levels of ketone bodies were significantly higher in
cancer tissues with differentiated tumors than in
[25]
undifferentiated tumors. Wu et al
found that the
levels of phenanthrenol and butanoic acid were signifi
cantly decreased in invasive cancers (T3/T4) compared
with non-invasive cancers (T1/T2). Compared with
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glucose metabolites, amino acid and lipid metabolites
seem to be more potential in predicting gastric cancer
prognosis. Using animal models of human gastric
[121]
cancer, Chen et al
demonstrated that proline
and serine metabolism play an important role in
metastasis, and may be used in predicting gastric
[34]
cancer metastasis and progression. Further, Hu et al
investigated urinary metabolite profiling to identify
possible biomarkers in gastric cancer metastasis. They
found that the levels of alanine, glycerol and L-proline
were lower and the level of myo-inositol was higher in
the metastasis group. These urinary metabolites may
be a potential prognostic biomarker for gastric cancer
metastasis.

metabolism such as glucose metabolism is more
convenient and associated with fewer side effects
compared with the other biologic systems since cellular
metabolic pathways represent the terminus of systems
biology and control the other systems genetically.
Ketogenic diets consist of high fat, with moderateto-low protein content, and very low carbohydrates.
It reduced tumor growth and improved survival
[127]
in a mouse model of malignant gastric cancer
.
Furthermore, ketogenic diets have been suggested to
increase the effects of radiochemotherapy in non-small
[128]
cell lung cancer xenograft models
. Recent studies
revealed that ketogenic diets act as adjuvant cancer
therapy via mechanisms that increased oxidative stress
and inhibited glucose metabolism via lipid metabolism.
Metformin, a first-line anti-diabetic drug, inhibited
proliferation and induced apoptosis in cancer cells.
Metformin decreased mitochondrial respiration chain
activity and ATP production and induced the activation
of LKB1-AMPK, causing the inhibition of Raptor[129,130]
mTOR complex
. High glucose concentrations
reduced the effectiveness of metformin on cancer
cell proliferation and failure to maintain glucose
homeostasis may promote aggressive breast cancer
[129]
phenotype
.
Tanshinone ⅡA, a diterpene quinone extracted
from the plant Danshen, has been recently reported
as an effective adjunctive reagent in the treatment
[131]
[132]
of gastric cancer
. Lin et al
confirmed that TIIA
treatment inhibited cell growth and the proliferation of
gastric cancer by suppressing glucose metabolism in
cancer cells. Another study conducted by Bhattacharya
[133]
et al
revealed that hypoglycemia and enhanced
glycolysis increased resistance to chemotherapy in
gastric cancer.
Another very promising strategy is to design gastric
cancer-specific and even individualized inhibitors of all
the steps of the glycolytic pathway via metabolomics
[134]
studies. Granchi et al
reviewed recent advances
of new bioactive molecules which disturb cancer
glycolysis. Different kinds of small molecules that
inhibit all the steps of the glycolytic pathway have
been identified, such as hexokinase Ⅱ (HKⅡ),
2-deoxy-D-glucose and 3-bromopyruvate (3-BrPA),
which were accepted as cancer therapeutic targets
in several studies. Similar potential and promising
therapy for gastric cancer was described by Ngo
[135]
et al
(Figure 2). Hexokinase Ⅱ is a key factor
catalyzing the first step of glycolysis, which consists
[136]
of the transfer of glucose to glucose-6-phosphate .
HKII is accepted as a very potential and attractive
anticancer target. 2-deoxy-D-glucose, a glucose
analogue, binds and inhibits HKⅡ, resulting in cellular
[137]
ATP depletion, cell cycle suppression and cell death .
3-BrPA, an alkylating agent and glycolysis inhibitor and
designated as an orphan drug by FDA for liver cancer,
has been identified to hinder glucose metabolism by
[138]
inhibiting HKⅡ
. In addition, 3-BrPA inactivated the

Role of glucose metabolism in gastric cancer therapy

Predicting drug response: Currently, chemotherapy
has become a first-line therapy for advanced gastric
cancer. However, chemotherapy is not the gold
standard due to its lower effectiveness compared with
its role in colorectal and breast cancers. Chemoresis
tance is a major challenge. Recent studies suggested
that metabolomics may play an important role in
investigating cellular responses to chemotherapy of
[122-126]
[124]
cancer
. Morvan et al
investigated metabolic
changes associated with tumor response to chloroethyl
nitrosourea (CENU), an anticancer agent, in two tumor
models in vivo and observed the activation of metabolic
pathways of DNA repair and adaptation to treatment.
Metabolomics of tumor response to anticancer agents
may enable identification of metabolic pathways of drug
efficacy and evaluate the effectiveness of treatment.
[125]
Wang et al
assessed metabolomic prediction of
chemosensitivity in a human xenograft model of gastric
cancer and determined that a series of endogenous
metabolites, including 1-acyl-lysophosphatidycholines,
polyunsaturated fatty acids and their derivatives,
were predictive of chemosensitivity in gastric cancer.
[126]
Sasada et al
conducted a similar metabolomic
analysis to investigate the intracellular response of
human gastric cancer cells to 5-fluorouracil (5-FU),
and showed a dramatic alteration in the number of
metabolites, especially proline, glutamate and proline
dehydrogenase (PRODH), in non-5-FU-resistant cancer
cells during short-term treatment with 5-FU. However,
the proline and glutamate levels and PRODH mRNA
expression were less affected in 5-FU-resistant cancer
cells. In the future, metabolic biomarkers may play
an important role in evaluating treatment response to
anticancer drugs.

Targeting glucose metabolism in gastric cancer therapy

Enhanced glucose metabolism via aerobic glycolysis
followed by lactic acid fermentation plays a predo
minant role in rapid energy (ATP) synthesis. However,
generation of large number of metabolites contributes
to an acidic micro-environment conducive to cancer
proliferation. Therapeutically targeting cancer cell
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Figure 2 Targeting hexokinase Ⅱ as a potential mechanism to inhibit the Warburg effect in cancer cells[141].

glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
by GAPDH pyruvylation, leading to anti-glycolytic and
[139]
antitumoral effects and mediating cancer cell death .
Generally, most of the current glycolytic inhibitors
showed only moderate efficacy when used as single
agents, but in some cases demonstrated high potential
when combined with other therapies. Currently, few
therapeutic studies target gastric cancer metabolism. It
is anticipated that further research will investigate the
role of cancer-specific glycolytic inhibitors to develop
effective therapeutic regimens for gastric cancer.

cancer genomic and proteomic databases. Further, the
metabolites consist of a large group of small-molecule
intermediates, which are too large for analysis using
currently available technology. Another challenge is
related to identification of cancer-specific biomarkers
for gastric cancer, since metabolites may be considered
as potential biomarkers for a range of cancers. It is
anticipated that further research will focus on these
aspects and promote the clinical application of glucose
metabolism in gastric cancer in the not-too-distant
future.

CONCLUSION
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Abstract
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AIM: To investigate the expression profiles of hsa-miR29c and hsa-miR-135b in gastric mucosal samples and

Core tip: The miRNAs hsa-miR-29c and hsa-miR-135b
were reported as potential biomarkers of intestinal-type
gastric adenocarcinoma. We evaluated and compared
the expression profile of these miRNAs in gastric
mucosal samples, including normal gastric mucosa,
non-atrophic chronic gastritis, intestinal metaplasia
and intestinal-type gastric adenocarcinoma. Our results
provided evidence of epigenetic alterations in nonatrophic chronic gastritis and intestinal metaplasia
and suggest that hsa-miR-29c and hsa-miR-135b are
promising biomarkers of gastric carcinogenesis.

their values as gastric carcinogenesis biomarkers.

METHODS: The expression levels of hsa-miR-29c and
hsa-miR-135b in normal gastric mucosa, non-atrophic

chronic gastritis, intestinal metaplasia and intestinaltype gastric adenocarcinoma were analysed using
quantitative real-time PCR. The difference between
hsa-miR-29c and hsa-miR-135b expression profiles in
the grouped samples was evaluated by ANOVA and
Student’s t -test tests. The results were adjusted for
multiple testing by using Bonferroni’s correction. P
values ≤ 0.05 were considered statistically significant.
To evaluate hsa-miR-29c and hsa-miR-135b expressions
as potential biomarkers of gastric carcinogenesis, we
performed a receiver operating characteristic curve
analysis and the derived area under the curve, and a
Categorical Principal Components Analysis. In silico
identification of the genetic targets of hsa-miR-29c and
hsa-miR-135b was performed using different prediction
tools, in order to identify possible genes involved in
gastric carcinogenesis.

Vidal AF, Cruz AMP, Magalhães L, Pereira AL, Anaissi AKM,
Alves NCF, Albuquerque PJBS, Burbano RMR, Demachki S,
Ribeiro-dos-Santos A. hsa-miR-29c and hsa-miR-135b differential
expression as potential biomarker of gastric carcinogenesis.
World J Gastroenterol 2016; 22(6): 2060-2070 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i6/2060.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i6.2060

RESULTS: The expression levels of hsa-miR-29c
were higher in normal gastric mucosal samples,
and decreased progressively in non-atrophic chronic
gastritis samples, intestinal metaplasia samples and
intestinal-type gastric adenocarcinoma samples. The
expression of hsa-miR-29c in the gastric lesions showed
that non-atrophic gastritis have an intermediate
profile to gastric normal mucosa and intestinal-type
gastric adenocarcinoma, and that intestinal metaplasia
samples presented an expression pattern similar to
that in intestinal-type gastric adenocarcinoma. This
microRNA (miRNA) has a good discriminatory accuracy
between normal gastric samples and (1) intestinal-type
gastric adenocarcinoma; and (2) intestinal metaplasia,
and regulates the DMNT3A oncogene. hsa-miR-135b
is up-regulated in non-atrophic chronic gastritis and
intestinal metaplasia samples and down-regulated
in normal gastric mucosa and intestinal-type gastric
adenocarcinoma samples. Non-atrophic chronic gastritis
and intestinal metaplasia are significantly different
from normal gastric mucosa samples. hsa-miR135b expression presented a greater discriminatory
accuracy between normal samples and gastric lesions.
This miRNA was associated with Helicobacter pylori
presence in non-atrophic chronic gastritis samples and
regulates the APC and KLF4 tumour suppressor genes.

INTRODUCTION
Since the middle of the last century, the histological
classification of adenocarcinomas has been largely
[1]
based on the criteria proposed by Lauren . According
to this classification, there are three gastric adeno
carcinoma types: intestinal, diffuse and undifferentiated,
[1]
which is also classified as indeterminate . Intestinaltype and diffuse-type gastric adenocarcinomas have
[2]
their own characteristics and specific risk factors .
In 1988, Pelayo Correa proposed a paradigm for
intestinal-type gastric adenocarcinoma carcinogenesis,
which became known as the Correa cascade. According
to this cascade, a subset of patients who develop
intestinal-type gastric adenocarcinomas undergo a
multi-stage and complex process of carcinogenesis,
initiated by (1) chronic superficial gastritis, also called
non-atrophic chronic gastritis; followed by (2) chronic
atrophic gastritis; then (3) intestinal metaplasia; and
[3,4]
finally (4) dysplasia .
Helicobacter pylori (H. pylori) infection is the major
risk factor among all the main risk factors involved
in chronic gastritis, intestinal metaplasia, dysplasia
and intestinal-type gastric adenocarcinoma. For this
reason, in 1994, this bacterium was classified as a
[5]
type 1 carcinogen by the World Health Organization .
Despite the fact that the different inflammatory
stages of the Correa cascade are pathologically well
defined, the molecular signatures of these stages have
not been well explored and the mechanisms that lead
[6]
to carcinogenic progression are still unknown .
The pre-cancerous or pre-malignant lesions are
defined as those that precede invasive cancers which
many of the molecular changes and phenotypic

CONCLUSION: Our results provide evidence of
epigenetic alterations in non-atrophic chronic gastritis
and intestinal metaplasia and suggest that hsa-miR-29c
and hsa-miR-135b are promising biomarkers of gastric
carcinogenesis.
Key words: Gastric cancer; gastric lesions; MicroRNA;
biomarker; carcinogenesis
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characteristics of invasive cancer are present but not
[7]
fully expressed . Thus, it is assumed that the changes
found in intestinal-type gastric adenocarcinomas may
also be present in different stages of gastric lesions,
such as chronic gastritis, intestinal metaplasia and
dysplasia.
Several studies have shown that gastric cancer is
a complex disease involving changes in oncogenes,
tumour suppressor genes, DNA repair regulatory
genes, cell cycle and cell adhesion, as well as nu
[8]
merous epigenetic changes . A class of small noncoding RNAs, called microRNAs (miRNAs), have
[9]
emerged as key agents in these epigenetic changes .
MiRNAs are short (approximately 22 nucleotides in
length), endogenous, noncoding RNAs that regulate
the expression of target mRNAs at a post-tran
[10]
scriptional level . Based on the results obtained in
[11]
[12]
studies by Ribeiro-dos-Santos et al , Moreira et al ,
[13]
[14]
Gomes et al
and Darnet et al , hsa-miR-29c and
hsa-miR-135b were reported as potential biomarkers
of intestinal-type gastric adenocarcinoma. However,
more studies are needed to confirm and validate hsamiR-29c and hsa-miR-135b as potential biomarkers.
The objective of this study was to investigate the
expression profiles of hsa-miR-29c and hsa-miR-135b
in gastric mucosal samples, including normal gastric
mucosa, non-atrophic chronic gastritis, intestinal
metaplasia and intestinal-type gastric adenocarcinoma,
and their values as gastric carcinogenesis biomarkers.
Additionally, in silico prediction was performed to
identify potential driver genes involved in the carcino
[15]
genic mechanism regulated by these miRNAs.

Samples of intestinal metaplasia were histo
pathologically diagnosed by the replacement of the
surface and glandular gastric columnar epithelial cells
by metaplastic cells of intestinal morphology, such as
absorptive and goblet cells.
Fresh tissue samples were immediately stored
in RNAlater Solution (Ambion) at -80 ℃ until total
RNA extraction. Only samples with a pure tumour
area occupying at least 80% of the slide were used.
Pathological TNM staging was evaluated according to
the 2010 criteria of The American Joint Committee on
Cancer.
The histological sections of gastric mucosal biopsy
were stained with HE and cresyl fast violet to perform
the H. pylori detection.
Samples were obtained from the Hospital Univer
sitário João de Barros Barreto - Federal University of
Pará (Belém, Pará, Brazil) and from the Hospital São
Camilo e São Luís (Macapá, Amapá, Brazil). Informed
consent was obtained from all individual participants
included and the study protocol was approved by the
Local Ethics Committee (Protocol number: 657 666) in
accordance with the Helsinki Declaration of 1964.

Total RNA isolation and quantification

The total RNA was extracted using the High Pure Kit
miRNA Isolation Kit (Roche Diagnostics) according
to manufacturer’s protocol, and stored at -80 ℃ to
avoid degradation. The total RNA concentrations
were determined by the Qubit® 2.0 Fluorometer (Life
Technologies) using the Qubit RNA HS Assay kit (Life
Technologies). The samples were diluted to the final
concentration of 4 ng/µL.

MATERIALS AND METHODS

Quantitative real-time polymerase chain reaction

Patient tissues

Assays for measuring the miRNAs expression were
performed using TaqMan MicroRNA Assays (Applied
Biosystems) according to the manufacturer’s in
structions. Initially, 10 ng of total RNA was subjected
to reverse transcription polymerase chain reaction
using the TaqMan MicroRNA Reverse Transcription
kit (Applied Biosystems) according to manufacturer’s
protocol. The thermocycling conditions were: 30 min
at 16 ℃, followed by 30 min at 42 ℃, 5 min at 85 ℃
and 5 min at 4 ℃.
The quantitative real-time polymerase chain
reaction (qRT-PCR) was performed using TaqMan
Universal PCR Master Mix Kit (Applied Biosystems)
according to the manufacturer’s protocol and the
equipment 7500 Real-Time PCR System (Applied
Biosystems). The reactions were performed in triplicate
and incubated in optical 96-well reaction plates. The
thermocycling conditions were: 95 ℃ for 10 min, and
40 cycles of 15 s at 95 ℃, followed by 1 min at 60 ℃.
After finalization of the qRT-PCR experiments,
the average values of the cycle threshold (Ct) of the
reactions in triplicate were determined. The comparative
Ct method was adopted, and Z30 was used as an

This study comprised randomly selected frozen tissue
samples of normal gastric mucosa (n = 20), FFPE
samples of non-atrophic chronic gastritis (n = 20)
and of intestinal metaplasia (n = 10) from patients
undergoing endoscopic gastric biopsy samples, and
gastric intestinal adenocarcinoma frozen tissue samples
obtained from patients undergoing gastrectomies (n =
14). All cases investigated in this study were reviewed
and confirmed by a pathologist.
Histological processing was performed using glass
slide-mounted 3 µm-thick rotary microtome slices (Leica
2125RT). These preparations were deparaffinised,
stained with haematoxylin-eosin (HE) and analysed by
light microscopy. After histological processing, manual
microdissection was performed to increase the accuracy
of histopathological characterisation.
Non-atrophic chronic gastritis samples were defined
by the presence of lymphocytes and plasmocytes
in the lamina propria. The presence or absence of
neutrophils permeating the glandular and the surface
epithelia, and the presence or absence of lymphoid
[16]
follicles were also evaluated .
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P < 0.0001

curve analysis and the derived area under the curve
(AUC), and a Categorical Principal Components
Analysis (CATPCA). Statistical tests and graphics were
performed using IBM SPSS Statistics software (version
20), GraphPad Prism (GraphPad Software), MATLAB®
8.3 (Release 2014a) and RStudio (version 0.98.1103).

P = 0.004

5

hsa-miR-29c expression

4

3

RESULTS

2

Expression levels of hsa-miR-29c and hsa-miR-135b

To determine and compare the expression levels of
hsa-miR-29c and hsa-miR-135b in gastric mucosal
samples, we performed qRT-PCR.
We used the ANOVA test to compare the miRNAs
expression levels between normal gastric mucosa,
non-atrophic chronic gastritis, intestinal metaplasia
and intestinal-type gastric adenocarcinoma samples.
The results were adjusted for multiple testing by using
Bonferroni’s correction.
The expression levels of hsa-miR-29c were higher
in normal gastric mucosa samples, and decreased
progressively in non-atrophic chronic gastritis, intestinal
metaplasia and intestinal-type gastric adenocarcinoma
samples (Figure 1). The decrease in the expression of
hsa-miR-29c as the Correa cascade stages progress is
molecular evidence for the Correa cascade pathogenesis.
ANOVA test showed that non-atrophic chronic
gastritis samples have an intermediate hsa-miR29c profile to gastric normal mucosa and intestinaltype gastric adenocarcinoma. Furthermore, intestinal
metaplasia hsa-miR-29c expression is significantly
different to its in normal gastric mucosa samples (P
= 0.004) but is similar to its in intestinal-type gastric
adenocarcinoma. There is no difference between nonatrophic chronic gastritis and intestinal metaplasia
expression profiles (Figure 1).
The expression levels of hsa-miR-135b showed
higher values in the non-atrophic chronic gastritis and
the intestinal metaplasia samples and lower values in
the normal gastric mucosa and intestinal-type gastric
adenocarcinoma. ANOVA test showed non-atrophic
chronic gastritis (P < 0.0001) and the intestinal
metaplasia (P = 0.003) are different to normal gastric
mucosa, but similar to each other. Non-atrophic chronic
gastritis showed a significant difference in expression
of hsa-miR-135b in comparison to intestinal-type
gastric adenocarcinoma (P = 0.001) (Figure 2).

1

0

Normal

Gastritis

Metaplasia

Adenocarcinoma

Figure 1 Expression values of hsa-miR-29c in samples of normal
gastric mucosa, non-atrophic chronic gastritis, intestinal metaplasia
and intestinal-type gastric adenocarcinoma, respectively (values in log
scale). P values were obtained by ANOVA test (adjusted by using Bonferroni’s
correction).

endogenous control. The relative amount of miRNA
expression was normalized by the average values of
-ΔCt
CtZ30 and calculated by the equation 2 , where ΔCt =
CtmiRNA - CtZ30.

In silico prediction of hsa-miR-29c and hsa-miR-135b
target genes

In order to identify genes that may be involved in
gastric carcinogenesis process, we compared the
[15]
driver genes ranked by Vogelstein et al
with the
target genes of hsa-miR-29c and hsa-miR-135b.
In silico identification of the target genes was
performed using miRecords (http://mirecords.
biolead.org) (which integrates 11 prediction tools),
TargetCompare (http://54.187.40.156:8080/
targetcompare/), miRTarBase (http://mirtarbase.mbc.
nctu.edu.tw), MicroCosm/miRBase (http://ebi.ac.uk),
miRDB (http://mirdb.org), miRo (http://ferrolab.dmi.
unict.it) and miRNAMap (http://mirnamap.mbc.nctu.
edu.tw). We considered target genes the ones that
were observed in no less than 10 tools.
We also used the miRTarBase database to check
which miRNA target genes have already been validated
experimentally. The mRNA sequences of target genes
were obtained from NCBI.

Statistical analysis

Expression levels of hsa-miR-29c and hsa-miR-135b and
its relationship to H. pylori infection

The pattern of distribution of the data was determined
by the Shapiro-Wilk test. The difference between hsamiR-29c and hsa-miR-135b expression profiles in
the grouped samples was evaluated by ANOVA and
Student’s t-test tests. The results were adjusted for
multiple testing by using Bonferroni’s correction. P
values ≤ 0.05 were considered statistically significant.
To evaluate hsa-miR-29c and hsa-miR-135b as
potential biomarkers of gastric carcinogenesis, we
performed a receiver operating characteristic (ROC)

WJG|www.wjgnet.com

To determine whether the presence of H. pylori affects
the expression of hsa-miR-29c and hsa-miR-135b, a
Student’s t-test was used to compare the H. pyloripositive and H. pylori-negative non-atrophic chronic
gastritis samples. No significant difference was found in
the expression of hsa-miR-29c (P = 0.0939) between
those groups, however, for hsa-miR-135b, there was
a significant difference (P = 0.011). Samples of H.
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hsa-miR-135b expression

6

P < 0.0001

hsa-miR-135b expression presented a greater discri
minatory accuracy between normal samples and
gastric lesions (Figure 4G-I).
To provide a global view of hsa-miR-29c and hsamiR-135b expression in all samples groups studied
simultaneously, CATPCA analysis was performed. The
CATPCA analysis of hsa-miR-29c expression resulted
in two dimensions (first component: Cronbach’s alpha
= 0.778 and eigenvalue = 2.401; second component:
Cronbach’s alpha = 0.422 and eigenvalue = 1.463).
According to the angles between the vectors (Figure
5), the hsa-miR-29c expression was able to distinguish
each group of samples. It was not possible to construct
a three-dimensional graphic due to the negative value
of the third component’s Cronbach’s alpha.
The CATPCA analysis for hsa-miR-135b expression
resulted in three dimensions (first component:
Cronbach’s alpha = 0.938 and eigenvalue = 8.051;
second component: Cronbach’s alpha = 0.829 and
eigenvalue = 4.424; third component: Cronbach’s
alpha = 0.81 and eigenvalue = 4.101). Figure 6 shows
the same CATPCA in a three-dimensional space in two
different angles (Figure 6). According to the angles
between the vectors, hsa-miR-135b expression was
able to distinguish the gastric normal mucosa samples
to H. pylori-positive non-atrophic chronic gastritis and
intestinal metaplasia samples.

P = 0.001

4

2

0

Normal

Gastritis

Metaplasia

Adenocarcinoma

Figure 2 Expression values of hsa-miR-135b in samples of normal
gastric mucosa, non-atrophic chronic gastritis, intestinal metaplasia
and intestinal-type gastric adenocarcinoma, respectively (values in log
scale). P values were obtained by ANOVA test (adjusted by using Bonferroni’s
correction).

hsa-miR-135b expression

10

Non-atrophic chronic gastritis
P = 0.011

8

6

In silico prediction of hsa-miR-29c and hsa-miR-135b
target genes

4

To predict the target genes of hsa-miR-29c and hsamiR-135b and identify possible genes involved in
gastric carcinogenesis, we used 17 different tools and
compared the results with the driver genes list ranked
[15]
by Vogelstein et al . The DNMT3A driver gene is a
validated target of hsa-miR-29c, and the APC and
KLF4 driver genes are validated targets of hsa-miR135b (Table 1).

2

0

H. pylori positive

H. pylori negative

Figure 3 Comparison of the expression values of hsa-miR-135b between
samples of Helicobacter pylori-positive non-atrophic chronic gastritis and
Helicobacter pylori-negative non-atrophic chronic gastritis (P = 0.011). H.
pylori: Helicobacter pylori.

DISCUSSION

pylori-positive non-atrophic chronic gastritis have a
higher expression of hsa-miR-135b than the H. pylorinegative non-atrophic chronic gastritis samples (Figure
3), indicating that this miRNA may be involved in the
immune response modulation in association with H.
pylori infection.

This study compared the expression levels of two
miRNA candidates for gastric cancer biomarkers (hsamiR-29c and hsa-miR-135b) between normal gastric
mucosa, gastric lesions (non-atrophic chronic gastritis
and intestinal metaplasia) and intestinal-type gastric
adenocarcinoma.
The results showed a progressive down-regulation
of hsa-miR-29c in normal gastric mucosa, nonatrophic chronic gastritis, intestinal metaplasia and
intestinal-type gastric adenocarcinoma, providing
evidence for the pathogenesis of the Correa cascade.
The expression of this miRNA in the gastric lesions
showed that non-atrophic gastritis have a intermediate
profile to gastric normal mucosa and intestinaltype gastric adenocarcinoma samples, and that
intestinal metaplasia samples presented an expression
pattern similar to that in intestinal-type gastric

Evaluation of hsa-miR-29c and hsa-miR-135b as
potential biomarkers

To evaluate hsa-miR-29c and hsa-miR-135b expression
as potential biomarker of gastric carcinogenesis, ROC
curve analysis and the discriminatory accuracy by AUC
values were performed. As shown in Figure 4, hsamiR-29c expression presented a greater discriminatory
accuracy between normal gastric samples and (1)
intestinal-type gastric adenocarcinoma (Figure 4A);
and (2) intestinal metaplasia (Figure 4C). Otherwise,
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Figure 4 receiver operating characteristic curve analysis of hsa-miR-29c (A-E) and hsa-miR-135b (F-J) expression. Gastric lesions: Non-atrophic chronic
gastritis and intestinal metaplasia; Others: Non-atrophic chronic gastritis, intestinal metaplasia and intestinal-type gastric adenocarcinoma; AUC: area under the curve.

mucosa and intestinal-type gastric adenocarcinoma.
Different studies analysed the expression of hsa-miR29c in gastric cancer and found results consistent with
[17-23]
those of this investigation
.
The down-regulation of hsa-miR-29c has been
reported in several human malignancies, including
[24]
nasopharyngeal carcinoma , bladder carcinoma
[25]
[26]
[27,28]
cells , lung cancer , esophaeal cancer
, chronic
[29,30]
[31]
lymphocytic leukaemia
and melanoma .
Considering the expression profile of hsa-miR-29c
in gastric cancer, it is suggested that hsa-miR-29c
acts as a TS-miR. Therefore, down-regulation of this
miRNA can lead to overexpression of oncogenes, such
as DNMT3A.
The DNMT3A gene encodes the DNA methyltrans
ferase 3A, an enzyme responsible for the dynamics
of DNA methylation during embryogenesis and patho
genesis. The de-regulation of DNA methylation patterns
can shut-down or cripple the normal transcriptional
activity and is considered an early event in tumour
[32]
development . This gene was validated to be a target
[32-34]
of hsa-miR-29c in three different papers
.

3
Adenocarcinoma

Dimension 2

2
1
0

Gastritis

Normal

-1
-2
-3

Metaplasia

-3

-2

-1

0
1
Dimension 1

2

3

Figure 5 Categorical principal components analysis of hsa-miR-29c
expression in two dimensions. Vectors making 180-degree indicate they are
closely and negatively related. Vectors making a 90-degree angle indicate they
are not related.

adenocarcinoma.
Furthermore, we observed a significantly difference
between hsa-miR-29c profiles in normal gastric
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Table 1 Validated target genes of hsa-miR-29c and hsa-miR-135b according to the miRTarBase database
MicroRNA

Target genes

hsa-miR-29c

DNMT3A

hsa-miR-135b

APC

KLF4

Ref. Seq. RNA
NM_022552
NM_153759
NM_175629
NM_175630
NM_000038
NM_001127510
NM_001127511
NM_004235

Validation methods

No. of papers

Reporter assay

Western blot

qPCR

Microarray

Other

×

×

×

×

×

3

×

1

×

1

×

×

×

×

×

DNMT3A: DNA methyltransferase 3 alpha; APC: adenomatous polyposis coli; KLF4: Kruppel-like factor 4 (gut); Ref.Seq.RNA: Reference Sequence of
messenger RNA; qPCR: Quantitative real-time polymerase chain reaction.

According to these papers, in normal conditions,
highly expressed hsa-miR-29c may control DNMT3A
through a conserved function. Therefore, expression of
this miRNA in tumour cells can lead to reduced global
DNA methylation, restoring expression of tumour
suppressor genes and inhibiting tumourigenicity both
[32-34]
in vivo and in vitro
.
Indeed, overexpression of DNMT3A was reported
not only in gastric cancer itself but also in gastric
[35-37]
lesions
. Hyper-methylation of the hMLH1, P16,
DAP-kinase, THBS1 and TIMP-3 genes was detected in
[38]
chronic gastritis and intestinal metaplasia samples .
It is possible that hsa-miR-29c inhibits tumouri
[32]
genicity both in vivo and in vitro
by restoring
expression of tumour suppression genes involved
in the control of cell proliferation. Indeed, Matsuo
[18]
et al
demonstrated that hsa-miR-29c is involved
in regulating the S phase of the cell cycle in gastric
[23]
cancer. Furthermore, Wang et al
find that hsamiR-29c act as metastasis suppressor in gastric
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cancer. These findings suggested that this miRNA not
only functioned as TS-miR in gastric cancer but also
might serve as effective predictors for gastric cancer
[23]
prevention .
Up-regulated expression of hsa-miR-135b was
observed in gastric lesions compared to normal gastric
mucosa and intestinal-type gastric adenocarcinoma
samples. Non-atrophic chronic gastritis and intestinal
metaplasia are significantly different from normal
gastric mucosa samples.
To date, the expression of hsa-miR-135b has been
[17,21]
analysed in gastric cancer in a few studies
. This
miRNA has been most extensively studied in other types
[39]
[40]
of human cancer, such as colon , breast , cutaneous
[41]
[42,43]
squamous cell carcinoma
and lung cancer
. In
all of these cases, its overexpression points to the
hypothesis that this miRNA acts as oncomiR in the
process of carcinogenesis.
In silico analysis showed that hsa-miR-135b has
[44]
[45]
two validated target genes, KLF4
and APC , which
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by chronic gastritis and intestinal metaplasia. Hsa-miR-29c and hsa-miR135b expressions are altered in non-atrophic chronic gastritis and intestinal
metaplasia, indicating that better understanding of these gastric lesions is
required for the prevention of gastric cancer.

are both tumour suppressor genes.
The KLF4 gene encodes a zinc-finger transcription
factor, which is involved in mediating pro-inflammatory
responses and regulating cell proliferation and
[46,47]
differentiation
. Down-regulation of this gene is
reported in gastric cancer, indicating its participation
in the regulation of homeostasis and maintenance of
the gastric mucosa. In addition, restoration of KLF4
expression was able to inhibit tumour growth in vivo
and in vitro by inducing apoptosis in gastric cancer
cells. Thus, altering KLF4 expression plays a critical
[48]
role in gastric cancer development and progression .
The APC gene encodes a protein that binds to the
transcription factor β-catenin and results in degradation
of β-catenin. The loss of function of this gene causes
the nuclear accumulation of APC-free β-catenin, which
stimulates the Wnt signalling pathway and leads to
[45]
de-regulated cell growth and adhesion . Mutations
in APC have been identified in patients with gastric
adenocarcinoma, especially in those with the intestinal
[49-52]
type
. These results suggest that the loss of APC
expression plays an important role during gastric
carcinogenesis.
Several studies have suggested that miRNAs
represent a bridge between chronic gastritis and
[53-56]
gastric cancer development
. This study showed
that hsa-miR-29c expression has a good discriminatory
accuracy between normal gastric samples and (1)
intestinal-type gastric adenocarcinoma; and (2)
intestinal metaplasia; hsa-miR-135b expression
presented a greater discriminatory accuracy between
normal samples and gastric lesions.
In conclusion, our results suggest that hsa-miR29c and hsa-miR-135b are promising biomarkers
of gastric carcinogenesis and provide evidence of
epigenetic alterations in non-atrophic chronic gastritis
and intestinal metaplasia, indicating that better
understanding of these gastric lesions is required for
the prevention of gastric cancer.

Innovations and breakthroughs

Previous studies have shown that hsa-miR-29c and hsa-miR-135b are potential
biomarkers of intestinal-type gastric adenocarcinoma. This study investigated
the expression profiles of hsa-miR-29c and hsa-miR-135b in gastric mucosal
samples, including normal gastric mucosa, non-atrophic chronic gastritis,
intestinal metaplasia and intestinal-type gastric adenocarcinoma. The
expression of hsa-miR-29c in the gastric lesions showed that non-atrophic
gastritis have a intermediate profile to gastric normal mucosa and intestinal-type
gastric adenocarcinoma, and that intestinal metaplasia samples presented an
expression pattern similar to that in intestinal-type gastric adenocarcinoma. This
miRNA regulates the DMNT3A oncogene. Hsa-miR-135b is up-regulated in nonatrophic chronic gastritis and intestinal metaplasia samples and down-regulated
in normal gastric mucosa and intestinal-type gastric adenocarcinoma samples.
Non-atrophic chronic gastritis and intestinal metaplasia are significantly different
from normal gastric mucosa samples. Hsa-miR-135b expression presented a
greater discriminatory accuracy between normal samples and gastric lesions.
This miRNA was associated with Helicobacter pylori presence in non-atrophic
chronic gastritis samples and regulates the APC and KLF4 tumour suppressor
genes.

Applications

This study showed that hsa-miR-29c expression has a good discriminatory
accuracy between normal gastric samples and (1) intestinal-type gastric
adenocarcinoma; and (2) intestinal metaplasia; hsa-miR-135b expression
presented a greater discriminatory accuracy between normal samples and
gastric lesions. These results suggest that hsa-miR-29c and hsa-miR-135b
are promising biomarkers of gastric carcinogenesis, indicating that better
understanding of the gastric lesions is required for the prevention of gastric
cancer.

Terminology

According to the Correa cascade, a subset of patients who develop intestinaltype gastric adenocarcinomas undergo a multi-stage and complex process
of carcinogenesis, initiated by (1) non-atrophic chronic gastritis; followed by
(2) chronic atrophic gastritis; then (3) intestinal metaplasia; and finally (4)
dysplasia. hsa-miR-29c and hsa-miR-135b are miRNAs, a class of noncoding
RNAs, that regulate the expression of target mRNAs at a post-transcriptional
level. These miRNAs are related to the gastric carcinogenesis and may be
potential biomarkers.

Peer-review

The authors used gastric tissues derived from normal, gastritis, metaplasia, and
carcinoma to investigate expression of 2 miRNAs and evaluate their potential to
be biomarkers to distinguish these 4 groups. The concept is clear and the flow
of data presentation is straightforward.
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Abstract
AIM: To investigate whether IDH1R132C mutant in
combination with loss of p53 and activated Notch
signaling promotes intrahepatic cholangiocarcinoma
(ICC) development.
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METHODS: We applied hydrodynamic injection and
sleeping beauty mediated somatic integration to
induce loss of p53 (via shP53), activation of Notch
[via intracellular domain of Notch1 (NICD)] and/or
overexpression of IDH1R132C mutant together with
the sleeping beauty transposase into the mouse
liver. Specifically, we co-expressed shP53 and NICD
(shP53/NICD, n = 4), shP53 and IDH1R132C (shP53/
IDH1R132C, n = 3), NICD and IDH1R132C (NICD/
IDH1R132C, n = 4), as well as NICD, shP53 and
IDH1R132C (NICD/shP53/IDH1R132C, n = 9) in mice.
Mice were monitored for liver tumor development and
euthanized at various time points. Liver histology was
analyzed by hematoxylin and eosin staining. Molecular
features of NICD/shP53/IDH1R132C ICC tumor cells
were characterized by Myc tag, Flag tag, Ki-67, p-Erk
and p-AKT immunohistochemical staining. Desmoplastic
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reaction in tumor tissues was studied by Picro-Sirius
red staining.

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is a deadly
malignancy of the biliary epithelium arising within the
liver. It is the second most common primary hepatic
cancer, representing about 10% to 20% of all primary
[1,2]
hepatic carcinomas . While ICC remains a relatively
rare malignancy worldwide, its incidence rate has
[3]
been rising rapidly over the past several decades .
For the lack of apparent clinical symptoms, signs and
deviant lab test results, ICC is generally diagnosed at
the advanced stage. Treatment options for ICC are
very limited. Indeed, there is no curative treatment
except surgical resection at the early stage of ICC. The
combination of gemcitabine and cisplatin is the first[3-5]
line treatment for inoperable ICC patients . However,
standard chemotherapies only offer very limited
benefit. Clearly, effective molecular targeted therapies
are urgently needed for the treatment of ICC.
Molecular genetics underlying ICC pathogenesis
[6,7]
remains poorly understood . A rising number of
genetics data points to a heterogeneous collection of
underlying mutations in multiple oncogenes and tumor
[8]
suppressor genes in human ICC, such as KRAS ,
[9]
[10-12]
[11]
[13]
BRAF , p53
, SMAD4 and p16 .
Recently, mutations in metabolic genes, which can
reprogram tumor metabolism to stimulate cell growth
and proliferation, have been identified in various human
[14]
tumors . These mutations are considered to be novel
targets for cancer therapies. Isocitrate dehydrogenase
+
+
(IDH) is an enzyme that participates in NADP or NAD
dependent tricarboxylic acid (TCA) cycle. It localizes
to the cytoplasm, mitochondrion, and peroxisome
in cells, and catalyzes the oxidative decarboxylation
of isocitrate to produce α-ketoglutarate (α-KG) and
CO2. There are three isoforms in human: IDH1, IDH2
and IDH3. Mutations of IDH1 and IDH2 have been
identified in multiple tumor types. For example, IDH1
[15]
mutants are found in brain tumors (including gliomas
[16]
[17,18]
and glioblastomas ), acute myeloid leukemia
,
[19,20]
[21,22]
thyroid carcinomas
, cartilaginous tumors
and
[23,24]
ICCs
. Previous studies have demonstrated that
mutant IDH1 is oncogenic via regulating TCA cycle
and increasing tumor cells’ dependence on oxidative
[25]
mitochondrial metabolism . IDH1 mutation alters its
enzymatic activity, leading to the production of (D)[26,27]
2-hydroxyglutarate (2-HG) rather than α-KG
.
2-HG is structurally similar to α-KG, and acts as a
α-KG antagonist to competitively inhibit multiple α-KGdependent dioxygenases, including lysine histone
demethylases and the ten-eleven translocation (TET)
[28,29]
family of DNA hydroxylases
. The oncogenic
potential of IDH mutants in ICC was recently validated
in vivo and the study demonstrated that IDH mu
tants function to block hepatocyte differentiation
[30]
while promoting ICC pathogenesis . However, the
study utilized transgenic mice with IDH2R140Q or
IDH2R172K mutant in combination with K-RasG12D

RESULTS: We found that co-expression of shP53/
NICD, shP53/IDH1R132C or NICD/IDH1R132C did not
lead to liver tumor formation. In striking contrast, coexpression of NICD/shP53/IDH1R132C resulted in ICC
development in mice (P < 0.01). The tumors could
be identified as early as 12 wk post hydrodynamic
injection. Tumors rapidly progressed, and by 18 wk post
hydrodynamic injection, multiple cystic lesions could be
identified on the liver surface. NICD/shP53/IDH1R132C
liver tumors shared multiple histological features of
human ICCs, including hyperplasia of irregular glands.
Importantly, all tumor cells were positive for the
biliary epithelial cell marker cytokeratin 19. Extensive
collagen fibers could be visualized in tumor tissues
using Sirus red staining, duplicating the desmoplastic
reaction observed in human ICC. Tumors were highly
proliferative and expressed ectopically injected genes.
Together these studies supported that NICD/shP53/
IDH1R132C liver tumors were indeed ICCs. Finally,
no p-AKT or p-ERK positive staining was observed,
suggesting that NICD/shP53/IDH1R132C driven ICC
development was independent of AKT/mTOR and Ras/
MAPK signaling cascades.
CONCLUSION: We have generated a simple, nongermline murine ICC model with activated Notch, loss
of p53 and IDH1R132C mutant. The study supported
the oncogenic potential of IDH1R132C.
Key words: IDH1 mutant; Notch pathway; Intrahepatic
cholangiocarcinoma; Mouse liver cancer; p53
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We established a novel murine intrahepatic
cholangiocarcinoma (ICC) model via hydrodynamic
transfection of activated form of Notch1 (NICD), shP53
and IDH1R132C into the mouse liver. This study is
the first to demonstrate that IDH1R132C mutant can
cooperate with other oncogenes or tumor suppressor
genes to promote ICC development in vivo . In
addition, it provides the ICC research community with
an innovative and convenient approach to generate
IDH1R132C mutant ICC in mice. Finally, ICC induced by
NICD/shP53/IDH1R132C provides a useful tool to study
IDH mutant in ICC pathogenesis and a novel preclinical
murine model for testing drugs against the deadly
malignancy.
Ding N, Che L, Li XL, Liu Y, Jiang LJ, Fan B, Tao JY, Chen
X, Ji JF. Oncogenic potential of IDH1R132C mutant in
cholangiocarcinoma development in mice. World J Gastroenterol
2016; 22(6): 2071-2080 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i6/2071.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.2071
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to induce ICC formation in mice. In human ICCs,
IDH2 mutant is relatively rare. On the other hand,
IDH1R132C is the most common IDH mutant found in
human ICC. According to COSMIC database, among all
ICCs with IDH1 mutations, 47 of all the 76 identified
mutations (about 61.8%) are substitution of arginine
by cysteine at position 132, i.e., IDH1R132C. However,
the in vivo oncogenic potential of IDH1R132C has not
been investigated.
The abnormal activation of Notch signaling pathway
[31]
plays critical roles in tumor development , including
[32]
in ICC . The contact of Notch ligands with their
receptors induces proteolytic cleavage, and releases
the Notch intracellular domain (NICD) resulting in the
[33]
activation of the Notch pathway . Previous studies
demonstrate that the Notch pathway can control liver
[34]
development by regulating biliary differentiation ,
and activated Notch 1 (NICD) synergizes with activated
[35]
AKT signaling to promote ICC development . As a
canonical tumor suppressor gene, silencing of p53 has
[36,37]
been implicated in ICC development
. The genetic
interaction between Notch pathway and the tumor
suppressor gene p53 in ICC development has not been
studied.
In this study, we investigated the oncogenic
potential of IDH1R132C in ICC development. We
applied hydrodynamic transfection to overexpress
IDH1R132C together with NICD1 or shP53 into mouse
[38]
liver . We found that co-expression of NICD/shP53,
IDH1R132C/shP53 or NICD/IDH1R132C into the
mouse liver did not lead to ICC formation in mice. In
contrast, all NICD/shP53/IDH1R132C injected mice
developed ICC starting at 12 wk post hydrodynamic
transfection. Our results provided evidence, for the
first time, that IDH1R132C mutant can promote ICC
development in combination with activated Notch
signaling and loss of p53. ICC induced by NICD/shP53/
IDH1R132C therefore provides a useful tool to study
IDH mutant in ICC pathogenesis and a novel preclinical
murine model for testing drugs against ICC.

NICD, shRNAmir-based silencing of p53 (pT2-shP53)
and pCMV/sleeping beauty transposase (SB) used for
[35,38-40]
mouse injection were previously described
. Flag
tagged human IDH1 cDNA clone was kindly provided
by Dr. Yue Xiong (University of Northern Carolina),
and IDH1R132C mutant was generated using the
QuickChange Site-Directed Mutagenesis kit (Stratagene,
Santa Clara, CA). IDH1R132C was subsequently cloned
into pT3-EF5α vector by the Gateway PCR cloning
strategy (Invitrogen, Carlsbad, CA). Plasmids were
purified using the Endotoxin-free Maxi-prep kit (Sigma,
St. Louis, MO) before injecting into mice.

Hydrodynamic tail vein injection

Wild type FVB/N mice were obtained from Charles
River (Wilmington, MA). Hydrodynamic injections
[35,38,41]
were performed as described previously
. Briefly,
ten micrograms of the plasmids encoding pT3-EF5αNICD (with Myc tag) and/or pT2-shP53 and/or pT3EF5α-IDH1R132C (with Flag tag) along with sleeping
beauty transposase (pCMV/SB) at a ratio of 25:1 were
diluted in 2 mL saline (0.9% NaCl) for each mouse.
Saline solution was filtered through a 0.22 μm filter
and injected into the lateral tail vein of 6- to 8-wk-old
FVB/N mice in 5-7 s.

Histology and immunohistochemical staining

Liver samples were fixed overnight in zinc formalin
(Anatech Ltd.), embedded in paraffin, cut into 5-μmthick sections, and placed on glass slides. The rabbit
polyclonal anti-Myc (Invitrogen; dilution 1:1000), Flag
tag (Cell Signaling Technology; dilution 1:200), antiCK19 (Abcam; dilution 1:100), anti-Ki67 (Thermo
Scientific; dilution 1:150), anti-p-AKT (Cell Signaling
Technology; dilution 1:100), and anti-p-ERK1/2 (Cell
Signaling Technology; dilution 1:100) antibodies were
used. Briefly, slides were deparaffinized in xylene,
rehydrated through a graded alcohol series and rinsed
in PBS. Endogenous peroxidase was inactivated using
3% hydrogen peroxide in methanol. After boiled in 0.01
M citrate buffer (pH 6.0) for 10 min in a microwave
oven, slides were incubated with primary antibodies
overnight at 4 ℃ and subsequently with goat antirabbit biotin conjugated secondary antibody (1:500
dilution in PBS) for 30 min at room temperature.
Then, signal was visualized using Vectastain ABC
Elite kit (Vector Laboratories In, Burlingame, CA) and
developed with 3,3’-diaminobenzidine (DAB). Sections
were counterstained with hematoxylin (Sigma).
Negative controls were performed with the same
procedure, and PBS was incubated as a substitute for
the primary antibodies.

MATERIALS AND METHODS
Ethics statement

Hydrodynamic transfection induced mouse ICC used
[38]
in this study was generated as previously described .
Mice were housed, fed, and monitored in accordance
with protocols approved by the committee for animal
research at the University of California, San Francisco
(IACUC approval number: AN108577). Mice were
monitored closely for liver tumor development. Mice
with noticeable swelling abdominal mass or with a
body condition score of 2 or less were euthanized
by carbon dioxide inhalation followed by cervical
dislocation according to the IACUC protocol.

Picro-Sirius red staining

Liver samples were fixed as described previously. Slides
were deparaffinized in xylene, rehydrated through a
graded alcohol series and rinsed in PBS, and incubated
with Picro-Sirius red solution for 60 min. Slides were

Constructs and reagents

All the constructs, including Myc tagged pT3-EF5α-
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Figure 1 Hydrodynamic co-transfection of NICD and IDH1R132C does not lead to liver tumor formation in mice. A: Macroscopic appearance of the liver from
an NICD/IDH1R132C injected mouse harvested at 22 wk post injection; B: Hematoxylin-eosin (HE) staining image of representative NICD/IDH1R132C liver tissue.
Inset: Expanded view of the HE image.

mutant, we generated pT3-EF5α-IDH1R132C plasmid
which can be delivered into and stably expressed in
mouse hepatocytes via sleeping beauty mediated
somatic integration. It has been widely recognized
that tumor development is a complex process and
requires the activation of multiple signaling pathways.
In our study, the IDH1 mutant, as a metabolic gene,
is unlikely to be sufficient to promote any tumor
formation. Deregulation of Notch pathway and p53
is known to be involved in human ICC pathogenesis.
We attempted to develop mouse ICC models in which
Notch, p53 and IDH1 are deregulated, either alone or
in combination.
In our previous studies, we showed that NICD
alone is only able to promote ICC development over
[35]
long latency . We therefore investigated whether coexpression of IDH1R132C accelerated NICD induced
ICC development in mice. Towards this goal, we coexpressed NICD/IDH1R132C into wild type FVB/N
mice (n = 4) by hydrodynamic transfection. All mice
appeared to be healthy and were harvested at 22
wk post injection (Table 1). We found that the livers
appeared to be normal in all mice; and none of the
mice had visible nodules on the liver surface (Figure
1A). The result was corroborated by histological
examination (Figure 1B). Together, the data suggest
that IDH1R132C is unable to cooperate with NICD to
promote liver tumor development in vivo.

Table 1 Tumor development in mice coinjected with NICD/
IDH1R132C, NICD/shP53, shP53/IDH1R132C or NICD/shP53/
IDH1R132C
Code
NICD/
IDH1R132C

ND-F4.1
ND-F4.2
ND-F4.3
ND-F4.4
NP-F4.1
NP-F4.2
NP-F4.3
NP-F4.4
PD-F3.1

F
F
F
F
F
F
F
F
F

28
28
28
28
31
31
31
31
27

21
22
22
22
24
24
24
24
20

N
N
N
N
N
N
N
N
N

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

PD-F3.2
PD-F3.3
NDP-F4.1

F
F
F

27
27
16

20
20
9

N
N
N

0
0
0

0
0
0

NDP-F4.2
NDP-F4.3
NDP-F4.4
NDP-F4.5
NDP-F4.6
NDP-F4.7

F
F
F
F
F
F

19
19
20
20
22
22

12
12
13
13
15
15

Y
Y
Y
Y
Y
Y

1
2
2
4
3
5

NDP-F4.8

F

25

18

Y

6

NDP-F4.9

F

25

18

Y

4

1.5
1, 2
1, 1
1, 1, 2, 3
1.5, 2, 2
1, 1.5, 2, 2,
3
1, 2, 2.5, 4,
4, 6
1, 1, 2, 4

NICD/shP53

shP53/
IDH1R132C

NICD/
shP53/
IDH1R132C

1

Sex Age WPI Tumor Tumor Tumor size
(wk)
number
(mm)

1

Tumor. N: No tumor nodules observed in liver; Y: Liver tumor in liver.
WPI: Weeks post injection.

Hydrodynamic transfection of IDH1R132C mutant
cooperates with NICD and shP53 to promote ICC
development in mice

then rinsed in PBS and quickly dehydrated in xylene.

A previous study showed that IDH mutants are
associated with loss of p53 activity in human
[23]
ICCs . We therefore investigated whether loss of
p53 expression is able to synergize with NICD and
IDH1R132C to induce ICC formation in mice.
At the first step, we investigated whether loss
of p53 (via shP53) accelerated NICD1 induced ICC
development. We co-expressed NICD/shP53 into the
mice (n = 4) by hydrodynamic transfection. All mice
appeared to be healthy and were harvested at 24

Statistical analysis

Students’ t-test was used to compare tumor incident
rates in mouse groups.

RESULTS
Hydrodynamic co-transfection of IDH1R132C and NICD
does not lead to liver tumor formation in mice

To study the oncogenic potential of IDH1R132C
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Figure 2 Hydrodynamic co-transfection of NICD and shP53 cannot promote liver tumor development in mice. A: Macroscopic appearance of the liver from a
NICD/shP53 injected mouse harvested at 24 wk post injection; B: Hematoxylin-eosin (HE) stained image of representative NICD/shP53 liver tissue. Inset: Expanded
view of the HE image.
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Figure 3 Hydrodynamic co-transfection of shP53 and IDH1R132C cannot lead to liver tumor in mice. A: Macroscopic appearance of the liver from a NICD/
shP53 injected mouse harvested at 20 wk post injection; B: Hematoxylin-eosin (HE) stained image of representative shP53/IDH1R132C liver tissue. Inset: Expanded
view of the HE image.

wk post injection. We found that none of the mice
showed any sign of liver tumor formation (Figure 2),
suggesting that loss of p53 is unable to cooperate with
NICD to induce ICC formation in mice.
As a second step, we examined whether loss
of p53 and overexpression of IDH1R132C mutant
could promote ICC development in mice. We coexpressed IDH1R132C/shP53 into the mice (n = 3) by
hydrodynamic transfection. Again, all mice appeared to
be healthy with no lesions on the liver (Figure 3). The
result indicates that loss of p53 and overexpression of
IDH1R132C cannot promote ICC development in vivo.
Next, we tested the hypothesis that IDH1R132C
mutant cooperates with NICD and shP53 to pro
mote ICC development in mice. In this study, a
mixture of NICD/shP53/IDHR132C plasmids was
hydrodynamically transfected to mice (n = 9). Mice
were harvested at five time points [9 wk (n = 1), 12
wk (n = 2), 13 wk (n = 2), 15 wk (n = 2) and 18 wk (n
= 2)] in order to better understand the tumor initiation
and progress processes.
Macroscopically, livers of these mice appeared
normal at 9 wk after injection. However, small and
cyst-like lesions were present on the liver surface of
both mice at 12 wk post-injection (Table 1 and Figure

WJG|www.wjgnet.com

4A-a). By 18 wk post injection, multiple cystic lesions
could be identified on the liver surface (Table 1 and
Figure 4A-b).
At the microscopic level, small tumors of ductular
phenotype could be identified on the mouse liver
at 12 wk post injection (Figure 4B-a). The tumors
grew markedly by 18 wk post injection and exhibited
either a ductular or cystic phenotype (Figure 4B-b).
The tumors were indeed induced by the ectopically
expressed genes, as tumor cells strongly and
uniformly expressed Myc-tagged NICD and Flagtagged IDHR132C (Figure 5B and C). The liver
tumors shared multiple histological features of human
ICCs, such as hyperplasia of irregular glands (Figure
5A). Importantly, immunohistochemial staining
[42,43]
for the biliary marker cytokeratin 19 (CK19)
demonstrated that tumor cells were all CK19 positive
(Figure 5D). Many cells in NICD/shP53/IDHR132C
induced ICC were positive for the proliferation marker
Ki67 (Figure 5E), which is in accordance with what has
[44]
been shown in human high-grade ICC . Furthermore,
extensive collagen fibers could be visualized in tumor
tissues using Sirus red staining (Figure 5H), duplicating
the desmoplastic reaction observed in human ICC.
Altogether, these results confirm that the tumors
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Figure 4 NICD/shP53/IDH1R132C induced ICC formation in mice. A: Gross images of NICD/shP53/IDH1R132C injected mice harvested at 12 wk post injection (a)
and 18 wk post injection (b). The arrow indicates a cystic lesion on the liver surface; B: Hematoxylin-eosin stained images of the corresponding liver sections showing
liver tumors from NICD/shP53/IDH1R132C injected mice.

exhibited exclusively biliary differentiation (Figure 5),
supporting the classification as murine ICC.
Activation of AKT/mTOR and Ras/MAPK signaling
[35,40,41]
has been implicated in ICC development
, we
therefore investigated whether these pathways are
activated in NICD/shP53/IDH1R132C ICC tumor
cells. We found that neither p-AKT nor p-ERK1/2 was
expressed in the ICC tumor cells (Figure 5F and G),
suggesting that ICC development in this model was
independent of activated AKT/mTOR and Ras/MAPK
cascades.
In summary, our results indicate that NICD/shP53/
IDH1R132C can drive ICC development in vivo (P <
0.01 when compared with other mouse cohorts). The
results support the oncogenic potential of IDH1R132C
mutant in ICC pathogenesis. ICC induced by NICD/
shP53/IDH1R132C therefore provides a useful tool
to further characterize the functional contribution of
IDH1R132C mutant in ICC development. These mice
also can be utilized as a novel and useful preclinical
murine model for testing drugs against ICC.

IDH1 is generally considered a candidate oncogene in
previous liver cancer studies. It is interesting to note
that in human ICC samples, IDH1 mutant is associated
[23]
with better prognosis , suggesting that most likely,
mutant IDH1 per se is not oncogenic. Rather, it
functions to modify the tumor progression initiated by
other onocogenes or loss of tumor suppressor genes.
In our current studies, we show that hydrodynamic
transfection of NICD/shP53, shP53/IDH1R132C or
NICD/IDH1R132C cannot promote liver tumor for
mation in mice. In striking contrast, overexpression
of all the three factors, NICD, shP53 and IDH1R132C,
is sufficient for ICC development in mice. The results
support that mutant IDH1 is capable of stimulating
ICC development in the combination of other genetic
events, and in this case, activation of Notch pathway
and loss of p53 tumor suppressor.
Recently, transgenic mice overexpressing IDH2
mutants (IDH2R140Q or IDH2R172K) were gene
[30]
rated . It was found that overexpression of IDH2
mutants did not lead to tumor development or any
abnormal liver phenotype in the absence of liver
injury. Importantly, the study demonstrated that coexpression of IDH2R192K and KRasG12D oncogene in
the mouse liver was able to promote ICC development
in mice. The tumor development required long latency
with liver tumors detected between 33 and 58 wk
of age. Mechanistically, the study suggested that it
is likely that IDH2R192K and KRasG12D cooperated
to initiate the activation and expansion of hepatic

DISCUSSION
Our present study was designed to evaluate the
effect of mutant IDH1 in the development of liver
tumors. Mutant IDH1 induces accumulation of 2-HG,
which increases DNA methylation and decreases
expression of tumor suppress genes, resulting in
[23]
cellular proliferation in the tissue . Thus, mutant
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Figure 5 Molecular characterization of NICD/shP53/IDH1R132C induced ICCs. A: Representative hematoxylin-eosin (HE) stained image of NICD/shP53/
IDH1R132C ICC tumors; B: Myc tag; C: Flag tag; D: CK19; E: Ki67; F: p-AKT and G: p-ERK1/2 immunostaining in NICD/shP53/IDH1R132C ICC tumor samples; H:
Picro-Sirius red staining image of a liver section showing profound desmoplastic reaction in a NICD/shP53/IDH1R132C ICC tumor sample. Inset: Expanded view of
the immunostaining images.

progenitor cells, eventually leading to ICC formation.
However, IDH2 mutants are relatively rare in human
ICCs, and it is not known whether IDH1 mutant
can cooperate with other oncogenes to stimulate
ICC development. Our study, therefore, is the first
in vivo study to demonstrate that IDH1 mutant can

WJG|www.wjgnet.com

indeed cooperate with other oncogenic stimuli, such
as activated Notch and loss of p53, to promote ICC
development in mice. Intriguingly, we did not observe
any sign of progenitor or oval cell-like cell expansion
in non-tumor liver tissues adjacent to the ICC lesions
in NICD/shP53/IDH1R132C injected mice. It remains
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unknown whether NICD/shP53/IDH1R132C promotes
ICC pathogenesis via progenitor cell expansion. As
IDH1 is a metabolic gene, it would be also of great
interest to further characterize the metabolic events in
NICD/shP53/IDH1R132C ICC tumor cells. For example,
it is important to analyze whether 2-HG accumulates
in NICD/shP53/IDH1R132C tumor cells, and whether
tumor cells show increased glycolysis.
Traditionally, genetically engineered mouse models,
including knockout or transgenic mice, are required
to demonstrate the oncogenic or tumor suppressor
potential of the target genes and to illustrate how these
genes contribute to tumor initiation and progression.
Recently, however, hydrodynamic transfection, which
combines hydrodynamic transfection and sleeping
beauty mediated somatic integration, was deve
loped and this technology has been applied to study
[38]
HCC and ICC . The most important features of
hydrodynamic transfection reside in its flexibility and
cost effectiveness. For example, using the traditional
transgenic model, Saha and colleagues need to first
generate LSL-IDH2R172K transgenic mice. These
mice need to be maintained, and crossed to Alb-Cre
and LSL-KRasG12D in order to generate the triple
transgenic mice, i.e., Alb-Cre;LSL-KRasG12D;LSLIDH2R172K to study whether IDH2R172K synergized
with KRasG12D to induce ICC development in mice.
Clearly, these studies are labor intensive, expansive
and require a large number of mice. For other
investigators to duplicate the study, one has to import
the mice into his or her own institute. In contrast,
hydrodynamic transfection is highly flexible, and one
only needs wild type mice and plasmids required
for injection in order to determine the genetic and
biochemical crosstalk among multiple oncogenic
pathways and their potential to promote liver tumor
development in vivo. Our study therefore provides a
convenient and cost-effective approach to generate
IDH mutant related ICC murine models.
In our current study, we co-expressed IDH1R132C
with NICD and shP53 in the mouse liver. It would be
highly interesting to expand the study in order to further
elucidate the functional contribution of IDH1 mutant
in ICC pathogenesis. Other signaling pathways which
are important for ICC tumorigenesis include activation
[45]
[46]
of Yap , hypermethylation of Pten , and mutant
[47]
Smad4 , etc. Using hydrodynamic transfection, one
can combine IDH1R132C with these genetic events
to determine whether the combination can lead to
ICC formation. In addition, it would be important to
co-express other IDH1 mutants, such as IDH1R132L
(about 13.2% of IDH1 mutations in human ICCs) and
IDH1R132G (about 18.4% of IDH1 mutations in human
ICCs) with NICD1 and shP53, and determine whether
these IDH1 mutants have similar functions in vivo.

University of Northern Carolina for providing IDH1
cDNA plasmid.
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Abstract
AIM: To investigate the therapeutic effects and
mechanisms of interleukin (IL)-22 in liver regeneration
in mice with concanavalin A (ConA)-induced liver injury
following 70% hepatectomy.

Institutional review board statement: This work was approved
by the Ethics Committee of Tianjin First Central Hospital.

METHODS: Mice were injected intravenously with
ConA at 10 μg/g body weight 4 d before 70% hepatec
tomy to create a hepatitis model, and recombinant
IL-22 was injected at 0.125 μg/g body weight 30 min
prior to 70% hepatectomy to create a therapy model.
Control animals received an intravenous injection of an
identical volume of normal saline.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Institute
of Laboratory Animal Sciences, CAMS and PUMC (IACUC
protocol number: SCXK[Jing]2014-0004).
Conflict-of-interest statement: The authors declare no conflicts
of interest.

RESULTS: IL-22 treatment prior to 70% hepatectomy
performed under general anesthesia resulted in
reductions in the biochemical and histological evidence
of liver injury, earlier proliferating cell nuclear antigen
expression and accelerated recovery of liver mass.
IL-22 pretreatment also significantly induced signal
transducer and activator of transcription factor 3
(STAT3) activation and increased the expression of
a variety of mitogenic proteins, such as Cyclin D1.
Furthermore, alpha fetal protein mRNA expression was
significantly elevated after IL-22 treatment.

Data sharing statement: No additional unpublished data are
available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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CONCLUSION: In this study, we demonstrated that
IL-22 is a survival factor for hepatocytes and prevents
and repairs liver injury by enhancing pro-growth
pathways via STAT3 activation. Treatment with IL-22
protein may represent a novel therapeutic strategy for
preventing liver injury in patients with liver disease who
have undergone hepatectomy.

these cells. Additionally, a recent study supported a
potential therapeutic role for IL-22 as a protective
factor in hepatic resection. The authors of this study
observed significant increases in hepatic IL-22
receptor expression and serum IL-22 levels after
70% hepatectomy and a significant decrease in liver
[6]
regeneration after IL-22 blockade . However, the
precise mechanism of IL-22-mediated liver protection
remains unclear.
Currently, all of the evidence supporting the role
of IL-22 in liver protection is from liver injury models,
and the evidence for the liver proliferative effects is
almost entirely from the simple 2/3 liver resection
model without other injury. However, clinical patients
with hepatectomy nearly always have liver disease and
thus significantly decreased liver regeneration abilities.
In this article, we sought to investigate the therapeutic
effects and mechanisms of IL-22-mediated liver
regeneration in mice with ConA-induced liver injury
following 70% hepatectomy.

Key words: Interleukin-22; Concanavalin A; Partial
hepatectomy; Liver regeneration
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interleukin (IL)-22 appears to play a protective
role in inflammation and has also been demonstrated
to have proliferative effects in a hepatocyte cell line,
however, it has rarely been reported that the protective
and proliferative effects exist simultaneously. In this
article, we investigated the therapeutic effects and
mechanisms of IL-22 in liver regeneration in mice with
concanavalin A-induced liver injury following 70%
hepatectomy. IL-22 played protective and survival roles
against liver injury in this model.

MATERIALS AND METHODS
Materials

Recombinant IL-22 protein was purchased from
Pepro Tech Inc (New Jersey, United States). AntiSTAT3, Cyclin D1 and proliferating cell nuclear antigen
(PCNA) antibodies were obtained from Cell Signaling
Technology Inc (CST, United States). Female C57/BL6
mice were purchased from HFK Bioscience Co., Ltd.
(Beijing, China).

Zhang YM, Liu ZR, Cui ZL, Yang C, Yang L, Li Y, Shen ZY.
Interleukin-22 contributes to liver regeneration in mice with
concanavalin A-induced hepatitis after hepatectomy. World J
Gastroenterol 2016; 22(6): 2081-2091 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i6/2081.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i6.2081

70% hepatectomy model

Female C57/BL6 mice (6-8 wk of age, 20-25 g) were
maintained under specific pathogen-free conditions
with free access to water and food before each
experiment. The animals were anesthetized with
chloral hydrate injections. After a midline incision was
created under microscopic guidance, and the middle
and left hepatic lobes of the liver were fully freed, 7-0
vascular sutures were used to ligate the branches of
the hepatic artery and portal vein of the median and
left lateral lobes of the liver. Next, the bile duct was
ligated with 7-0 vascular sutures, and the gallbladder
was removed. Finally, the median and left lateral
lobes of the liver were resected after a 4-0 silk suture
ligation was secured around the base of each lobe.

INTRODUCTION
Interleukin-22 (IL-22) is an inducible cytokine of the
IL-10 superfamily that was identified by the Belgian
Renauld team as early as 2000 and was previously
[1]
known as the IL-10-related factor from T cells . IL-22
is produced by activated T cells and natural killer (NK)
cells and acts via a heterodimeric receptor complex
consisting of IL-22 receptor α (IL-22Rα) and IL-10
receptor β (IL-10Rβ).
IL-22 has been demonstrated to exhibit a variety
of effects. IL-22 appears to play an important role
in inflammation and has also been noted to exert
[2-5]
proliferative effects in a hepatocyte cell line in vitro .
In 2004, the Bin Gao team demonstrated that IL-22
expression is significantly induced in T cell-mediated
hepatitis and that IL-22 blockade markedly enhances
liver injury in this model, while administration of
recombinant IL-22 prevents concanavalin A (ConA)[5]
induced liver injury . These findings suggest that
IL-22 acts as a protective cytokine that attenuates
liver injury in T cell-mediated hepatitis. Furthermore,
in vitro studies also revealed that IL-22 has no
obvious toxicity in liver cell lines or primary liver
cells and has proliferative and survival effects on
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ConA-induced liver injury model

ConA was injected intravenously at 10 μg/g body
weight 4 d before the operation, and the 70% hepatec
tomy model animals received intravenous injections of
identical volumes of normal saline.

ConA-induced liver injury and 70% hepatectomy model

ConA was injected intravenously at 10 μg/g body
weight, and 70% hepatectomies were performed 4 d
later.
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IL-22 treatment model

as a housekeeping gene. The cycling conditions
comprised a 5 min polymerase activation at 95  ℃, 40
cycles of 95  ℃ for 5 s and 60  ℃ for 30 s and a single
fluorescence measurement. Melting curve analysis
based on increasing the temperature from 60 to 95  ℃
at a rate of 0.5  ℃ /s with continuous fluorescence
measurement revealed a single, narrow peak for the
suspected fusion temperature.

Four days after the intravenous injections of ConA
at 10 μg/g body weight, recombinant murine IL-22
was injected intravenously at 0.125 μg/g body weight
30 min prior to 70% hepatectomy. Control animals
received intravenous injections of identical volumes of
normal saline.

Liver weight/body weight ratio

Western blot analysis

At 32 h, 40 h, 48 h, 1 wk, and 2 wk, the mice were
humanely killed under general anesthesia once
moribund. The liver and body weights of all mice in
each group were measured, and the liver weight/body
weight ratio was then calculated to observe the liver
regeneration conditions.

The mice were euthanized at baseline and at 32 h, 40
h, 48 h, 1 wk and 2 wk after hepatectomy, and liver
samples were obtained for Western blot analyses.
The proteins were extracted from the liver tissues and
quantified using a protein assay (Bio-Rad Laboratories,
CA). The protein samples (30 μg) were fractionated
by SDS-PAGE and transferred to a nitrocellulose
membrane. Immunoblotting was conducted using
antibodies against STAT3 and Cyclin D1 (Cell
Signaling Technology Inc., United States). The results
were visualized via an enhanced chemiluminescent
detection system (Pierce ECL Substrate Western blot
detection system, Thermo Scientific, IL) and exposure
to autoradiography film (Kodak XAR film).

Examination of liver injury

To assess the damage to the hepatic parenchyma,
serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were measured using
a serum analyzer (Cobas-Mira Plus, Roche, Manheim,
Germany). The liver specimens were fixed in 10%
buffered formalin and embedded in paraffin, and
the paraffin embedded liver tissue sections were
then stained with hematoxylin and eosin (HE) for
histological examinations.

Statistical analysis

All parametric data are presented as the mean ± SD. The
data were analyzed for significance using Student’s t-tests.
One-way analyses of variance with Fisher’s protected
least significant difference (PLSD) tests were used to
compare the means. The log-rank test was applied to
compare survival curves. Differences were considered
statistically significant at P < 0.05.

Immunohistochemistry

Tissue specimens were fixed in neutral buffered
formalin and then embedded in paraffin. The 4-μm
paraffin sections were deparaffinized in xylene and
rehydrated in a graded series of alcohol. Endogenous
peroxidase was inhibited with 0.3% H2O2 in methanol.
The sections were heated in a microwave oven (in 10
mmol/L citrate buffer, pH 6.0) for 20 min for epitope
retrieval, followed by incubation with the primary
antibody against PCNA (1:4000; Abcam). The slides
were then incubated with a biotinylated bridging
antibody (dilution: 1/200, DAKO) for 60 min. The
sections were counterstained with Mayer’s hematoxylin.
PCNA antigen expression levels were evaluated by
counting the positively stained cells in the portal
triads of five high-power fields (HPFs) per slide, and
the results are expressed as the average number of
positive cells/HPF.

RESULTS
Effects of IL-22 on the liver weight/body weight ratio
after partial hepatectomy

At 32 h, 40 h, 48 h, 1 wk, or 2 wk, the mice were
humanely killed under general anesthesia once
moribund. The liver and body weights were measured,
and the liver weight/body weight ratios were then
calculated. As illustrated in Figure 1, increases in the
liver weight/body weight ratios were observed in the
PHX, ConA + PHX and ConA + PHX + IL-22 groups,
and all groups returned to normal liver weights by 2
w. Compared with the ConA + PHX group, the ratio of
the ConA + PHX + IL-22 group increased more rapidly,
and significant differences between these two groups
were observed at 40 h, 48 h, 1 wk and 2 wk. Similarly,
compared to the ConA + PHX group, the ratios of the
PHX group increased more rapidly, and the differences
reached significance at 48 h or 1 wk. However, the
increase in the PHX group was less than that in the
ConA + PHX group at 32 h. These data correlated with
the cellular swelling in the liver at 32 h in the ConA +
PHX group.

Quantitative real-time PCR analysis

RNA was extracted from snap-frozen liver tissue
samples using the TRIzol reagent. Five micrograms
of RNA was reverse-transcribed into cDNA using
oligo-dT primers with a Superscript Ⅲ First-Strand
Synthesis System (Invitrogen). Quantitative real-time
PCR was performed with iCycler IQ system (Bio-Rad,
Hercules, CA). The primer sequences for alpha fetal
protein (AFP) gene were 5’-CAA AGC ATT GCA CGA
AAA TGA G-3’ (forward) and 5’-AAC AAA CTG GGT
AAA GGT GAT GGT-3’ (reverse). β-actin was measured
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Figure 1 Liver weight/body weight ratios following partial hepatectomy. A and B: Increases in the liver weight/body weight ratio were observed in the PHX,
concanavalin A (ConA) + PHX and ConA + PHX + interleukin (IL)-22 groups, and all groups returned to normal liver weights by 2 wk. Compared with the ConA +
PHX group, the ConA + PHX + IL-22 group exhibited greater increases that reached significance at 40 h, 48 h, 1 wk and 2 wk (aP < 0.05); these differences were
particularly notable at 48 h and 1 wk (cP < 0.01). The increases in the PHX group were significantly different from those in the ConA + PHX group at 48 h and 1 wk (aP
< 0.05); however, the increase in the PHX group at 32 h was less than that in the ConA + PHX group (cP < 0.01). These data were correlated with the cellular swelling
in the liver at 32 h in the ConA + PHX group.

Effects of IL-22 on liver damage following partial
hepatectomy

Effects of IL-22 on hepatocyte proliferation after partial
hepatectomy

At 32 h, 40 h, 48 h, 1 wk and 2 wk after 70%
hepatectomy, serum samples were collected, and the
ALT and AST levels were measured via biochemical
analyses. As illustrated in Figure 2, compared with
the ConA + PHX group, the ALT and AST serum levels
in the ConA + PHX + IL-22 group were reduced, and
these differences were significant at all of the time
points. Furthermore, with the recombinant IL-22
pretreatment, the decreases in the ALT and AST levels
of the ConA + PHX + IL-22 group were significantly
greater than those of the ConA and PHX groups at 40 h,
48 h and 1 wk.
We also investigated the histologic features of the
liver by HE staining. As illustrated in Figure 3, the
HE staining of the ConA + PHX group demonstrated
severe sinusoidal narrowing that was noted as early
as 32 h after hepatectomy. By 48 h, swelling, nuclear
condensation and laminar necrosis of the hepatocytes
were observed in addition to the near-total loss of
the hepatic sinusoids. By 2 wk, the hepatic sinusoids
and the complete structure of the hepatic lobule were
not observed in the hepatocytes. In contrast, the HE
staining of the ConA + PHX + IL-22 group revealed
much less evidence of injury at 48 h; the cytoplasm
was preserved, and some less severe swelling was
present. At 2 wk, normal nuclear morphologies,
hepatic sinusoids, complete structures of the hepatic
lobules and significant regeneration in the hepatocytes
were observed.

WJG|www.wjgnet.com

Hepatocyte proliferation was determined by the
expression of PCNA, which is a nuclear antigen that is
associated with hepatocyte proliferation. As illustrated
in Figure 4, the PCNA labeling indices in the four
groups began to increase postoperatively and peaked
at 48 h. Compared with the ConA + PHX group, the
PCNA labeling indices were significantly increased in
the ConA, PHX and ConA + PHX + IL-22 groups at all
of the time points, particularly at 32, 40, and 48 h.
Furthermore, the PCNA levels in the ConA + PHX +
IL-22 group increased to greater extents than those of
the ConA and PHX groups at 32 h, 40 h and 48 h.

Effects of IL-22 on AFP mRNA expression after partial
hepatectomy

The mice underwent 70% hepatectomy or sham
laparotomy, and quantitative analysis of the liver AFP
mRNA expression was performed by real-time RTPCR. At 32 h, 40 h, 48 h, 1 wk, and 2 wk, the hepatic
AFP mRNA expression levels in the ConA + PHX group
were 0.55 ± 0.06, 0.93 ± 0.08, 1.72 ± 0.11, 0.66
± 0.05 and 0.43 ± 0.04, respectively. In the IL-22
pretreatment group, the corresponding values were
0.74 ± 0.08, 1.81 ± 0.14, 2.80 ± 0.26, 0.86 ± 0.05
and 0.51 ± 0.03. Figure 5 illustrates that the AFP
mRNA expression began to increase at 32 h and had
significantly increased by 48 h after hepatectomy in all
four groups. Additionally, the AFP mRNA levels in the
ConA + PHX + IL-22 group were significantly increased
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Figure 2 Serum alanine aminotransferase and aspartate aminotransferase levels after partial hepatectomy. A-D: Decreases in serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were observed after 32 h, particularly from 40 h to 1 wk. Compared to the concanavalin A (ConA) + PHX group, the
serum ALT and AST levels of the ConA + PHX + interleukin (IL)-22 group decreased, and the difference were significant at all time points (cP < 0.01). Furthermore,
with the recombinant IL-22 pretreatment, the ALT and AST levels in the ConA + PHX + IL-22 group decreased to significantly greater extents than the levels in the
ConA and PHX groups at 40 h, 48 h and 1 wk (aP < 0.05).
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A
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G
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Figure 3 Representative hematoxylin and eosin staining of the remnant livers after partial hepatectomy. A-D: The PHX, concanavalin A (ConA), ConA + PHX
and ConA + PHX + interleukin (IL)-22 groups, respectively, at 48 h after partial hepatectomy; E-H: The PHX, ConA, ConA + PHX and ConA + PHX + IL-22 groups,
respectively, at 2 wk after partial hepatectomy.

at 32 h, 40 h, 48 h and 1 wk after partial hepatectomy
compared with the ConA + PHX group.

measured using Western blot analysis to assess the
effects of IL-22 after partial hepatectomy. As illustrated
in Figure 6, no significant activation of STAT3 or Cyclin
D1 was observed at 32 h after partial hepatectomy in
the ConA + PHX group, and the activation increased
gradually at 48 h and 2 wk. Although STAT3 and Cyclin

Effects of IL-22 on STAT3 and Cyclin D1 activation after
partial hepatectomy

The activation of the STAT3 and Cyclin D1 was
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Figure 4 Proliferating cell nuclear antigen labeling indices in the remnant livers after partial hepatectomy. A: Compared with the concanavalin A (ConA) +
PHX group, the proliferating cell nuclear antigen (PCNA) labeling indices were significantly increased in the ConA, PHX and ConA + PHX + interleukin (IL)-22 groups
at all of the time points (aP < 0.05), particularly at 32, 40, and 48 h (cP < 0.01). Furthermore, the increases in the PCNA levels in the ConA + PHX + IL-22 group were
significantly greater than those in the ConA and PHX groups at 32 h, 40 h and 48 h (aP < 0.05); B: PCNA labeling of the cells at 32 h and 48 h after hepatectomy in the
PHX, ConA, ConA + PHX and ConA + PHX + IL-22 groups, respectively.
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Figure 5 Hepatic alpha fetal protein mRNA expression in the remnant liver after partial hepatectomy. A, B: Alpha fetal protein (AFP) mRNA expression
began to increase at 32 h and significantly increased to peak at 48 h after hepatectomy. With the interleukin (IL)-22 pretreatment, the AFP mRNA levels significantly
increased at 32 h after partial hepatectomy compared with the concanavalin A (ConA) + PHX group (aP < 0.05), and marked increases were observed at 40 h, 48 h
and 1 wk (cP < 0.01). However, the difference was not significant at 2 wk (P > 0.05).
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PHX ConA + PHX IL-22
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32 h

48 h
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b-action
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Figure 6 Western blot detection of the activation of STAT3 and Cyclin D1 in the remnant livers after partial hepatectomy. With the administration of interleukin
(IL)-22, STAT3 and Cyclin D1 were activated much earlier, and the most significant increases in the four groups were observed at 32 h, 48 h, and 2 wk; whereas the
least significant increases were observed in the concanavalin A (ConA) + PHX group at all of the time points.

D1 activation was apparent in the remnant livers of
the other three groups, STAT3 and Cyclin D1 were
activated much earlier in the ConA + PHX + IL-22
group than the PHX and ConA groups. Furthermore,
among the four groups, the STAT3 and Cyclin D1 levels
exhibited the greatest increases in the ConA + PHX +
IL-22 group and the smallest increases in the ConA +
PHX group across all of the time points.

of the downstream signaling events following IL-22
administration in the context of partial hepatectomy
demonstrated an increase in STAT3 activation. A
substantial volume of published evidence supports
the notion of STAT3-mediated cell survival and
[16-21]
proliferation
. Our present investigation revealed that
the injection of IL-22 rapidly induced STAT3 activation
in the liver and that STAT3 induced the expression of
genes that are important for cell cycle progression (e.g.,
Cyclin D1) and concurrently significantly increased
PCNA staining to eventually promote cell survival and
proliferation. These findings suggest that IL-22 was
also partially responsible for hepatic STAT3 activation in
this model. Thus, the activation of STAT3 by IL-22 was
likely responsible for the protective role of IL-22 in the
hepatocytes.
AFP is a specific marker of liver cancer tumors and
is closely related to individual development, tissue
[22-25]
regeneration, apoptosis and tumorigenesis
. The
main role of AFP in liver regeneration is the regulation
of hepatocyte growth. It has also been demonstrated
that in the context of the synergy of various growth
factors, AFP mediates cell growth regulation via an
interaction with a special cell membrane receptor that
results in the uptake of arachidonic acid and AFP into
the cell. The process provides the necessary substrate
[26,27]
and signal transduction for the M phase of mitosis
.
Our present study found that following pretreatment
with recombinant IL-22, AFP mRNA begin to be
expressed from 32 h, and this expression increased
significantly by 48 h after hepatectomy. This increase
in expression was probably due to the loss of the
negative regulation of the transcription inhibitory factor.
This expression trend reflects the promotion of cell
proliferation in the liver by AFP mRNA. These findings
suggest that IL-22 can decrease the expression of the
transcription inhibitory factor to induce the expression
of AFP mRNA and provide the necessary material basis
for mitosis and thus eventually promote cell survival
and proliferation.
In summary, the model of hepatectomy in T cellmediated hepatitis induced by ConA simulates clinical

DISCUSSION
IL-22 has previously been shown to have a variety
of effects. IL-22 appears to play a protective role in
[7-10]
inflammation
and has also been demonstrated to
[11]
have proliferative effects in a hepatocyte cell line .
Hepatectomy in T cell-mediated hepatitis induced by
ConA models clinical hepatectomy with liver disease
well. We demonstrated that IL-22 acts as a protective
cytokine that attenuates liver injury in this model. The
present study revealed that pre-treatment with IL-22
prior to hepatectomy significantly decreases the serum
ALT and AST levels and increases the serum ALB level
following 70% hepatectomy. Our findings suggest
that IL-22 plays a protective role against liver injury
in ConA-induced hepatitis following 70% hepatectomy
and that IL-22 is a survival factor for hepatocytes.
With the administration of exogenous IL-22, the liver
weight/body weight ratio increased significantly and
returned to the normal level by 2 wk. Additionally, the
nuclear morphologies, hepatic sinusoids, complete
structures of the hepatic lobules returned to normal,
and significant regeneration was observed in the
hepatocytes. In contrast, the ConA + PHX group that
was not administered exogenous IL-22 exhibited
swelling, nuclear condensation and laminar necrosis
of the hepatocytes and a near-total loss of the hepatic
sinusoids.
In the liver, IL-22 plays an important role in the
acute-phase response and possibly also plays a
[2,6,12,13]
role in the promotion of liver regeneration
.
IL-22 acts via a heterodimeric receptor complex that
[2,5,14,15]
consists of IL-22Rα and IL-10Rβ
. Examinations
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hepatectomy with liver disease accurately, and our
findings suggest that IL-22 played protective and
survival roles against liver injury in this model. Thus,
IL-22 treatment should be considered to be a novel
therapeutic option for liver injury and regeneration.
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14

In this study, the authors demonstrated that IL-22 is a valuable factor for
hepatocyte proliferation and can protect the liver from injury induced by ConA.
The work is well-done and provides the interesting results.
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Abstract
AIM: To evaluate the therapeutic effects of bone
marrow-derived mesenchymal stem cells (BMSCs) with
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were reviewed by Ji-Qiao Xiang from the Guangxi Medical
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human urokinase-type plasminogen activator (uPA) on
liver fibrosis, and to investigate the mechanism of gene
therapy.

Wnt signaling pathway and may be a new approach to
treating liver fibrosis.

METHODS: BMSCs transfected with adenovirusmediated human urokinase plasminogen activator (AduPA) were transplanted into rats with CCl4-induced liver
fibrosis. All rats were sacrificed after 8 wk, and their
serum and liver tissue were collected for biochemical,
histopathologic, and molecular analyzes. The degree
of liver fibrosis was assessed by hematoxylin and eosin
or Masson’s staining. Western blot and quantitative
reverse transcription-polymerase chain reaction were
used to determine protein and mRNA expression levels.

Ma ZG, Lv XD, Zhan LL, Chen L, Zou QY, Xiang JQ, Qin JL,
Zhang WW, Zeng ZJ, Jin H, Jiang HX, Lv XP. Human urokinasetype plasminogen activator gene-modified bone marrow-derived
mesenchymal stem cells attenuate liver fibrosis in rats by downregulating the Wnt signaling pathway. World J Gastroenterol
2016; 22(6): 2092-2103 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i6/2092.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.2092

RESULTS: Serum levels of alanine aminotransferase,
aminotransferase, total bilirubin, hyaluronic acid,
laminin, and procollagen type Ⅲ were markedly
decreased, whereas the levels of serum albumin were
increased by uPA gene modified BMSCs treatment.
Histopathology revealed that chronic CCl4-treatment
resulted in significant fibrosis while uPA gene modified
BMSCs treatment significantly reversed fibrosis. By
quantitatively analysing the fibrosis area of liver tissue
using Masson staining in different groups of animals,
we found that model animals with CCl4-induced liver
fibrosis had the largest fibrotic area (16.69% ± 1.30%),
while fibrotic area was significantly decreased by BMSCs
treatment (12.38% ± 2.27%) and was further reduced
by uPA-BMSCs treatment (8.31% ± 1.21%). Both
protein and mRNA expression of β-catenin, Wnt4 and
Wnt5a was down-regulated in liver tissues following
uPA gene modified BMSCs treatment when compared
with the model animals.

INTRODUCTION
Liver fibrosis results from a sustained wound-healing
response of the liver to a chronic injury, including
viral infection, alcohol abuse, drug toxicity and auto
immune hepatopathy. It is characterized by excessive
remodeling of extracellular matrix (ECM) and de
[1]
position of collagen . The activation of quiescent
hepatic stellate cells (HSCs) to a myofibroblastlike phenotype is considered the key event in the
[2]
pathogenesis of liver fibrosis . Currently, aside from
liver transplantation, no other effective strategy
exists to reverse or prevent fibrosis. Therefore, other
approaches to treating fibrosis need to be investigated.
Bone marrow-derived mesenchymal stem cells
(BMSCs) are non-hematopoietic cells with multi-lineage
[3,4]
potential . They can be isolated from bone marrow
and various other sources. BMSCs were recently
discovered to provide effective therapy for liver fibrosis
because of their multipotent differentiation, high self[5,6]
renewal ability, and low immunogenicity . Several
studies have demonstrated that BMSCs could reduce
liver fibrosis or improve the liver function in rats with
[7,8]
carbon tetrachloride (CCl4)-induced liver fibrosis .
However, the therapeutic effects were limited and
[9]
needed to be improved . BMSCs have a particular
pattern of cell proliferation and differentiation, enabling
easy introduction and expression of the foreign gene
and making it a potentially targeted cell for genetic
treatment. Therefore, gene modified BMSCs may be a
novel therapy to treat liver fibrosis.
For the continuing progress in the field of gene
therapy for liver fibrosis, intensive efforts have been
put in to design gene therapy strategies. Furthermore,
the focus is on blocking any of the fibrogenic pathways
and regulating the fibrinolytic homeostasis in a liver
[1]
fibrosis animal model . The plasminogen activation
system is involved in proteolysis, cell migration,
tissue remodeling, and cell adhesion. Amongst them
the urokinase plasminogen activator (uPA) system
has been recently implicated in the inhibition of liver
[10,11]
fibrosis
. The uPA system consists of the serine
[1]
protease uPA, its inhibitors, and receptor . uPA is
a particular serine protease that converts inactive
plasminogen into active plasmin, which degrades ECM

CONCLUSION: Transplantation of uPA gene modified
BMSCs suppressed liver fibrosis and ameliorated liver
function and may be a new approach to treating
liver fibrosis. Furthermore, treatment with uPA
gene modified BMSCs also resulted in a decrease in
expression of molecules of the Wnt signaling pathway.
Key words: bone marrow-derived mesenchymal stem
cells; liver fibrosis; urokinase plasminogen activator;
Wnt signaling pathway
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It has been confirmed that urokinase plasmi
nogen activator (uPA) has a protective effect in liver
fibrosis. Bone marrow-derived mesenchymal stem cells
(BMSCs) have been discovered to provide effective
therapy for liver fibrosis. Therefore, the present study
was designed to investigate the therapeutic effects
of uPA gene modified BMSCs in a rat model of CCl4induced liver fibrosis, and the impact on the Wnt
signaling pathway which is involved in the pathogenesis
of liver fibrosis. uPA gene modified BMSCs can suppress
liver fibrosis and ameliorate liver function. Furthermore,
it also resulted in down-regulation of molecules of the
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directly and catalyzes the activation of latent matrix
[12]
metalloproteinases (MMPs) . Studies of knockout
mice with an inactive uPA system have showed that
uPA was involved in the pathological liver process
after injury and the knockout mice had abnormally
[13]
high liver fibrogenesis . The role of uPA has also
been investigated in rats using CCl4. In the CCl4induced acute liver injury model, lack of uPA led to the
accumulation of fibrin and fibronectin within injured
areas, insufficient removal of necrotic cells, and
delayed repair. Similarly, plasminogen deficiency also
caused excessive matrix accumulation and prominent
[14]
activation of HSCs after liver injury . Moreover, Pohl
[15]
et al
found that there was decreased expression of
uPA in cultured-activated HSC, which resulted in low
uPA activity and failed to resolve the fibrotic scarring.
Given the evidence above, we believed that
uPA is a protective factor in liver fibrosis, therefore,
increasing uPA expression in fibrotic liver tissues may
reverse fibrosis and regenerate functional hepatocytes.
Increasing studies re searching for the effect of uPA
gene therapy have been carried out. However, the
specific molecular mechanism remains unclear.
The Wnt signaling pathway consists of a highly
conserved family of secreted glycoproteins that
play an essential role in diverse arrays of biologic
processes such as organogenesis, tissue homeostasis,
[16-18]
and pathogenesis of many human diseases
.
On the basis of previous studies, the Wnt signaling
pathway has been divided into canonical (β‑catenindependent) and non-canonical (β-catenin-independent)
[19,20]
signaling pathways
. In the canonical Wnt signaling
pathway, β-catenin is a chief downstream effector that
mediates the Wnt signaling from the cell membrane
[21]
to the cytoplasm . The non-canonical pathway is
characterized by β-catenin independence, including
2+
the non-canonical Wnt/Ca pathway and planar cell
[22]
polarity (PCP) pathway .
Lately, accumulating studies show that the Wnt
signaling pathway is involved in the pathogenesis
[16,23,24]
of liver fibrosis
. It was reported that the Wnt
signaling pathway obviously participates in HSCs
[16]
activation, leading to liver fibrosis. Cheng et al found
that expression of both canonical (β-catenin) and noncanonical (Wnt4 and Wnt5a) Wnt genes was increased
approximately 3-12 fold in culture-activated HSCs
[25]
compared with quiescent HSCs. Kordes et al
also
showed that the canonical Wnt signaling was active in
freshly isolated HSCs from rats. A subsequent analysis
of Kyoto encyclopedia of genes and genomes (KEGG)
pathway also revealed that Wnt5a was involved
in the activation of HSCs and played a role in liver
[26]
fibrogenesis . Therefore, the Wnt signaling pathway
contributes to HSCs activation, leading to excessive
ECM deposition. There seems to be some sort of
association between the uPA gene and Wnt signaling
pathway. To date, no studies have been carried out to
investigate the association between uPA gene and Wnt
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signaling pathway in liver fibrosis.
Hence, in the present study, we introduced the
human uPA gene into BMSCs by using an adenoviral
vector and investigated its effect on liver fibrosis. The
aims of our study were to evaluate the antifibrogenic
effect of uPA gene modified BMSCs on liver fibrosis
and to investigate the impact of uPA gene modified
BMSCs treatment on Wnt signaling pathway.

MATERIALS AND METHODS
Animals and ethics statement

Male Sprague-Dawley (SD) rats were included in our
study (Experimental Animal Center of Guangxi Medical
University, China). All the rats were provided with
standard feed and water ad libitum and individually
housed at a constant temperature (18 ℃-20 ℃) and
humidity (60%-70%) with a 12 h light/dark cycle. All
animal experiments were approved by the Institutional
Animal Care and Use Committee of Guangxi Medical
University and the animal protocol was designed to
minimize the pain and discomfort of the animals.

Cell culture and subculture

BMSCs derived from the SD rat were purchased from
Sciencell Research Laboratories (San Diego, California,
United States). Briefly, the cells were seeded at a
3
2
density of 3 × 10 cells/cm in T-25 culture flasks and
incubated in Dulbecco’s modified Eagle’s medium-low
glucose (DMEM; Gibco, Grand Island, United States)
supplemented with 13% fetal bovine serum (FBS;
Gibco), 50 U/mL penicillin and 50 mg/mL streptomycin
at 37 ℃ in 50 mL/L carbon dioxide (CO2). The culture
medium was replaced after the first 24 h and every
three days after that. After primary cultivation, the
adherent cells reached almost 80% confluence.
The plastic adherent cells were lifted up with 0.25%
trypsin, suspended in fresh medium and transferred
to a new flask for expansion. BMSCs at passage 4
(P4) were used for subsequent transduction and
transplantation experiments.

Adenovirus infection

Replication-deficient E1 and E3 adenoviral vectors
coding for non-secreted human uPA (Ad-uPA)
cDNA were purchased from Biowit Biotechnologies
(Shenzhen, China). The Ad-uPA expressed both
green fluorescence protein (GFP) and human uPA.
Adenoviral vector without the therapeutic gene (AdGFP) was obtained as the control adenovirus. For
6
adenoviral transduction, the P4 BMSCs (1 × 10 cells/
well) were seeded into 6-well plates for 24 h. BMSCs
were then infected with Ad-uPA at different levels of
multiplicity of infection (MOI) (20, 40, 60, 80, and
100). BMSCs were transfected with Ad-GFP under the
same condition. After 48-72 h, light and fluorescent
microscopy was performed to observe transfection
efficiency and cell viability according to GFP expression
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Biochemical assays

and cell morphology. The optimal MOI was chosen for
both highest GFP expression and viability and used
throughout the study.

Immediately after blood sample collection, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TBIL) and albumin (ALB) levels
in serum were measured with an automated analyser
(LX20; Beckman Coulter, Fullerton, CA, United States)
at the First Affiliated Hospital of Guangxi Medical
University. The levels of serum hyaluronic acid (HA),
laminin (LN), and procollagen type Ⅲ (PCⅢ) were
detected by enzyme-linked immunosorbent assay
(ELISA).

Detection of human uPA expression in transfected
BMSCs by Western blot

After the third day of in vitro adenovirus infection,
transfected (Ad-uPA or Ad-GFP) and untransfected
BMSCs were harvested and solubilized in protein lysis
buffer (50 mmol/L Tris-HCl, pH 7.4, 150 mmol/L NaCl,
1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS)
containing protease inhibitors. Protein concentration
was determined with the BCA (bicinchoninic acid)
protein assay kit (Beyotime, Jiangsu, China), and
protein lysates were aliquoted and stored at -80 ℃
until use. Equal amounts of protein were resolved
by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) (Beyotime, Jiangsu,
China) and transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore, Boston, United States).
The membrane was blocked with 50 g/L skim milk
in Tris-buffered saline containing 0.1% Tween-20
(TBST) at room temperature for 2-3 h. After a brief
rinse, the membrane was incubated overnight at
4 ℃ in TBST with a rabbit anti-human uPA antibody
(1:6000; Abcam, Cambridge, United States) and
horseradish peroxidase (HRP)-conjugated anti-rabbit
secondary antibodies (1:1000; Cell Signaling, Boston,
United States) for 1-2 h at room temperature. Then
the membrane was washed in TBST and protein was
detected by enhanced chemical luminescence (ECL)
(Beyotime Institute of Biotechnology, Haimen, China).

Histopathological analysis

Liver tissues were fixed in 40 g/L formaldehyde,
embedded in paraffin and sectioned at a thickness of 5
μm. Hematoxylin and eosin (HE) staining and Masson’s
trichrome staining were used for histological structure
analysis and fibrosis area analysis, respectively. Five
random views of Masson trichrome-stained sections
from each sample (n = 10/group) were captured by a
light microscope (Olympus, Tokyo, Japan). The fibrotic
area was checked with the Image J 1.44s software
(National Institutes of Health, Bethesda, MD, United
[28]
States) . The percentage of the fibrotic area was
calculated by comparing the collagen stained area to
the total area.

Quantitative detection of mRNA expression by qRT-PCR

qRT-PCR was used to assess the mRNA expression
of molecules involved in Wnt signaling (β-catenin,
Wnt4, and Wnt5a). Total RNA was extracted from
liver tissues of each rats using chloroform and Trizol
solution (TaKaRa Bio Inc, Shiga, Japan). First-strand
cDNA synthesis was performed with 1 μg of total RNA.
Moreover, cDNA samples were thereafter amplified
in the ABI Prism 7500 Sequence Detection system
(Applied Biosystems, Massachusetts, United States)
for 40 cycles (95 ℃ for 3 s, 60 ℃ for 34 s) with specific
oligonucleotide primers (TaKaRa Bio Inc., Shiga,
Japan). Each sample was analyzed in triplicate, with
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
used for normalization. The relative quantification
of target genes was determined using the ΔΔCT
[29]
method . Primers used in qRT-PCR analyzes are
listed in Table 1.

Experimental liver fibrosis model and cell
transplantation

To induce liver fibrosis, 6-8-wk-old male SD rats (m
= 200-250 g, n = 30) were injected with 400 mL/L
CCl4 subcutaneously (CCl4:olive oil, 2:3) at a dose of 3
[27]
mL/kg every three days for 8 wk . Mock-treated rats
were injected with olive oil alone as a normal control
th
group (n = 10). At the end of the 4 week, the model
rats were randomly divided into three groups: (1) uPA6
BMSCs group (injected via the tail vein with 2 × 10
Ad-uPA-transfected BMSCs, n = 10); (2) BMSCs group
6
(injected via the tail vein with 2 × 10 untransfected
BMSCs, n = 10); and (3) model group (injected via
the tail vein with an equal volume of normal saline, n
= 10). Meanwhile, rats in the control group were given
the same dose of normal saline. All rats were sacrificed
th
at the end of the 8 week, and biological samples
(liver tissues and blood samples) were obtained for
molecular and histological analyses. Liver tissue
was excised for quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR) and western blot
analysis. The remaining tissue was fixed and processed
for histological analysis.

WJG|www.wjgnet.com

Western blot analysis of uPA, β -catenin, Wnt4, and
Wnt5a protein expression

Total protein from liver tissue samples was extracted by
[30]
the standard procedure . The BCA assay was used to
estimate protein concentration. The following primary
antibodies were used: rabbit anti-rat uPA antibody
(1:6000 dilution; Abcam, Cambridge, United States),
mouse anti-rat β-catenin antibody (1:1000 dilution;
Origene Technologies, Maryland, United States), goat
anti-rat Wnt4 antibody (1:5000 dilution; Origene
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A

B

C

D

E

F

Figure 1 Morphological characterization of bone marrow-derived mesenchymal stem cells. A: The morphological appearance of bone marrow-derived
mesenchymal stem cells (BMSCs) at passage 4 of cell culture (magnification 40 ×); B-F: Expression of green fluorescence protein 72 h after BMSCs transfection by
Ad-uPA at different levels of multiplicity of infection (MOI) (MOI = 20, 40, 60, 80, and 100; magnification 40 ×).

Statistical analysis

Table 1 Primer sequences for polymerase chain reaction
Gene name

Direction

Sequence (5’-3’)

β -catenin

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

ACGGCAATCAGGAAAGCAA
ACAGACAGCACCTTCAGCACTC
GCCATCTCTTCAGCAGGTGTG
CATAGGCGATGTTGTCCGAGC
ACTTGCACAACAATGAAGCAGGTC
CATAGGCGATGTTGTCCGAGC
CGAAGACTTCAGCGACGAAAC
CGAAGACTTCAGCGACGAAAC
TATGACTCTACCCACG
ATACTCAGCACCAGCATCACC

Wnt4
Wnt5a
uPA
GAPDH

All data are expressed as the mean ± SD. Com
parisons between groups were performed using oneway analysis of variance (ANOVA) followed by StudentNewman-Keuls post hoc test. P-values less than
0.05 were considered statistically significant. All the
statistical analyses were performed with the statistical
software package SPSS version 16.0 (SPSS Inc.,
Chicago, United States).

RESULTS
Morphological characterization of BMSCs

Rat BMSCs were successfully isolated and cultured
in whole bone marrow adherent culture system. As
shown in Figure 1A, after being subcultured four times,
the cells remained in good status and the shape of

Technologies), and rabbit anti-rat Wnt5a antibody
(1:1000 dilution; Origene Technologies). Western blot
was done using the method described above.
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Table 2 Comparison of functional liver levels and liver fibrosis parameters in serum
Group

n

ALT (U/L)

AST (U/L)

TBIL (mmol/L)

uPA-BMSCs
BMSCs
Model
Control

10
10
10
10

74.95 ± 12.66b,c
96.34 ± 14.97b
126.76 ± 19.29a
31.45 ± 7.75

173.68 ± 21.10b,c
228.65 ± 25.66b
287.67 ± 26.17a
67.51 ± 11.86

18.66 ± 2.52b,c
23.95 ± 5.09b
32.13 ± 7.11a
13.39 ± 3.23

ALB (g/L)
30.63 ± 4.25b,c
26.65 ± 3.79b
22.60 ± 4.35a
35.95 ± 5.02

HA (mg/L)
105.71 ± 15.21b,c
127.24 ± 17.79b
187.66 ± 22.88a
47.15 ± 6.58

LN (mg/L)
143.82 ± 18.99b,c
173.15 ± 22.32b
224.45 ± 23.40a
97.23 ± 17.59

PCⅢ (mg/L)
27.14 ± 5.93b,c
53.38 ± 6.31b
73.89 ± 10.76a
16.13 ± 3.13

P < 0.05 vs control group; bP < 0.05 vs model group; cP < 0.05 vs BMSCs group. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL:
Total bilirubin; ALB: Albumin; HA: Hyaluronic acid; LN: Laminin; PCⅢ: Procollagen type Ⅲ.
a

SC
s
GF
PB

M

SC
s

As shown in Table 2, rats in the model group displayed
chronic liver injury, with higher serum ALT, AST, and
TBIL levels and lower ALB levels than in the control
group (P < 0.01 for all). However, the levels of ALT,
AST, and TBIL were significantly decreased, whereas
the levels of ALB were increased in the uPA-BMSCs
group compared with the model group (P < 0.05 for
all). Serum ALT, AST, and TBIL levels in the BMSCs
group were also decreased but higher than those in
the uPA-BMSCs group. Moreover, as compared to the
control group, higher levels of serum HA, LN, and
PCⅢ were detected in the model group. Moreover, the
BMSCs treatment significantly reduced all the above
parameters compared with the model group (P < 0.05
for all) with an enhanced effect in the uPA-BMSCs
group.

Ad

M
uP
AB
Ad

SC
s
BM

Effect of uPA-BMSCs on concentrations of biochemical
markers

uPA

GAPDH

Figure 2 Western blot detection of urokinase plasminogen activator
protein expression in bone marrow-derived mesenchymal stem cells
after Ad- urokinase plasminogen activator transfection. Lane 1, uninfected
bone marrow-derived mesenchymal stem cells (BMSCs); lane 2, BMSCs
infected with recombinant adenovirus containing human urokinase plasminogen
activator (uPA) cDNA; lane 3, BMSCs infected with control adenovirus.
GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

BMSCs changed from round shape initially to long
spindle shape after that. Meanwhile, it was found that
the P4 BMSCs formed colonies and distributed radially
in the flask.

Effect of uPA-BMSCs on histopathologic characteristics

Histological examination using HE and Masson’s
staining were performed to show the extent of liver
damage (Figure 3A). For HE staining, liver tissue
samples from the normal control group showed
normal lobular architecture with radiating hepatic
cords pointing to central veins, whereas the model
group exhibited fatty degeneration, ballooning
changes of hepatocytes and necrosis. In contrast,
uPA-BMSCs treatment remarkably ameliorated the
adipose degeneration of hepatocytes and reduced the
immigration of inflammatory cells compared with the
model group or BMSCs group. For Masson’s staining,
the control group showed the normal architecture while
the model group presented extensive liver bridging
fibrosis and substantial collagen deposition. However,
bridging fibrosis and collagen were distinctly decreased
by the uPA-BMSCs or BMSCs treatment compared
with the model group (Figure 3A). Also, quantitative
analyzes of fibrosis area were consistent with the
histological changes. The model group had the largest
fibrotic area. Fibrotic area was significantly decreased
by BMSCs treatment and was further reduced by uPABMSCs treatment (Figure 3B, control group, 1.03% ±
0.66% vs model group, 16.69% ± 1.30% vs BMSCs
group, 12.38% ± 2.27% vs uPA-BMSCs group, 8.31%
± 1.21%; control group vs model group, P < 0.05;
model group vs BMSCs group, P < 0.05; model group
vs uPA-BMSCs group, P < 0.05; BMSCs group vs uPA-

Detection of Ad-uPA transfection efficiency

To test the transfection efficiency, BMSCs were infected
with adenoviral vectors (Ad-uPA or Ad-GFP) at MOI of
20, 40, 60, 80 and 100. As shown in Figure 1B-F, 72 h
later, BMSCs were found to be in good condition when
transfected at an MOI of 80 under the fluorescence
microscope, with highest cell viability and transfection
efficiency. The BMSCs were in better status when
transfected at MOI of 20, 40 and 60. However, it
featured poor transfection efficiency. There was strong
green fluorescence at an MOI of 100, yet under the
microscope, morphology retraction was found in some
of the adherent cells as well as a few floating cells. The
result suggested that 80 was the optimal MOI to be
used for adenoviral infection.
To further determine the expression of uPA in AduPA-transfected BMSCs, Western blot analysis was
performed. As showed in Figure 2, there was no
positive band in Ad-GFP-transfected BMSCs and untransfected BMSCs. However, a specific band was only
found in Ad-uPA-transfected BMSCs. These results
indicated that uPA adenovirus had been successfully
transfected into BMSCs, leading to significant
expression of uPA in vitro.
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Area of fibrosis (%)

B

P < 0.05

20

15

P < 0.05

P < 0.05

10

5

0
uPA-BMSCs

BMSCs

Model

Control

Figure 3 Histopathological change of liver tissue in different groups. A: HE and Masson staining was used to detect structural changes in liver tissues; B:
Quantitative analyzes of liver fibrosis were performed using Masson stained sections. Five random views from each sample in each group were analyzed. BMSCs:
bone marrow-derived mesenchymal stem cells; uPA: Urokinase plasminogen activator.

activation of the Wnt signaling pathway.

uPA-BMSCs
BMSCs

4.0
Relative mRNA expression
(fold changes of control)

3.5
3.0

P < 0.001
P < 0.05
P < 0.001
P < 0.05

P < 0.001
P < 0.05
P < 0.001
P < 0.001

2.5

Effect of uPA-BMSCs on the protein expression of uPA,
β -catenin, Wnt4, and Wnt5a

Model
Control

It has been widely accepted that the Wnt signaling
pathway participates in liver fibrosis. To further explore
the association between the antifibrogenic effect of
uPA-BMSCs transplantation and the Wnt signaling
pathway in liver fibrosis, we examined the protein
expression levels of uPA, β-catenin, Wnt4, and Wnt5a
in liver tissues by Western blot (Figure 5A). The
densitometric quantification (Figure 5B) of these bands
showed that protein expression of uPA was apparently
increased in the uPA-BMSCs group, suggesting the
successful expression of uPA in vivo. Also, the protein
expression levels of β-catenin, Wnt4, and Wnt5a were
significantly increased in the model group compared
with the control group (P < 0.05 for all). However,
the uPA-BMSCs group had markedly lower protein
expression levels of β-catenin, Wnt4, and Wnt5a than
the model group or BMSCs group (P < 0.05 for all).
Moreover, the BMSCs group displayed a slight increase
in the expression levels of uPA with a slight decrease of
β-catenin, Wnt4, and Wnt5a compared with the model
group (P < 0.05 for all).

P < 0.001
P < 0.001
P < 0.001

2.0
1.5
1.0
0.5
0.0
b-catenin

Wnt4

Wnt5a

Figure 4 Effect of urokinase plasminogen activator gene modified-bone
marrow-derived mesenchymal stem cells transplantation on the mRNA
expression of molecules of the Wnt signaling pathway. The bar graph
shows mean relative mRNA expression levels of β-catenin, Wnt4 and Wnt5a
in liver tissues. Each sample was repeated three times from each cluster. Data
are normalized to GAPDH mRNA expression levels. GAPDH: glyceraldehyde
3-phosphate dehydrogenase; BMSCs: bone marrow-derived mesenchymal
stem cells; uPA: Urokinase plasminogen activator.

BMSCs group, P < 0.05).

Effect of uPA-BMSCs on the mRNA expression of
β -catenin, Wnt4, and Wnt5a

DISCUSSION
Liver fibrosis is a reversible consequence of chronic
damage to the liver mainly in conjunction with the
[1]
excessive deposition of ECM proteins in the liver .
Progression of liver fibrosis eventually leads to
cirrhosis, which can be associated with hepatocellular
carcinoma and liver failure. Early intervention or
treatment of liver fibrosis greatly reduces the risk
of cirrhosis. However, there is no effective drugs to
attenuate liver fibrosis presently. Therefore, new
therapy strategies are being intensely investigated.
In this study, we made a new attempt to deliver uPA
gene modified BMSCs into rats with CCl4-induced liver

We examined β-catenin, Wnt4, and Wnt5a mRNA
expression levels in liver tissues by qRT-PCR (Figure 4).
As revealed in Figure 4, low mRNA expression levels
of β-catenin, Wnt4, and Wnt5a were detected in the
control group, while they were significantly increased
in the model group (P < 0.05 for all). Interestingly,
uPA-BMSCs treatment could further reduce the
expression levels of all these indexes compared with
the model group or BMSCs group (P < 0.05 for all).
According to these results, we hypothesized that uPABMSCs treatment could attenuate liver fibrosis via
mechanisms that may be associated with decreased
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1.2
Relative protein expression (/GAPDH)

b-catenin

Wnt4

Wnt5a

GAPDH

P < 0.001
P < 0.05

1.0
0.8
0.6

Control

P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.05

P < 0.001
P < 0.05
P < 0.001

P < 0.001
P < 0.001
P < 0.05
P < 0.05

P < 0.001

0.4
0.2
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b-catenin
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Figure 5 Effect of urokinase plasminogen activator gene modified-bone marrow-derived mesenchymal stem cells transplantation on the protein
expression of molecules of the Wnt signaling pathway. A: Representative Western blot analysis of uPA, β-catenin, Wnt4, and Wnt5a protein expression levels
in four groups; B: The bar graph represents mean relative protein expression levels of urokinase plasminogen activator, β-catenin, Wnt4, and Wnt5a. Data are
normalized to GAPDH protein expression levels. GAPDH: glyceraldehyde 3-phosphate dehydrogenase; BMSCs: bone marrow-derived mesenchymal stem cells;
uPA: Urokinase plasminogen activator.

fibrosis.
Numerous previous studies have showed that
BMSCs can improve tissue repair, reduce inflam
[31,32]
mation
, and differentiate into hepatic cells in vitro
[33,34]
and in vivo
. As a result, BMSCs have attracted
much attention over the past decade as a novel
therapeutic paradigm for chronic liver diseases, such
[35]
[36]
as liver failure . Both Sakaida et al
and Fang et
[37]
al
showed that transplantation of BMSCs reduced
CCl4-induced liver damage and collagen deposition
in mice. A therapeutic effect of transplanting BMSCs
[7]
was also documented in CCl4-injured rats . In our
study, we found that the serum levels of liver function
indexes were improved in the BMSCs treatment
group as compared with the CCl4-induced liver fibrosis
rat model group. Meanwhile, BMSCs treatment
significantly attenuated bridging fibrosis. These results
were consistent with the previous studies. However,
some reports indicated that the therapeutic effect of
[38-40]
simple BMSCs therapy has been limited
. Although
BMSCs may enhance the regeneration of hepatocytes,
it is hard to break down the reconstructed fibrous
scar, even with increased secretion of anti-fibrotic
factors. Therefore, the genetic modification of BMSCs
might be a more promising option for improving their
therapeutic potential.
In the present study, we investigated the effect
of uPA gene modified-BMSCs on CCl4-induced liver
fibrosis in rats and the mechanism by which uPABMSCs ameliorate fibrosis. These data show that
administration of uPA gene modified-BMSCs resulted

WJG|www.wjgnet.com

in a further improvement of liver fibrosis than
BMSCs alone. Extensive evidence supports the fact
that the plasminogen activation system participates
in the matrix remodeling process, and alternative
expression of the plasminogen activation system was
found in fibrotic organs. Until now, the anti-fibrotic
activity of uPA was confirmed in animal models of
[41,42]
liver fibrosis
. So we believe that a combination
of BMSCs transplantation and uPA gene therapy may
provide a novel tool for the treatment of liver fibrosis.
In the present study, we chose the classical method
by injecting with CCl4 subcutaneously for 8 wk to
develop the liver fibrosis rat model. Administration of
CCl4 to rodents is widely used to study the therapeutic
method for hepatic injury. The reason for selecting
CCl4 was that CCl4-induced fibrosis in rats shares
similar pathological changes to human liver fibrosis
that is characterized by centrilobular necrosis followed
by hepatic fibrosis. According to our results, the uPABMSCs group had lower serum levels of ALT, AST,
and TBIL, and higher ALB levels than the model or
BMSCs group. Moreover, serum levels of HA, LN, and
PCⅢ, which reflect ECM deposition, were significantly
lower in the uPA-BMSCs group than in the model
group or BMSCs group. Histological examination also
indicated that uPA-BMSCs treatment remarkably
reduced the deposition of collagen fibers compared
with the model group or BMSCs group. These findings
[43]
were also observed by Sun et al
who suggested
that transplantation of uPA gene modified cell could
suppress hepatic fibrosis and ameliorate liver function.
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As mentioned above, a therapeutic effect of uPA gene
modified BMSCs in liver fibrosis has been established
more thoroughly than single BMSCs transplantation,
and it may be a more favorable therapeutic option than
BMSCs alone. As a result, the present study deduced
the reason that increased expression of uPA gene
not only improved degradation of ECM components
directly or indirectly by activating the MMPs, but also
possibly enhanced the transplantation of BMSCs by
participating in cell proliferation, adhesion, migration,
[44]
and angiogenesis in a plasmin-independent manner .
However, the precise molecular mechanism remained
to be defined and further investigated.
HSCs have been regarded as the main cells for
synthesizing and secreting ECM components. Inhibition
of the activation of HSCs has become an important
treatment strategy for liver fibrosis. It has been
proven that the Wnt signaling pathway is related to
[45,46]
HSCs activation and fibrogenesis
. It was found
that inhibition of Wnt/β-catenin signaling resulted in
the down-regulation of HSC activation and attenuated
[24,25]
CCl4-induced liver fibrosis eventually
. Hence, we
assumed that the anti-fibrotic activity of uPA may be
related to the down-regulation of the Wnt signaling
pathway. In the present study, we investigated the
effect of uPA-BMSCs on the expression of molecules of
the Wnt signaling pathway by qRT-PCR and western
blot. Results showed that the Wnt signaling pathway
was abnormally activated in the model group,
and uPA-BMSCs treatment can down-regulate the
expression of molecules of the Wnt signaling pathway.
Both significantly lower mRNA levels and protein
levels of β-catenin, Wnt4 and Wnt5a in liver tissues
were observed in the uPA-BMSCs treatment group
compared with the model group. To some degree,
we also concluded that uPA-BMSCs attenuated the
development of liver fibrosis possibly partly by downregulating the Wnt signaling pathway. To the best of
our knowledge, the present study is the first attempt
to report the potential association between uPA and
the Wnt signaling pathway.
In conclusion, the present study displayed that
uPA gene modified BMSCs significantly improved liver
function and attenuated CCl4-induced liver fibrosis,
thus providing a new and efficient approach for the
treatment of liver fibrosis by enhancing uPA expression
to improve ECM degradation. Furthermore, it also
resulted in decreased mRNA and protein expression of
molecules involved in Wnt signaling, suggesting that it
is antifibrotic partly due to the down-regulation of the
Wnt signaling pathway. As the molecular mechanism
involved in liver fibrosis was complicated, it needed to
be further explored. While all of these conclusions are
consistent with our data, the mechanisms by which
uPA-BMSCs transplantation inhibits liver fibrosis remain
to be defined. Thus, further studies should be carried
out to support our findings here. What’s more, future
research on the safety and efficacy of uPA-BMSCs
therapy in liver fibrosis is also needed to optimize this
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approach for clinical applications that could be used
to treat liver cirrhosis patients. Our current study
may provide a foundation for designing therapeutic
regimens for inhibiting the progression of chronic liver
diseases in clinical settings.
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Background

Bone marrow-derived mesenchymal stem cells (BMSCs) have been reported
to be associated with the treatment of liver fibrosis. However, some reports
indicated that the therapeutic effect of simple BMSCs therapy has been limited.
Therefore, the genetic modification of BMSCs might be a more promising option
for improving their therapeutic potential. Little is known about the therapeutic
effects of human urokinase-type plasminogen activator (uPA) gene-modified
BMSCs on liver fibrosis.

Research frontiers

Recently, it has been reported that uPA is a specific serine protease which plays
an important role in extracellular matrix (ECM) degradation. Little is known
about the therapeutic effects of human uPA gene-modified BMSCs on liver
fibrosis. Therefore, uPA gene-modified BMSCs may be a novel therapy to treat
liver fibrosis.

Innovations and breakthroughs

This study displayed that uPA gene modified BMSCs significantly improved
liver function and attenuated CCl4-induced liver fibrosis. Furthermore, it also
resulted in decreased mRNA and protein expression of molecules involved in
Wnt signaling, suggesting that it is antifibrotic partly due to the down-regulation
of the Wnt signaling pathway.

Applications

This study provides a foundation for designing therapeutic regimens for
inhibiting the progression of chronic liver diseases in clinical settings.
Meanwhile, uPA-BMSCs therapy in liver fibrosis is hopeful to be optimized for
clinical applications that could be used to treat liver cirrhosis patients.

Terminology

BMSCs, non-hematopoietic cells with multi-lineage potential, can differentiate
into multiple mature cell phenotypes in vitro, including adipocytes, osteocytes,
chondrocytes and so on. They are used for studies of stem cell differentiation,
tissue engineering, cell and gene therapy, and have potential future clinical
applications.

Peer-review

In this study, BMSCs transfected with Ad-uPA were transplanted into rats with
CCl4-induced liver fibrosis, to evaluate a possible therapeutic approach for
treatment of liver fibrosis. The results revealed that uPA gene apparently was
capable of BMSC modification by suppressing liver fibrosis through downregulation of the Wnt signaling pathway. This well designed and executed study
with an animal model of liver fibrosis, provides clear benefits of possible “gene
therapy” in treatment of liver fibrosis. In general, the report is well written and
the results are supported by the experimental data.
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AIM: to investigate the cause of acute pancreatitis (AP)
by conducting a thorough investigation of drugs and
their possible etiological role.
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wrote the manuscript.

METHODS: We investigated the cause of AP in
a large retrospective cohort of 613 adult patients
admitted with AP at the Akershus University Hospital,
Norway, from 2000 until 2009, who were evaluated
with standard ward investigations. This group was
compared with a prospectively evaluated group (n
= 57) admitted from January 2010 until September
2010 who investigated more extensively using medical
history and radiological assessment.
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RESULTS: The groups were comparable with regards to
gender, age, comorbidity and severity. The most common
etiology was bile stones and alcohol, occurring in 60%
in both groups. The prospective group was examined
more thoroughly with regards to the use of alcohol
and medicines. An increased number of radiological
investigations during hospital stay and at follow-up were
also performed. A more extensive use of radiological
evaluation did not increase the detection frequency of bile
stones. In the prospective group, more than half of the
patients had two or more possible causes of pancreatitis,
being mostly a combination of bile stones and drugs. No
possible cause was found in only 3.5% of these patients,
compared with 29.7% in the retrospective group.
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CONCLUSION: A detailed medical history and
extensive radiological evaluation may determine a
possible etiology in almost all cases of AP. Many patients
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have several possible risk factors, and uncertainty
remains in establishing the definitive etiology.

Table 1 Patient characteristics n (%)

Key words: Acute pancreatitis; Etiology; Medicines;
Drugs; Bile stones; Alcohol
Age (yr)
Gender (M:F)

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Comorbidity
None
Heart disease
Hypertension
Pulmonary disease
Diabetes mellitus
Previous pancreatitis
Duration of pain (h)
Severe pancreatitis
CRP
CT
Complications
None
Systemic
Local
Mortality
Severity of pancreatitis
Mild
Moderate severe
Severe

Core tip: We conducted a study investigating a large
cohort of patients admitted with acute pancreatitis to
gain knowledge of the possible causes.
Rashidi M, Røkke O. Prospective evaluation of the cause of
acute pancreatitis, with special attention to medicines. World J
Gastroenterol 2016; 22(6): 2104-2110 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i6/2104.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i6.2104

INTRODUCTION
acute pancreatitis (AP) is the most common disease
of the pancreas, and is a significant cause of morbidity
and mortality in patients admitted with abdominal
pain. The etiology varies among countries. Bile stones
and alcohol remain the main causes, accounting for
[1]
about 70% of cases . The etiology is reported as
unknown in 10%-20%, which is unfortunate, because
[2]
patients with AP are at risk of new attacks . Diagnosis
of bile stones might be missed if only first line imaging
[3]
is conducted during the first acute admission .
The aim of this study was to determine whether a
more thorough medical history combined with more
extensive radiological evaluation could increase the
chance of finding the etiology of AP, thereby improving
treatment and further prognosis. In Norway, there are
286 registered drugs with AP as a possible side effect,
[4]
and their use is increasing . A causative relation
between drugs and AP is difficult to establish in most
cases. The pathophysiological pathways causing druginduced pancreatitis are unknown and possible timeeffect and dose-effect relations are also unknown.
Using meticulous medical history and radiological
examinations, several risk factors are often revealed.
Many studies have attempted to find the causative
action, stating both under-reporting as well as
[4,5]
inaccuracies .
In the present study, we compared a retrospective
cohort of patients assessed with standard investigations
with a cohort that was studied prospectively with a
more extensive medical history, with special attention
to the use of pharmacological agents, as well as broad
radiological assessment. We presented circumstantial
evidence for the possible role of drugs as causative
factors in a defined geographical area.

WJG|www.wjgnet.com

Prospective
group
(n = 57)

Retrospective
group
(n = 613)

52.4 (17-94)
35 (61):
22 (39)

58.9 (5-96)
320 (52):
293 (48)

14 (25)
13 (23)
19 (33)
5 (9)
4 (7)
15 (26)
24 (0-504)

219 (36)
127 (21)
170 (28)
69 (11)
57 (9)
38 (6)
20 (0-0.592)

31 (54)
3 (10)

276 (45)
33 (10)

45 (79)
8 (14)
4 (7)
1 (2)

497 (81)
89 (14.9)
43 (7.2)
36 (6)

50 (88)
2 (4)
5 (8)

521 (85)
54 (9)
38 (6)

P value

0.062
0.179

< 0.001

0.975
0.945
0.660

0.356
0.713

CT: Computed tomography.

PATIENTS AND METHODS
The study comprised two cohorts: (1) a retrospective
analyses of clinical records of all patients (n = 613)
admitted to the Akershus University Hospital with
AP during a ten year period from January 2000 to
December 2009; and (2) a prospective evaluation of
57 consecutive patients admitted with AP from January
to September 2010. AP was defined as the acute
onset of persistent epigastric pain in the presence
of serum amylase level above three times the upper
limit of normal (amylase > 200 IU/ml) or a computed
tomography (CT) scan showing peripancreatic
inflammation, with or without pancreatic necrosis.
Organ failure and comorbidities were also documented
to classify disease severity into mild, moderate or
acute, according to the revised Atlanta classification
[6]
system . In these patients, a thorough clinical history
was taken, with special attention to alcohol and regular
and/or new medication(s). Patient characteristics are
shown in Table 1. When no cause was defined in the
prospective group during first level radiological or
laboratory investigation, further radiological evaluation
was performed, either during the hospital stay, or at
follow-up after 2-3 mo. Current and past regular and
occasional medication use was registered. The sporadic
nature of registration of non-prescribed medications
in the retrospective cohort meant that this was not
registered. Almost all medications in Norway must be
prescribed by a doctor and are registered in a national
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prospective group, at 61% and 58% respectively (Table
3). Table 4 summarizes details of the prospective
group with regards to the use of medications with AP
registered as a possible side effect. Fifty-eight percent
(n = 33) of patients used these drugs, with 21 patients
using one of these medications and 12 patients using
more than two medicines associated with AP as a side
effect (Table 5). In our prospective group, detailed
description of medication use was noted and Table 5
summarizes the drugs used, showing statins and antihypertensive drugs to be the most commonly used
medicines.
Our data shows a significantly higher number of
patients reporting previous episodes of pancreatitis
in the prospective groups compared with the retro
spective group (26% vs 6%. respectively). This may
be caused by a more thorough questioning of the
patient at time of admission, and further stresses the
importance of finding the causative factor, because this
might increase the likelihood of optimizing treatment,
improving prognosis and reducing risk of recurrence.

Table 2 Investigations during hospital stay and/or follow-up,
n (%)

All patients with
ultrasonography
All patients with CT
All patients with MRI
US
US + CT
US + MRI
US + CT+ MRI
CT alone
CT + MRI
MRI alone
No imaging

Prospective
group (n = 57)

Retrospective
group (n =
585 evaluable)

P value

51 (89.5)

420 (71.8)

0.007

45 (78.9)
32 (56.1)
5 (8.8)
16 (28.1)
7 (12.3)
23 (40.3)
4 (7.0)
2 (3.5)
0
0

311 (53.1)
196 (33.5)
142 (24.3)
143 (24.4)
86 (14.7)
49 (8.4)
88 (15.4)
31 (5.3)
30 (5.1)
16 (2.7)

0.001

CT: Computed tomography; MRI: Magnetic resonance imaging; US:
Ultrasonography.

[7]

pharmacological database . Akershus University
Hospital Emergency Department serves around 500000
inhabitants, accounting for 10% of the Norwegian
population, with a precise definition of geographical
areas of responsibility and number of inhabitants in
that area. This allows us to obtain precise figures of the
number of users of different prescribed medications in
our catchment area. Furthermore, there is a precise
national publication describing all pharmacological
[8]
agents and their side effects, such as AP . The frequency
of side-effects are given as: frequent (≥ 1/100-<
1/10), less frequent (≥ 1/1000-< 1/100), seldom (≥
1/10.000-< 1/1000), very seldom (< 10.000) and case
reports. We can therefore calculate the minimal and
maximal expected cases of AP induced by medicines
in our area, which is minimum 31 and maximum 310
cases of AP due to medicines in our catchment-area.

Statistical analysis

DISCUSSION
The most common cause of AP in Europe and North
America is gallstones (50%) and alcohol (25%),
whereas idiopathic pancreatitis is seen in around
[9]
10% of cases . The present study showed a lower
frequency of bile-stones or alcohol (60%), whereas
idiopathic pancreatitis was diagnosed in almost 30%
in the retrospective group. In a large populationbased analysis of 1224121 patient visits diagnosed
with AP with a 75% admission rate, McNabb-Baltar
[10]
et al
found the etiology to be bile stones in 17.1%,
alcohol in 14.6% and others/unknown in 67.8% of the
patients. The discrepancy of these findings compared
with our cohort might reflect the lower degree of
investigations in outpatient cases with assumed lower
severity and, therefore, less extensive radiological
evaluation.
The present study revealed that a possible cause
of AP can be defined in almost all cases if a meticulous
history and radiological evaluation are performed.
However, in a significant minority, uncertainty exists
when several possible causes, such as bile stones,
alcohol and medicines, are identified. In these cases, it
is not possible to be certain which is the true cause.
In most patients, the etiology is determined during
the first admission to hospital. First line evaluation
consists of medical history and abdominal US, and
often contrast-enhanced CT. In about 20% of patients
where no definitive causative agent is found, a repeat
[11]
meticulous history is also recommended
and a
secondary line of investigation is necessary, using
magnetic resonance cholangiopancreaticography
(MRCP), endoscopic ultrasonography (EUS) and possibly
endoscopic retrograde cholangiopancreaticography
(ERCP), as indicated. Repetition of EUS is also
indicated, because this increases the sensitivity of

2

Student’s two-tailed t-test and Pearson’s χ test
were used to test differences between groups as
appropriate, and Fisher exact test was used in crosstables with numbers < 7.

RESULTS
Patient characteristics are shown in Table 1 and
demonstrate that the retrospective and prospective
groups were comparable with regards to gender, age,
American Society of Anesthesiologists severity, CRP
and CT-scores. As expected, the use of radiological
investigations was more extensive in the prospective
group compared with the retrospective group, as
shown in table 2. In the prospective group, all patients
were investigated using some form of radiological
examination, and many (40%) with three radiological
tools: ultrasonography (US), CT and magnetic
resonance imaging. Biliary and alcoholic pancreatitis
was the most frequent etiology in the retrospective and
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Table 3 Cause of acute pancreatitis in the prospective and retrospective group n (%)
Prospective group (n = 57)

Bile stone
Bile stone or alcohol
Alcohol
Hypertriglyceridemia
ERCP
PTC
Tumor/cancer pancreas
Pancreas divisum
Stone in pancreatic duct
Postoperative pancreatitis
Trauma
Viral infection
Medicines1
Unknown2
All

Retrospective group (n = 613)

Patients

Patients using
1
medicines

Patients

Patients using
1
medicines

23 (40.4)
4 (7.0)
6 (10.5)
3 (5.2)
1 (1.8)
1 (1.8)
1 (1.8)
2 (3.5)
1 (1.8)
0
0
0
11 (19.3)
4 (7.0)
57 (100)

13 (57)
4 (100)
1 (17)
3 (100)
0
0
0
1 (50)
0
0
0
0
11 (100)
0
33 (58)

271 (44.2)
14 (2.3)
87 (14.2)
8 (1.3)
19 (3.1)
0
9 (1.5)
1 (0.2)
1 (0.2)
3 (0.5)
1 (0.2)
2 (0.3)
15 (2.4)
182 (29.7)
613 (100)

4 (0.1)

P value

< 0.001

1 (0.1)

15 (100)
0

Medicines associated with pancreatitis as a side effect; 2Two of these had a previous cholecystectomy due to bile stones, suggesting small bile-stones as a
possible cause. ERCP: Endoscopic retrograde cholangiopancreaticography.
1

Table 4 Details of drugs used in patients with possible
etiologies in the prospective group
Etiology

Generic name

Bile stone (n = 23)
Azathioprine
of which medicine users (n = 13) Simvastatin
Diclofenac
Amipril
Enalapril
Drospirenin/etinylostradiol
Simvastatin, Amipril
Atorvastatin, Ezetimib
Amipril
Simvastatin, Amipril,
Diclofenac
Methotrexate
Atorvastatin
Simvastatin,
Candesartan
hydrochlorothiazide
Simvastatin,
Losartan hydrochlorothiazide
Bile stone or alcohol (n = 4)
Estradiol
of which medicine users (n = 4) Ramipril, Prednisolone
Estradiol
Diclofenac
Alcohol (n = 6)
Prednisolone
of which medicine users (n = 1)
Hypertriglyceridemia (n = 3)
Gabapentin
of which medicine users (n = 3) Simvastatin
Venlafaxine
Medication (n = 11)
Azathioprine
of which medicine users (n = 11) Simvastatin
Atorvastatin
Venlafaxine, Ramipril,
Asparginase
Atorvastatin
Methotrexate, Prednisolone,
Etanercept
Mycofenolic acid, Tacrolimus,
Prednisolone
Cyclosporine, Pravastatin,
Simvastatin, Ramipril
Diclofenac

WJG|www.wjgnet.com

Pancreas divisum (n = 2)
of which medicine users (n = 1)
Total number

n
1
1
1
1
1
1
1
1
1
1

Simvastatin, Losartan
hydrochlorothiazide
Simvastatin

1
1
34

[12]

diagnosing bile stones . If no cause is found, some
authors suggest empirical treatment of the possible
biliary cause using either cholecystectomy or ERCP and
[3]
papillotomy . However, these procedures are surgical,
[13]
with possible complications, including death .

bile stones and alcohol

In a Norwegian population study, ultrasound tes
ting revealed gallbladder stones in 21.9% of the
participants and the lifetime risk of biliary pancreatitis
in the presence of gallstones has been reported to
[14]
be around 2% . Therefore, with a much higher
prevalence of bile stones in our study population, we
assumed that bile stones were a definite risk factor
and all patients admitted with biliary pancreatitis
underwent cholecystectomy at our center.
Alcohol is a known independent risk factor in the
development of both acute and chronic pancreatitis.
Patients in the prospective group were specifically
questioned with regards to type, amount and timing of
consumption before admission. However, it is also well
known that many of these patients have consumed
alcohol many times before the attack of AP, without
harmful effect on the pancreas. In our data, a doseresponse curve could not be demonstrated, as patients
with AP had ingested variable volumes and types
of alcohol, on single or multiple occasions, without
any direct correlation with disease severity. When
alcohol was the suspected etiology, the patient was
informed of its dangerous effect on the pancreas and
recommended complete cessation of its intake. On

1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
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Table 5 Number of drugs used in patients with medicines as a possible etiology
Use of a single drug

Use of two drugs

Use of three drugs

Name

n

Name

n

Name

n

Azathioprine
Simvastatin

3
4

1
1

Simvastatin, Ramipril.
Diclofenac

2

Gabapentin

1

2

Atorvastatin, Ezetimib, Ramipril

1

Methotrexate
Estradiol
Asparginase

1
1
1

Simvastatin, Amlodipine
Simvastatin, Candesartan
hydrochlorothiazide
Simvastatin, Losartan
hydrochlorothiazide
Simvastatin, Pravastatin
Ramipril, Prednisolone

1
1

Diclofenac

2

Atorvastatin, Venlafaxine, Ramipril
Methotrexate, Etanercept,
Prednisolone
Mycofenolic acid, Tacrolimus,
Prednisolone

Atorvastatin
Venlafaxine
Furosemide
Enalapril
Drospirenin etinylostradiol
Estradiol
Prednisolone
Sum

2
1
1
1
1
1
1
21

6

discharge, the general practitioner was also notified
of the complete course of the hospital admission to
provide a suitable follow-up.
Smoking in combination with alcohol has also been
[15]
suggested to further increase the risk of pancreatitis .
Therefore, we recommend informing patients of this
both on a general health basis and specifically related
to pancreatitis.

1

6

the corresponding numbers in Norway were 39% for
men and 36% for women (for Simvastatin, Lovastatin,
[7]
Pravastatin, Fluvastatin, Atorvastatin, Rosorvastatin) .
Simvastatin and other statins (n = 14) were the
most commonly used pancreatitogenic drugs in our
prospective cohort. Statins are also used commonly
as a treatment for hypertriglyceridemia, which is also
an independent risk factor for pancreatitis. Similarly,
many patients with diabetes mellitus (DM) use statins
to reduce cardiovascular risk. Patients with DM also
have a higher risk of pancreatitis, which might be
caused by the more common presence of gallstones
[21]
and hypertriglyceridemia . Thus, these confounding
variables must be considered, and a causative link
is difficult to establish in individual patients because
of the lack of studies investigating re-challenge and
lifetime risk analysis. Many patients use the drugs
intermittently and in combination with other drugs,
which makes it difficult to determine accurately the
causative role of the drug, which may have a direct
toxic effect on the pancreas or an indirect effect on
[22]
pancreas physiology . As with the introduction of any
new medication, the patient should asked to contact
their physician if they experience any side effects. If
the detailed medical history suggests that a drug is the
most likely etiology, the necessity of drug continuation
must outweigh the risk of recurrence of AP. The
possibility of re-challenge and drug substitution must
also be reviewed. These factors must be tailored
according to the individual patient, and general
recommendations are difficult to give.

Drugs

The importance of drugs as a causative agent of AP
is currently under discussion. Some authors question
[5]
their relevance , while others suggest that it is
[4]
underreported . A causative link to the development
[16]
of AP is difficult to document . Several case reports,
as well as larger studies, have provided comprehensive
data on these drugs and the limitation of published
[5,17,18]
data
. The most common drugs indicated
include L-asparginase, which may not be associated
with elevated levels of amylase because inhibition
of protein synthesis, as well as steroids, Valproic
acid, Azathioprine and Mesalazine. AP caused by
ciprofloxacin has also been reported in 3.1% of patient
treated for infectious colitis, with cessation of disease
[19]
on ciprofloxacin termination . This convincing druglink to pancreatitis might reflect a possible amplifying
drug side effect when combined with an acute
inflammatory condition. In the present study, 33 (58%)
of 57 patients used medication associated with AP. In
a recent epidemiological report from the United States,
statin use was as high as 50% for men and 36% for
[20]
women between the ages of 65 and 74 years . The
authors suggested that Simvastatin was associated
with a reduced risk of AP in the cohort of users
compared with non-users, and increasing doses of
Simvastatin were associated with further risk reduction.
According to the Norwegian Electronic Pharmacy Data,
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1

Other causes of pancreatitis

Hypertriglyceridemia is a cause of AP secondary to
[23]
fatty acid-induced acinar cell damage , and might
also be associated with a more severe course of the
[24]
[25]
disease . Zeng et al
showed that a high level
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of triglycerides was associated with a more severe
disease in patients with bile stone pancreatitis. In
the present study, three patients in the prospective
cohort had hypertriglyceridemia as a possible cause
of pancreatitis. All three patients used Simvastatin,
which makes a certain determination of the true cause
difficult.
Tumors in the pancreas were also considered a
cause of pancreatitis in about 1.5% and 1.9% in our
cohorts, which was similar to other studies. AP may be
the presenting complication in up to 25% of patients
with head of pancreas cancer.
In two patients in the retrospective cohort, viral
infection was considered a causative agent. This has
also been suggested by others describing AP caused
[26]
by a rotavirus . The mechanism is thought to be
either viral infection ascending to the pancreatic duct
to cause infection, or edema of the Ampulla of Vater
[27-29]
similar to the mechanism of bile stone-induced AP
.
Some reports are also emerging that suggest that
genetic traits might be a disposition for the development
of AP. In one study, the authors suggested that about
1/3 of patients with acute recurrent pancreatitis carried
mutations associated with hereditary pancreatitis,
including those in genes encoding trypsinogen (PRSS1),
cystic fibrosis transmembrane conductor regulator
(CFTR), achymotrypsinogen C (CTRC) and serine
[16,30]
protease inhibitor Kazal type 1 (SPINK1)
. Beger et
[2]
al found that the p.N34S mutation in the SPINK1 gene
was found more often in patients with AP (12%) than
in the normal population (2.4%), regardless of etiology,
suggesting that this mutation lowers the threshold for
the development of AP. We speculated that such genetic
traits might lower the threshold for AP caused by other
factors, such as drugs.
Lastly, it is important to be aware of subgroups of
patients, such as the elderly and children, who have a
different spectrum of etiological factors, such as drugs,
infections, trauma, anatomical abnormalities and
[1]
secondary to Ascaris in the pancreatic duct .

alcohol remain the main causes of AP in about 60% of
Norwegian patients, and these frequencies remained
unchanged despite more detailed medical history and
radiological investigations conducted in the prospective
sample compared with the retrospective group. Drugs
associated with AP used widely; however, a definite
cause is difficult to prove in most cases. Therefore,
we recommend meticulous assessment of the patient
using detailed medical history and radiological
investigation to establish the etiology.
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Abstract
AIM: To investigate the specific carbohydrate diet (SCD)
as nutritional therapy for maintenance of remission in
pediatric Crohn’s disease (CD).
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Review Board and all data was obtained from internal records
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METHODS: Retrospective chart review was conducted
in 11 pediatric patients with CD who initiated the SCD
as therapy at time of diagnosis or flare. Two groups
defined as SCD simple (diet alone, antibiotics or 5-ASA)
or SCD with immunomodulators (corticosteroids and/or
stable thiopurine dosing) were followed for one year
and compared on disease characteristics, laboratory
values and anthropometrics.
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
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RESULTS: The mean age at start of the SCD was 11.8
± 3.0 years (range 6.6-17.6 years) with five patients
starting the SCD within 5 wk of diagnosis. Three patients
maintained a strict SCD diet for the study period and
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the mean time for liberalization was 7.7 ± 4.0 mo
(range 1-12) for the remaining patients. In both groups,
hematocrit, albumin and ESR values improved while
on strict SCD and appeared stable after liberalization
(p -value 0.006, 0.002, 0.002 respectively). The majority
of children gained in weight and height percentile
while on strict SCD, with small loss in weight percentile
documented with liberalization.

nasogastric tube or change the social dynamic around
[12]
meals, and long term adherence may be difficult .
Diets with limited ingredients such as the specific
carbohydrate diet (SCD) may be more accepted and
easier to follow for patients and their families.
The SCD was introduced by Haas in the 1920s as
a therapy for celiac disease and was popularized by
Gottschall, a biochemist and mother of a patient with
ulcerative colitis in the late 1980s as a therapy for
[13,14]
various intestinal disorders
. The basic premise of
SCD is restriction to simple carbohydrates found in
fruits, honey, yogurt, vegetables and nuts. No grains
or starches including wheat, rice, corn or potatoes
are permitted. The diet postulates that undigested
complex carbohydrates are malabsorbed and then
fermented in the colon, producing acid and inflam
matory byproducts, which worsen diarrhea and lead
to bacterial overgrowth. The SCD allows proteins
such as meat, poultry, fish and lactose free natural
cheeses. Processed meats and other dairy products are
not permitted. Fresh fruits and vegetables and some
legumes, such as specific soaked beans and lentils,
are encouraged. There is a focus on food quality and
elimination of processed foods, specifically sucrose. The
multi-factorial challenges of adhering to and remaining
“legal” on the SCD can not be understated, and include
limited availability of legal ready-to-eat foods and
the demands of home food preparation. Given these
challenges, concerns regarding patient adherence have
been raised, which parallel questions about long term
[15,16]
enteral nutrition use
.
A recent case series of seven children with CD on
the SCD without immunosuppressive medications
demonstrated symptom improvement via pediatric
CD activity index after three months and significant
improvement of serum albumin, CRP, hematocrit (HCT)
and stool calprotectin over a long follow-up period
[17]
(average 14.6 +/- 10.8 mo) . A second prospective
report of nine pediatric patients with active CD on
the SCD demonstrated significantly improved disease
index scores over the initial 12 wk. Improvement was
sustained in 7 children who completed 52 wk on the
diet, including mucosal healing documented in two
patients by capsule endoscopy. No changes or addition
[18]
of medications occurred during the study period .
There are limited case reports of other diets with
varied carbohydrate restrictions in patients with CD
[19-21]
with positive outcomes
. Other diets restricting
refined sugar and modified fiber intake have shown
[22,23]
mixed results
.
Of all these restricted carbohydrate diets, the SCD
is the most restrictive and thus, difficult to maintain
long term even when a distinct positive response is
observed while following the diet strictly. Studies have
shown that partial enteral nutrition at greater than
50% of caloric intake may be effective maintenance
[11]
therapy in CD . There is rationale that over time
allowing a small amount of illegal foods or ingredients
on the SCD may not alter the potential therapeutic

CONCLUSION: Disease control may be attainable with
the SCD in pediatric CD. Further studies are needed
to assess adherence, impact on mucosal healing and
growth.
Key words: Specific carbohydrate diet; Crohn’s disease;
Pediatrics; Nutrition therapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Enteral nutrition is effective for both induction
and maintenance therapy for pediatric Crohn’s disease
(CD), but adherence to a formula-based diet can be
challenging. The specific carbohydrate diet (SCD) may
offer a real-food nutritional therapy. Mild liberalization
after response to a strict diet has not been described and
may improve adherence while maintaining therapeutic
effect. Laboratory parameters improved when following
a strict SCD and were stable after liberalization. Despite
this restrictive diet, growth was supported. The SCD may
offer an alternative or adjunct to traditional medication
therapy for pediatric CD.
Burgis JC, Nguyen K, Park KT, Cox K. Response to strict and
liberalized specific carbohydrate diet in pediatric Crohn’s disease.
World J Gastroenterol 2016; 22(6): 2111-2117 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i6/2111.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i6.2111

INTRODUCTION
The western lifestyle and a diet high in refined sugars
and processed foods have been implicated to induce an
abnormal immunological response in the digestive tract
and potentially contribute to the increased incidence
of inflammatory bowel disease (IBD) over the last
[1-3]
60 years . Diets high in fruits, vegetables and fiber
have shown in some studies to be protective against
[4,5]
the risk of developing IBD . Proposed mechanisms
of how nutrition impacts intestinal inflammation
include modifying the intestinal microbiota, generating
an immune response to dietary antigen exposure and
[6-8]
alteration in inflammatory cytokine profiles .
Manipulation of nutrition creates a therapeutic
opportunity in IBD. Enteral nutrition using formula as
therapy has clear efficacy for inducing remission in
[9-11]
pediatric Crohn’s disease (CD)
. However, formulabased diets carry a risk of taste fatigue, may require a
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Table 1 Diagnostic and treatment characteristics of patients
Gender

Age at
Prior treatment
diagnosis (yr)

Disease length
(mo)

Concurrent
treatment

Time liberalized Follow-up (mo)
(mo)

Added food

SCD Simple
F

11.9

None

0

None

5.2

8.2

M
M
M

11
6.5
17

None
None
Antibiotic
5ASA
Antibiotic

1.2
1.2
7.2

None
None
5ASA1

9.5
Strict
Strict

15.1
9.0
14.2

Wheat daily, then corn, yeast,
potatoes
Illegal meal on major holidays
Strict
Strict

6.6

None2

10

12.4

Illegal meal per week

None

0

Prednisone × 6 wk

8.8

Rice daily, "rare" corn + Illegal
meal per month
Illegal meal per week + rare illegal
snacks
Illegal snacks daily then daily
potatoes
Daily rice + Illegal meal per
month
Illegal meal every 2 wk
Strict

F
7.7
SCD with Immunomodulators
M
11.8

2.5

M

14.4

None

1.2

Prednisone × 4 wk

12

13.7

M

12.2

Budesonide

3.0

Budesonide × 4 wk

14

17.5

F

12.2

6MP

21.6

5

9.9

M
M

10.5
6.3

5ASA, 6MP
5ASA, 6MP

15.6
39.6

Prednisone × 4 wk,
6MP
5ASA, 6MP
5ASA, 6MP

3
Strict

9.5
12.1

1

Antibiotic course for fistula with seton in place; 2Antibiotic taper for Clostridium difficile infection.

effect. Liberalization represents a real-world application
of the SCD to facilitate longer adherence and possibly
broader use.
No studies to date have evaluated the impact of
mild liberalization from a strict SCD on disease control
and growth parameters. We completed a retrospective
chart review of pediatric patients with CD on the SCD
to help evaluate clinical response while on a strict and
on a liberalized SCD.

Patients followed the diet strictly for various time
periods, and the SCD was liberalized by patients
based on personal preference. Time at liberalization
was defined as any significant variance from the SCD
including one illegal meal more than once every month
or the addition of an illegal ingredient on a regular
basis. End of follow-up was defined as clinic visit or
laboratory testing at approximately 12 mo while still
using the SCD as primary therapy, whether strict or
liberalized.
Descriptive statistics including mean, SD and range
are reported for patient characteristics. Wilcoxon rank
sum tests were used to compare laboratory values.
Visual representation of median, quartiles and 95%CI
are given in Figures 1-3. Test of statistical inference
was deferred for weight and height due to the
nature of covariance with patient age. The statistical
methods of this study were reviewed by KT Park,
MD from Stanford University. Technical appendix,
statistical code, and dataset are available from the
corresponding author. This study was reviewed and
approved by the Stanford University Human Subjects
Research Institutional Review Board. As a retrospective
review, a waiver of consent was granted for all study
participants. Technical appendix, statistical code, and
dataset are available from the corresponding author at
jburgis@stanford.edu. A waiver of consent was granted
for this study; the presented data are anonymized and
the risk of identification is low. This retrospective chart
review served as a pilot study to NCT01749813 which
is registered as a clinical trial. There are no conflicts of
interest to disclose. No animal studies were conducted.
Funding provided by private donation from George
Serrurier through the Lucile Packard Foundation for
Children’s Health.

MATERIALS AND METHODS
Retrospective chart review was conducted of
pediatric patients with CD followed in the pediatric
gastroenterology practice at Lucile Packard Children’s
Hospital between 2003 and 2012. These patients were
diagnosed with CD based on standard criteria including
symptomatology, laboratory values, radiologic studies
and endoscopy with pathologic confirmation. These
patients chose to follow the SCD as primary therapy
on their own accord. The SCD was started at the time
of diagnosis or at the time of a disease flare. Some
patients added the SCD to their medication therapy.
Data including age at diagnosis, disease location,
medication use, dietary adherence, anthropometrics,
and laboratory and imaging findings were extracted
from the medical record (Table 1). Patients were
stratified into two groups defined by overall treatment
approach for induction and maintenance therapy
including: SCD alone or in combination with only 5ASA
or antibiotics vs SCD in combination with immuno
modulating medications including corticosteroids
or thiopurines. Corticosteroids were tapered over a
maximum 6 wk time period and thiopurine dose was
stable.
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Figure 3 Change in erythrocyte sedimentation rate on the specific
carbohydrate diet. SCD: Specific carbohydrate diet.

used the SCD alone without other medications; one
patient completed an 8 wk vancomycin taper due to
concurrent Clostridium difficile infection; one patient
continued a 5-aminosalicylic acid and antibiotics for a
fistula with seton in place (Ciprofloxacin for 4 wk and
vancomycin for 12 wk). Of the six patients in the SCD
with immunomodulator group, three patients started
the SCD with a brief (4-6 wk course of corticosteroids)
and one patient weaned off budesonide after 4 wk.
Three patients in this group were on a stable dose of
6-mercaptopurine and continued 5-aminosalicylic acid.
No patients were on biologics. No new medications
were started during the study period (Table 1).

5.0

Albumin (g/dL)

4.5
4.0
3.5
3.0
2.5

Start

Liberalize
SCD simple

1 yr

Start
Liberalize
1 yr
SCD with immunomodulators

Liberalization

Stages of diet

Three patients maintained a strict SCD diet for mean
11.8 ± 2.1 mo (range 9-14.2). The remainder of
patients liberalized their diet at various times. The
mean time for liberalization was 7.7 ± 4.0 mo (range
1-12). End of follow-up for all patients occurred at a
mean 11.9 ± 3.0 mo (range 8.2-17.5) after starting
SCD. For patients who liberalized, mean follow-up time
on a liberalized diet was 4.2 ± 1.7 mo (range 1.7-6.5).
Half of the patients added an illegal ingredient to their
daily diet and the other patients added illegal meals or
snacks at varying frequency, some as often as daily.

Figure 2 Change in albumin on the specific carbohydrate diet. SCD:
Specific carbohydrate diet.

RESULTS
Patient characteristics

There were 11 patients who met eligibility criteria and
underwent detailed medical record review including
eight males and three females. One patient had
isolated colonic disease and the remainder had small
bowel and colonic disease at diagnosis. Including
pathologic descriptions of gastritis, five patients had
upper gastrointestinal tract involvement at diagnosis.
Three patients had history of perianal disease; one
with rectal fissures, one with fistula with seton in
place, and another with history of perirectal abscess.
The mean age at diagnosis of CD was 11.0 ± 3.2 years
(range 6.3-17 years) and mean age at start of the
SCD 11.8 ± 3.0 years (range 6.6-17.6 years). Mean
duration of disease until initiation of the SCD 8.8 ±
11.8 mo (range 0-44.4 mo) with five patients starting
the SCD within 5 wk of diagnosis (Table 1).
Of five patients in the simple SCD group, three
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Start
Liberalize
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SCD with immunomodulators

Stages of diet

Figure 1 Change in hematocrit on the specific carbohydrate diet. SCD:
Specific carbohydrate diet.

2.0

1 yr

Changes in laboratory values

HCT values improved significantly while on a strict SCD
for all patients (mean at start of SCD 35.6% vs mean
at liberalization 39.7%, p-value 0.006). Improvement
was similar between the simple SCD group and the
SCD with immunomodulator group (p-value 0.855).
After liberalization, HCT values appear to remain stable
(Figure 1). The box plots for all figures are defined
st
rd
by 1 and 3 quartile with median as middle line
and error bars defined by minimum and maximum
values. Significant improvement in albumin levels
also occurred between start of SCD and time of
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A

all by one patient. Among all patients, only one had
th
weight and height below the 10 percentile while on
SCD, and she was using the SCD alone without other
medications.

1.00

Height percentile

0.80
0.60

DISCUSSION

0.40

Despite preliminary data from two case series on the
effectiveness of the SCD in pediatric patients with CD,
it is currently unknown whether mild liberalization after
initial response to a strict SCD could be detrimental.
Building on the benefit of enteral nutrition in pediatric
patients with CD, the SCD - even with mild liberalization
- may offer a more sustainable real food therapeutic
intervention. With the prospect of life-long medication
therapy with intimidating side effect profiles, this
nutritional therapy - even if difficult and restrictive - fills
a need for patients and families willing to embrace the
challenge.
Our retrospective study demonstrates improve
ments in anemia, albumin and inflammatory markers
for patients in both cohorts when following a strict
SCD. The majority of patients also demonstrated gains
in both weight and height percentiles while on strict
diet. After mild liberalization, most of these clinical
laboratory changes were maintained for the followup period. Over time with liberalization, growth was
relatively stable with a small mean decline in weight
percentile and increased height percentile for most
patients. A more thorough assessment of remission
on the SCD, whether strict or liberalized, by disease
index scores or measures of mucosal healing was not
possible in this series due to the retrospective nature
and varied provider practice. Evaluation at specific
time points appeared to be limited by patients in this
cohort as many had infrequent clinic visits and wanted
to minimize surveillance, even blood draws.
Appropriate nutritional surveillance is paramount
when dietary therapy is undertaken for CD, and
adequate provision of calories is an obvious concern
for a disease process inherent with inflammation,
[24]
malabsorption and growth failure . As a retrospective
review, we were unable to directly assess calorie
provision, but an improved or stable weight and height
percentile for most patients is a highlight of our study.
Longer term follow-up would be needed to assess
improvements in weight and height velocity over time.
Close follow-up and detailed dietary logs reviewed by
a registered dietician would be necessary to monitor
caloric intake and macro and micronutrient needs for
patients on dietary therapy in a more comprehensive
prospective study.
Anecdotally, our patients are attracted to the
SCD vs enteral nutrition as it offers an opportunity
to eat conventional palatable foods as their main
caloric source, avoidance of tube feedings and a less
disruptive social dynamic around meals. Adolescents
face additional challenges as they gain independence
in preparing meals, encounter peer pressure and

0.20
0.00

Start

Liberalize

1 yr

Stages of diet
SCD simple

B

SCD with immunomodulators

1.00

Weight percentile

0.80
0.60
0.40
0.20
0.00

Start

Liberalize

1 yr

Stages of diet

Figure 4 Change in height (A) and weight (B) on the specific carbohydrate
diet. SCD: Specific carbohydrate diet.

liberalization (3.4 g/dL vs 4.2 g/dL respectively, p-value
0.002). There was a larger change in albumin in the
SCD with immumodulator group compared to the
SCD simple group (0.9 g/dL vs 0.6 g/dL, respectively,
p-value < 0.001). One patient in the SCD simple group
had an albumin level of 3.8 g/dL after liberalization,
which was stable. Albumin appeared to show a small
drop in SCD with immunomodulator group after
liberalization (Figure 2). Inflammation as measured
by erythrocyte sedimentation rate (ESR) significantly
decreased in all patients while on strict SCD (mean
at start of SCD 26.5 mm/h vs mean at liberalization
8.27 mm/h, p-value 0.002). There was no significant
difference in the change in ESR between the SCD
simple and SCD with immunomodulator groups
(p-value 0.14). ESR appeared relatively stable after
liberalization for both groups (Figure 3).

Changes in anthropometrics and other metrics

Ten (90%) children gained in weight percentile while
following a strict SCD diet (Figure 4A Height percentilefor-age and 4B Weight percentile-for-age). Nine (82%)
patients had stable or increased height percentiles
on a strict SCD. In the eight children who liberalized,
weight loss was seen in 50% with a mean decrease
of less than 1 percentile. Height percentiles during
liberalization increased by 1 percentile or more in
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Innovations and breakthroughs

consume more meals outside the home. Selfmanagement, patient activation and adherence to
[25]
therapy for IBD will continue to be a goal . We have
seen improved acceptance among children whose
parents have proficient cooking skills and dedicated
time in the kitchen. Success has also been tied to
social networks and connections with other families
on the SCD for additional support and resources.
Practical concerns have been raised in the literature
about the SCD such as financial burdens on the
family, long term adherence, physician knowledge of
and comfort with patients and families who want to
[16,26]
avoid standard medication therapy
. These again
are similar barriers and issues reported by pediatric
gastroenterologists with the use of enteral nutrition
[15]
as primary therapy for CD . Use of complementary
therapies in children with IBD is frequent practice,
and nutritional supplements and vitamins are com
[27-29]
monly used
. Many patients and families facing
this challenging diagnosis are motivated to find
an alternative approach, and dietary therapies are
frequently sought out. Provider awareness is para
mount to maintain a therapeutic alliance with the
patient and offer appropriate clinical monitoring.
Overall, limited research exists on the use of
the SCD as monotherapy or adjuvant to enteral or
medication therapy. Our retrospective review provides
additional support for the SCD to control inflammation
as demonstrated by improvements in anemia, albumin
and inflammatory markers and supporting stable
growth parameters. To help understand its’ possible
therapeutic mechanism, we are currently completing a
prospective pilot study of pediatric patients with CD on
the SCD investigating the impact on disease activity,
inflammatory markers including fecal calprotectin,
cytokine profiles and intestinal microbiota populations.

In this study, a strict SCD was effective to improve laboratory values and
maintain growth parameters in pediatric patients with CD. These results are
similar to limited prior studies. Our study also demonstrated the feasibility of
strict adherence to the SCD for a mean of 7.7 ± 4.0 mo, much longer than
standard EN regimens of 8-12 wk. In addition, patient laboratory values and
growth parameters were stable despite mild diet liberalization.

Applications

This study demonstrates that the SCD offers therapeutic benefit as a nutritional
modification to control inflammation in pediatric CD. Mild liberalization of the
SCD, after a period of strict adherence, may provide an option for maintenance
therapy which can promote long term adherence. More research is needed
to help understand how restricted carbohydrate content can impact disease
activity.

Terminology

CD is a chronic inflammatory condition of the gastrointestinal tract with a
relapsing and remitting course. EN: Enteral nutrition refers to a diet restricted
to a nutrient rich liquid formula. SCD: SCD avoids complex carbohydrates,
excluding grains and most dairy products, focusing on meats, fruits, fresh fruits,
vegetables, oils, nuts and honey.

Peer-review

The authors aim to investigate the SCD as nutritional therapy for maintenance
of remission in pediatric CD. This is a quite non-complicated study using
retrospective chart review. The authors studied 11 pediatric patients with
CD who initiated the SCD as therapy at time of diagnosis or flare. Two
groups defined as SCD simple (diet alone, antibiotics or 5-ASA) or SCD with
immunomodulators (corticosteroids and/or stable thiopurine dosing) were
followed for one year and compared on disease characteristics, laboratory
values and anthropometrics. Conclusions of the authors are that disease control
may be attainable with the SCD in pediatric CD. Enteral nutrition is indeed
effective for both induction and maintenance therapy for pediatric CD.
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AIM: To examine healthcare resource utilization
patterns and costs accrued by carcinoid syndrome (CS)
patients with and without diarrhea.
METHODS: We conducted a retrospective cohort study
®
using MarketScan data from 1/1/2002-12/31/2012.
Newly diagnosed CS patients had 1 medical claim for
CS (ICD-9-CM code 259.2) plus either ≥ 1 additional
claim for CS or for carcinoid tumors (ICD-9-CM 209.
x), and had no evidence of CS for 1 year prior to index
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CS diagnosis, in commercially-insured patients < 65
years old. Patients were required to have continuous
enrollment one year prior and after index date (first
claim with CS diagnosis in the ID period). We identified
patients with evidence of non-infectious diarrhea (ICD9-CM codes 564.5 and 787.91) within one year from the
index date. Overall and CS-related healthcare resource
utilization and costs were compared between patients
with and without non-infectious diarrhea during the
one year period after the index date.

MP. Healthcare and economic impact of diarrhea in patients
with carcinoid syndrome. World J Gastroenterol 2016;
22(6): 2118-2125 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i6/2118.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.2118

INTRODUCTION
Neuroendocrine tumors (NETs), historically known as
carcinoids, are rare lesions that originate in clusters of
secretory cells in the gastrointestinal, respiratory, and
[1]
urogenital tracts and are typically indolent in nature .
These neoplasms produce peptides and neuroamines
that induce characteristic hormonal syndromes,
[2,3]
including carcinoid syndrome (CS) . NETs comprised
0.66% of malignancies in the United States from
[1]
1973 to 2004 . An analysis of the Surveillance,
Epidemiology, and End Results (SEER) database found
that the incidence of NETs has increased from 1.09
per 100000 individuals in 1973 to 5.25 per 100000 in
2004, with a prevalence of NETs in the United States
[4]
may exceed 100000 .
[5,6]
The classic description of CS by Oberndofer
in 1907 included the triad of diarrhea, flushing, and
bronchospasm. In a prospective single-institution
database of over 900 patients with NETs, Ter-Minassian
[7]
et al found that diarrhea, abdominal pain, and
flushing were the most common presenting symptoms.
Of the myriad of symptoms that afflict patients with
CS, diarrhea appears to have a particularly profound
impact on patients’ sense of well-being. Based on
surveys using the RAND version of the Short Form-36
(SF-36) and the Patient-Reported Outcomes Measure
ment Information System (PROMIS-29), patients with
CS experience worse quality of life (QOL) compared
to the general population and to other cancer patients
and survivors. Those with uncontrolled diarrhea have
[8]
reported even poorer QOL .
The healthcare and economic burden of diarrhea
in CS patients has not been previously quantified. The
goal of the current study was to examine healthcare
resource utilization (HRU) patterns and healthcare
costs accrued by CS patients with and without diarrhea
in an insured United States population.

RESULTS: There were 2822 newly diagnosed CS
patients; 534 (18.9%) had evidence of non-infectious
diarrhea. Compared to patients without non-infectious
diarrhea, non-infectious diarrhea patients more
commonly had at ≥ 1 CS-related hospitalization
(13.7% vs 7.2%), ≥ 1 CS-related ED visit (11.0% vs
4.4%), and CS-related office visits in one year (6.9 vs
4.1; all p < 0.001). After adjusting for demographics,
region, number of chronic conditions and the Charlson
Comorbidity Index, the proportions of patients with
any and with CS-related hospitalizations were 9.7%
and 6.8% higher, respectively, among non-infectious
diarrhea patients compared to those with without noninfectious diarrhea (p < 0.001). Unadjusted costs were
significantly higher among non-infectious diarrhea
patients vs those without non-infectious diarrhea. The
non-infectious diarrhea group was also more costly,
with adjusted mean annual costs of $81610, compared
to $51719 in the group without non-infectious diarrhea
(p < 0.001).
CONCLUSION: Diarrhea is burdensome and costly
in CS patients. Reduction of CS-related healthcare
expenditures may be achievable through preventive
treatment and appropriate management of diarrhea in
CS.
Key words: Carcinoid; Neuroendocrine tumor; Diarrhea;
Cost; Healthcare resource utilization
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Healthcare resource utilization patterns and
costs accrued by carcinoid syndrome (CS) patients with
and without diarrhea have not been well described.
We examined newly diagnosed CS patients using
®
MarketScan commercial claims data from 2003-2012
and found that non-infectious diarrhea (NID) is
particularly burdensome and costly in CS patients.
The adjusted proportions of patients with any and
with CS-related hospitalizations were 9.7% and 6.8%
higher in patients with NID than in those with no NID,
respectively (p < 0.001). The NID group was also
significantly more costly, with adjusted mean annual
healthcare costs of $81610, compared to $51719 in the
no NID group (p < 0.001).

MATERIALS AND METHODS
Data source

We conducted a cross-sectional, retrospective cohort
study of newly diagnosed patients with CS using the
®
Truven Health Analytics MarketScan Database, using
data between January 1, 2002 and December 31,
2012. In 2007, this claims database contained data for
approximately 23 million employer-insured beneficiaries
in the United States. The database includes patientlevel medical and pharmacy claims submitted by large
employers, managed care organizations, hospitals,
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and Medicare and Medicaid programs. It contains
longitudinal records of reimbursable services by
insurance, including medical claims (hospital stays,
outpatient visits, emergency department visits, home
care services, laboratory and imaging services) and
pharmacy claims (outpatient prescription drug claims).
Claims include information on each physician visit,
medical procedure, hospitalization, drugs dispensed,
dates of service, number of days of medication
supplied, test performed, and complete payment
information. Each medical claim has a principal
diagnosis and secondary diagnoses codes associated
with it. Available patient demographic information
includes age, gender, and geographic region. The
database also includes enrollment information such as
date of enrollment and disenrollment. The database is
fully compliant with the Health Insurance Portability and
Accountability Act (HIPAA) and meets the criteria for
a limited-use dataset. Since the patient and provider
data included in this analysis were fully de-identified,
this study was considered exempt from approval by the
Institutional Review Board.

the Charlson Comorbidity Index by examining the
ICD-9-CM diagnostic codes appearing in medical
[10]
claims within one-year prior to the index date .
The Charlson Comorbidity Index is calculated using
weights for comorbidities derived from medical claims
through a validated prediction formula for 1-year
mortality. Second, the number of chronic conditions
experienced by each patient within one-year prior to
the index date was calculated using the Healthcare
Cost and Utilization Project Chronic Condition Indicator
[9,11]
(CCI)
. The CCI is a validated index which captures
chronic conditions that last at least one year, and place
limitations on self-care, independent living, and social
interactions, or require ongoing medical care or special
equipment.
HRU, including hospitalizations, emergency
department (ED) visits, and physician office visits, was
identified in medical claims during the study period.
We examined the overall annual HRU related to any
diagnosis occurring in the same period. In addition, we
identified HRU related to CS based on claims with a
primary diagnosis associated with carcinoid syndrome,
CS-related symptoms, or carcinoid tumor progression.
CS-related symptoms were identified with claims for
non-infectious diarrhea (564.5, 787.91), nausea/
vomiting (787.0x), flushing (782.62), asthma (493.
x), dyspnea/wheezing (786.0x), cardiac palpitations
(785.1), hypotension (458.0x), asthenia/fatigue
(728.87, 780.71, 780.79), and dizziness (780.4).
Carcinoid tumor progression was identified with claims
for intestinal obstruction (560.0, 560.2, 560.9).
Cumulative annual healthcare costs were summed
up for each patient from the index date. Costs were
reported as total costs. In addition, we disaggregated
the costs into medical costs (defined as costs related
to medical claims), pharmacy costs (defined as related
to pharmacy claims), inpatient hospitalization costs,
ED visit costs, and outpatient (non-ED) costs.

Cohort selection

The study cohort comprised newly diagnosed patients
with CS. Patients with a diagnosis of CS were identified
if they had a medical claim for CS [International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) code 259.2] between January
1, 2003 and December 31, 2011 [the identification
[9]
(ID) period] . A single diagnosis code in claims may
represent services provided to rule out a diagnosis.
To increase the specificity of our cohort selection
algorithm, we further required that eligible patients
have either at least one additional claim for (1) CS;
or (2) carcinoid tumors (ICD-9-CM 209.x), in any
diagnostic field during the ID period. The date of the
first claim with a diagnosis code for CS in the ID period
was defined as the index date. To ensure the study
population only included newly diagnosed cases of
CS, patients were required to have no claims with a
diagnosis code for CS during the year prior to the index
date (disease-free period). All patients were followed
for one year after the index date (study period).
Patients were excluded if they were not continuously
enrolled both during the disease-free period and for
one year following the index date.

Analyses

Descriptive statistics were conducted for all study
measures. We reported means and SDs for continuous
variables, and patient counts and percentages for
categorical variables. To compare differences between
groups with and without non-infectious diarrhea,
χ 2 tests or t-tests were used for categorical and
continuous variables, respectively. Our three key
outcomes of interest were overall and CS-related
hospitalizations, and total healthcare costs. We
conducted multivariate analyses to compare the risk
of overall and CS-related hospitalizations, and total
healthcare costs between patients with and without
non-infectious diarrhea. To model number of inpatient
hospitalizations and number of ED visits, we used
negative binomial models. All models were adjusted
for age, gender, CCI, Charlson comorbidity index, and
census region.
Costs were adjusted to 2012 United States dollars
(the latest year of data in the study database) using

Study measures

Among all identified newly diagnosed CS patients,
we identified patients with at least one claim for
non-infectious diarrhea (ICD-9-CM codes 564.5 and
787.91) in any diagnosis field. We grouped CS patients
according to whether or not they had experienced noninfectious diarrhea.
Patient demographic characteristics (age, gender,
United States census region) were derived from the
enrollment files. Baseline measures of disease burden
were also included in the analysis. First, we calculated
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Table 1 Baseline characteristics of patients with carcinoid
syndrome, stratified by evidence of non-infectious diarrhea

12279 Patients with at least one
medical claim with diagnosis
for carcinoid syndrome in
2003-2011
5026 Patients had no additional
medical claim with diagnosis for
carcinoid syndrome or carcinoid
tumor

Age, yr
Charlson
comorbidity
index
No. of chronic
conditions
Age group, yr
≤ 17
18-24
25-34
35-44
45-54
55-64
Sex
Female
Region
North Central
Northeast
South
West

7253 Eligible for inclusion

262 Patients were not newly
diagnosed with carcinoid
syndrome

6991 Eligible for inclusion

4169 Patients were not
continuously enrolled starting
from 1 yr pre-index date to 1 yr
1
after the index date

Study Cohort (n = 2822)

Without noninfectious
diarrhea

All newly
diagnosed CS
patients

n = 534

n = 2288

n = 2822

51.3 ± 9.9
3.7 ± 3.9

51.6 ± 10.1
3.6 ± 3.8

51.5 ± 10.1
3.6 ± 3.8

4.0 ± 2.4

3.4 ± 2.0

3.5 ± 2.1

1 (0.2)
8 (1.5)
33 (6.2)
80 (15.0)
157 (29.4)
255 (47.8)

22 (1.0)
30 (1.3)
114 (5.0)
279 (12.2)
752 (32.9)
1091 (47.7)

23 (0.8)
38 (1.3)
147 (5.2)
359 (12.7)
909 (32.2)
1346 (47.7)

333 (62.4)

1273 (55.6)

1606 (56.9)

134 (25.1)
86 (16.1)
224 (41.9)
90 (16.9)

563 (24.6)
358 (15.6)
989 (43.2)
378 (16.5)

697 (24.7)
444 (15.7)
1213 (43.0)
468 (16.6)

P value

0.639
0.643

< 0.001
0.120

0.005
0.961

Data are expressed as absolute numbers (percentage) or mean ± SD. CS:
Carcinoid syndrome.

Figure 1 Flow diagram of study cohort. 1The first claim with a diagnosis
code for carcinoid syndrome during 2003-2011 was defined as the index date.

Of the total study cohort, 534 patients (18.9%) had at
least one claim associated with non-infectious diarrhea.
There were no significant differences between those
with non-infectious diarrhea and those without when
considering age, geographic region and Charlson
Comorbidity Index. A significantly higher number of
chronic conditions was observed among those with
diarrhea compared to those without (4.0 vs 3.4, p <
0.001). Additionally, a higher percentage of patients
with diarrhea were female compared to those without
(62.4% vs 55.6%, p = 0.005) (Table 1).

the medical care components of the Consumer Price
Index. All reported P values are two-sided with a
significance level of 0.05. To compare costs between
patients with and without non-infectious diarrhea,
we used multivariate analyses to adjust for baseline
characteristics, including age, gender, region, number
of chronic conditions and the Charlson Comorbidity
Index. We used linear regression models to estimate
overall healthcare costs, pharmacy costs, nonpharmacy costs, outpatient non-ED costs, and number
of office visits, and logistic regression models for
risk of inpatient hospitalization and ED visits. As the
majority patients had no hospitalization or ED visit, we
used a 2-step approach to estimate adjusted inpatient
and ED costs. We first conducted logistic regression
models to estimate the risk of an event then used
linear regression to estimate the adjusted costs among
patients who had such event. Data transformations
®
and statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC).

Unadjusted healthcare resource utilization and costs

CS patients with diarrhea had significantly higher rates
of unadjusted healthcare resource utilization compared
to patients without diarrhea (Table 2). In comparison
to those without diarrhea, those with diarrhea more
commonly had at least one hospitalization (49.6%
vs 39.6%, p < 0.001), at least one ED visit for any
cause (37.6% vs 20.9%, p < 0.001), as well as more
all-cause office visits in one year (25.5 vs 18.7, p
< 0.001). Moreover, the mean duration of all-cause
hospitalization among patients with diarrhea was
longer than in those without diarrhea (11.6 d vs 8.0 d,
p < 0.001).
Similar trends were observed in unadjusted CSrelated healthcare resource utilization. Compared to
patients without diarrhea, patients with diarrhea more
commonly had at least one CS-related hospitalization
(13.7% vs 7.2%, p < 0.001), at least one CSrelated ED visit (11.0% vs 4.4%, p < 0.001), as well

RESULTS
Baseline characteristics

The overall study cohort included 2822 patients newly
diagnosed with CS (Figure 1). Mean age among
patients was 51.5 years, 56.9% were women and
43.0% lived in the southern United States. Patients
had a mean Charlson Comorbidity Index of 3.6 and
were diagnosed with a mean 3.5 chronic conditions.
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Table 2 Annual unadjusted healthcare utilization and costs in patients with carcinoid syndrome, stratified by evidence of noninfectious diarrhea
P value

With non-infectious diarrhea

Without non-infectious diarrhea

n = 534

n = 2288

265 (49.6)
11.6 ± 13.4
201 (37.6)
25.5 ± 18.4

907 (39.6)
8.0 ± 9.2
479 (20.9)
18.7 ± 15.8

< 0.001
< 0.001
< 0.001
< 0.001

73 (13.7)
7.4 ± 7.1
59 (11.0)
6.9 ± 7.8

165 (7.2)
5.5 ± 3.6
101 (4.4)
4.1 ± 6.1

< 0.001
0.029
< 0.001
< 0.001

82032 ± 90181.7
74654 ± 86742.3
7378 ± 13949.8

51621 ± 63890.8
47083 ± 61214.0
4538 ± 10314.2

< 0.001
< 0.001
< 0.001

Overall healthcare utilization
Patients with hospitalizations
Average LOS among hospitalized patients (d)
Patients with ED visits
Outpatient physician visits
CS-related utilization1
Patients with hospitalizations
Average LOS among hospitalized patients (d)
Patients with ED visits
Outpatient physician visits
Healthcare costs (USD)
Total costs
Total medical costs
Total pharmacy costs
1

Claims with primary diagnosis of CS, CS-related syndrome, or carcinoid tumor progression. Data are expressed as absolute numbers (percentage) or mean
± SD. All costs were adjusted to 2012 United States dollars using the medical care components of the Consumer Price Index. CS: Carcinoid syndrome; ED:
Emergency department; LOS: Length of stay.

Table 3 Multivariate analyses of annual overall and carcinoid syndrome-related hospitalization and total costs
Any hospitalization

1

Total costs

P value

OR (95%CI)

P value

0.84 (0.35-2.02)
1.33 (0.69-2.57)
0.93 (0.65-1.33)
0.97 (0.76-1.23)
0.93 (0.78-1.11)

0.702
0.389
0.687
0.785
0.412

2.38 (0.78-7.22)
0.81 (0.24-2.70)
0.52 (0.25-1.10)
0.80 (0.52-1.24)
0.85 (0.63-1.16)

0.127
0.726
0.087
0.314
0.307

$-8004 (13971.7)
$-8328 (10946.6)
$-10875 (5867.4)
$-5474 (3993.0)
$-2433 (2855.8)

0.567
0.447
0.064
0.171
0.394

0.88 (0.75-1.02)

0.093

0.89 (0.68-1.17)

0.401

$-7165 (2539.7)

0.005

1.01 (0.79-1.28)
0.91 (0.69-1.19)
1.02 (0.82-1.27)
1.03 (0.99-1.08)
1.02 (1.00-1.04)

0.951
0.477
0.842
0.107
0.099

0.88 (0.58-1.35)
1.18 (0.76-1.85)
0.88 (0.60-1.29)
0.98 (0.91-1.05)
0.99 (0.95-1.03)

0.562
0.458
0.521
0.521
0.658

$-6623 (3954.7)
$-7458 (4393.6)
$-11343 (3601.1)
$1115 (665.6)
$5231 (354.5)

0.094
0.090
0.002
0.094
< 0.001

1.48 (1.22-1.80)

< 0.001

2.12 (1.57-2.86)

< 0.001

$29890 (3204.5)

< 0.001

OR (95%CI)
Age group, yr
≤ 17 vs 55-64
18-24 vs 55-64
25-34 vs 55-64
35-44 vs 55-64
45-54 vs 55-64
Sex
Female vs Male
Region
North Central vs West
Northeast vs West
South vs West
No. of chronic conditions
Charlson comorbidity index
Non-infectious diarrhea
Yes vs No

Any CS-related hospitalization

mean (SE)

P value

1

Claims with primary diagnosis of CS, CS-related syndrome, or carcinoid tumor progression. CS: Carcinoid syndrome.

as more CS-related office visits in one year (6.9 vs
4.1, p < 0.001). The mean duration of CS-related
hospitalization among patients with diarrhea was also
longer than in those without diarrhea (7.4 d vs 5.5 d,
p = 0.029).
Unadjusted healthcare costs - both in total, and
divided into medical and pharmacy costs-were also
significantly higher among patients with diarrhea
compared to those without (Table 2). CS patients
with diarrhea incurred $82032 in annual total costs,
58.9% higher than the $51621 among those without
diarrhea (p < 0.001). In the one-year post index date,
those with diarrhea also had higher medical ($74654
vs $47083, p < 0.001) and pharmacy costs ($7378
vs $4538, p < 0.001) compared to those without
diarrhea. Components of medical cost also differed
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significantly between groups. Inpatient costs were
$27018 in patients with diarrhea compared to $16609
in those without (p < 0.001). Outpatient medical costs
were $46917 vs $30140 (p < 0.001), and ED costs
were $719 vs $334 (p < 0.001) in CS patients with vs
without diarrhea.

Adjusted healthcare resource utilization and costs

After adjusting for age, gender, geographic region,
number of chronic conditions and the Charlson
Comorbidity Index, the differences in our primary
outcomes of interest were still significant in the oneyear post index date. The odds of any hospitalization
were 1.48 (95%CI: 1.22-1.80, p < 0.001) (Table 3)
times greater among those with diarrhea compared to
those without. The adjusted proportion of patients with

2122

February 14, 2016|Volume 22|Issue 6|

Broder MS et al . Economic impact of diarrhea in CS

A

Table 4 Adjusted multivariate analyses of annual overall and
carcinoid syndrome-related hospitalization and total costs
Non-infectious
diarrhea

50.00%

Adjusted proportion Adjusted total
Adjusted
1
cost
of patients with
proportion of
any CS-related
patients with any
1,2
1
hospitalization
hospitalization
% (95%CI)
% (95%CI)
mean (95%CI)

Yes

49.4 (45.1-53.6)

No

39.7 (37.7-41.7)

13.8 (11.1-17.1)
7.0 (6.0-8.2)

60.00%

40.00%

39.70%

30.00%
20.00%

$81610
($75962-$87258)
$51719
($49007-$54432)

13.80%

10.00%
0.00%

1

Adjusted by age, gender, region, number of chronic conditions and the
Charlson Comorbidity Index; 2Claims with primary diagnosis of CS,
CS-related syndrome, or carcinoid tumor progression. CS: Carcinoid
syndrome.

B

$90000
$80000

any hospitalization was 9.7% higher among those with
diarrhea [49.4% (45.1%-53.6%) vs 39.7% (95%CI:
37.7%-41.7%)] (Table 4, Figure 2). Patients with
diarrhea had 24.2 (95%CI: 22.9-25.5) office visits in
the study period compared to 19.0 (95%CI: 18.4-19.7)
in those without (p < 0.001).
The difference in odds was also significantly
greater for CS-related hospitalizations. Those with
diarrhea were at 2.12 (95%CI: 1.57-2.86, p < 0.001)
(Table 3) times greater odds of CS-related hospita
lization compared to those without diarrhea. The
adjusted proportion of patients with any CS-related
hospitalization was 6.8% higher among those with
diarrhea [13.8% (95%CI: 11.1%-17.1%) vs 7.0%
(95%CI: 6.0%-8.2%)] (Table 4, Figure 2).
The adjusted total healthcare costs were signi
ficantly higher, by $29890 (p < 0.001) for those
with diarrhea at $81610 (95%CI: $75962-$87258)
compared to those without diarrhea at $51719
(95%CI: $49007-$54432) (Tables 3 and 4, Figure 2).
Pharmacy costs were $2557 (P < 0.001) more than in
patients without diarrhea. Medical costs were higher
by $27334 (P < 0.001). Medical costs comprised
outpatient visits (cost of which was $16695 higher)
and inpatient hospitalization ($11431 higher) (P =
0.003).

7.00%

Adjusted proportion
of patients with any
hospitalization

Adjusted proportion of
patients with any CSrelated hospitalization
With non-infectious diarrhea

$81610

Without non-infectious diarrhea

$70000
$60000

$51719

$50000
$40000
$30000
$20000
$10000
$0

Adjusted mean total costs

Figure 2 Adjusted proportions of overall and carcinoid syndrome-related
hospitalization and mean total costs. A: Adjusted proportion of patients with
any hospitalization and carcinoid syndrome-related hospitalization by evidence
of non-infectious diarrhea; B: Adjusted mean total annual costs by evidence of
non-infectious diarrhea. Results were adjusted by age, gender, region, number
of chronic conditions and the Charlson Comorbidity Index.

with diarrhea symptoms (p < 0.001). Effective
preventive treatment of diarrhea in patients suffering
from CS would be a reasonable approach to reducing
healthcare resource utilization and costs in this
population.
Our results indicate that diarrhea symptoms are
common in patients with CS. In the present analysis,
we found 18.9% of cases with at least one claim for
the diagnosis of non-infectious diarrhea in the oneyear study period. These findings are comparable to
an analysis of commercially insured patients with NETs
in which 17.6% of patients had symptoms of diarrhea
and up to 72% of patients had CS within the same
[12]
time period . In that analysis the annualized total
healthcare costs for patients with NETs were estimated
[12]
at approximately $106000 (2011 United States $) .
While those cost estimates were not disaggregated by
CS symptoms, both analyses highlight the substantial
economic burden associated with treatment of patients
with CS.
Patients with NETs have significantly higher rates of
mortality and hepatic and gastrointestinal morbidities
compared to patients without NETs or other cancers
[13]
matched by age, sex, and year of diagnosis . They
also have worse health-related QOL than general

DISCUSSION
Beyond its deleterious influence on quality of life, our
results demonstrate that diarrhea in patients with
CS has a significant medical and economic impact.
Our findings suggest that diarrhea associated with
CS accounts for 1.5-fold higher total healthcare
spending and almost a 2-fold higher risk of CS-related
hospitalizations compared to when diarrhea is not
present. The adjusted mean total healthcare costs in
our analysis were $81610 compared $51719 per year
among patients with CS who suffered from diarrhea
compared to those who did not have diarrhea (p <
0.001). The adjusted risk of CS-related hospitalizations
increased from 7.0% among CS patients with no
evidence of diarrhea to 13.8% who were diagnosed
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population controls, with evidence that this is
attributable to symptoms such as diarrhea, fatigue,
[14,15]
[14]
and depression
. Fröjd et al
used the EORTC
QLQ-C30 instrument to demonstrate that diarrhea,
along with fatigue, had particularly prominent adverse
impact on physical, emotional, and social well-being in
a cohort of Swedish patients with NETs.
Chronic secretory diarrhea in patients with NETs
results from imbalances in intestinal absorptive
and secretory processes, leading to dehydration,
renal insufficiency, and various serum electrolyte
[16]
imbalances, and improper digestion of food .
Nutritional deficiencies caused by inadequate digestion
may further exacerbate weight loss and fatigue caused
[16]
by fluid and electrolyte loss . NETs are among eight
different neoplastic diseases known to cause chronic
diarrhea, but because these conditions as a group
comprise less than 1% of all chronic diarrhea, they
are often ignored in the differential diagnosis, which
[17]
may lead to delay in care . Preventive treatment and
management of non-infectious diarrhea in patients
with CS could directly reduce health service use and
cost, and it may also help resolve fatigue and other
secondary consequences of the condition previously
associated with CS. Effective management of diarrhea
also could potentially contribute to a reduction in
emotional distress, which has been shown repeatedly
to be associated with greater resource utilization in
[18-21]
other populations
. The NCCN Clinical Practice
Guidelines in Oncology on NETs recommend the use of
the long-acting somatostatin analogues, octreotide and
lanreotide, should result in improvement of diarrhea
[22]
and flushing symptoms of carcinoid syndrome .
Octreotide LAR dose and frequency may be further
[22]
increased for symptom control as needed .
The results of this study need to be interpreted in
the context of several limitations. First, in our analysis
we attributed all diagnoses of non-infectious diarrhea
to CS. We mitigated the possibility of misdiagnosis
by excluding certain ICD-9-CM codes that were not
clearly indicative of non-infectious diarrhea, such as
gastroenteritis (e.g., 558.9: other and unspecified
noninfectious gastroenteritis and colitis). However,
claims do not attribute diarrhea to a cause, they
merely note the presence of the condition. Some
cases of non-infectious diarrhea could have been from
causes other than CS, resulting in an overestimate
of the presence of CS-related diarrhea. On the
other hand, codes for infectious diarrhea may have
been applied to CS-related diarrhea simply because
clinicians were more familiar with them. Studies of
diarrhea in other conditions have been inconsistent
in the ICD-9-CM codes used for non-infectious
[23-25]
diarrhea
. Nonetheless, our estimate of an 18.9%
annual prevalence of diarrhea was remarkably close
to another published estimate of 17.6% in a cohort of
[12]
NET patients in which the majority had CS (72%) .
Second, we considered HRU to be CS-related if codes
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for a variety of conditions associated with CS were
identified in the primary position on a claim. This may
have overestimated utilization, although limiting the
definition of CS-related to only those claims with CS in
the primary position would have almost certainly have
underestimated utilization (e.g., a patient admitted for
management of intestinal obstruction from a growing
tumor would be likely to have obstruction, rather than
CS, coded as the primary diagnosis). Third, our patient
identification algorithm allowed a relatively long
interval to pass between the first and confirmatory
diagnosis. This decision may have reduced the
specificity of our algorithm, although such reduction
should have affected both groups equally. Fourth, we
adjusted for a variety of potential confounders in our
comparisons, but we did not adjust for pre-diagnosis
health care resource use or cost. We felt that although
prior utilization can predict future utilization, the
patients in this analysis were all newly diagnosed with
CS and thus controlling for pre-diagnosis resource use
would be of limited value. Finally, this study included
only patients with commercial insurance coverage. Our
cohort of incident cases with CS was younger (mean
age: 52 years) than a population-representative
sample of incident NET cases from the Surveillance,
Epidemiology, and End Results (SEER) database (mean
[4]
age: 62 years) . Our results may not be generalizable
to the United States population at large, but they are
representative of a commercially-insured population.
Diarrhea is a particularly burdensome and costly
symptom suffered by patients with CS. Our study
demonstrates that health care costs and resource
utilization in newly diagnosed CS patients with diarrhea
are consistently and significantly higher than in those
without diarrhea. Reduction of healthcare expenditures
attributable to diarrhea may be achievable through
preventive treatment and appropriate management of
diarrhea in patients with CS.
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Non-infectious diarrhea (NID) is particularly burdensome and costly in carcinoid
syndrome (CS) patients. The authors found that the proportions of patients
with any and with CS-related hospitalizations were 9.7% and 6.8% higher,
respectively, among NID patients than in those with no NID (P < 0.001). The
NID group was also significantly more costly, with adjusted mean annual
healthcare costs of $81610, compared to $51719 in the no NID group (p <
0.001).

Research frontiers

The healthcare and economic burden of diarrhea in CS patients has not been
previously quantified.
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Innovations and breakthroughs

This study shows diarrhea is burdensome and costly in CS patients.
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Applications

Reduction of CS-related healthcare expenditures may be achievable through
preventive treatment and appropriate management of diarrhea in CS.
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Terminology

Neuroendocrine tumors that produce peptides and neuroamines induce
characteristic hormonal syndromes, including CS. Most common presenting
symptoms of CS are diarrhea and flushing. Diarrhea appears to have a
particularly profound impact on CS patients’ well-being. Given the lack of
evidence about the economic burden of diarrhea in CS patients, we examined
healthcare resource utilization patterns and healthcare costs accrued by CS
patients with and without NID.
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Abstract
AIM: To evaluate the feasibility and survival outcomes
of a liver-first approach.

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of the Beijing
Cancer Hospital.

METHODS: Between January 2009 and April 2013,
18 synchronous colorectal liver metastases (sCRLMs)
patients with a planned liver-first approach in the
Hepatopancreatobiliary Surgery Department Ⅰ of the
Beijing Cancer Hospital were enrolled in this study.
Clinical data, surgical outcomes, morbidity and mortality
rates were collected. The feasibility and long-term
outcomes of the approach were retrospectively analyzed.

Informed consent statement: All study participants or a
legal guardian provided informed written consent prior to study
enrollment.
Conflict-of-interest statement: We have no financial relationships
to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Sixteen patients (88.9%) completed the
treatment protocol for primary and liver tumors. The
main reason for treatment failure was liver disease
recurrence. The 1 and 3 year overall survival rates
were 94.4% and 44.8%, respectively. The median
survival time was 30 mo. The postoperative morbidity
and mortality were 22.2% and 0%, respectively,
following a hepatic resection, and were 18.8% and 0%,
respectively, after a colorectal surgery.

Correspondence to: Bao-Cai Xing, MD, Professor, Hepato
pancreatobiliary Surgery Department Ⅰ , Key Laboratory
of Carcinogenesis and Translational Research, Ministry of
Education, Peking University School of Oncology, Beijing
Cancer Hospital and Institute, No. 52, Fu-Cheng-Lu Street,
Beijing 100142, China. xingbaocai88@sina.com

CONCLUSION: The liver-first approach appeared
to be feasible and safe. It can be performed with a
comparable mortality and morbidity to the traditional
treatment paradigm. This approach might offer a
curative opportunity for sCRLM patients with a high
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liver disease burden.

approach were also investigated.

Key words: Liver metastases; Resection; Colorectal
cancer; Synchronous

MATERIALS AND METHODS
Study population

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Between January 2009 and April 2013, 168 CRLM
patients underwent hepatic resection in the Hepato
pancreatobiliary Surgery Department Ⅰ of Beijing
Cancer Hospital. All of the sCRLM patients were
identified. Eighteen of these patients with a planned
liver-first approach were included in the present study.

Core tip: This is a retrospective study to investigate
the feasibility and survival outcome of the liver-first
approach for synchronous colorectal liver metastases.
The postoperative morbidity and mortality were
acceptable. The 1 and 3 year overall survival rates were
94.4% and 44.8%, respectively. The approach should
be performed in patients with synchronous colorectal
liver metastases with a high liver disease burden.

Preoperative evaluation

All the patients underwent a complete colonoscopy for
colorectal cancer, abdominal and thoracic computed
tomography scan and liver and pelvic (only rectal
cancer patients) magnetic resonance imaging. The
Response Evaluation Criteria for Solid Tumors were
applied to the serial imaging studies obtained during
a preoperative therapy to determine a chemotherapy
[12]
response . The definition of advanced metastatic
disease was based on a clinical risk score (CRS)
[13]
described by Fong et al . A CRS of 3 or higher has
been validated as defining more severe disease.

Wang K, Liu W, Yan XL, Xing BC. Role of a liver-first
approach for synchronous colorectal liver metastases. World J
Gastroenterol 2016; 22(6): 2126-2132 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i6/2126.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i6.2126

INTRODUCTION

Preoperative chemotherapy

Preoperative chemotherapy was considered in
patients with initially unresectable disease or a high
liver disease burden. Patients received oxaliplatin or
irinotecan-based chemotherapy. In some recent cases,
they also received cetuximab or bevacizumab. The
response to chemotherapy was assessed after two
or three cycles (more than four cycles for conversion
chemotherapy) by MRI and carcinoembryonic antigen
levels. When the liver metastases were resectable,
a laparotomy was planned more than three weeks
after the last course of systemic chemotherapy.
Bevacizumab had to be excluded from the last course
of chemotherapy to ensure an interval of at least six
weeks.

The liver is the most common organ for distant
[1]
metastases from colorectal cancer . Up to 15%-42%
of patients present with synchronous colorectal
liver metastases at the time of diagnosis of their
[2,3]
primary cancer
. The synchronous presentation
[4,5]
has been associated with poor survival outcomes .
Nevertheless, surgical resection of all tumor sites is
considered the only curative therapy for long-term
[4,6]
survival from colorectal liver metastases (CRLMs) .
Several large case series from tertiary centers have
reported 5 year survival rates of 21%-58% and 10
[4,7,8]
year survival rates of 22%-26%
.
The traditional surgical strategy for resectable
synchronous colorectal liver metastases (sCRLMs) is
a two-stage approach that includes colorectal cancer
resection followed by chemotherapy and a delayed
hepatic resection of a CRLM. This approach might
result in liver disease progression between the time
of colorectal and hepatic resection and render the
[9]
CRLM unresectable . This is a particular concern in
patients who develop postoperative complications after
colorectal cancer resection before the administration of
[10]
chemotherapy and the hepatic resection of CRLMs .
Upon the realization that liver metastases define
the prognosis of a patient, the concept of a liverfirst approach in patients with locally advanced
rectal cancer and synchronous liver metastases was
[11]
proposed . However, there has been limited data
published on the feasibility and safety of the liver-first
approach for sCRLMs. Therefore, the present study
aims to describe the experience with the liver-first
approach in a tertiary referral center. The feasibility,
security and long-term outcomes of the liver-first

WJG|www.wjgnet.com

Hepatic resection

All the patients underwent a hepatic resection with
curative intent to achieve R0 and preserve as much
normal functional liver parenchyma (with adequate
vascular inflow, outflow and biliary drainage) as
possible. A resection of three or more segments was
[14]
considered a major hepatectomy . The normal liver
parenchyma remnant volume was more than 40% if a
patient received preoperative chemotherapy.

Chemoradiation and primary surgery

Preoperative chemoradiation was used in only two
situations: (1) mid-to-low rectal cancer, defined as ≤
10 cm distance from the lower edge of the tumor to
the anal verge; and (2) a pre-treatment staging by
[15]
MRI was T3/T4, or any T category, and N positive .
Radiation therapy consisted of either a long course
(total dose of 50 Gy) therapy or a modified short
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Table 1 Patients and tumor characteristics
Variable

Table 2 Details of the surgical procedures and early outcomes
No. of
patients,
n = 18

Patient characteristics
Age (yr), median (range)
Sex (male)
Pre-operative CEA level (μg/L), median (range)
Primary tumor site
Colon
Rectum
Symptoms caused by the primary tumor
Symptoms at the time of presentation
None
Rectal blood loss
Changes in bowel habits
AJCC T-stage on pathology
ypT1/ypT2
ypT3/ypT4
Lymph node status on pathology
ypN1/ypN2
ypN0
Hepatic metastasis
Size of largest metastasis (cm), median (range)
No. of metastasis, median (range)
Location (unilobular)
CRS score
<3
≥3
Preoperative chemotherapy
Cycles, median (range)
Indication
Conversion
Locally advanced liver metastases
Regimens of preoperative chemotherapy
Oxaliplatin
Irinotecan
Cetuximab
Bevacizumab
Response of preoperative chemotherapy
PR
SD
PD

Variable

Type of hepatic resection
Major
Minor
Extent of hepatic resection
Partial
Hemihepatectomy
Extended hepatectomy
Type of colorectal resection
Low anterior resection
Abdominoperineal resection
Left hemicolectomy
Resected lymph nodes, median (range)
Complications
Hepatectomy-related
Hydrothorax
Abdominal abscess
Minor (Clavien grade < 3)
Major (Clavien grade ≥ 3)
Post-operative mortality (within 90 d)
Surgery on primary cancer
Anastomotic leakage
Abdominal abscess
Minor (Clavien grade < 3)
Major (Clavien grade ≥ 3)
Post-operative mortality (within 90 d)

54 (21-74)
10
26.3 (1-860)
2
16
13
5
7
6
1
15
14
2
4 (2-16)
4 (1-12)
11
2
16
14
3 (0-5)

14
4
10
3
5
12
2
2
11 (6-20)

3
1
4
0
0
1
2
3
0
0

4
10

RESULTS

10
4
4
2

Between January 2009 and April 2013, 48 sCRLM
patients were identified. The liver-first approach was
planned for 18 of them (37.5%). There were 10
male and 8 female patients. The median age was
54 years (range: 21-74; mean: 51.9). At the time
of presentation, 13 (72.2%) patients had clinical
symptoms. The median size of the liver metastases
was 4 cm (range: 2-16; mean: 5.33). The median
number of metastases was 4 (range: 1-12; mean:
4.06). The median preoperative CEA blood level was
26.3 ng/mL (range: 1-861; mean: 87.37). The median
CRS was 3 (range: 2-4; mean: 3.17). The most
common site of the primary tumor was the rectum (n
= 16; 88.9%). The characteristics of these patients
are detailed in Table 1.

Patient characteristics

9
4
1

course (total dose of 30 Gy) therapy with capecitabine
2
825 mg/m twice per day only on radiotherapy days.
A total mesorectal/complete mesocolic excision was
performed in all patients.

Follow-up

All the patients had a follow-up visit every 3 mo for
the first 2 years, with a physical examination, CEA
and CA19-9 serum measurement and abdominal
ultrasonography. The patients had a computed
tomography scan and colonoscopy every 6 mo. No
patients were lost to follow-up.

Surgery details and early postoperative outcomes

Of the 18 patients in whom a liver-first approach was
planned, a major hepatectomy was performed in 14
patients (77.8%). Due to liver recurrence after the
hepatectomy, only 2 patients did not undergo surgery
for the primary tumor. The operative characteristics
of primary and liver metastases are detailed in Table
2. The complication rates after the hepatic and
primary resections were 22.2% (n = 4) and 18.8%
(n = 3), respectively. According to the Clavien-Dindo
[16]
classification system , all the complications were
minor (Clavien grade < 3). Importantly, there was
no postoperative mortality after the liver or primary

Statistical analysis

Continuous variables were summarized as a mean.
Categorical variables were summarized as a frequency
and percentage. A Kaplan-Meier survival was cal
culated from the date of initial treatment. Statistical
analyses were performed using SPSS 17.0 (SPSS, Inc.,
Chicago, IL, United States).

WJG|www.wjgnet.com
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Patients planned for liver-first approach
(n = 18)

CTx
(n = 14)

Liver resection
(n = 4)

RTx
(n = 1)

Liver resection
(n = 14)

Rectal surgery
(n = 3)

RTx
(n = 5)

Rectal surgery
(n = 6)

Primary surgery
(n = 7)

Failures
(n = 2)

Colon surgery
(n = 5)

Rectal surgery
(n = 5)

Figure 1 Flow chart of the 18 patients enrolled in the study.

patients. During the first courses of the preoperative
chemotherapy, cetuximab was added to 4 patients
and bevacizumab was added to 2 patients. Between
the window of the hepatic and colorectal surgeries,
six patients received radiation therapy, 3 patients a
short course of radiation therapy and 3 patients a long
course of radiation therapy. The specifics are detailed
in Table 3.

Kaplan-Meier Curve
Overall survival (n = 18)
Disease-free survival (n = 18)

Cumulative survival (%)

100
80
60
40

Survival analysis

20
0

0

  10

20

30

40

At the time of the last follow-up, 16 (88.9%) patients
completed a curative paradigm. The median followup was 30 mo (range: 12-43; mean: 30.54). The
1 and 3 year overall survival rates were 94.4% and
44.8%, respectively (Figure 2). The median diseasefree survival after surgery was 11 mo (range: 1-40;
mean: 13.4). After the hepatic resection, 16 patients
had a recurrence during the follow-up. Nine died of
disease recurrence. The patterns of recurrence were
intrahepatic only (10, 62.5%) and combined intra and
extrahepatic (6, 37.5%).

50

t/mo

Figure 2 Kaplan-Meier Curve showing the overall and disease-free
survivals of the 18 patients who underwent the liver-first approach.

surgeries. The specifics are detailed in Table 2.

Preoperative chemotherapy and chemoradiation

A flow diagram of the treatment overview of all 18
patients is shown in Figure 1. At the time of the initial
presentation, 4 patients had unresectable CRLMs
and received conversion chemotherapy. Ten patients
had locally advanced liver metastases and received
neoadjuvant chemotherapy. Two patients refused any
neoadjuvant therapy and the other 2 patients had a
CRS of less than 3. All of them immediately underwent
a hepatic resection. The median preoperative che
motherapy cycle was 3 (range: 0-5; mean: 2.5). It
included an oxaliplatin-based chemotherapy in 10
patients and an irinotecan-based chemotherapy in 4

WJG|www.wjgnet.com

DISCUSSION
In the current series, 18 patients who were scheduled
to undergo the liver-first approach were included in
this study. Sixteen (88.9%) of them completed the
treatment protocol for liver and primary tumors.
The percentage of feasibility is in concordance with
[17,18]
those reported in assorted cohorts of sCRLM
. The
remaining two patients deviated from the protocol
as a result of recurrence of liver metastasis after
resection. For the patients who underwent the liver-
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Table 3 Characteristics of 18 patients who underwent the formalized treatment plan
Patient
1
2

Largest size
(cm)
16
2

CEA level
(μg/L)

cTN

No. of mets

CTx

Response
on CTx

Liver surgery

RTx

Primary surgery

861.4
1

cT3N1
cT4N2

1
4

Xelox
Folfox

PD
PR

Hemihep
Extended
hemihep
Partial
Partial
Extended
hemihep
Extended
hemihep
Hemihep
Partial
Partial
Partial
Partial
Partial
Partial
Hemihep
Extended
hemihep
Partial
Partial
Extended
hemihep

None
None

Left Hemicol
LAR

30 Gy/Xeloda
None
30 Gy/Xeloda

LAR
Left Hemicol
None

None

LAR

None
50 Gy/Xeloda
50 Gy/Xeloda
None
30 Gy/Xeloda
None
None
None
None

LAR
LAR
APR
APR
LAR
LAR
LAR
LAR
LAR

None
None
50 Gy/Xeloda

LAR
LAR
None

3
4
5

3.5
6
2.5

13.4
113.4
16.8

cT4N1
cT3N1
cT3N1

1
5
6

None
Folfox
Xelox

None
SD
PR

6

7.9

30.4

cT4N1

4

Xelox

PR

7
8
9
10
11
12
13
14
15

4
2.4
5
3.8
4
1.5
8.5
12
6

3.2
2.4
78.1
160.9
3.7
19.7
87.2
22.1
79.4

cT2N1
cT3N2
cT4N2
cT3N2
cT3N0
cT3N1
cT3N1
cT4N1
cT3N1

3
3
1
1
6
4
5
6
3

Folifiri + Cet
Folifiri + Cet
None
Folfox
Folifiri + Cet
Folfox + Bev
None
Folfox + Cet
Folfoxiri

PR
PR
None
SD
PR
PR
None
PR
SD

16
17
18

4.3
3
3.5

6.1
34.7
39.0

cT3N0
cT3N1
cT3N2

12
2
6

Xelox + Bev
None
Xelox

PR
None
SD

LAR: Low anterior resection; APR: Abdominal perineal resection; Hemihep: Hemihepatectomy; Hemicol: Hemicolectomy; Partial: Partial hepatectomy;
Cet: Cetuximab; Bev: Bevacizumab; xelox: Oxaliplatin plus capecitabine; Folfox: Oxaliplatin, leucovorin and 5-FU; Folfiri: Irinotecan, leucovorin and 5-FU;
Folfoxiri: Oxaliplatin, irinotecan, leucovorin and 5-FU.

tumor was the usual source of symptoms and thus
[24]
should be removed first . Recent studies have
demonstrated that a primary resection in patients with
metastatic colorectal cancer significantly increased
the 30 d mortality by 10% when compared with a
[25]
non-metastatic setting . Therefore, a CRLM might
progress beyond resectability during the primary tumor
resection (especially in patients with postoperative
complications after the colorectal resection).
In the past decade, a simultaneous resection for
sCRLMs has been performed more often. The strategy
for the simultaneous resection was to avoid missing
[26]
the surgical opportunity . Equivalent perioperative
morbidity and mortality and survival outcomes were
achieved if the colorectal resection was combined
[19,27]
with a minor hepatic resection
. Compared with a
staged resection, a simultaneous resection in patients
[28]
was accompanied with much milder complications .
Thus, a simultaneous resection was preferred in highly
[29,30]
selected patients
.
The alternative paradigm for the management
of sCRLMs is the reverse, or so-called liver-first
approach. This modern procedure has evolved as a
result of the increasing complexity of care of primary
colorectal cancer with the development of preoperative
[31]
chemoradiotherapy and colonic stenting . It allows
the ability to first control the CRLM and optimizes the
chance of a potentially curative hepatic resection,
which improves the long-term survival in these
[32]
patients . The approach also evaluates the biological
behavior of the neoplasm, treats the occult disease

first approach, the 1 and 3 year overall survival rates
were 94.4% and 44.8%, respectively. The median
disease free survival time after surgery was 10 mo
(range: 1-40; mean: 13.3). The complication rate
after hepatic resection and primary resection was
22.2% (n = 4) and 18.8% (n = 3), respectively.
These surgical outcomes were comparable with other
[19,20]
results associated with the liver-first approach
.
In addition, our results may need to be confirmed in
a prospective, randomized clinical trial with a larger
sample size.
Numerous surgical series have demonstrated that
a hepatic resection for CRLM may offer the possibility
[5,6]
of long-term survival . Additionally, except for the
hepatic resection, no other treatment has shown
a survival plateau. These results support that a
hepatic resection is the standard practice and only
curative treatment for CRLM. Apparently, metastatic
disease, rather than primary colorectal cancer, has
been proposed to be the main determinant of patient
survival. Thus, treating a CRLM should be the first
[11,17]
priority
. It has been suggested that liver disease
burden rather than the primary cancer leads to
[6,21]
subsequent systemic metastatic disease
.
The optimal timing and sequence of surgical
resection for sCRLM has been a topic of much
debate. The timing of when to undergo a “classic”,
“simultaneous” or “liver-first” approach remains
[22]
[23]
controversial . Following the EORTC trial , many
centers still favor the classical approach. The rationale
for this approach was that the colorectal primary
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is a resection for a primary cancer and liver metastasis that is performed
simultaneously.

and avoids an operation in patients with rapidly
[33]
progressing tumors .
[34]
De Rosa et al summarized the indications for the
liver-first approach or patients with a high or low liver
disease burden with a locally advanced primary tumor.
In fact, the ideal patient is likely to be someone who
has advanced synchronous liver metastatic disease and
[35]
rectal cancer . In our study, 12 patients had locally
advanced liver metastases and 4 patients had initially
unresectable liver tumors. All of them had a high liver
disease burden, which was largely in accordance with
[27]
the attitude of van der Pool et al
who reported that
the appropriate patients for the liver-first approach
had a heavier tumor size, diameter and distribution for
liver disease burden.
Knowledge of the natural history and pattern of
metastatic dissemination in patients with colorectal
cancer has revolutionized the understanding and
management of this disease. It may be more appro
priate to first use chemotherapy to provide early
[18]
systemic treatment . Current evidence indicates that
colorectal cancer is a chemosensitive disease. Thus,
[31,36]
it is logical to start early systemic treatment
.
Additionally, in patients with a high liver tumor burden,
it is crucial to control the disease with down-staging
[37]
chemotherapy .
Generally, candidates for the liver-first approach
include those with a heavy liver disease burden and/or
required down-staging therapy with a hepatic resection
containing more than three segments.
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Abstract
AIM: To investigate the impact of minimum tacrolimus
(TAC) on new-onset diabetes mellitus (NODM) after
liver transplantation (LT).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

METHODS: We retrospectively analyzed the data of
973 liver transplant recipients between March 1999
and September 2014 in West China Hospital Liver
Transplantation Center. Following the exclusion of
ineligible recipients, 528 recipients with a TAC-dominant
regimen were included in our study. We calculated
and determined the mean trough concentration of
TAC (cTAC) in the year of diabetes diagnosis in NODM
recipients or in the last year of the follow-up in nonNODM recipients. A cutoff of mean cTAC value for
predicting NODM 6 mo after LT was identified using
a receptor operating characteristic curve. TAC-related
2
complications after LT was evaluated by χ test, and
the overall and allograft survival was evaluated using
the Kaplan-Meier method. Risk factors for NODM after
LT were examined by univariate and multivariate Cox
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regression.
RESULTS: Of the 528 transplant recipients, 131
(24.8%) developed NODM after 6 mo after LT, and
the cumulative incidence of NODM progressively
increased. The mean cTAC of NODM group recipients
was significantly higher than that of recipients in the
non-NODM group (7.66 ± 3.41 ng/mL vs 4.47 ± 2.22
ng/mL, P < 0.05). Furthermore, NODM group recipients
had lower 1-, 5-, 10-year overall survival rates (86.7%,
71.3%, and 61.1% vs 94.7%, 86.1%, and 83.7%, P <
0.05) and allograft survival rates (92.8%, 84.6%, and
75.7% vs 96.1%, 91%, and 86.1%, P < 0.05) than
the others. The best cutoff of mean cTAC for predicting
NODM was 5.89 ng/mL after 6 mo after LT. Multivariate
analysis showed that old age at the time of LT (> 50
years), hypertension pre-LT, and high mean cTAC (≥
5.89 ng/mL) after 6 mo after LT were independent risk
factors for developing NODM. Concurrently, recipients
with a low cTAC (< 5.89 ng/mL) were less likely to
become obese (21.3% vs 30.2%, P < 0.05) or to
develop dyslipidemia (27.5% vs 44.8%, P <0.05),
chronic kidney dysfunction (14.6% vs 22.7%, P < 0.05),
and moderate to severe infection (24.7% vs 33.1%, P
< 0.05) after LT than recipients in the high mean cTAC
group. However, the two groups showed no significant
difference in the incidence of acute and chronic
rejection, hypertension, cardiovascular events and newonset malignancy.

INTRODUCTION
Liver transplantation (LT) has become a standard
curative treatment for end-stage liver disease, and
the 5-year survival rate of recipients has reached
[1]
over 70% . However, improved long-term survival
is accompanied by increasingly prevalent post[2]
operative metabolic complications . Recent studies
have shown that the prevalence of new-onset diabetes
mellitus (NODM) after transplantation is approximately
[3,4]
16%-61%, depending on the medical center . The
development of post-LT NODM is associated with an
increased risk of cardiovascular disease, rejection,
infection, neuropsychiatric problem, allograft failure
[5,6]
and even death . Previous studies have found that
old age, obesity, non-Caucasian ethnicity, family
history of diabetes, hepatitis C virus infection and
certain immunosuppressive agents are risk factors
for the development of post-LT NODM in Western
[7]
populations .
Tacrolimus (TAC), a calcineurin inhibitor, has
become the most commonly used immunosuppressive
[8]
agent worldwide over the past two decades . Com
pared to cyclosporine, TAC effectively reduces acute
rejection (AR) and increases allograft survival in liver
[8,9]
recipients . However, prolonged exposure to TAC
leads to signiﬁcant adverse events, including nephroto
[10]
xicity, neurotoxicity, and diabetogenic effects .
Some studies have suggested that higher trough
concentrations of TAC (cTAC) after transplantation are
[11-13]
associated with increased risk of complications
,
and many LT centers have recommended different
[14-16]
minimal TAC regimens
. According to the current
practice, target TAC level falls within the range of 10-15
ng/mL in the first month after transplantation, then
[17]
is maintained at 5-10 ng/mL . A prospective study
has reported that reducing cTAC within the range of
5-8 ng/mL combined with mycophenolate mofetil
(MMF) administration early did not increase the risk of
[18]
[14]
rejection within 26 wk . Jia et al
proposed that an
early cTAC of 5-7 ng/mL would be safe and effective.
A previous study performed in our center suggested
that cTAC < 8 ng/mL after 1 mo and cTAC < 6 ng/
mL after 3 mo are protective against chronic kidney
[19]
disease (CKD) after LT . However, all target cutoffs or
ranges for cTAC are arbitrary, and there are no studies
concerning the long-term maintenance of cTAC level
after LT and its impact on NODM development. In this
study, we aim to identify the risk factors for NODM
and to determine the ideal long-term range of cTAC for
preventing chronic complications.

CONCLUSION: A minimal TAC regimen can decrease
the risk of long-term NODM after LT. Maintaining a cTAC
value below 5.89 ng/mL after LT is safe and beneficial.
Key words: Liver transplantation; Minimum tacrolimus;
New-onset diabetes mellitus; Immunosuppressants;
Allografts failure
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: New-onset diabetes mellitus (NODM) is a
common and severe metabolic complication that deve
lops after liver transplantation. It is more prominent in
recipients with tacrolimus (TAC)-dominant regimens.
In this study, we found that the incidence of NODM
is TAC concentration (cTAC)-dependent. Using a
receiver operating characteristic curve, we identified
that a cutoff cTAC of 5.89 ng/mL was predictive of
NODM development after 6 mo after LT. And recipients
exposed to low mean cTAC developed less other TAC
related complications. The strategy of maintaining cTAC
below 5.89 ng/mL after 6 mo after LT is therefore safe
and beneficial.
Song JL, Gao W, Zhong Y, Yan LN, Yang JY, Wen TF, Li B,
Wang WT, Wu H, Xu MQ, Chen ZY, Wei YG, Jiang L, Yang J.
Minimizing tacrolimus decreases the risk of new-onset diabetes
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mo after transplantation. The initial dose of TAC was
0.05-0.10 mg/kg per day and was adjusted according
to liver function and TAC trough concentration. MMF
was individualized between 1.0 g/d and 1.5 g/d
initially and was discontinued when severe side effects
occurred and in long-term survivors with stable graft
function after 6 mo after LT. Rapamycin was given as
an alternative to MMF or an auxiliary for liver tumor at
a dose of 1 mg/d.

MATERIALS AND METHODS
Patient population

We performed a retrospective study of 973 Chinese
patients who received liver transplantation between
March 1999 and September 2014 in the West China
Hospital Liver Transplantation Center. All recipients
were followed until June 2015 or until death or
withdrawal. We excluded patients who had been
diagnosed as diabetics before transplantation; those
aged younger than 18 years old at transplantation;
and those followed up for less than 6 mo, who died
within 6 mo, and who received a cyclosporinedominant regimen after liver transplantation. Finally,
we collected demographic and clinical data of 528
recipients for this study. All liver grafts were voluntarily
donated after cardiac death or by living donors. All
donations were approved by the West China Hospital
Ethics Committee and were in accordance with the
ethical principles of the Declaration of Helsinki. Both
the West China Hospital Liver Transplantation Center
and the China Liver Transplant Registry approved and
supported this study and its methods.

Monitoring TAC trough concentrations and other clinical
parameters

TAC trough concentrations were monitored daily
during the first week following transplantation, weekly
during the first month after LT, monthly within 3 mo
and every 3-6 mo thereafter. The ideal serum trough
level of TAC was 5-10 ng/mL during the first 3 mo
after LT. Allograft function and cTAC were monitored
closely while adjusting the TAC dose. If AR occurred,
the prior dosage was reinstated, together with an
increase in prednisone or the administration of highdose methylprednisolone. After 6 mo post-LT, we
reduced the TAC dosage very slowly and carefully
while closely monitoring allograft function to maintain
cTAC as low as possible. After transplantation, the
recipients’ fasting plasma glucose level was monitored
at 3, 6 and 12 mo, then annually thereafter according
[24]
to international consensus guidelines . A 2-h 75 g
glucose tolerance test was performed in recipients with
impaired fasting glucose. We also recorded the weight,
blood pressure, serum lipid level, renal function, and
chronic complications such as moderate to severe
infections, cardio-cerebral vascular events, new-onset
malignancy and allograft failures of each recipient at
each visit after transplantation.

Definition of NODM and other clinical terms

NODM was defined as a composite endpoint con
sisting of the first occurrence of at least one of four
parameters: two occurrences of a fasting plasma
glucose level ≥ 7.0 mmol/L more than 30 d apart; oral
hypoglycemic agent use for more than 30 consecutive
days; insulin therapy for more than 30 consecutive
[20]
days; or hemoglobin A1c ≥ 6.5% . Arterial hyper
tension was defined as systolic blood pressure over 140
mmHg or diastolic pressure over 90 mmHg occurring
[21]
twice at different time points . Dyslipidemia was
defined as total plasma cholesterol ≥ 6.22 mmol/L (i.e.,
hypercholesterolemia), triglyceride ≥ 2.26 mmol/L
(i.e., hypertriglyceridemia) or high density lipoprotein
[21]
cholesterol (HDL-C) < 1.04 mmol/L . Chronic kidney
disease (CKD) was defined as an estimated glomerular
2
filtration rate (eGFR) < 60 mL/min per 1.73 m for
[22]
at least 3 consecutive months . AR was defined
either by liver biopsy or recovery of liver function
via high-dose methylprednisolone pulse therapy. If
chronic rejection (CR) was suspected, liver biopsy was
performed for confirmation. The Model for End-stage
Liver Disease (MELD) score was calculated according to
the United Network for Organ Sharing (UNOS) formula
[23]
for each recipient before LT .

Statistical analysis

Quantitative descriptive data were expressed as the
mean ± SD or median (minimum to maximum). Quali
tative descriptive data were expressed as percentages.
2
Univariate analysis using the χ and, when appropriate,
Fisher’s exact test was performed for qualitative
descriptive variables. Quantitative descriptive variables
were analyzed by independent sample Student’s t test
if the data were normally distributed or by the ranksum test if the data were non-normally distributed.
Survivor curves were analyzed using the KaplanMeier method and were compared using the logrank test. The best cutoff mean cTAC after 6 mo was
determined using a receiver operating characteristic
(ROC) curve. Independent risk factors for NODM
were identiﬁed by a stepwise forward Cox regression
model. Candidate risk factors with a P value < 0.05 in
univariate analysis were included in the multivariate
analysis. Statistical analysis was performed using
SPSS version 21.0 statistical software (SPSS Company,
Chicago, IL, United States). P values of less than 0.05
were considered statistically significant. The statistical

Immunosuppression protocol

The mode of initial immunosuppressive therapy was
a triple-drug regimen after transplantation consisting
of corticosteroids, TAC and MMF. Methylprednisolone
was given intravenously at a 200 mg dose on the first
day after transplantation, then gradually decreased
daily and discontinued after one week. Alternative oral
prednisone was also generally discontinued within 3
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(BMI ≥ 25) in 128 (24.2%) recipients, hypertension
in 67 (12.7%) recipients, dyslipidemia in 175 (33.1%)
recipients, and CKD in 91 (17.2%) recipients. There
were 58 (11%) and 20 (3.8%) recipients with AR
and CR, respectively. Predictably, we found that
NODM recipients experienced more cardio-cerebral
vascular events (7.6% vs 2.0%, P < 0.05), moderate
to severe infections (36.7% vs 25.2%, P < 0.05),
and allograft failures (15.3% vs 8.1%, P < 0.05)
than non-NODM recipients. The 1-, 5-, and 10-year
overall survival rates ( 86.7%, 71.3%, and 61.1% vs
94.7%, 86.1%, and 83.7%, P < 0.05) and allograft
survival rates (92.8%, 84.6%, and 75.7% vs 96.1%,
91%, and 86.1%, P < 0.05) in the NODM group were
significantly lower than in the non-NODM group, as
shown in Figure 2.

Cumulative incidence of NODM
40.0%
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30.7%

30.0%
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10
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1
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Figure 1 Cumulative incidence of new-onset diabetes mellitus over a
10-year period after liver transplantation. NODM: New-onset diabetes
mellitus.

Definition of the cutoff mean cTAC after 6 mo

methods used in this study were reviewed by Ji-Zheng
Qin from West China School of Public Health, Sichuan
University.

In our center, cTAC was measured and recorded
at each visit. The mean cTAC was calculated and
determined in the year when diabetes was diagnosed
in the NODM group and in the last year of follow-up
in the non-NODM group. Our study suggested that
the mean cTAC was higher in the NODM group (7.66
± 3.41 ng/mL) than in the non-NODM group (4.47 ±
2.22 ng/mL, P < 0.05; Table 1). A cutoff cTAC of 5.89
ng/mL was identified as predictive of post-LT NODM
using an ROC curve (Figure 3). The diagnostic value
showed that the area under the curve (AUC) was 0.815
(95%CI: 0.770-0.859, P < 0.05) with a sensitivity of
0.733 and a speciﬁcity of 0.809. All liver recipients
were divided into two groups: a low mean cTAC (< 5.89
ng/mL) group (n = 356) and a high mean cTAC (≥ 5.89
ng/mL) group (n = 172).
To evaluate the impact of different mean cTAC
levels on the long-term survival of the recipients after
LT, we compared the common post-LT complications
between the two cTAC groups (Table 2). We found that
recipients in the high mean cTAC group were more
frequently overweight/obese (30.2% vs 21.3%), and
were more likely to develop dyslipidemia (44.8% vs
27.5%), CKD (22.7% vs 14.6%), and moderate to
severe infection (33.1% vs 24.7%) than recipients in
the low mean cTAC group (P < 0.05). However, there
was no significant difference in other complications
between the two groups. Kaplan-Meier survive curves
suggested that recipients in the low mean cTAC group
had higher 1-, 5-, and 10-year allograft survival rates
(96.8%, 92.3%, and 87.4%) than recipients in the
high mean cTAC group (92.0%, 82.9%, and 72.0%,
P < 0.05; Figure 4A). The low mean cTAC group also
exhibited higher 1-, 5-, and 10-year overall survival
rates (93.7%, 83.8%, and 78.3% vs 90.5%, 78.6%,
and 71.8%), but the difference was not statistically
significant (P = 0.129; Figure 4B).

RESULTS
Recipient and donor characteristics

A total of 973 recipients underwent LT between March
1999 and September 2014 in West China Hospital
Liver Transplantation Center. Following the exclusion
of ineligible recipients, 528 recipients were included in
this study. The demographical and clinical records of
recipients meeting the inclusion criteria were reviewed
retrospectively. Recipients were followed up for a
median of 46 mo (range, 6-173 mo). Recipients were
44.93 ± 9.41 years (range, 18-70 years) old and
were predominantly male (87%). HBV (79.5%) was
the most common etiology of liver disease; only six
recipients had HCV (1.1%), and approximately half
of the recipients (50.9%) had liver tumors. The preLT baseline included overweight/obesity (BMI ≥ 25)
in 110 (20.8%) recipients, hypertension in 12 (2.3%)
recipients, and dyslipidemia in 41 (8.2%) recipients.
The median MELD score of all recipients was 13 (range,
6-40). MMF was administered in 322 (61%) recipients,
and 129 (24.4%) recipients were also treated with
Rapamycin. Donors were aged 34.01 ± 8.75 years
(range, 5-65 years) old and were more likely to be
male (84.5%). The living donor liver transplantation
rate was 29.9%.

Prevalence of NODM and other post-LT complications

Eventually, 24.8% of the study population (131 cases)
developed NODM during the follow-up period. The
cumulative incidence of NODM increased progressively,
and the 1-, 3-, 5- and 10-year incidence rates were
15.1%, 24.4%, 30.7% and 34.2%, respectively (Figure
1). We compared the 26 demographical and clinical
parameters between recipients with and without
NODM, as shown in Table 1. Common post-LT TACrelated complications included overweight/obesity
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Risk factors for post-LT NODM

We examined more than 20 parameters to identify risk
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Table 1 Demographic and clinical characteristics of recipients with and without new-onset diabetes millitus after liver transplantation
(n = 528) n (%)
Characteristics

Total (n = 528)

NODM group (n = 131)

Non-NODM group (n = 397)

44.93 ± 9.41
446 (84.5)
136/223/169
13 (6-40)
110 (20.8)
12 (2.3)
41 (8.2)

46.24 ± 9.54
144 (87.0)
39/44/48
15 (6-40)
36 (27.5)
7 (5.3)
15 (11.5)

44.50 ± 9.34
332 (83.6)
97/179/121
13 (6-40)
74 (18.6)
5 (1.3)
26 (6.5)

420 (79.5)
6 (1.1)
16 (3.0)
269 (50.9)
5.26 ± 2.91
129 (24.4)
322 (61.0)

102 (77.9)
1 (0.8)
7 (5.3)
56 (42.7)
7.66 ± 3.41
30 (22.9)
78 (59.5)

318 (80.1)
5 (1.3)
9 (2.3)
213 (53.7)
4.47 ± 2.22
99 (24.9)
244 (61.5)

0.582
> 0.990
0.137
0.030
< 0.001
0.638
0.696

128 (24.2)
67 (12.7)
175 (33.1)
18 (3.4)
91 (17.2)
58 (11.0)
20 (3.8)
165 (28.7)
52 (9.8)

40 (30.5)
22 (16.8)
63 (48.1)
10 (7.6)
28 (21.4)
20 (15.3)
9 (6.9)
65 (36.7)
20 (15.3)

88 (22.2)
45 (11.3)
112 (28.2)
8 (2.0)
63 (15.9)
38 (9.6)
11 (2.8)
100 (25.2)
32 ( 8.1)

0.053
0.104
< 0.001
0.005
0.148
0.071
0.062
0.042
0.016

34.01 ± 8.75
443 (84.5)
158 (29.9)

33.62 ± 8.33
108 (82.4)
34 (26.0)

34.13 ± 8.89
335 (84.4)
124 (31.2)

Recipient characteristics
Age (yr)
Gender (male)
Child-Pugh (A/B/C)
MELD Score
BMI ≥ 25 pre-LT
Hypertension pre-LT
Dyslipidemia pre-LT
Indications for LT
Hepatitis B virus disease
Hepatitis C virus disease
Alcoholic cirrhosis
Tumors
Mean cTAC (ng/mL)
Rapamycin administration
MMF administration
Complications post-LT
BMI ≥ 25 post-LT
Hypertension post-LT
Dyslipidaemia post-LT
Cardio-cerebral events post-LT
CKD post-LT
AR post-LT
CR post-LT
Infection post-LT
Graft failure
Donor characteristics
Age (yr)
Gender (male)
Donor type (LDLT)

P value
0.068
0.352
0.069
0.010
0.006
0.017
0.069

0.559
0.600
0.252

NODM: New-onset diabetes mellitus; Age: Age at transplantation; MELD: Model for end-stage liver disease; BMI: Body mass index; LT: Liver
transplantation; cTAC: Tacrolimus trough concentration; MMF: Mycophenolate mofetil; CKD: Chronic kidney disease; AR: Acute rejection; CR: Chronic
rejection; LDLT: Living donor liver transplantation.
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Figure 2 Survival rates of liver recipients in non-new-onset diabetes mellitus and new-onset diabetes mellitus groups. A: Overall survival rates (P < 0.05); B:
Allograft survival rates (P < 0.05). NODM: New-onset diabetes mellitus; LT: Liver transplantation.

factors for NODM by univariate Cox regression analysis
(Table 3). We chose all statistically significant factors
as candidates for multivariate Cox regression analysis.
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As a result, recipient’ age at the time of LT (age > 50
years), pre-LT hypertension, and high mean cTAC (≥
5.89 ng/mL) after 6 mo were deemed independent
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Figure 3 Receiver operating characteristic curve for mean cTAC after 6
mo to predict new-onset diabetes mellitus after transplantation.
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Complications post-LT Low-cTAC group
(n = 356)
Overweight/obesity
(BMI ≥ 25)
Hypertension
Dyslipidaemia
Cardio-cerebral events
CKD
AR
CR
Infection
New-onset
malignance

Overall survival rate

Table 2 Clinical complications associated with mean
tacrolimus trough concentration n (%)
High-cTAC group P value
(n = 172)

76 (21.3)

52 (30.2)

0.026

48 (13.5)
98 (27.5)
12 (3.4)
52 (14.6)
34 (9.6)
10 (2.8)
88 (24.7)
8 (2.2)

19 (11.0)
77 (44.8)
6 (3.5)
39 (22.7)
24 (14.0)
10 (5.8)
57 (33.1)
1 (0.6)

0.431
< 0.001
0.944
0.021
0.129
0.090
0.042
0.304

0.4
Low cTAC group
High cTAC group

0.2

Censors in low
Censors in high

0.0
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Figure 4 Survival rates of recipients in low and high mean tacrolimus
trough concentration groups (P < 0.05). A: Allograft survival rates; B:
Overall survival rate (P = 0.129). Low mean cTAC group: mean cTAC < 5.89
ng/mL; High cTAC group: mean cTAC ≥ 5.89 ng/mL. cTAC: Tacrolimus trough
concentration; LT: Liver transplantation.

cTAC: Tacrolimus trough concentration; BMI: Body mass index; LT: Liver
transplantation; CKD: Chronic kidney disease; AR: Acute rejection; CR:
Chronic rejection.

are cumulative and dose-dependent and that early
tapering of corticosteroids decreased the incidence
[29]
of diabetes at 1 year after LT . In our center,
we therefore attempted to discontinue the use of
corticosteroids within the first 3 mo of LT. Therefore,
we analyzed blood glucose data after 6 mo to avoid
the residual effects of corticosteroids on recipient
[30]
metabolic profiling .
TAC dominant therapies remain the first-line immuno
suppressive regimen indicated for liver recipients. By
inhibiting IL-2 gene transcription, TAC decreases post-LT
acute and chronic rejection. However, this mechanism
may also contribute to insulin resistance and direct
[31]
toxicity in pancreatic β-cells . Previous studies have
reported that TAC-associated chronic complications,
[2]
[11]
such as metabolic disorders , renal dysfunction ,
[13]
and hepatocellular carcinoma recurrence , are related
to TAC concentration. To reduce the TAC related
complications, it is recommended that cTAC is reduced
[14]
to 5-10 ng/mL during the first month . However, the

risk factors for post-LT NODM (Table 4).

DISCUSSION
With improved long-term survival after transplantation,
post-operative NODM in recipients has become more
[25]
prevalent . Our analysis of 528 liver transplant
recipients showed that the cumulative incidence of
new-onset DM increased after LT. The recipeints with
NODM were more likely to develop dyslipidemia,
cardio-cerebral vascular events, moderate to severe
infections, and allograft loss, which often reduced
[26,27]
recipient survival time
. Inevitably, recipients with
NODM had poorer long-term overall and allograft
[5]
survival than non-NODM recipients .
The immunosuppressive regimen employed after
LT is important in decreasing the incidence of NODM.
Corticosteroids could cause increased gluconeogenesis
[28]
by inducing insulin resistance . Previous studies have
shown that the diabetogenic risks of corticosteroids
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Table 3 Univariate analysis of risk factors for new-onset
diabetes mellitus after liver transplantation
Clinical factor
Recipient characteristics
Elder recipient (age > 50 yr)
Male recipient gender
Child-Pugh (A/B/C)
MELD Score
BMI ≥ 25 pre-LT
Hypertension pre-LT
Dyslipidaemia pre-LT
Hepatitis B virus disease
Hepatitis C virus disease
Alcoholic cirrhosis
Tumors
With Rapamycin
With MMF
High mean cTAC
(cTAC ≥ 5.89 ng/mL)
BMI ≥ 25 post-LT
Hypertension post-LT
Dyslipidaemia post-LT
CKD post-LT
AR post-LT
CR post-LT
Donor characteristics
Donor age at LT (per year)
Male donor gender
Donor type (LDLT)

HR

95%CI

Table 4 Multivariate analysis of risk factors for new-onset
diabetes mellitus after liver transplantation

P value

1.568
0.690
0.985
1.107
1.616
4.458
2.064
0.955
0.699
2.307
0.961
1.168
0.979
8.709

1.096-2.245
0.414-1.150
0.788-1.232
0.997-1.037
1.100-2.373
2.058-9.659
1.201-3.549
0.632-1.443
0.098-5.007
1.076-4.948
0.676-1.304
0.744-1.761
0.690-1.387
5.873-12.915

0.014
0.155
0.895
0.088
0.014
< 0.001
0.009
0.828
0.722
0.032
0.822
0.459
0.903
< 0.001

1.345
1.278
2.014
1.140
1.701
2.068

0.927-1.951
0.808-2.021
1.429-2.838
0.925-1.405
1.056-2.742
1.050-4.074

0.119
0.294
< 0.001
0.218
0.029
0.036

0.994
1.202
0.859

0.975-1.015
0.766-1.886
0.581-1.270

0.590
0.423
0.446

Clinical factor
Elder recipient (age > 50 yr)
Hypertension pre-LT
High mean cTAC
(cTAC ≥ 5.89 ng/mL)

95%CI

P value

1.335-2.776
1.931-9.226
6.357-14.119

< 0.001
< 0.001
< 0.001

cTAC: Tacrolimus trough concentration; LT: Liver transplantation.

adverse events in the elderly. A UNOS study by Kuo
[33]
et al
reported older age (> 50 years) to be an
independent predictor of post-LT NODM, with a 24.1%
risk increase in 15463 adult recipients. Otherwise, the
prevalence of hypertension is usually high (> 50%)
[34]
in diabetes patients , and hypertension causes a
quadruply increase in cardiovascular risk in people
[35]
with diabetes . It is assumed that insulin resistance
and the consequent hyperinsulinemia interacted with
increased renal sodium retention, sympathetic tone
[36]
and renin-angiotensin-aldosterone system activity .
[33,37,38]
Many studies have reported that BMI ≥ 25
,
[38]
[33,39]
dyslipidemia , and alcoholic cirrhosis
were
independent risk factors for NODM after transplan
tation, but they were significant only in univariate
analysis. HCV-associated liver disease was a high risk
[33,37]
factor in previous studies
, but was negative in
our study. We assumed that this was due to the low
percentage of HCV patients in our center (1.1%),
unlike in western countries, where a large number of
HCV patients received liver transplants.
In conclusion, some factors are positively related
to diabetes progression after LT. Interestingly, mean
cTAC is the only controllable factor, so adjusting the
dose and trough concentration of TAC is important
for preventing post-LT NODM. In accordance with
the minimum required tacrolimus dosage early after
transplantation, we recommend a decrease in the
mean cTAC to < 5.89 ng/mL after 6 mo, as has been
practical in Chinese liver transplantation recipients.
Limitations of this study are that the data were
collected retrospectively and that there was no detailed
minimum scheme for timing after transplantation.
Therefore, a well-designed prospective clinical trial
is needed to confirm our findings and to develop an
accepted tacrolimus adjustment protocol.

LT: Liver transplantation; MELD: Model for end-stage liver disease; MMF:
Mycophenolate mofetil; cTAC: Tacrolimus trough concentration; CKD:
Chronic kidney disease; AR: Acute rejection; CR: Chronic rejection; BMI:
Body mass index; LDLT: Living donor liver transplantation.

cutoffs or the ranges of cTAC were limited within early
stages (4-26 wk) after transplantation and arbitrarily
identified with no statistical evidence. Our study focused
on the impact of long-term (after 6 mo) cTAC level on
post-LT NODM and used an ROC curve to determine the
best cutoff mean cTAC to be 5.89 ng/mL. Multivariate
analysis showed that exposure to cTAC ≥ 5.89 ng/mL
significantly increased the risk of post-LT NODM (HR
= 9.474, 95%CI: 6.357-14.119). Similarly, exposure
to a high mean cTAC also increased the risk of being
overweight or obese, dyslipidemia, CKD, and moderate
to severe infection after LT. Fortunately, recipients with
a low mean cTAC after 6 mo did not suffer from more
acute and chronic rejections. Surprisingly, recipients
exposed to a low mean cTAC benefited from longer
allograft survival. Thus, we suggest adjusting and
maintaining the cTAC below 5.89 ng/mL after 6 mo to
reduce chronic complications and improve the overall
and allograft survival rates.
Additionally, Cox regression analysis indicated that
recipient age (> 50 years) and pre-LT hypertension
were independent risk factors in the incidence of
post-LT NODM. As we know, increasing age is a
significant risk factor for type 2 diabetes in the general
[32]
population . Correspondingly, diabetes has been a
major cause of chronic complications, reduced quality
of life and increased incidence of cardiovascular

WJG|www.wjgnet.com
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New-onset diabetes mellitus (NODM) is a serious metabolic complication
after liver transplantation (LT) and is associated with increased rates of
cardiovascular disease, rejection, infection and decreased survival. Tacrolimus
has strong diabetic effects vs other immunosuppressants and early minimum
tacrolimus strategy has been reported to be protective against other
complications. The author performed this study to analyze the relationship
between tacrolimus concentration (cTAC) and NODM development after 6 mo
and to explore the impact of low cTAC on common complications after LT.
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Due to the negative impact of NODM on the long-term outcome of LT, the study
about NODM has been important. cTAC is a controlled risk factor for NODM
and early (4-26 wk) minimum tacrolimus strategy is safe and beneficial for LT
recipients. This retrospective study indicated that reducing cTAC to below 5.89
ng/mL lately (after 6 mo) could prevent recipients from developing NODM and
other complications.

8

9

Innovations and breakthroughs

Early minimum tacrolimus strategy can decrease the risk of renal dysfunction,
dyslipidemia and tumor recurrence. But the cutoffs or the ranges of cTAC
were limited within early stages (4-26 wk) after transplantation and arbitrarily
identified with no statistical evidence. This study focused on the impact of longterm (6 mo) cTAC level on post-LT NODM and used an ROC curve to determine
the best cutoff mean cTAC to be 5.89 ng/mL. And further analysis showed that
reducing cTAC to 5.89 ng/mL decreased the incidence of other TAC related
complications without increasing rejection.

10
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12

Applications

Minimizing TAC lately (after 6 mo) to below 5.89 ng/mL is safe and protective
against NODM after LT, but multicenter prospective clinical trials are needed
to confirm the findings obtained in this study and to develop an accepted
tacrolimus adjustment protocol.
13

Terminology

NODM is defined as diabetes newly diagnosed after LT, occurring in 16%-61%
of recipients. Mean cTAC is determined as the average value of cTAC in the
year of diabetes diagnosis in NODM recipients or in the last year of the followup period in non-NODM recipients.
14

Peer-review

This manuscript revealed that the risk of the new onset diabetes mellitus after
liver transplantation is dependent on high mean tacrolimus. The number of
patients is remarkable from a single institute.

15

REFERENCES
1

2

3

4

5

6

Adam R, McMaster P, O’Grady JG, Castaing D, Klempnauer
JL, Jamieson N, Neuhaus P, Lerut J, Salizzoni M, Pollard S,
Muhlbacher F, Rogiers X, Garcia Valdecasas JC, Berenguer J,
Jaeck D, Moreno Gonzalez E. Evolution of liver transplantation
in Europe: report of the European Liver Transplant Registry. Liver
Transpl 2003; 9: 1231-1243 [PMID: 14625822 DOI: 10.1016/
j.lts.2003.09.018]
Bianchi G, Marchesini G, Marzocchi R, Pinna AD, Zoli M.
Metabolic syndrome in liver transplantation: relation to etiology
and immunosuppression. Liver Transpl 2008; 14: 1648-1654
[PMID: 18975273 DOI: 10.1002/lt.21588]
Hanouneh IA, Feldstein AE, McCullough AJ, Miller C, Aucejo
F, Yerian L, Lopez R, Zein NN. The significance of metabolic
syndrome in the setting of recurrent hepatitis C after liver
transplantation. Liver Transpl 2008; 14: 1287-1293 [PMID:
18756451 DOI: 10.1002/lt.21524]
Laryea M, Watt KD, Molinari M, Walsh MJ, McAlister VC,
Marotta PJ, Nashan B, Peltekian KM. Metabolic syndrome in
liver transplant recipients: prevalence and association with major
vascular events. Liver Transpl 2007; 13: 1109-1114 [PMID:
17663411 DOI: 10.1002/lt.21126]
John PR, Thuluvath PJ. Outcome of patients with new-onset
diabetes mellitus after liver transplantation compared with those
without diabetes mellitus. Liver Transpl 2002; 8: 708-713 [PMID:
12149764 DOI: 10.1053/jlts.2002.34638]
Watt KD, Pedersen RA, Kremers WK, Heimbach JK, Charlton
MR. Evolution of causes and risk factors for mortality post-liver
transplant: results of the NIDDK long-term follow-up study. Am J
Transplant 2010; 10: 1420-1427 [PMID: 20486907 DOI: 10.1111/
j.1600-6143.2010.03126.x]

WJG|www.wjgnet.com

16

17

18

19

20

21

2140

Wheeler DC, Krentz AJ. New-onset diabetes after transplantation.
Br J Hosp Med (Lond) 2007; 68: 190-194 [PMID: 17465092]
A comparison of tacrolimus (FK 506) and cyclosporine for
immunosuppression in liver transplantation. The U.S. Multicenter
FK506 Liver Study Group. N Engl J Med 1994; 331: 1110-1115
[PMID: 7523946 DOI: 10.1056/NEJM199410273311702]
Haddad EM, McAlister VC, Renouf E, Malthaner R, Kjaer MS,
Gluud LL. Cyclosporin versus tacrolimus for liver transplanted
patients. Cochrane Database Syst Rev 2006; (4): CD005161 [PMID:
17054241 DOI: 10.1002/14651858.CD005161.pub2]
Wiesner RH, Fung JJ. Present state of immunosuppressive therapy
in liver transplant recipients. Liver Transpl 2011; 17 Suppl 3:
S1-S9 [PMID: 21850697 DOI: 10.1002/lt.22410]
Rodríguez-Perálvarez M, Germani G, Darius T, Lerut J,
Tsochatzis E, Burroughs AK. Tacrolimus trough levels, rejection
and renal impairment in liver transplantation: a systematic review
and meta-analysis. Am J Transplant 2012; 12: 2797-2814 [PMID:
22703529 DOI: 10.1111/j.1600-6143.2012.04140.x]
Karie-Guigues S, Janus N, Saliba F, Dumortier J, Duvoux C,
Calmus Y, Lorho R, Deray G, Launay-Vacher V, Pageaux GP.
Long-term renal function in liver transplant recipients and impact
of immunosuppressive regimens (calcineurin inhibitors alone or in
combination with mycophenolate mofetil): the TRY study. Liver
Transpl 2009; 15: 1083-1091 [PMID: 19718632 DOI: 10.1002/
lt.21803]
Vivarelli M, Dazzi A, Zanello M, Cucchetti A, Cescon M,
Ravaioli M, Del Gaudio M, Lauro A, Grazi GL, Pinna AD. Effect
of different immunosuppressive schedules on recurrence-free
survival after liver transplantation for hepatocellular carcinoma.
Transplantation 2010; 89: 227-231 [PMID: 20098287 DOI:
10.1097/TP.0b013e3181c3c540]
Jia JJ, Lin BY, He JJ, Geng L, Kadel D, Wang L, Yu DD, Shen
T, Yang Z, Ye YF, Zhou L, Zheng SS. ‘’Minimizing tacrolimus’’
strategy and long-term survival after liver transplantation. World
J Gastroenterol 2014; 20: 11363-11369 [PMID: 25170223 DOI:
10.3748/wjg.v20.i32.11363]
Golshayan D, Pascual M. Minimization of calcineurin inhibitors
to improve long-term outcomes in kidney transplantation. Transpl
Immunol 2008; 20: 21-28 [PMID: 18775494 DOI: 10.1016/
j.trim.2008.08.006]
Lerut JP, Pinheiro RS, Lai Q, Stouffs V, Orlando G, Juri JM,
Ciccarelli O, Sempoux C, Roggen FM, De Reyck C, Latinne D,
Gianello P. Is minimal, [almost] steroid-free immunosuppression
a safe approach in adult liver transplantation? Long-term outcome
of a prospective, double blind, placebo-controlled, randomized,
investigator-driven study. Ann Surg 2014; 260: 886-91; discussion
891-2 [PMID: 25379858 DOI: 10.1097/SLA.0000000000000969]
Boillot O, Seket B, Dumortier J, Pittau G, Boucaud C, Bouffard
Y, Scoazec JY. Thymoglobulin induction in liver transplant
recipients with a tacrolimus, mycophenolate mofetil, and steroid
immunosuppressive regimen: a five-year randomized prospective
study. Liver Transpl 2009; 15: 1426-1434 [PMID: 19877264 DOI:
10.1002/lt.21905]
Nashan B, Saliba F, Durand F, Barcéna R, Herrero JI, Mentha
G, Neuhaus P, Bowles M, Patch D, Bernardos A, Klempnauer J,
Bouw R, Ives J, Mamelok R, McKay D, Truman M, Marotta P.
Pharmacokinetics, efficacy, and safety of mycophenolate mofetil
in combination with standard-dose or reduced-dose tacrolimus in
liver transplant recipients. Liver Transpl 2009; 15: 136-147 [PMID:
19177449 DOI: 10.1002/lt.21657]
Shao ZY, Yan LN, Wang WT, Li B, Wen TF, Yang JY, Xu MQ,
Zhao JC, Wei YG. Prophylaxis of chronic kidney disease after
liver transplantation--experience from west China. World J
Gastroenterol 2012; 18: 991-998 [PMID: 22408361 DOI: 10.3748/
wjg.v18.i9.991]
First MR, Dhadda S, Croy R, Holman J, Fitzsimmons WE. Newonset diabetes after transplantation (NODAT): an evaluation of
definitions in clinical trials. Transplantation 2013; 96: 58-64
[PMID: 23619735 DOI: 10.1097/TP.0b013e318293fcf8]
Orlando G, Baiocchi L, Cardillo A, Iaria G, De Liguori Carino

February 14, 2016|Volume 22|Issue 6|

Song JL et al . Risks of diabetes after liver transplantation

22

23

24

25

26

27
28

29

30

N, De Luca L, Ielpo B, Tariciotti L, Angelico M, Tisone G. Switch
to 1.5 grams MMF monotherapy for CNI-related toxicity in liver
transplantation is safe and improves renal function, dyslipidemia,
and hypertension. Liver Transpl 2007; 13: 46-54 [PMID: 17154392
DOI: 10.1002/lt.20926]
National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classification,
and stratification. Am J Kidney Dis 2002; 39: S1-266 [PMID:
11904577]
Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau
TM, Kosberg CL, D’Amico G, Dickson ER, Kim WR. A model
to predict survival in patients with end-stage liver disease.
Hepatology 2001; 33: 464-470 [PMID: 11172350 DOI: 10.1053/
jhep.2001.22172]
Davidson J, Wilkinson A, Dantal J, Dotta F, Haller H, Hernández
D, Kasiske BL, Kiberd B, Krentz A, Legendre C, Marchetti P,
Markell M, van der Woude FJ, Wheeler DC. New-onset diabetes
after transplantation: 2003 International consensus guidelines.
Proceedings of an international expert panel meeting. Barcelona,
Spain, 19 February 2003. Transplantation 2003; 75: SS3-S24
[PMID: 12775942 DOI: 10.1097/01.TP.0000069952.49242]
Parekh J, Corley DA, Feng S. Diabetes, hypertension and hyperli
pidemia: prevalence over time and impact on long-term survival
after liver transplantation. Am J Transplant 2012; 12: 2181-2187
[PMID: 22548965 DOI: 10.1111/j.1600-6143.2012.04077.x]
Albeldawi M, Aggarwal A, Madhwal S, Cywinski J, Lopez R,
Eghtesad B, Zein NN. Cumulative risk of cardiovascular events
after orthotopic liver transplantation. Liver Transpl 2012; 18:
370-375 [PMID: 22140067 DOI: 10.1002/lt.22468]
Kim SI. Bacterial infection after liver transplantation. World
J Gastroenterol 2014; 20: 6211-6220 [PMID: 24876741 DOI:
10.3748/wjg.v20.i20.6211]
Subramanian S, Trence DL. Immunosuppressive agents: effects
on glucose and lipid metabolism. Endocrinol Metab Clin North
Am 2007; 36: 891-905; vii [PMID: 17983927 DOI: 10.1016/
j.ecl.2007.07.003]
Weiler N, Thrun I, Hoppe-Lotichius M, Zimmermann T,
Kraemer I, Otto G. Early steroid-free immunosuppression
with FK506 after liver transplantation: long-term results of a
prospectively randomized double-blinded trial. Transplantation
2010; 90: 1562-1566 [PMID: 21048536 DOI: 10.1097/
TP.0b013e3181ff8794]
Li HY, Li B, Wei YG, Yan LN, Wen TF, Zhao JC, Xu MQ, Wang
WT, Ma YK, Yang JY. Higher tacrolimus blood concentration

31

32

33

34

35
36

37

38

39

is related to hyperlipidemia in living donor liver transplantation
recipients. Dig Dis Sci 2012; 57: 204-209 [PMID: 21743990 DOI:
10.1007/s10620-011-1817-5]
McAlister VC, Haddad E, Renouf E, Malthaner RA, Kjaer
MS, Gluud LL. Cyclosporin versus tacrolimus as primary
immunosuppressant after liver transplantation: a meta-analysis. Am
J Transplant 2006; 6: 1578-1585 [PMID: 16827858 DOI: 10.1111/
j.1600-6143.2006.01360.x]
Dunning T, Sinclair A, Colagiuri S. New IDF Guideline for
managing type 2 diabetes in older people. Diabetes Res Clin
Pract 2014; 103: 538-540 [PMID: 24731476 DOI: 10.1016/
j.diabres.2014.03.005]
Kuo HT, Sampaio MS, Ye X, Reddy P, Martin P, Bunnapradist
S. Risk factors for new-onset diabetes mellitus in adult liver
transplant recipients, an analysis of the Organ Procurement and
Transplant Network/United Network for Organ Sharing database.
Transplantation 2010; 89: 1134-1140 [PMID: 20386364 DOI:
10.1097/TP.0b013e3181d2fec1]
Nilsson PM, Cederholm J, Zethelius BR, Eliasson BR, EegOlofsson K, Gudbj Rnsdottir S. Trends in blood pressure control
in patients with type 2 diabetes: data from the Swedish National
Diabetes Register (NDR). Blood Press 2011; 20: 348-354 [PMID:
21675827 DOI: 10.3109/08037051.2011.587288]
Mogensen CE. New treatment guidelines for a patient with
diabetes and hypertension. J Hypertens Suppl 2003; 21: S25-S30
[PMID: 12769164]
Redon J, Cifkova R, Laurent S, Nilsson P, Narkiewicz K, Erdine
S, Mancia G. Mechanisms of hypertension in the cardiometabolic
syndrome. J Hypertens 2009; 27: 441-451 [PMID: 19262221 DOI:
10.1097/HJH.0b013e32831e13e5]
Li DW, Lu TF, Hua XW, Dai HJ, Cui XL, Zhang JJ, Xia Q. Risk
factors for new onset diabetes mellitus after liver transplantation: A
meta-analysis. World J Gastroenterol 2015; 21: 6329-6340 [PMID:
26034369 DOI: 10.3748/wjg.v21.i20.6329]
Pérez-Flores I, Sánchez-Fructuoso A, Calvo N, Valga EF,
Barrientos A. Incidence and risk factors for the metabolic
syndrome and posttransplant diabetes in renal transplant recipients
taking tacrolimus. Transplant Proc 2010; 42: 2902-2904 [PMID:
20970565 DOI: 10.1016/j.transproceed.2010.08.005]
Schmilovitz-Weiss H, Mor E, Sulkes J, Bar-Nathan N,
Shaharabani E, Melzer E, Tur-Kaspa R, Ben-Ari Z. Association of
post-liver transplantation diabetes mellitus with hepatitis C virus
infection. Transplant Proc 2003; 35: 667-668 [PMID: 12644087
DOI: 10.1016/S0041-1345(03)00090-3]
P- Reviewer: Hussain S, Inoue K, Tamemoto H S- Editor: Qi Y
L- Editor: Ma JY E- Editor: Ma S

WJG|www.wjgnet.com

2141

February 14, 2016|Volume 22|Issue 6|

World J Gastroenterol 2016 February 14; 22(6): 2142-2148
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i6.2142

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Inferoposterior duodenal approach for laparoscopic
pancreaticoduodenectomy
Xiao-Ming Wang, Wei-Dong Sun, Ming-Hua Hu, Gua-Nan Wang, Ya-Qi Jiang, Xiao-San Fang, Meng Han
Revised: August 19, 2015
Accepted: November 19, 2015
Article in press: November 19, 2015
Published online: February 14, 2016

Xiao-Ming Wang, Wei-Dong Sun, Ming-Hua Hu, Gua-Nan
Wang, Ya-Qi Jiang, Xiao-San Fang, Meng Han, Department
of Hepatobiliary Surgery, Affiliated Yijishan Hospital of Wannan
Medical College, Wuhu 241001, Anhui Province, China
Author contributions: Wang XM designed and performed the
research and wrote the paper; Sun WD designed and surpervised
the report; Hu MH designed the research and contributed to the
analysis; Wang GN, Jiang YQ, Fang XS, and Han M provided
clinical advice.

Abstract
AIM: To investigate the advantages of inferoposterior
duodenal approach (IPDA) for laparoscopic pancreati
coduodenectomy (LPD).

Institutional review board statement: The study was reviewed
and approved by the Affiliated Yijishan Hospital of Wannan
Medical College.

METHODS: A total of 36 patients subjected to LPD
were admitted to the Affiliated Yijishan Hospital of
Wannan Medical College from December 2009 to
February 2015. These patients were diagnosed with an
ampullary tumour or a pancreatic head tumour through
computed tomography, magnetic resonance imaging
or endoscopic retrograde cholangiopancreatography
preoperatively. The cases were selected on the basis
of the following criteria: tumour diameter < 4 cm; no
signs of peripheral vascular invasion; evident lymph
node swelling; and distant metastasis. Of the 36
cases, 20 were subjected to anterior approach (AA; AA
group) and 16 were subjected to IPDA (IPDA group).
Specimen removal time, intraoperative blood loss and
postoperative complications in the two groups were
observed, and their differences were compared.
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RESULTS: During the operation, 2 cases in the AA
group and 2 cases in the IPDA group were converted
to laparotomy; these cases were excluded from
statistical analysis. The remaining 32 cases successfully
completed the surgery. The AA group and IPDA group
exhibited the specimen removal time of 205 ± 52 and
160 ± 35 min, respectively, and the difference was
significant (P < 0.01). The AA group and IPDA group
revealed the intraoperative blood loss of 360 ± 210 mL
and 310 ± 180 mL, respectively, but these values were
not significantly different. Postoperative pathological
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results revealed 4 cases of inferior common bile duct
cancer, 8 cases of duodenal papillary cancer, 6 cases
of ampullary cancer, 13 cases of pancreatic cancer, 3
cases of chronic pancreatitis accompanied with cyst
formation or duct expansion, and 2 cases of mucinous
cystic tumour in the pancreatic head. The postoperative
complications were pulmonary Staphylococcus aureus
infection, incision faulty union, ascites induced poor
drainage accompanied with infection, bile leakage,
pancreatic leakage and delayed abdominal bleeding.

exhibits good characteristics and provides advantages.
For instance, small spaces or surgical fields that cannot
be reached through laparotomy can be accessed
through LPD. LPD provides unique caudal and dorsal
visual angles. Dissection and freeing towards specific
parts can be completed from specific angles. LPD
can also be applied to perform amplification, which
can yield a clear surgical field and high-throughput
operations. Therefore, studies have developed new
suitable surgical approaches for endoscopic surgeries;
such novel approaches have been considered as
the basis to optimise the advantages of LPD and to
improve LPD. We have acquired experiences in AALPD; on the basis of these experiences, we developed
a new surgical approach, namely, inferoposterior
duodenal approach (IPDA). Here we describe this
surgical approach and its advantages in detail.

CONCLUSION: In IPDA, probing for important steps
can be performed in early stages, surgical procedures
can be optimised and operation time can be shortened.
Key words: Laparoscopic pancreaticoduodenectomy;
Surgical approach
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
General information

Core tip: This study investigated the advantages of
inferoposterior duodenal approach for laparoscopic
pancreaticoduodenectomy. Results revealed that the
inferoposterior duodenal approach can be performed
not only to probe for important steps in early stages
but also to optimise surgical procedures and shorten
operation time.

A total of 36 cases (21 males and 15 females, aged
35 to 75 years) subjected to LPD were admitted to
our hospital from December 2009 to February 2015.
These patients were diagnosed with an ampullary
tumour or a pancreatic head tumour through com
puted tomography, magnetic resonance imaging or
endoscopic retrograde cholangiopancreatography
preoperatively. The cases were selected in accordance
with the following criteria: tumour diameter < 4 cm;
no signs of peripheral vascular invasion; evident lymph
node swelling; and distant metastasis. Of the 36
cases, 20 were included in the AA group and 16 were
included in the IPDA group.

Wang XM, Sun WD, Hu MH, Wang GN, Jiang YQ, Fang XS,
Han M. Inferoposterior duodenal approach for laparoscopic
pancreaticoduodenectomy. World J Gastroenterol 2016;
22(6): 2142-2148 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i6/2142.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i6.2142

Surgical method (IPDA)

Anaesthesia and position: The patients received
general anaesthesia and tracheal cannulation. The
patients were then placed in a supine position and the
two legs were in a split position. A laparoscope was
inserted through one small incision at the inferior navel
ring edge (or 3-5 cm below the belly button); four
small incisions were made as primary and secondary
operating holes below the front rib margin of the left
and right armpits and mildly over the umbilical level
of the left and right clavicular midline. The surgeons
remained on the patients’ left side, and the assistant
stood on the patients’ right side.

INTRODUCTION
[1]

In 1994, Gagner completed the first laparoscopic
pancreaticoduodenectomy (LPD) worldwide; after 20
years of efforts, LPD has been gradually performed
[2-6]
globally, and its safety has been confirmed
.
However, compared with other fields of abdominal
surgery, LPD is in the exploratory stage, and numerous
problems, such as surgical approaches, remain
unresolved. In LPD, an open abdominal approach or
[7,8]
the anterior approach (AA) is commonly used . In
this approach, the hepatic flexure of the colon is freed
and Kocher incision is implemented, and this procedure
is performed from the front parts to the rear parts and
from the top sections to the bottom sections. However,
the freedom degree of LPD cannot be compared
with that of open abdominal surgery because LPD is
limited by visual angles and operating holes, as well
as insufficient exposure effects by hands; as such,
the open abdominal surgical approach cannot be
fully applied into LPD. Despite these drawbacks, LPD

WJG|www.wjgnet.com

Probing: The liver, abdominal cavity and omentum
were conventionally explored for several situations,
such as metastasis, cholestasis in the liver or bile duct
dilation. The transverse mesocolon was lifted, and
the inferior duodenal flexure was exposed from the
right side of its root (Figure 1A). The rear part along
the inferior duodenal flexure was freed, Toldt’s gap
was penetrated, the inferior vena cava was exposed,
and whether the lesion invaded this site was probed.
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Figure 1 Surgical method - probing. A: After lifting the transverse mesocolon and exposing the inferior duodenal flexure from its root, the superomedial side of this
section is SMV, and the posterolateral side is IVC, and in here, they are the “window” of LPD; B: After lifting the inferior duodenal flexure, freeing along its rear part,
entering the Toldt’s gap, revealing the inferior vena cava and left renal vein, and freeing leftwards to reveal the abdominal aorta, the para-abdominal aortic lymph
nodes are obtained and sent for the intraoperative frozen section; C: After exposing SMA root from the upper site of LRV and dissecting along its distribution from the
rear part, whether tumour invades the SMA or not is explored. The freeing is then continued towards the caput to reveal the VA root and clean its surrounding lymph
nodes; D: After revealing the SMV from inferior duodena part, this segment has longer SMV, entirely located within the small bowel mesentery, and has no avascular
association with the duodenum. SMV: Superior mesenteric vein; IVC: Inferior vena cava; DU: Duodenum; LPD: Laparoscopic pancreaticoduodenectomy; LRV: Left
renal vein; AA: Abdominal aorta; CA: Celiac artery; UP: Uncinate process.

The abdominal aorta was then revealed and the paraaortic lymph nodes were harvested for the frozen
section (Figure 1B). The surgery was terminated if
lymph node metastasis occurred. Subsequently, The
left renal vein (LRV) was revealed and the superior
mesenteric artery (SMA) was exposed just above the
LRV and dissected along its trunk under the unique
dorsal view of laparoscopy until the horizontal part of
duodenum, probing whether the tumor invaded the
SMA or not. The root of celiac trunk was also revealed
and the surrounding lymph nodes were cleaned (Figure
1C). The SMV was revealed at the inferior duodenal
part (Figure 1D), the vascular sheath was opened
and freed upwards, and the right gastroepiploic vein
branches were anatomically dissected. The lower
pancreatic edge was freed and lifted, sneak dissection
was performed from the rear pancreas to the
abouchement point of the splenic vein, and whether
the tumour invaded the SMV was then determined.

to the right through the rear part of the mesenteric
vessels. The gastrocolic ligament was transected, the
greater and lesser gastric curvatures were freed, and
the gastric body was transected. The pancreatic neck
was transected and the common hepatic artery was
revealed on its upper edge. A tape, which was a “sling”
from the pancreatic head and the inferior uncinate
process, was suspended and pulled rightwards, while
the SMV was pushed leftwards, and the right side
wall of superior mesenteric artery was revealed. The
arterial sheath was opened and the SMV and branches
from the SMA to the pancreatic uncinate process
from bottom to top were dissected, and the uncinated
process was completely freed. The surrounding lymph
adipose tissues were cleaned. The hepatoduodenal
ligament was penetrated, and the GDA was dissected,
freed towards the hepatic portal along the surface
of the portal vein, and separated from the hepatic
artery and the bile duct. The hepatic artery was
fully anatomised and the surrounding fat lymphoid
tissues were cleaned (Figure 2). The gallbladder was
finally removed and the common hepatic duct was
transected. The specimen was then removed.

Specimen dissection: After probing confirmed
that the tumour was resectable, the visual field was
shifted to the left of the transverse mesocolon root
and the jejunum was transected 15 cm away from
Treitz ligament. The proximal jejunum was pulled
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Reconstruction: The digestive tract was recon
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8 cases of duodenal papillary cancer; 6 cases of
ampullary cancer; 13 cases of pancreatic cancer (9
cases of adenocarcinoma, 2 cases of adenosquamous
cancer, 1 case of neuroendocrine tumour, and 1
case of solid false papilloma); 3 cases of chronic
pancreatitis accompanied with cyst formation or duct
expansion; and 2 cases of mucinous cystic tumour in
the pancreatic head.

GDA
SV

HA
PV
CBD

SMV

Postoperative complications

Several postoperative complications were encountered.
One case of postoperative pulmonary Staphylococcus
aureus infection was observed; as such, the
antibacterial treatment was strengthened. One case of
incision faulty union was documented, and the phase
Ⅱ suture was performed to repair this problem. One
case of ascites-induced poor drainage accompanied
with infection was recorded; as such, re-surgical
drainage was performed. Three cases of bile leakage
occurred, but this condition spontaneously healed after
drainage. Five cases of pancreatic leakage, including
one case of secondary abdominal bleeding, were
found. Therefore, re-operation was conducted, and a
dehiscent wound was detected on the partial anterior
wall of the pancreatic anastomotic site. The wound was
then re-sutured, and the patient spontaneously healed
after the wound was rinsed with double cannula.
Four cases of pancreatic leakage were documented,
and this condition spontaneously healed after
drainage. One case of delayed abdominal bleeding
was found, and surgical exploration revealed that
this haemorrhagic condition was caused by a hepatic
artery rupture; therefore, the patient was subjected to
partial arterial resection and reconstruction. However,
the anastomotic site bled postoperatively; as such,
the patient was subjected to an artery ligation again.
Afterwards, the patient recovered well and was
discharged.

Figure 2 Surgical method - specimen dissection. After entering the
hepatoduodenal ligament, dissecting GDA, and freeing towards the hepatic
porta along the surface of hepatic portal vein, it is separated from the hepatic
artery and common bile duct. The hepatic artery is fully dissected, and the
surrounding fat lymphoid tissues are also dissected. Finally, the common bile
duct is dissected. GDA: Gastric-duodenum artery; HA: Hepatic artery; PV:
Portal vein; CBD: Common bile duct; SMV: Superior mesenteric vein; SV:
Spleen vein.

structed in accordance with Child surgical procedures
through endoscopy or with small incision assistance.

Observation indexes

Specimen removal time, intraoperative blood loss and
postoperative complications in the two groups were
observed.

Statistical analysis

Statistical analyses were carried out using SPSS 17.0
(SPSS Inc., Chicago, IL, United States). Data are
presented as mean ± SD. Comparisons between the
two groups were performed using t-test. P < 0.05 was
considered statistically significant.

RESULTS
Intraoperative conditions

Of the 36 patients, 4 were converted to laparotomy;
the lesions of the 3 cases were closely related to the
vessels and difficult to be endoscopically separated,
and the chronic pancreatic inflammation of 1 case
exhibited heavy adhesion to the surrounding tissues
and easily caused bleeding during separation. Of
these 4 cases, 2 were in the AA group and 2 were in
the IPDA group, and these 4 cases were not included
in the statistical analyses. The remaining 32 cases
successfully completed the surgery. The difference in
the specimen removal time was significant (P < 0.01),
with 205 ± 52 min in the AA group and 160 ± 35 min
in the IPDA group. The blood loss was 360 ± 210 mL
in the AA group and 310 ± 180 mL in the IPDA group,
and this finding did not significantly differ (P > 0.05).

DISCUSSION
In this study, LPD was performed with the duodenum
as the centre. In general, the traditional anterior
approach is initiated by freeing the descending part
of the duodenum. However, the intestinal segment
is found deep into the retroperitoneum, in which the
transverse colon and its mesenteria are covered; as
such, these parts cannot be easily exposed or reached.
Furthermore, the operation is difficult and limited by a
trocar hole. However, we found that the location at the
junction of the descending duodenum and its inferior
part (i.e., inferior duodenal flexure) was relatively
superficial, and only one layer of the peritoneum
was covered. The site was located on the right of
transverse mesocolon root and thus could be exposed
when the transverse mesocolon was lifted. The
anteromedial side of the intestinal canal was the SMV,
and the posterolateral side was the inferior vena cava,

Postoperative pathological results

Of the 36 cases, the following conditions were
observed: 4 cases of inferior common bile duct cancer;

WJG|www.wjgnet.com

2145

February 14, 2016|Volume 22|Issue 6|

Wang XM et al . IPDA for LPD
which is the major hub of pancreaticoduodenectomy.
We used this part as the initial step of the surgery,
which was combined with the “window”, and the
inferoposterior approach of LPD was developed. The
outcomes were good, and the approach provided the
following advantages.
First, the inferoposterior approach of LPD maxi
mised the advantages of laparoscopy; in particular,
small spaces could be reached. The probe could
enter the dorsal part of the pancreatic head and the
duodenum through the rear part of the “window”,
and relevant exploration could be accomplished to
determine the surgical methods. In the biopsy of the
para-abdominal aortic lymph nodes, pancreatic cancer
causes a high rate of lymph node metastasis; for
instance, 54% to 86% of patients likely suffer from
[9,10]
lymph node metastasis after they undergo surgery
.
Even a small pancreatic tumour (diameter < 2 cm)
[11]
exhibits a lymphatic metastatic rate of up to 37.2% .
In addition, the involvement of para-abdominal aortic
lymph nodes is manifested as distant metastasis (M1),
which often corresponds to poor prognosis. Although
these patients are subjected to enlarged lymph node
dissection, the long-term survival is significantly worse
[12-15]
than those with negative lymphatic metastasis
,
and this finding does not significantly differ from
the patients who did not opt for the removal of their
[16-18]
tumours
. Therefore, the intraoperative biopsy
towards the para-abdominal aortic lymph nodes
helps guide this surgical approach; during surgery, a
surgeon can further evaluate the patients’ prognosis
and determine appropriate surgical methods. In AALPD, lymph nodes cannot be easily obtained in this
region. For this reason, the hepatic flexure of the colon
must be dissected, Kocher incision must be made and
the pancreatic head and the duodenum must be fully
freed. IPDA could be performed to directly enter the
region after the hepatic flexure of the duodenum was
freed; thus, the lymph nodes could be obtained with
the shortest distance and the fastest speed to assess
lymph node metastasis in early stages. Lymph node
metastasis confirmed through rapid intraoperative
pathological assessment could indicate poor prognosis,
and surgical resection unlikely yielded positive
outcomes and further trauma could be avoided. In
the exploration to the superior mesenteric artery,
the resection and reconstruction of SMV are safe and
[19,20]
feasible through pancreaticoduodenectomy
. By
comparison, the invasion of tumour towards the SMA
is a counterindication for surgery because the resection
and reconstruction of the SMA likely cause a high
mortality rate and induce complications after surgery;
these procedures could not prolong the survival period
[21]
of patients . In traditional PD surgery, the exploration
towards the SMV and the portal venous system is set
in early stages, and the SMA damaged by tumour
is often determined in the last stage of resection. In
particular, the SMA is determined during the disruption
of the pancreatic neck, and the surgeon does not
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have other options. Thus, the surgeon must resect
the specimens. As a result, positive margins may
be detected, and these patients likely show a poor
prognosis. Furthermore, the long-term survival rate is
[22]
very low. Pessaux et al
proposed the artery-leading
surgical approach in 2006; SMA is developed and thus
has allowed surgeons to find the damaged arteries
in early stages; further resection is not performed,
so it could avoid the embarrassment of not being
able to regret. Since then, scholars have published
similar reports; on the basis of different locations
and conditions of tumours, these scholars proposed
[23-27]
a number of artery-leading surgical approaches
.
In this study, the pancreatic head and the duodenum
were lifted forward after we obtained the paraabdominal aortic lymph nodes, and the SMA root was
then exposed from the site where the left renal vein
spanned the upper edge of the abdominal aorta. The
unique dorsal visual angle of laparoscopy was then
used to dissect along its direction to confirm whether
the SMA was invaded by tumours. Further freeing
along this path and towards the caput could help
elucidate the relationship of cancer with celiac trunk.
Therefore, this approach could reveal the relationships
between tumour and arteries in earlier stages than
traditional surgical approaches; as such, appropriate
surgical procedures can be determined and selected.
Second, in this approach, the SMV was dissected
from the anteromedial side of the “window”; thus,
the SMV probing could be completed safely. SMV
probing is one of the difficulties in LPD. Traditional
probing begins from the uncinate process segment
of the blood vessels, and the lower edge of the
pancreas is exposed; the mid colon vein or the right
[28,29]
gastroepiploic vein is considered as an indicator
.
The branch vessels followed by the SMV trunk are
processed. However, this SMV segment is the shortest
and contains the highest number of branches, such
as superoanterior pancreaticoduodenal vein and other
branches besides the right gastroepiploic vein. These
vessels are imported into the SMV with different
vessels and from different levels; therefore, the
anatomical levels are difficult to be determined during
separation. Once the damage occurs, uncontrollable
bleeding is inevitable; as such, this procedure likely
causes bleeding. In this study, the SMV probing was
initiated from the anteromedial side of the “window”,
and this SMV segment was longer and located entirely
within the small bowel mesentery. The segment did not
show vascular association with the inferior duodenal
part. Thus, the segment was convenient and safe
for the exposure. Opening the vascular sheath from
this site and freeing upwards along the intrathecal
space, surgeons could quickly locate and process the
blood vessel branches in the uncinate process and
could reach the rear pancreatic vessels for further
exploration. This trunk-first-branch-later approach
could reduce the risk of bleeding and increase the
safety of the surgery.
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Lastly, this approach was more conducive to
the lymph node dissection of the hepatoduodenal
ligament, which is another technical difficulty in LPD.
Traditional dissection methods begin from the top parts
to the bottom parts of the hepatic portal, and this
procedure is difficult to perform through endoscopy.
When the common hepatic duct is transected or the
hepatic artery is anastomosed, the risks of damaging
the posterior portal vein and causing bleeding remain
unknown. We believe that opening the portal vein
sheath to completely expose the portal vein is an
important measure to avoid injuries. However, in the
three-tube structure of the liver ligament, the portal
vein was located distally; as such, this vein cannot be
easily revealed via the conventional method. Therefore,
an appropriate approach should be determined. In
this study, when the probing confirmed that the
tumour could be removed, we firstly dissected the
proximal jejunum and then transected the pancreatic
uncinate process neck to expose the whole SMV
and the portal vein. We anastomosed and dissected
the hepatoduodenal ligament in the final stages
of resection. At this time, the small branches that
assemble into the portal vein system were processed
when the uncinate process was freed; therefore, the
clearance of the hepatoduodenal ligament could be
completed only after anastomising along the constant
common hepatic artery. Such bottom-to-top anatomy
would not only benefit the endoscopic operation but
also “simplify” the complex skeletonisation of the
hepatoduodenal ligament. As a result, operation
efficiency could be improved and operation time could
be reduced. This approach is safe and effective for
patients with a history of cholangitis, which does not
show a clear anatomy of the hepatoduodenal ligament;
this approach is also beneficial for patients with liver
tumours located in deep regions that cause difficulty in
exposing the hepatoduodenal ligament.
In summary, this approach fully combined the
duodenal anatomical characteristics and laparoscopic
advantages; thus, probing, separation and sample
resection could be finished in one step. With this
approach, probing can be performed in early stages,
surgical procedures can be optimised and operation
time can be shortened. However, the number of
cases in this study was small, and the advantages of
the proposed procedure should be further confirmed
through comparative studies.

In 1994, LPD was completed for the first time. After 20 years of efforts, LPD has
been gradually performed, and some surgical procedures, including pancreatic
anastomosis and hook excision, have been improved. However, studies on
surgical approaches of LPD are very rare.

Innovations and breakthroughs

On the basis of the duodenum anatomical characteristics and advantages
of laparoscopy, we proposed the inferoposterior duodenal approach (IPDA).
Compared with traditional anterior approaches, IPDA can be performed not only
to probe in early stages but also to optimize the operation process and shorten
the operation time.

Applications

IPDA is suitable for LPD. This procedure can optimise the surgical procedure,
shorten the operation time and promote further applications of LPD.

Terminology

LPD is pancreaticoduodenectomy completed through laparoscopy.

Peer-review

This study investigated the advantages of the inferoposterior duodenal
approach for laparoscopic pancreaticoduodenectomy. The results are significant
and applicable to clinical practices and studies.
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Abstract
Some viruses, including certain members of the entero
virus genus, have been reported to cause pancreatitis,
especially Coxsackie virus. However, no case of human
enterovirus 71 (EV71) associated with pancreatitis
has been reported so far. We here report a case of
EV71-induced hand-foot-and-mouth disease (HFMD)
presenting with pancreatitis in a 2-year-old girl. This
is the first report of a patient with acute pancreatitis
in HFMD caused by EV71. We treated the patient
conservatively with nasogastric suction, intravenous
fluid and antivirals. The patient’s symptoms improved
after 8 d, and recovered without complications. We
conclude that EV71 can cause acute pancreatitis in
HFMD, which should be considered in differential
diagnosis, especially in cases of idiopathic pancreatitis.
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Core tip: Acute pancreatitis associated with enterovirus
71 (EV71) infection is extremely rare. We here report
a case of EV71-induced hand-foot-and-mouth disease
(HFMD) presenting with pancreatitis in a 2-year-old
girl. This is the first case report of acute pancreatitis
associated with EV71 infection. EV71 can cause acute
pancreatitis in HFMD, which should be considered in
differential diagnosis, especially in cases of idiopathic
pancreatitis.
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INTRODUCTION
Enterovirus 71 (EV71) is a human enterovirus in the
Enterovirus genus of the Picornaviridae family. Many
of the EV71-infected cases have occurred in AsiaPacific region, and posed a serious threat to children’s
[1]
health . EV71 primarily causes hand-foot-and-mouth
disease (HFMD) in young children, and many neurolo
gical complications such as encephalitis, brain stem
encephalitis and fatal pulmonary edema occur occa
[2]
sionally . However, no EV71-associated pancreatitis
has been reported so far. We here describe a case of
EV71-induced HFMD presenting with pancreatitis in a
2-year-old girl.

Figure 1 Adominal computed tomography showed acute pancreatitis with
swelling of the pancreas and peri-pancreatic exudation. No cholelithiasis or
tumor occluding the common bile duct or pancreatic duct was observed (arrow).

hospitalization were performed and the results were as
follows: real-time reverse transcription PCR (RT-PCR)
in a stool sample was positive for EV71, but negative
for Coxsackie virus A16, and antibody titer against
EV71 was markedly elevated and it was quadrupled
during the recovery period. Ultrasonography of the
abdomen revealed neither gallstones nor biliary
sludge. Abdominal computed tomography (CT) showed
acute pancreatitis with swelling of the pancreas,
and peri-pancreatic exudation. No cholelithiasis or
tumor occluding the common bile duct or pancreatic
duct was observed (Figure 1). Magnetic resonance
cholangiopancreatography (MRCP) performed in
another hospital revealed peri-pancreatic exudation
and no anatomical abnormalities in the pancreas or
pancreatic duct. The girl was treated conservatively
with nasogastric suction, intravenous fluid and
antivirals. She was administered Cimetidine (0.15 g
b.i.d.), antibiotics (Cefminox, 0.4 g q8h, iv), and antiviral agent (Leigh Bhave Lin, 0.15 g qd, iv).
The patient’s symptoms improved after 8 d,
and recovered without complications. On the day of
discharge, all serum biochemical tests were normal.
Two months later, findings on the abdominal CT scan
were normal, all laboratory values were within the
normal ranges, and the rashes had disappeared, and
no further damage was observed. One year after
follow-up, the patient was asymptomatic and showed
no evidence of pancreatitis recurrence.

CASE REPORT
A 2-year-old girl was admitted to our hospital in June
2014 because of acute abdominal pain and vomiting
for 2 d. Vomiting occurred about ten times a day.
Moreover, 4 d before admission, maculopapular rashes
had appeared on her hip and then spread to the palms
of her hands and feet over the following 2 d, and she
also had fever during the 4 d before admission. Her
past medical history showed no record of pancreatitis
and her family history was negative for pancreatic
disease.
A physical examination on admission revealed a
normal blood pressure, temperature, pulse rate, and
breathing rate. Maculopapular rashes on her hip, palms
and feet and vesicles in mouth cavity membrane were
observed. Breathing sounds were clear on auscultation.
Abdominal examination revealed only mild abdominal
tenderness. No other abnormalities were found. Of
note, she had not taken any drugs before admission.
On admission, her chest X-ray and electrocar
diogram were both normal. A complete blood count,
calcitonin and blood biochemical tests including
C-reactive protein, glucose, bilirubin, triglycerides
and calcium, were all within reference limits. The
total levels of IgG, IgA and IgM in blood were normal.
Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were slightly elevated (ALT:
64 IU/L; AST: 68 IU/L; reference range: 10-35 IU/L),
and serum amylase (385 IU/L; reference range: 0-220
IU/L) and urine amylase (5300 IU/L; reference range:
0-1200 IU/L) were also increased. Serological tests of
various infectious agents including Epstein-Barr virus,
varicella zoster virus, cytomegalovirus, HIV Ⅰ and Ⅱ,
hepatitis A, B and C viruses, echoviruses, syncytial
virus, flu virus A and B, parainfluenza 1, 2 and 3, and
adenovirus were all negative. Tumor markers were also
negative. Other relevant tests and examinations during
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DISCUSSION
We have presented a case of EV71 infection associated
with pancreatitis secondary to HFMD. EV71 was
established as the causative pathogen of pancreatitis
in this case based on the following evidence: EV71
positivity, negative history of alcoholic and drug use,
no gallstones, no anatomical abnormalities in the
pancreas or pancreatic duct, normal level of triglyceride
and calcium, negative serological tests for other
infectious agents, and presence of characteristic rash
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on hip, palms and feet. Based on these observations,
it is tempting to speculate that the EV71 is the most
likely pathogenic factor for pancreatitis in this case.
Acute pancreatitis can be triggered by a variety
of etiologies. Gallstones and alcohol are the most
[3]
common causes of acute pancreatitis in adults .
However, the etiology in children is often drugs,
infection, trauma, genetic mutation, and congenital
structural abnormalities such as choledochal cysts and
[4,5]
abnormal union of the pancreatobiliary junction . The
most common infections are mumps, viral hepatitis,
[6]
Coxsackie virus and echovirus . At present, among
anomalies of the pancreatobiliary system, choledochal
[7]
cyst is the most common cause of acute pancreatitis .
Some acute pancreatitis cases without a detectable
[8]
cause are considered as “idiopathic” . Viral etiology
may be involved in idiopathic acute pancreatitis.
The Enterovirus genus is part of the large
Picornaviridae family, and is known to be highly
cytolytic. The species are small non-enveloped RNA
viruses and the most common viruses causing human
diseases. EV71 belongs to the Enterovirus genus in the
Picornaviridae family, and has been recognized as one
of the most important viral pathogens. EV71 infection
causes countless diseases ranging from mild HFMD or
herpangina to fatal brain stem encephalitis complicated
with pulmonary edema, and has become a serious
threat to children’s health. So far, no EV71-associated
pancreatitis has been reported, but Coxsackievirus A
and B have been reported to be causative pathogens
[9-11]
[12,13]
of pancreatitis
and type 1 diabetic mellitus
.
Studies have suggested the presence of enteroviruses
in pancreatic tissue including the pancreatic islets of
[14]
type 1 diabetic patients . Coxsackievirus has been
[13]
shown to replicate and destroy human β-cells . But to
the best of our knowledge, EV71-induced pancreatitis
is quite rare, and our patient presented no other
severe complications except for acute pancreatitis. A
previous study analyzing the EV71 genome obtained
from an immunocompromised host showed various
EV71 lineages and indicated that a mutation in the
VP1 BC loop region of EV71 (L97R) may play a critical
[15]
role in cell tropism independent of the EV71 lineage .
The mechanism of pancreatitis associated with EV71 is
still unknown; EV71 might injure the pancreatic acinar
cell membrane, leading to the leakage of intracellular
enzymes, and at the same time, some other factors
such as pancreatitis-related genetic susceptibility
genes and virulence determinants in the genotype
of the infecting strain should also be considered.
Therefore, a multi-disciplinary approach is required to
extend our understanding of this complex relationship.
In conclusion, EV71 can cause acute pancreatitis in
HFMD, which should be considered in the differential
diagnosis, especially in cases of idiopathic pancreatitis.
It is important to screen the patients with acute
pancreatitis for EV71 infections.
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Case characteristics

A 2-year-old girl presented with acute abdominal pain and vomiting for 2 d after
the onset of rashes appearing on her hip, hands and feet.

Clinical diagnosis

Abdominal pain and vomiting, elevated level of urine and serum amylase
concentration, magnetic resonance cholangiopancreatography (MRCP) and
computed tomography (CT) findings of peri-pancreatic exudation and swelling.

Differential diagnosis

Gallstone-induced pancreatitis or pancreatic tumor.

Laboratory diagnosis

Serum amylase, 385 IU/L; urine amylase, 5300 IU/L.

Imaging diagnosis

MRCP and CT showed acute pancreatitis with swelling of the pancreas and
peri-pancreatic exudation.

Treatment

The girl was treated conservatively with nasogastric suction, intravenous fluid,
and antivirals.

Related reports

Reports of acute pancreatitis associated with enterovirus 71 (EV71) are rare,
and only Coxsackie virus-related pancreatitis has been reported.

Experiences and lessons

EV71 can cause hand-foot-and-mouth disease (HFMD) with complications of
acute pancreatitis, which should be noticed in differential diagnosis, especially
in cases of idiopathic pancreatitis.

Peer-review

This interesting case is the first report of acute pancreatitis associated with
EV71-related HFMD. The authors describe the clinical features, physical
examination, laboratory findings, and MRCP and CT imaging in this case.
Although the mechanism of pancreatitis associated with EV71 is unknown,
suspected cases should be confirmed and treated as early as possible.
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Abstract
Double pylorus (DP), or duplication of the pylorus, is an
uncommon condition that can be either congenital or
acquired. Acquired DP (ADP) occurs when a peptic ulcer
erodes and creates a fistula between the duodenal
bulb and the distal stomach. The clinical features and
endoscopic characteristics of four patients with ADP
were reviewed and compared with previously reported
cases. An accessory channel connects the lesser
curvature of the prepyloric antrum with the duodenal
bulb, and in all cases, a peptic ulcer was located in or
immediately adjacent to the accessory channel. In one
of the patients, the bridge between the double-channel
pylorus disappeared, resulting in a single large opening
and duodenal kissing ulcer after two years and three
months. Finally, nonsteroidal anti-inflammatory drugs,
Helicobacter pylori and other risk factors associated
with ADP are assessed.
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Core tip: Double pylorus, which can be congenital or
acquired, is a relatively rare condition consisting of
two openings connecting the antrum to the duodenal
bulb. This disease has a prevalence that ranges from
0.001%-0.4% of upper gastrointestinal endoscopies,
and only a few reports have documented long-term
endoscopic observations for this disease. In this report,
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we present the clinical and endoscopic characteristics
and four years of follow-up observations of four
patients with acquired double pylorus complicated with
gastric ulcer.

patients abused nonsteroidal anti-inflammatory drugs
(NSAIDs) for the treatment of concomitant diseases
(Table 1).

Endoscopic characteristics

Esophagogastroduodenoscopies of all four patients
revealed normal esophagi along the full length,
without any pathological changes, and the bulbus and
postbulbar duodenums were normal in appearance.
However, each of the patients had DP and gastric
ulcer disease, and the observed channel contractions
suggested that their conditions might be related to the
true pyloric rings. In all four patients, the accessory
pylorus was located along the lesser curvature of the
prepyloric antrum, connecting the lesser curvature
with the duodenal bulb (Figure 1). A gastric ulcer was
found in two of the patients: in one case on the lesser
curve of the antrum and on the anterior wall adjacent
to the accessory pylorus in the other case (Figure
1A and C). In contrast, the white bases of the ulcers
were located in the accessory channel in the other
two patients (Figure 1B and D). The duodenum could
easily be entered via both of the pyloric channels.
Additionally, the 58-year-old male patient exhibited
mucosal erosion of the gastric fundus, active bleeding
and irregular shallow ulcers (Figure 2) that were
suggestive of acute erosive hemorrhagic gastropathy,
which caused upper gastroenteral bleeding in addition
to the ADP and the accompanying gastric ulcer
itself. This condition was the result of the patient’s
consumption of 8 bags of TouTongFen, which is also
known as AkaFenSan (an over-the-counter analgesic
consisting of acetaminophen, aspirin, and caffeine
powder), to treat a long duration headache. No
endoscopic interventions were performed in any of the
patients. Real-time abdominal ultrasonography and
computerized tomography findings were normal.
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INTRODUCTION
Double pylorus (DP), also called double-channel pylorus,
is a rare condition involving a double communication
between the gastric antrum and the duodenal bulb.
DP is observed in 0.001% to 0.4% of upper gastro
[1]
intestinal endoscopies and is twice as frequent
[2]
in males than females . In most cases, DP is a
complication of a penetrating ulcer, a condition that
is called acquired double pylorus (ADP), pyloric
duodenal fistula, antral duodenal fistula and peripyloric
[3]
gastroduodenal fistula . DP occasionally occurs
as a congenital abnormality, either isolated or in
combination with other congenital abnormalities, such
[4]
as heterotopic pancreatic tissue , pancreatic divisum
[5]
or gastric duplication . Herein, we describe four
cases of gastric ulcer disease complicated by ADP and
discuss risk factors for the occurrence of this disease.

CASE REPORT
Clinical features

The patients included three men and one woman
ranging from 41 to 62 years of age. The disease
durations ranged from 2 mo to 18 years. Two of the
male patients presented to the emergency department
with melena and/or coffee-ground vomitus suggestive
of upper gastrointestinal hemorrhage; the other
male patient was an outpatient who underwent an
endoscopic examination due to epigastric pain for
2 mo. The only female patient was admitted to the
hospital because of abdominal pain and dyspepsia with
concomitant gouty arthritis. Physical examinations of
the four patients indicated mild abdominal tenderness;
the female patient exhibited gouty tophi in both
hands and feet. For the two emergency patients, full
blood counts revealed normocytic anemia, and blood
biochemistry revealed enterogenous azotemia (i.e.,
elevated blood urea nitrogen and normal creatinine).
The other two (nonemergency) patients showed
normal hemoglobin and urea nitrogen levels. All
four patients exhibited normal platelet, prothrombin
time, creatinine, liver enzyme, and calcium levels.
Helicobacter pylori (H. pylori) urease breath test
results were positive for all four patients. Three of the
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Treatment and follow-up

The two patients with gastrointestinal hemorrhages
were immediately resuscitated with crystalloids and
treated with intravenous pantoprazole (40 mg) twice
daily until they left hospital. Bleeding did not recur,
and epigastric pain was resolved. These patients
were discharged on days 7 and 10. All patients were
treated with H. pylori eradication therapy for 10 d.
The 58-year-old male patient dropped out of the
follow-up treatment regimen after discharge. The
other three patients underwent urea breath tests after
one month that indicated eradication of H. pylori in
the two male patients. In addition, the 41-year-old
male patient underwent an endoscopic examination
at one month, which revealed that the gastric ulcer
had healed, though the DP remained. The other two
patients declined follow-up gastroscopies. The female
patient’s urea breath test remained positive, but she
declined further therapy for the bacterial infection
due to adverse reactions to the drugs. Both of these
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Table 1 Clinical features of the four patients with acquired double pylorus
Characteristic
Age (yr)
Sex
Disease duration
Symptoms at presentation
Previous history of gastric ulcer
Abdominal tenderness
NSAID use
Helicobacter pylori infection
Hemoglobin (g/L)
Blood urea nitrogen (mmol/L)
Blood creatinine (μmol/L)
Blood uric acid (μmol/L)
Concomitant disease
Duration (yr)
Localization of the accessory pylorus
Localization of the gastric ulcer

1

Case number
1

2

3

4

41
Male
2 mo
Epigastric pain
+
+
-

61
Male
1 yr
Melena
+
Diclofenac
+
82
14.3
80.46
334.2
Osteoarticular
degenerative disease
3
Lesser curve
Within the accessory
pylorus

58
Male
8 yr
Coffee-ground vomitus
+
+
AKaFenSan2
+
101
26.3
98
270.75
Headache

62
Female
2 mo
Abdominal pain
+
AKaFenSan2
+
115
6.1
75.11
565.5
Gout arthritis

18
Lesser curve
Anterior wall

20
Lesser curve
Within the accessory
pylorus

Lesser curve
Lesser curve

1

The plus signs denote the presence of a feature, and the minus signs denote its absence; 2AKaFenSan, also called TouTongFen, is an over-the-counter
analgesic consisting of acetaminophen, aspirin, and caffeine powder. NSAID: Nonsteroidal anti-inflammatory drug.

A

B

C

D

Figure 1 Double pylorus observed. A: A 41-year-old man undergoing endoscopy due to epigastric pain. A yellow-based irregular ulcer (arrowhead) is present in the
antrum of the lesser curve over the accessory pylorus (dotted arrow). The solid arrow indicates the true pylorus; B: A 61-year-old man with osteoarticular degenerative
disease who underwent endoscopy due to melena. A white-based ulcer (arrowhead) with edematous margins within the accessory pylorus (dotted arrow) on the lesser
curve of the peri-pyloric region is present. The other opening is the normal pylorus (solid arrow); C: A 58-year-old man with headache who underwent endoscopy
due to coffee-ground vomitus and melena. A white-based deep ulcer (arrowhead) is present in the anterior wall of the gastric antrum on the left side of the accessory
pylorus (dotted arrow). The solid arrow indicates the true pylorus. D: A 62-year-old woman with gout who underwent endoscopy due to abdominal pain. A whitebased ulcer (arrowhead) within the accessory pylorus (dotted arrow) is visible. The other opening is the true pylorus (solid arrow). Severe erythematous gastritis of the
antrum is also present.
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A

B

Figure 2 Gastric fundus mucosal congestion, erosion, active bleeding
and an irregular hematin-based shallow ulcer within the thin white fur
(arrow) in the 58-year-old man who underwent endoscopy due to coffeeground vomitus and melena. Prior to the occurrence of the melena, the
patient had ingested 8 bags of TouTongFen.

patients were asymptomatic and were instructed to
avoid all NSAIDs and to use proton pump inhibitors
(PPIs) if necessary to prevent ulcer recurrence and
other complications. These two patients remained
relatively healthy with the exception of occasional
epigastralgia that was improved upon the use of overthe-counter drugs. Two years and three months after
the initial endoscopy in March 2015, the female patient
exhibited a recurrence of persistent epigastric pain.
She consequently underwent a second endoscopic
examination revealing that the bridge between the
two channels had disappeared, resulting in a single
large opening (Figure 3A) and a duodenal kissing ulcer
(Figure 3B). A urea breath test indicated persistent
H. pylori infection. This patient also admitted to the
continued use of TouTongFen to treat gouty arthritis
attacks. Because the ulcer remained, this patient was
treated with triplex H. pylori eradication therapy and
PPI maintenance therapy. The patient’s abdominal
pain rapidly improved, and she was healthy at the last
follow-up.

Figure 3 Two years and three months after the first endoscopic exam.
A: The bridge between the two channels had disappeared, with a single large
pylorus (solid arrow) observed in the woman with gouty arthritis. The arrowhead
indicates the duodenal posterior wall ulcer; the dotted arrow indicates the
descending duodenum; B: A clean-based duodenal kissing ulcer was observed
in the woman with gouty arthritis. The arrowhead indicates the anterior wall
ulcer. The dotted arrow indicates the posterior wall ulcer in the duodenum, and
the solid arrow indicates the descending duodenum.

examination and/or a previous history of gastric ulcer
indicated that the lesions were acquired.
ADP has no specific autonomous clinical mani
festations and is not associated with upper abdominal
pain or dyspepsia. ADP can present with chronic upper
abdomen pain and/or discomfort, dyspepsia, vomiting
[9-11]
and gastrointestinal bleeding
due to an associated
peptic ulcer or other diseases. For example, the
58-year-old male patient was admitted to the hospital
due to upper gastroenteral bleeding. Upon admission,
acute gastroscopy confirmed that the cause of the
bleeding was acute erosive hemorrhagic gastropathy
(Figure 2) caused by the overuse of TouTongFen. In
the 61-year-old man with osteoarticular degenerative
disease, the cause of bleeding was a peptic ulcer within
the accessory pylorus.
On endoscopy, the gastric antrum may appear
[1]
[11]
normal , inflamed, or ulcerated
(as in the present
four cases). The fistula may vary in size from a few
millimeters to several centimeters, and in the majority
of patients, these fistulae are located in the lesser
curvature of the gastric antrum and the superior wall
[2]
of the duodenal bulb , as observed in all four patients
described herein. However, the fistula can form an
ulcer that penetrates from the posterior part of the

DISCUSSION
DP can be congenital or acquired. The first case of
congenital DP (CDP) was reported by Christien et
[6]
al in 1971, and only a few additional cases have
been reported since that time. In CDP, a defect in
canalization appears to occur during early embryonic
[4]
development . Diagnosis is based on normal histology
of both channels, the coexistence of another congenital
abnormality, a bridge between the two channels with
a normal muscle layer, a lack of a peptic ulcer disease
history, and a lack of radiologic or endoscopic evidence
[7]
of an ulcer . Conversely, ADP is a complication of a
prepyloric or duodenal ulcer that perforates the gastric
and duodenal walls to create a fistula. Although the
first reported cases was in 1861, this condition was
[8]
not considered a real entity until 1969 . In our four
patients, the presence of a peptic ulcer on endoscopic
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[12]

antrum to the third or fourth part of the duodenum
[13]
or even the jejunum . Rarely, ADP can be found in
[10,14]
patients with duodenal ulcers or gastric cancer
.
[2]
According to a follow-up study by Hu et al , the
accessory pylorus channel frequently persists for life
(60%); nonetheless, in some patients, the accessory
pylorus closes (25%) or connects with the true
[2,12,15]
pylorus to form a single channel (5%)
. The latter
occurred in the female patient in this report. There
are few reports of clinical improvement with fistula
formation.
Several etiologies of ADP have been proposed.
First, systemic diseases, such as diabetes, cirrhosis
and chronic obstructive pulmonary disease, may be
[16-18]
associated with ADP
. We believe that damage
to the gastric mucosal microcirculation can cause
[16-18]
ADP
. Second, long histories of treatment with
drugs, including NSAIDs and corticosteroids, can
[19]
affect peptic ulcer healing. Atiq et al
reported a
54-year-old African woman with ADP and a cleanbased ulcer in the accessory pylorus that resulted from
the failure to follow medication instructions as well as
the use of an over-the-counter analgesic consisting of
[9]
acetaminophen, aspirin and caffeine. Peixoto et al
described a 73-year-old man with multiple concomitant
diseases who was admitted to their emergency
department with first-episode melena. These authors
believed that formation of the DP in these cases
resulted from NSAID abuse. Moreover, H. pylori
infection was absent in both of the above-mentioned
[9,19]
cases
, suggesting that NSAIDs were responsible
[20]
for the observed ADP. Yousuf et al
reported a case
of DP that was diagnosed endoscopically in a male
patient with an adrenal adenoma; these authors
believed that formation of the DP in this case resulted
from a recurrent peptic ulcer that was likely induced
by the hypersecretion of endogenous corticosteroids
by the adrenal adenoma. Third, H. pylori plays a role
in the pathogeneses of duodenal ulcer disease and the
majority of gastric peptic diseases. Indeed, H. pylori
is potentially responsible for refractory cases and the
[15]
lack of healing. Akazawa
reported a patient with
none of the above-mentioned concomitant diseases or
drug use, though this patient did have a continuous H.
pylori infection for 14 years; recurrent gastric ulcers in
this patient finally led to ADP. Fourth, poor compliance
with medication regimens might be an important
factor in ADP formation.
Among our four patients, all had H. pylori
infections, and three abused NSAIDs. When the
symptoms of the latter three patients were relieved,
they continued using NSAIDs and refused regular
recertification and follow-up gastroscopies. In addition,
the female patient’s NSAID abuse to treat her gouty
arthritis and persistent H. pylori infection may have
been related to formation of the fistula and subsequent
duodenal kissing ulcer.
ADP is most frequently an incidental finding during
investigations of other conditions. The diagnosis is
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typically made based on endoscopic findings and
is occasionally made based on radiologic findings.
Endoscopy is generally the preferred method of
visualization; however, ADP by endoscopy should be
differentiated from gastric diverticulum, one of the
rarest and controversial gastrointestinal pathologies.
Very few cases of gastric diverticulum have been
[4,21]
reported in the literature
; such cases are typically
asymptomatic, singular, saccular in shape, 1 to 4 cm
th
in size and predominantly encountered in the 5 or
th
6 decade of life. Although DP has a characteristic
appearance on upper gastrointestinal series, it may
easily be misinterpreted as polyps, tumors, or large
[22,23]
mucosal folds
.
Therapy should focus on the removal of the factors
that impair mucosal healing. Ulcerogenic medications,
such as NSAIDs and corticosteroids, should be avoided,
and H. pylori infection should be eradicated. For
patients who cannot stop using NSAIDs and those
in whom H. pylori eradication fails, PPI maintenance
therapy is necessary. ADP in the majority of patients
responds well to medical treatments such as PPI, H2receptor antagonist and antacid therapies and gastric
mucosal protective agents. The eradication of H. pylori,
anti-acid treatments and the cessation of NSAID
use are beneficial in terms of symptom relief, ulcer
recurrence prevention, and fistula closure. For patients
with symptoms of gastric outlet obstruction, endoscopic
division of the tissue bridge with a sphincterotome
should be considered first because the reestablishment
[24]
of a normal pyloric aperture will alleviate symptoms .
Indications for surgery include other complications,
such as free perforations, obstructions that are
refractory to endoscopic treatment, refractory bleeding,
and failure to heal under maximum medical therapy
with persistent symptoms not due to the fistula per
[25]
se .

COMMENTS
COMMENTS
Case characteristics

Acquired double pylorus (ADP) can present with chronic upper abdomen pain
and/or discomfort, dyspepsia, vomiting and gastrointestinal bleeding due to an
associated peptic ulcer or other diseases.

Clinical diagnosis

The diagnosis of ADP is typically made based on endoscopic findings and is
occasionally made based on radiologic findings. Endoscopy is generally the
preferred method of visualization.

Differential diagnosis

ADP should be differentiated from gastric diverticulum on endoscopy; double
pylorus (DP) has a characteristic appearance but may easily be misinterpreted
as polyps, tumors, or large mucosal folds on upper gastrointestinal series.

Laboratory diagnosis

Full blood counts and blood biochemistry are often normal, but in patients
with gastrointestinal bleeding, full blood counts may show anemia, and blood
biochemistry may indicate enterogenous azotemia (i.e., elevated blood urea
nitrogen and normal creatinine). Helicobacter pylori (H. pylori) urease breath
test results are often positive.
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Imaging diagnosis

The real-time abdominal ultrasonography and computerized tomography
findings were normal.

8

Pathological diagnosis

9

Treatment

10

ADP arises from ulceration and fistulization between the gastric antrum and
duodenal bulb; not all of the normal histological layers are present in this form.

In the majority of patients, ADP responds well to medical treatments, such as
proton pump inhibitor, H2-receptor antagonist, and antacid therapies and gastric
mucosal protective agents.

11

Related reports

DP, also called double-channel pylorus, is a rare condition involving a double
communication between the gastric antrum and the duodenal bulb. DP is
observed in 0.001% to 0.4% of upper gastrointestinal endoscopies and occurs
at twice the frequency in males compared with females.

12

13

Term explanation

TouTongFen, which is also called AKaFenSan, is an over-the-counter analgesic
consisting of acetaminophen, aspirin, and caffeine powder.

14

Experiences and lessons

PPI maintenance therapy is necessary in patients who cannot stop using
NSAIDs and in those in whom H. pylori eradication fails.

15

Peer-review

This is a rare condition and an interesting report, and the manuscript is well
written. It is a pity that follow-up endoscopy was performed on only one patient,
and that the follow-up had to be based on clinical symptoms.

16

REFERENCES
1
2
3

4

5
6
7

17

Wiseman SM, Tan D, Hill HC. Double pylorus: an unusual
endoscopic finding. Endoscopy 2005; 37: 277 [PMID: 15731948
DOI: 10.1055/s-2005-861016]
Hu TH, Tsai TL, Hsu CC, Lu SN, Hsiao M, Changchien CS.
Clinical characteristics of double pylorus. Gastrointest Endosc 2001;
54: 464-470 [PMID: 11577308 DOI: 10.1067/mge.2001.117543]
Safatle-Ribeiro AV, Ribeiro Júnior U, Habr-Gama A, GamaRodrigues JJ. Double pylorus: case report and review of the
literature. Rev Hosp Clin Fac Med Sao Paulo 1999; 54: 131-134
[PMID: 10779821 DOI: 10.1590/S0041-87811999000400006]
Wolters VM, Nikkels PG, Van Der Zee DC, Kramer PP, De
Schryver JE, Reijnen IG, Houwen RH. A gastric diverticulum
containing pancreatic tissue and presenting as congenital double
pylorus: case report and review of the literature. J Pediatr
Gastroenterol Nutr 2001; 33: 89-91 [PMID: 11479415 DOI: 10.10
97/00005176-200107000-00017]
Sisman G. Concomitant pancreas divisum and double pylorus: a
case report. JOP 2014; 15: 632 [PMID: 25435588]
Christien G, Branthomme JM, Volny L, Deschamps P, Morice A.
[Double pylorus: a congenital malformation]. Sem Hop 1971; 47:
1485-1488 [PMID: 4327269]
Mylonas A, Papaziogas B, Paraskevas G, Fragos E, Gigis P,
Papaziogas T. Congenital double pyloric ostium in the adult.
Surg Endosc 2002; 16: 1639 [PMID: 12072995 DOI: 10.1007/

18
19
20
21
22
23
24

25

s00464-002-4204-7]
Smith VM, Tuttle KW. Gastroduodenal (pyloric) band. Endoscopic
findings and first reported case. Gastroenterology 1969; 56:
331-336 [PMID: 5764600]
Peixoto P, Sadio A, Cancela E, Castanheira A, Ministro P, Silva
A, Caldas A. Acute upper bleeding due to an unusual compli
cation of peptic ulcer disease--double pylorus. Rev Esp Enferm
Dig 2010; 102: 451-453 [PMID: 20617870 DOI: 10.4321/
S1130-01082010000700012]
Arhan M, Oztas E, Ibis M, Sezgin S, Ozin Y. A rare endoscopic
finding: acquired double pylorus. Surg Endosc 2010; 24: 244-245
[PMID: 19517171 DOI: 10.1007/s00464-009-0557-5]
Almeida N, Romãozinho JM, Ferreira M, Amaro P, Tomé L,
Gouveia H, Correia Leitão M. Double pylorus with bleeding gastric
ulcer - a rare event. Rev Esp Enferm Dig 2008; 100: 600-601 [PMID:
19025318 DOI: 10.4321/S1130-01082008000900018]
Czajkowski A, Rosołowski M, Lukaszyk A. Double pylorus:
strong evidence for the acquired etiology of this rare abnormality.
Endoscopy 2007; 39 Suppl 1: E84 [PMID: 17440876 DOI:
10.1055/s-2006-945080]
Culafić DM, Matejić OD, Dukić VS, Vukcević MD, Kerkez MD.
Spontaneous gastrojejunal fistula is a complication of gastric ulcer.
World J Gastroenterol 2007; 13: 483-485 [PMID: 17230626 DOI:
10.3748/wjg.v13.i3.483]
Matsuyama E, Nagashima R, Watanabe S, Takahashi T. Endo
scopic hemostasis for hemorrhage from gastric cancer complicated
by double-channel pylorus. Gastrointest Endosc 2001; 53: 679-680
[PMID: 11323608 DOI: 10.1067/mge.2001.113645]
Akazawa Y, Mizuta Y, Osabe M, Nakamura T, Morikawa S,
Isomoto H, Takeshima F, Kohno S, Murata I. A case of double
pylorus caused by recurrent gastric ulcers: a long-term endoscopic
observation. Dig Dis Sci 2005; 50: 2125-2128 [PMID: 16240226
DOI: 10.1007/s10620-005-3018-6]
Hu TH, Tai DI, Changchien CS, Chen TY, Chang WC. Double
pylorus: report of a longitudinal follow-up in two refractory cases
with underlying diseases. Am J Gastroenterol 1995; 90: 815-818
[PMID: 7733094]
Fattahi MR, Homayoon K, Hamidpour L. Double pylorus in a
cirrhotic patient: a case report and review of the literature. Middle
East J Dig Dis 2012; 4: 130-132 [PMID: 24829646]
Costa S, Dias VC, Peixoto P, Machado A, Gonçalves R. Double
pylorus. Rev Esp Enferm Dig 2015; 107: 377 [PMID: 26031868]
Atiq O, Abrams GA. Case study in gastroenterology & hepa
tology: An Uncommon Complication of Peptic Ulcer Disease.
Gastroenterol Hepatol (N Y) 2014; 10: 333-334 [PMID: 24987320]
Yousuf M, Kameya S, Noda A, Watanabe T. A case of double
pylorus accompanied by adrenal adenoma. Am J Gastroenterol
1989; 84: 173-175 [PMID: 2916530]
Bhattacharya K. Gastric diverticulum - ‘Double pylorus
appearance’. J Minim Access Surg 2005; 1: 39 [PMID: 21234144
DOI: 10.4103/0972-9941.15246]
Bennike S, Hegedüs V. The double pylorus. Br J Radiol 1976; 49:
90-92 [PMID: 1276583 DOI: 10.1259/0007-1285-49-577-90]
Friehling JS, Rosenthal LE. Gastric carcinoma presenting as
double-channel pylorus on upper gastrointestinal series. Dig Dis Sci
1985; 30: 269-273 [PMID: 3971837 DOI: 10.1007/BF01347896]
Graham SM, Lin F, Flowers JL. Symptomatic double-channel
pylorus. Successful treatment with a biliary sphincterotome.
Surg Endosc 1994; 8: 792-793 [PMID: 7974109 DOI: 10.1007/
BF00593443]
Goh BK, Tan HK. Double pylorus. Am J Surg 2006; 191: 515-516
[PMID: 16531146 DOI: 10.1016/j.amjsurg.2005.10.024]
P- Reviewer: Tovey FI, Pavlovic M S- Editor: Qi Y
L- Editor: Wang TQ E- Editor: Ma S

WJG|www.wjgnet.com

2158

February 14, 2016|Volume 22|Issue 6|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
0   6
9 7 7 10  0 7   9 3 2 0 45

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2016 February 21; 22(7): 2159-2402

Published by Baishideng Publishing Group Inc

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1376 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Algeria (2), Argentina (7),
Australia (31), Austria (9), Belgium (11), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia (1), Canada
(26), Chile (4), China (164), Croatia (2), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland (6), France
(20), Germany (58), Greece (31), Guatemala (1), Hungary (15), Iceland (1), India (33), Indonesia (2), Iran (10), Ireland
(9), Israel (18), Italy (194), Japan (149), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1), Mexico (11),
Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12), Portugal (8),
Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South Africa (1),
South Korea (69), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and
Tobago (1), Tunisia (2), Turkey (55), United Kingdom (49), United States (180), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
ASSOCIATE EDITOR
Yung-Jue Bang, Seoul
Vincent Di Martino, Besancon
Daniel T Farkas, Bronx
Roberto J Firpi, Gainesville
Maria Gazouli, Athens
Chung-Feng Huang, Kaohsiung
Namir Katkhouda, Los Angeles
Anna Kramvis, Johannesburg
Wolfgang Kruis, Cologne
Peter L Lakatos, Budapest
Han Chu Lee, Seoul
Christine McDonald, Cleveland
Nahum Mendez-Sanchez, Mexico City
George K Michalopoulos, Pittsburgh
Suk Woo Nam, Seoul
Shu-You Peng, Hangzhou
Daniel von Renteln, Montreal
Angelo Sangiovanni, Milan
Hildegard M Schuller, Knoxville
Dong-Wan Seo, Seoul
Adrian John Stanley, Glasgow
Jurgen Stein, Frankfurt
Bei-Cheng Sun, Nanjing
Yoshio Yamaoka, Yufu
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei

WJG|www.wjgnet.com

Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung



Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Algeria
Saadi Berkane, Algiers
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide

January 1, 2016

Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza

WJG|www.wjgnet.com

Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou

II

George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Di Qu, Shanghai
Ju-Wei Mu, Beijing
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai

January 1, 2016

Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Xiu-Yan Wang, Shanghai
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove

WJG|www.wjgnet.com

Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki

January 1, 2016

Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh

WJG|www.wjgnet.com

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa

IV

Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta

January 1, 2016

Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome

WJG|www.wjgnet.com

Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina



Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake

January 1, 2016

Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima

WJG|www.wjgnet.com

Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

VI

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril

January 1, 2016

Filipa F Vale, Lisbon

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan

WJG|www.wjgnet.com

Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona

VII

Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada, Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

January 1, 2016

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

WJG|www.wjgnet.com

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York

January 1, 2016

Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh

WJG|www.wjgnet.com

Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York

IX

Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham
George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh
Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Sam Zakhari, Bethesda
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

January 1, 2016

S

Contents

Weekly Volume 22 Number 7 February 21, 2016

EDITORIAL
2159

Pharmacological cyclin dependent kinase inhibitors: Implications for colorectal cancer
Balakrishnan A, Vyas A, Deshpande K, Vyas D

TOPIC HIGHLIGHT
2165

Diagnostic imaging and radiation exposure in inflammatory bowel disease
Zakeri N, Pollok RCG

2179

Diet therapy for inflammatory bowel diseases: the established and the new
Durchschein F, Petritsch W, Hammer HF

2195

Role of regulatory T cell in the pathogenesis of inflammatory bowel disease
Yamada A, Arakaki R, Saito M, Tsunematsu T, Kudo Y, Ishimaru N

2206

miRNAs as new molecular insights into inflammatory bowel disease: crucial regulators in autoimmunity
and inflammation
Xu XM, Zhang HJ

2219

Gut microbiota role in irritable bowel syndrome: New therapeutic strategies
Distrutti E, Monaldi L, Ricci P, Fiorucci S

2242

Inflammation in irritable bowel syndrome: Myth or new treatment target?
Sinagra E, Pompei G, Tomasello G, Cappello F, Morreale GC, Amvrosiadis G, Rossi F, Lo Monte AI, Rizzo AG, Raimondo D

REVIEW
2256

Management of pancreatic fluid collections: A comprehensive review of the literature
Tyberg A, Karia K, Gabr M, Desai A, Doshi R, Gaidhane M, Sharaiha RZ, Kahaleh M

2271

Hepatitis E virus: An ancient hidden enemy in Latin America
Fierro NA, Realpe M, Meraz-Medina T, Roman S, Panduro A

2284

Genomic characterization of esophageal squamous cell carcinoma: insights from next-generation
sequencing
Sasaki Y, Tamura M, Koyama R, Nakagaki T, Adachi Y, Tokino T

2294

role of Tim-3 in hepatitis B virus infection: An overview
Liu Y, Gao LF, Liang XH, Ma CH

WJG|www.wjgnet.com



February 21, 2016|Volume 22|Issue 7|

World Journal of Gastroenterology

Contents

Volume 22 Number 7 February 21, 2016

MINIREVIEWS
2304

Chronic pancreatitis: A diagnostic dilemma
Duggan SN, Ní Chonchubhair HM, Lawal O, O'Connor DB, Conlon KC

ORIGINAL ARTICLE
Basic Study
2314

Mutation analysis of 13 driver genes of colorectal cancer-related pathways in Taiwanese patients
Chang YC, Chang JG, Liu TC, Lin CY, Yang SF, Ho CM, Chen WT, Chang YS

2326

Choledochojejunostomy with an innovative magnetic compressive anastomosis: How to determine optimal
pressure?
Xue F, Guo HC, Li JP, Lu JW, Wang HH, Ma F, Liu YX, Lv Y

Retrospective Study
2336

Recurrent colorectal cancer after endoscopic resection when additional surgery was recommended
Takatsu Y, Fukunaga Y, Hamasaki S, Ogura A, Nagata J, Nagasaki T, Akiyoshi T, Konishi T, Fujimoto Y, Nagayama S, Ueno M

2342

Risk factors of biliary intervention by imaging after living donor liver transplantation
Lee SK, Choi JY, Yeo DM, Lee YJ, Yoon SK, Bae SH, Jang JW, Kim HY, Kim DG, You YK

2349

Using typical endoscopic features to diagnose esophageal squamous papilloma
Wong MW, Bair MJ, Shih SC, Chu CH, Wang HY, Wang TE, Chang CW, Chen MJ

Clinical Trials Study
2357

Effects of endoplasmic reticulum stress on the expression of inflammatory cytokines in patients with
ulcerative colitis
Li N, Wang XM, Jiang LJ, Zhang M, Li N, Wei ZZ, Zheng N, Zhao YJ

Observational Study
2366

Endoscopic dilation of complete oesophageal obstructions with a combined antegrade-retrograde
rendezvous technique
Bertolini R, Meyenberger C, Putora PM, Albrecht F, Broglie MA, Stoeckli SJ, Sulz MC

2373

CD24 genetic variants contribute to overall survival in patients with gastric cancer
Jia ZF, Wang LZ, Cao XY, Wang C, Cao DH, Wu X, You LL, Jin MS, Wang YP, Zhou BS, Jiang J

CASE REPORT
2383

rare type of pancreatitis as the first presentation of anti-neutrophil cytoplasmic antibody-related vasculitis
Iida T, Adachi T, Tabeya T, Nakagaki S, Yabana T, Goto A, Kondo Y, Kasai K

WJG|www.wjgnet.com

II

February 21, 2016|Volume 22|Issue 7|

World Journal of Gastroenterology

Contents
2391

Volume 22 Number 7 February 21, 2016

Cystic micropapillary neoplasm of peribiliary glands with concomitant perihilar cholangiocarcinoma
Uchida T, Yamamoto Y, Ito T, Okamura Y, Sugiura T, Uesaka K, Nakanuma Y

2398

Laparoscopic resection of adult colon duplication causing intussusception
Kyo K, Azuma M, Okamoto K, Nishiyama M, Shimamura T, Maema A, Shirakawa M, Nakamura T, Koda K, Yokoyama H

WJG|www.wjgnet.com

III

February 21, 2016|Volume 22|Issue 7|

World Journal of Gastroenterology

Contents

Volume 22 Number 7 February 21, 2016

ABOUT COVER

Editorial board member of World Journal of Gastroenterology , Anastasios
Koulaouzidis, MD, FEBG, FRSPH, FRCP Edin, Associate Specialist, Centre for
Liver and Digestive Disorders, The Royal Infirmary of Edinburgh, Edinburgh
EH16 4SA, United Kingdom

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1376 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of
Open Access Journals. According to the 2014 Journal Citation Reports® released by Thomson
Reuters (ISI), the 2014 impact factor for WJG is 2.369, ranking 41 among 76 journals in gastroenterology and hepatology, quartile in category Q2.

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Xiao-Mei Liu
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden
Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Yuan Qi
Proofing Editorial Office Director: Jin-Lei Wang

Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

IV

PUBLICATION DATE
February 21, 2016
COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/g_info_20160116143427.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

February 21, 2016|Volume 22|Issue 7|

World J Gastroenterol 2016 February 21; 22(7): 2159-2164
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i7.2159

© 2016 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Pharmacological cyclin dependent kinase inhibitors:
Implications for colorectal cancer
Archana Balakrishnan, Arpita Vyas, Kaivalya Deshpande, Dinesh Vyas
of cancer deaths worldwide. The need to develop more
chemotherapeutic agents to combat this disease is
critical. Cyclin dependent kinases (CDKs), along with
its binding partner cyclins, serve to control the growth
of cells through the cell cycle. A new class of drugs,
termed CDK inhibitors, has been studied in preclinical
and now clinical trials. These inhibitors are believed to
act as an anti-cancer drug by blocking CDKs to block
the uncontrolled cellular proliferation that is hallmark
of cancers like colorectal cancer. CDK article provides
overview of the emerging drug class of CDK inhibitors
and provides a list of ones that are currently in clinical
trials.
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INTRODUCTION
In the United States, colorectal cancer (CRC) is
among the three most common causes of death and
accounts for approximately 8.4% of all cancer related
[1]
deaths . Colorectal cancer is primarily asymptomatic
in earlier stages and therefore, often not diagnosed
until the later stages of the disease. Currently, surgical

Abstract
Colorectal cancer accounts for a significant proportion
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intervention with chemotherapy is the primary
[2]
treatment for patient . In metastatic disease, systemic
chemotherapy is coupled with surgical resection of
[3,4]
metastases, which are commonly seen in the liver .
A deeper understanding of the intricate molecular
biology that mediates the pathogenesis of this disease
may be beneficial in identifying new drug targets with
the ultimate goal of improving survival time.

regulatory unit that is vital for CDK activity; it is the
interaction of cyclins with CDKs that helps mediate
normal development and proliferation of mammalian
[11]
cells . Alterations in the function of any of the cell
cycle regulator proteins such as cyclins and CDK are a
[12]
hallmark of cancer development .
There have been numerous families of cyclins
identified that are associated with specific stages of
the cell cycle. Although different families of cyclins
differ in primary amino acid sequence, they all share
a common 100 amino acids sequence termed the
cyclin box. This structure is responsible for binding to
[13]
cyclin dependent kinases . When a cyclin binding
partner binds to its respective CDKs, it is now in the
active form and can serve as a modulating signal that
allows for progression through the cell cycle. Typically,
these kinases are serine or threonine kinases that
belong to a larger family of kinases that includes
mitogen-activated kinases and glycogen synthase
[14]
kinases . There currently have been over nine CDK’
s identified, with five of them being directly implicated
with regulation of specific checkpoints in the cell cycle.
Activated CDK’s serve a regulatory role in the cell cycle
[15]
and in transcription .

GOALS AND LIMITATIONS OF CURRENT
THERAPEUTICS
Current therapeutic agents against cancerous cells aim
to disrupt the rapid proliferation of cancerous cells;
this is achieved either through directly targeting and
killing cancerous cells or indirectly by slowing down
cell growth. These drugs can be given systemically via
oral medication or in a more targeted manner by direct
[5]
injection into the blood . Using drugs in combination
has been proven to increase survival time and can
prevent some drugs from developing resistance.
Molecular pathways that mediate the processes of
apoptosis, angiogenesis, invasion and the cell cycle are
[6]
main targets of chemotherapy . By understanding
how molecular mechanisms regulate essential cellular
processes, chemotherapeutic agents can be developed
to combat the cancerous cells. The mammalian cell
cycle, for example, is precisely regulated during periods
of development and growth. This regulation is essential
for proper cell differentiation and proliferation. Any loss
of control over the events of the cell cycle can lead
to unregulated growth and is associated with cancer
[7]
development .
There have been several chemotherapeutic drugs
that are FDA approved and are currently used in
cancer treatment. Development of resistance to
chemotherapeutic agents, difficulties in controlling
metastatic disease and devastating side effects to drugs
are only some of the limitations of the current arsenal
[8,9]
of drugs . The various limitations to the current
drugs available that make the need to discover new
drugs even greater. In this article, the authors aim to
provide an update of search of cyclin-dependent kinases
(CDK) inhibitors as an anti-cancer drug and provide
information on new areas for therapy.

CDK INHIBITORS
It has been established in previous literature that
deregulation in the function or mutation of the
[16,17]
structure of CDK can result in disease processes
.
Any changes in the levels of CDK interacting proteins
[18]
can impact the phosphorylation of CDK . For
example, the loss of Cables, a CDK interacting protein,
is linked to development of cancers including colon
[19]
cancer . The intricate and complex binding between
cyclins and CDKs is difficult to mimic in vitro and
success to fully elucidate the binding pattern has been
[20]
limited . In recent years, studies have been done to
understand more about the roles of CDK inhibitors and
if they can regulate uncontrolled cellular proliferation.
There are two families of CDK-inhibitors: INK4
[21]
and CIP/KIP class . These two families differ in the
particular cyclin families that they interact with. The
inhibitor of CDK4 family, or INK4 consists of four
individual proteins that selectively inhibit the D family
of cyclins. The kinase inhibitor protein family or CIP/KIP
is composed of three proteins that act to interact with
other cyclin families. The inhibitor of CDK4 family, or
INK4 consists of four individual proteins that selectively
inhibit the D family of cyclins. The kinase inhibitor
protein family or CIP/KIP is composed of three proteins
[22]
that act to interact with other cyclin families . From
a mechanistic standpoint, it has been theorized that
CDK-inhibitors can be used as an anti-cancer drug by
blocking CDK’s and therefore halting the uncontrolled
cellular proliferation seen in cancer. Flavopiridol was
the first CDK inhibitor ever tested in human clinical
trials. This drug showed promise in preclinical cellular
studies and was initially tested in patients with a

OVERVIEW OF CYCLINS AND CYCLIN
DEPENDENT KINASES
Disruptions of the cell cycle have been well documented
to be involved in the genesis and propagation of a
variety of cancers, including colorectal cancer. The
cell cycle is divided into two broad stages: mitosis
and interphase. Mitosis is characterized as a period of
division, whereas interphase is a period of metabolic
[10]
growth . The cell cycle itself is closely regulated
by cyclins, a protein that activates CDK, a group
of serine/threonine proteases. Cyclins serve as the
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[23]

variety of carcinomas, including colon . This drug was
the first of it’s kind to be tested in a clinical trial and
set the stage for more investigation and further study
of CDK inhibitors. Unfortunately, flavopiridol has had
limited success individually and in combination with
other medications as an anti-cancer drug. Since the
testing of the first CDK inhibitor, flavopiridol, several
other CDK inhibitors have been developed and tested.
Inhibitors have been developed that target various
stages of the cell cycle based on the specific cyclinCDK blocked.

cyclin; a majority that have entered clinical trials either
directly impact multiple cyclins/CDKs or have off target
[46]
effects . The poor selectivity between different CDKs
[47]
results in a higher dose of CDK-inhibitor being used .
Lower doses of CDK-inhibitors used in trials have
proved to be inefficient; yet, the proper management
of dosage is critical to avoid reaching toxic doses. The
challenges in finding a highly selective CDK-inhibitor
has resulted in higher dosage that renders the side
effects seen from CDK inhibitors in clinical trials
become a limiting factor for their use. For example,
flavopiridol has a dose-limiting toxicity of secretory
[48]
diarrhea . This inhibitor is a pan-CDK inhibitor and
therefore requires a higher dose to elicit a cytotoxic
effect. The high degree of homology amongst the
group of CDKs, particularly in the ATP-binding site, has
made it quite challenging to identify selective targets
[49]
against particular CDKs . Further work must be done
to identify more selective molecular signatures of
individual CDKs in preclinical studies to develop more
targeted CDK-inhibitors.
Despite the promise that CDK-inhibitors hold, it is
important to be cautious of any potential limitations.
These compounds were identified over a decade ago
and have been studied ever since. Although a few
CDK-inhibitors have entered clinical trials, none have
yet to show the promise of being a potent anti-cancer
drug. CDK-inhibitors are a type of kinase inhibitor. A
major concern that has been noted with the use of
kinase inhibitors is the possibility of acquired drug
resistance over the treatment regimen. For example,
Imatinib, a well-established tyrosine kinase inhibitor,
is known to cause an acquired resistance during
[50]
the treatment course . This resistance can be con
ferred through point mutations in the oncogene that
result in the drug becoming less effective during the
[51]
treatment regimen . Currently, there have not been
any reported incidents of CDK-inhibitors resulting in
acquired resistance in the literature. However, it is
important to note that there are highly conserved
side chains present in CDKs that are specific targets
[52]
of CDK-inhibitors . Any point mutation or alteration
of the unique molecular signature that CDK-inhibitors
target can potentially confer resistance to the drug.

PHARMACOLOGICAL CDK INHIBITORS
There is great variability in the range of action of
CDK inhibitors - some target specific points in the
cell cycle while others are pan-CDK inhibitors that act
much more broadly. This cell cycle attenuating effect
documented in the literature of cellular CDK inhibitors
implicate the use of pharmacological CDK inhibitors
as an anti-cancer drug. There are several that have
entered clinical testing. Here is a selected list of CDK–
inhibitors that have entered or are in various stages of
[24]
clinical trials .

CDK-INHIBITORS AND COLORECTAL
CANCER
Based on preclinical research on colorectal cancers,
there have been a few CDK alterations that have
been strongly linked to the progression of the cancer.
Understanding these cellular changes can serve as
a potential indicator of prognosis and help scientists
focus on the areas needed in drug development. The
overexpression of CDK1 has been associated with
[4]
increased risk of metastasis . CDK2 overexpression
[25]
has been seen in roughly 86% carcinomas . Lastly,
CDK4 overexpression is linked to a poor prognosis in
[26]
colorectal cancer .
From the list of inhibitors currently in clinical trials,
[23,27-41]
found in Table 1
, there have been a few that
have been studied more specifically in colorectal
cancer. One that has shown particular promise is
PD-0332991, from Pfizer, New York, NY. This is an
inhibitor of CDK4 and CDK6. Studies done in human
[42]
carcinoma cells have shown inhibited growth .
Additional studies done in mice with human colon
carcinoma, Colo-205, have shown significant tumor
[43]
regression . This drug has shown promise as a
clinically useful CDK-inhibitor that can potentially be
used in colorectal cancers. Phase Ⅰ clinical studies
have been conducted that have shown positive results
[44,45]
in patients with colorectal cancers
.

POTENTIAL ALTERNATIVES BESIDES
CDK-INHIBITORS
There is a clear association between the role of cyclins
and cyclin dependent kinases in regulation of the cell
cycle. The research and studies of CDK-inhibitors
have proved that much more work must be done.
Instead of focusing on CDK-inhibitors, it would be wise
to investigate other potential aspects of cyclins and
CDKs that can be harnessed to develop therapeutics.
We have chosen to discuss two other methods of
potentially interrupting the cell cycle to create an
anti-cancer drug: Cyclin-groove inhibitors and the

LIMITATIONS TO CDK-INHIBITORS
A major difficulty in identifying CDK-inhibitors is
finding one that has the potential to target a specific
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Table 1 Cyclin dependent kinases-inhibitors that have entered clinical trials
Drug name

Cyclin/CDK targeted

Manufacturer

Potential implications

Flavopiridol

Cyclin D and CDK-4/6
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin A and CDK-1
Cyclin D and CDK-4/6
Cyclin D and CDK-4/6
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin D and CDK-4/6
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin D and CDK-4/6
Cyclin D and CDK-4/6
Cyclin D and CDK-4/6
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin A and CDK-1
Cyclin D and CDK-4/6
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin B and CDK-1
Cyclin D and CDK-4/6
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin B and CDK-1
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin B and CDK-1
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin B and CDK-1
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin B and CDK-1
Cyclin E and CDK-2
Cyclin A and CDK-2
Cyclin B and CDK-1

Sanofi-Aventis, Bridgewater, NJ, United States

Renal cancer, Prostate cancer, colon cancer,
non-Hodgkin’s lymphoma[23]

Pfizer, New York, NY, United States
Piramal Life Sciences Limited, Mumbai, India

Breast cancer[25] Gastrointestinal tumors[26]
Mantle Cell Lymphoma[27]

Nerviano Medical Sciences, Nerviano, Italy

Metastatic solid tumors[27,28]

Eli Lilly, Indianapolis, IN, United States
Novartis, Basel, Switzerland
Astra Zeneca, London, England

Lung cancers[29]
Gastrointestinal cancers[30] Breast Cancer[31]
Solid malignancies[32]

Bayer, Barmen, Germany

Small cell lung cancer[33]

Piramal Life Sciences Limited, Mumbai, India
Sunesis Pharmaceutical, South San Francisco, CA,
United States

Advanced malignancies[34]
Multiple myeloma, chronic lymphocytic leukemia[35]

Ellisville, MO, United States

Metastatic renal cell carcinoma, soft tissue sarcoma[36]

Cyclacel Pharmaceuticals, Short Hills, NJ, United
States

Advanced malignancies[37]

Merck, Whitehouse Station, NJ, United States

Breast Cancer[38]

Sigma-Aldrich. St. Louis, MO,
United States

Breast Cancer[39]

PD-00332991
P276-00

PHA-848125

LY2835219
LEE011
AZD5438

BAY 1000394

P1446A-05
SNS-032

Bryostatin-1

Roscovitine

Dinaciclib

UCN-01

CDK: Cyclin dependent kinase.

[56]

with certain cyclins . Other preclinical studies in cell
models have garnered more information about this
[57]
novel peptide . Further studies must be done in
order to fully understand the capabilities of this peptide
and see if there is a potential for clinical application.
There are still many aspects of cyclin-CDK interactions
that are not fully understood, so there may be other
ways besides the use of CDK-inhibitors to disrupt
uncontrolled cellular proliferation.

disruption of the cyclin-CDK interaction through
peptides.
The cyclin binding groove is utilized in substrate
recruitment. Theoretically, being able to place a
cyclin groove inhibitor (CGI) peptide in this pocket
[53]
would prevent cyclin from binding to CDKs . The
CGI peptide could potentially be used as an anticancer drug that acts by stopping the characteristic
uncontrolled proliferation seen in cancer. Preclinical
studies using cell permeable CGI peptides have been
done in cellular models and in vivo using a mouse
tumor model. These studies have shown promising
[54]
results of blocking CDK activity . The process of
identifying and understanding the intricate protein
structure and binding has been a hurdle in discovery of
[55]
a CGI peptide suitable for clinical trial . However, this
is an avenue of research that should be investigated
further and actively pursued.
An essential and critical step required for CDK
control over the cell cycle is the disruption of the cyclinCDK interaction. Studies have identified a peptide
termed NBI1 that acts as a non-competitive inhibitor
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CONCLUSION
The discovery of cyclins and their enzyme effectors,
the cyclin dependent kinases, has been monumental
to deepening the understanding of the intricate and
complex regulatory mechanisms of cell cycle. The
mission to develop CDK inhibitors as a potent anticancer drug has been excellent in theory but limited
in clinical results. Combination therapies with CDKinhibitors and other cancer drug types have yielded
better results but continued work must be done to
increase the specificity and effectiveness of these
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treatments. Further work must be done in both
preclinical studies and clinical studies to identify and
understand the complex molecular mechanisms that
regulate the cell cycle.
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TOPIC HIGHLIGHT
2016 Inflammatory Bowel Disease: Global view

Diagnostic imaging and radiation exposure in inflammatory
bowel disease
Nekisa Zakeri, Richard CG Pollok
and management of inflammatory bowel disease
(IBD). However due to the relapsing nature of IBD,
there is growing concern that IBD patients may be
exposed to potentially harmful cumulative levels of
ionising radiation in their lifetime, increasing malignant
potential in a population already at risk. In this review
we explore the proportion of IBD patients exposed
to high cumulative radiation doses, the risk factors
associated with higher radiation exposures, and
we compare conventional diagnostic imaging with
newer radiation-free imaging techniques used in the
evaluation of patients with IBD. While computed
tomography (CT) performs well as an imaging modality
for IBD, the effective radiation dose is considerably
higher than other abdominal imaging modalities. It
is increasingly recognised that CT imaging remains
responsible for the majority of diagnostic medical
radiation to which IBD patients are exposed. Magnetic
resonance imaging (MRI) and small intestine contrast
enhanced ultrasonography (SICUS) have now emerged
as suitable radiation-free alternatives to CT imaging,
with comparable diagnostic accuracy. The routine use
of MRI and SICUS for the clinical evaluation of patients
with known or suspected small bowel Crohn’s disease
is to be encouraged wherever possible. More provision
is needed for out-of-hours radiation-free imaging
modalities to reduce the need for CT.

Nekisa Zakeri, Department of Gastroenterology, St George’s
Hospital, London SW17 0QT, United Kingdom
Richard CG Pollok, Department of Gastroenterology, Consultant
Gastroenterologist and Honorary Senior Lecturer, St George’s
Hospital, London SW17 0QT, United Kingdom
Author contributions: Zakeri N and Pollok RCG both
contributed to the literature analysis and writing of this manu
script.
Conflict-of-interest statement: The authors have no conflict of
interest to report.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Richard CG Pollok, PhD, FRCP, BSc,
DTM&H, Department of Gastroenterology, Consultant Gastro
enterologist and Honorary Senior Lecturer, St George’s Hospital,
London SW17 0QT, United Kingdom. richard.pollok@nhs.net
Telephone: +44-208-7251206
Fax: +44-208-7250830

Key words: Diagnostic medical radiation; Inflammatory
bowel disease; Small bowel follow-through; Com
puterised tomography; Nuclear medicine; Magnetic
resonance enterography; Small intestine contrastenhanced ultrasonography

Received: September 21, 2015
Peer-review started: September 23, 2015
First decision: October 14, 2015
Revised: November 2, 2015
Accepted: December 12, 2015
Article in press: December 12, 2015
Published online: February 21, 2016

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Due to the chronic and relapsing nature of
inflammatory bowel disease (IBD), patients are at risk
of exposure to potentially harmful cumulative radiation

Abstract
Diagnostic imaging plays a key role in the diagnosis
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doses in their lifetime. computed tomography (CT)
imaging remains responsible for the majority of this
radiation exposure. As well as new reduced radiation
CT imaging techniques, radiation-free alternatives
magnetic resonance imaging and small intestine
contrast enhanced ultrasonography have emerged,
offering comparable diagnostic accuracy. In this review
we explore the proportion of IBD patients exposed to
high cumulative radiation doses, the factors associated
with higher radiation exposures, and we compare
conventional imaging with newer radiation-free
imaging techniques for the evaluation of patients with
IBD.

Table 1 Radiation doses from gastrointestinal imaging studies
in comparison to background radiation, condensed from
[9]
[10]
RadiologyInfo.org and Mettler et al
Imaging procedure

Multiphase CT abdomen
and pelvis
PET/CT
CT Abdomen and Pelvis
CT Colonography
CT Abdomen
Barium Enema
Small bowel followthrough
X-ray abdomen

Zakeri N, Pollok RCG. Diagnostic imaging and radiation
exposure in inflammatory bowel disease. World J Gastroenterol
2016; 22(7): 2165-2178 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i7/2165.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i7.2165

Time period for equivalent
effective dose from natural
1
background radiation

31

10.3 yr

25
10
10
8
8
5

8.3 yr
3.3 yr
3.3 yr
2.7 yr
2.7 yr
1.7 yr

0.7

2.8 mo

1

Based on the assumption of an average effective dose of 3 mSv per year
from natural background radiation. CT: Computed tomography; PET:
Positron emission tomography.

Hiroshima and Nagasaki has formed the basis for
quantitative estimates of radiation-induced cancer
risk. In this large cohort of survivors, the rates of solid
cancer deaths were positively associated with higher
[4,5]
radiation doses and younger age of exposure . In a
2012 study of the atomic bomb survivors, the relative
risk of solid cancers increased by 29% per decade
[5]
decrease in the initial age of radiation exposure .
Younger people appear to be inherently more radio
sensitive, and have more remaining life-years during
[4]
which a cancer may develop .
It is estimated that diagnostic medical radiation
(DMR) exposure may be responsible for up to 2% of
[6]
cancers worldwide . Younger patients and females
appear to have the greatest radiation-induced cancer
[7]
risk . Epidemiological data suggests that ionising
radiation levels as low as 50 millisieverts (mSv) have
[8]
been implicated in the development of solid tumours .
Potentially harmful radiation exposure is, therefore,
commonly defined as cumulative effective dose
(CED) > 50 mSv; the equivalent of five computed
tomography (CT) abdominal-pelvis scans. A reference
table comparing radiation exposure doses of common
diagnostic gastrointestinal imaging techniques is
[9,10]
included in table 1
.

INTRODUCTION
Inflammatory bowel disease (IBD), consisting of
ulcerative colitis (UC) and Crohn’s disease (CD), is
a chronic relapsing-remitting inflammatory disorder
of the gastrointestinal tract. The prevalence of IBD
is increasing worldwide, with 2.2 million and 1.4
million people affected in Europe and United States
[1]
respectively .
Diagnostic imaging is required to aid the diagnosis
of IBD, assess disease extent and severity, detect
complications including extra-intestinal manifestations,
and monitor response to treatment. Due to the
relapsing nature of IBD, multiple imaging studies
are often required. Despite this, in clinical practice
cumulative exposure to radiation is not routinely
monitored.
Patients with IBD have an increased lifetime risk
of developing colorectal and small intestinal cancers,
[2,3]
irrespective of diagnostic radiation exposure . There
is growing concern that repeated X-ray based imaging
may additionally expose this typically young cohort
of patients to harmful cumulative levels of ionising
radiation, further increasing their lifetime cancer risk.
In this article we review the proportion of IBD
patients exposed to potentially harmful cumulative
radiation doses and the risk factors associated with
higher radiation exposures. We explore and compare
conventional diagnostic imaging and newer radiationfree imaging techniques for the evaluation of patients
with IBD.

Cumulative Radiation Exposure in
IBD patients
Several published studies have attempted to quantify
the proportion of IBD patients exposed to potentially
harmful cumulative levels of ionising radiation (sum
[11]
marised in Table 2). Desmond et al
first evaluated
DMR exposure in 354 patients with CD in a single
tertiary centre in Ireland. CT imaging accounted for
77.2% of the total DMR exposure. The mean CED
was 36.1 mSv and exceeded 75 mSv in 15.5% of
patients. More recently, a meta-analysis by Chatu et

Radiation Exposure and Cancer
Risk
Extensive study of the atomic bomb survivors from

WJG|www.wjgnet.com

Average
effective dose
(mSv)
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Table 2 Quantification of the cumulative effective dose of diagnostic radiation received by IBD patients, and factors associated with
[12]
high cumulative radiation exposure (cumulative effective dose > 50 mSv); adapted from Chatu et al
with permission
Study

Number of
patients (n )

Country

Newnham et al[59], 2007

100 (62 CD,
37 UC, 1
indeterminate
colitis)

Australia

Retrospective study,
Adult
single tertiary centre, (16-84 yr)
patients recruited
consecutively from
clinic

Desmond et al[11], 2008

354 CD

Ireland

Retrospective study, Adult and
single tertiary centre, paediatric
patients recruited (8.6-78.3 yr)
from IBD database
July 1992-June 2007

Peloquin et al[18], 2008

215 (103 CD,
112 UC)

Levi et al[60], 2009

324 (199 CD,
125 UC)

Palmer et al[61], 2009

1593 (965 CD,
628 UC)

Kroeker et al[62], 2011

553 (371 CD,
182 UC)

Fuchs et al[63], 2011

Sauer et al[64], 2011

Design

Patient
population

United States Retrospective study,
population based
inception cohort
diagnosed between
1991 to 2001 from
Olmsted County
Israel
Retrospective study,
single tertiary centre,
patients diagnosed
Jan 1999-Dec 2006,
recruited from IBD
database

Adult and
paediatric
(1.2-91.4 yr)

Adult and
paediatric
≤ 17 yr
(18) > 18 yr
(306)

United States Retrospective study, Paediatric
population based
(2-18 yr)
cohort recruited
from insurance
claims database Jan
2003-December 2004

Retrospective study, Adult and
single tertiary centre, paediatric
patients diagnosed (15-84 yr)
2003-2008, recruited
from IBD database

11/100 (11%) 9
CD, 2 UC

Median CED
10 mSv

Assessed: age, gender,
disease, disease duration,
previous surgery,
immunomodulator use,
referral source
Significant: none
CED ≥ 75
Mean CED
Assessed: age, gender,
mSv in 55/354
36.1 mSv
smoking, FH, disease
patients (15.5%)
distribution, disease
behaviour, medication,
surgical history
Significant: age < 17 at
diagnosis, upper GI tract
disease, penetrating disease,
requirement for Ⅳ steroids,
infliximab use, multiple
surgeries
N/A
Median CED
N/A
CD: 26.6 mSv
UC: 10.5 mSv

23/324 (7.1%)

Mean CED
Assessed: age, surgery,
CD: 21.1mSv diagnosis, medical therapy,
UC: 15.1mSv
disease duration, gender
Significant: CD, surgery,
prednisolone use, disease
duration, first year of
disease, age
N/A
Assessed: age, gender,
region, hospitalisation,
surgery, ED encounter,
medication
Significant: hospitalisation,
inpatient GI surgery, ED
encounter, use of steroids

N/A (34%
CD, 23% UC
exposed to
moderate
radiation - at
least 1 CT or
3 fluoroscopic
procedures)
28/553 (5%) 27
Mean CED
CD, 1 UC
CD: 14.3 mSv
UC: 5.9 mSv

Assessed: age at
diagnosis, gender, disease
distribution, previous
surgery
Significant: previous
surgery
257 (171 CD, 86 United States Retrospective study Paediatric 15/257 (5.8%) 14 Mean CED
Assessed in CD cohort:
UC)
single tertiary centre, (< 18 yr)
CD, 1UC
CD: 20.5 mSv gender, disease behaviour,
patients reviewed
UC: 11.7 mSv previous surgery, disease
Jan-May 2008
duration, elevated platelet
count at diagnosis
Significant: previous
surgery, elevated platelet
count at diagnosis
117 (86 CD, 31 United States Retrospective study, Paediatric 6/117 (5%) 6 CD Median CED
N/A
UC)
single tertiary centre, (2-18 yr)
CD: 15.6 mSv
patients diagnosed
UC: 7.2 mSv
2002-2008
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Canada

Outcome CED Mean/Median Factors associated with high
≥ 50 mSv
CED (mSv)
radiation exposure
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Huang et al[65], 2011

105 (61 CD,
32 UC, 12
indeterminate
colitis)

United States

Butcher et al[17], 2012

280

United
Kingdom

Single tertiary
paediatric centre,
patients identified
from medical
records

Paediatric
cohort (11
mo-18 yr)

Retrospective study,
Adult
single tertiary centre,
cohort
consecutive patients
attending IBD clinic
South Korea
Retrospective
Adult
study, multicentre
cohort
conducted at 13
(Mean age:
university hospitals CD 29.2 yr;
in South Korea,
UC 42.2 yr)
patients diagnosed
July 1987-Jan 2012
included

Jung et al[15], 2013

2199 (777 CD,
1422 UC)

Chatu et al[14], 2013

415 (217 CD,
198 UC)

United
Kingdom

Estay et al[13], 2015

325 (82 CD, 243
UC)

Chile

Retrospective study,
Adult
single tertiary
cohort
centre, patients
(Mean age:
consecutively
CD 30.8 yr;
recruited from clinic UC 36.9 yr)
Jan 2011- June 2011

Retrospective study,
patients recruited
from IBD Registry
2011-2013

Adult
cohort
(16-86 yr)

6/105 (6%)

Mean CED 15 Assessed: surgery, disease
mSv
type, disease location,
racioethnic background,
anti TNF agents, use of
immunomodulators,
hospital admissions, age at
diagnosis
Significant: CD, small
bowel involvement,
black ethnicity, number
of hospital admissions,
previous surgery, anti TNF
alpha use
6.3% CD
Mean CED Significant: smoking status,
10.17 mSv
disease duration, previous
Median CED
surgery
4.12 mSv
34.7% CD, 8.4% Mean CED
Assessed: gender, age at
UC
CD: 53.6 mSv diagnosis, disease duration,
UC: 16.4 mSv
disease extent, surgery,
hospitalisation, 5-ASA use,
steroids, immunomodulator
use
Significant: For CD longer disease duration,
ileocolonic disease, upper
GI tract involvement,
surgery, hospitalisation,
steroids
For UC - surgery,
hospitalisation, infliximab
use
32/415 (8%) 29 Median CED
Assessed: gender, age
CD, 3 UC
CD: 7.2 mSv
at diagnosis, disease
UC: 2.8 mSv
type, steroid use within
3 mo diagnosis, use of
immunomodulators or
biologics, extraintestinal
features, IBD related
surgery
Significant: males, IBD
related surgery
22/325 (6.8%):
Mean CED
Assessed in CD cohort
CD 16 (19.5%);
11.97 mSv
only: age at diagnosis,
UC 6 (2.5%)
CD: 29.9 mSv disease duration, disease
UC: 5.92 mSv location, disease behaviour,
perianal disease, surgery,
hospitalisation, medications
Significant: longer disease
duration, ileal involvement,
stricturing disease,
treatment with steroids
and biological agents, CD
related hospitalisation or
surgery

UC: Ulcerative colitis; CD: Crohn’s disease; IBD: Inflammatory bowel disease; CED: Cumulative effective dose; mSv: Millisieverts of radiation; ED:
Emergency department; FH: Family history.

[12]

al , evaluated six studies including a total of 1704
IBD patients. It reported a pooled estimate of 8.4%
of IBD patients receiving high dose radiation exposure
(CED > 50 mSv). More patients with CD (11.1%) were
exposed to high cumulative radiation doses (CED > 50
[12]
mSv) than patients with UC (2%) .
Similar trends have been found in studies following
this meta-analysis. A 2015 retrospective review of

WJG|www.wjgnet.com

325 IBD patients in Chile, reported 19.5% of patients
with CD and 2.4% of patients with UC, to be exposed
[13]
to CED > 50 mSv . A recent United Kingdom
retrospective study of 415 patients with IBD referred
from primary care, reported a median total CED of
7.2 mSv in CD patients and 2.8 mSv in UC patients,
with 8% of IBD patients overall exposed to CED > 50
mSv. Kaplan Meier analysis projected a probability
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adjusted odds ratios were 5.4 and 2.4, respectively .
Across studies, patients with CD consistently appear
to receive higher cumulative radiation exposures than
patients with UC, possibly due to a greater likelihood
of extraluminal complications commonly examined by
CT. After adjusting for time since symptom onset, a
[18]
retrospective study by Peloquin et al
(2008) found
patients with CD to be exposed to 2.46 times more
diagnostic radiation than patients with UC (median
CED 26.6 mSv in CD vs 10.5 mSv in UC).
A summary of outcomes from studies investigating
predictive factors for high radiation exposure in
IBD patients is provided in Table 2. While there are
discrepancies regarding the significance of some
associations, the majority of the risk factors described
are surrogate markers of disease activity and severity.
It is therefore apparent that patients with more severe
disease, who are more likely to receive corticosteroids
and require surgery, undergo more diagnostic imaging
including greater use of CT imaging, to guide further
management.

Proportion exposed to CED > 50 mSv

0.30
Crohn's disease

0.20

Ulcerative colitis

0.10

0.0
0

50

100

150

200

250

Months from diagnosis

Figure 1 Kaplan Meier analysis showing the cumulative probability of
being exposed to cumulative effective dose > 50 mSv from diagnosis
according to inflammatory bowel disease type (Chatu et al[14], 2013).

of exposure to CED > 50 mSv of 6% and 14% at 10
years and 15 years from IBD diagnosis respectively
[14]
(figure 1) .
Concerningly, a retrospective study of IBD patients
in South Korea, conducted across 13 university hos
pitals, reported even higher proportions of patients
exposed to potentially harmful radiation levels. Thirtyfour point seven percent of patients with CD and 8.4%
[15]
of patients with UC were exposed to CED > 50 mSv .
CT imaging accounted for the vast majority of this
radiation exposure (81.6% of the total CED in CD vs
[15]
71.2% in UC) , indicating that overuse of CT imaging
remains a concern worldwide, and may reflect limited
availability or lack of awareness of preferable imaging
modalities.
Despite the high proportion of IBD patients exposed
to high radiation doses, cumulative radiation exposures
are not routinely recorded in clinical practice. The
creation of IBD radiation diaries has been proposed to
[16]
log total radiation exposures , and improve recognition
among physicians where a patient has previously been
exposed to ionising radiation.

diagnostic imaging modalities in
ibd
Small bowel follow-through

A 2011 survey revealed small bowel follow-through
(SBFT) to be the most frequently performed investi
gation in the United Kingdom for the assessment of
[19]
small bowel CD . CT was predominantly performed for
[19]
suspected extra-luminal complications or obstruction .
SBFT and small bowel enteroclysis (SBE) have, for many
years, been the routine first-line imaging modalities
to evaluate small bowel involvement in patients with
suspected or confirmed CD. Both SBFT and SBE
have similar sensitivities (85%-95%) and specificities
[20]
(89%-94%) for detecting radiological features of CD .
SBFT is usually preferred for patient tolerance, since
nasal or oral intubation is not required. However, these
techniques both employ ionising radiation and appear
to have lower diagnostic accuracy compared to newer
[21,22]
cross-sectional imaging modalities
.
In a 2005 United States study, SBFT had a lower
diagnostic yield for mild to moderate CD compared
to CT enterography, video capsule endoscopy and
[21]
ileoscopy . A 2009 Korean study of 30 patients with
CD, found a significantly lower sensitivity of SBFT for
the detection of extra-enteric complications (p < 0.01),
although no significant difference in the detection of
active terminal ileitis, compared to CT and magnetic
[22]
resonance enterography (MRE) . Barium based
studies may still have a role to play in the evaluation
of small bowel CD, but are increasingly being replaced
by alternative imaging modalities such as CT, MRE and
small bowel ultrasound.

Factors associated with
increased radiation exposure in
IBD patients
Risk factors for high radiation exposure in IBD patients
[11-15,17]
have been widely studied
. In a cohort of 354
[11]
adult and paediatric patients with CD, Desmond et al
identified that patients diagnosed under the age of
17, patients with upper gastrointestinal (GI) disease,
penetrating disease, multiple surgeries, or those that
required intravenous steroids or infliximab, were at
greater risk of receiving high cumulative radiation
exposure. Following this, a 2012 meta-analysis of five
studies evaluating risk factors in 2627 IBD patients,
found a significant association with only previous IBD
related surgery and corticosteroid use. The pooled
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In the United States, CT has largely superseded
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SBFT as the preferred first-line imaging modality for
CD. Between 2002 and 2007, there was a reported
840% increase in the use of CT enterography in IBD
[6]
patients in Minnesota, United States . Similarly, a
310% increase in use of abdominal CT imaging was
reported in a United Kingdom study of IBD patients
[14]
between 1990 and 2010 . CT imaging offers the
advantages of widespread availability, rapid acquisition
of images, high sensitivity and specificity for the
detection of intramural and extra-intestinal disease, as
[4]
well as being well tolerated by patients . The effective
radiation dose is, however, considerably higher than
[9,10]
other abdominal imaging modalities (table 1)
. The
United States National Research Council estimates that
one out of every 1000 patients undergoing a 10 mSv
CT scan will develop a radiation-induced cancer in their
[23]
lifetime .
Conventional CT abdominal-pelvis imaging is
typically used for the detection of extra-intestinal
complications of IBD, such as abscesses, fistula, bowel
obstruction or perforation. It may have a limited role
in the assessment of colonic disease activity. A small
[24]
study by Patel et al
of 23 patients with UC (2012),
identified positive correlation of contrast-enhanced
CT features (bowel wall thickening, mucosal hyperenhancement and mural stratification), compared with
clinical assessment (p < 0.05) and colonoscopy (p <
0.0001) in evaluating UC disease severity. However,
only increasing bowel wall thickness on CT correlated
[24]
with histological disease severity .
Conventional CT is limited in its assessment of
small bowel inflammation due to artefact produced
from collapsed bowel loops. CT enterography (CTE) is
a newer imaging technique, combining high resolution
CT scanning with multiplanar reconstructions after
administration of an oral and parenteral contrast which
acts to promote bowel loop distension. This improves
visualisation of the small bowel mucosa, enabling
more accurate assessment of small bowel disease
[25]
activity . High correlation has been shown between
quantitative measures of bowel wall thickness and
terminal ileal mural attenuation at CTE compared
with ileocolonoscopy and histological analysis in active
[26]
CD . Furthermore, CTE may be a useful adjunct
to ileocolonoscopy. In a 2012 study of 153 patients
with CD in the United States, CTE detected active
small bowel disease in 36 of the 67 patients (54%)
with normal ileoscopy appearances. The negative
ileoscopy results were largely due to disease “skipping”
of the terminal ileum, or confinement to intramural
or mesenteric distal ileum. CTE also detected extra[27]
colonic CD in 26% of patients .
Data for the benefit of CTE in assessing colonic
disease is limited. A small study analysing CTE in 35
patients with inflammatory colitis, identified a sensitivity
of 93% and specificity of 91% for the detection
of moderate to severe disease in well-distended
colons. However, there was a tendency for CTE to
underestimate the full extent and severity of colonic
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disease .
CT colonography (CTC) is an emerging imaging
technique developed for colonic evaluation. While
colonoscopy remains standard practice for the
assessment of colonic disease, CTC may offer advan
tages where colonoscopy is incomplete or contraindicated. The majority of data comparing CTC and
colonoscopy has been obtained from studies detecting
[25]
colorectal cancer . Only a few studies have investi
gated the efficacy of CTC in IBD, hence its role is not
clearly defined. A small German prospective study
of 21 IBD patients suggested sensitivities of 63.6%
and 100% for the identification of acute and chronic
IBD by CTC, with a specificity of 75% and 100%
[29]
respectively . CTC requires full bowel preparation,
as well as air or carbon dioxide insufflation for colonic
distension, and therefore is not always well tolerated.
There have been reported cases of CTC-induced bowel
perforation as well. Although the perforation rate is
low, at around 0.04%, CTC is generally avoided in the
[30]
acute phase of IBD .
Unfortunately while CT performs very well as an
imaging modality there is an emerging recognition that
it is responsible for the majority of the total radiation
[11-13,15]
dose to which IBD patients are exposed
. Indeed
in a recent study from Chile, abdominal-pelvic CT
and CT enteroclysis accounted for 93.6% of the total
[13]
CED exposure . Excessive use of CT imaging in IBD
patients presenting to the emergency department (ED)
has also raised concern. In a study from the United
States, no significant findings were observed in 32.8%
of CT imaging studies carried out in IBD patients in the
[31]
ED . Preliminary algorithms to avoid inappropriate
use of CT imaging in IBD patients presenting to the ED
[31,32]
have been proposed and require validation
.

Reduced radiation dose CT

Due to concerns regarding high radiation exposure
from CT imaging, recent developments in technology
have paved the way for strategies to reduce the
radiation dose associated with CT imaging, without
compromising diagnostic imaging quality. These
techniques include tube current (mA) modulation,
lowering tube potential modulation (kV), and
[33]
minimising the number of dynamic CT phases . Mul
tiphase CT abdomen and pelvis imaging exposes a
patient to around 31 mSv, equivalent to over three
times the radiation dose of standard CT abdominal[9]
pelvis imaging . Single-phase CTE is in most cases
[33]
believed to be sufficient to evaluate small bowel CD .
Reduced radiation CT techniques may help to lessen
cumulative radiation exposures and bridge the gap in
situations where radiation-free imaging is not widely
available.

Nuclear medicine imaging

Technetium-99-m hexamethyl-propyleneamine oxime
(99mTc-HMPAO) labeled white blood cell scintigraphy is
an imaging technique that employs radioactive isotopes
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to detect active inflammation . It may be used in IBD
to assess disease activity, but due to limited availability
and high cost, it is not routinely performed. 99mTcHMPAO white cell scintigraphy can visualise the entire
GI tract and emits a lower radiation dose than CT (2-4
[35]
mSv) . Reported uses include evaluating responses
to treatment and differentiating between disease
[36]
relapse and fibrotic tissue post surgery . It also has
a role in assessing disease extent in acute severe
colitis, where colonoscopy is usually contra-indicated.
[37]
A United Kingdom study by Subramanian et al
of
135 patients with UC, noted substantial correlation (k
= 0.7) between 99mTc-HMPAO white cell scintigraphy
and histological assessment of the proximal extent of
disease involvement in patients with UC. Scintigraphy
performed better than colonoscopy (p = 0.02) in
assessing patients with more extensive colitis, while
colonoscopy predicted disease extent more accurately
[37]
in patients with limited colitis (p = 0.002) .
Positron emission tomography (PET) is a noninvasive nuclear imaging technique that provides
three dimensional, quantitative imaging. It is primarily
used for tumour staging, though preliminary data has
shown it may have some value in the diagnosis of
[38,39]
IBD
. PET imaging is expensive and its availability
is limited to certain centres. Data on the potential role
18
of Fluorine-18-Fluorodeoxyglucose/PET ( F-FDG/PET)
and PET/CT in IBD is limited and requires further
review. Routine use of PET/CT for IBD assessment is
unlikely due to the high doses of radiation involved
[9,10]
(Table 1)
.

MRI, US, scintigraphy and CT respectively). Per-bowelsegment analysis showed CT to be significantly less
sensitive and specific compared to MRI (p = 0.037)
[40]
and scintigraphy (p = 0.006) . More recently, a 2011
[41]
systematic review by Panés et al also compared US,
MRI and CT for the assessment of disease location and
extension in CD. Overall, US had superior diagnostic
accuracy for the detection of disease localised to the
terminal ileum and colon, while MRI performed better
than US for the detection of CD lesions in the jejunum
and proximal ileum. CT and MRI demonstrated
similar diagnostic accuracy for the assessment of CD
[41]
extension and activity .

MRE

MRE is a non-invasive technique used to obtain
cross-sectional imaging of the small bowel without
exposure to diagnostic medical radiation. MRE
provides superior soft tissue contrast resolution
compared to CTE, allowing detailed visualisation of
[42]
inflammatory and fibrotic bowel wall . A 2011 Italian
[43]
compared MRE
prospective study by Fiorino et al
and CTE in 44 patients with ileocolonic CD. They
found comparable accuracy between MRE and CTE in
localising CD, assessing bowel wall thickening, bowel
wall enhancement and enteroenteric fistula. However,
MRE was superior to CTE in detecting strictures (p =
0.04) and ileal wall enhancement (p = 0.02). A 2014
[44]
meta-analysis by Qiu et al of 290 CD patients across
six studies, found no significant difference between the
diagnostic accuracy of MRE and CTE in detecting active
small bowel CD and its complications including fistula,
stenosis and abscess formation.
Given its proven diagnostic accuracy, updated
guidelines by the European Crohn’s and Colitis
Organisation and the European Society of Gastro
intestinal and Abdominal Radiology, advocate increased
routine usage of MRI for the assessment of small
bowel CD, to reduce radiation exposure in this cohort
[45]
of patients .
Recently, diagnostic indices from MRE have been
developed to attempt to quantify disease severity.
The magnetic resonance index of activity score has
demonstrated a significant correlation with the CD
[42]
endoscopic index of severity . In perianal CD, MRI
remains the preferred imaging modality, permitting
[42]
accurate diagnosis and staging of perianal fistula .
Drawbacks of MR imaging, however, include higher
procedure costs, lengthy acquisition times and limited
availability, particularly out of routine working hours.
The efficacy of MR Colonography (MRC) for the
evaluation of colonic disease activity in IBD is less
well defined. A 2005 study comparing MRC using
contrast gadolinium enemas, to standard colonoscopy
in 22 patients with suspected or known IBD revealed
disappointing results, with a per-segment sensitivity of
58.8% and 31.6% for identifying colonic inflammation
[46]
in UC and CD respectively . Other studies have

RADIATION-FREE DIAGNOSTIC IMAGING
MODALITIES
In view of the concerns over cumulative radiation
exposure in IBD patients, alternative radiationfree imaging strategies have emerged as a focus of
interest, and are increasingly being favoured in clinical
practice. Studies comparing the diagnostic accuracies
for radiation-free imaging vs conventional imaging
modalities in small bowel CD are summarised in table
3.
[40]
A 2008 meta-analysis by Horsthuis et al
com
paring magnetic resonance imaging (MRI), ultra
sonography (US), scintigraphy and CT across 33
studies, showed high per-patient sensitivity for
the diagnosis of IBD with no significant differences
between imaging modalities. Mean sensitivity
estimates were 93%, 90%, 88% and 84% for MRI,
US, white cell scintigraphy and CT respectively. Perpatient specificity was also high and comparable
across imaging modalities: 93%, 96%, 85% and 95%
for MRI, US, scintigraphy and CT respectively. The
only significant difference was a lower specificity for
[40]
scintigraphy compared to US (p = 0.009) . Mean perbowel-segment sensitivity estimates were lower across
all imaging modalities (70%, 74%, 77% and 68% for
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Table 3 Comparison of diagnostic accuracies of radiation-free imaging (ultrasonography/magnetic resonance imaging) vs
conventional ionising radiation imaging for the evaluation of small bowel Crohn’s disease
Study

Country

Number of
patients (n )

Design

United States

26 CD

Prospective study,
single centre

Maconi et al[67], 2003

Italy

128 CD

Prospective study,
consecutive CD patients
who underwent surgery
immediately after
diagnostic work-up

Parente et al[49], 2004

Italy

102 CD

Prospective study,
consecutive patients
with proven CD by BE
and ileocolonoscopy
enrolled from IBD clinic
Dec 2002-July 2003
Adult cohort (≥ 18 yr)

Calabrese et al[55], 2005

Italy

28 CD

Prospective study,
consecutive patients
recruited from IBD clinic
Adult cohort (age range
21-60 yr)

Horsthuis et al[40], 2007

Amsterdam

1735
(sample
size 15-440)

Meta-analysis of 33
prospective studies
published between
Jan 1993- Feb 2006
Adult and paediatric
cohort
(age range 2-86 yr)

Low et al[66], 2000
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Study findings

Contrast enhanced Side-by-side comparison: MR imaging superior
MR with single phase than helical CT in depiction of normal bowel
CT using findings
wall, mural thickening or enhancement and
from surgery, barium
overall GI tract evaluation
studies, endoscopy MR images showed 55 (85%) and 52 (80%) of 65
and histology as
abnormal bowel segments for the two observers,
reference standard
compared with helical CT which showed 39
(60%) and 43 (65%) of bowel segments affected
by CD (P < 0.001, P < 0.05)
US, barium studies, Detecting internal fistula: comparable diagnostic
CT to detect
accuracy of US (85.2%) and barium X-ray (84.8%)
internal fistulae and
studies
intra-abdominal
Sensitivity US (71.4%), X-ray (69.6%),
abscesses compared
Specificity US (95.8%), X-ray (95.8%)
to intraoperative
Detection of abscesses: US (90.9%), CT (86.4%)
findings
Overall diagnostic accuracy higher with CT than
US (91.8% vs 86.9%) due to false positives with
US
Conventional US
Per segment analysis: Superior diagnostic
vs oral contrast
accuracy of contrast US in detecting small bowel
enhanced US,
CD. Sensitivity: conventional US 91.4%, contrast
compared to BE and
US 96.1%
ileocolonoscopy as Good correlation of disease extent measurements
gold standard
with BE: US (r = 0.83), contrast US (r = 0.94)
Higher sensitivity and specificity with contrast
US in detecting ≥ 1 small bowel strictures:
Sensitivity: US (74%), contrast US (88.8%)
Specificity: US (93.3%), contrast Us (97.3%)
US and contrast US more accurate in detecting
internal fistulas than BE, but no significant
difference in diagnostic accuracy between US
and contrast US. US (80%), contrast US (86%), BE
(67%)
Significantly improved interobserver variability
between sonographers with contrast US for
detecting bowel wall thickness and disease
location
SICUS (performed
Sensitivity for detection of small bowel lesions:
by a sonologist of
96% TUS, 100% SICUS
1 yr experience) vs
Greater correlation of extension of lesions
TUS (performed
between SICUS and SBE (r = 0.88) vs TUS and
by an experienced
SBE (r = 0.64)
sonologist of 10
Sensitivity for detection of ≥ 1 stricture: 76%
yr experience),
TUS, 94% SICUS
compared to SBE as
Sensitivity and specificity for assessing
gold standard
prestenotic dilatation: 50% and 100% for TUS, vs
100% and 90% for SICUS
US, MRI,
Per-patient analysis: Significantly lower
scintigraphy, CT
specificity for scintigraphy vs US. No significant
US evaluated in 11
difference between mean sensitivities for
studies, MRI in 11,
diagnosis of IBD
scintigraphy in 9 and
Sensitivities: 89.7% US, 93% MRI, 87.8%
CT in 7 studies
scintigraphy, 84.3% CT
Specificities: 95.6% US, 92.8% MR, 84.5%
scintigraphy, 95.1% CT
Per bowel segment analysis: Significantly lower
sensitivity and specificity for CT compared
to scintigraphy and MRI. Sensitivities: 73.5%
US, 70.4% MRI, 77.3% scintigraphy, 67.4%
CT. Specificities: 92.9% US, 94% MRI, 90.3%
scintigraphy, 90.2% CT
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Lee et al[22], 2009

South Korea

30 CD

Prospective study,
single centre,
consecutive patients with
known or suspected CD
enrolled
Adult cohort (age range
18-44 yr)

Siddiki et al[68], 2009

United States

33 CD

Ippolito et al[69], 2009

Italy

29 CD

Schreyer et al[70], 2010

Germany

53 CD

Prospective blinded
study, single centre,
consecutive
patients with suspected
active small bowel CD
April 2005-May 2008
Adult cohort
(age range 20-63 yr)
Prospective study,
Single centre,
symptomatic patients
with proven CD and
suspected relapse,
recruited from outpatient
clinic
Adult and paediatric
cohort (age range 14-70
yr)
Mean age 43.8 yr
Retrospective study,
Single centre,
Patients with advanced
CD and acute abdominal
pain attending the
emergency department
Adult cohort

Panés et al[41], 2011

Spain

N/A

Systematic review of
68 prospective studies,
minimum 15 patients per
study

Fiorino et al[43], 2011

Italy

44 CD

Prospective study,
CTE and MRE to
Single centre,
assess disease activity
consecutive patients
and complications in
with ileocolonic CD
ileocolonic CD, using
requiring endoscopic or ileocolonoscopy as
radiological evaluation
reference standard
Enrolled 2006-2009
Adult cohort (> 18 yr)
Mean age 44 yr
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MRE, CT, SBFT
for detection of
active small bowel
inflammation
and extra enteric
complications with
ileocolonoscopy as
reference standard
MRE, CTE compared
with ileocolonoscopy

Contrast MRE and
contrast multidetector CTE

Conventional CT,
MRE

US, CT, MRI for
diagnosis of CD,
assessment of
disease extent and
activity, detection of
complications

No significant difference between CTE, MRE
and SBFT for the detection of active terminal
ileitis. Sensitivity CTE (89%), MRE (83%), SBFT
(67%-72%)
Significantly higher sensitivity for MRE (100%)
and CTE (100%) compared to SBFT (32% reader
1, 37% reader 2) for the detection of extra enteric
complications
No significant difference between sensitivity of
MRE (90.5%) and CTE (95.2%) in detecting active
small bowel CD
In 8 cases (24%) MRE and CTE identified active
small bowel inflammation not detected at
ileocolonoscopy
MRE significantly lower image quality score
than CTE
Complete agreement between MRE and CTE in
classification of disease activity (k = 1)
Good level of agreement between MRE
and CTE for wall thickening and mucosal
hyperenhancement (k = 1), comb (k = 0.9) and
halo signs (k = 0.86)
CTE superior to MRE in detecting fibrofatty
proliferation (P = 0.045)
MRE depicted higher number of fistulas than
CTE but non-significant (P = 0.083)
No significant difference in image quality
between CT and MRE
No significant difference in diagnosis of small
bowel inflammation between CT (69.4%) and
MRE (71.4%)
CT detection of lymph nodes significantly higher
than MRE
No significant difference in detection of fistulae
(CT n = 25, MRE n = 27) or abscesses (CT n = 32,
MRE n = 32)
Sensitivity for diagnosis of suspected CD and
evaluation of disease activity: US 84%, MRI 93%
Specificity for diagnosis of suspected CD and
evaluation of disease activity: US 92%, MRI 90%
CT similar accuracy to MRI for assessment of
disease activity and extension. US accuracy
lower for disease proximal to terminal ileum
US, CT, MRI all high accuracy for detection
of fistulas, abscesses, stenosis. US higher false
positive for abscesses
MRE significantly superior to CTE in detecting
internal strictures: sensitivity (92% vs 85%),
accuracy (95% vs 91%), specificity (90% vs 51%)
Overall no significant difference in sensitivity
and specificity of MRE and CTE in localising CD,
bowel wall thickening, bowel wall enhancement,
enteroenteric fistulas, detection of abdominal
nodes, perivisceral fat enhancement
Per segment analysis, MRE significantly superior
to CTE in detecting ileal wall enhancement, with
higher sensitivity (93% vs 81%) and accuracy
(88% vs 81%), but lower specificity (72% vs 81%).
MRE significantly superior in localising rectal
disease, with higher accuracy (93% vs 85%),
specificity (100% vs 50,9%) but lower sensitivity
(72% vs 81%)
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Jensen et al[71], 2011

Denmark

50 CD

Chatu et al[50], 2012

United
Kingdom

143 CD

Italy

49 CD

China

290 CD

United
Kingdom

67 CD

Italy

25 CD

Pallotta et al[51], 2012

Qiu et al[44], 2014

Kumar et al[52], 2015

Aloi et al[53], 2015

Prospective,
multicentre study,
patients with
symptomatic preexisting CD requiring
small bowel imaging for
treatment decisions
Retrospective study,
single tertiary centre,
all symptomatic patients
with known or suspected
CD who underwent
SICUS retrospectively
were reviewed
June 2007-Dec 2010
Adult cohort
Mean age 36 yr
Prospective study,
consecutive patients,
adult and paediatric CD
who underwent resective
bowel surgery
Jan 2000-Oct 2010
Mean age 37.7 yr
(Age range 12-78 yr)
Systematic review
with meta-analysis
including six studies,
all prospective
with enrollment of
consecutive CD patients
Retrospective study,
Single tertiary centre.
Adult cohort (age
18.8-68.9 yr)
CD patients requiring
resective bowel surgery
within 6 mo of SICUS/
MRE investigation
being performed June
2007-December 2012

Single tertiary centre for
paediatric IBD
Paediatric cohort with
known or suspected
small bowel CD

MRE and CTE
No significant difference between MRE and CTE
compared with gold
for detection of small bowel CD
standard of ileoscopy
MRE: sensitivity 74%, specificity 80%
or surgery
CTE: sensitivity 83%, specificity 70%
No significant difference for detection of small
bowel stenosis. MRE: sensitivity 55%, specificity
92%. CTE: sensitivity 70%, specificity 92%
SICUS compared
Sensitivity of SICUS in detecting active small
with SBFT, CT,
bowel CD in known or suspected cases 93%,
histological findings specificity 99%, positive predictive value 98%,
from ileocolonoscopy
negative predictive value 95%
or surgery, and CRP, Agreement between SICUS with SBFT (k = 0.88),
using final diagnosis
CT (k = 0.91), histological findings (k = 0.62),
as the reference
CRP (k = 0.07)
standard

Conventional
SICUS ability to:
transabdominal US
Detect at least one stricture: Sensitivity 97.5%,
and SICUS compared
specificity 100%, k = 0.93
to intraoperative
Detect two or more strictures: Sensitivity 75%,
and histological
specificity 100%, k = 0.78
findings to assess CD Detect fistulas: Sensitivity 96%, specificity 90.5%,
complications
k = 0.88
Detect intra-abdominal abscesses: Sensitivity
100%, specificity 95%, k = 0.89
MRE and CTE in
Pooled sensitivity MRE in detecting active small
detecting active
bowel CD: 87.9%, specificity 81.2%
small bowel CD and Pooled sensitivity CTE in detecting active small
complications
bowel CD 85.8%, specificity 83.6%
No significant difference between MRE and CTE
in detecting fistula, stenosis and abscesses.
SICUS and MRE
Sensitivity of SICUS and MRE in detecting:
compared to
Strictures: 87.5%, 100%
intraoperative
Fistulae: 87.7%, 66.7
findings
Abscesses: 100%, 100%
Bowel dilatation: 100%, 66.7%
Bowel wall thickening: 94.7% and 81.8%
Compared with surgery, high level of agreement
of SICUS, MRE in:
Localising strictures: k = 0.75, 0.88
Fistulae: k = 0.82, 0.79
Abscesses k = 0.87, 0.77
High level of agreement between SICUS and
MRE in identifying stricturing disease (k = 0.84),
number and location of strictures (k = 0.85),
fistulae (k = 0.65), mucosal thickening (k = 0.61)
MRE, SICUS, CE for
Jejunum: Specificity CE significantly lower
diagnosis of small
(61%) than MRE. No significant difference in
bowel CD
sensitivity: SICUS 92%, CE 92%, MRE (75%)
Proximal and mid-ileum: Specificity CE
significantly lower. No significant difference in
sensitivity: MRE 100%, CE 100%, SICUS 80%
Terminal ileum: Sensitivity of SICUS and MRE
(94%, 94%) higher than CE (81%), CE more
specific

CD: Crohn’s disease; MRE: Magnetic resonance enterography; CT: Computed tomography; CTE: Computerised tomography enterography; SICUS: Small
intestine contrast-enhanced ultrasonography; CE: Capsule endoscopy; BE: Barium enteroclysis; SBFT: Small bowel follow-through; US: Ultrasonography;
MRI: Magnetic resonance imaging.

since produced more promising results. A German
study of 23 patients with suspected IBD, comparing
MRC using water enemas to colonoscopy findings,
identified a sensitivity of 87% and specificity of 100%
[47]
for detecting colonic inflammatory changes . Recent
studies have supported the reliability of diffusion
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weighted imaging MRC (DWI-MRC) for detecting
colonic inflammation in UC, without the need for bowel
[48]
preparation . Advances in contrast media and DWIMRI may increase the sensitivity and role of MRC in
evaluating colonic inflammation in IBD, particularly
in patients intolerant to colonoscopy. However, larger
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scale comparative data is still required.

localising strictures (k = 0.75, k = 0.88), fistulae (k =
[52]
0.82, 0.79) and abscesses (k = 0.87, 0.77) .
SICUS may be particularly well suited to investi
gating small bowel CD in children, where routine
additional challenges include poorer tolerance to
ileocolonoscopy (IC) requiring general anaesthetic,
difficulty lying still for a time-consuming MRI, and
increased sensitivity to ionising radiation. A recent
[53]
prospective study by Aloi et al
compared MRE,
SICUS and video capsule endoscopy in the evaluation
of 25 children with suspected or known CD. Overall
there was no significant difference among the three
imaging modalities for the detection of active small
bowel CD. Combining diagnostic imaging improved
collective sensitivities, and combining SICUS with the
serological marker C-reactive protein increased the
specificity for the detection of CD from 89% to 100%
in the jejunum, and from 79% to 100% in the distal
[53]
ileum (p < 0.05) .
Preliminary data has suggested a role for power
Doppler imaging in enhancing the diagnostic accuracy
of conventional US and SICUS. Power Doppler US
allows assessment of bowel wall vascularity, which
has been shown to correlate well with disease activity
[54]
in CD . It can also aid in distinguishing between
[50]
inflammatory and fibrotic stenosis .
Overall, SICUS has emerged as an accurate,
well tolerated, radiation-free imaging tool for the
assessment of small bowel CD. Limitations include
inter-observer variability and difficulty interpreting
and comparing images retrospectively given that it
is a dynamic procedure. The diagnostic accuracy of
SICUS is operator dependent and often thought to
be dependent on experience. Although, in a 2005
Italian study SICUS performed by a inexperienced
sonographer achieved superior diagnostic accuracy
for assessing small bowel CD lesions compared to
conventional trans-abdominal US performed by an
[55]
experienced sonographer . The results of a large
multi-centre prospective study comparing MRE with
[56]
US in CD patients are keenly awaited .

Trans-abdominal US and small intestine contrastenhanced US

Trans-abdominal US has increasingly been favoured
as a non-invasive imaging tool useful for the diagnosis
of small bowel CD. It has advantages over SBFT
in detecting extra-intestinal disease, is more cost
effective and better tolerated than MRI, and avoids
the radiation exposure of CT imaging. However,
conventional trans-abdominal US is often limited by
the presence of endoluminal gas and collapsed bowel
[49]
walls, which may obscure pathology . Administering
oral contrast prior to performing US promotes bowel
loop distension, improving bowel wall visualisation. As
a consequence, small intestine contrast-enhanced US
(SICUS) has emerged as a more accurate alternative
to conventional US for the diagnosis and monitoring of
[45,49]
small bowel CD
.
[49]
A prospective Italian study by Parente et al
of
102 patients with CD, compared conventional US with
SICUS for the diagnosis of CD and its intraluminal
complications. Per-segment analysis revealed a
superior diagnostic accuracy of SICUS in detecting
small bowel CD. Indeed use of an oral anechoic
contrast agent resulted in an increase in sensitivity
[49]
from 91.4% to 96.1% . SICUS was also more
accurate than conventional US in detecting strictures
and measuring the extent of small bowel involvement.
Both conventional US and SICUS had a higher
diagnostic accuracy than SBE in detecting fistulas,
[49]
using intra-operative findings as the gold standard .
More recently, a United Kingdom-based study of 143
patients with suspected or known CD, found SICUS
to have a similar diagnostic yield compared to SBFT
and CT (k coefficient 0.88 and 0.91 respectively) for
the detection of features of small bowel CD in routine
[50]
clinical practice . The sensitivity and specificity of
SICUS for the detection of active small bowel CD
was 93% and 99% respectively, with a positive
predictive value of 98% and a negative predictive
value of 95%. Furthermore, there was substantial
agreement between SICUS and histology obtained at
[50]
ileocolonoscopy or surgery (k = 0.62) .
SICUS may also have a role to play in the preoperative assessment of CD. A prospective study by
[51]
Pallotta et al
of 49 patients with CD, compared
SICUS with intra-operative findings for the detection
of small intestinal complications of CD. SICUS
demonstrated high sensitivity and specificity for the
detection of small bowel strictures (97.5% sensitivity,
100% specificity, k = 0.78), fistulas (96% sensitivity,
90.5% specificity, k = 0.88), and abscesses (100%
[51]
sensitivity, 95% specificity, k = 0.89) . Similarly,
[52]
Kumar et al
compared SICUS and MRE in routine
clinical practice with intra-operative findings in patients
with CD requiring surgery. Correlating SICUS and MRE
with surgery, there was a high level of agreement in
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Contrast enhanced ultrasonography

Contrast enhanced ultrasonography (CEUS) is a
new technique that involves the administration of an
intravenous contrast agent, real-time, during ultra
sonography. It allows more accurate evaluation of
bowel wall vascularisation. Mural hyper-enhancement
following contrast in CEUS has been shown to correlate
well with bowel inflammation and allows grading of
[57,58]
CD activity
. CEUS also has the potential additional
benefit of better distinguishing between inflammatory
and fibro-stenotic lesions, which can be difficult with
[58]
conventional ultrasound . CEUS does not require
oral preparation, therefore it is well tolerated by
patients and can be repeatedly performed to monitor
disease activity. Limitations include the need for
specific software, and increased procedure time.
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Current studies suggest a role for CEUS in monitoring
treatment response in CD, but further prospective
studies are required to quantify how well CEUS
[57]
correlates with endoscopic changes and SICUS .

12

CONCLUSION

13

Increased awareness of the cumulative exposure
of IBD patients to diagnostic medical radiation is
warranted, particularly given the potential for an
increased risk of radiation-induced malignancy in
patients exposed at a younger age. Creation of
radiation diaries is a useful consideration to log total
radiation exposures. MRI and SICUS are alternative,
radiation-free imaging modalities, with proven diag
nostic accuracy, and should be routinely considered
for the diagnosis and evaluation of patients with small
bowel CD wherever possible. More provision is needed
for out-of-hours radiation-free imaging modalities to
reduce the need for CT.
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Abstract

Franziska Durchschein, Wolfgang Petritsch, Heinz F
Hammer, Department of Internal Medicine, Division of
Gastroenterology and Hepatology, Medical University of Graz,
8036 Graz, Austria

Although patients with inflammatory bowel diseases
(IBD) have a strong interest in dietary modifications as
part of their therapeutic management, dietary advice
plays only a minor part in published guidelines. The
scientific literature shows that dietary factors might
influence the risk of developing IBD, that dysbiosis
induced by nutrition contributes to the pathogenesis
of IBD, and that diet may serve as a symptomatic
treatment for irritable bowel syndrome-like symptoms
in IBD. The role of nutrition in IBD is underscored by
the effect of various dietary therapies. In paediatric
patients with Crohn’s disease (CD) enteral nutrition (EN)
reaches remission rates similar to steroids. In adult
patients, however, EN is inferior to corticosteroids.
EN is not effective in ulcerative colitis (UC). Total
parenteral nutrition in IBD is not superior to steroids or
EN. The use of specific probiotics in patients with IBD
can be recommended only in special clinical situations.
There is no evidence for efficacy of probiotics in CD.
By contrast, studies in UC have shown a beneficial
effect in selected patients. For patients with pouchitis,
antibiotic treatment followed by probiotics, like VSL#3
or Lactobacillus GG, is effective. When probiotics are
used, the risk of bacterial translocation and subsequent
bacteremia has to be considered. More understanding
of the normal intestinal microflora, and better charac
terization of probiotic strains at the phenotypic and
genomic levels is needed as well as clarification of the
mechanisms of action in different clinical settings. A
FODMAP reduced diet may improve symptoms in IBD.
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One aspect of Western life style that has changed
considerably in parallel with the emergence of IBD
[9,14,15]
is diet
. The early increase in incidence up to
the 1960s has been attributed to increased milk
[16]
consumption
and more recently, other dietary
components have been implicated. Over the last 20
years fructose intake has increased by more than
20% and intake of salty snacks, pizza, cereals and
[9]
sweetened beverages has increased by nearly 50% .
As dietary antigens along with bacterial antigens
are the most common types of luminal antigen, it is
reasonable to suppose that dietary factors may play an
[12]
important role in the pathogenesis of IBD , possibly
by interacting with gut microbiota and the mucosal
immune system.
The aim of therapeutic management is to achieve
and maintain remission and prevent disease pro
[1]
gression . Pharmacological agents are the main pillar
[17]
of therapy , but have side effects and some patients
[1]
become refractory to them, necessitating surgery .
Nutrition plays a pivotal role in the clinical care of all
[11,18]
patients with inflammatory bowel disease
, and the
efficacy of diet therapy in IBD was first investigated
[1,19]
[20]
over 30 years ago
. In 1984, O’Moráin et al
reported that patients with acute Crohn’s ileitis
treatment with an elemental diet achieved remission
rates comparable to those treated with corticosteroids,
paving the way for an alternative to conventional
[18]
therapy , though the mechanisms responsible are
[21]
still not well understood . Theories include improved
nutritional status, reduced allergenicity of gut contents,
avoidance of food additives as well as changes in
[21]
the nature or quantity of gut bacteria . Intestinal
inflammation might be initiated by an aberrant
response to the gastrointestinal microbiota, meaning
that dietary substances and their metabolites might
[1,22]
modify mucosal barrier function
.

Group Inc. All rights reserved.

Core tip: Over the last decades various dietary com
ponents like milk, fructose, salty foods and sweetened
beverages have been implicated to play a role in the
pathogenesis of inflammatory bowel disease (IBD),
possibly by interacting with gut microbiota and the
mucosal immune system. The role of nutrition in IBD is
underscored by the effect of various dietary therapies.
In paediatric patients with Crohn’s disease enteral
nutrition reaches remission rates similar to steroids.
The use of specific probiotics in patients with IBD can
be recommended only in special clinical situations. A
FODMAP reduced diet may improve symptoms in IBD.
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INTRODUCTION
Approximately 2 million people worldwide suffer from
inflammatory bowel disease (IBD), comprising Crohn’s
[1]
disease (CD), ulcerative colitis (UC) and pouchitis .
The exact pathomechanism of IBD is remains
[1]
unexplained . According to the literature, these
diseases may result in part from the mucosal immune
response to altered gastrointestinal microbiota in
[1,2]
genetically susceptible individuals . An abnormal
mucosal barrier function in IBD may allow bacterial
access to the lamina propria, triggering an inflammatory
[1]
response , though additional environmental factors
must be presumed to be involved in the aetiology of
[3]
IBD .
IBD was first recognized as a major health issue in
[4]
developed countries . Many studies on children and
adults in Western Europe and North America over the
past 20 years have indicated that the incidence in IBD
has increased to the extent that it is no longer a rare
[5-7]
condition but affects up to 0.5% of the population
The incidence is also increasing in Japan or Eastern
[3,8]
Europe, where it used to be uncommon . Migrants
from low prevalence countries take on the prevalence
[9]
of their adopted high prevalence countries . The
[10]
incidence of CD appears to increase faster than UC .
This increased incidence is due in part to higher
awareness and more reliable diagnosis of IBD, but
the change to a Western lifestyle also suggests that
environmental factors play a role in the development
[3,11]
and progression of IBD
.
Environmental factors that may be linked to the
Western lifestyle have been implicated as predisposing
[9]
to IBD : these include smoking, appendectomy,
[12,13]
better hygiene and use of oral contraceptives IBD
.
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Nutrition in IBD as compared to controls

In recent decades a wide range of nutrients and their
[11]
roles in the etiology of IBD have been investigated .
[23]
Persson et al found an increased relative risk of IBD
with consumption of fast food at least twice a week.
Epidemiological studies suggest an increased risk of
IBD associated with a high intake of the so-called
“Western diet”, which includes refined sugar and meat
[14,21]
and animal fat, along with low fiber intake
. In
contrast, a diet emphasizing vegetables, fruits, olive
oil, fish, grains and nuts decreased the risk of pediatric
[24]
IBD, especially CD .
As association of dietary factors and CD has been
documented. These factors include the quantity and
quality of fat intake, fast food ingestion, total protein
and energy intake. Patients with CD consume more
[9,25-28]
[29]
sugar or cereals than controls
. Geerling et al
found that CD patients consumed more carbohydrates
than controls, but it was unclear whether this was
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actually due to avoidance of other fat or protein
sources. They also found that CD patients with a
high Crohn’s disease activity index (CDAI > 150)
had a significantly higher carbohydrate intake than
[29]
those in remission . The literature is ambiguous on
nutrients, as some studies did not confirm a significant
association between high sugar intake and the
[3,30]
incidence of CD
.
A higher intake of linoleic acid, an n-6 polyun
saturated essential fatty acid found in red meat,
various cooking oils and certain margarines, was
[4,31,32]
associated with an increased risk of UC
. Linoleic
acid is metabolized to arachidonic acid, which has
pro-inflammatory properties and is increased in the
[31]
mucosa of patients with UC .

the AhR are still missing.

role of gut microbiota
The colonic microbiota are estimated to comprise
14[40,41]
10
. Humans harbour 500 to 1000 different
[42]
bacterial species in the gastrointestinal tract ,
with more than 90% representing Firmicutes and
[42]
Bacteroidetes , with Actinobacteria, Proteobacteria,
Fusobacteria, Spirochaetae and Verrucomicrobia
[42]
making up the rest . At birth, the human gut is
sterile and colonization by bacteria starts within
[40]
the first hours of life . The composition of the gut
microbiome in infants varies greatly, depending
[43]
on mode of delivery and infant feeding . During
childhood, a more stable, highly individual adult gut
[40,44,45]
microbiome develops out of this diversity
, with
a symbiotic relationship forming between human
[40]
host and his/her gut microbes . This complex
ecosystem protects against invasion by pathogens by
successfully competing with them for nutrients and
[46]
epithelial binding sites . The human gut provides an
ideal environment for the microbiota, which benefit
the human host by fermenting indigestible food
[40]
substances . A balanced microbiota is important for
[40]
maintaining the health of the host , but this balance
may be upset by factors like host genetics, antibiotic
treatment, intestinal inflammation or diet.
Along with food, microbiota provide the most
common luminal antigens in the bowel, and these
[47]
could influence intestinal inflammation . Different
dietary regimens might alter the composition of the gut
[34]
microbiota and consequently affect the risk of IBD ,
but there are few data to evaluate this issue. In animal
models, changes in fat and carbohydrate content in
[48]
nutrition significantly affect gut microbiota . When
[49]
Turnbaugh et al
transfected germ-free C57BL/6J
mice with human microbial communities and changed
their diet from low-fat, high plant polysaccharide to
high-fat, high-sugar “Western-style”, their microbiota
shifted within a single day. A study in interleukin-10
knockout mice has further shown that a mouse diet
high in saturated fat increased the spontaneous rate of
[21]
colitis as compared to a normal mouse diet . A study
in Japan noticed that people living in rural areas, eating
typical Japanese food, have different faecal microflora
than people living in urban areas, especially as to the
[50]
number of Bifidobacteria . These data suggest that
some kinds of food might alter the intestinal microbiota
[21]
population .
The role of the gut microbiota in inflammatory
bowel disease has raised the interest in exchanging
presumably abnormal microbiota in patients with IBD
with fecal microbiota from healthy persons. However,
the available evidence for this is still very weak. A
recently published systematic literature review on
the use of fecal microbiota transplantation (FMT) in
IBD summarized 31 publications with 133 patients,

Possible mechanisms for the association between IBD
and nutrition

Possible mechanisms by which diet may cause IBD
include a direct effect of dietary antigens, dietinduced alteration of gene expression, alteration of the
composition of the enteric flora and an effect on gastro
[11]
intestinal permeability or the immune system .
One hypothetical pathomechanism of CD is increased
intestinal permeability, which might in turn increase
exposure of the subepithelium to luminal pro-inflam
[9]
matory molecules and microorganisms . High luminal
concentrations of short-chain fatty acids, due to
bacterial metabolism of incompletely absorbed carbo
[33]
hydrates , can reversibly impair barrier function
[9]
by inducing apoptosis of epithelial cells . FODMAPs
(fermentable oligo-di-monosaccharides and polyols) are
[9]
a potential source of poorly absorbable carbohydrates ,
but a causal relationship between these foods and IBD
remains unclear, as well as the potential confounding
factor of socioeconomic status, which is related to food
intake. In addition, the role of processing and cooking
[34]
should be taken into account .
[35]
Kiss et al
have shown that some dietary
components derived from vegetables interact with
intestinal immune receptors influencing intestinal
immunity. Vegetables of the Brassicaceae family
(e.g., broccoli, cabbage or Brussels sprouts) can
activate the aryl hydrocarbon receptor (AhR), which
[36]
is expressed ubiquitously in vertebrate cells .
AhR is highly expressed by intestinal intraepithelial
lymphocytes and is involved in the defense against
[37]
luminal attacks . This receptor is down-regulated in
the intestinal inflamed tissue of patients with IBD and
activation of AhR can inhibit inflammation and colitis
[38]
in the gut of mice . The AhR system seems to be a
link between external environmental stimuli and the
[39]
immune system . Dietary factors might interact with
the AhR, which affects cytokine expression, synthesis
of defensins, antimicrobial peptides and consequently
[36]
also the microbial composition . Activation of AhR by
nutrients might have a beneficial effect in IBD. Clinical
trials evaluating the stimulating effect of nutrition on
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43% of whom had a Clostridium difficile infection.
Improvement of symptoms was reported in 71% of
patients with IBD. FMT may have the potential to be
helpful in managing patients with IBD, but considerable
further efforts are necessary to make this procedure a
[51]
valid option for these subjects .

prognosis of severe IBD, there is still a need for low[68]
risk alternative approaches or adjuvant therapies .
A number of trials have investigated the efficacy
and mechanisms of action of diet in IBD. Historically,
nutrition has been seen as an adjunctive therapeutic
option and not as a source of therapeutic strategies
[68]
on its own right . Because of the delivery of high
loads of specific nutritional compounds that can affect
different targets, nutrition is now not only used as a
supportive measure but has also been suggested as
[18]
primary treatment to induce or maintain remission.
Many studies have shown that clinical remission and
mucosal healing in IBD can be achieved with different
nutritional regimes. Studies evaluating the effect of
enteral nutrition (EN), total parenteral nutrition (TPN),
probiotics or FODMAP reduced diet in IBD have been
published, but due to the heterogeneity of study
protocols, there are as yet no recommendations
[1]
for routine clinical practice . This review examines
concepts of diet therapy in IBD concerning EN, TPN,
probiotics and FODMAPs.

Microbiota, immune function and IBD

The human colonic microbiota plays a central role
in inducing disorders of immune function and inflam
[52,53]
mation
and studies in recent decades have shown
that bacteria are involved in the pathogenesis of
[53]
IBD . The association between NOD 2/CARD15 gene
polymorphisms and CD supports the link between IBD
and gut microbiota. This gene has a role in bacterial
peptidoglycan recognition and mice deficient in NOD2
show an increased susceptibility to bacterial infection
[54-56]
through the luminal route
. Abnormalities of
NOD2 in IBD patients might decrease tolerance to
enteric bacteria with secondary inflammation of the
[54]
gut . In addition, animal models have shown that
intestinal inflammation fails to develop when animals
are kept in germ-free environment, supporting the
[57]
role of the microbiota in the pathogenesis of IBD .
An imbalance in bacterial function so might play a role
[34]
in the initiation of IBD . Further, genetic studies have
determined that many of the genetic risk alleles for
IBD are involved in protecting the host from bacterial
[40]
invasion of the gut . These risk loci contain genes
regulating the epithelial barrier or the innate immune
response.
Alterations in the gut microbiome have been
[40,58]
[59]
associated with IBD
. Ewaschuk et al
found that
Bacteroides spp., Enterococcis faecalis, Enterobacter
cloacae, intestinal Heliobacter spp., Fusobacterium
spp., adherent/invasive Escherichia coli strains,
Eubacterium and Peptostreptococcus spp. seem to be
harmful intestinal microbes. In contrast, Lactobacillus
spp., Bifidobacterium spp., Streptococcus salivarius,
Saccharomyces boulardii (S. boulardii), Clostridium
butyricum, Ruminococci and Escherichia coli (E.
[59]
coli) Nissle 1917 seem to be beneficial . Most
individuals with IBD, especially CD, are characterized
by dysbiosis, in which one or a few potentially harmful
[53,60]
microorganisms are dominant
. In patients with
IBD, decreased Firmicutes, increased Proteobacteria
as well as changes in Bacteroides compared to
[34,61-65]
healthy controls have been detected
. It has
been demonstrated that recurrence of inflammation
after ileal resection depends on the exposure of the
[66,67]
neoterminal ileum to faecal contents
. However it
is not known which component of faeces triggers this
[40]
inflammation .

Enteral nutrition

Enteral nutrition in CD: The literature includes
numerous studies analysing the effect of EN on
IBD. EN can be given via the nasogastric tube or by
mouth. Generally it is offered in two forms: first, as an
elemental diet, containing nutrients in simple forms
such as amino acids, mono- or oligosaccharides and
medium-chain triglycerides that require little or no
[69]
digestion prior to absorption ; second, as polymeric
diets, containing whole proteins and carbohydrates
as hydrolysates of starch, which are mostly more
[69]
palatable .
In 2006, the European Society for Parenteral and
Enteral Nutrition published guidelines on the role of EN
[70]
in IBD . In general, EN is indicated in undernourished
[4]
patients with CD or UC to satisfy nutritional needs .
Additionally, in children with active CD, EN is the first
line therapy to achieve remission. In adults, however,
EN might be a therapeutic option only if treatment
[4]
with corticosteroids is not tolerated . According to
the guidelines of the European Crohn’ s and Colitis
Organisation ECCO, EN may be an option together with
other medications to maintain remission in selected
[71]
patients .
There are meta-analyses and a Cochrane review
of randomized controlled trials investigating the effect
[72-75]
of EN in CD
. These studies have mostly shown
that EN as sole nutrition can induce clinical remission
[21]
and mucosal healing in CD . Many trials have
evaluated the effect of EN in paediatric CD with the
aim of avoiding corticosteroids with their risk of growth
[69]
suppression .

Nutrition as a Therapeutic Option

Induction of remission: Paediatric studies give
strong support to the role of EN, showing efficacy
similar to corticosteroids and better improvements in

Although the development of highly active drugs like
anti-TNF alpha antibodies has changed the short-term
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[76-81]

growth and mucosal healing
. In a meta-analysis
of paediatric trials comparing the outcome of EN vs
corticosteroids, there was no significant difference
[82]
between the two groups . Remission rates were
higher with total EN than with partial EN (10⁄24 vs
[4,82]
[78]
4⁄26, RR = 2.7, 95%CI: 1-7.4)
. Day et al
evaluated the effect of EN in 27 children with active CD
who received polymeric feed for 6-8 wk and no other
medication. At the end of the study 80% of the newly
diagnosed patients and 58% of the known CD patients
[78]
were in remission .
In most paediatric IBD centres EN is given
exclusively for 6 to 8 wk, mostly (90%) as polymeric
[21,83]
formulas
. The mode of reintroduction of food after
exclusive EN varies widely, but usually involves an
initial low-fibre diet (26%) or gradual re-introduction
of normal food, as the formula volume is decreased
[21]
(56%) .
In adult patients, a Cochrane meta-analysis of
six RCTs including 192 adult patients treated with EN
and 160 with corticosteroids indicated that EN is less
effective than corticosteroids in inducing remission
[75]
of active CD , but this conclusion was based on
an intention-to-treat analysis, and patients who
successfully completed EN achieved remission rates
[4,18]
comparable to those receiving corticosteroids
.
Compared to placebo treated patients with response
rates of 20%-30%, patients with EN reached remission
[11,75,84,85]
[86]
rates up to 60%
. Lochs et al
compared
the effect of EN as sole therapy to a treatment with
steroids and sulfasalazine in patients with active CD
(CDAI > 200). After 6 wk, 53% in the EN group and
79% in the drug-treatment group achieved remission
(CDAI decreased by 40% or at least 100 points). In
this study EN was less effective than a combination of
steroids and sulfasalazine for active CD.

6-mercaptopurine (6-MP), an elemental diet and
no therapy in patients on CD maintenance. After
24 mo, the clinical remission rates were 60, 47 and
27% for 6-MP, elemental diet and the control group,
respectively. The remission rates in the 6-MP and
elemental diet groups were significantly higher than in
the control group. There was no significant difference
[94]
between the 6-MP and the elemental diet group .
In another prospective study, EN significantly
reduced clinical as well as endoscopic recurrence within
1 year in CD patients as compared to patients without
[93]
any nutritional therapy . This study included 40 adult
patients with CD who achieved clinical remission (CDAI
< 150). Of them, 20 received continuous elemental
diet infusion during the night and a low-fat diet during
the day, while the other 20 received neither nutritional
[93]
therapy nor food restriction . Twenty-five percent
in the EN group and 65% in the non-EN group had a
clinical relapse during the 1-year observation period,
with clinical relapse defined as CDAI > 150.
[88]
Yamamoto et al
evaluated the effect of enteral
nutrition on maintenance of clinical remission in patients
with CD receiving infliximab (IFX) maintenance
therapy. This study showed that concomitant enteral
nutrition during IFX maintenance therapy does not
significantly increase the maintenance rate of clinical
[88]
remission in CD patients .
Mucosal healing: EN may have a positive effect on
[76]
[95]
mucosal healing . Yamamoto et al
have shown
reduced mucosal cytokine production in adults with CD
treated with elemental diet. Besides, some paediatric
studies have shown that EN is more effective than
[96,97]
corticosteroids in inducing mucosal healing
. Since
along with symptomatic improvement, the main
target in the treatment of CD is mucosal healing,
this advantage of EN over corticosteroids might be
[4,98]
considered in therapeutic decision-making
.

Maintenance of remission: EN might be used not
[87,88]
only to achieve but also to maintain remission
.
Several studies in adults and children have assessed
the efficacy of EN in maintaining medically or surgically
[89-92]
induced remission
. These studies have shown
significantly lower recurrence rates in patients treated
[4]
with EN than in those on a normal diet . Mucosal
cytokines like interleukin-1 beta, interleukin-6 and
tumour necrosis factor alpha were significantly lower
in patients receiving EN than in those on a normal
[93]
diet , suggesting that EN might alleviate mucosal
[4]
inflammation and so promote remission . Takagi et
[91]
al
randomized 51 CD patients who had recently
achieved remission, 26 to receive half their calorie
intake as EN and 25 to have a free diet. Over a mean
follow-up of 11.6 mo, the relapse rate was 34.6%
in the “half enteral” group and 64% in the free diet
group (relapse was defined as either a CDAI score of
more than 200, or the need for therapy to re-induce
remission). This study concluded that EN given as
50% of calories seems to be effective in maintaining
[21]
[94]
remission . Hanai et al
compared the effect of

WJG|www.wjgnet.com

Comparison of different EN formulas: Several
studies have compared the effect of different types
of enteral formulas in the management of CD:
[4]
elemental, semi-elemental or polymeric diet . A
Cochrane meta-analysis of 10 trials did not show any
difference between elemental diet and non-elemental
[75]
diet . There is no systematic review that shows that
[4,18]
one type of enteral formula is better than others
.
This might imply that the therapeutic effect of EN
[18]
is independent of the type of nitrogen source .
There was also no difference in efficacy when EN was
compared with low fat or high fat diet, and when foods
with high-omega-3 vs high-omega-6 fatty acid content
[21,75,99]
were compared
. Whole protein (polymeric)
food works comparably well to amino-acid-based food
[21]
and is generally less hyperosmolar . In summary,
the quantity or type of fat and protein does not affect
[75,100-103]
the therapeutic potential of enteral nutrition
.
There is no association between the efficacy of EN and
[21]
locations of CD , but the validity of a meta-analysis
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Enteral nutrition in UC

covering different feeds would be uncertain because of
[21]
their variety composition .

There is no evidence that EN is an effective therapy
[21]
for active UC . One prospective randomized trial
compared the effect of TPN and total EN as an adjunct
therapy in patients with acute UC on intensive steroid
[112]
therapy
. Remission rates as well as need for
colectomy were similar in these two groups.

Potential mechanisms: The mechanism by which
EN improves CD is unclear. Hypotheses include
altered or reduced gut microbiota, avoidance of longchain fat, which impairs macrophage function, and
avoidance of other harmful components of normal
[21]
food, like emulsifiers or nano-particles as additives .
Malnutrition, which is often a problem in IBD patients,
can affect immune function and wound healing.
When correction of nutritional status improves wound
healing, reduced gut permeability could enhance
[69]
mucosal healing as well .
Gut permeability is thought to play an important
role in CD. Abnormalities in tight junctions between
enterocytes increase luminal antigen uptake, which
[57]
might contribute to inflammatory activity . Therapy
with an elemental diet was shown to reduce intestinal
[104]
permeability
, and the literature also suggests that
there is a change in the faecal microbiome following
[105,106]
exclusive EN
.
A study with paediatric CD patients looked
at the impact of exclusive EN on gut microbiota,
which showed reduced diversity and an increase in
[21,105,107]
[105]
Protobacteria
. Leach et al
compared the
bacteria in the stool in patients with CD under exclusive
enteral nutrition to a group of healthy controls under a
regular diet. At the start of the study, the diversity of
bacteria in the two groups was similar but after 8 wk,
the patients treated with exclusive EN had significantly
less bacterial diversity than the control group.

Total parenteral nutrition
Since dietary antigens may be important stimulants
for the mucosal immune system, bowel rest with total
parental nutrition (TPN) has been considered as a
therapeutic option in IBD. The aim of TPN as primary
therapy for IBD is to achieve bowel rest, to correct
[11,18,113]
nutritional deficits
and to remove antigenic
[110]
mucosal stimuli
. Various studies have analysed
effect of TPN and in the 1980´s especially, TPN was
[40]
used to treat patients with moderate to severe CD .
[114]
Müller et al
prospectively evaluated the effect
of TPN in 30 patients with CD, whereby 83% achieved
remission, but relapse was common. Surgery could
be avoided in 25 of 30 complicated CD patients on
3 wk of inpatient TPN followed by 9 more weeks
[114]
[115]
at home
. Greenberg et al
compared the
effect of TPN, partial parenteral nutrition (PPN) with
supplementary nutrition with a defined formula via
NG tube, or PPN with supplementary normal diet.
There were no significant differences in the remission
rates of 71% in the TPN group, 58% in the PPN with
defined formula diet group and 60% in the group with
[115]
[116]
PPN and normal diet . Ostro et al
evaluated the
effect of TPN in 100 patients with CD refractory to
conventional medical management. In their study, 90
patients received complete nutrient replacement and
10 received protein-sparing therapy; Seventy-seven
patients achieved clinical remission. The remission
rate was not influenced by the location of the intestinal
involvement. Additionally, TPN was shown to play a
role in the healing of post-operative enterocutaneous
fistulas arising from surgical anastomosis or com
[18,113,117]
plicated fistulas in CD
. When TPN and EN
are compared, TPN is associated with higher costs
and significant risks including line sepsis and should
be restricted to patients who cannot take adequate
[21]
nutrition enterally .
TPN had no effect on severe acute UC in two short[118,119]
term studies of patients with severe disease
.

Long-term perspective of enteral nutrition:
Compared to corticosteroids, EN has no long-term
[18]
adverse effects , though there are many other
[4]
factors that can potentially influence its efficacy . The
palatability of feeds and the length of time without solid
food, as well as the social inconvenience, contribute to
[108]
high dropout rates and reduced patient compliance .
Additionally, the high cost of enteral formulae has to
be considered. A major problem of EN as primary
therapy for CD is the high relapse rate, approximately
50% within 6 mo, when patients return to normal
[21,103]
diet
. There is evidence to advocate an exclusion
and re-introduction diet following successful induction
of remission with EN, rather than an immediate return
[11,18]
to a normal diet
. At 2 years, the remission rate
[18,109]
was 59%
when patients were weaned off EN for
2-4 wk, and, before normal diet was re-introduced,
given a limited range of foods generally tolerated by
CD patients. After achieving clinical remission, patients
with good compliance might receive a half elemental
diet with approximately half of their calories derived
[18]
from an elemental diet . A return to normal feeding
[110]
nonetheless often leads to relapse
and a lower
efficacy of dietary therapy in distal disease (colonic/
[111]
perianal) has been described .
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Probiotics
There is growing evidence for an association between
IBD and an alteration in the gut microbiota but due
to the complexity of the gut microbiota, research on
this is still in its early stages. Studies have shown a
disbalance in the gut between protective vs harmful
[120]
intestinal bacteria
with, e.g., an increase in
mucosa-associated Escherichia coli and a reduction
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[21,120]

in bifidobacterium and lactobacillus species
.
Strategies modulating this dysbiosis might be a
[33]
therapeutic option in IBD . Antibacterial treatment
[120]
has been used, but with limited effect
. Probiotics
may improve intestinal microbial balance, enhancing
gut barrier function and improving local immune
[59]
response . Probiotics are live microorganisms, which
when administered in adequate amounts, confer a
[121]
health benefit on the host . Their effects are strain
specific, so that comparisons and meta-analyses of
studies using different probiotics are problematic.
Bacteria associated with probiotic activity like
lactobacilli or bifidobacteria have been used as well as
[122]
non-bacterial organisms such as S. boulardii
, but
it is a challenge to manipulate the highly individual
gut microbiota. Potential mechanisms of probiotics
are competitive interactions with the gut microbiota,
production of antimicrobial metabolites, and interaction
[122,123]
with the epithelium or immune modulation
.
Cells involved in both the innate and adaptive immune
responses, like B cells, T cells and dendritic cells as well
[120,124,125]
as macrophages, might be affected
. Probiotic
bacteria are able to antagonize pathogenic bacteria
[126,127]
by reducing luminal pH
and inhibiting bacterial
[123]
adherence and translocation ; they can also produce
[120,128]
antibacterial substances and defensins
. For
example, invasion of an epithelial cell line by invasive E.
coli isolated from patients with CD was prevented by
[129]
pre- or co-incubation with E. coli Nissle 1917 . Pretreatment of IL-10 deficient mice with Lactobacillus
reuteri and L. casei can reduce Heliobacter hepaticus[130]
induced colitis
. A decrease in mucosal secretion
of inflammatory cytokines was shown to be induced
by E. coli (Nissle 1917) in models of experimental
[131]
colitis . Probiotics also influence cell-cell interactions
and stability through modulation of intestinal barrier
[120]
function
. Alterations in mucus, chloride secretion
or changes in tight junction protein expression by
epithelial cells might be mechanisms for improved gut
[120,132]
mucosal barrier function
.
There are no human data showing any effect of
probiotics on dysplasia or colon cancer; however, in
animal studies probiotics also seem to reduce the
progression from inflammation to dysplasia and finally
[130]
to colon cancer . Oral administration of Lactobacillus
salivarius UCC118 was shown to reduce the incidence
of colon cancer as well as the severity of mucosal
-/[130]
inflammation in IL-10 mice vs placebo
. Oral
administration may not be required for certain probiotic
-/effects: Il-10 mice had fewer proinflammatory
cytokines after subcutaneous injection of L. salivarius
[133]
UCC18 .
Consequently, probiotics might improve IBD by
regulating the inflammatory response or modulating
gut microbiota composition. Many studies have tried
to determine the effect of various probiotics in IBD and
there will surely be more to come.
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There is no strong scientific evidence to justify the use
of any of the probiotic strains that have been tested in
[134,135]
the past in the management of CD
. The ECCO
guidelines do not recommend probiotics to maintain
[71]
remission in adult or paediatric CD patients . The
use of probiotics in patients with CD has produced
ambiguous results and the available trials are small,
with very few double blind, randomized, controlled
[54]
trials .
[136]
The only positive study, by Guslandi et al
,
found that the yeast S. boulardii had an effect in CD.
Thirty-two patients with CD in remission were treated
with either mesalazin 3 g per day alone or mesalazin
2 g per day with S. boulardii. In the group treated
with S. boulardii, significantly fewer patients relapsed
than in the mesalazin only group (6.25% vs 37.5%, p
< 0.05).
[137]
Fujimori et al
treated 10 patients with active
CD unresponsive to 5-ASA or steroids with a therapy
consisting of Bifidobacterium and Lactobacillus and the
prebiotic psyllium for longer than 12 mo. Six patients
achieved remission, 1 showed partial remission
and there were 3 nonresponders. There were no
significant differences when C-reactive protein and
erythrocyte sedimentation values were compared
[129]
before and after therapy. Malchow et al
treated 28
patients with active CD with prednisone and either
E. coli Nissle or placebo. E. coli Nissle 1917 is a nonpathogenic E. coli that colonizes the intestine and
inhibits the growth of enteropathogenic and other
[54]
enteric bacteria . This probiotic bacterium develops
antagonistic activity against enterobacteria such as
Salmonella enterititis, Shigella dysenteriae, Yersinia
[138,139]
enterocolitica and Vibrio cholera
. In this study, E.
Coli Nissle was given in an increasing dosage over 24
10
d to a final dose of 5 × 10 bacteria per day for one
year. There was no statistically significant difference
between the two groups in the time needed to induce
[129]
remission
. In a placebo-controlled randomized
study in children with CD treated with Lactobacillus
GG vs placebo, there was also no significant difference
[140]
in remission maintenance
. Seventy-five children
were randomized to receive either Lactobacillus GG
or placebo for 2 years, and the study concluded that
Lactobacillus GG does not prolong time to relapse
in children with CD when given as an adjunct to
[138]
standard therapy. Schulze et al
determined the
effect of Lactobacillus GG vs placebo in a controlled
trial including 11 patients with mild to moderate CD.
These patients received antibiotics (ciprofloxacin,
metronidazole) for 2 wk, a tapering steroid regime
over 12 wk and after 1 wk of antibiotic therapy they
were randomized to receive either Lactobacillus GG or
[141]
placebo for 6 mo . The two groups did not differ as
to relapse during the study period and mean time to
relapse.
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Recurrence of CD after surgical resection: For 1
[142]
year, Prantera et al
treated 45 patients who had
undergone a curative ileocecal resection with either
Lactobacillus GG or placebo but saw no benefit from
[143]
the probiotic therapy. Marteau et al
studied the
effect of Lactobacillus johnsonii (L. Johnsonii) in 98
patients with CD who had undergone a resection of
less than 1 m of small bowel within 21 d prior to study
enrolment. Patients were randomized to receive either
L. Johnsonii or placebo for 6 mo, with no difference
[144]
between the two groups. Van Gossum et al
also
studied the effect of L. Johnsonii vs placebo in a 3-mo
trial and again with the same result of no difference
between the two groups.

12-wk randomized trial with 103 patients with UC in
remission. Relapse rates were similar in both groups,
supporting the use of E. coli Nissle 1917 as a nontoxic treatment for ulcerative colitis. This result was
[139]
confirmed by a larger study of the same group
.
[153]
Rembacken et al
evaluated the effect of E. coli
Nissle in maintaining remission in 83 patients with
active UC at the start of the trial. At the beginning of
the study patients received standard therapy to induce
remission and were then randomized to either E. coli
Nissle 1917 or mesalazine. There was no difference
concerning relapse rates between the two groups.
Unlike other probiotics, the ECCO guidelines
recommend E. coli Nissle as an effective alternative to
[154]
5-ASA for maintaining remission in UC .

Probiotics in UC

Pouchitis

There are data that suggest that certain strains
of probiotics are effective in the management of
[145,146]
[147]
UC
. Tursi et al
studied the effect of the
TM
probiotic mixture VSL#3 . This contains 450 billion
colony forming units of 8 lactic acid bacteria (B. breve,
B. longum, B. infantis, L. acidophilus, L. casei, L.
delbrueckii, L. plantarum and Streptococcus salivarius
subsp. thermophilus). Seventy-one patients were
treated with this probiotic for 8 wk and compared to
[147]
an untreated control group of 73 patients
. VSL#3
™ was significantly superior to placebo in reducing
the activity of mild-to-moderate UC. Other factors
like the reduction in rectal bleeding as well as the
reintroduction of remission in relapsing UC patients
after 8 wk of treatment did not reach statistical
[147]
[148]
significance
. Bibiloni et al
treated 34 patients
with active UC unresponsive to conventional therapy
TM
with VSL#3 daily for 6 wk and achieved a response
rate up to 77%.
Twenty-four patients with mild to moderate
UC flares were treated with S. boulardii for 4 wk
[149]
and showed a response rate of 68%
. Zocco et
[150]
al
evaluated the effect of Lactobacillus GG in a
randomized study of 187 patients with quiescent
colitis. For 12 mo they received either Lactobacillus GG
alone, Lactobacillus GG and mesalazine 2400 mg/d
or mesalazine 2400 mg/d alone. They concluded that
Lactobacillus GG has efficacy similar to mesalazine in
maintaining remission in UC. After 12 mo of treatment,
remission was maintained of 85% in the Lactobacillus
GG group, 80% in the mesalazine group and 84% in
the combined treatment group.
[151]
Ishikawa et al
investigated the effect of daily
Bifidobacteria supplemented fermented milk, (con
taining Bifidobacterium bifidum, Bifidobacterium breve
and Lactobacillus acidophilus), vs standard therapy
with 5-ASA and steroids in 20 patients for 12 mo.
The probiotic group had significantly fewer disease
exacerbations than did the placebo treated control
group.
[152]
Kruis et al
evaluated the effect of E. coli
Nissle 1917 vs mesalazine 1500 mg per day in a
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The most convincing data so far on the effect of
probiotics in IBD have been found in the treatment
[131]
of pouchitis
. The ECCO guidelines recommend
probiotics as a therapeutic option for maintaining
antibiotic-induced remission in recurrent pouchitis in
[155]
pediatric UC . Several probiotic strains are beneficial
in preventing and treating pouchitis after surgery for
[59]
UC .
Pouchitis is an idiopathic inflammatory disease
of the ileal pouch that occurs in 15%-53% of UC
patients following total abdominal colectomy with ileal
[54,156]
pouch-anal anastomosis
. As faecal stasis with
immunologic reactivity seems to be important in the
pathogenesis of pouchitis, several studies evaluated
the effect of probiotics in this disease. In a study with
40 patients with chronic relapsing pouchitis, Gionchetti
[157]
et al
compared the effect of VSL#3 and placebo
for 9 mo following one month’s antibiotic therapy
with rifaximin and ciprofloxacin. Eighty-five percent in
the probiotic group stayed in remission vs 0% in the
placebo group, as was confirmed by an international
[158]
multicentre study
. In a different group of 31
patients with antibiotic dependent pouchitis, Shen
[159]
et al
studied the effect of VSL#3. After 8 mo, 25
patients (71%) stopped therapy because of recurrence
of symptoms or side effects.
[160]
Gionchetti et al
evaluated the effect of pro
phylactic probiotic therapy to prevent pouchitis. When
40 patients were randomized within a week after
surgery to receive either VSL#3 or placebo for 12
[160]
mo
, 10% in the probiotic group developed acute
pouchitis compared to 40% in the placebo group. The
VSL#3 treated group also showed a significantly lower
stool frequency than the placebo group.
Similar results were shown in a study by Gosselink
[161]
et al
with Lactobacillus GG in which 39 patients
treated with Lactobacillus GG were compared to a
placebo group for 3 years. In the probiotic therapy
group significantly fewer patients developed pouchitis
within those 3 years than in placebo group; however
there is no current evidence that early intake of
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[164]

prebiotics or probiotics can protect against the
development of pouchitis, or even of IBD. Kuisma
[162]
et al
evaluated the effect of Lactobacillus GG vs
placebo in 20 patients in the treatment of active
pouchitis for 3 mo and found no improvement in the
probiotic group as compared to the control group.

reduces symptoms in up to 50% of patients
.
In one case, the effect of a FODMAP reduced diet
was determined in a placebo-controlled, cross-over
[168]
rechallenge in patients with IBS . Patients had fewer
symptoms on the FODMAP reduced diet and symptoms
recurred in 70%-80% of them when FODMAPs were
reintroduced.
As 57% of patients with CD and 33% of patients
[169,170]
with UC experience IBS-like symptoms
, a
FODMAP reduced diet might also be a therapeutic
[9,164]
option in IBD
. In addition to relief from IBS-like
symptoms in IBD, there are three observations that
support the hypothesis that FODMAPs may also be
[9]
involved in the pathogenesis of IBD . First, the intake
of FODMAPs in general and fructose specifically have
increased in Western societies in recent decades.
Second, there is an association between increased
[9]
intake of sugars and the development of CD . Third,
excessive intake of FODMAPs creates conditions in
the bowel like increased intestinal permeability that
[9]
may predispose to CD . To follow this up, studies
have investigated the effect of a FODMAP reduced
[164]
[165]
diet in IBD
. Barrett et al
treated 12 patients
with ileostomy with either a low or high FODMAP diet
[33]
for 4 d. Due to the osmotic effect
of FODMAPs,
there was a 20% increase in ileal effluent on the
high FODMAP diet as compared to the low FODMAP
diet. It has been suggested that an increased inflow
of FODMAPs into the distal small intestinal and
proximal colonic lumen might underlie susceptibility
to Crohn’s disease. The passage of FODMAPs and
their subsequent rapid fermentation might lead to
expansion of bacterial populations with a secondary
[171]
increase in intestinal permeability. Croagh et al
retrospectively determined the effect of a FODMAP
reduced diet in patients with IBD. Seventy percent
of patients who received instruction on a FODMAP
reduced diet remained adherent to diet after 3 mo and
reported a significant improvement of symptoms like
[171]
pain, bloating, and diarrhea .
The role of bacteria in mediating the effects of
FODMAP on intestinal inflammation was investigated
[172]
by Zhou et al
in mice treated with low or high
FODMAP diet or regular chow for 2 wk. Mice receiving
the high FODMAP diet developed dysbiosis in the gut
as well as mucosal inflammation and impaired intestinal
[172]
[173]
permeability
. Pedersen et al
investigated the
effect of a FODMAP-reduced diet in 89 patients with IBD
(CD: 28 and UC: 61) suffering from IBS symptoms.
They found a significant reduction in IBS-like symptoms
in patients with IBD and a further reduction in disease
activity for UC. In this study 70% of IBD patients
with IBS symptoms were dysbiotic at the start of the
diet and 50% after 6 wk on the diet. There were no
significant changes in the microbiota in these patients
[174]
after the 6 wk of reduced FODMAP diet .
It must, however, be borne in mind that most of
the studies on the effect of a low FODMAP diet in IBD

Safety aspects

Although probiotics are considered safe, there have
been case reports of bacteraemia and endocarditis
[163]
associated with probiotic therapy
. In addition, the
antibiotic resistance transferred from the probiotic
bacteria to other bacteria in the gastrointestinal
tract might also be of clinical relevance, and the risk
of translocation of probiotics across the inflamed
colonic mucosa in severely ill IBD patients has to be
[54]
considered . As mentioned above, the manipulation
of the gut microbiota presents a challenge and the
probiotic strain, dose, and frequency as well as the
[120]
duration of the probiotic therapy have to be defined ,
taking into account that the highly individual variety
of bacteria in the gut might cause bacteria-host
[120]
interactions
. Further studies have evaluated
the effect of nonviable bacteria. Since some of the
beneficial effects of probiotics might be mediated by
[131]
their DNA, live bacteria might not be needed at all .

fodmap
Along with increased fast food and total protein
and energy intake fructose consumption has
also increased dramatically. Since the incidence
of IBD has also increased in recent decades, an
association between ingestion of incompletely
absorbed fermentable carbohydrates (FODMAPs)
[9]
and IBD has been postulated . In the 1980s and
1990s, evidence was building for the role of poorly
absorbed short-chain carbohydrates in the induction
of gastrointestinal symptoms. These incompletely
absorbed carbohydrates and polyols are summarized
in the acronym FODMAPs. They include fructooligosaccharides (found in wheat, onions, legumes),
lactose (found in milk and milk products), fructose
(found in apples and many other fruits and vegetables,
or honey), galactans (found in legumes) and sorbitol
[164]
(found in stone fruits, artificial sweetener) . Ingested
FODMAPs are poorly absorbed in the small intestine.
Due to their molecular size and osmotic effect, they
[33,165]
draw fluid into the small and large bowel lumina
.
FODMAPs can also induce gastrointestinal symptoms
when they are fermented by intestinal bacteria and
[33,164,166]
produce large amounts of gas
.
Several trials have demonstrated the effect of a
FODMAP-reduced diet in the treatment of irritable
bowel syndrome (IBS). This diet restricts FODMAPs, as
in wheat, onions, beans, many fruits and vegetables,
[21,167]
and sorbitol and other sweeteners
. Dietary
studies have demonstrated that reduction of FODMAPs
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Table 1 Summary of effects of nutritional interventions in inflammatory bowel disease
Crohn's disease
Enteral nutrition
Total parenteral nutrition
Probiotics
Low-FODMAP- diet

Ulcerative colitis

Induce remission

Maintain remission

Postop.

Induce remission

Maintain remission

Postop.

Pouchitis

Children: ++
Adults: +
+
No effect
Not tested

++

+

No effect

No effect

No effect

Not tested

No effect
No effect
Not tested

Not tested
No effect
Not tested

No effect
+
Not tested

No effect
+
Not tested

No effect
Not tested
Not tested

Not tested
++
Not tested

are limited due to their retrospective and uncontrolled
nature and lack of objective data on inflammatory
[14]
changes associated with dietary intervention . The
FODMAP diet also greatly restricts consumption of
[175]
many fruits and vegetables
and recurrence of
symptoms after reintroduction of FODMAPs has to be
expected.

There is no sound evidence to justify the use of
probiotics in the management of CD. By contrast,
studies on UC have shown a beneficial effect in
selected patients. For patients with pouchitis, antibiotic
treatment followed by probiotics, like VSL#3 or
Lactobacillus GG, is effective in maintaining remission,
though when probiotics are used, the risk of bacterial
translocation and subsequent bacteremia has to be
considered. Fulfillment of the therapeutic potential of
probiotics requires more understanding of the normal
intestinal microflora, and better characterization of
probiotic strains at the phenotypic and genomic levels
is needed as well as clarification of the mechanisms of
action in different clinical settings. A FODMAP reduced
diet may improve symptoms in IBD. More randomized
controlled trails are necessary to evaluate the efficacy
of these diet forms in IBD.

CONCLUSION
Pharmacological therapy remains the mainstay of
treatment of IBD. However, patients with IBD have
a strong interest in dietary modifications as part of
their therapeutic management. Unfortunately, dietary
advice plays only a minor part in published guidelines
for the management in IBD. The scientific literature
shows that dietary factors might influence the risk of
developing not only IBD but also intestinal mucosal
inflammation. In addition, diet may serve as a
symptomatic treatment for IBS-like symptoms in IBD.
A “Westernized diet” rich in animal fat and protein and
low in fiber may increase the risk of IBD. Dysbiosis
induced by nutrition contributes to the pathogenesis of
IBD.
table 1 shows a summary of the effects of
nutritional interventions in IBD. Due to the lack
of large prospective controlled studies, no strong
recommendations can be made at this point. The
different protocols of many studies evaluating the
effect of nutritional interventions in IBD, like EN,
TPN, probiotics or a FODMAP reduced diet, are
not comparable. Still, the role of nutrition in IBD is
underscored by the effect of various dietary therapies,
especially in paediatrics. In paediatric patients with
CD, EN is an accepted therapeutic option. In this
group EN has been shown to reach remission rates
similar to steroids. Although some studies have shown
similar benefits in adult patients with CD treated with
EN compared to corticosteroids, a number of metaanalysis have shown that in adult patients, EN is
inferior to corticosteroids. The protein or fat content
of enteral formulae does not seem to affect clinical
outcome. EN is not a successful therapeutic option in
UC.
The efficacy of TPN in IBD is not greater than that
achieved in other trials with steroids or EN.
The use of specific probiotics in patients with IBD
can be recommended only in special clinical situations.
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Role of regulatory T cell in the pathogenesis of inflammatory
bowel disease
Akiko Yamada, Rieko Arakaki, Masako Saito, Takaaki Tsunematsu, Yasusei Kudo, Naozumi Ishimaru

Abstract

Akiko Yamada, Rieko Arakaki, Masako Saito, Takaaki
Tsunematsu, Yasusei Kudo, Naozumi Ishimaru, Department
of Oral Molecular Pathology, Tokushima University Graduate
School, Tokushima 770-8504, Japan

Regulatory T (Treg ) cells play key roles in various
immune responses. For example, Treg cells contribute
to the complex pathogenesis of inflammatory bowel
disease (IBD), which includes Crohn’s disease and
ulcerative colitis during onset or development of that
disease. Many animal models of IBD have been used
to investigate factors such as pathogenic cytokines,
pathogenic bacteria, and T-cell functions, including
those of Treg cells. In addition, analyses of patients
with IBD facilitate our understanding of the precise
mechanism of IBD. This review article focuses on
the role of Treg cells and outlines the pathogenesis
and therapeutic strategies of IBD based on previous
reports.
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Core tip: We review the types and functions of
+
regulatory CD4 T cells (Treg cells) and describe their
roles in the pathologies of the inflammatory bowel
diseases, i.e. , Crohn’s disease and ulcerative colitis.
We have paid particular attention to the use of
animal models and human studies to elucidate the
mechanisms by which Treg cells influence these diseases
and have provided an overview of the potential uses of
these cells in therapeutic strategies.
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defense
. Intestinal immunity is maintained by
the proportions of immune cells such as dendritic cells
+
+
(DCs), macrophages, effector CD4 or CD8 T cells,
and Treg cells.
Previously reported genome-wide association
studies have identified more than 100 distinct loci
that confer risk or protection from IBD development
although a substantial proportion of these loci are
[6]
common to both diseases . Many IBD-associated
pathways are known to exert heterogeneous effects
upon activation in different cell types, and the
combination of these cellular outcomes might affect
[8,25]
disease manifestation
. IBD-associated loci can be
broadly categorized into several critical pathways such
as the innate immune response, intestinal barrier,
microbial defense, reactive oxygen, and antimicrobial
[26]
activity . For example, in humans, nucleotide-binding
oligomerization domain-containing protein 2 (NOD2),
which is encoded by the NOD2 gene on chromosome
16 plays an important role in the intestinal immune
system where it recognizes bacterial peptides and
[27]
stimulates immune reactions . Mutations in NOD2
[27]
gene have been associated with CD . Furthermore,
-/NOD2 mice are susceptible to and demonstrate
excessive intestinal inflammation when compared
[28]
with control mice . Treatment with NOD2 ligands,
including peptide or muramyl dipeptide has been
shown to ameliorate 2,4,6-trinitrobenzenesulfonic acid
(TNBS)- or dextran sulfate sodium (DSS)-driven colitis
[29,30]
in normal mice
. Treatment with Lactobacillus
peptidoglycan was shown to increase the number of
+
+
CD103 DCs and Foxp3 Treg cell in mesenteric lymph
nodes and IL-10 expression in the colonic mucosa
in a TNBS-driven model of colitis, suggesting that
NOD2 activity in the intestinal mucosa potentiates a
[30]
tolerogenic environment .
Homing or migration-associated receptors such
as CD62L, C-C chemokine receptor (CCR)7, αEb7
integrin, α4b7 integrin, CCR4, CCR5, and CCR9
[31-37]
also contribute to the pathogenesis of IBD
. The
expression of these receptors on Treg cells plays a
key role in the intestinal immunological homeostasis
and defective expression of these receptors has
been shown to induce IBD as a result of the deficient
migration of Treg cells into the intestine. For example, a
loss of CCR7 was found to block Treg cell function in an
[32]
experimental model of colitis .

INTRODUCTION
Inflammatory bowel disease (IBD) is a term that
encompasses two major forms of chronic inflam
matory intestinal disorders: Crohn’s disease (CD)
[1-3]
and ulcerative colitis (UC) . Both of these chronic
inflammatory diseases feature a typical time of
onset during young adulthood and a lifelong course
[4,5]
characterized by periods of remission and relapse .
The pathogenesis of IBD is well known to be complex
because of various immunological, environmental, host
genetic, and bacterial factors, and the complicated
regulatory mechanisms associated with mucosal
immunity can also influence the onset or development
[6-8]
of IBD . Many reports of various animal models of
IBD have revealed cellular or molecular mechanisms
of IBD and the recent use of anticytokine agents, such
as antitumor necrosis factor-α (TNF-α), interleukin
(IL)-6R, or IL-13 antibodies, has achieved progress in
[9,10]
healing mucosal damage associated with IBD
.
Regulatory T (Treg) cells are known to plays a key
role in the pathogenesis of IBD, as well as in other
[11-14]
autoimmune disorders or allergies
. Considerable
evidence supports the notion that an altered balance
+
+
between Foxp3 CD4 Treg cells and T effector cells in
the intestinal microenvironment might contribute to
[12,15]
the pathogenesis of IBD
. The ability to control
inflammatory lesions with transferred Treg cells has
[16,17]
been demonstrated in several IBD models
. On
the other hand, patients with IBD have been found to
harbor significantly reduced numbers of peripheral Treg
[18,19]
cells or increased serum level of soluble IL-2Rα
.
Therefore, it is possible that a novel therapy involving
Treg cells might effectively treat IBD.
This review will focus on the functions of Treg cells
in controlling peripheral immune tolerance within
the context of mucosal immunity and will explain
the molecular pathogenesis of IBD and possible
therapeutic strategies involving Treg cells.

PATHOGENESIS OF IBD
The functions of mucosal immune system depend on
[20]
the presence of intestinal flora . In the intestinal
epithelium, four cell types are found, including
columnar cells, goblet cells, endocrine cells, and
[21]
leukocytes to rest on a continuous basement lamina .
In addition, the immune cells in the lamina propria
(LP), the leukocytes also involve various immune cells,
such as the unique immune cell types that exist in
gut- or mucosa-associated lymphoid tissues such as
Peyer’s patches, mesenteric lymph nodes, and isolated
lymphoid follicles. Balanced mucosal immunity in the
gut is important for both immune homeostasis and
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ANIMAL MODELS OF IBD AND Treg CELLS
Many animal models of IBD have been developed
based on the various aspects in the pathogenesis or
[16,38]
mechanisms of IBD
. Mice have been widely used
to examine the contribution of bacteria and specific
[9]
bacterial factors to the pathogenesis of IBD . Studies
conducted in germ-free, specific pathogen-free, and
gnotobiotic mice have suggested that defined or
specific microbial flora plays a fundamental role in
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Spontaneous models

[39-41]

the initiation and development of IBD
. Additional
experimental colitis mouse models have been induced
using chemical drugs such as DSS, TNBS, oxazolone,
[9,42-46]
or acetic acid
. In addition, adoptive transfer
models in which a T-cell deficient mouse strain is
reconstituted with Treg cell-depleted naïve T cells from
[16,38,47]
a congenic donor mouse have been widely used
.
Additional genetic models, including gene knockout,
transgenic, or mutant animals, have been utilized to
understand the genetic and molecular pathogenesis
[9,16,38]
of IBD
. As spontaneous models of IBD, several
animal models mice and rats are known to understand
the pathogenesis of IBD or investigate new therapeutic
[9,38]
strategy for IBD
.

As one of spontaneous IBD models based on the
pathogenic factor by Treg cells, senescence-accelerated
mouse protein (SAMP)1/YitFc (SAMP) mice are well
[83]
known . A functional abnormality in Treg cells in
[83]
SAMP mice is observed . C3H/HeJBir mice with
high susceptibility to bacteria have been also used to
[84]
be a model of IBD . In addition, a monkey model,
cotton-top tamarin, infected with Campylobactor
Jejuni is known to be a spontaneous model of
[85]
IBD . Moreover, long-evans cinnamon (LEC) rat is a
spontaneous IBD model based on Treg cell-associated
[86]
pathogenicity . The LEC rat was first described as a
naturally occurring mutant with a defect in thymocyte
development: specifically, T-cell differentiation is
+
+
arrested at the transition from CD4 CD8 double
+
positive to CD4 CD8 single positive (SP), but not to
+
[87]
CD4 CD8 SP, thymocytes . Accordingly, in LEC rats,
+
peripheral CD4 T cells did not function as Th cells in
terms of antibody production against T cell-dependent
[87]
antigens, as well as in IL-2 production . In addition,
significantly reduced numbers of thymic and peripheral
+
Foxp3 Treg cell and a defect in the suppressive
[86]
activity of Treg cells were observed in these rats .
Interestingly, the proportion of Treg cells in the LP is
significantly decreased in LEC rats when compared
[86]
with control rats . These findings suggest that the
dysfunction in the Treg cell-controlled regulatory system
may play a crucial role in the development of IBD.

Bacteria-infected models

Studies conducted in mouse models of IBD have
indicated that the Treg cell compartment is particularly
[48]
sensitive to microbiotal changes . Treg cells from
germ-free mice are generally less suppressive and
express lower level of Foxp3 than do Treg cells from
[49-51]
normal mice
. The colons of germ-free mice harbor
reduced number of Treg cells, although this population
was shown to increase in response to a decrease in
[52,53]
bacterial load following vancomycin treatment
.
Citrobactor rodentium-infected mouse models have
been the preferred infection models in acute intestinal
[54]
inflammation . Helicobactor-infected mice have
been also used to be a bacterial infection model in
[47]
combination with the other model . In addition, tolllike receptor 9 (TLR9)-deficient mice harbor increased
numbers of Treg cells in the small intestine, suggesting
that inflammatory signals from bacterial DNA play a
role in inhibiting induced Treg cell differentiation or Treg
[12,55]
cell proliferation
.

Gene-manipulated models
-/-

-/-

REGULATORY T CELL
Differentiation of Treg cells

Forkhead box P3 (Foxp3)-expressing Treg cells are
+
a suppressive subset of CD4 T cells that control
[11,88]
autoimmunity, allergy, infection, and tumors
.
Natural Treg (nTreg) cells arise as a discrete and largely
[89,90]
stable lineage in the thymus
. The nTreg subset
exhibits a TCR repertoire that is distinct from those of
[91-94]
Foxp3 conventional T cells and induced (iTreg) cells
.
nTreg cells require IL-2 for the development and
maintenance and were initially identified by their
elevated expression of the high-affinity IL-2 receptor
[11]
(CD25) . Mice that lack the ability to conduct IL2-mediated signaling following the injection of
anti-IL-2 mAb or as a result of IL-2 or IL-2R gene
knockout exhibit defects in the number and function
[95-98]
of nTreg cells
. The most important finding in mice
with deficient IL-2 signaling is the development of
[96-98]
spontaneous autoimmune lesions, including IBD
.
nTreg cells share phenotypic features with naïve
[89]
and memory conventional T cells . Most Treg cells in
circulation and the lymphoid organs express CCR7
and the adhesion receptor CD62L, which direct their
recirculation through lymphoid tissues; effector
or activated Treg cells comprise a minor fraction
[88,99]
of these
. Similar to activated conventional T
cells, this Treg cell population exhibits phenotypes

-/-

IL-2 , IL-2R , and IL-10 mice are known IBD
models in which reduced Treg cell number or dys
[41,19,56-60]
function of Treg cells are observed
. In addition,
innate or mucosal immunity-related gene-deficient
-/mice, such as NOD2 , myeloid differentiation primary
-/-/response 88 (MYD88) , nuclear factor-kB (NF-k B) ,
cytokine-deficiency induced colitis susceptibility 1
-/-/(CDCS1) , multidrug resistance gene 1a (MDR1a) ,
-/and TLR5 mice, also reveal inflammatory lesions in
[27,61-70]
-/the colon
. T-cell receptor (TCR) mice are also
[60]
known to be one of IBD models . Overexpression
of TNF-α and signal transducer and activator of
transcription4 (STAT4) gene in mice results in the
[16,71]
development of IBD-like lesions
. Moreover, there
are various gene-manipulated models, in which
epithelial barrier- and immune regulation-associated
genes are manipulated by knockdown, knockin,
conditional knockout, or transgenic mice (Table
[9,16,38,39,72-82]
1)
. Among them, a reduction of Treg cell
number or impaired Treg cell function is observed in
[19,59,60,68,72,77,78]
several models (Table 1)
.
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Table 1 Animal models of inflammatory bowel disease
Group
Chemical drug-induced model

Adoptive transfer model
Bacteria-infected model
Spontaneous model

Gene-manipulated model

lo

lo

Model

Association

Ref.

DSS
TNBS
Oxazolone
Acetic acid (rat)
Naïve T cell→Rag-/-/SCID
C. rodentium
Helicobacter, etc.
SAMP/Yit/Fc
C3H/HeJBir
Cotton-top Tamarin (monkey)
LEC (rat)
IL-2-/IL-2R-/IL-10-/NOD2-/Myd88-/NF-k B-/Cdcs1-/Mdr1a-/TCR-/TGFb -/JAK3-/Muc2-/A20-/TCR-/-SOCS1-/CD4/TGFb -/CD4/PDK1-/CD4/Blimp1-/TNF∆ARETG
STAT4TG
T/CD40LTG
B/CD40LTG

TNF-α, IL-17, reduced Treg cells
IL-12, IL-17, reduced Treg cells
IL-4
Myeloperoxidase
Recovery by Treg cell transfer
Acute infection, IL-17
Combined with the other models
Dysfunction of Treg cell
Increased susceptibility to bacteria
C.Jejuni infection
Reduced Treg cells
Reduced Treg cells
Reduced Treg cells
Reduced Treg cells
Impaired innate immunity
Impaired TLR signal
Impaired pro-inflammatory signal
Impaired pro-inflammatory signal
Reduced iTreg cell differentiation
Defective adaptive immunity
Reduced Treg cell
Balance of Th1 and Th2
ER stress
Impaired Myd88 signal
Increased IFN-γ and IL-4
Impaired Treg cell function
Reduced Treg cell
Increased IL-17
Increased CD8 function
Increased TNF-a
Thymic dysfunction
Increased IFN-γ

[43]
[44]
[45]
[46]
[16]
[54]
[47]
[83]
[84]
[85]
[86]
[59]
[19]
[60]
[61]
[65]
[62]
[67]
[68]
[60]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[71]
[80]
[81]
[82]

hi

such as CD62L CCR7 CD44 killer cell lectin-like
+
+
receptor subfamily G member 1 (KLRG1) CD103
lo
hi
or CD45RA CD25 is thought to have encountered
[33,100-102]
antigens
. These cells exhibit enhanced
migration through nonlymphoid tissues.
Tissue-resident Treg cells can be found in non
lymphoid tissues, even under noninflammatory
[89,103]
conditions
. Various tissues such as the skin,
lungs, liver, salivary gland, lacrimal gland, intestinal
mucosa, adipose tissue, and placenta are known
to harbor substantial numbers of Treg cells in both
[14,104]
+
+
humans and mice
. For example, CCR7 Foxp3
Treg cells were found to reside in the salivary glands
of healthy humans and mice whereas the number
+
+
of CCR7 Foxp3 Treg cells was extremely decreased
in the tissues from patients and model mice with
Sjögren’s syndrome, an autoimmune disease that
affects the exocrine glands such as the salivary and
[104,105]
lacrimal glands
.

resides in the intestinal LP and gut-associated
[48,106]
lymphoid tissue (GALT)
. iTreg cell generation
involves naïve T-cell activation in the presence of
transforming growth factor-β (TGF-β): in this setting,
[107]
antigen exposure induces iTreg cell differentiation
.
iTreg cells are particularly prevalent at mucosal surfaces
where tolerance is induced against various antigens
[52,108]
within the colonizing microbiota
. In addition,
ingested food contains a plethora of antigens: in
particular, food antigen feeding experiments identified
+
a TGF-β1-producing CD4 T cell population in the LP
[109]
and GALT
. Immune responses to these dietary
molecules can be actively suppressed by inducing oral
[110]
tolerance
. Experiments with germ-free mice have
suggested that bacterial commensals are essential
for the development of normal numbers of colonic
[109]
Treg cells
. In the human microbiota, 17 clostridial
strains that induce Treg cell gut-homing and expansion
by producing large amounts of short-chain fatty acids
(SCFAs), which are bacterial breakdown products
[111,112]
. In
of plant-derived fibers were identified
particular, the SCFAs propionate, butyrate, and acetate
can restore clonal Treg cell numbers in germ-free or
[112]
antibiotic-treated mice .
Although the gastrointestinal tract harbors the
largest reservoir of tissue-resident Treg cells in the

Peripheral Treg cells

iTreg cells are generated from peripheral naïve
+
conventional CD4 T cells during the course of an
[12]
immune response . In healthy mice, most peripheral
Treg cells in the spleen and lymph nodes are thymusderived nTreg cells. By contrast, the iTreg population
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IBD (periphery)
Peripheral Treg cell↓ Th17 cell↑

IBD lesion

Effector T cell↑

Treg cell↓

IFN-γ

IL-17

Related cytokines

UC: Th1 < Th2
CD: Th1 > Th2

IL-17A, IL-1b, IL-15, IL-16, IFN-γ
TNF-a, IL-22, TGF-b, IL-18, IL-10
Relative chemokine receptors and adhesion molecules
CCR4, CCR5, CCR7, CCR9, CD62L,
aEb7 integrin, a4b7 integrin
Relative transcription factor
T-bet, STATs, GATA3, NF-kB, NOD2

Figure 1 Molecular contribution to the pathogenesis of inflammatory bowel disease. In the lesions of inflammatory bowel disease (IBD), a various immune cells
and epithelial cells contribute to the onset or development of the disease. Imbalance between cytokines or abnormal expression of chemokine receptors and adhesion
molecules through several transcription factors in immune cells including effector T cell influences the pathogenesis of IBD. Decreased number of Treg cells and
abnormal differentiation of Treg cells into effector-like phenotype are observed in the IBD lesions.

body, recent studies have demonstrated that Treg
cells are also highly enriched in the visceral adipose
[113]
tissue (VAT)
. Interestingly, more than 50% Treg
+
cells of CD4 T cells in the VAT of 20-week-old mice
[113]
are found . Differences in the expressions of IL-10,
CCR1, CCR2, CCR4, GATA binding protein 3 (GATA3),
and peroxisome proliferator-activated receptor g
(PPARg) have been observed between VAT Treg cells and
[113,114]
effector Treg cells in lymphoid tissues
. Moreover,
mice with a Treg cell-specific PPARg deletion that were
fed a high-fat diet exhibited impaired restoration of
insulin sensitivity and glucose tolerance following
[113,114]
pioglitazone treatment
. These findings suggest
that VAT Treg cells might be critical mediators of the
effects of treatment for lipid metabolism disorders.

from those in peripheral lymphoid organs of healthy
[12,115]
controls
(Figure 1). For example, patients with
IBD exhibit reduced numbers of peripheral Treg cells
[116]
and increased numbers peripheral Th17 cells
. By
contrast, the mRNA expression levels of Foxp3 are
elevated in the mucosa of patients with IBD along with
[116]
elevated levels of IL-17A, IL-1β, and IL-6 mRNA
.
In IBD models, dysfunctional suppressive Treg cell
function plays a crucial role in the development of IBD
lesions via the upregulation of T-cell specific T-box
transcription factor (T-bet), STAT-1, and nuclear factor[86]
kB (NF-kB)-mediated peripheral Treg cell activation .
Intestinal immune system activation in response to
bacterial antigens and pathologic cytokine production
by intestinal T cells is induced through various
transcription factors or signal molecules, including
T-bet, GATA-3, and STATs and plays a critical role in
[72,117-119]
the development of IBD
. CD is associated with
the production of Th1 cytokines such as IFN-g and
TNF-α and in an IBD model naïve T cells transferred
into T cell-deficient mice can be controlled by a
coinjection of Treg cells which suppress Th1 effector cell

REGULATOY T CELL IN IBD
Phenotypes of Treg cells in IBD

The phenotype and function of Treg cells in the inflamed
mucosa or periphery of patients with IBD or animal
models have been described as considerably different
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[120,121]

functions such as IFN-g production
. Moreover,
UC development in humans is associated with Th2
[122]
cytokines such as IL-5 .
+
Recent studies have demonstrated that Foxp3
Treg cells express retinoic acid receptor-related orphan
receptor gamma t and are thus able to differentiate
into Th17 cells, a process that is associated with a
decreased suppressive Treg cell function in patients
with IBD. Treg cells were found to suppress colonic
inflammation by downregulating Th17 responsiveness
via TGF-β in an adoptive transfer mouse model of
[123,124]
colitis
. Additionally, CCR7 was shown to regulate
the intestinal Th1/Th17/Treg cell balance during CD[125]
+
+
like murine ileitis
. Furthermore, IFN-g IL-17
+
coproducing CD4 T cells which express high levels
of T-bet, CD26, and IL-22 resemble the pathogenic
Th17 cells that contribute to intestinal inflammation
[126]
in IBD
. Epithelial-derived IL-18 also regulates
both colonic Th17 cell differentiation and Treg cell
function in the context of IBD-associated intestinal
[124]
inflammation .
A recent study described Clostridium bacteria
+
as potent inducers of Foxp3 Treg cells in the colonic
[111]
+
+
mucosa
. Additionally, CD4 CD8 αα colonic Treg
cells were reported to produce IL-10 in response to
Faecalibacterium prausnitzii and the frequencies of
+
+
CD4 CD8 αα lymphocytes in the LP lymphocytes
and peripheral blood were found to be significantly
[127]
lower in patients with IBD than in healthy controls .
These findings suggest that colonic bacteria-induced
+
+
CD4 CD8 αα Treg cells may control or prevent IBD.

therapy was also shown to downregulate the mucosal
expression of Foxp3 mRNA and protein in patients with
[129]
UC and CD .
In patients with active IBD, anti-TNF-a treatment
+
rapidly enhances the frequency of functional Foxp3 Treg
cells in the blood and potentiates their suppressive
[128]
function
. In addition, in these patients increased
+
apoptosis of local Foxp3 Treg cells is observed in the
inflamed mucosa when compared with noninflamed
control colon tissues, along with a reduced frequency
and increased apoptosis of peripheral blood Treg cells
[130]
and elevated caspase activity in the serum . During
anti-TNF-a antibody treatment, a decrease in the
apoptosis of Treg cells was found to correlate closely
with an increase in peripheral Treg cell numbers and a
[130]
decrease of caspase and disease activity .
+
+
lo
+
CD4 CD25 CD127 CD45RA Treg cells appear to
be a promising population from which to expand
Treg cells for autologous Treg cell transfer therapy in
[131]
+
patients with CD
. Expanded CD45RA Treg cells
carry an epigenetically stable FOXP3 locus and do not
convert to a Th17 phenotype in in vitro culture and
+
CD45RA Treg cells from patients with CD were found
to home to the human small intestine in a C.B-17
severe combined immune deficiency xenotransplant
[131]
model
. There remains an unmet need for the
development of novel therapies for IBD, as current
drug therapies frequently fail to maintain long-term
remission and may be complicated by significant side
effects. Although cellular therapies are emerging as a
potentially attractive many hindrances to successful
clinical therapy remain in terms of sufficient cell
numbers, cell maintenance, and cell sources.

Therapeutic Treg cell-based strategies for IBD

New and effective therapies involving anti-TNF
antibodies have yielded remarkable progress in the field
[10]
of IBD therapy . In addition, clinical trial applications
are underway for target molecules such as IL-6/IL-6R,
IL-12/23, IL-17A/F, IL-13, interferon-gamma-inducible
protein 10 (IP10), CCR9, Janus kinase 3 (JAK3), similar
to mothers against decapentaplegic (Smad)7/TGF,
α4b7/b7, and mucosal vascular addressin cell adhesion
[4,5]
molecule (MAdCAM) . Target molecules such as
IL-17A/F, IL-13, IP10, JAK3, a4b7/b7, or MAdCAM
also represent promising therapeutic strategies for
[4,5,15,22,24]
UC
.
+
The Foxp3 Treg cell frequency was found to be
significantly lower in active patients with IBD than in
[18,116]
healthy controls
. On day 14 after an initial dose of
anti-TNFa infusion therapy, patients with IBD exhibited
a significant increase in the frequency of circulating Treg
cells along with two- to three-fold increase in Foxp3
[128]
expression, which paralleled a reduction of IBD
.
Furthermore, another report demonstrated that
anti-TNFa mAb [infliximab (IFX)] therapy yielded a
significant and sustained relative increase in peripheral
blood Treg cells; a change in C-reactive protein levels
and durable clinical response was associated with this
+
[129]
sustained increase in circulating Foxp3 Treg cells . IFX
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CONCLUSION
Although the precise molecular pathogenesis of IBD
remains unclear, recent therapeutic strategies involving
antibodies against pathogenic cytokines or chemokines
have provided treatment opportunities for many more
patients suffering from IBD. Additionally, Treg cells may
provide a more effective therapy for IBD; therefore
the unknown mechanisms with respect to Treg cell
differentiation, function, and maintenance should be
clarified.
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miRNAs as new molecular insights into inflammatory
bowel disease: crucial regulators in autoimmunity and
inflammation
Xiao-Min Xu, Hong-Jie Zhang

Abstract

Xiao-Min Xu, Hong-Jie Zhang, Department of Gastroenterology,
the First Affiliated Hospital of Nanjing Medical University,
Nanjing 210029, Jiangsu Province, China

Inﬂammatory bowel disease (IBD) is characterized
by chronic relapsing inflammatory disorders of
the gastrointestinal tract, and includes two major
phenotypes: ulcerative colitis and Crohn’s disease.
The pathogenesis of IBD is not fully understood as of
yet. It is believed that IBD results from complicated
interactions between environmental factors, genetic
predisposition, and immune disorders. miRNAs are a
class of small non-coding RNAs that can regulate gene
expression by targeting the 3′-untranslated region
of speciﬁc mRNAs for degradation or translational
inhibition. miRNAs are considered to play crucial
regulatory roles in many biologic processes, such
as immune cellular differentiation, proliferation, and
apoptosis, and maintenance of immune homeostasis.
Recently, aberrant expression of miRNAs was revealed
to play an important role in autoimmune diseases,
including IBD. In this review, we discuss the current
understanding of how miRNAs regulate autoimmunity
and inflammation by affecting the differentiation,
maturation, and function of various immune cells.
In particular, we focus on describing specific miRNA
expression profiles in tissues and peripheral blood that
may be associated with the pathogenesis of IBD. In
addition, we summarize the opportunities for utilizing
miRNAs as new biomarkers and as potential therapeutic
targets in IBD.

Author contributions: Zhang HJ conceived of the study;
Xu XM and Zhang HJ analyzed the literature and wrote the
manuscript.
Supported by the National Natural Science Foundation of
China, No. 81270469.
Conflict-of-interest statement: The authors declare that there
are no conflicts of interest related to this work.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Hong-Jie Zhang, MD, PhD, Professor,
Department of Gastroenterology, the First Affiliated Hospital
of Nanjing Medical University, 300 Guangzhou Road, Nanjing
210029, Jiangsu Province, China. hjzhang06@163.com
Telephone: +86-25-83718836-6920
Fax: +86-25-83674636
Received: April 27, 2015
Peer-review started: May 4, 2015
First decision: August 26, 2015
Revised: September 28, 2015
Accepted: November 13, 2015
Article in press: November 13, 2015
Published online: February 21, 2016

WJG|www.wjgnet.com

Key words: Autoimmunity; Immune system; Inflam
mation; Inﬂammatory bowel disease; miRNA
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

2206

February 21, 2016|Volume 22|Issue 7|

Xu XM et al . MicroRNAs as crucial regulators in IBD
and potential therapeutic targets in IBD.

Core tip: In f l a mmat or y bow e l dis e as e (IB D ) is
characterized by chronic relapsing inflammation in the
gastrointestinal tract, but its pathogenesis remains
unclear. Further understanding of the molecular
mechanisms of IBD is helpful to find new therapeutic
strategies. miRNAs play crucial regulatory roles in
immune cellular differentiation and maturation, and
maintaining immune homeostasis. Aberrant expression
of miRNAs is present in IBD. Here, we summarize how
miRNAs regulate autoimmunity and inflammation, and
describe specific miRNA expression profiles in IBD. We
also discuss the opportunities in utilizing miRNAs as
new biomarkers and potential therapeutic targets in
IBD.

GENERAL OVERVIEW OF MIRNA
miRNAs are a new class of small (about 22 nucleotides),
endogenous, non-coding single-stranded RNA mole
cules that can negatively regulate target gene
[9]
expression at the post-transcriptional level . The first
miRNA, lin-4, was identified in 1993 in Caenorhabditis
[10]
elegans . The miRNA sequence database, miRBase,
contains 35,828 mature miRNAs in 223 species at time
of publication (http://www.mirbase.org/, Release 21,
[11]
June 2014) .
miRNA genes are located either within intronic
sequences of protein-coding genes, within intronic or
exonic regions of non-coding RNAs, or within intergenic
[12]
regions . The biogenesis of miRNAs includes two
parts: one is transcription in the nucleus, and the other
is generation of mature miRNAs in the cytoplasm.
First, miRNA is transcribed from the genome by RNA
[13,14]
polymerase Ⅱ or Ⅲ to generate primary miRNA
.
The primary miRNA is then cleaved by RNase Ⅲ-type
enzyme Drosha to produce a pre-miRNA of appro
ximately 70 nucleotides with a stem-loop structure in
[15]
the nucleus . Next, the pre-miRNA is exported to the
[16]
cytoplasm by Exportin 5 . Once in the cytoplasm,
the pre-miRNA is cleaved by Dicer in cooperation with
protein partners, into an approximately 22-nucleotide
[17]
miRNA duplex . Then, one strand is selected as
a functional miRNA, while the passenger strand is
degraded. The functional miRNA is loaded into the RNAinduced silencing complex and acts as a guide strand
that recognizes the target mRNA by complementary
[18]
sequences . Full complementarity occurs in plants,
resulting in target mRNA degradation. However,
incomplete complementary binding occurs in humans,
and this leads to mRNA destabilization and translational
[12]
inhibition .

Xu XM, Zhang HJ. miRNAs as new molecular insights into
inflammatory bowel disease: crucial regulators in autoimmunity
and inflammation. World J Gastroenterol 2016; 22(7): 2206-2218
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i7/2206.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i7.2206

INTRODUCTION
Inflammatory bowel disease (IBD) comprises ulce
rative colitis (UC) and Crohn’s disease (CD). IBD
is characterized by chronic relapsing inflammation
in the gastrointestinal tract, and its incidence and
[1]
prevalence are increasing . The precise pathogenic
mechanism of IBD remains unknown. Accumulated
evidence suggests that IBD results from complicated
interactions between environmental factors, genetic
predisposition, and immune dysregulation. Of these,
immune dysregulation is believed to play an important
[2]
role in the pathogenesis of IBD . Consequently, it is
important to uncover the molecular mechanisms that
regulate the immune responses in IBD.
miRNAs are a new class of small non-coding RNAs
that regulate immune responses in physiologic and
[3]
pathologic conditions . miRNAs are considered to play
significant roles in many biologic processes, including
cellular proliferation, differentiation, maturation, and
[4]
apoptosis . In addition, miRNAs have been implicated
in the pathogenesis of common human diseases, such
[5]
[6]
as cardiovascular , neurologic , and hematologic
[7]
diseases, cancer , and inflammatory and autoimmune
[8]
diseases . These research findings have led to new
insights into IBD pathogenesis.
In this review, we summarize recent findings that
miRNAs regulate autoimmunity and inflammation by
affecting the differentiation, maturation, and function
of various immune cells. We particularly focus on
providing evidence of specific miRNA expression
profiles in IBD pathogenesis. In addition, we also
discuss the possibility for miRNAs as new biomarkers

WJG|www.wjgnet.com

MIRNAS AND THE INNATE IMMUNE
SYSTEM
The innate immune system forms the first line of
host defense, which is non-specific, and responds to
pathogens in a generic way. It is comprised of tissue
barriers, immune cells, and immune molecules. The
tissue barriers include mechanical (epithelial) barriers,
chemical barriers such as antimicrobial peptides, and
biologic barriers (commensal flora). The innate immune
cells include monocytes/macrophages, dendritic cells
(DCs), neutrophils, natural killer (NK) cells, NK T
cells, mast cells, eosinophils, and basophils. These
cells perform phagocytosis, antigen presentation,
[19]
and activation of the adaptive immune responses .
miRNAs regulate autoimmunity and inflammation by
affecting the differentiation, maturation, and function
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[28]

of various immune cells (Figure 1).

manner . miR-145 impairs TJ function by repressing
[29]
junctional adhesion molecule-1 expression .
miR-212 impairs the intestinal epithelial barrier by
downregulating zonula occludens-1 protein expression,
[30]
which is another major component of TJs .
Tumor necrosis factor (TNF)-α is an essential
mediator of inflammation in the gut. Anti-TNF-α
therapy induces remission in patients with severe
[31]
[32]
[33]
active CD , UC , and refractory celiac disease .
TNF-α-induced upregulation of miR-122a mediates
the degradation of occludin mRNA in enterocytes
[34]
and influences their permeability . TNF-α-induced
miR-155 overexpression inhibits synthesis of zonula
[35]
occludens-1 by downregulating RhoA expression .

miRNAs and intestinal tissue barriers

The intestinal mucosa forms a barrier that separates
luminal contents from the interstitium. Tissue barriers
include tight junctions (TJs), adherens junctions,
and desmosomes, which regulate the paracellular
permeability of epithelial layers across the apical/
[20]
basolateral axis . The main protein complexes of
TJs are composed of transmembrane proteins such as
[21]
claudins, occludin and junctional adhesion molecules .
Disruption of the intestinal barrier has been shown to
be an important pathogenic mechanism contributing
[22,23]
to the development of intestinal inflammation
.
[24]
McKenna et al
reported that miRNAs are important
for maintaining the function of intestinal barriers.
miR-21, which is overexpressed in chronic UC,
induces the degradation of Ras homolog gene family
member (Rho)B mRNA and leads to an increase in
intestinal epithelial permeability due to the loss of
[25]
TJ proteins and ultrastructural changes . miR-150
is significantly elevated in colon tissue in dextransulfate-sodium-induced murine experimental colitis
and active UC patients. Overexpression of miR-150
results in intestinal epithelial disruption through
[26]
targeting of c-Myb . Both occludin and claudin-1
have been demonstrated to be involved in miR-874induced intestinal barrier dysfunction by targeting the
[27]
3′-untranslated region of aquaporin 3 . miR-9 and
miR-374 directly target the 3′-untranslated region
of claudin-14 mRNA, leading to claudin-14 mRNA
translational repression and decay, in a cooperative

WJG|www.wjgnet.com

miRNAs and monocytes/macrophages

Monocyte/macrophage differentiation is an essential
branch of hematopoiesis, which is under the control
[36]
of a complex network of regulatory factors .
During monocytopoiesis, the transcription factor
acute myeloid leukemia (AML)1 is upregulated,
while miRNAs-17-5p/20a/106a are downregulated.
Monocytopoiesis is regulated by a circuitry comprising
sequential miRNAs-17-5p/20a/106a, AML1, and
monocyte colony-stimulating factor receptor, whereby
miRNAs-17-5p/20a/106a act as a master gene
[37]
complex that negatively regulates AML1 expression .
The transcription factor PU.1 upregulates miR-424
expression, and this induces monocyte differentiation
via miR-424-dependent translational inhibition
of nuclear factor (NF)I-A. This result indicates an
important role of miR-424 and its target NFI-A in
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controlling monocyte/macrophage differentiation .
miR-199a-5p targets the activin A receptor type 1B
gene, leading to decreased expression of CCAAT/
enhancer binding protein α, and eventually, inhibits
[36]
monocyte/macrophage differentiation .

receptors promote downstream signaling cascades.
Emerging evidence indicates that miRNAs regulate
these processes.
TLRs: miR-146a expression can be induced through
exposure to TLR ligands, such as lipopolysaccharide,
peptidoglycan, and flagellin, and this induction is
controlled by NF-kB. Mice lacking miR-146a are more
likely to develop autoimmune diseases, tumorigenesis,
and myeloid cell proliferation. miR-146 targets TNFreceptor-associated factor 6 and interleukin (IL)-1receptor-associated kinase 1, which are key elements
of the myeloid differentiation factor 88 pathway,
and form a negative feedback mechanism in TLR
[59-61]
signaling
. miR-155 expression is also induced
[61,62]
by TLR signaling
. Unlike miR-146a, miR-155
promotes the immune response. Mice deficient in
miR-155 are highly resistant to experimental autoim
[63]
mune encephalomyelitis .

miRNAs and DCs

DCs serve as the most potent antigen-presenting
cells, responsible for primary immune responses.
Accumulating evidence highlights the importance
of specific miRNAs in DC development, antigen[39]
presentation capacity, and cytokine release . miR[40]
[41]
[42]
146a , miR-155 , and let-7i
are involved in
the maturation and functional state of DCs, while
[43]
[44]
miR-148/152
and miR-223
are involved in their
antigen-presentation capacity. miR-150 is required for
the cross-presentation capacity of Langerhans cells
[45]
(skin-resident DCs) . In addition, miR-29b, miR[46]
[47]
[40,48]
29c , miR-126 , miR-146a
, miR-155, and
[49]
miR-221 have been shown to regulate DC apoptosis
and cytokine production.

NOD-like receptors: Of this family of proteins,
NOD2 functions as an intracellular sensor that con
tributes to inflammation and immune defense. It
has been identified as the strongest single genetic
[64]
locus in determining susceptibility in CD . A miRsNOD interaction has been implicated in IBD. These
[65]
[66]
[67]
miRNAs include miR-29 , miR-122 , miR-146a ,
[68]
and miR-192 . For example, polymorphisms in
NOD2 impair miR-29 expression in DCs, and this
[65]
results in exaggerated IL-23-induced inflammation .
miR-122 targeting of NOD2 has a crucial role in the
damage of intestinal epithelial cells induced by lipopoly
[66]
saccharide .

miRNAs and NK cells

NK cells are cytotoxic lymphocytes that play a vital
role in host defense against infection, and they
mediate antitumor responses. Recent advances have
demonstrated that miRNAs are crucial in NK cell
[50]
biology . For instance, miR-150 and miR-181 regulate
[51,52]
NK cell development
. Mice lacking miR-150
are defective in generating mature NK cells. On the
contrary, transgenic mice with a gain-of-function
[51]
miR-150 have enhanced NK cell development .
miR-181 promotes NK cell development by targeting
Nemo-like kinase, which is a inhibitor of Notch
[52]
signaling .

MIRNAS AND THE ADAPTIVE IMMUNE
SYSTEM

miRNAs and other kind of innate immune cells

Invariant NK T cells are a separate subset of T
lymphocytes with innate effector functions. A Dicerdependent miRNA pathway is important in the
regulation of invariant NK T cell differentiation, func
[53]
tion, and homeostasis . The normal granulocytic
differentiation requires the zinc finger protein growth
factor independent-1, which is a transcription inhibitor
that regulates the expression of miR-21 and miR[54]
196b during myelopoiesis . In addition, miR-223
plays a crucial role in the regulation of granulocyte
differentiation and function, and mediates inﬂammatory
[55,56]
responses
.

The adaptive immune system mainly consists of two
different lymphocytes (T and B cells), and is highly
pathogen specific. The appropriate development and
function of these two immune cells are essential when
distinguishing foreign from resident antigens. Current
studies have indicated that miRNAs play important
roles in maintaining the differentiation and function of
[69]
T and B cells .

miRNAs and T-cell regulation

Increasing evidence shows that some specific miRNAs
participate in the regulation of crucial immune
functions. These immuno-miRs play significant
roles in T-cell development, maturation, activation,
[70]
[71]
differentiation, and aging . For example, miR-150
[72]
and miR-181a
are involved in T-cell development,
[73]
[74,75]
while miR-21
and miR-17-92 cluster
participate
in T-cell activation.

miRNAs and activation of the innate immune system

Pattern recognition receptors are critical for the
recognition of microorganisms and the induction of
[57]
immune and inflammatory responses . The families
of these proteins include the membrane-bound Toll-like
receptors (TLRs), nucleotide-binding oligomerization
domain (NOD)-like receptors, and retinoic acid[58]
inducible gene-I-like receptors . Pattern recognition
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miRNAs and T-helper 1/2 cell differentiation

miRNAs have significant effects on T helper (Th) cell
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[96]

transducer and activator of transcription-1 . Silencing
of miR-126 can influence the expression of Foxp3 on
Treg cells and impair their suppressive function via
[97]
the PI3K/Akt pathway . miR-17-92 cluster is also
involved in Treg cell function. Mice with Treg-specific
loss of miR-17-92 cluster develop an exacerbated form
of experimental autoimmune encephalomyelitis and
[74]
fail to achieve clinical remission . However, there are
conflicting results. For instance, the study from Jiang
[79]
et al
showed that miR-17-92 cluster prevents Treg
cell differentiation and promotes Th1 responses.

differentiation. Naïve T cells can differentiate into Th1,
[76]
Th2, or Th17 cells after activation . Th1 cells have
been associated with the pathogenesis of CD, while Th2
[19]
cells have been implicated in UC . miR-155 promotes
Th1 differentiation by targeting interferon (IFN)-g
[77]
+
receptor α chain . In contrast, CD4 T cells deficient
in miR-155 display a bias towards Th2 differentiation,
which is partly due to increased expression of the Th2[41,78]
associated transcription factor c-Maf
. miR-17-92
cluster promotes Th1 differentiation. The function of
miR-19b is mediated through phosphatase and tensin
homolog, while miR-17 targets transforming growth
factor (TGF)-b receptor Ⅱ and cAMP-responsive
[79]
element-binding protein 1 . miR-29 regulates Th cell
differentiation by directly targeting T-box transcription
factor T-bet and eomesodermin to suppress IFN-g
[80]
production . miR-146a may be a potent inhibitor of
[81]
Th1 differentiation by targeting protein kinase Cε .
[82]
miR-21 promotes Th2 differentiation .

miRNAs and follicular helper T cells

miRNAs and Th17 cell differentiation

Th17 cells, a new subset of Th cells capable of
producing IL-17, play a vital role in the formation of
several autoimmune-mediated inflammatory diseases,
[83,84]
including IBD
. Current studies demonstrate that
[85]
[63]
[86]
[87]
miR-21 , miR-155 , miR-301a , miR-326 ,
[88]
[89]
miR-17-92 cluster , and miR-132/212 cluster
act as positive regulators of Th17 differentiation.
For example, miR-155 enhances the development
of inflammatory T cells (Th1 and Th17 cells), and
facilitates Th17 cell formation through cytokines
[63]
[90]
[91]
produced by DCs . miR-10a , miR-20b , and
[92]
miR-210
act as negative regulators of Th17
differentiation. Deletion of miR-210 promotes Th17
[92]
differentiation under hypoxic conditions .

miRNAs and regulatory T cells

miRNAs and CD8+ T cells
+

CD8 T cells or cytotoxic T lymphocytes can devastate
[103]
various intracellular pathogens and malignancies
.
+
Dicer is required for CD8 T-cell survival and
accumulation, but not required for the early steps in
+
[104,105]
CD8 T-cell activation
. Dicer and miRNAs such as
miR-139 and miR-150 also participate in controlling
the cytolytic program, as well as other programs of
[106]
effector cytotoxic T lymphocyte differentiation
.
+
miR-155 is demanded for effector CD8 T-cell
responses to viral and intracellular bacterial infection
and cancer. miR-155 has the potential to be a target
for immunotherapy for infectious diseases and
[103,107,108]
cancer
. miR-17-92 cluster has dynamic regu
+
lation of CD8 T cells differentiating from naïve to
[75,109]
effector and memory states
.

+

Regulatory T (Treg) cells are another subset of CD4
T cells that can suppress activity of effector T cells
[76,90]
and maintain self-tolerance
. Treg cells can be
classified into two populations, naturally-occurring Treg
(nTreg) cells that are generated in the thymus, and
+
inducible Treg (iTreg) cells that arise from naïve CD4
[90]
precursors in the periphery . miRNAs play pivotal
roles in the regulation of both Treg cell development
[93,94]
and function
. miR-10a is highly expressed in
nTreg cells and can be induced by retinoic acid and
[90]
TGF-b in iTreg cells . Repression of miR-10a in vitro
results in reduced forkhead box (Fox)p3 expression
levels, while ablation of miR-10a does not affect the
[93]
phenotype or number of nTreg cells . miR-155deficient mice display a marked reduction in the
number of Treg cells. Additionally, miR-155 maintains
homeostasis of Treg cells by targeting suppressor of
[95]
cytokine signaling 1 via the IL-2 signaling pathway .
miR-146a is important for maintaining suppressive
function of Treg cells. Treg cells deficient in miR-146a
lead to immunologic intolerance by targeting signal

WJG|www.wjgnet.com

+

Follicular helper T (Tfh) cells are a novel subset of CD4
T cells that can provide help to B cells, and they are
[98]
important for germinal center formation . Several
studies have demonstrated that miRNAs are crucial
[99,100]
for Tfh cell differentiation and function
. Mice
with T-cell-specific loss of miR-17-92 cluster exhibit
severely compromised Tfh cell differentiation, germinal
center formation, and antibody responses. On the
contrary, T-cell-specific miR-17-92 cluster transgenic
[99]
mice spontaneously accumulate Tfh cells . miR-10a
attenuates phenotypic conversion of iTreg cells to Tfh
cells by simultaneously targeting Bcl-6, a transcription
[101]
factor critical for Tfh cell differentiation , along with
[90]
the corepressor Ncor2 . Moreover, miR-155 has been
[102]
reported to promote Tfh cell development .

miRNAs and B cells

Ablation of Dicer in early B-cell progenitors leads to a
[110]
formative block from the pro-B to pre-B transition .
miRNAs are also involved in B-cell development and
[110,111]
[112]
[113,114]
function
, including miR-34a
, miR-150
,
[115]
and miR-17-92 cluster
. miR-125b inhibits B-cell
[116]
differentiation in germinal centers
. In addition
[113]
to regulating B-cell differentiation, miR-150
,
[78]
[111]
miR-155 , and miR-217
regulate B-cell function,
including the establishment of B-cell tolerance, as
well as antigen-dependent and -independent antibody
repertoire diversification.
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Table 1 Aberrantly expressed miRNAs in inﬂammatory bowel disease
Sample type

Expression

Ulcerative colitis vs healthy controls
Mucosal tissues
Upregulated

Downregulated
Peripheral blood

Upregulated

Downregulated
Crohn’s disease vs healthy controls
Mucosal tissues
Upregulated

Peripheral blood

miRNAs

Ref.

miR-7, miR-16, miR-20b, miR-21, miR-23a, miR-24, miR-29a, miR-29b, miR-31, miR-125b-1*,
miR-126, miR-126*, miR-127-3p, miR-135b, miR-146a, miR-150, miR-155, miR-195, miR-206,
miR-223, miR-324-3p, miR-424, and let-7f
miR-188-5p, miR-192, miR-200b, miR-215, miR-320a, miR-346, miR-375, and miR-422b;
miR-124 (pediatric cases)
miR-16, miR-21, miR-28-5p, miR-103-2*, miR-151-5p, miR-155, miR-188-5p, miR-199a-5p,
miR-340*, miR-362-3p, miR-378, miR-422a, miR-500, miR-501-5p, miR-532-3p, miR-769-5p,
miR-874, and miRplus-E1271
miR-505*

[25,26,117-122]

[117,119,123,124]
[125-127]

[126]

miR-9, miR-21, miR-22, miR-26a, miR-29b, miR-29c, miR-30b, miR-31, miR-34c-5p, miR-106a, [119,121,130,131]
miR-106b, miR-126, miR-126*, miR-127-3p, miR-130a, miR-133b, miR-146a, miR-146b-5p,
miR-150, miR-155, miR-181c, miR-196a, miR-196, miR-206, miR-324-3p, miR-375, and miR-424
Downregulated
miR-7 and miR-141
[128,129]
Upregulated
miR-16, miR-23a, miR-29a, miR-106a, miR-107, miR-126, miR-191, miR-199a-5p, miR-200c,
[125,133]
miR-362-3p and miR-532-3p;
miR-16, miR-20a, miR-21, miR-30e, miR-93, miR-106a, miR-140, miR-192, miR-195, miR-484,
and let-7b (pediatric cases)

miRNAs in peripheral blood: Paraskevi and
[125]
colleagues
found that six miRNAs (miR-16, miR-21,
miR-28-5p, miR-151-5p, miR-155, and miR-199a5p) were remarkably upregulated in blood from UC
patients compared with healthy controls. miR-155
had the highest expression level of these six UCassociated miRNAs in peripheral blood. Wu and
[126]
colleagues
found that compared with healthy
controls, 12 miRNAs were significantly upregulated,
and miRNA-505* was downregulated in blood from
active UC patients. Peripheral blood miRNAs may
distinguish active UC patients from healthy controls.
As compared to active CD patients, ten miRNAs
were markedly upregulated, and one miRNA was
[126]
downregulated in blood from active UC patients
.
[127]
Duttagupta et al
completed analyses of miRNA
expressions from different hematologic fractions as
noninvasive predictors for incidence of UC. They found
that seven miRNAs derived from platelets (miR-1885p, miR-378, miR-422a, miR-500, miR-501-5p, miR769-5p, and miR-874) were upregulated. This study
provides new platelet-derived miRNA biomarkers for
clinical application and perception of the potential roles
of these miRNAs in the pathogenesis of UC.

MIRNAS AND IBD
Abnormal miRNA expressions exist in some diseases,
including IBD (Table 1). This offers a new way to
improve our comprehension of the mechanism of this
disease. Moreover, some specific miRNAs in IBD may
serve as potential biomarkers for diagnosis, evaluation
indicators of disease activity, or targets for treatment.

miRNAs in UC

miRNAs in mucosal tissues: In 2008, the first
profiling study of altered expression of miRNAs in IBD
[117]
[117]
patients was published
. Wu and colleagues
found a specific miRNA expression pattern: three
miRNAs (miR-192, miR-375, and miR-422b) were
markedly downregulated, whereas eight miRNAs
(miR-16, miR-21, miR-23a, miR-24, miR-29a, miR-126,
miR-195, and let-7f) were observably upregulated
in active UC tissues. Furthermore, they found that
miR-192 participated in the regulation of chemokine
production in colonic epithelial cells. Since 2008,
some new research in active UC and healthy controls
[25,118]
has confirmed the upregulation of miR-21
, miR[119]
[120]
29a
, and miR-126
, and identified additional
upregulated miRNAs, including miR-7, miR-29b,
miR-126*, miR-127-3p, miR-135b, miR-223 and miR[119]
[119,121]
[26]
[118]
324-3p
, miR-31
, miR-150 , miR-155
,
[121]
miR-146a, miR-206, and miR-424
, and miR[122]
20b and miR-125b-1*
. In contrast, miR-188-5p,
[119]
[123]
miR-215, miR-320a, miR-346
, and miR-200b
were downregulated in colon tissues from active UC
patients compared with healthy controls. miR-124 was
markedly decreased in pediatric but not in adult UC
tissues. Reduced levels of miR-124 in colon tissues
appear to increase the expression and activity of signal
transducer and activator of transcription-3, and this
[124]
mediates the pathogenesis of UC in children .
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miRNAs in CD

miRNAs in mucosal tissues: Most studies of
miRNA expression profiles in CD have concentrated
[119]
on Crohn’s colitis. Fasseu et al
found that 23
miRNAs (miR-9, miR-21, miR-22, miR-26a, miR-29b,
miR-29c, miR-30b, miR-31, miR-34c-5p, miR-106a,
miR-126, miR-126*, miR-127-3p, miR-130a, miR133b, miR-146a, miR-146b-5p, miR-150, miR-155,
miR-181c, miR-196a, miR-324-3p, and miR-375)
were remarkably upregulated in colonic tissues
from CD patients compared with healthy controls.
Five of these miRNAs were specific for patients in
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an active stage of CD (miR-9, miR-126, miR-130a,
miR-181c, and miR-375), whereas the remaining 18
were also upregulated in colonic tissues from inactive
[128]
CD patients. Huang and colleagues
identified
that miR-141 was downregulated in inﬂamed colon
tissues from active CD patients. miR-141 inhibited
colonic chemokine CXC ligand 12β expression by
directly targeting it and blocked colonic immune cell
[129]
recruitment. Nguyen and colleagues
found that only
miR-7 was downregulated in eight active colonic CD
patients compared to six healthy controls. In addition,
[121]
[130]
[131]
miR-206, miR-424
, miR-106b
and miR-196
are also upregulated in active colonic CD.
However, is there any tissue-specific miRNA
expression profile in the gastrointestinal tract? Wu
[132]
and colleagues
examined miRNA expression
patterns in tissues from different intestinal segments
in active CD patients. Ten intestine-specific miRNAs
(miR-19b, miR-22, miR-23a, miR-26a, miR-31,
miR-126, miR-215, miR-320, miR-422b, and let-7d)
were identified. Specifically, three of these (miR-22,
miR-31, and miR-215) were markedly upregulated in
the terminal ileum compared with colon tissue, while
miR-19b was downregulated in the terminal ileum.
Moreover, miR-23a, miR-26a, miR-126, miR-320, miR422b, and let-7d showed colon-specific expression.
In active colonic CD patients, three miRNAs (miR23b, miR-106, and miR-191) were upregulated and
two (miR-19b and miR-629) were downregulated
compared to healthy controls. In active terminal ileal
CD patients, four miRNAs (miR-16, miR-21, miR-223,
and miR-594) were upregulated in terminal ileal
tissues.

vasive biomarkers in CD.

miRNAs in IBD at different stages
[134]

Iborra and colleagues
assessed miRNA expression
patterns in serum and tissue samples from nine
patients with active UC, nine with inactive UC, nine
with active CD, and nine with inactive CD, and serum
from 33 healthy subjects. They found that two miRNAs
(miR-548a-3p and miR-650) were higher, and three
(miR-196b, miR-489, and miR-630) were lower in the
mucosa of active UC patients compared with inactive
UC patients. There were no differences in serum
miRNA expression profiles in patients with active UC
compared with inactive UC. However, there were
differences in serum miRNA expressions between
active and inactive CD patients; two serum miRNAs
(miR-188-5p and miR-877) were increased, and four
serum miRNAs (miR-18a, miR-128, miR-140-5p, and
miR-145) were decreased in patients with active CD.
Furthermore, four miRNAs (miR-18a*, miR-140-3p,
miR-629*, and let-7b) were higher, and three miRNAs
(miR-328, miR-422a, and miR-855-5p) were lower
in the mucosa of active CD patients compared with
inactive CD patients. These results indicate that there
are specific miRNA expression patterns associated with
different stages of IBD. Further prospective cohort
studies in large samples are necessary to validate
these findings.

miRNAs as therapy in IBD

miRNA-related therapeutic applications may represent
a new and fascinating field in IBD treatment. miRNArelated therapy is based on antisense technology
and gene therapy; thus, it involves either miRNA
antagonists or miRNA mimics.

miRNAs in peripheral blood: Apart from assessing
miRNA expressions in peripheral blood in UC, Paraskevi
[125]
et al
examined miRNA expression patterns in
peripheral blood samples from 128 patients with
active CD and 162 healthy individuals. Eleven miRNAs
(miR-16, miR-23a, miR-29a, miR-106a, miR-107,
miR-126, miR-191, miR-199a-5p, miR-200c, miR362-3p, and miR-532-3p) were markedly upregulated
in peripheral blood from CD patients as compared
with healthy individuals. There were no significant
differences in miRNA expressions in accordance with
disease location and phenotype.
[133]
Zahm et al
examined serum samples from
46 pediatric CD patients and 32 healthy controls by
means of a low-density microarray and quantitative
reverse transcriptase (qRT) PCR. They found 11
miRNAs (miR-16, miR-20a, miR-21, miR-30e, miR-93,
miR-106a, miR-140, miR-192, miR-195, miR-484, and
let-7b) that were CD-associated circulating miRNAs.
Receiver operating characteristic analyses indicated
that these CD-associated miRNAs had promising
diagnostic value, with sensitivities of 70%-83% and
specificities of 75%-100%. These results demonstrate
that circulating miRNAs may be used as novel nonin
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miRNA antagonists: miRNA antagonists include antimiRNA oligonucleotides (AMOs), miRNA sponges, and
miRNA masks.
AMOs: AMOs are synthetic anti-miRNA oligonucleotides
with reverse complementary sequences to their
target miRNAs, which suppress miRNA functions.
It is believed that AMOs have a promising future in
therapeutic applications. Chemical modifications of
AMOs can improve their stability and binding affinity.
Common modifications include addition of different
2′-ribose modifications to AMOs (2′-O-methyl and
2′-O-methoxyethyl) and 2′,4′-methylene bridgelocked nucleic acid (LNA). LNA-modiﬁed AMOs create
[135,136]
. A study
high-affinity binding to target mRNAs
[137]
by Janssen et al
demonstrated that miravirsen, an
LNA-anti-miR-122, is designed to target and inhibit
miR-122, and this can reduce viral RNA levels in
patients with chronic hepatitis C virus infection. This
result proves the possibility of miRNA agents in clinical
practice.

2212

February 21, 2016|Volume 22|Issue 7|

Xu XM et al . MicroRNAs as crucial regulators in IBD
miRNA sponges: miRNA sponge technology
utilizes plasmid or viral vectors to achieve loss-offunction of miRNAs. The strong promoters can be
applied in miRNA sponge vectors for generating
high-level expression of the competitive inhibitor
transcripts for either transient or long-term inhibition
of miRNA function. Considering the merit of sharing
a common seed sequence by members of a miRNA
family, this technology provides a strong approach
for coinstantaneous inhibition of multiple miRNAs of
[138]
interest with a single inhibitor .

4
5

6
7

miRNA mimicry/replacement therapy: In order
to restore miRNA activity, miRNA mimics (synthetic
oligonucleotides) and miRNA expression gene vectors
are used. MRX34 is a double-stranded miRNA mimic
of the naturally occurring miR-34a loaded in liposomal
nanoparticles to reestablish its tumor suppressor
function. MRX34 was the first miRNA mimic introduced
into clinical study for primary as well as metastatic
[139,140]
liver cancer in 2013
. Many miRNAs are down
regulated in UC and CD. For example, miR-192,
[117]
miR-375, miR-422b
, miR-188-5p, miR-215, miR[119]
[123]
320a, miR-346
, and miR-200b
are decreased
[132]
in UC, and miR-19b and miR-629
are decreased in
Crohn’s colitis tissues. Theoretically, replenishing these
decreased miRNAs by miRNA mimics may provide
therapeutic restoration of physiologic functions lost in
IBD.

8

9
10
11

12
13

CONCLUSION

14

In this review, we described the roles of miRNAs
as crucial regulators of inflammatory responses
and autoimmune disorders, particularly focusing on
miRNAs affecting the differentiation, maturation, and
function of various immune cells. We also summarized
some studies on the current understanding of the
connection between miRNAs and IBD. Accumulating
evidence suggests that specific miRNA expression
profiles exist in IBD, and these miRNAs contribute
to the development of inflammation. The definite
functions of most miRNAs in IBD have not yet been
clarified. Further studies are necessary to validate
whether miRNAs could be used to diagnose IBD,
distinguish IBD subtypes, and determine the disease
activity or location.
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TOPIC HIGHLIGHT
2016 Irritable Bowel Syndrome: Global view

Gut microbiota role in irritable bowel syndrome: New
therapeutic strategies
Eleonora Distrutti, Lorenzo Monaldi, Patrizia Ricci, Stefano Fiorucci
knowledge of the vast microbial community that resides
in the human intestine, the gut microbiota, has provided
support to the concept that a disturbed intestinal
ecology might promote development and maintenance
of symptoms in irritable bowel syndrome (IBS). As a
correlate, manipulation of gut microbiota represents
a new strategy for the treatment of this multifactorial
disease. A number of attempts have been made to
modulate the gut bacterial composition, following the
idea that expansion of bacterial species considered as
beneficial (Lactobacilli and Bifidobacteria ) associated
with the reduction of those considered harmful (Clostridium ,
Escherichia coli , Salmonella , Shigella and Pseudomonas )
should attenuate IBS symptoms. In this conceptual
framework, probiotics appear an attractive option in
terms of both efficacy and safety, while prebiotics,
synbiotics and antibiotics still need confirmation. Fecal
transplant is an old treatment translated from the cure
of intestinal infective pathologies that has recently
gained a new life as therapeutic option for those
patients with a disturbed gut ecosystem, but data on
IBS are scanty and randomized, placebo-controlled
studies are required.
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Core tip: In the last decade, the gut microbiota has
provided support to the concept that a disturbed
intestinal ecology could promote development and
maintenance of symptoms in irritable bowel syndrome
(IBS). As a correlate, manipulation of gut microbiota
represents a new strategy for the treatment of this
multifactorial disease. Probiotics appear an attractive
option in terms of both efficacy and safety, while
prebiotics, synbiotics and antibiotics still need for

Abstract
In the last decade the impressive expansion of our
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mation. Fecal transplant has recently gained a new
life as therapeutic option for those patients with an
altered gut ecosystem, but data on IBS are scanty and
randomized, placebo-controlled studies are required.

but also metagenomic archaeal (i.e., Methano
brevibacter), viral (i.e., bacteriophages) and
eukaryotic (i.e., yeast), that occupies almost every
mucosal and cutaneous surfaces of our body. It has
been estimated that microbes that stably live in
human body amount to 100 trillion cells, ten-fold the
[10]
number of human cells
and the majority inhabits
the gut where the intestinal microbiota is widely
regarded as a virtual organ that actively influences
and mediates several physiological functions. These
living microorganisms encode for over three millions
[11]
of genes, the so-called “microbiome” , outfitting the
[12]
human genoma by approximately 100-fold . The
intestinal microbiota is composed by 17 families, 50
genera and more than 1000 species of bacteria: its
composition varies among individuals, changes during
life and depends on environmental factors, mainly
lifestyle, diet, drugs, stress and invasive medical
procedures. The intestinal microbiota is dominated
by four main phyla: Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria. In the adult life
Bacteroidetes and Firmicutes are usually prevalent,
whereas Actinobacteria and Proteobacteria are less
represented. In the healthy status, the gut microbiota
interacts with the human host in a mutualistic
relationship, the host intestine provides the bacteria
with an environment to grow and the bacterial ecosystem contributes to maintain homeostasis within
the host by modulating several physiological functions
[13]
such as gut development , nutrient processing and
[14,15]
digestion
, immune cell development and immune
[16-18]
[19,20]
responses
, resistance to pathogens
, control
[14,15]
of host energy and lipid metabolism
and brain
development and function. Changes in bacterial
number and composition, the so-called dysbiosis,
may induce a dysregulation of this deep relationship
and cause the appearance of a spectrum of diseases
including metabolic syndrome, diabetes, cancer,
inflammatory conditions, neurological pathologies and
psychiatric disorders.
Throughout its communication with gastrointestinal
epithelial, immune and nerve cells, the gut microbiota
generates and releases molecules that can signal
to distant organs. It is now recognized that a
significant portion of the metabolites circulating in
mammalian blood derives from the intestinal microbial
[21-25]
community
and the presence or absence of the
gut microbiota influences the metabolic profile in
[26]
regions distant from the gut such as the brain .
Moreover, it releases factors that target specific
neuronal systems involved in the gut-brain axis,
generating neurotransmitters and neuromodulators as
dopamine, noradrenaline, acetylcholine and gamma[27-31]
aminobutyric acid (GABA)
. Direct contact of
certain probiotics (i.e., Lactobacillus acidophilus)
with epithelial cells induce the expression of opioid
and cannabinoid receptors in the gut and contribute
to the modulation and restoration of the normal
[32]
perception of visceral pain . Finally, as the result

Distrutti E, Monaldi L, Ricci P, Fiorucci S. Gut microbiota role
in irritable bowel syndrome: New therapeutic strategies. World
J Gastroenterol 2016; 22(7): 2219-2241 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2219.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2219

INTRODUCTION
Irritable bowel syndrome (IBS) is a disorder charac
terized by chronic abdominal pain and discomfort
associated with alterations of bowel habits in the
[1,2]
absence of a demonstrable pathology
. Other
common symptoms are abdominal distension, bloating
and flatulence, straining and urgency. IBS is a common
gastrointestinal (GI) disorders in the industrialized
world with a 10%-15% prevalence in the general
[3]
population . This high prevalence together with the
associated co-morbidities has a significant impact on
both patients and society, especially in terms of quality
[4]
of life and medical costs .
IBS is a heterogeneous functional disorder that,
depending on the prevailing bowel habit, has been
subtyped into IBS with constipation (C-IBS), IBS with
diarrhea (D-IBS), mixed, alternate IBS (A-IBS) with
both constipation and diarrhea plus unsubtyped IBS
[1,2]
with neither constipation nor diarrhea . Alterations of
bowel habits are likely related to dysregulation of the
autonomic system in the gut, whereas symptoms of
abdominal pain and discomfort are thought to involve
additional changes in the bidirectional communication
between the gut and the brain, known as “gut-brain
axis”, that cause a modified perception of visceral
[5,6]
events in the form of hyperalgesia or allodynia .
The etiology of IBS is incompletely understood
and evidence is growing that IBS might be a post[7,8]
inflammatory and stress-correlated condition
.
Both host and environmental factors, including diet,
play a key role in triggering symptoms. Among the
host factors, central alterations (i.e., aberrant stress
responses, psychiatric co-morbidity and cognitive
dysfunctions) and peripheral alterations (i.e., in
testinal dysmotility, visceral hypersensitivity, lowgrade immune activation and altered intestinal barrier
[9]
function) are both involved . Despite considerable
research efforts, the treatment of IBS remains a
significant challenge mainly due to its poorly defined
pathophysiology.

HUMAN MICROBIOTA
Human microbiota is a complex living ecosystem
consisting of unicellular microbes, mainly bacterial,
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of intestinal microbial colonization, metabolism, and
subsequent fermentation, the human microbiota
produces a significant proportion of the gases pre
sent in the gut, including carbon dioxide (CO2),
hydrogen (H2), methane (CH4), and hydrogen sulfide
(H2S). Since H2S has been recently recognized as a
gaseous neuromodulator/neurotransmitter capable of
[33-37]
modulating intestinal inflammation and sensitivity
,
it may be hypothesized that the intestinal microbiota
plays a significant role in modulating visceral pain
also by producing this gaseous mediator. The term
microbiota-gut-brain axis is now currently used to
indicate the deep correlation among these three
functional “organs”.

microbiota in IBS, others factors support the notion
that intestinal flora plays a key role in determining
IBS. First, there is increasing evidence of an
activation of the intestinal immune system in IBS
leading in a micro-inflammation, with studies demon
strating increased concentrations of mucosal intra[65,66]
[66-69]
epithelial lymphocytes
, mast cells
and
5-hydroxytryptamine-secreting enterochromaffin
[65]
cells . Gut microbiota influences mucosal inflam
mation in inflammatory bowel disease (IBD) patients,
i.e., ulcerative colitis (UC) and Crohn’s disease.
Animal-based studies emphasize the critical role of gut
microbiota in the balance between immunosuppression
and inflammation in the GI tract, involving Toll[70]
Like Receptor (TLRs) signaling pathways . Indeed,
helmintic based treatment with Heligmosomoides
polygyrus could ameliorate colonic inflammation in
murine model of IBDs, shifting the composition of
[71]
[72]
intestinal bacteria . Furthermore, Kuehbacher et al
analyzed the gut microbiota of 73 patients with IBD
demonstrating that alteration of TM7 bacteria and the
genetically determined antibiotic resistance of TM7
species in these patients, could be a relevant part of a
more general alteration of bacterial microbiota in IBD
patients, i.e., as a promoter of inflammation at early
[72]
stages . Recent studies demonstrate that reductions
in protective bacteria and increases in inflammatory
bacteria are associated with pouch inflammation in
[73]
patients with UC who underwent pouch surgery .
Moreover, the presence of Ruminococcus gnavus,
Bacteroides vulgatus and Clostridium perfringens and
the absence of Blautia and Roseburia in faecal samples
of patients with UC before surgery is associated
with a higher risk of pouchitis after ileal pouch-anal
[74]
anastomosis . Given the evidence for the role of
intestinal microbiota in the profound inflammatory
state in IBD, it might be speculated that luminal
antigens should play a similar role in development of
subclinical inflammation in IBS. Second, it has been
reported that approximately 10% of IBS patients refer
that their symptoms began following an episode of
[75-77]
infectious diarrhea
, the so-called post infectious
IBS (PI-IBS), a condition with a clear infective trigger
that may alter the normal intestinal microbiota. Third,
there is a strong association between IBS and prior
[78]
use of antibiotics . Fourth, the intestinal microbiota
strongly interacts with exogenous factors, in particular
diet, which may directly or indirectly cause IBS
[79]
symptoms . Fifth, it is well known that alteration
of gut microbiota could interfere with behavior and
[80,81]
mood in humans
; on the other hand, psychiatric
disorders such as anxiety and depression are highly
[82]
present as co-morbidities in individuals with IBS . An
high Firmicutes: Bacteroides ratio is found in some IBS
patients and appears to correlate with depression and
[60]
anxiety , while in another study it has been reported
that in IBS patients with clinically significant anxiety,
daily treatment with a prebiotic galactooligosaccharide

MICROBIOTA AND IBS
IBS can be considered a multifactorial syndrome in
which several pathogenic mechanisms are involved.
Gut microbiota interferes with normal intestinal
functions at diverse levels, acting as both cause and
target of abnormalities of intestinal motility, sensitivity
and neuroimmune signaling, including alterations of
mucosal barrier and pattern recognition receptors
expression, as well as dysfunctions of hypothalamuspituitary-adrenal (HPA) axis.

Perturbation in microbiota composition

In recent years, perturbations in the intestinal
microbiota have being linked to the pathophysiology
of IBS (Figure 1), thought that studies investigating
the composition of intestinal microbiota in IBS have
[38]
produced non univocal results . Nevertheless the
majority of data support the notion that the com
position of luminal and mucosal microbiota differs
among specific subgroups of IBS patients and
[39-63]
healthy individuals
(Table 1). Using culture-based
techniques and a 16S rRNA gene-based phylogenetic
microarray analysis, it has been demonstrated that
the diversity of microbial population is reduced, the
proportion of specific bacterial groups is altered and
the degree of variability in the microbiota composition
is different in IBS patients when compared with healthy
subjects. Furthermore, a higher degree of temporal
instability of the microbiota among IBS patients has
been detected. Examples of these modifications are
a decreased amount of Lactobacilli and Bifidobacteria
along with an increased amount of aerobes relatively
to anaerobes in IBS patients. Finally mucosal bacteria
have also been found to be more abundant in IBS
patients than in healthy controls (Table 1). Consistent
with this view, the clinical guidance regarding the
modulation of intestinal microbiota in IBS provided by
the Rome Team Working Group has recently concluded
that there is good evidence supporting the concept
that the intestinal microbiota is perturbed in patients
[64]
with IBS .
A part of the abnormal composition of gut
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Figure 1 Gut microbiota influences the bidirectional communication between the enteric nervous system and the central nervous system, modulating
gut development and several physiological functions, including intestinal motility, sensitivity, secretion and immunity. In irritable bowel syndrome (IBS),
the altered composition and/or activity of microbiota may induce a disruption of this communication leading to activation of immune system and production of proinflammatory cytokines, production of microbial metabolites as short-chain fatty acids (SCFAs) that are toxic at high concentration, activation of hypothalamic-pituitaryadrenal (HPA) axis with increase of cortisol that feeds back to the pituitary, hypothalamus (HYP), amygdala (AMG), hippocampus (HIPP) and prefrontal cortex to
shut off the HPA axis and increase of corticotropin releasing factor (CRF). These effects lead to alterations of intestinal motility and sensation, disruption of epithelial
barrier and impaired production of neurotransmitters with an increased response to stressful events. On turn, stress may provoke systemic pro-inflammatory cytokines
production that activates the HPA axis that signals to both enteric nervous system and the central nervous system and may alter microbiota composition.
[89,90]

mixture for 4 wk reduced anxiety scores and had a
[83]
significant positive impact on quality of life . Taken
together, these factors support the notion that an
imbalance in the intestinal microbiota composition may
directly or indirectly interfere with the normal function
of the microbiota-gut-brain axis, leading to the
development of central and peripheral abnormalities of
either intestinal motility and viscero-sensory network.

overtime
, acute psychologic stress alters duodenojejunal motility in both healthy subjects and IBS
[91]
patients
and more than half of IBS patients has an
[92]
entirely normal 24-h manometry . Nonetheless gut
microbiota modulates gut motor function, which in
turn can alter the intestinal microbiota composition.
Indeed, not only germ-free animals show profound
altered motility patterns that is reversed upon
[93,94]
reconstitution with normal flora
, but the influence
of the intestinal microbiota on small intestinal
[95,96]
. The
myoelectric activity is species-dependent
modulatory effects of microbiota on colo-intestinal
motility may be dependent on interaction of bacteria
with the gastrointestinal tract through receptors
on the epithelial cell such as TLRs and nucleotide
oligomerization domain (NOD) receptors and, although
bacterial translocation, defined as passage of viable
bacteria to mesenteric lymph nodes or other organs, is
[97]
minimal , secreted products of bacteria normally gain
access to the submucosa to stimulate the mucosal
immune system and to induce changes in intestinal

Microbiota and colo-intestinal motility

Although in the past decades the alterations of
intestinal and colonic motility have been considered
to play a major role in the development of symptoms
[84-86]
in IBS patients
, their influence has been reduced
over time as intestinal manometry failed to identify
[87,88]
any diagnostic abnormality in IBS patients
. The
abnormal manometric findings found in IBS patients
are heterogeneous and range from minimal changes
to severe qualitative abnormalities. For example,
the incidence of “clustered” contractions is similar in
healthy subjects and IBS patients and greatly varies
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Table 1 Perturbations in the intestinal microbiotain irritable bowel syndrome patients
Ref.

Methods

Dlugosz et al[38]
Balsari et al[39]

N° of Pts. Diagnostic criteria

qPCR (small bowel)

35

Rome Ⅱ

Culture

25

Rome Ⅱ

qPCR

27

Rome Ⅱ

Culture/DGGE

26

Rome Ⅱ

Swidsinski et al[43]

FISH

20

Maukonen et al[44]

PCR-DGGE

16

Kassinen et al[45]

16S ribosomal RNA gene cloning

24

A-IBS
C-IBS
D-IBS
A-IBS
C-IBS
D-IBS
Rome Ⅱ

Lyra et al[46]

16S ribosomal RNA gene cloning

20

Krogius-Kurikka et al[47]

16S ribosomal RNA gene cloning

10

FISH, PCR

41

16S ribosomal RNA gene cloning

2

A-IBS
C-IBS
D-IBS
Rome Ⅲ

Culture
qPCR
qPCR

26

Rome Ⅱ

10

16S rRNA-DGGE
rRNA-specific 16S rRNA-DGGE

47
54

Rome Ⅲ
D-IBS
Rome Ⅱ
Rome Ⅱ

37

Rome Ⅱ

62

Rome Ⅱ

Si et al[40]
Malinen et al[41]
Mättö et al[42]

Kerckhoffs et al[48]

Carroll et al[49]
Salonen et al[50]
Review
Tana et al[51]
Carroll et al[52]
Codling et al[53]
Ponnusamy et al[54]

Kerckhoffs et al[55]
Rajilić-Stojanović et al[56]

PCR
16S rRNA-DGGE
qPCR
16S rRNA
qPCR

A-IBS
C-IBS
D-IBS
Rome Ⅱ

Carroll et al[57]
Carroll et al[58]

16S rRNA
16S rRNA

16
23

Rome Ⅲ D-IBS
D-IBS

Parkes et al[59]

FISH

47

Rome Ⅲ

Jeffery et al[60]

16S rRNA

37

Rome Ⅱ

FISH/16S rDNA
Functional approaches

14

Rome Ⅱ
Rome Ⅲ
C-IBS

16s rRNA

19

Rome Ⅲ

Chassard et al[61]

König et al[62]
Review
Sundin et al[63]

Results in IBS in comparison with healthy subjects
No differences
↓Coliforms
↓Lactobacilli
↓ Bifidobacteria
↓Bifidobacteria
↑Enterobacteriaceae
↑ Veillonellain C-IBS
↓Lactobacillus in D-IBS
↑ Aerobes
Temporal instability
↑ Mucosal bacteria
↑Eubacteriumrectale
↑Clostridium coccoides
Higher instability of the bacterial population
↑Clostridial groups
Significant differences in several bacterial genera belonging
to the genera Coprococcus, Collinsella and Coprobacillus
↑Clostridium thermosuccinogenes in D-IBS
↑Ruminococcus torques in D-IBS
↑Ruminococcus bromii-like in C-IBS
↑Proteobacteria and Firmicutes in D-IBS
↓Actinobacteria and Bacteroidetes in D-IBS
↓Bifidobacteria

↑Bacteroidetes
↑Proteobacteria

↑Lactobacillus
↑ Veillonella
↓Aerobicbacteria
↑Lactobacillus
↓Bacterial richness
Same total bacterial quantity
Higher diversity of Bacteroidetes and Lactobacilli
Lower diversity of Bifidobacter and Clostridium coccoides
↑Pseudomonas aeruginosa
↑Ratio of the Firmicutes to Bacteroidetes
↑Dorea, Ruminococcus, Clostridium spp
↓Bacteroidetes, Bifidobacterium, Faecalibacterium spp
Lower biodiversity of microbes
↓Bacterial richness
↑Enterobacteriaceae
↑Proteobacteria
↓Faecalibacterium
More total bacteria numbers
↑Bacteroides, Clostridia coccoides-Eubacteriumrectale
A sub-group of IBS showed normal-like microbiota
A sub-group of IBS showed large microbiota-wide changes
with ↑Firmicutes and ↓Bacteroidetes
↑Enterobacteriaceae
↑Suphate-reducing bacteria
↓Lactic acid bacteria population (bifidobacteria and to a lesser
extent, lactobacilli)

↑Bacteroidetes in the PI-IBS group (13 patients)
↑Firmicutes (more specifically Clostridium in IBS)

IBS: Irritable bowel syndrome; IBS-D: Diarrhea predominant IBS; IBS-C: Constipation predominant IBS; A-IBS: Alternate IBS; PI-IBS: Post-infectious-IBS;
DGGE: Denaturing gradient gel electrophoresis; PCR: Polymerase chain reaction; FISH: Fluorescence in situ hybridization.
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[115]

immunity and physiology. In this view, specific bacteria
have been reported to induce significant changes in
colo-intestinal motility. Bacteroides thetaiotaomicron,
a common gut commensal in mice and humans, was
found to alter expression of genes involved in smooth[98]
muscle function and neurotransmission , soluble
factors from the probiotic Escherichia coli Nissle 1917
enhance colonic contractility by direct stimulation of
[99]
smooth muscle cells
and lipopolysaccharide (LPS)
from a pathogenic strain of Escherichia coli impairs
[100]
colonic muscle cell contractility . Finally, exposure of
human colonic muscle cells to Lactobacillus rhamnosus
GG resulted in a significant dose- and time-dependent
[101]
impairment of acetylcholine-stimulated contraction
and in the restoration of the intrinsic myogenic
response in a model of LPS-induced alterations of
[102]
muscle cells .

receptor in mice
. Moreover, manipulations of the
commensal microbiota by stressful events was able
to enhance the local expression of visceral sensoryrelated systems within the colon, as cannabinoid
receptor type 2 and tryptophan hydroxylase isoform
1 (TPH1), leading to an excitatory modulation of
[116]
visceral sensitivity
. Functional dysbiosis caused
visceral hypersensitivity in patients affected by IBS
(including PI-IBS), SIBO and chronic constipation
by acting on local or systemic immune activation
[117]
and altered intestinal fermentation
, and gut
commensals modulate the activations of intestinal
[118]
sensory endings . Probiotic strains directly modulate
visceral perception of nociceptive stimuli. For example,
Lactobacillus reuteri inhibited the autonomic response
to colorectal distension in rats through effects on
[119]
[120]
enteric nerves
, modulated vagal afferents
and
decreased the in vitro and in vivo activation of the
transient receptor potential vanilloid 1 (TRPV1) channel
[121]
which activity may mediate nociceptive signals .

Microbiota and visceral sensitivity

The connections among gut and brain involve several
integrated structures that transport the sensorial
information from peripheral (gut) to the central (CNS)
stations. Each stimulus from splanchnic visceral
afferences (i.e., distensive, chemical, thermal,
osmotic) pass throughout the gut intrinsic innervation
enteric nervous system (ENS), is received in the spinal
dorsal horn and is transmitted to supraspinal sites,
the final integration of the painful perception occurring
[103]
in the cortex
. These complex communications
connect to the extrinsic innervation [the autonomic
nervous system (ANS)] which interacts with the HPA
[104]
axis affecting the visceral sensory motor functions .
Vagal afferences activation plays a modulatory role
[105]
on the spinal visceral pain pathway
. Visceral
hypersensitivity may develop at several levels of the
brain-gut axis, i.e., ENS, spinal cord and supraspinal
[106]
sites
and plays a key role in the pathogenesis
of IBS, the main physiopathological alteration
being represented by a reduced pain threshold to
[6,107,108]
rectal distension
. Moreover, an altered rectal
[109,110]
compliance
and/or an increased sensorial
colonic response to intestinal lipid perfusion may
[110-112]
be present
. An abnormal central processing
of intestinal stimuli could be the cause of visceral
hypersensitivity, as indicated by brain imaging studies
that have shown an altered vascularization of certain
areas of the CNS in response to intestinal distension
in IBS patients, such as the anterior cingulated cortex,
[113]
the amygdale and the dorso-medial frontal cortex .
At supraspinal sites, interactions with emotional or
stressful stimuli can modulate the visceral sensitivity
[114]
resulting to increased pain perception . Recent data
have shown that gut microbiota may directly modulate
several systems involved in visceral hypersensitivity.
Indeed, antibiotics-induced intestinal dysbiosis mo
dified colonic pain-related and motor responses by
upregulation of TLR4 and TLR7 and downregulation
of the antinociceptive cannabinoid 1 and mu-opioid
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Microbiota and autonomic nervous system,
hypothalamic-pituitary-adrenal axis, enteric nervous
system, mucosal barrier and neuro-immune signalling

The bidirectional communication network among
central and peripheral regions includes the CNS,
the spinal cord, the ANS, the ENS and the HPA axis.
The autonomic system, via the sympathetic and
parasympathetic branches, drives both afferent and
efferent signals, while the HPA axis modulates the
adaptive responses of the organism to stressors of
[122,123]
any kind
. Stressful events, as well as elevated
systemic pro-inflammatory cytokines, activate this
system that, through secretion of the corticotropinreleasing factor (CRF) from the hypothalamus,
stimulates adrenocorticotropic hormone secretion
from pituitary gland that, in turn, leads to cortisol (an
hormone that has a predominantly anti-inflammatory
role on the systemic and GI immune system) release
from the adrenal glands. Both neural and hormonal
responses induce activation of several effector
cells including immune cells, epithelial cells, enteric
neurons, smooth muscle cells, interstitial cells of Cajal
and enterochromaffin cells. Once activated, these
systems exert a profound influence on gut microbiota
composition both indirectly by modulating several GI
functions (including motility, secretions, maintenance
of intestinal permeability and integrity of immune
[124]
response) and directly via signaling molecules . On
the other hand, these systems are under the influence
of the gut microbiota composition that interacts
not only locally with intestinal cells and ENS, but
also directly with CNS through neuroendocrine and
[125-130]
metabolic pathways
.

Microbiota and pattern recognition receptors

The balance of innate signaling in the intestine is
crucial to homeostasis and microbiota integrity is

2224

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS
essential in maintaining the neuro-immune function in
the GI tract. The detection of pathogens by the host
is obtained through the families of pattern recognition
receptors (PRRs) that recognize conserved molecular
structures known as pathogen-associated molecular
patterns and induce production of innate effector
molecules. These signaling receptors can be divided
into three families: TLRs, retinoic acid inducible gene
I-like receptors, and NOD-like receptors. The TLR
family is the best characterized, and 13 receptors have
[131]
been reported in mice and humans
. These PRRs
play a key role in detecting pathogens and inducing
the innate response. In particular, TLRs respond
to specific microbial ligands and to harmful signals
produced by the host during infection, initiating a
downstream cascade that activates both innate and
adaptive immunity. This cascade includes epithelial
cell proliferation, secretion of IgA into the gut lumen
and production of a-defensins, β-defensins and
other bactericidal substances termed antimicrobial
[132-134]
peptides (AMPs)
. Gut microbiota, through PRRs,
can modulate the expression of genes involved in
inflammatory and pain responses and the production
of AMPs. In turn, the expression of PRRs affects the
structure of gut microbiota in both health and disease.
For example, alterations in the composition of the
commensal microbiota as seen in dysbiosis may induce
profound change in TLR4 and TLR7 expression, leading
[115]
in alteration of colonic motility and sensitivity , while
microbiota protects against ischemia/reperfusion[135]
induced intestinal injury through NOD2 signaling
.
In turn, TLR signaling maintains segregation between
bacteria and the epithelium through production of
[136-138]
AMPs
, but deficiency in PRRs such as NOD2
and TLR5 can alter the gut microbiota composition in
[139]
mice .

reviews, published in the last 5 years, that have
screened randomized and controlled trials (RCTs)
conducted on IBS patients by using different probiotic
strains.
[142]
Moayyedi et al
have examined 18 RCTs inclu
ding 1650 patients with IBS and, although there
was a significant heterogeneity among studies, a
preference toward probiotic treatment was detected.
Indeed, probiotic administration was significantly
better than placebo at improving overall symptoms.
No major difference was apparent between various
types of probiotics used, with Lactobacillus (three
[143-145]
trials, 140 patients)
, Bifidobacterium (two
[146,147]
trials, 422 patients)
, Streptococcus (one trial,
[148]
54 patients)
and combinations of probiotics (four
[149-152]
trials, 319 patients)
, all showing a trend towards
benefit, with no side effects reported. Moreover
probiotics showed a statistically significant effect in
improving individual symptoms such as pain, flatulence
and bloating, but not urgency.
[153]
Lactic acid bacteria (LAB) , the most commonly
used bacteria in probiotic preparations that include
both typical and atypical species, covering Lactobacilli,
Bifidobacteria, Enterococci and Streptococci have also
been widely used in clinical trials. Analysis of 42 RCTs
[153]
by Clarke et al
indicates that, despite a significant
studies heterogeneity, 34 studies reported beneficial
effects on at least one pre-specified endpoints or
symptoms. Indeed, 20 of the 34 trials involving LAB
reported improvement in abdominal pain/discomfort,
12 of the 24 trials reported improvement on abdominal
bloating/distension, and benefits over placebo were
reported in 13 of the 24 trials assessed using an index
[147,154-157]
of defecatory function. Both Bifidobacteria
[144,145,154,158-165]
and Lactobacilli
were found effective
in ameliorating IBS symptoms, while the beneficial
effects of the multispecies LAB preparations, including
the multistrain preparation VSL#3, were less evi
[149,150,152,166-171]
dent
.
A more strictly selected list of 16 RCTs was evaluated
[172]
by Brenner et al . These Authors found that 11 trials
were inadequately blinded, of too short duration, of
too small sample size, and/or lacked intention to treat
analysis; they concluded that only two of the studies
[147-154]
- those using Bifidobacterium infantis 35624
- showed significant improvements in abdominal
pain/discomfort, bloating/distension and/or bowel
movements, compared to the placebo. However, none
of the studies provided quantifiable data about both
tolerability and adverse events.
[173]
A systematic review by Hungin et al
has selected
19 studies and included 1807 patients. The majority
of these studies tended to include all IBS subtypes,
[156,157]
with only two studies focusing on C-IBS
, and
[149,174,175]
three studies focusing on D-IBS
. Although
reported trials were extremely different for probiotic
strains (above all Lactobacilli and Bifidobacteria, but
also Streptococcus salivaris, Saccharomyces boulardii

MODULATION OF THE INTESTINAL
MICROBIOTA IN IBS
Probiotics

The term “probiotic” as originally defined by FAO/WHO
refers to “live microorganisms that, when administered
in adequate amounts, confer a health benefit on
[140]
the host”
. However, in order to be beneficial,
probiotic bacteria must be able to survive along the
gastrointestinal tract, to resist to gastric acid, bile and
pancreatic juice action and to demonstrate functional
[141]
efficacy . Several clinical trials that have investigated
the therapeutic benefits of probiotics on either overall
or specific IBS symptoms, but these studies are highly
heterogeneous. Thus, although a number of metaanalysis or systemic reviews indicate that probiotics
may be helpful in the treatment of IBS symptoms,
their conclusions vary because of inadequate sample
size, poor study design and use of various probiotic
strains in the reviewed studies. This review has been
focused on a number of meta-analysis and extensive
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and probiotic mixtures such as VSL#3), study design
and definition of treatment response with a responder
rates of 18%-80% in IBS group and 5%-50% in
[149,156,157,173-188]
healthy controls, this review
detected
several positive effects of probiotics on IBS symptoms
and health-related quality of life. Probiotics had a
favorable safety profile with no difference in adverse
events among the 23 specific probiotic treatments and
[173]
placebo .
Another systematic review with meta-analysis
[189]
has been recently published by Didari et al
. They
retrieved 11748 publication on probiotics, but only
15 were used for the meta-analysis, 9 of which were
reviewed in deep. Again, the majority of the study
was excluded for poor clinical design, lack of inclusion
criteria, time limitation, and lack of a control group
and use of probiotics in combination with herbal
medications or prebiotics. The 15 trials used for the
meta-analysis included 882 patients with D-IBS,
C-IBS and A-IBS according to Rome Ⅱ, Rome Ⅲ,
International Classification of Health Problems in
Primary Care and World Organization of Family Doctors
[145,152,155,166,169,170,174-177,179,190-193]
criteria
. Although the
studies differ in term of bacterial strain used, probiotic
dosage, duration of either treatment or follow-up and
endpoints/outcome, probiotics were more effective
than placebo in reducing abdominal pain after 8 and
10 wk of treatment; the effect was higher at week
8, suggesting a reduced effectiveness with longterm use. Furthermore, probiotics administration
improved general IBS symptoms and the severity of
symptoms was decreased, although not significantly
in comparison with placebo. Few adverse events were
reported in both probiotics and placebo groups. The
same results have been reached by the extensive
review of other 9 studies that, according to Rome Ⅱ
or Rome Ⅲ criteria, included 324 patients with C-IBS,
[156,161,167,182,194-198]
.
D-IBS and A-IBS
As several trials have demonstrated the superiority
of probiotics over placebo in controlling IBS symptoms
(above all, Lactobacilli and Bifidobacteria, but also other
species including bacterial mixtures such as VSL#3),
there is now a general agreement on their efficacy
as a therapy for this elusive syndrome (extensively
discussed in Reference 112 and Table 2). However,
given the controversies in IBS pathophysiology, patient
heterogeneity, or lack of clear and reproducible evi
dence for gut microbiota abnormalities in patients with
IBS, additional RCTs with appropriate end points and
design are needed for determining to which extent
(and in which IBS subpopulations) probiotics are a
useful therapeutic strategy in the management of IBS
symptoms.

IBS pathogenesis, including effects on composition
of intestinal microbiota, gastrointestinal dysmotility,
visceral hypersensitivity, altered gut epithelium and
immune function, luminal metabolism, dysfunction of
gut-brain axis, psychological distress.

Composition of intestinal microbiota in IBS

Only few trials on IBS patients have examined the
composition of intestinal bacteria before and after the
supplementation therapy, therefore the effect (if any)
of probiotics administration on resident microbiota is
not fully understood. However, it has been suggested
that probiotics might reshape the intestinal eco-system
generating an ecological milieu that is unfavorable for
the growth of harmful species by increasing the number
[199]
of Lactobacilli and Bifidobacteria
that will stabilize
[174,179]
the intestinal microbiota
. As bacteria compete for
nutrients and produce substances that directly affect
the growth of other bacteria, probiotics can provide a
two-fold protection against a broad range of pathogens,
including certain forms of Clostridium, Escherichia
coli, Salmonella, Shigella and Pseudomonas: aside
from competing for the nutrients, probiotics also
produce metabolites (i.e., lactic acid, short chain fatty
acids and hydrogen peroxide) and soluble factors
(i.e., bacteriocins as sakacin, lactocin, amylovorin,
acidophilin, bifidin, bifidocin) that are inhibitory for some
[200,201]
pathogenic bacteria
. Moreover, probiotics reduce
the adherence of pathogenic bacteria by promoting the
[202-204]
production of mucins
.

Gastrointestinal dysmotility

From almost 4 decades, the assumption that IBS
is characterized by impaired intestinal motor func
[205-207]
[208]
tions
and by gas retention
has driven the
treatment of IBS to small bowel and colonic dys
motilities. In this conceptual framework probiotics are
thought to directly affect the intestinal motility. Indeed,
Bifidobacterium Lactis HN019 and Bifidobacterium
lactis DN-173 010 decreased intestinal transit time
[209]
in adult constipated patients
and a recent metaanalysis of randomized controlled trials have revealed
that Bifidobacterium lactis, but not for Lactobacillus
casei Shirota, reduced whole gut transit time and
[210]
increased stool frequency in constipated patients
.
Moreover, fermented dairy product containing
Bifidobacterium lactis DN-173 010 reduced distension
in association with acceleration of gastrointestinal
transit and improvement of symptoms in IBS with
[156]
constipation
, daily Bifidobacterium lactis supple
mentation decreases WGTT and the frequency of
functional GI symptoms in a dose-dependent manner
in subjects suffering from irregular bowel movements
[185,211]
and flatulence
and a combination of probiotics
(Bacillus subtilis and Streptococcus faecium) was
effective for relief of symptoms in patients with non[212]
. Probiotics are usefull also on
diarrheal-type IBS
D-IBS, as a probiotic mixture containg Lactobacillus

Putative mechanisms of action of probiotics

As the pathogenesis of IBS is multifactorial, probiotics
have been shown effective in modulating several
mechanisms that might have a mechanistic role in
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Table 2 Efficacy of probiotics in irritable bowel syndrome

[112]

Authors' statement

Parameter scored

Conclusion

Grade of evidence
for effect

Ref.

1

Global symptom
assessment
Global symptom
assessment
Global symptom
assessment
Abdominal Pain

Specific probiotics help relieve overall symptom
burden in some patients with IBS
Specific probiotics help relieve overall symptom
burden in some patients with C-IBS
Specific probiotics help relieve overall symptom
burden in some patients with D-IBS
Specific probiotics help reduce abdominal pain in
some patients with IBS
Specific probiotics help reduce bloating/distension in
some patients with IBS
Probiotics tested to date do not help reduce flatus in
patients with IBS
Specific probiotics may help reduce constipation in
some patients with IBS
Specific probiotics help improve frequency and/or
consistency of bowel movements in some patients
with IBS
Probiotics tested to date do not reduce diarrhea in
patients with IBS
With specific probiotics, improvement of symptoms
has been shown to lead to improvement in some
aspects of health-related quality of life

High
Low

[147,149,150,152,156-157,169,
174,176-178]
[147,156-157]

Moderate

[147,149,174-175]

High

[145,147,149-150,152,155-157,
168-169,174-119]
[147,149-150,155-156,168-170,
174-177,179-183]
[147,149-150,156,168,174-175,
178-179,184]
[155-156,183,185]

2
3
4
5
6

Bloating/
distension
Flatus

7

Constipation

8

Bowel habit

9

Diarrhoea

12

Health-related
quality of life

Moderate
Low
Low
Moderate

Very low
Moderate

[145,147,149-150,152,155-157,
168-170,174-180,182,185-186,188-1
89]
[174,179,181-183,185,187]
[147,150,152,155,169-170,174,176177,179-180,183-184,186]

IBS: Irritable bowel syndrome; D-IBS: Diarrhea predominant IBS; C-IBS: Constipation predominant IBS.

acidophilus, Lactobacillus plantarum, Lactobacillus
rhamnosus, Bifidobacterium breve, Bifidobacterium
lactis, Bifidobacterium longum, and Streptococcus
thermophilus has shown to be effective in controlling
[174]
symptoms
, but the effect on intestinal motility
and transit time in this subtype of patients is less
[149]
proven .

NCFM and Lactobacillus rhamnosus W71) failed to
ameliorate visceral hypersensitivity in comparison
[217]
with placebo
. However, this limited information
is insufficient to translate the animals findings to
“hypersensitive” disease states involving disturbances
in the gut/brain axis such as IBS.

Epithelial barrier/intestinal inflammation/immune
activation

Visceral hypersensitivity

Mechanistic data provided mainly by animal studies
highlight that probiotics exert a direct anti-nociceptive
action through the modulation of bacterial metabolites
production (i.e., neurotransmitters, neuroactive
substances including GABA and serotonin) on sensitive
[26-31,130]
nerve endings in the gut mucosa
, or by
targeting specific central neurosensitive pathways.
For instance, various strains of probiotics have been
shown effective in reducing visceral nociceptive reflex
[213,214]
responses in several experimental models of IBS
by directly modulating a number of central anti[32,214-216]
.
nociceptive and pro-nociceptive pathways
However, only few studies have investigated the effects
of probiotics on visceral sensitivity in humans. Indeed,
in healthy subjects a non-fermented milk product
contained Bifidobacterium animalis subsp Lactis,
Streptococcus thermophiles, Lactobacillus bulgaricus
and Lactococcus lactis subsp Lactis was able to affect
activity of brain regions that control central processing
[81]
of emotion and sensation ; on the other hand, in
IBS patients the multispecies probiotic Winclove 801
containing six bacterial species (Bifidobacterium lactis
W52, Lactobacillus casei W56, Lactobacillus salivarius
W57, Lactococcus lactis W58, Lactobacillus acidophilus
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Despite IBS being considered as a “functional”,
non-organic disease, it is widely accepted that
persistence of IBS-like symptoms occurs in a small
percentage of patients after a documented episode
of intestinal bacterial or viral infection. The fact that
IBS could be a state of “low grade inflammation” is
gaining acceptance based on the fact that animal
and epidemiological studies indicate that IBS is
characterized by an increased intestinal permeability,
a biomarker of impaired epithelial barrier function.
Further on, an increased activity of innate immune
(mainly represented by accumulation of mast cells
and antigen-presenting cells such as dendritic cells
and macrophages) and an activated adaptive immune
response in the intestinal mucosa and in blood,
including an increased levels of systemic or mucosal
cytokines, such as tumor necrosis factor-α (TNF-α),
interleukin (IL)-1β, IL-6, IL-8, IL-12, associated to a
decrease of anti-inflammatory cytokines (i.e., IL-10)
[218-220]
has been described in IBS
. Probiotics appear
effective in reducing the inflammatory components of
IBS. Thus, probiotics administered either as a single
strain or in combination, maintain the integrity of
[221-225]
intestinal epithelial barrier in inflammatory models
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[161,175]

and in humans
, modulate both innate and ada
[226,227]
ptive immunity
, restore the imbalanced ratio
between pro-inflammatory and anti-inflammatory
[154]
cytokines (i.e., IL-10/IL-12)
and decrease the levels
[228-230]
of pro-inflammatory cytokine as TNF-α and IFN-g
.
Human studies have demonstrated that a probiotic
combination containing Lactobacillus gasseri KS-13,
Bifidobacterium bifidum G9-1 and Bifidobacterium
longum MM2 175 induced a less inflammatory cytokine
[231]
profile in older adults
, Saccharomyces boulardii
supplementation induced a significant decrease in
blood and tissue levels of proinflammatory cytokines
IL-8 and TNF-α and an increase in anti-inflammatory
IL-10 levels, as well as an increase in the tissue
IL-10/IL-12 ratio ameliorating the quality of life of
[232]
D-IBS
and the symptomatic response induced by
Bifidobacterium infantis 35624 in IBS was associated
with normalization of the ratio of an anti-inflammatory
[154]
to a proinflammatory cytokine .

Moreover, studies that have examined the effect
of probiotics supplementation on fecal SCFAs in
humans have provided conflicting results. Thus,
the probiotic Lactobacillus paracasei DG modulated
[241]
fecal butyrate concentration in healthy subjects
,
while bifidobacteria-fermented milk increased fecal
butyrate, propionate and short-chain fatty acid
concentrations but ameliorated symptoms in patients
[242]
affects by UC
. Finally, the Bifidobacterium lactis
Bb12 increased the fecal level of acetate and lactate
[243]
in preterm infants
.
However studies demonstrating a strong correlation
between the assumption of probiotics and the level of
fecal SCFAs in IBS patients are lacking.

Dysfunction of the brain-gut axis and psychological
distress

There are evidence that the gut microbiota modulates
the CNS via the ENS, the ANS, the HPA axis and vice
[124,213]
versa
: a deep correlation that influences both
brain development and responses, intestinal motility,
sensitivity, secretions and immunity. An intestinal
dysbiosis may lead to alteration of brain-gut axis and
probiotics may restore the normal interaction among
all components of this pathway. Several beneficial
actions of probiotics on brain-gut axis including the
maintenance of intestinal barrier that “protects” the
ENS, the effects of certain probiotics and their products
on intestinal sensory and motor nerves of ENS, ANS
and on several receptors (i.e., opioid and cannabinoid
receptors) and the modulation of cytokines profile
leading to an anti-inflammatory action have been
mentioned earlier in this review. Importantly, the
HPA axis is a neuroendocrine system essential for the
normal stress response to challenges in vertebrates
which integrity is important in the pathogenesis of
[244,245]
IBS
. There is evidence that certain probiotics
directly influence the exaggerated HPA axis response
observed in several experimental models of IBS.
®
Indeed, Bifidobacterium animalis subsp lactis BB-12
and Propionibacterium jensenii 702 induced activation
of neonatal stress pathways and an imbalance in gut
microflora but also improved the immune environment
of stressed animals and protected against stress[246]
induced disturbances in adult gut microflora , while
probiotic preparation containing live Lactobacillus
rhamnosus strain R0011 and Lactobacillus helveticus
strain R0052 improved gut dysfunction induced by
maternal separation, at least in part by normalisation
[247]
of HPA axis activity
. Moreover, probiotics alleviate
anxiety- and depression-related behavior that are a
typical feature of IBS, as Lactobacillus rhamnosus
(JB-1) reduced the stress-induced elevation in
corticosterone in stressed animals via modulation of
[216]
GABA receptors implicated in anxiety behavior
,
Bifidobacterium longum 1714 had a positive impact
[248]
on cognition in stressed mice
and the probiotic
mixture VSL#3 induced an increase in brain-derived

Luminal metabolism

The gut microbiota produces several metabolites
including short-chain fatty acids (SCFAs), neuro
transmitters, metabolites of bile acids, and cytokines
that target enteric cells via specific receptors and
signal to the brain via afferent vagal or endocrine
pathways. SCFAs like acetate, propionate and butyrate
derive from the fermentation of undigested and
unabsorbed carbohydrates, i.e., resistant starches and
dietary fibers and are used as a fuel by the colonic
microbiota. While propionate is largely taken up by the
liver and acetate enters the systemic circulation to be
metabolized by the peripheral tissues, butyrate works
as major energy source for colonocytes. Butyrate
modulates epithelial proliferation, apoptosis and
[233]
cell differentiation in the large intestine
, inhibits
[234]
nuclear factor kappa B activation
and stimulates
[235]
intestinal mucus production
, thereby supporting
the mucosal barrier function. Furthermore, butyrate
[236]
plays a major role in inflammation-related repairs ,
offers protection against colonic carcinogenesis
[237]
in rats
while in humans improves visceral per
[238]
ception
, suggesting a possible beneficial effect in
“hypersensitive” disorders such as IBS.
In contrast acetic and propionic acid-producing
bacteria (i.e., Veionella and Lactobacilli spp) have
[51]
been reported in IBS patients
leading to en
hanced production of SCFAs that are toxic at high
concentrations and stimulate 5-HT release from
[239]
the intestinal nerve endings
. As 5-HT initiates
high-amplitude colonic contractions, accelerates
intestinal transit and increases colonic motility, i.e.,
all possible features of IBS, it might be speculated
that these fermentation products play a role in IBS
symptoms. However, fecal concentrations of SCFAs
in IBS patients differ only slightly in comparison to
[51,240]
healthy subjects
and IBS symptoms show only
a slight correlation with SCFAs fecal concentrations.
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neurotrophic factor (BDNF) expression and reduced
age-related alterations in the hippocampus in a murine
[249]
model of deterioration in cognitive functions .

results are conflicting. Two trials, using oligofructose
[266]
in one case
and fructo-oligosaccharides in the
[267]
other
, failed to confirm any beneficial effects of
prebiotics, while two other studies have demonstrated
symptoms improvement, with FOS ameliorating
[268]
symptoms
and GOS lowering flatulence and
[83]
bloating while also improving the anxiety score . The
clinical response may be dependent on the prebiotic
type and dose, taking into account that low doses
may be ineffective and high doses may stimulate
colonic gas production. Indeed, some reports indicate
that prebiotics may exacerbate IBS symptoms. Thus,
lactulose and bran, that are successfully used for
constipation, tend to produce substantial amounts of
gas and abdominal pain and may aggravate symptoms
[269-271]
of IBS
. Although fructose and sorbitol mixtures
produce a modest increase in stool weight, they
often increase flatulence and bloating in both healthy
[272,273]
[274]
volunteers and IBS patients
. Ong et al
have
recently shown that a diet rich in FODMAPs increases
abdominal pain, bloating and flatulence in IBS patients,
focusing the attention on the necessity of restricting
[275-277]
fermentable carbohydrates in these patients
.
Finally, fructose, sorbitol and a range of poorly absorbed
polyhydric alcohols enter the gut where they retain
a substantial amount of water causing unwanted
diarrhea. However, low FODMAP diet recommended for
reduction of IBS symptoms will have adverse effects
on colonic luminal microenvironment and microbiota in
healthy populations, reducing the absolute and relative
[278]
bacterial abundance and diversity .

Probiotics and gene expression: a new mechanism of
action?

Finally, probiotics administration might result in a
central (i.e., CNS) and peripheral (i.e., intestinal)
reprogramming of genes. In the maternal separation
(MS) rat model of IBS, Bifidobacterium breve 6330
[250]
influenced hippocampal BDNF gene expression
,
while the probiotic mixture VSL#3 downregulated the
colonic expression of several genes (i.e., TPH1, CCL2,
CCR2, NOS3, NTRK1, BDKRB1, IL10, TNFRSF1B and
[214]
TRPV4) encoding for proteins involved in nociception ;
maternal probiotic intervention also increased the gene
[230]
expression of ileal mucin-2 (MUC2) , indicating that
the mechanism of action of probiotics is deeper and
more complex than previously thought.

PREBIOTICS
The Food and Agriculture Organization of the United
Nations (FAO) defines prebiotic as “a nonviable food
component that confers a health benefit on the
host associated with modulation of the microbiota”
[251]
. They represent an alternative strategy for
reprogramming the gut microbiota by providing
regular doses of a specific substrate engineered to
be readily metabolized by specific desirable bacteria,
thereby encouraging their growth in contrast to the
development of harmful microbial species. Also known
[252]
as “functional” foods , they escape absorption in the
small bowel and enter the colon where they provide
for nutrients for specific bacteria, mainly bifidobacteria
and lactobacilli. Several prebiotics belong to the group
of non-digestible carbohydrates: monosaccharides (i.e.,
fructose), disaccharides (i.e., lactose), oligosaccharides
[(i.e., fructo-oligosaccharides (FOS) and galactooligosaccharides (GOS)], and polyols (e.g., sorbitol),
the so-called Fermentable Oligo- Di- and Monosaccharides And Polyols or FODMAPs, the prototype
of which is inulin, a non-digestible carbohydrate
naturally present in a large variety of plants that, when
[252]
enzymatically hydrolyzed, produces oligofructose
.
All of them occur in many fruits, cereals, vegetables
and in human milk, which contains more than
[253]
1000 oligosaccharides
. Furthermore, long-chain
polyunsaturated fatty acids have been tested as active
[254]
prebiotics .
[255,256]
Experimental data
and human studies have
shown a beneficial effect of prebiotic supplementation
in different pathological conditions, including in
[254]
[257,258]
fections
, allergies
, pregnancy-related dis
[259-260]
[261,262]
orders
, metabolic disorders
, hepatic and
[263]
[264]
gastrointestinal diseases including cirrhosis , IBD
[265]
and chronic constipation . However, few studies have
evaluated the efficacy of prebiotics in IBS and existing
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SYNBIOTICS
An important safety feature of probiotics is that
they have a short lifespan within the gut and need
repeated doses to keep a constant level. Indeed, an
alternative strategy to maintain constant levels of
beneficial bacteria within the gut is the contemporary
administration of probiotic strains and prebiotics, the
[64,279]
so-called synbiotic therapy. Few open label trials
and PCT studies have evaluated the efficacy of
[280]
synbiotics in both functional pain
and IBS, all
demonstrating a superiority of the probiotic/prebiotic
[281-283]
combinations vs placebo
. Although the concept
of combining prebiotic with probiotic is theoretically
attractive, the limited experience and the poor quality
of published studies do not allow any recommendation
on their use in IBS.

ANTIBIOTICS
The alteration in the gut microbiota composition is
increasingly considered to be a relevant pathogenetic
factor in IBS, leading to the use of antibiotics as a
treatment for this multifactorial syndrome. In addition,
a SIBO may be relevant to at least a subset of IBS
patients, thus justifying an antimicrobial approach.
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However, it should be considered that lactose hydrogen
breath test, routinely used as a surrogate marker
[284-286]
for SIBO, has a low sensitivity and specificity
.
The first antibiotic investigated in a clinical trial was
neomycin, which is not adsorbed in the gut. Pimentel
[285]
et al
have demonstrated that neomycin caused a
50% improvement in global IBS symptoms compared
to placebo-treated patients, but also induced a rapid
clinical resistance. Other broad-spectrum antibiotics
reducing bacterial overgrowth have been challenged in
the treatment of IBS, including tetracycline, amoxicillin
clavulanate, metronidazole and fluoroquinolones
[287,288]
; however, these drugs are
such as norfloxacin
absorbable causing local and systemic side effects
and their use in IBS patients is not recommended.
The semisynthetic, antibacterial, rifamycin-derivative
rifaximin has virtually no systemic absorption, is
effective in improving IBS symptoms with low bacterial
resistance profile and has a favorable side-effects
profile.Since the first trial published almost a decade
[289]
ago , several trials have shown that rifaximin is an
effective treatment for IBS. The strongest evidence
comes from two large-scale, multicenter studies:
[290]
TARGET 1 and TARGET 2 , which included a total of
1260 patient affected by IBS without constipation. In
these phase 3, double-blind, placebo-controlled trials,
significantly more patients in the rifaximin group than
in the placebo group had adequate relief of global IBS
symptoms during the first 4 wk of treatment (40.7%
vs 31.7% respectively in the two studies combined).
In addiction, more patients in the rifaximin group than
in the placebo group had adequate relief of bloating,
abdominal pain and stool consistency (40.2% vs
30.2% respectively in the two studies combined). The
incidence of adverse events was similar. In general,
available metanalysis tend to show a beneficial profile
of rifaximin vs placebo on global IBS symptoms
[291]
and bloating
. Furthermore, a pooled analysis by
[292]
Schoenfeld et al
has confirmed the safety and
tolerability profile of rifaximin in comparison with
placebo, with similar incidence of drug-related adverse
events. In conclusion, rifaximin is the only antibiotic
which can play a role in the treatment of IBS, but
limitations should be considered: (1) it is effective in
less than 50% of patients; (2) large phase Ⅲ study
has included only patients without constipation, indeed
studies on C-IBS are needed; (3) its long-term effects
have not been investigated; and (4) the effect of
rifaximin on gut microbiota composition is essentially
unknown.

represents the main gastroenterological indication for
FMT), chronic constipation, IBD, recurrent metabolic
syndrome, multiple sclerosis, autism and chronic
fatigue syndrome. A systematic review of 325 cases
of FMT for CDI suggested a lower success rate
for upper gut administration (76%), as compared
with colonoscopy (89%) and enema (95%) admini
[294]
stration
. Moreover, a large case series of CDI
patients has showed rapid response and a cure rate of
[295]
nearly 90%, without significant adverse event rate .
Colonic infusion of donor human intestinal flora can
reverse UC in a small series of selected patients,
[296]
determining endoscopic and histological remission .
This report was followed by a number of small studies
of FMT in children and adults with UC, CD, and
[297-302]
pouchitis with mixed results
. It has been recently
demonstrated that sensitivity to colonic distension of
IBS patients can be transferred to rats by the fecal
[303]
microbiota transplant .
From a pure technical point of view, FMT is an
easy technique that requires a healthy donor (usually
a patient’s family member or an anonymous donor),
with no risk factors for transmissible diseases or
any issues that may alter the cellular composition,
particularly prior antibiotic use. The FMT Working
Group have recently published guidelines for FMT
[304]
donor selection criteria and screening tests
. The
steps for an adequate treatment of the fecal material
include dilution in saline solutions, homogenization
and filtration, while the route of administration can be
naso-duodenal, transcolonoscopic or enema based.
Naso-duodenal administration is the method patients
favour the lest. Colonoscopy allows direct assessment
of the colonic mucosa for the assessment of disease
severity and exclusion of coexistent pathology. Enema
administration is effective, cheap and safe and carries
less procedural or institutional admission costs.
To date, only anecdotal data have been reported
about the efficacy of FMT for IBS treatment, results
being far conclusive. The first case series on FMT in
[305]
IBS has been published in 1989 by Borody et al
demonstrating approximately a 50% of relief in
symptoms of IBS after FMT; however, the study also
included IBD and CDI patients and did not show any
distinction within the results between these different
diseases. Since that publication, the lead Author has
treated with FMT more than 300 D-IBS patients whose
symptoms had failed to respond to conventional
[306]
therapies
. Other preliminary studies indicate a
beneficial effect in patients with chronic constipation
[307]
(i.e., relief in defecation and reduction of bloating) ,
but these data need confirmation in rigorous clinical
[308]
trials. Pinn et al
have reported promising results
using FMT in IBS patients with refractory disease: 70%
of the patients achieving resolution or improvement
of the symptoms. Taken together, these data indicate
that FMT is a promising treatment option for serious
[309,310]
and recurrent CDI
. However, many questions

FECAL TRANSPLANTATION IN IBS: A
NEW LIFE FOR AN OLD TREATMENT?
Fecal microbiota transplant (FMT) is an interesting
[293]
strategy proposed for a large spectrum of diseases ,
including recurrent Clostridium Difficile infection (CDI)
resistant to conventional antibiotic therapies (that
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should be answered before it may be recommended as
[311]
routine standard treatment of IBS
and randomized,
double-blinded, placebo-controlled trials are required.
10

CONCLUSION

11

Evidence regarding the manipulation of gut microbiota
composition as an effective cure for IBS is increasing
and, to date, probiotic supplementation and antimi
crobial therapy with not absorbable antibiotics are
promising treatment. However, all meta-analysis point
out to the weakness of the majority of the studies
and recommend additional RCT trials to confirm the
positive findings reported by small studies. Specifically,
additional information on type of probiotic, doses, side
effects and time of administration are required, as
well as data on patient subtypes. Prebiotics are often
burdened by unwanted side effects and synbiotics
lack of sufficient numbers of clinical trials on their
efficacy and safeness. FMT might be a reasonable
option for treating IBS, as it is an inexpensive and
easy treatment, but standardized controlled trials are
necessary to ascertain which patients are eligible, the
most effective regiment as well as the most acceptable
method of administration of the donor’s microbiota.
For these therapeutic options, a careful selection of
patients, a close monitoring of clinical data and side
effects and a long-term follow-up are necessary, as
well as more information on modification of host micro
biota composition.

12

13

14

15

16

17

REFERENCES
1

2
3

4

5
6
7
8

9

Thompson WG, Longstreth GF, Drossman DA, Heaton KW,
Irvine EJ, Müller-Lissner SA. Functional bowel disorders and
functional abdominal pain. Gut 1999; 45 Suppl 2: II43-II47 [PMID:
10457044]
Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin
F, Spiller RC. Functional bowel disorders. Gastroenterology 2006;
130: 1480-1491 [PMID: 16678561 DOI: 10.1136/gut.45.2008.ii43]
Lovell RM, Ford AC. Global prevalence of and risk factors for
irritable bowel syndrome: a meta-analysis. Clin Gastroenterol
Hepatol 2012; 10: 712-721.e4 [PMID: 22426087 DOI: 10.1016/
j.cgh.2012.02.029]
Simrén M, Svedlund J, Posserud I, Björnsson ES, Abrahamsson
H. Health-related quality of life in patients attending a
gastroenterology outpatient clinic: functional disorders versus
organic diseases. Clin Gastroenterol Hepatol 2006; 4: 187-195
[PMID: 16469679 DOI: 10.1016/S1542-3565(05)00981-X]
Mayer EA, Gebhart GF. Basic and clinical aspects of visceral
hyperalgesia. Gastroenterology 1994; 107: 271-293 [PMID:
8020671]
Distrutti E, Salvioli B, Azpiroz F, Malagelada JR. Rectal function
and bowel habit in irritable bowel syndrome. Am J Gastroenterol
2004; 99: 131-137 [PMID: 14687154]
De Giorgio R, Barbara G. Is irritable bowel syndrome an
inflammatory disorder? Curr Gastroenterol Rep 2008; 10: 385-390
[PMID: 18627650]
Kiank C, Taché Y, Larauche M. Stress-related modulation of
inflammation in experimental models of bowel disease and postinfectious irritable bowel syndrome: role of corticotropin-releasing
factor receptors. Brain Behav Immun 2010; 24: 41-48 [PMID:
19698778 DOI: 10.1016/j.bbi.2009.08.006]
Camilleri M, Lasch K, Zhou W. Irritable bowel syndrome:

WJG|www.wjgnet.com

18

19

20

21

22

23

2231

methods, mechanisms, and pathophysiology. The confluence of
increased permeability, inflammation, and pain in irritable bowel
syndrome. Am J Physiol Gastrointest Liver Physiol 2012; 303:
G775-G785 [PMID: 22837345 DOI: 10.1152/ajpgi.00155.2012]
Savage DC. Microbial ecology of the gastrointestinal tract. Annu
Rev Microbiol 1977; 31: 107-133 [PMID: 334036]
Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh C,
Nielsen T, Pons N, Levenez F, Yamada T, Mende DR, Li J, Xu J, Li
S, Li D, Cao J, Wang B, Liang H, Zheng H, Xie Y, Tap J, Lepage
P, Bertalan M, Batto JM, Hansen T, Le Paslier D, Linneberg A,
Nielsen HB, Pelletier E, Renault P, Sicheritz-Ponten T, Turner
K, Zhu H, Yu C, Li S, Jian M, Zhou Y, Li Y, Zhang X, Li S, Qin
N, Yang H, Wang J, Brunak S, Doré J, Guarner F, Kristiansen K,
Pedersen O, Parkhill J, Weissenbach J, Bork P, Ehrlich SD, Wang J.
A human gut microbial gene catalogue established by metagenomic
sequencing. Nature 2010; 464: 59-65 [PMID: 20203603 DOI:
10.1038/nature08821]
International Human Genome Sequencing Consortium.
Finishing the euchromatic sequence of the human genome. Nature
2004; 431: 931-945 [PMID: 15496913 DOI: 10.1038/nature03001]
Murgas Torrazza R, Neu J. The developing intestinal microbiome
and its relationship to health and disease in the neonate. J Perinatol
2011; 31 Suppl 1: S29-S34 [PMID: 21448201 DOI: 10.1038/
jp.2010.172]
Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology:
human gut microbes associated with obesity. Nature 2006; 444:
1022-1023 [PMID: 17183309 DOI: 10.1038/4441022a]
Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER,
Gordon JI. An obesity-associated gut microbiome with increased
capacity for energy harvest. Nature 2006; 444: 1027-1031 [PMID:
17183312 DOI: 10.1038/nature05414]
Round JL, Lee SM, Li J, Tran G, Jabri B, Chatila TA, Mazmanian
SK. The Toll-like receptor 2 pathway establishes colonization by a
commensal of the human microbiota. Science 2011; 332: 974-977
[PMID: 21512004 DOI: 10.1126/science.1206095]
Ivanov II, Atarashi K, Manel N, Brodie EL, Shima T, Karaoz U,
Wei D, Goldfarb KC, Santee CA, Lynch SV, Tanoue T, Imaoka A,
Itoh K, Takeda K, Umesaki Y, Honda K, Littman DR. Induction of
intestinal Th17 cells by segmented filamentous bacteria. Cell 2009;
139: 485-498 [PMID: 19836068 DOI: 10.1016/j.cell.2009.09.033]
Ivanov II, Frutos Rde L, Manel N, Yoshinaga K, Rifkin DB,
Sartor RB, Finlay BB, Littman DR. Specific microbiota direct the
differentiation of IL-17-producing T-helper cells in the mucosa of
the small intestine. Cell Host Microbe 2008; 4: 337-349 [PMID:
18854238 DOI: 10.1016/j.chom.2008.09.009]
Candela M, Perna F, Carnevali P, Vitali B, Ciati R, Gionchetti
P, Rizzello F, Campieri M, Brigidi P. Interaction of probiotic
Lactobacillus and Bifidobacterium strains with human intestinal
epithelial cells: adhesion properties, competition against
enteropathogens and modulation of IL-8 production. Int J Food
Microbiol 2008; 125: 286-292 [PMID: 18524406 DOI: 10.1016/
j.ijfoodmicro.2008.04.012]
Fukuda S, Toh H, Hase K, Oshima K, Nakanishi Y, Yoshimura
K, Tobe T, Clarke JM, Topping DL, Suzuki T, Taylor TD, Itoh K,
Kikuchi J, Morita H, Hattori M, Ohno H. Bifidobacteria can protect
from enteropathogenic infection through production of acetate.
Nature 2011; 469: 543-547 [PMID: 21270894 DOI: 10.1038/
nature09646]
Wikoff WR, Anfora AT, Liu J, Schultz PG, Lesley SA, Peters
EC, Siuzdak G. Metabolomics analysis reveals large effects of
gut microflora on mammalian blood metabolites. Proc Natl Acad
Sci USA 2009; 106: 3698-3703 [PMID: 19234110 DOI: 10.1073/
pnas.0812874106]
Antunes LC, Han J, Ferreira RB, Lolić P, Borchers CH, Finlay
BB. Effect of antibiotic treatment on the intestinal metabolome.
Antimicrob Agents Chemother 2011; 55: 1494-1503 [PMID: 21282433
DOI: 10.1128/AAC.01664-10]
Tremaroli V, Bäckhed F. Functional interactions between the
gut microbiota and host metabolism. Nature 2012; 489: 242-249

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS

24

25

26

27

28

29
30

31

32

33

34

35

36

37

38

39

40

[PMID: 22972297 DOI: 10.1002/jbmr.1588]
Nicholson JK, Holmes E, Kinross J, Burcelin R, Gibson G, Jia
W, Pettersson S. Host-gut microbiota metabolic interactions.
Science 2012; 336: 1262-1267 [PMID: 22674330 DOI: 10.1126/
science.1223813]
Marcobal A, Kashyap PC, Nelson TA, Aronov PA, Donia MS,
Spormann A, Fischbach MA, Sonnenburg JL. A metabolomic view
of how the human gut microbiota impacts the host metabolome
using humanized and gnotobiotic mice. ISME J 2013; 7: 1933-1943
[PMID: 23739052]
Matsumoto M, Kibe R, Ooga T, Aiba Y, Sawaki E, Koga Y, Benno
Y. Cerebral low-molecular metabolites influenced by intestinal
microbiota: a pilot study. Front Syst Neurosci 2013; 7: 9 [PMID:
23630473 DOI: 10.3389/fnsys.2013.00009]
Cryan JF, Dinan TG. Mind-altering microorganisms: the impact
of the gut microbiota on brain and behaviour. Nat Rev Neurosci
2012; 13: 701-712 [PMID: 22968153 DOI: 10.1038/nrn3346]
Lyte M. Probiotics function mechanistically as delivery vehicles
for neuroactive compounds: Microbial endocrinology in the
design and use of probiotics. Bioessays 2011; 33: 574-581 [PMID:
21732396 DOI: 10.1002/bies.201100024]
Forsythe P, Kunze WA. Voices from within: gut microbes and the
CNS. Cell Mol Life Sci 2013; 70: 55-69 [PMID: 22638926]
Asano Y, Hiramoto T, Nishino R, Aiba Y, Kimura T, Yoshihara K,
Koga Y, Sudo N. Critical role of gut microbiota in the production of
biologically active, free catecholamines in the gut lumen of mice.
Am J Physiol Gastrointest Liver Physiol 2012; 303: G1288-G1295
[PMID: 23064760 DOI: 10.1152/ajpgi.00341.2012]
Barrett E, Ross RP, O’Toole PW, Fitzgerald GF, Stanton C.
γ-Aminobutyric acid production by culturable bacteria from the
human intestine. J Appl Microbiol 2012; 113: 411-417 [PMID:
22612585 DOI: 10.1111/j.1365-2672.2012.05344.x]
Rousseaux C, Thuru X, Gelot A, Barnich N, Neut C, Dubuquoy
L, Dubuquoy C, Merour E, Geboes K, Chamaillard M, Ouwehand
A, Leyer G, Carcano D, Colombel JF, Ardid D, Desreumaux P.
Lactobacillus acidophilus modulates intestinal pain and induces
opioid and cannabinoid receptors. Nat Med 2007; 13: 35-37 [PMID:
17159985 DOI: 10.1038/nm1521]
Medani M, Collins D, Docherty NG, Baird AW, O’Connell
PR, Winter DC. Emerging role of hydrogen sulfide in colonic
physiology and pathophysiology. Inflamm Bowel Dis 2011; 17:
1620-1625 [PMID: 21674719 DOI: 10.1002/ibd.21528]
Schemann M, Grundy D. Role of hydrogen sulfide in visceral
nociception. Gut 2009; 58: 744-747 [PMID: 19433593 DOI:
10.1136/gut.2008.167858]
Distrutti E. Hydrogen sulphide and pain. Inflamm Allergy Drug
Targets 2011; 10: 123-132 [PMID: 21275898 DOI: 10.2174/18715
2811794776240]
Distrutti E, Cipriani S, Renga B, Mencarelli A, Migliorati
M, Cianetti S, Fiorucci S. Hydrogen sulphide induces micro
opioid receptor-dependent analgesia in a rodent model of
visceral pain. Mol Pain 2010; 6: 36 [PMID: 20540729 DOI:
10.1186/1744-8069-6-36]
Distrutti E, Sediari L, Mencarelli A, Renga B, Orlandi S, Antonelli
E, Roviezzo F, Morelli A, Cirino G, Wallace JL, Fiorucci S.
Evidence that hydrogen sulfide exerts antinociceptive effects in the
gastrointestinal tract by activating KATP channels. J Pharmacol
Exp Ther 2006; 316: 325-335 [PMID: 16192316 DOI: 10.1124/
jpet.105.091595]
Dlugosz A, Winckler B, Lundin E, Zakikhany K, Sandström G,
Ye W, Engstrand L, Lindberg G. No difference in small bowel
microbiota between patients with irritable bowel syndrome and
healthy controls. Sci Rep 2015; 5: 8508 [PMID: 25687743 DOI:
10.1038/srep08508]
Balsari A, Ceccarelli A, Dubini F, Fesce E, Poli G. The
fecal microbial population in the irritable bowel syndrome.
Microbiologica 1982; 5: 185-194 [PMID: 7121297]
Si JM, Yu YC, Fan YJ, Chen SJ. Intestinal microecology and
quality of life in irritable bowel syndrome patients. World J

WJG|www.wjgnet.com

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

2232

Gastroenterol 2004; 10: 1802-1805 [PMID: 15188510 DOI:
10.3748/wjg.v10.i12.1802]
Malinen E, Rinttilä T, Kajander K, Mättö J, Kassinen A, Krogius
L, Saarela M, Korpela R, Palva A. Analysis of the fecal microbiota
of irritable bowel syndrome patients and healthy controls with
real-time PCR. Am J Gastroenterol 2005; 100: 373-382 [PMID:
15667495 DOI: 10.1111/j.1572-0241.2005.40312.x]
Mättö J, Maunuksela L, Kajander K, Palva A, Korpela R,
Kassinen A, Saarela M. Composition and temporal stability
of gastrointestinal microbiota in irritable bowel syndrome--a
longitudinal study in IBS and control subjects. FEMS Immunol
Med Microbiol 2005; 43: 213-222 [PMID: 15747442]
Swidsinski A, Weber J, Loening-Baucke V, Hale LP, Lochs H. Spatial
organization and composition of the mucosal flora in patients with
inflammatory bowel disease. J Clin Microbiol 2005; 43: 3380-3389
[PMID: 16000463 DOI: 10.1128/JCM.43.7.3380-3389.2005]
Maukonen J, Satokari R, Mättö J, Söderlund H, MattilaSandholm T, Saarela M. Prevalence and temporal stability of
selected clostridial groups in irritable bowel syndrome in relation
to predominant faecal bacteria. J Med Microbiol 2006; 55: 625-633
[PMID: 16585652 DOI: 10.1099/jmm.0.46134-0]
Kassinen A, Krogius-Kurikka L, Mäkivuokko H, Rinttilä T,
Paulin L, Corander J, Malinen E, Apajalahti J, Palva A. The fecal
microbiota of irritable bowel syndrome patients differs significantly
from that of healthy subjects. Gastroenterology 2007; 133: 24-33
[PMID: 17631127 DOI: 10.1053/j.gastro.2007.04.005]
Lyra A, Rinttilä T, Nikkilä J, Krogius-Kurikka L, Kajander K,
Malinen E, Mättö J, Mäkelä L, Palva A. Diarrhoea-predominant
irritable bowel syndrome distinguishable by 16S rRNA gene
phylotype quantification. World J Gastroenterol 2009; 15: 5936-5945
[PMID: 20014457 DOI: 10.3748/wjg.15.5936]
Krogius-Kurikka L, Lyra A, Malinen E, Aarnikunnas J, Tuimala
J, Paulin L, Mäkivuokko H, Kajander K, Palva A. Microbial
community analysis reveals high level phylogenetic alterations in
the overall gastrointestinal microbiota of diarrhoea-predominant
irritable bowel syndrome sufferers. BMC Gastroenterol 2009; 9: 95
[PMID: 20015409 DOI: 10.1186/1471-230X-9-95]
Kerckhoffs AP, Samsom M, van der Rest ME, de Vogel J, Knol J,
Ben-Amor K, Akkermans LM. Lower Bifidobacteria counts in both
duodenal mucosa-associated and fecal microbiota in irritable bowel
syndrome patients. World J Gastroenterol 2009; 15: 2887-2892
[PMID: 19533811 DOI: 10.3748/wjg.15.2887]
Carroll IM, Ringel-Kulka T, Siddle JP, Klaenhammer TR, Ringel
Y. Characterization of the fecal microbiota using high-throughput
sequencing reveals a stable microbial community during storage.
PLoS One 2012; 7: e46953 [PMID: 23071673 DOI: 10.1371/journal.
pone.0046953]
Salonen A, de Vos WM, Palva A. Gastrointestinal microbiota
in irritable bowel syndrome: present state and perspectives.
Microbiology 2010; 156: 3205-3215 [PMID: 20705664 DOI:
10.1099/mic.0.043257-0]
Tana C, Umesaki Y, Imaoka A, Handa T, Kanazawa M, Fukudo
S. Altered profiles of intestinal microbiota and organic acids
may be the origin of symptoms in irritable bowel syndrome.
Neurogastroenterol Motil 2010; 22: 512-519, e114-e115 [PMID:
19903265 DOI: 10.1111/j.1365-2982.2009.01427.x]
Carroll IM, Chang YH, Park J, Sartor RB, Ringel Y. Luminal and
mucosal-associated intestinal microbiota in patients with diarrheapredominant irritable bowel syndrome. Gut Pathog 2010; 2: 19
[PMID: 21143915 DOI: 10.1186/1757-4749-2-19]
Codling C, O’Mahony L, Shanahan F, Quigley EM, Marchesi JR.
A molecular analysis of fecal and mucosal bacterial communities
in irritable bowel syndrome. Dig Dis Sci 2010; 55: 392-397 [PMID:
19693670 DOI: 10.1007/s10620-009-0934-x]
Ponnusamy K, Choi JN, Kim J, Lee SY, Lee CH. Microbial
community and metabolomic comparison of irritable bowel
syndrome faeces. J Med Microbiol 2011; 60: 817-827 [PMID:
21330412 DOI: 10.1099/jmm.0.028126-0]
Kerckhoffs AP, Ben-Amor K, Samsom M, van der Rest ME, de

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Vogel J, Knol J, Akkermans LM. Molecular analysis of faecal
and duodenal samples reveals significantly higher prevalence and
numbers of Pseudomonas aeruginosa in irritable bowel syndrome.
J Med Microbiol 2011; 60: 236-245 [PMID: 20947663 DOI:
10.1099/jmm.0.022848-0]
Rajilić-Stojanović M, Biagi E, Heilig HG, Kajander K, Kekkonen
RA, Tims S, de Vos WM. Global and deep molecular analysis of
microbiota signatures in fecal samples from patients with irritable
bowel syndrome. Gastroenterology 2011; 141: 1792-1801 [PMID:
21820992 DOI: 10.1053/j.gastro.2011.07.043]
Carroll IM, Ringel-Kulka T, Keku TO, Chang YH, Packey CD,
Sartor RB, Ringel Y. Molecular analysis of the luminal- and
mucosal-associated intestinal microbiota in diarrhea-predominant
irritable bowel syndrome. Am J Physiol Gastrointest Liver
Physiol 2011; 301: G799-G807 [PMID: 21737778 DOI: 10.1152/
ajpgi.00154.2011]
Carroll IM, Ringel-Kulka T, Siddle JP, Ringel Y. Alterations
in composition and diversity of the intestinal microbiota in
patients with diarrhea-predominant irritable bowel syndrome.
Neurogastroenterol Motil 2012; 24: 521-530, e248 [PMID: 22339879
DOI: 10.1111/j.1365-2982.2012.01891.x]
Parkes GC, Rayment NB, Hudspith BN, Petrovska L, Lomer MC,
Brostoff J, Whelan K, Sanderson JD. Distinct microbial populations
exist in the mucosa-associated microbiota of sub-groups of irritable
bowel syndrome. Neurogastroenterol Motil 2012; 24: 31-39 [PMID:
22070725 DOI: 10.1111/j.1365-2982.2011.01803.x]
Jeffery IB, O’Toole PW, Öhman L, Claesson MJ, Deane J, Quigley
EM, Simrén M. An irritable bowel syndrome subtype defined by
species-specific alterations in faecal microbiota. Gut 2012; 61:
997-1006 [PMID: 22180058 DOI: 10.1136/gutjnl-2011-301501]
Chassard C, Dapoigny M, Scott KP, Crouzet L, Del’homme C,
Marquet P, Martin JC, Pickering G, Ardid D, Eschalier A, Dubray
C, Flint HJ, Bernalier-Donadille A. Functional dysbiosis within
the gut microbiota of patients with constipated-irritable bowel
syndrome. Aliment Pharmacol Ther 2012; 35: 828-838 [PMID:
22315951 DOI: 10.1111/j.1365-2036.2012.05007.x]
König J, Brummer RJ. Alteration of the intestinal microbiota as
a cause of and a potential therapeutic option in irritable bowel
syndrome. Benef Microbes 2014; 5: 247-261 [PMID: 24583610
DOI: 10.3920/BM2013.0033]
Sundin J, Rangel I, Fuentes S, Heikamp-de Jong I, HultgrenHörnquist E, de Vos WM, Brummer RJ. Altered faecal and mucosal
microbial composition in post-infectious irritable bowel syndrome
patients correlates with mucosal lymphocyte phenotypes and
psychological distress. Aliment Pharmacol Ther 2015; 41: 342-351
[PMID: 25521822 DOI: 10.1111/apt.13055]
Simrén M, Barbara G, Flint HJ, Spiegel BM, Spiller RC, Vanner
S, Verdu EF, Whorwell PJ, Zoetendal EG. Intestinal microbiota in
functional bowel disorders: a Rome foundation report. Gut 2013;
62: 159-176 [PMID: 22730468 DOI: 10.1136/gutjnl-2012-302167]
Spiller RC, Jenkins D, Thornley JP, Hebden JM, Wright T,
Skinner M, Neal KR. Increased rectal mucosal enteroendocrine
cells, T lymphocytes, and increased gut permeability following
acute Campylobacter enteritis and in post-dysenteric irritable
bowel syndrome. Gut 2000; 47: 804-811 [PMID: 11076879 DOI:
10.1136/gut.47.6.804]
Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A,
Wilson I. Activation of the mucosal immune system in irritable
bowel syndrome. Gastroenterology 2002; 122: 1778-1783 [PMID:
12055584 DOI: 10.1053/gast.2002.33579]
Guilarte M, Santos J, de Torres I, Alonso C, Vicario M, Ramos
L, Martínez C, Casellas F, Saperas E, Malagelada JR. Diarrhoeapredominant IBS patients show mast cell activation and hyperplasia
in the jejunum. Gut 2007; 56: 203-209 [PMID: 17005763]
O’Sullivan M, Clayton N, Breslin NP, Harman I, Bountra C,
McLaren A, O’Morain CA. Increased mast cells in the irritable
bowel syndrome. Neurogastroenterol Motil 2000; 12: 449-457
[PMID: 11012945 DOI: 10.1046/j.1365-2982.2000.00221.x]
Weston AP, Biddle WL, Bhatia PS, Miner PB. Terminal ileal

WJG|www.wjgnet.com

70

71

72

73

74

75

76
77

78

79

80

81

82

83

84

85

2233

mucosal mast cells in irritable bowel syndrome. Dig Dis Sci 1993;
38: 1590-1595 [PMID: 8359068]
He Q, Wang L, Wang F, Li Q. Role of gut microbiota in a zebrafish
model with chemically induced enterocolitis involving toll-like
receptor signaling pathways. Zebrafish 2014; 11: 255-264 [PMID:
24758288 DOI: 10.1089/zeb.2013.0917]
Walk ST, Blum AM, Ewing SA, Weinstock JV, Young VB.
Alteration of the murine gut microbiota during infection with
the parasitic helminth Heligmosomoides polygyrus. Inflamm
Bowel Dis 2010; 16: 1841-1849 [PMID: 20848461 DOI: 10.1002/
ibd.21299]
Kuehbacher T, Rehman A, Lepage P, Hellmig S, Fölsch UR,
Schreiber S, Ott SJ. Intestinal TM7 bacterial phylogenies in active
inflammatory bowel disease. J Med Microbiol 2008; 57: 1569-1576
[PMID: 19018031 DOI: 10.1099/jmm.0.47719-0]
Reshef L, Kovacs A, Ofer A, Yahav L, Maharshak N, Keren
N, Konikoff FM, Tulchinsky H, Gophna U, Dotan I. Pouch
Inflammation Is Associated With a Decrease in Specific Bacterial
Taxa. Gastroenterology 2015; 149: 718-727 [PMID: 26026389
DOI: 10.1053/j.gastro.2015.05.041]
Machiels K, Sabino J, Vandermosten L, Joossens M, Arijs I, de
Bruyn M, Eeckhaut V, Van Assche G, Ferrante M, Verhaegen J,
Van Steen K, Van Immerseel F, Huys G, Verbeke K, Wolthuis
A, de Buck Van Overstraeten A, D'Hoore A, Rutgeerts P,
Vermeire S. Specific members of the predominant gut microbiota
predict pouchitis following colectomy and IPAA in UC. Gut
2015; Epub ahead of print [PMID: 26423113 DOI: 10.1136/
gutjnl-2015-309398]
Thabane M, Kottachchi DT, Marshall JK. Systematic review and
meta-analysis: The incidence and prognosis of post-infectious
irritable bowel syndrome. Aliment Pharmacol Ther 2007; 26:
535-544 [PMID: 17661757]
Spiller R, Garsed K. Postinfectious irritable bowel syndrome.
Gastroenterology 2009; 136: 1979-1988 [PMID: 19457422]
Jalanka-Tuovinen J, Salojärvi J, Salonen A, Immonen O, Garsed
K, Kelly FM, Zaitoun A, Palva A, Spiller RC, de Vos WM. Faecal
microbiota composition and host-microbe cross-talk following
gastroenteritis and in postinfectious irritable bowel syndrome. Gut
2014; 63: 1737-1745 [PMID: 24310267]
Villarreal AA, Aberger FJ, Benrud R, Gundrum JD. Use of broadspectrum antibiotics and the development of irritable bowel
syndrome. WMJ 2012; 111: 17-20 [PMID: 22533211]
Rajilić-Stojanović M, Jonkers DM, Salonen A, Hanevik K, Raes J,
Jalanka J, de Vos WM, Manichanh C, Golic N, Enck P, Philippou
E, Iraqi FA, Clarke G, Spiller RC, Penders J. Intestinal microbiota
and diet in IBS: causes, consequences, or epiphenomena? Am J
Gastroenterol 2015; 110: 278-287 [PMID: 25623659]
Mayer EA, Knight R, Mazmanian SK, Cryan JF, Tillisch K. Gut
microbes and the brain: paradigm shift in neuroscience. J Neurosci
2014; 34: 15490-15496 [PMID: 25392516]
Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat B,
Guyonnet D, Legrain-Raspaud S, Trotin B, Naliboff B, Mayer EA.
Consumption of fermented milk product with probiotic modulates
brain activity. Gastroenterology 2013; 144: 1394-1401, 1401.e1-e4
[PMID: 23474283]
Fond G, Loundou A, Hamdani N, Boukouaci W, Dargel A,
Oliveira J, Roger M, Tamouza R, Leboyer M, Boyer L. Anxiety
and depression comorbidities in irritable bowel syndrome (IBS):
a systematic review and meta-analysis. Eur Arch Psychiatry Clin
Neurosci 2014; 264: 651-660 [PMID: 24705634]
Silk DB, Davis A, Vulevic J, Tzortzis G, Gibson GR. Clinical trial:
the effects of a trans-galactooligosaccharide prebiotic on faecal
microbiota and symptoms in irritable bowel syndrome. Aliment
Pharmacol Ther 2009; 29: 508-518 [PMID: 19053980]
Kellow JE, Phillips SF. Altered small bowel motility in irritable
bowel syndrome is correlated with symptoms. Gastroenterology
1987; 92: 1885-1893 [PMID: 3569764]
Suttor VP, Prott GM, Hansen RD, Kellow JE, Malcolm A.
Evidence for pelvic floor dyssynergia in patients with irritable

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS
bowel syndrome. Dis Colon Rectum 2010; 53: 156-160 [PMID:
20087090 DOI: 10.1007/DCR.0b013e3181c188e8]
86 Serra J, Villoria A, Azpiroz F, Lobo B, Santos J, Accarino
A, Malagelada JR. Impaired intestinal gas propulsion in
manometrically proven dysmotility and in irritable bowel
syndrome. Neurogastroenterol Motil 2010; 22: 401-406, e91-e92
[PMID: 20047636 DOI: 10.1111/j.1365-2982.2009.01447]
87 Cogliandro RF, Antonucci A, De Giorgio R, Barbara G,
Cremon C, Cogliandro L, Frisoni C, Pezzilli R, Morselli-Labate
AM, Corinaldesi R, Stanghellini V. Patient-reported outcomes
and gut dysmotility in functional gastrointestinal disorders.
Neurogastroenterol Motil 2011; 23: 1084-1091 [PMID: 21917083
DOI: 10.1111/j.1365-2982.2011.01783]
88 Lindfors P, Törnblom H, Sadik R, Björnsson ES, Abrahamsson
H, Simrén M. Effects on gastrointestinal transit and antro
duodenojejunal manometry after gut-directed hypnotherapy in
irritable bowel syndrome (IBS). Scand J Gastroenterol 2012; 47:
1480-1487 [PMID: 23094932 DOI: 10.3109/00365521.2012.7339
55]
89 Staumont G, Delvaux M, Fioramonti J, Berry P, Bueno L,
Frexinos J. Differences between jejunal myoelectric activity after a
meal and during phase 2 of migrating motor complexes in healthy
humans. Dig Dis Sci 1992; 37: 1554-1561 [PMID: 1396003]
90 Quigley EM, Donovan JP, Lane MJ, Gallagher TF. Antroduodenal
manometry. Usefulness and limitations as an outpatient study. Dig
Dis Sci 1992; 37: 20-28 [PMID: 1728526]
91 Kellow JE, Langeluddecke PM, Eckersley GM, Jones MP, Tennant
CC. Effects of acute psychologic stress on small-intestinal motility
in health and the irritable bowel syndrome. Scand J Gastroenterol
1992; 27: 53-58 [PMID: 1736343]
92 Schmidt T, Hackelsberger N, Widmer R, Meisel C, Pfeiffer
A, Kaess H. Ambulatory 24-hour jejunal motility in diarrheapredominant irritable bowel syndrome. Scand J Gastroenterol
1996; 31: 581-589 [PMID: 8789897]
93 Caenepeel P, Janssens J, Vantrappen G, Eyssen H, Coremans G.
Interdigestive myoelectric complex in germ-free rats. Dig Dis Sci
1989; 34: 1180-1184 [PMID: 2752868]
94 Collins S, Verdu E, Denou E, Bercik P. The role of pathogenic
microbes and commensal bacteria in irritable bowel syndrome.
Dig Dis 2009; 27 Suppl 1: 85-89 [PMID: 20203502 DOI:
10.1159/000268126]
95 Husebye E, Hellström PM, Midtvedt T. Intestinal microflora
stimulates myoelectric activity of rat small intestine by promoting
cyclic initiation and aboral propagation of migrating myoelectric
complex. Dig Dis Sci 1994; 39: 946-956 [PMID: 8174436]
96 Husebye E, Hellström PM, Sundler F, Chen J, Midtvedt T.
Influence of microbial species on small intestinal myoelectric
activity and transit in germ-free rats. Am J Physiol Gastrointest
Liver Physiol 2001; 280: G368-G380 [PMID: 11171619]
97 Berg RD. Bacterial translocation from the gastrointestinal tract.
Adv Exp Med Biol 1999; 473: 11-30 [PMID: 10659341]
98 Hooper LV, Wong MH, Thelin A, Hansson L, Falk PG, Gordon JI.
Molecular analysis of commensal host-microbial relationships in
the intestine. Science 2001; 291: 881-884 [PMID: 11157169 DOI:
10.1126/science.291.5505.881]
99 Bär F, Von Koschitzky H, Roblick U, Bruch HP, Schulze L,
Sonnenborn U, Böttner M, Wedel T. Cell-free supernatants of
Escherichia coli Nissle 1917 modulate human colonic motility:
evidence from an in vitro organ bath study. Neurogastroenterol
Motil 2009; 21: 559-566, e16-e17 [PMID: 19220758 DOI: 10.1111/
j.1365-2982.2008.01258.x]
100 Guarino MP, Sessa R, Altomare A, Cocca S, Di Pietro M, Carotti
S, Schiavoni G, Alloni R, Emerenziani S, Morini S, Severi C,
Cicala M. Human colonic myogenic dysfunction induced by
mucosal lipopolysaccharide translocation and oxidative stress. Dig
Liver Dis 2013; 45: 1011-1016 [PMID: 23891549 DOI: 10.1016/
j.dld.2013.06.001]
101 Guarino MP, Altomare A, Stasi E, Marignani M, Severi C,
Alloni R, Dicuonzo G, Morelli L, Coppola R, Cicala M. Effect

WJG|www.wjgnet.com

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

2234

of acute mucosal exposure to Lactobacillus rhamnosus GG on
human colonic smooth muscle cells. J Clin Gastroenterol 2008;
42 Suppl 3 Pt 2: S185-S190 [PMID: 18685510 DOI: 10.1097/
MCG.0b013e31817e1cac]
Ammoscato F, Scirocco A, Altomare A, Matarrese P, Petitta C,
Ascione B, Caronna R, Guarino M, Marignani M, Cicala M,
Chirletti P, Malorni W, Severi C. Lactobacillus rhamnosus protects
human colonic muscle from pathogen lipopolysaccharide-induced
damage. Neurogastroenterol Motil 2013; 25: 984-e777 [PMID:
24118564 DOI: 10.1111/nmo.12232]
Kellow JE, Azpiroz F, Delvaux M, Gebhart GF, Mertz HR, Quigley
EM, Smout AJ. Applied principles of neurogastroenterology:
physiology/motility sensation. Gastroenterology 2006; 130:
1412-1420 [PMID: 16678555 DOI: 10.1053/j.gastro.2005.08.061]
Mayer EA. Emerging disease model for functional gastrointestinal
disorders. Am J Med 1999; 107: 12S-19S [PMID: 10588168 DOI:
10.1016/S0002-9343(99)00277-6]
Grundy D, Al-Chaer ED, Aziz Q, Collins SM, Ke M, Taché Y,
Wood JD. Fundamentals of neurogastroenterology: basic science.
Gastroenterology 2006; 130: 1391-1411 [PMID: 16678554 DOI:
10.1053/j.gastro.2005.11.060]
Feng B, La JH, Schwartz ES, Gebhart GF. Irritable bowel
syndrome: methods, mechanisms, and pathophysiology. Neural
and neuro-immune mechanisms of visceral hypersensitivity in
irritable bowel syndrome. Am J Physiol Gastrointest Liver Physiol
2012; 302: G1085-G1098 [PMID: 22403791 DOI: 10.1152/
ajpgi.00542.2011]
Ritchie JA, Ardran GM, Truelove SC. Observations on
experimentally induced colonic pain. Gut 1972; 13: 841 [PMID:
5087084]
Mertz H, Naliboff B, Munakata J, Niazi N, Mayer EA. Altered
rectal perception is a biological marker of patients with irritable
bowel syndrome. Gastroenterology 1995; 109: 40-52 [PMID:
7797041]
Prior A, Maxton DG, Whorwell PJ. Anorectal manometry in
irritable bowel syndrome: differences between diarrhoea and
constipation predominant subjects. Gut 1990; 31: 458-462 [PMID:
2338274]
Zar S, Benson MJ, Kumar D. Rectal afferent hypersensitivity
and compliance in irritable bowel syndrome: differences between
diarrhoea-predominant and constipation-predominant subgroups.
Eur J Gastroenterol Hepatol 2006; 18: 151-158 [PMID: 16394796]
Distrutti E, Hauer SK, Fiorucci S, Pensi MO, Morelli A.
Intraduodenal lipids increase perception of rectal distension in IBS
patients. Gastroenterology 2000; 118: A138 (abs)
Caldarella MP, Milano A, Laterza F, Sacco F, Balatsinou C,
Lapenna D, Pierdomenico SD, Cuccurullo F, Neri M. Visceral
sensitivity and symptoms in patients with constipation- or diarrheapredominant irritable bowel syndrome (IBS): effect of a low-fat
intraduodenal infusion. Am J Gastroenterol 2005; 100: 383-389
[PMID: 15667496 DOI: 10.1111/j.1572-0241.2005.40100.x]
Silverman DH, Munakata JA, Ennes H, Mandelkern MA,
Hoh CK, Mayer EA. Regional cerebral activity in normal and
pathological perception of visceral pain. Gastroenterology 1997;
112: 64-72 [PMID: 8978344]
Hertig VL, Cain KC, Jarrett ME, Burr RL, Heitkemper MM. Daily
stress and gastrointestinal symptoms in women with irritable bowel
syndrome. Nurs Res 2007; 56: 399-406 [PMID: 18004186 DOI:
10.1097/01.NNR.0000299855.60053.88]
Aguilera M, Cerdà-Cuéllar M, Martínez V. Antibiotic-induced
dysbiosis alters host-bacterial interactions and leads to colonic
sensory and motor changes in mice. Gut Microbes 2015; 6: 10-23
[PMID: 25531553 DOI: 10.4161/19490976.2014.990790]
Aguilera M, Vergara P, Martínez V. Stress and antibiotics
alter luminal and wall-adhered microbiota and enhance the
local expression of visceral sensory-related systems in mice.
Neurogastroenterol Motil 2013; 25: e515-e529 [PMID: 23711047
DOI: 10.1111/nmo.12154]
Theodorou V, Ait Belgnaoui A, Agostini S, Eutamene H. Effect

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

of commensals and probiotics on visceral sensitivity and pain in
irritable bowel syndrome. Gut Microbes 2014; 5: 430-436 [PMID:
25184834 DOI: 10.4161/gmic.29796]
Mao YK, Kasper DL, Wang B, Forsythe P, Bienenstock J,
Kunze WA. Bacteroides fragilis polysaccharide A is necessary
and sufficient for acute activation of intestinal sensory neurons.
Nat Commun 2013; 4: 1465 [PMID: 23403566 DOI: 10.1038/
ncomms2478]
Kamiya T, Wang L, Forsythe P, Goettsche G, Mao Y, Wang Y,
Tougas G, Bienenstock J. Inhibitory effects of Lactobacillus reuteri
on visceral pain induced by colorectal distension in SpragueDawley rats. Gut 2006; 55: 191-196 [PMID: 16361309 DOI:
10.1136/gut.2005.070987]
Perez-Burgos A, Wang B, Mao YK, Mistry B, McVey Neufeld
KA, Bienenstock J, Kunze W. Psychoactive bacteria Lactobacillus
rhamnosus (JB-1) elicits rapid frequency facilitation in vagal
afferents. Am J Physiol Gastrointest Liver Physiol 2013; 304:
G211-G220 [PMID: 23139216 DOI: 10.1152/ajpgi.00128.2012]
Perez-Burgos A, Wang L, McVey Neufeld KA, Mao YK,
Ahmadzai M, Janssen LJ, Stanisz AM, Bienenstock J, Kunze WA.
The TRPV1 channel in rodents is a major target for antinociceptive
effect of the probiotic Lactobacillus reuteri DSM 17938. J Physiol
2015; 593: 3943-3957 [PMID: 26084409 DOI: 10.1113/JP270229]
Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain
axis: interactions between enteric microbiota, central and enteric
nervous systems. Ann Gastroenterol 2015; 28: 203-209 [PMID:
25830558]
Tsigos C, Chrousos GP. Hypothalamic-pituitary-adrenal axis,
neuroendocrine factors and stress. J Psychosom Res 2002; 53:
865-871 [PMID: 12377295]
Rhee SH, Pothoulakis C, Mayer EA. Principles and clinical
implications of the brain-gut-enteric microbiota axis. Nat Rev
Gastroenterol Hepatol 2009; 6: 306-314 [PMID: 19404271 DOI:
10.1038/nrgastro.2009.35]
Collins J, Borojevic R, Verdu EF, Huizinga JD, Ratcliffe EM.
Intestinal microbiota influence the early postnatal development of
the enteric nervous system. Neurogastroenterol Motil 2014; 26:
98-107 [PMID: 24329946 DOI: 10.1111/nmo.12236]
Sudo N, Chida Y, Aiba Y, Sonoda J, Oyama N, Yu XN, Kubo
C, Koga Y. Postnatal microbial colonization programs the
hypothalamic-pituitary-adrenal system for stress response in mice.
J Physiol 2004; 558: 263-275 [PMID: 15133062 DOI: 10.1113/
jphysiol.2004.063388]
Neufeld KM, Kang N, Bienenstock J, Foster JA. Reduced anxietylike behavior and central neurochemical change in germ-free
mice. Neurogastroenterol Motil 2011; 23: 255-264, e119 [PMID:
21054680 DOI: 10.1111/j.1365-2982.2010.01620.x]
Messaoudi M, Lalonde R, Violle N, Javelot H, Desor D, Nejdi
A, Bisson JF, Rougeot C, Pichelin M, Cazaubiel M, Cazaubiel
JM. Assessment of psychotropic-like properties of a probiotic
formulation (Lactobacillus helveticus R0052 and Bifidobacterium
longum R0175) in rats and human subjects. Br J Nutr 2011; 105:
755-764 [PMID: 20974015 DOI: 10.1017/S0007114510004319]
Koloski NA, Jones M, Kalantar J, Weltman M, Zaguirre J,
Talley NJ. The brain--gut pathway in functional gastrointestinal
disorders is bidirectional: a 12-year prospective population-based
study. Gut 2012; 61: 1284-1290 [PMID: 22234979 DOI: 10.1136/
gutjnl-2011-300474]
Mayer EA, Savidge T, Shulman RJ. Brain-gut microbiome
interactions and functional bowel disorders. Gastroenterology 2014;
146: 1500-1512 [PMID: 24583088 DOI: 10.1053/j.gastro.2014.02.037]
Wells JM, Rossi O, Meijerink M, van Baarlen P. Epithelial
crosstalk at the microbiota-mucosal interface. Proc Natl Acad
Sci USA 2011; 108 Suppl 1: 4607-4614 [PMID: 20826446 DOI:
10.1073/pnas.1000092107]
Jenkins DG, Quigley BM. The y-intercept of the critical power
function as a measure of anaerobic work capacity. Ergonomics
1991; 34: 13-22 [PMID: 2009846 DOI: 10.1038/nri2707]
Ostaff MJ, Stange EF, Wehkamp J. Antimicrobial peptides and gut

WJG|www.wjgnet.com

134

135

136

137

138

139

140

141

142

143

144

145

146

147

2235

microbiota in homeostasis and pathology. EMBO Mol Med 2013; 5:
1465-1483 [PMID: 24039130 DOI: 10.1002/emmm.201201773]
McClure R, Massari P. TLR-Dependent Human Mucosal
Epithelial Cell Responses to Microbial Pathogens. Front Immunol
2014; 5: 386 [PMID: 25161655 DOI: 10.3389/fimmu.2014.00386]
Perez-Chanona E, Mühlbauer M, Jobin C. The microbiota
protects against ischemia/reperfusion-induced intestinal injury
through nucleotide-binding oligomerization domain-containing
protein 2 (NOD2) signaling. Am J Pathol 2014; 184: 2965-2975
[PMID: 25204845 DOI: 10.1016/j.ajpath.2014.07.014]
Davies JM, Abreu MT. Host-microbe interactions in the small
bowel. Curr Opin Gastroenterol 2015; 31: 118-123 [PMID:
25426971 DOI: 10.1097/MOG.0000000000000143]
Murata K, Tomosada Y, Villena J, Chiba E, Shimazu T, Aso H,
Iwabuchi N, Xiao JZ, Saito T, Kitazawa H. Bifidobacterium breve
MCC-117 Induces Tolerance in Porcine Intestinal Epithelial Cells:
Study of the Mechanisms Involved in the Immunoregulatory
Effect. Biosci Microbiota Food Health 2014; 33: 1-10 [PMID:
24936377 DOI: 10.12938/bmfh.33.1]
McDermott AJ, Huffnagle GB. The microbiome and regulation
of mucosal immunity. Immunology 2014; 142: 24-31 [PMID:
24329495 DOI: 10.1111/imm.12231]
Mu C, Yang Y, Zhu W. Crosstalk Between The Immune Receptors
and Gut Microbiota. Curr Protein Pept Sci 2015; 16: 622-631
[PMID: 26122782]
Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B,
Morelli L, Canani RB, Flint HJ, Salminen S, Calder PC, Sanders
ME. Expert consensus document. The International Scientific
Association for Probiotics and Prebiotics consensus statement
on the scope and appropriate use of the term probiotic. Nat Rev
Gastroenterol Hepatol 2014; 11: 506-514 [PMID: 24912386 DOI:
10.1038/nrgastro.2014.66]
Food and Agriculture Organization/World Health Organization.
Evaluation of health and nutritional properties of probiotics in
food, including powder milk with the live lactic acid bacteria.
Report of a Joint FAO/WHO Expert Consultation on evaluation
of health and nutritional properties of probiotics in food including
powder milk with live lactic acid bacteria. Available from: URL:
http://www.who.int/foodsafety/publications/fs_management/en/
probiotics.pdf
Moayyedi P, Ford AC, Talley NJ, Cremonini F, Foxx-Orenstein
AE, Brandt LJ, Quigley EM. The efficacy of probiotics in the
treatment of irritable bowel syndrome: a systematic review. Gut
2010; 59: 325-332 [PMID: 19091823 DOI: 10.1136/gut.2008.167270]
Niedzielin K, Kordecki H, Birkenfeld B. A controlled, doubleblind, randomized study on the efficacy of Lactobacillus
plantarum 299V in patients with irritable bowel syndrome. Eur J
Gastroenterol Hepatol 2001; 13: 1143-1147 [PMID: 11711768]
Nobaek S, Johansson ML, Molin G, Ahrné S, Jeppsson B.
Alteration of intestinal microflora is associated with reduction
in abdominal bloating and pain in patients with irritable bowel
syndrome. Am J Gastroenterol 2000; 95: 1231-1238 [PMID:
10811333 DOI: 10.1111/j.1572-0241.2000.02015.x]
Sinn DH, Song JH, Kim HJ, Lee JH, Son HJ, Chang DK, Kim YH,
Kim JJ, Rhee JC, Rhee PL. Therapeutic effect of Lactobacillus
acidophilus-SDC 2012, 2013 in patients with irritable bowel
syndrome. Dig Dis Sci 2008; 53: 2714-2718 [PMID: 18274900
DOI: 10.1007/s10620-007-0196-4]
Long ZR, Yu CH, Yang Y, Wang HN, Chi XX. [Clinical
observation on acupuncture combined with microorganism
pharmaceutical preparations for treatment of irritable bowel
syndrome of constipation type]. Zhongguo Zhenjiu 2006; 26:
403-405 [PMID: 16813181]
Whorwell PJ, Altringer L, Morel J, Bond Y, Charbonneau D, O’
Mahony L, Kiely B, Shanahan F, Quigley EM. Efficacy of an
encapsulated probiotic Bifidobacterium infantis 35624 in women
with irritable bowel syndrome. Am J Gastroenterol 2006; 101:
1581-1590 [PMID: 16863564 DOI: 10.1111/j.1572-0241.2006.00734.
x]

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS
148 Gade J, Thorn P. Paraghurt for patients with irritable bowel
syndrome. A controlled clinical investigation from general practice.
Scand J Prim Health Care 1989; 7: 23-26 [PMID: 2657953]
149 Kim HJ, Camilleri M, McKinzie S, Lempke MB, Burton DD,
Thomforde GM, Zinsmeister AR. A randomized controlled
trial of a probiotic, VSL#3, on gut transit and symptoms in
diarrhoea-predominant irritable bowel syndrome. Aliment
Pharmacol Ther 2003; 17: 895-904 [PMID: 12656692 DOI: 10.1046/
j.1365-2036.2003.01543.x]
150 Kajander K, Hatakka K, Poussa T, Färkkilä M, Korpela R.
A probiotic mixture alleviates symptoms in irritable bowel
syndrome patients: a controlled 6-month intervention. Aliment
Pharmacol Ther 2005; 22: 387-394 [PMID: 16128676 DOI: 10.1111/
j.1365-2036.2005.02579.x]
151 Lorenzo-Zúñiga V, Llop E, Suárez C, Alvarez B, Abreu L,
Espadaler J, Serra J. I.31, a new combination of probiotics,
improves irritable bowel syndrome-related quality of life. World
J Gastroenterol 2014; 20: 8709-8716 [PMID: 25024629 DOI:
10.3748/wjg.v20.i26.8709]
152 Drouault-Holowacz S, Bieuvelet S, Burckel A, Cazaubiel M,
Dray X, Marteau P. A double blind randomized controlled trial
of a probiotic combination in 100 patients with irritable bowel
syndrome. Gastroenterol Clin Biol 2008; 32: 147-152 [PMID:
18387426 DOI: 10.1016/j.gcb.2007.06.001]
153 Clarke G, Cryan JF, Dinan TG, Quigley EM. Review article:
probiotics for the treatment of irritable bowel syndrome--focus on
lactic acid bacteria. Aliment Pharmacol Ther 2012; 35: 403-413
[PMID: 22225517 DOI: 10.1111/j.1365-2036.2011.04965.x]
154 O’Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen K,
O’Sullivan GC, Kiely B, Collins JK, Shanahan F, Quigley EM.
Lactobacillus and bifidobacterium in irritable bowel syndrome:
symptom responses and relationship to cytokine profiles.
Gastroenterology 2005; 128: 541-551 [PMID: 15765388 DOI:
10.1053/j.gastro.2004.11.050]
155 Guglielmetti S, Mora D, Gschwender M, Popp K. Randomised
clinical trial: Bifidobacterium bifidum MIMBb75 significantly
alleviates irritable bowel syndrome and improves quality
of life--a double-blind, placebo-controlled study. Aliment
Pharmacol Ther 2011; 33: 1123-1132 [PMID: 21418261 DOI: 10.1111/
j.1365-2036.2011.04633.x]
156 Agrawal A, Houghton LA, Morris J, Reilly B, Guyonnet D, Goupil
Feuillerat N, Schlumberger A, Jakob S, Whorwell PJ. Clinical trial:
the effects of a fermented milk product containing Bifidobacterium
lactis DN-173 010 on abdominal distension and gastrointestinal
transit in irritable bowel syndrome with constipation. Aliment
Pharmacol Ther 2009; 29: 104-114 [PMID: 18801055 DOI:
10.1111/j.1365-2036.2008.03853.x]
157 Guyonnet D, Chassany O, Ducrotte P, Picard C, Mouret M,
Mercier CH, Matuchansky C. Effect of a fermented milk
containing Bifidobacterium animalis DN-173 010 on the healthrelated quality of life and symptoms in irritable bowel syndrome
in adults in primary care: a multicentre, randomized, double-blind,
controlled trial. Aliment Pharmacol Ther 2007; 26: 475-486 [PMID:
17635382 DOI: 10.1111/j.1365-2036.2007.03362.x]
158 Andriulli A, Neri M, Loguercio C, Terreni N, Merla A, Cardarella
MP, Federico A, Chilovi F, Milandri GL, De Bona M, Cavenati S,
Gullini S, Abbiati R, Garbagna N, Cerutti R, Grossi E. Clinical trial
on the efficacy of a new symbiotic formulation, Flortec, in patients
with irritable bowel syndrome: a multicenter, randomized study.
J Clin Gastroenterol 2008; 42 Suppl 3 Pt 2: S218-S223 [PMID:
18685503 DOI: 10.1097/MCG.0b013e31817fadd6]
159 Lönnermark E, Friman V, Lappas G, Sandberg T, Berggren A,
Adlerberth I. Intake of Lactobacillus plantarum reduces certain
gastrointestinal symptoms during treatment with antibiotics. J Clin
Gastroenterol 2010; 44: 106-112 [PMID: 19727002 DOI: 10.1097/
MCG.0b013e3181b2683f]
160 Gawrońska A, Dziechciarz P, Horvath A, Szajewska H. A
randomized double-blind placebo-controlled trial of Lactobacillus
GG for abdominal pain disorders in children. Aliment

WJG|www.wjgnet.com

161

162

163

164

165

166

167

168

169

170

171

172

173

2236

Pharmacol Ther 2007; 25: 177-184 [PMID: 17229242 DOI: 10.1111/
j.1365-2036.2006.03175.x]
Francavilla R, Miniello V, Magistà AM, De Canio A, Bucci N,
Gagliardi F, Lionetti E, Castellaneta S, Polimeno L, Peccarisi L,
Indrio F, Cavallo L. A randomized controlled trial of Lactobacillus
GG in children with functional abdominal pain. Pediatrics 2010;
126: e1445-e1452 [PMID: 21078735 DOI: 10.1542/peds.2010-0467]
Bauserman M, Michail S. The use of Lactobacillus GG in irritable
bowel syndrome in children: a double-blind randomized control
trial. J Pediatr 2005; 147: 197-201 [PMID: 16126049 DOI:
10.1016/j.jpeds.2005.05.015]
Horvath A, Dziechciarz P, Szajewska H. Meta-analysis:
Lactobacillus rhamnosus GG for abdominal pain-related
functional gastrointestinal disorders in childhood. Aliment
Pharmacol Ther 2011; 33: 1302-1310 [PMID: 21507030 DOI:
10.1111/j.1365-2036.2011.04665.x]
O’Sullivan MA, O’Morain CA. Bacterial supplementation in the
irritable bowel syndrome. A randomised double-blind placebocontrolled crossover study. Dig Liver Dis 2000; 32: 294-301
[PMID: 11515626]
Stevenson C, Blaauw R, Fredericks E, Visser J, Roux S.
Randomized clinical trial: effect of Lactobacillus plantarum 299
v on symptoms of irritable bowel syndrome. Nutrition 2014; 30:
1151-1157 [PMID: 25194614 DOI: 10.1016/j.nut.2014.02.010]
Enck P, Zimmermann K, Menke G, Müller-Lissner S, Martens U,
Klosterhalfen S. A mixture of Escherichia coli (DSM 17252) and
Enterococcus faecalis (DSM 16440) for treatment of the irritable
bowel syndrome--a randomized controlled trial with primary care
physicians. Neurogastroenterol Motil 2008; 20: 1103-1109 [PMID:
18565142 DOI: 10.1111/j.1365-2982.2008.01156.x]
Guandalini S, Magazzù G, Chiaro A, La Balestra V, Di Nardo
G, Gopalan S, Sibal A, Romano C, Canani RB, Lionetti P, Setty
M. VSL#3 improves symptoms in children with irritable bowel
syndrome: a multicenter, randomized, placebo-controlled, doubleblind, crossover study. J Pediatr Gastroenterol Nutr 2010; 51:
24-30 [PMID: 20453678 DOI: 10.1097/MPG.0b013e3181ca4d95]
Kim HJ, Vazquez Roque MI, Camilleri M, Stephens D, Burton
DD, Baxter K, Thomforde G, Zinsmeister AR. A randomized
controlled trial of a probiotic combination VSL# 3 and placebo
in irritable bowel syndrome with bloating. Neurogastroenterol
Motil 2005; 17: 687-696 [PMID: 16185307 DOI: 10.1111/
j.1365-2982.2005.00695.x]
Williams EA, Stimpson J, Wang D, Plummer S, Garaiova I,
Barker ME, Corfe BM. Clinical trial: a multistrain probiotic
preparation significantly reduces symptoms of irritable bowel
syndrome in a double-blind placebo-controlled study. Aliment
Pharmacol Ther 2009; 29: 97-103 [PMID: 18785988 DOI:
10.1111/j.1365-2036.2008.03848.x]
Simrén M, Ohman L, Olsson J, Svensson U, Ohlson K,
Posserud I, Strid H. Clinical trial: the effects of a fermented milk
containing three probiotic bacteria in patients with irritable bowel
syndrome - a randomized, double-blind, controlled study. Aliment
Pharmacol Ther 2010; 31: 218-227 [PMID: 19863495 DOI: 10.1111/
j.1365-2036.2009.04183.x]
Lyra A, Krogius-Kurikka L, Nikkilä J, Malinen E, Kajander K,
Kurikka K, Korpela R, Palva A. Effect of a multispecies probiotic
supplement on quantity of irritable bowel syndrome-related
intestinal microbial phylotypes. BMC Gastroenterol 2010; 10: 110
[PMID: 20849659 DOI: 10.1186/1471-230X-10-110]
Brenner DM, Moeller MJ, Chey WD, Schoenfeld PS. The utility
of probiotics in the treatment of irritable bowel syndrome: a
systematic review. Am J Gastroenterol 2009; 104: 1033-1049; quiz
1050 [PMID: 19277023 DOI: 10.1038/ajg.2009.25]
Hungin AP, Mulligan C, Pot B, Whorwell P, Agréus L, Fracasso P,
Lionis C, Mendive J, Philippart de Foy JM, Rubin G, Winchester
C, de Wit N. Systematic review: probiotics in the management of
lower gastrointestinal symptoms in clinical practice -- an evidencebased international guide. Aliment Pharmacol Ther 2013; 38:
864-886 [PMID: 23981066 DOI: 10.1111/apt.12460]

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS
174 Ki Cha B, Mun Jung S, Hwan Choi C, Song ID, Woong Lee H,
Joon Kim H, Hyuk J, Kyung Chang S, Kim K, Chung WS, Seo JG.
The effect of a multispecies probiotic mixture on the symptoms
and fecal microbiota in diarrhea-dominant irritable bowel
syndrome: a randomized, double-blind, placebo-controlled trial.
J Clin Gastroenterol 2012; 46: 220-227 [PMID: 22157240 DOI:
10.1097/MCG.0b013e31823712b1]
175 Zeng J, Li YQ, Zuo XL, Zhen YB, Yang J, Liu CH. Clinical trial:
effect of active lactic acid bacteria on mucosal barrier function in
patients with diarrhoea-predominant irritable bowel syndrome.
Aliment Pharmacol Ther 2008; 28: 994-1002 [PMID: 18671775
DOI: 10.1111/j.1365-2036.2008.03818.x]
176 Enck P, Zimmermann K, Menke G, Klosterhalfen S. Randomized
controlled treatment trial of irritable bowel syndrome with a
probiotic E.-coli preparation (DSM17252) compared to placebo. Z
Gastroenterol 2009; 47: 209-214 [PMID: 19197823 DOI: 10.1055/
s-2008-1027702]
177 Søndergaard B, Olsson J, Ohlson K, Svensson U, Bytzer P,
Ekesbo R. Effects of probiotic fermented milk on symptoms
and intestinal flora in patients with irritable bowel syndrome: a
randomized, placebo-controlled trial. Scand J Gastroenterol 2011;
46: 663-672 [PMID: 21443416 DOI: 10.3109/00365521.2011.565
066]
178 Sen S, Mullan MM, Parker TJ, Woolner JT, Tarry SA, Hunter JO.
Effect of Lactobacillus plantarum 299v on colonic fermentation
and symptoms of irritable bowel syndrome. Dig Dis Sci 2002; 47:
2615-2620 [PMID: 12452404]
179 Kajander K, Myllyluoma E, Rajilić-Stojanović M, Kyrönpalo S,
Rasmussen M, Järvenpää S, Zoetendal EG, de Vos WM, Vapaatalo
H, Korpela R. Clinical trial: multispecies probiotic supplementation
alleviates the symptoms of irritable bowel syndrome and stabilizes
intestinal microbiota. Aliment Pharmacol Ther 2008; 27: 48-57
[PMID: 17919270 DOI: 10.1111/j.1365-2036.2007.03542.x]
180 Guyonnet D, Schlumberger A, Mhamdi L, Jakob S, Chassany O.
Fermented milk containing Bifidobacterium lactis DN-173 010
improves gastrointestinal well-being and digestive symptoms
in women reporting minor digestive symptoms: a randomised,
double-blind, parallel, controlled study. Br J Nutr 2009; 102:
1654-1662 [PMID: 19622191 DOI: 10.1017/S0007114509990882]
181 Ojetti V, Gigante G, Gabrielli M, Ainora ME, Mannocci A,
Lauritano EC, Gasbarrini G, Gasbarrini A. The effect of oral
supplementation with Lactobacillus reuteri or tilactase in lactose
intolerant patients: randomized trial. Eur Rev Med Pharmacol Sci
2010; 14: 163-170 [PMID: 20391953]
182 Ligaarden SC, Axelsson L, Naterstad K, Lydersen S, Farup
PG. A candidate probiotic with unfavourable effects in
subjects with irritable bowel syndrome: a randomised controlled
trial. BMC Gastroenterol 2010; 10: 16 [PMID: 20144246 DOI:
10.1186/1471-230X-10-16]
183 S Kim L, Hilli L, Orlowski J, Kupperman JL, Baral M, F Waters
R. Efficacy of probiotics and nutrients in functional gastrointestinal
disorders: a preliminary clinical trial. Dig Dis Sci 2006; 51:
2134-2144 [PMID: 17078006]
184 Hong KS, Kang HW, Im JP, Ji GE, Kim SG, Jung HC, Song IS,
Kim JS. Effect of probiotics on symptoms in korean adults with
irritable bowel syndrome. Gut Liver 2009; 3: 101-107 [PMID:
20431731 DOI: 10.5009/gnl.2009.3.2.101]
185 Waller PA, Gopal PK, Leyer GJ, Ouwehand AC, Reifer C, Stewart
ME, Miller LE. Dose-response effect of Bifidobacterium lactis
HN019 on whole gut transit time and functional gastrointestinal
symptoms in adults. Scand J Gastroenterol 2011; 46: 1057-1064
[PMID: 21663486 DOI: 10.3109/00365521.2011.584895]
186 Kalman DS, Schwartz HI, Alvarez P, Feldman S, Pezzullo JC,
Krieger DR. A prospective, randomized, double-blind, placebocontrolled parallel-group dual site trial to evaluate the effects of
a Bacillus coagulans-based product on functional intestinal gas
symptoms. BMC Gastroenterol 2009; 9: 85 [PMID: 19922649
DOI: 10.1186/1471-230X-9-85]
187 Pitkala KH, Strandberg TE, Finne Soveri UH, Ouwehand AC,

WJG|www.wjgnet.com

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

2237

Poussa T, Salminen S. Fermented cereal with specific bifidobacteria
normalizes bowel movements in elderly nursing home residents.
A randomized, controlled trial. J Nutr Health Aging 2007; 11:
305-311 [PMID: 17653486]
Larsen CN, Nielsen S, Kaestel P, Brockmann E, Bennedsen M,
Christensen HR, Eskesen DC, Jacobsen BL, Michaelsen KF. Doseresponse study of probiotic bacteria Bifidobacterium animalis
subsp lactis BB-12 and Lactobacillus paracasei subsp paracasei
CRL-341 in healthy young adults. Eur J Clin Nutr 2006; 60:
1284-1293 [PMID: 16721394 DOI: 10.1038/sj.ejcn.1602450]
Didari T, Mozaffari S, Nikfar S, Abdollahi M. Effectiveness of
probiotics in irritable bowel syndrome: Updated systematic review
with meta-analysis. World J Gastroenterol 2015; 21: 3072-3084
[PMID: 25780308 DOI: 10.3748/wjg.v21.i10.3072]
Kruis W, Chrubasik S, Boehm S, Stange C, Schulze J. A doubleblind placebo-controlled trial to study therapeutic effects of
probiotic Escherichia coli Nissle 1917 in subgroups of patients
with irritable bowel syndrome. Int J Colorectal Dis 2012; 27:
467-474 [PMID: 22130826 DOI: 10.1007/s00384-011-1363-9]
Ducrotté P, Sawant P, Jayanthi V. Clinical trial: Lactobacillus
plantarum 299v (DSM 9843) improves symptoms of irritable
bowel syndrome. World J Gastroenterol 2012; 18: 4012-4018
[PMID: 22912552 DOI: 10.3748/wjg.v18.i30.4012]
Roberts LM, McCahon D, Holder R, Wilson S, Hobbs FD. A
randomised controlled trial of a probiotic ‘functional food’ in the
management of irritable bowel syndrome. BMC Gastroenterol
2013; 13: 45 [PMID: 23496803 DOI: 10.1186/1471-230X-13-45]
Dapoigny M, Piche T, Ducrotte P, Lunaud B, Cardot JM,
Bernalier-Donadille A. Efficacy and safety profile of LCR35
complete freeze-dried culture in irritable bowel syndrome: a
randomized, double-blind study. World J Gastroenterol 2012; 18:
2067-2075 [PMID: 22563194 DOI: 10.3748/wjg.v18.i17.2067]
Hun L. Bacillus coagulans significantly improved abdominal
pain and bloating in patients with IBS. Postgrad Med 2009; 121:
119-124 [PMID: 19332970 DOI: 10.3810/pgm.2009.03.1984]
Dolin BJ. Effects of a proprietary Bacillus coagulans preparation
on symptoms of diarrhea-predominant irritable bowel syndrome.
Methods Find Exp Clin Pharmacol 2009; 31: 655-659 [PMID:
20140275 DOI: 10.1358/mf.2009.31.10.1441078]
Hong YS, Hong KS, Park MH, Ahn YT, Lee JH, Huh CS, Lee
J, Kim IK, Hwang GS, Kim JS. Metabonomic understanding of
probiotic effects in humans with irritable bowel syndrome. J Clin
Gastroenterol 2011; 45: 415-425 [PMID: 21494186 DOI: 10.1097/
MCG.0b013e318207f76c]
Choi CH, Jo SY, Park HJ, Chang SK, Byeon JS, Myung SJ. A
randomized, double-blind, placebo-controlled multicenter trial of
saccharomyces boulardii in irritable bowel syndrome: effect on
quality of life. J Clin Gastroenterol 2011; 45: 679-683 [PMID:
21301358 DOI: 10.1097/MCG.0b013e318204593e]
Michail S, Kenche H. Gut microbiota is not modified by
Randomized, Double-blind, Placebo-controlled Trial of VSL#3
in Diarrhea-predominant Irritable Bowel Syndrome. Probiotics
Antimicrob Proteins 2011; 3: 1-7 [PMID: 22247743 DOI: 10.1007/
s12602-010-9059-y]
Brigidi P, Vitali B, Swennen E, Bazzocchi G, Matteuzzi D. Effects
of probiotic administration upon the composition and enzymatic
activity of human fecal microbiota in patients with irritable bowel
syndrome or functional diarrhea. Res Microbiol 2001; 152: 735-741
[PMID: 11686387 DOI: 10.1016/S0923-2508(01)01254-2]
Gibson GR, Wang X. Regulatory effects of bifidobacteria on
the growth of other colonic bacteria. J Appl Bacteriol 1994; 77:
412-420 [PMID: 7989269]
Liévin V, Peiffer I, Hudault S, Rochat F, Brassart D, Neeser JR,
Servin AL. Bifidobacterium strains from resident infant human
gastrointestinal microflora exert antimicrobial activity. Gut 2000;
47: 646-652 [PMID: 11034580 DOI: 10.1136/gut.47.5.646]
Mattar AF, Teitelbaum DH, Drongowski RA, Yongyi F, Harmon
CM, Coran AG. Probiotics up-regulate MUC-2 mucin gene
expression in a Caco-2 cell-culture model. Pediatr Surg Int 2002;

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS
18: 586-590 [PMID: 12471471]
203 Kim Y, Kim SH, Whang KY, Kim YJ, Oh S. Inhibition of
Escherichia coli O157: H7 attachment by interactions between
lactic acid bacteria and intestinal epithelial cells. J Microbiol
Biotechnol 2008; 18: 1278-1285 [PMID: 18667857]
204 Da Silva S, Robbe-Masselot C, Ait-Belgnaoui A, Mancuso A,
Mercade-Loubière M, Salvador-Cartier C, Gillet M, Ferrier L,
Loubière P, Dague E, Theodorou V, Mercier-Bonin M. Stress
disrupts intestinal mucus barrier in rats via mucin O-glycosylation
shift: prevention by a probiotic treatment. Am J Physiol Gastrointest
Liver Physiol 2014; 307: G420-G429 [PMID: 24970779 DOI:
10.1152/ajpgi.00290.2013]
205 Snape WJ, Carlson GM, Cohen S. Colonic myoelectric activity in
the irritable bowel syndrome. Gastroenterology 1976; 70: 326-330
[PMID: 765183]
206 Whitehead WE, Engel BT, Schuster MM. Irritable bowel
syndrome: physiological and psychological differences between
diarrhea-predominant and constipation-predominant patients. Dig
Dis Sci 1980; 25: 404-413 [PMID: 7379673]
207 Ansari R, Sohrabi S, Ghanaie O, Amjadi H, Merat S, Vahedi H,
Khatibian M. Comparison of colonic transit time between patients
with constipation-predominant irritable bowel syndrome and
functional constipation. Indian J Gastroenterol 2010; 29: 66-68
[PMID: 20443103 DOI: 10.1007/s12664-010-0015-2]
208 Serra J, Azpiroz F, Malagelada JR. Impaired transit and tolerance
of intestinal gas in the irritable bowel syndrome. Gut 2001; 48:
14-19 [PMID: 11115817]
209 Miller LE, Ouwehand AC. Probiotic supplementation decreases
intestinal transit time: meta-analysis of randomized controlled
trials. World J Gastroenterol 2013; 19: 4718-4725 [PMID:
23922468 DOI: 10.3748/wjg.v19.i29.4718]
210 Dimidi E, Christodoulides S, Fragkos KC, Scott SM, Whelan
K. The effect of probiotics on functional constipation in adults:
a systematic review and meta-analysis of randomized controlled
trials. Am J Clin Nutr 2014; 100: 1075-1084 [PMID: 25099542
DOI: 10.3945/ajcn.114.089151]
211 Eskesen D, Jespersen L, Michelsen B, Whorwell PJ, MüllerL i s s n e r S , M o r b e rg C M . E ff e c t o f t h e p r o b i o t i c s t r a i n
Bifidobacterium animalis subsp. lactis, BB-12®, on defecation
frequency in healthy subjects with low defecation frequency and
abdominal discomfort: a randomised, double-blind, placebocontrolled, parallel-group trial. Br J Nutr 2015; 114: 1638-1646
[PMID: 26382580 DOI: 10.1017/S0007114515003347]
212 Choi CH, Kwon JG, Kim SK, Myung SJ, Park KS, Sohn CI,
Rhee PL, Lee KJ, Lee OY, Jung HK, Jee SR, Jeen YT, Choi MG,
Choi SC, Huh KC, Park H. Efficacy of combination therapy with
probiotics and mosapride in patients with IBS without diarrhea: a
randomized, double-blind, placebo-controlled, multicenter, phase
II trial. Neurogastroenterol Motil 2015; 27: 705-716 [PMID:
25809913 DOI: 10.1111/nmo.12544]
213 Johnson AC, Greenwood-Van Meerveld B, McRorie J. Effects
of Bifidobacterium infantis 35624 on post-inflammatory visceral
hypersensitivity in the rat. Dig Dis Sci 2011; 56: 3179-3186 [PMID:
21562785 DOI: 10.1007/s10620-011-1730-y]
214 Distrutti E, Cipriani S, Mencarelli A, Renga B, Fiorucci S.
Probiotics VSL#3 protect against development of visceral pain in
murine model of irritable bowel syndrome. PLoS One 2013; 8:
e63893 [PMID: 23691109 DOI: 10.1371/journal.pone.0063893]
215 Bercik P, Denou E, Collins J, Jackson W, Lu J, Jury J, Deng
Y, Blennerhassett P, Macri J, McCoy KD, Verdu EF, Collins
SM. The intestinal microbiota affect central levels of brainderived neurotropic factor and behavior in mice. Gastroenterology
2011; 141: 599-609, 609.e1-e3 [PMID: 21683077 DOI: 10.1053/
j.gastro.2011.04.052]
216 Bravo JA, Forsythe P, Chew MV, Escaravage E, Savignac HM,
Dinan TG, Bienenstock J, Cryan JF. Ingestion of Lactobacillus
strain regulates emotional behavior and central GABA receptor
expression in a mouse via the vagus nerve. Proc Natl Acad Sci
USA 2011; 108: 16050-16055 [PMID: 21876150 DOI: 10.1073/

WJG|www.wjgnet.com

pnas.1102999108]
217 Ludidi S, Jonkers DM, Koning CJ, Kruimel JW, Mulder L, van
der Vaart IB, Conchillo JM, Masclee AA. Randomized clinical trial
on the effect of a multispecies probiotic on visceroperception in
hypersensitive IBS patients. Neurogastroenterol Motil 2014; 26:
705-714 [PMID: 24588932 DOI: 10.1111/nmo.12320]
218 Ohman L, Simrén M. Pathogenesis of IBS: role of inflammation,
immunity and neuroimmune interactions. Nat Rev Gastroenterol
Hepatol 2010; 7: 163-173 [PMID: 20101257 DOI: 10.1038/nrgastro.2010.4]
219 Bashashati M, Rezaei N, Bashashati H, Shafieyoun A, Daryani
NE, Sharkey KA, Storr M. Cytokine gene polymorphisms are
associated with irritable bowel syndrome: a systematic review
and meta-analysis. Neurogastroenterol Motil 2012; 24: 1102-e566
[PMID: 22897390 DOI: 10.1111/j.1365-2982.2012.01990.x]
220 Hughes PA, Zola H, Penttila IA, Blackshaw LA, Andrews JM,
Krumbiegel D. Immune activation in irritable bowel syndrome: can
neuroimmune interactions explain symptoms? Am J Gastroenterol
2013; 108: 1066-1074 [PMID: 23649183 DOI: 10.1038/ajg.2013.120]
221 Martín R, Chain F, Miquel S, Natividad JM, Sokol H, Verdu
EF, Langella P, Bermúdez-Humarán LG. Effects in the use of a
genetically engineered strain of Lactococcus lactis delivering in
situ IL-10 as a therapy to treat low-grade colon inflammation. Hum
Vaccin Immunother 2014; 10: 1611-1621 [PMID: 24732667 DOI:
10.4161/hv.28549]
222 Madsen K, Cornish A, Soper P, McKaigney C, Jijon H, Yachimec C,
Doyle J, Jewell L, De Simone C. Probiotic bacteria enhance murine
and human intestinal epithelial barrier function. Gastroenterology
2001; 121: 580-591 [PMID: 11522742]
223 Shi CZ, Chen HQ, Liang Y, Xia Y, Yang YZ, Yang J, Zhang JD,
Wang SH, Liu J, Qin HL. Combined probiotic bacteria promotes
intestinal epithelial barrier function in interleukin-10-genedeficient mice. World J Gastroenterol 2014; 20: 4636-4647 [PMID:
24782616 DOI: 10.3748/wjg.v20.i16.4636]
224 Nébot-Vivinus M, Harkat C, Bzioueche H, Cartier C, PlichonDainese R, Moussa L, Eutamene H, Pishvaie D, Holowacz S,
Seyrig C, Piche T, Theodorou V. Multispecies probiotic protects
gut barrier function in experimental models. World J Gastroenterol
2014; 20: 6832-6843 [PMID: 24944474 DOI: 10.3748/wjg.v20.
i22.6832]
225 Laval L, Martin R, Natividad JN, Chain F, Miquel S, Desclée de
Maredsous C, Capronnier S, Sokol H, Verdu EF, van Hylckama
Vlieg JE, Bermúdez-Humarán LG, Smokvina T, Langella P.
Lactobacillus rhamnosus CNCM I-3690 and the commensal
bacterium Faecalibacterium prausnitzii A2-165 exhibit similar
protective effects to induced barrier hyper-permeability in mice.
Gut Microbes 2015; 6: 1-9 [PMID: 25517879 DOI: 10.4161/19490
976.2014.990784]
226 Pagnini C, Saeed R, Bamias G, Arseneau KO, Pizarro TT,
Cominelli F. Probiotics promote gut health through stimulation of
epithelial innate immunity. Proc Natl Acad Sci USA 2010; 107:
454-459 [PMID: 20018654 DOI: 10.1073/pnas.0910307107]
227 Hart AL, Lammers K, Brigidi P, Vitali B, Rizzello F, Gionchetti
P, Campieri M, Kamm MA, Knight SC, Stagg AJ. Modulation of
human dendritic cell phenotype and function by probiotic bacteria.
Gut 2004; 53: 1602-1609 [PMID: 15479680 DOI: 10.1136/
gut.2003.037325]
228 Rodes L, Khan A, Paul A, Coussa-Charley M, Marinescu D,
Tomaro-Duchesneau C, Shao W, Kahouli I, Prakash S. Effect
of probiotics Lactobacillus and Bifidobacterium on gut-derived
lipopolysaccharides and inflammatory cytokines: an in vitro study
using a human colonic microbiota model. J Microbiol Biotechnol
2013; 23: 518-526 [PMID: 23568206]
229 Urbanska AM, Paul A, Bhathena J, Prakash S. Suppression
of tumorigenesis: modulation of inflammatory cytokines
by oral administration of microencapsulated probiotic yogurt for
mulation. Int J Inflam 2010; 2010: 894972 [PMID: 21188222 DOI:
10.4061/2010/894972]
230 Barouei J, Moussavi M, Hodgson DM. Perinatal maternal
probiotic intervention impacts immune responses and ileal mucin

2238

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS

231

232

233

234

235

236

237

238

239

240

241

242

243

10.1203/PDR.0b013e318181b7fa]
244 Dinan TG, Quigley EM, Ahmed SM, Scully P, O’Brien S, O’
Mahony L, O’Mahony S, Shanahan F, Keeling PW. Hypothalamicpituitary-gut axis dysregulation in irritable bowel syndrome: plasma
cytokines as a potential biomarker? Gastroenterology 2006; 130:
304-311 [PMID: 16472586 DOI: 10.1053/j.gastro.2005.11.033]
245 Kennedy PJ, Cryan JF, Quigley EM, Dinan TG, Clarke G. A
sustained hypothalamic-pituitary-adrenal axis response to acute
psychosocial stress in irritable bowel syndrome. Psychol Med 2014; 44:
3123-3134 [PMID: 25065954 DOI: 10.1017/S003329171400052X]
246 Barouei J, Moussavi M, Hodgson DM. Effect of maternal
probiotic intervention on HPA axis, immunity and gut microbiota
in a rat model of irritable bowel syndrome. PLoS One 2012; 7:
e46051 [PMID: 23071537 DOI: 10.1371/journal.pone.0046051]
247 Gareau MG, Jury J, MacQueen G, Sherman PM, Perdue MH.
Probiotic treatment of rat pups normalises corticosterone release
and ameliorates colonic dysfunction induced by maternal
separation. Gut 2007; 56: 1522-1528 [PMID: 17339238 DOI:
10.1136/gut.2006.117176]
248 Savignac HM, Tramullas M, Kiely B, Dinan TG, Cryan JF.
Bifidobacteria modulate cognitive processes in an anxious mouse
strain. Behav Brain Res 2015; 287: 59-72 [PMID: 25794930 DOI:
10.1016/j.bbr.2015.02.044]
249 Distrutti E, O’Reilly JA, McDonald C, Cipriani S, Renga B,
Lynch MA, Fiorucci S. Modulation of intestinal microbiota by the
probiotic VSL#3 resets brain gene expression and ameliorates the
age-related deficit in LTP. PLoS One 2014; 9: e106503 [PMID:
25202975 DOI: 10.1371/journal.pone.0106503]
250 O’Sullivan E, Barrett E, Grenham S, Fitzgerald P, Stanton C, Ross
RP, Quigley EM, Cryan JF, Dinan TG. BDNF expression in the
hippocampus of maternally separated rats: does Bifidobacterium
breve 6330 alter BDNF levels? Benef Microbes 2011; 2: 199-207
[PMID: 21986359 DOI: 10.3920/BM2011.0015]
251 Pineiro M, Asp NG, Reid G, Macfarlane S, Morelli L, Brunser
O, Tuohy K. FAO Technical meeting on prebiotics. J Clin
Gastroenterol 2008; 42 Suppl 3 Pt 2: S156-S159 [PMID: 18685504
DOI: 10.1097/MCG.0b013e31817f184e]
252 Roberfroid MB. Functional foods: concepts and application to
inulin and oligofructose. Br J Nutr 2002; 87 Suppl 2: S139-S143
[PMID: 12088510 DOI: 10.1079/BJN/2002529]
253 Boehm G, Stahl B, Jelinek J, Knol J, Miniello V, Moro GE.
Prebiotic carbohydrates in human milk and formulas. Acta
Paediatr Suppl 2005; 94: 18-21 [PMID: 16214760]
254 Chatchatee P, Lee WS, Carrilho E, Kosuwon P, Simakachorn N,
Yavuz Y, Schouten B, Graaff PL, Szajewska H. Effects of growingup milk supplemented with prebiotics and LCPUFAs on infections
in young children. J Pediatr Gastroenterol Nutr 2014; 58: 428-437
[PMID: 24614142 DOI: 10.1097/MPG.0000000000000252]
255 Neyrinck AM, Van Hée VF, Bindels LB, De Backer F, Cani
PD, Delzenne NM. Polyphenol-rich extract of pomegranate peel
alleviates tissue inflammation and hypercholesterolaemia in highfat diet-induced obese mice: potential implication of the gut
microbiota. Br J Nutr 2013; 109: 802-809 [PMID: 22676910 DOI:
10.1017/S0007114512002206]
256 Yasuda A, Inoue K, Sanbongi C, Yanagisawa R, Ichinose T,
Tanaka M, Yoshikawa T, Takano H. Dietary supplementation
with fructooligosaccharides attenuates allergic peritonitis in mice.
Biochem Biophys Res Commun 2012; 422: 546-550 [PMID:
22580001 DOI: 10.1016/j.bbrc.2012.05.007]
257 Arslanoglu S, Moro GE, Boehm G, Wienz F, Stahl B, Bertino E.
Early neutral prebiotic oligosaccharide supplementation reduces
the incidence of some allergic manifestations in the first 5 years
of life. J Biol Regul Homeost Agents 2012; 26: 49-59 [PMID:
23158515]
258 Hayen SM, Kostadinova AI, Garssen J, Otten HG, Willemsen
LE. Novel immunotherapy approaches to food allergy. Curr Opin
Allergy Clin Immunol 2014; 14: 549-556 [PMID: 25159183 DOI:
10.1097/ACI.0000000000000109]
259 Dasopoulou M, Briana DD, Boutsikou T, Karakasidou E,

gene expression in a rat model of irritable bowel syndrome.
Benef Microbes 2015; 6: 83-95 [PMID: 25245571 DOI: 10.3920/
BM2013.0011]
Spaiser SJ, Culpepper T, Nieves C, Ukhanova M, Mai V, Percival
SS, Christman MC, Langkamp-Henken B. Lactobacillus gasseri
KS-13, Bifidobacterium bifidum G9-1, and Bifidobacterium
longum MM-2 Ingestion Induces a Less Inflammatory Cytokine
Profile and a Potentially Beneficial Shift in Gut Microbiota in
Older Adults: A Randomized, Double-Blind, Placebo-Controlled,
Crossover Study. J Am Coll Nutr 2015; 34: 459-469 [PMID:
25909149 DOI: 10.1080/07315724.2014.983249]
Abbas Z, Yakoob J, Jafri W, Ahmad Z, Azam Z, Usman
MW, Shamim S, Islam M. Cytokine and clinical response to
Saccharomyces boulardii therapy in diarrhea-dominant irritable
bowel syndrome: a randomized trial. Eur J Gastroenterol
Hepatol 2014; 26: 630-639 [PMID: 24722560 DOI: 10.1097/
MEG.0000000000000094]
Boren J, Lee WN, Bassilian S, Centelles JJ, Lim S, Ahmed
S, Boros LG, Cascante M. The stable isotope-based dynamic
metabolic profile of butyrate-induced HT29 cell differentiation.
J Biol Chem 2003; 278: 28395-28402 [PMID: 12750369 DOI:
10.1074/jbc.M302932200]
Ogawa H, Rafiee P, Fisher PJ, Johnson NA, Otterson MF, Binion
DG. Butyrate modulates gene and protein expression in human
intestinal endothelial cells. Biochem Biophys Res Commun 2003;
309: 512-519 [PMID: 12963019 DOI: 10.1016/j.bbrc.2003.08.026]
Gaudier E, Jarry A, Blottière HM, de Coppet P, Buisine MP,
Aubert JP, Laboisse C, Cherbut C, Hoebler C. Butyrate specifically
modulates MUC gene expression in intestinal epithelial goblet
cells deprived of glucose. Am J Physiol Gastrointest Liver Physiol
2004; 287: G1168-G1174 [PMID: 15308471 DOI: 10.1152/
ajpgi.00219.2004]
Roediger WE. Role of anaerobic bacteria in the metabolic welfare
of the colonic mucosa in man. Gut 1980; 21: 793-798 [PMID:
7429343]
McIntyre A, Gibson PR, Young GP. Butyrate production from
dietary fibre and protection against large bowel cancer in a rat
model. Gut 1993; 34: 386-391 [PMID: 8386131]
Vanhoutvin SA, Troost FJ, Kilkens TO, Lindsey PJ, Hamer
HM, Jonkers DM, Venema K, Brummer RJ. The effects of
butyrate enemas on visceral perception in healthy volunteers.
Neurogastroenterol Motil 2009; 21: 952-e76 [PMID: 19460106
DOI: 10.1111/j.1365-2982.2009.01324.x]
Fukumoto S, Tatewaki M, Yamada T, Fujimiya M, Mantyh C,
Voss M, Eubanks S, Harris M, Pappas TN, Takahashi T. Shortchain fatty acids stimulate colonic transit via intraluminal
5-HT release in rats. Am J Physiol Regul Integr Comp Physiol
2003; 284: R1269-R1276 [PMID: 12676748 DOI: 10.1152/
ajpregu.00442.2002]
Treem WR, Ahsan N, Kastoff G, Hyams JS. Fecal short-chain
fatty acids in patients with diarrhea-predominant irritable bowel
syndrome: in vitro studies of carbohydrate fermentation. J Pediatr
Gastroenterol Nutr 1996; 23: 280-286 [PMID: 8890079]
Ferrario C, Taverniti V, Milani C, Fiore W, Laureati M, De Noni
I, Stuknyte M, Chouaia B, Riso P, Guglielmetti S. Modulation of
fecal Clostridiales bacteria and butyrate by probiotic intervention
with Lactobacillus paracasei DG varies among healthy adults.
J Nutr 2014; 144: 1787-1796 [PMID: 25332478 DOI: 10.3945/
jn.114.197723]
Kato K, Mizuno S, Umesaki Y, Ishii Y, Sugitani M, Imaoka
A, Otsuka M, Hasunuma O, Kurihara R, Iwasaki A, Arakawa
Y. Randomized placebo-controlled trial assessing the effect of
bifidobacteria-fermented milk on active ulcerative colitis. Aliment
Pharmacol Ther 2004; 20: 1133-1141 [PMID: 15569116 DOI:
10.1111/j.1365-2036.2004.02268.x]
Mohan R, Koebnick C, Schildt J, Mueller M, Radke M, Blaut M.
Effects of Bifidobacterium lactis Bb12 supplementation on body
weight, fecal pH, acetate, lactate, calprotectin, and IgA in preterm
infants. Pediatr Res 2008; 64: 418-422 [PMID: 18552710 DOI:

WJG|www.wjgnet.com

2239

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

Roma E, Costalos C, Malamitsi-Puchner A. Motilin and gastrin
secretion and lipid profile in preterm neonates following prebiotics
supplementation: a double-blind randomized controlled study. JPEN
J Parenter Enteral Nutr 2015; 39: 359-368 [PMID: 24233255 DOI:
10.1177/0148607113510182]
Armanian AM, Sadeghnia A, Hoseinzadeh M, Mirlohi M,
Feizi A, Salehimehr N, Saee N, Nazari J. The Effect of Neutral
Oligosaccharides on Reducing the Incidence of Necrotizing
Enterocolitis in Preterm infants: A Randomized Clinical Trial. Int J
Prev Med 2014; 5: 1387-1395 [PMID: 25538834]
Magrone T, Jirillo E. Childhood obesity: immune response
and nutritional approaches. Front Immunol 2015; 6: 76 [PMID:
25759691 DOI: 10.3389/fimmu.2015.00076]
Mirmiran P, Bahadoran Z, Azizi F. Functional foods-based diet as
a novel dietary approach for management of type 2 diabetes and its
complications: A review. World J Diabetes 2014; 5: 267-281 [PMID:
24936248 DOI: 10.4239/wjd.v5.i3.267]
Romero-Gómez M, Montagnese S, Jalan R. Hepatic ence
phalopathy in patients with acute decompensation of cirrhosis and
acute-on-chronic liver failure. J Hepatol 2015; 62: 437-447 [PMID:
25218789 DOI: 10.1016/j.jhep.2014.09.005]
Ghouri YA, Richards DM, Rahimi EF, Krill JT, Jelinek KA,
DuPont AW. Systematic review of randomized controlled trials of
probiotics, prebiotics, and synbiotics in inflammatory bowel disease.
Clin Exp Gastroenterol 2014; 7: 473-487 [PMID: 25525379 DOI:
10.2147/CEG.S27530]
Collado Yurrita L, San Mauro Martín I, Ciudad-Cabañas MJ,
Calle-Purón ME, Hernández Cabria M. Effectiveness of inulin
intake on indicators of chronic constipation; a meta-analysis of
controlled randomized clinical trials. Nutr Hosp 2014; 30: 244-252
[PMID: 25208775 DOI: 10.3305/nh.2014.30.2.7565]
Hunter JO, Tuffnell Q, Lee AJ. Controlled trial of oligofructose
in the management of irritable bowel syndrome. J Nutr 1999; 129:
1451S-1453S [PMID: 10395619]
Olesen M, Gudmand-Hoyer E. Efficacy, safety, and tolerability
of fructooligosaccharides in the treatment of irritable bowel
syndrome. Am J Clin Nutr 2000; 72: 1570-1575 [PMID: 11101487]
Paineau D, Payen F, Panserieu S, Coulombier G, Sobaszek A,
Lartigau I, Brabet M, Galmiche JP, Tripodi D, Sacher-Huvelin S,
Chapalain V, Zourabichvili O, Respondek F, Wagner A, Bornet
FR. The effects of regular consumption of short-chain fructooligosaccharides on digestive comfort of subjects with minor
functional bowel disorders. Br J Nutr 2008; 99: 311-318 [PMID:
17697398 DOI: 10.1017/S000711450779894X]
Hasler WL. Lactulose breath testing, bacterial overgrowth,
and IBS: just a lot of hot air? Gastroenterology 2003; 125:
1898-1900; discussion 1900 [PMID: 14724846 DOI: 10.1053/
j.gastro.2003.08.038]
Snook J, Shepherd HA. Bran supplementation in the treatment
of irritable bowel syndrome. Aliment Pharmacol Ther 1994; 8:
511-514 [PMID: 7865643 DOI: 10.1111/j.1365-2036.1994.tb00323.
x]
Badiali D, Corazziari E, Habib FI, Tomei E, Bausano G, Magrini
P, Anzini F, Torsoli A. Effect of wheat bran in treatment of chronic
nonorganic constipation. A double-blind controlled trial. Dig Dis
Sci 1995; 40: 349-356 [PMID: 7851201]
Nelis GF, Vermeeren MA, Jansen W. Role of fructose-sorbitol
malabsorption in the irritable bowel syndrome. Gastroenterology
1990; 99: 1016-1020 [PMID: 2394324]
Symons P, Jones MP, Kellow JE. Symptom provocation in irritable
bowel syndrome. Effects of differing doses of fructose-sorbitol.
Scand J Gastroenterol 1992; 27: 940-944 [PMID: 1455191]
Ong DK, Mitchell SB, Barrett JS, Shepherd SJ, Irving PM,
Biesiekierski JR, Smith S, Gibson PR, Muir JG. Manipulation
of dietary short chain carbohydrates alters the pattern of gas
production and genesis of symptoms in irritable bowel syndrome.
J Gastroenterol Hepatol 2010; 25: 1366-1373 [PMID: 20659225
DOI: 10.1111/j.1440-1746.2010.06370.x]
Halmos EP, Power VA, Shepherd SJ, Gibson PR, Muir JG. A diet

WJG|www.wjgnet.com

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

2240

low in FODMAPs reduces symptoms of irritable bowel syndrome.
Gastroenterology 2014; 146: 67-75.e5 [PMID: 24076059 DOI:
10.1053/j.gastro.2013.09.046]
Staudacher HM, Lomer MC, Anderson JL, Barrett JS, Muir
JG, Irving PM, Whelan K. Fermentable carbohydrate restriction
reduces luminal bifidobacteria and gastrointestinal symptoms
in patients with irritable bowel syndrome. J Nutr 2012; 142:
1510-1518 [PMID: 22739368 DOI: 10.3945/jn.112.159285]
Tuck CJ, Muir JG, Barrett JS, Gibson PR. Fermentable
oligosaccharides, disaccharides, monosaccharides and polyols:
role in irritable bowel syndrome. Expert Rev Gastroenterol
Hepatol 2014; 8: 819-834 [PMID: 24830318 DOI: 10.1586/17474
124.2014.917956]
Halmos EP, Christophersen CT, Bird AR, Shepherd SJ, Gibson
PR, Muir JG. Diets that differ in their FODMAP content alter the
colonic luminal microenvironment. Gut 2015; 64: 93-100 [PMID:
25016597 DOI: 10.1136/gutjnl-2014-307264]
Saneian H, Pourmoghaddas Z, Roohafza H, Gholamrezaei A.
Synbiotic containing Bacillus coagulans and fructo-oligosaccharides
for functional abdominal pain in children. Gastroenterol Hepatol
Bed Bench 2015; 8: 56-65 [PMID: 25584177]
Tsuchiya J, Barreto R, Okura R, Kawakita S, Fesce E,
Marotta F. Single-blind follow-up study on the effectiveness
of a symbiotic preparation in irritable bowel syndrome. Chin
J Dig Dis 2004; 5: 169-174 [PMID: 15612887 DOI: 10.1111/
j.1443-9573.2004.00176.x]
Rogha M, Esfahani MZ, Zargarzadeh AH. The efficacy of
a synbiotic containing Bacillus Coagulans in treatment of
irritable bowel syndrome: a randomized placebo-controlled trial.
Gastroenterol Hepatol Bed Bench 2014; 7: 156-163 [PMID:
25120896]
Bittner AC, Croffut RM, Stranahan MC. Prescript-Assist
probiotic-prebiotic treatment for irritable bowel syndrome:
a methodologically oriented, 2-week, randomized, placebocontrolled, double-blind clinical study. Clin Ther 2005; 27:
755-761 [PMID: 16117982 DOI: 10.1016/j.clinthera.2005.06.005]
Quigley EM. Therapies aimed at the gut microbiota and
inflammation: antibiotics, prebiotics, probiotics, synbiotics, antiinflammatory therapies. Gastroenterol Clin North Am 2011; 40:
207-222 [PMID: 21333908 DOI: 10.1016/j.gtc.2010.12.009]
Riordan SM, McIver CJ, Walker BM, Duncombe VM, Bolin
TD, Thomas MC. The lactulose breath hydrogen test and small
intestinal bacterial overgrowth. Am J Gastroenterol 1996; 91:
1795-1803 [PMID: 8792701]
Pimentel M, Chow EJ, Lin HC. Eradication of small intestinal
bacterial overgrowth reduces symptoms of irritable bowel
syndrome. Am J Gastroenterol 2000; 95: 3503-3506 [PMID:
11151884 DOI: 10.1111/j.1572-0241.2000.03368.x]
Bratten JR, Spanier J, Jones MP. Lactulose breath testing does
not discriminate patients with irritable bowel syndrome from
healthy controls. Am J Gastroenterol 2008; 103: 958-963 [PMID:
18371134 DOI: 10.1111/j.1572-0241.2008.01785.x]
Schmulson M, Bielsa MV, Carmona-Sánchez R, Hernández A,
López-Colombo A, López Vidal Y, Peláez-Luna M, Remes-Troche
JM, Tamayo JL, Valdovinos MA. Microbiota, gastrointestinal
infections, low-grade inflammation, and antibiotic therapy
in irritable bowel syndrome: an evidence-based review. Rev
Gastroenterol Mex 2014; 79: 96-134 [PMID: 24857420 DOI:
10.1016/j.rgmx.2014.01.004]
Rezaie A, Nikfar S, Abdollahi M. The place of antibiotics in
management of irritable bowel syndrome: a systematic review and
meta-analysis. Arch Med Sci 2010; 6: 49-55 [PMID: 22371720
DOI: 10.5114/aoms.2010.13507]
Pimentel M, Park S, Mirocha J, Kane SV, Kong Y. The effect of
a nonabsorbed oral antibiotic (rifaximin) on the symptoms of the
irritable bowel syndrome: a randomized trial. Ann Intern Med
2006; 145: 557-563 [PMID: 17043337 DOI: 10.7326/0003-4819-1
45-8200610170-00004]
Pimentel M, Lembo A, Chey WD, Zakko S, Ringel Y, Yu J,
Mareya SM, Shaw AL, Bortey E, Forbes WP. Rifaximin therapy

February 21, 2016|Volume 22|Issue 7|

Distrutti E et al . Gut microbiota modulation in IBS

291

292

293

294

295

296
297

298

299

300

301

for patients with irritable bowel syndrome without constipation.
N Engl J Med 2011; 364: 22-32 [PMID: 21208106 DOI: 10.1056/
NEJMoa1004409]
Menees SB, Maneerattannaporn M, Kim HM, Chey WD. The
efficacy and safety of rifaximin for the irritable bowel syndrome:
a systematic review and meta-analysis. Am J Gastroenterol 2012;
107: 28-35; quiz 36 [PMID: 22045120 DOI: 10.1038/ajg.2011.355]
Schoenfeld P, Pimentel M, Chang L, Lembo A, Chey WD, Yu
J, Paterson C, Bortey E, Forbes WP. Safety and tolerability of
rifaximin for the treatment of irritable bowel syndrome without
constipation: a pooled analysis of randomised, double-blind,
placebo-controlled trials. Aliment Pharmacol Ther 2014; 39:
1161-1168 [PMID: 24697851 DOI: 10.1111/apt.12735]
Konturek PC, Haziri D, Brzozowski T, Hess T, Heyman S,
Kwiecien S, Konturek SJ, Koziel J. Emerging role of fecal
microbiota therapy in the treatment of gastrointestinal and extragastrointestinal diseases. J Physiol Pharmacol 2015; 66: 483-491
[PMID: 26348073]
Gough E, Shaikh H, Manges AR. Systematic review of intestinal
microbiota transplantation (fecal bacteriotherapy) for recurrent
Clostridium difficile infection. Clin Infect Dis 2011; 53: 994-1002
[PMID: 22002980 DOI: 10.1093/cid/cir632]
Cammarota G, Ianiro G, Gasbarrini A. Fecal microbiota
transplantation for the treatment of Clostridium difficile infection:
a systematic review. J Clin Gastroenterol 2014; 48: 693-702 [PMID:
24440934 DOI: 10.1097/MCG.0000000000000046]
Borody TJ, Warren EF, Leis S, Surace R, Ashman O. Treatment of
ulcerative colitis using fecal bacteriotherapy. J Clin Gastroenterol
2003; 37: 42-47 [PMID: 12811208]
Zhang FM, Wang HG, Wang M, Cui BT, Fan ZN, Ji GZ. Fecal
microbiota transplantation for severe enterocolonic fistulizing
Crohn’s disease. World J Gastroenterol 2013; 19: 7213-7216
[PMID: 24222969 DOI: 10.3748/wjg.v19.i41.7213]
Suskind DL, Brittnacher MJ, Wahbeh G, Shaffer ML, Hayden HS,
Qin X, Singh N, Damman CJ, Hager KR, Nielson H, Miller SI. Fecal
microbial transplant effect on clinical outcomes and fecal microbiome
in active Crohn’s disease. Inflamm Bowel Dis 2015; 21: 556-563
[PMID: 25647155 DOI: 10.1097/MIB.0000000000000307]
Suskind DL, Singh N, Nielson H, Wahbeh G. Fecal microbial
transplant via nasogastric tube for active pediatric ulcerative colitis.
J Pediatr Gastroenterol Nutr 2015; 60: 27-29 [PMID: 25162366
DOI: 10.1097/MPG.0000000000000544]
Vermeire S, Joossens M, Verbeke K, Wang J, Machiels K, Sabino
J, Ferrante M, Van Assche G, Rutgeerts P, Raes J. Donor Species
Richness Determines Faecal Microbiota Transplantation Success in
Inflammatory Bowel Disease. J Crohns Colitis 2015; Epub ahead
of print [PMID: 26519463]
Kunde S, Pham A, Bonczyk S, Crumb T, Duba M, Conrad H,
Cloney D, Kugathasan S. Safety, tolerability, and clinical response

302

303

304

305

306

307

308

309

310

311

after fecal transplantation in children and young adults with
ulcerative colitis. J Pediatr Gastroenterol Nutr 2013; 56: 597-601
[PMID: 23542823 DOI: 10.1097/MPG.0b013e318292fa0d]
Landy J, Walker AW, Li JV, Al-Hassi HO, Ronde E, English
NR, Mann ER, Bernardo D, McLaughlin SD, Parkhill J, Ciclitira
PJ, Clark SK, Knight SC, Hart AL. Variable alterations of
the microbiota, without metabolic or immunological change,
following faecal microbiota transplantation in patients with chronic
pouchitis. Sci Rep 2015; 5: 12955 [PMID: 26264409 DOI: 10.1038/
srep12955]
Crouzet L, Gaultier E, Del’Homme C, Cartier C, Delmas E, Dapoigny
M, Fioramonti J, Bernalier-Donadille A. The hypersensitivity to
colonic distension of IBS patients can be transferred to rats through
their fecal microbiota. Neurogastroenterol Motil 2013; 25: e272-e282
[PMID: 23433203 DOI: 10.1111/nmo.12103]
Bakken JS, Borody T, Brandt LJ, Brill JV, Demarco DC, Franzos
MA, Kelly C, Khoruts A, Louie T, Martinelli LP, Moore TA,
Russell G, Surawicz C. Treating Clostridium difficile infection with
fecal microbiota transplantation. Clin Gastroenterol Hepatol 2011;
9: 1044-1049 [PMID: 21871249 DOI: 10.1016/j.cgh.2011.08.014]
Borody TJ, George L, Andrews P, Brandl S, Noonan S, Cole P,
Hyland L, Morgan A, Maysey J, Moore-Jones D. Bowel-flora
alteration: a potential cure for inflammatory bowel disease and
irritable bowel syndrome? Med J Aust 1989; 150: 604 [PMID:
2783214]
Borody TJ, Paramsothy S, Agrawal G. Fecal microbiota
transplantation: indications, methods, evidence, and future
directions. Curr Gastroenterol Rep 2013; 15: 337 [PMID: 23852569
DOI: 10.1007/s11894-013-0337-1]
Andrews PJ, Borody TJ. “Putting back the bugs”: bacterial
treatment relieves chronic constipation and symptoms of irritable
bowel syndrome. Med J Aust 1993; 159: 633-634 [PMID:
8155121]
Pinn DM, Aroniadis OC, Brandt LJ. Is fecal microbiota
transplantation the answer for irritable bowel syndrome? A singlecenter experience. Am J Gastroenterol 2014; 109: 1831-1832
[PMID: 25373585 DOI: 10.1038/ajg.2014.295]
Borody TJ, Brandt LJ, Paramsothy S. Therapeutic faecal
microbiota transplantation: current status and future developments.
Curr Opin Gastroenterol 2014; 30: 97-105 [PMID: 24257037
DOI: 10.1097/MOG.0000000000000027]
Lo Vecchio A, Cohen MB. Fecal microbiota transplantation for
Clostridium difficile infection: benefits and barriers. Curr Opin
Gastroenterol 2014; 30: 47-53 [PMID: 24275671 DOI: 10.1097/
MOG.0000000000000023]
Pinn DM, Aroniadis OC, Brandt LJ. Is fecal microbiota
transplantation (FMT) an effective treatment for patients with
functional gastrointestinal disorders (FGID)? Neurogastroenterol
Motil 2015; 27: 19-29 [PMID: 25424663 DOI: 10.1111/nmo.12479]
P- Reviewer: Bellini M, Engin AB S- Editor: Qi Y
L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

2241

February 21, 2016|Volume 22|Issue 7|

World J Gastroenterol 2016 February 21; 22(7): 2242-2255
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i7.2242

© 2016 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2016 Irritable Bowel Syndrome: Global view

Inflammation in irritable bowel syndrome: Myth or new
treatment target?
Emanuele Sinagra, Giancarlo Pompei, Giovanni Tomasello, Francesco Cappello, Gaetano Cristian Morreale,
Georgios Amvrosiadis, Francesca Rossi, Attilio Ignazio Lo Monte, Aroldo Gabriele Rizzo, Dario Raimondo
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Emanuele Sinagra, Francesca Rossi, Dario Raimondo,
Gastroenterology and Endoscopy Unit, Fondazione Istituto
San Raffaele Giglio, Contrada Pietra Pollastra Pisciotto, 90015
Cefalù, Italy
Emanuele Sinagra, PhD Course in Surgical Biotechnology and
Regenerative Medicine, University of Palermo, 90100 Palermo,
Italy
Emanuele Sinagra, Giovanni Tomasello, Francesco Cappello,
Euro-Mediterranean Institute of Science and Technology
(IEMEST), 90100 Palermo, Italy

Correspondence to: Dr. Emanuele Sinagra, Gastroenterology
and Endoscopy Unit, Fondazione Istituto San Raffaele Giglio,
Contrada Pietra Pollastra Pisciotto, via Zagara Snc, Contrada
Ogliastrillo, 90015 Cefalù,
Italy. emanuelesinagra83@googlemail.com
Telephone: +39-3-270193383
Fax: +39-9-21920406

Giancarlo Pompei, Pathology Unit, Fondazione Istituto San
Raffaele Giglio, Contrada Pietra Pollastra Pisciotto, 90015
Cefalù, Italy
Giovanni Tomasello, Francesco Cappello, Department of
Experimental Biomedicine and Clinical Neuroscience, Section of
Human Anatomy, University of Palermo, 90100 Palermo, Italy

Received: June 1, 2015
Peer-review started: June 3, 2015
First decision: July 17, 2015
Revised: September 28, 2015
Accepted: December 19, 2015
Article in press: December 19, 2015
Published online: February 21, 2016

Gaetano Cristian Morreale, Georgios Amvrosiadis, Unit
of Gastroenterology, Ospedali Riuniti Villa Sofia-Vincenzo
Cervello, 90100 Palermo, Italy
Attilio Ignazio Lo Monte, DICHIRONS, Department of Surgical,
Oncological and Stomatological Disciplines, University of
Palermo, 90100 Palermo, Italy

Abstract
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Low-grade intestinal inflammation plays a key role in
the pathophysiology of irritable bowel syndrome (IBS),
and this role is likely to be multifactorial. The aim of this
review was to summarize the evidence on the spectrum
of mucosal inflammation in IBS, highlighting the
relationship of this inflammation to the pathophysiology
of IBS and its connection to clinical practice. We carried
out a bibliographic search in Medline and the Cochrane
Library for the period of January 1966 to December
2014, focusing on publications describing an interaction
between inflammation and IBS. Several evidences
demonstrate microscopic and molecular abnormalities
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in IBS patients. Understanding the mechanisms
underlying low-grade inflammation in IBS may help to
design clinical trials to test the efficacy and safety of
drugs that target this pathophysiologic mechanism.

only be strictly attributed to sex, but also to genderrelated differences in healthcare-seeking behavior
and sociocultural characteristics that vary between
men and women with IBS as well as among different
[5,6]
cultures .
According to the Rome Ⅲ criteria, IBS is defined
based on the presence of recurrent abdominal pain
or discomfort at least three days per month in the
past three months associated with two or more of the
following: (1) improvement with defecation; (2) onset
associated with a change in frequency of stool; and (3)
onset associated with a change in form (appearance)
of stool. These criteria should be fulfilled for the
previous three months with symptom onset at least six
[9]
months before diagnosis .
Rome Ⅲ criteria subtype IBS according to the
predominant bowel habit as IBS with constipation
(IBS-C), IBS with diarrhea (IBS-D), mixed type, and
[9]
unclassified . To this end, the definition of bowelhabit type is based on the patient’s description of the
[10]
stool form by referring to the Bristol Stool Scale .
Furthermore, IBS patients can be divided into two
categories: sporadic (nonspecific) and postinfectious
[11,12]
(PI-IBS) inflammatory bowel disease-associated
.
IBS symptoms cannot be explained by structural
abnormalities, and specific laboratory tests or bio
markers are not available for IBS. Therefore, IBS is
classified as a functional disorder whose diagnosis
[13]
depends on the history of manifested symptoms .
The cause of IBS is unknown, but a single factor is
not likely to be responsible for the several presentations
[1]
of this complex disorder ; new fields of research in this
area include mucosal inflammation, postinfectious lowgrade inflammation, genetic and immunologic factors,
alteration of the human microbiota, alterations of the
intestinal permeability, and dietary and neuroendocrine
[13]
factors . Usually, routine histologic examinations do
not show significant colonic mucosal abnormalities
in the majority of IBS patients; however, recent
quantitative histologic, immunohistochemical, and
ultrastructural analyses have indicated subtle organic
alterations in these patients.
This literature review aims to summarize the findings
relating the spectrum of mucosal inflammation to IBS,
highlighting their relationship to the pathophysiology of
IBS and their connections, if any, to clinical practice.

Key words: Inflammation; Irritable bowel syndrome;
Mast cells; Neuroendocrine cells; Pathology
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Low-grade intestinal inflammation plays
a key role in the pathophysiology of irritable bowel
syndrome, and this influence is likely multifactorial.
Several evidences showed microscopic and molecular
abnormalities in large subsets of patients with irritable
bowel syndrome. Understanding the mechanisms
underlying the low-grade inflammation in this disease
may help to design clinical trials to test the efficacy
and safety of drugs that target this pathophysiologic
mechanism.
Sinagra E, Pompei G, Tomasello G, Cappello F, Morreale GC,
Amvrosiadis G, Rossi F, Lo Monte AI, Rizzo AG, Raimondo D.
Inflammation in irritable bowel syndrome: Myth or new treatment
target? World J Gastroenterol 2016; 22(7): 2242-2255 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i7/2242.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i7.2242

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic, relapsing,
and remitting functional disorder of the gastrointestinal
tract characterized by abdominal pain, bloating, and
changes in bowel habits that lack a known structural
[1]
or anatomic explanation .
IBS consists of a set of altered bowel habits over
a period of time and includes abdominal pain and
discomfort. IBS is one of the most common diagnoses
in primary care, accounting for approximately 12%
[2]
of all visits . In addition, a survey conducted by
[3]
Russo et al found IBS to be the most common
functional gastrointestinal diagnosis, comprising 35%
[2,3]
of all outpatient referrals to gastroenterologists .
Therefore, IBS is also the most common diagnosis
for gastroenterologists, accounting for 20%-50% of
[2,4]
patient visits .
With regard to the sex-related prevalence of IBS,
in Western countries, the prevalence of IBS in female
[5,6]
patients outnumbers that in male patients by 2:1 .
Furthermore, the ratio of female to male IBS sufferers
in the non-patient population is 2:1, and within the
patient population who seek consultations with primary
care physicians, females outnumber male patients by
[5,7]
3:1 . Finally, in tertiary-care settings, the number of
female IBS patients is four- to five-times higher than
[5-8]
the number of males . This prevalence should not
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RESEARCH
We carried out a bibliographic search in MEDLINE for
the period of January 1966 to July 2015, and focused
on identifying publications describing an interaction
between inflammation and IBS. The keywords used
were: irritable bowel syndrome, inflammation, mucosal
inflammation, pathology, mast cells, neuroendocrine
cells, immune cells, intestinal permeability, and enteric
nerves. The inclusion criteria to select articles were
based on design (systematic reviews, meta-analysis,
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[19]

clinical trials, and experimental studies on animals)
and population (adult patients > 18 years of age). We
excluded articles not pertinent to this topic.
According to the aforementioned criteria, we found
305 studies, and we excluded 100 studies because
they were not pertinent to this topic (Figure 1).

commonly required test (79.5%) in IBS patients ,
whereas a study performed by Lieberman and
[20]
coworkers
to evaluate trends in the utilization and
outcomes of colonoscopy in the United States from
2000 to 2011 showed that the most common reason
for colonoscopy in patients aged < 50 years was
the evaluation of symptoms, such as IBS (28.7%),
together with bleeding or anemia (35.3%).
Based on these updated data, IBS still represents the
[21]
majority of colonoscopic biopsies seen by pathologists
that are usually considered either normal or near to
normal on routine histologic examination. These findings
provide valuable information to the physician who is
suspecting a diagnosis of IBS. However, the pathologists
must be aware of variations in normal tissue as well
as artifacts that may result from bowel preparations
or the biopsy procedure in order to not to report these
variations as abnormal. Furthermore, the pathologists
must consider subtle morphologic changes reported in
the intestinal mucosa in IBS and associated with chronic
inflammatory cells, mast cells, enteroendocrine cells,
[22]
and enteric nerves .

ROLE OF ENDOSCOPY IN IBS

INFLAMMATION IN IBS

According to the American Gastroenterology Association,
“a colonoscopy is recommended for patients over
age 50 years (due to higher pretest probability of
colon cancer), but in younger patients, performing a
colonoscopy or sigmoidoscopy is determined by clinical
features suggestive of disease (e.g., diarrhea, weight
[14]
loss), and may not be indicated” .
However, the British guidelines suggest that, “given
the high frequency of colonic cancer in the population
at large, an examination of the colon is advisable
for a change in bowel habit over the age of 50”; the
authors of these guidelines highlighted that, “as IBS
patients have no increased risk of colon cancer, advice
on screening for this is no different from the general
[15]
population” .
More recently, Japanese guidelines suggested
that “colonoscopy has a diagnostic value, not only for
excluding organic diseases but also for supporting the
existence of pathophysiology compatible to IBS due
to visceral hypersensitivity to colonoscopic procedures
[16]
and colonic spasms” .
A prospective, multicenter study performed by
[17]
Ishihara and coworkers
aimed to determine the
presence of organic colonic lesions in IBS patients.
Their study showed that the prevalence of organic
colonic diseases in IBS patients was at an acceptably
low level, thus showing that the Rome Ⅲ criteria
are specific for the diagnosis of IBS. Conversely,
[18]
another study performed by Hsiao and coworkers
demonstrated that IBS was not associated with the
development of colon cancer in Taiwan.
Despite these recommendations, a recent Korean
survey indicated that colonoscopy was the most

The intestinal mucosa harbors a florid immune system
[23]
that can be regarded as “physiologically inflamed” .
Thus low-grade inflammation can only be evaluated
[24]
using quantitative assessments . IBS patients have
been shown to exhibit significant increases in lamina
propria immune cells in the colonic mucosa compared
with healthy subjects, which appears to be more
[25]
predominant in the right than in the left colon .

Pertinent topics
  Not pertinent topics
0
75
150
225
300
Books and documents
(n = 4)
Clinical trials (n = 2)
Meta-analysis (n = 2)
Randomised controlled
trials (n = 8)
Reviews (n = 293)
Systemic reviews (n = 16)

Figure 1 Literature findings on the relationship between irritable bowel
syndrome and inflammation (n = 305).
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Granulocytes and plasma cells

[26]

More than ten years ago, O’Sullivan et al
evaluated
the number of plasma cells, lymphocytes, eosinophils,
neutrophils, and macrophages in a case-control study.
Specifically, each cell type was semiquantitatively
graded in hematoxylin-and-eosin-stained sections of
the entire colon, and possible increases in the number
of mast cells (MCs) in the colon of IBS patients
compared with controls were examined using a
monoclonal mouse antibody for human MC tryptase
(AA1). Other than MCs, increases in cellular infiltrate
were not observed in the IBS group, and the number
of MCs was significantly increased in the cecum of IBS
patients compared with controls.
[27]
Similarly, in 2008, Piche and coworkers aimed to
examine associations between fatigue, depression, and
the MCs of the colonic mucosa in IBS by comparing the
numbers of CD3-positive intraepithelial T lymphocytes,
MCs, plasma cells, eosinophils, and neutrophils in cecal
biopsies taken during colonoscopy. There was not a
significant difference in the numbers of intraepithelial
lymphocytes, plasma cells, eosinophils, or neutrophils
between IBS patients and healthy controls, but the MC
numbers per high-power field were significantly higher
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B

Figure 2 Immunohistochemistry for tryptase showing increases in the number of mast cells in the colonic mucosa in inflammatory bowel disease. A:
Irritable bowel syndrome patient; B: Control (× 40 magnification). Courtesy of Giancarlo Pompei, personal data.
[35,36]

in IBS patients than in healthy controls (9.3 vs 4.0, P
= 0.001). Furthermore, the number of MCs correlated
with the severity of fatigue and depression scores in
[28]
IBS patients but not in healthy controls .
[29]
With regard to the small bowel, Walker et al
examined the MC, eosinophil, and intraepithelial
lymphocyte populations in duodenal biopsies of
subjects with IBS and functional dyspepsia. Their
study showed a significant increase in the number
of intraepithelial lymphocytes in biopsies from the
duodenum in patients with IBS-C. However, this
increase was not observed in the second part of the
duodenum. Nevertheless, MC counts were also higher
in IBS cases in both the first and second parts of the
duodenum, but this difference was only significant for
[28]
constipation-predominant IBS . Interestingly, the
eosinophil counts in this study did not differ between
IBS patients and controls in either the first or second
[28]
part of the duodenum .
To date, a significant difference in the numbers
of plasma cells, neutrophils, or eosinophils has not
[28]
been demonstrated among IBS cases . Importantly,
increases in eosinophils were not identified in IBS,
but the eosinophil counts were elevated in individuals
[29]
with functional dyspepsia . Functional dyspepsia
and IBS demonstrate significant overlap in cross[30]
sectional surveys , despite attempts to classify them
separately, and a biomarker to predict the presence of
[31]
IBS remains elusive . Therefore, this histopathologic
[28]
marker may serve to distinguish the two conditions .

in IBS patients in the rectum
, rectosigmoid
[37,38]
[39-44]
[36]
colon
, descending colon
, ascending colon ,
[45]
[25,36,46]
[47-49]
cecum , terminal ileum
, jejunum
, and
[29,50]
duodenum
(Figure 2).
However, discrepancies in data obtained from
these studies could be due to sex-specific differences,
bowel preparation artifacts, fixation protocols, tissue
orientation, sample size, or IBS-related recruitment
[32,43,44,51]
criteria
. Furthermore, clinical studies have also
yielded conflicting evidence correlating MC numbers
[32]
with the onset of abdominal pain .
The number of functionally active MCs (exhibiting
changes in the release of tryptase and histamine),
rather than the absolute number of MCs, plays a
[43,50]
pivotal role in IBS
. Consequently, the role of MCs
in IBS may be affected by cells that are functionally
active and form close connections with enteric and
extrinsic nerve terminals, thus determining visceral
[47]
hypersensitivity and altered gut function .

Lymphocytes

The aforementioned inflammatory changes described
in the mucosa of IBS patients show that immune
[34]
activation may play a role in IBS pathophysiology .
Mucosal T- and B-type lymphocytes are also part of
[32]
the gut adaptive immune response to pathogens .
An increased density of T lymphocytes in the
mucosa of IBS patients has been widely demonstrated.
Specifically, the T-cell density is higher in the
[35,36,52]
[53]
[38,48,54]
rectum
, rectosigmoid colon , colon
,
[26]
[55]
[56]
cecum , jejunum , and duodenum . Like for MCs,
several studies showed that IBS patients exhibit a
normal lymphocyte density in different intestinal tissue
[19,36,38,53,57-61]
segments
. These discrepancies may be
due to differences in the immunostaining techniques,
quantification methods, and IBS-related recruitment
[32]
criteria (Figure 3) .
[19,36]
Conversely, the density of B-cells in the rectum
,
[19,43,53,62]
[19,20]
[36]
[60]
colon
, cecum
, ileum , or jejunum
did not differ in IBS patients. However, Forshammar
[62]
[32]
and coworkers
and others
found a decrease in
secretory B cells in the colon (Figure 4).

MCs

MCs are innate immune cells involved in food allergies,
[32]
wound healing, and protection against pathogens .
Their functional activation consists of a degranulation
process, leading to the release of various compounds,
[32]
such as histamine, tryptase, and chymase .
[33]
More than 40 years ago, Hiatt and Katz
were
the first to demonstrate MC infiltration in the muscular
layer of full-thickness colonic biopsy samples from
[34]
four patients with “spastic colitis” . Increases in
the number of mucosal MCs have been observed
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B

Figure 3 Immunohistochemistry for CD3 showing increase in the number of intraepithelial T-lymphocytes in the large bowel in inflammatory bowel
disease. A: Irritable bowel syndrome patient; B: Normal distribution of T-lymphocytes, which are mainly distributed within the lamina propria of the large bowel of a
control patient (× 20 magnification). Courtesy of Giancarlo Pompei, personal data.

A

B

Figure 4 Immunohistochemical staining for CD20. An equivalent distribution of B lymphocytes in the lamina propria was seen in the large intestine. A: Patient with
irritable bowel syndrome; B: Control patient (× 20 magnification). Courtesy of Giancarlo Pompei, personal data.

With regard to intraepithelial lymphocytes, several
discrepancies have been reported in studies assessing the
density of these cells in IBS patients. An increase in density
[35,36,57]
[57]
has been demonstrated in the rectum
, colon ,
[55,49]
[56]
jejunum
, and duodenum , but these increases were
[20,32,45,49,59,61]
not confirmed by other groups
.

the lamina propria dendritic cells expressed increased
levels of costimulatory molecules and exhibited a
+
greater ability to migrate and induce CD4 T-cell
[66]
proliferation . Consequently, these changes favored
increased levels of pro-inflammatory interferon-γ,
interleukin-23, and tumor necrosis factor-α production
[66,67]
in the so-called “PI-IBS stage”
.
With regard to macrophages, the numbers of
+
resident CD68 macrophages are reduced in PIIBS cases following Campylobacter jejuni infection,
probably due to the cytotoxic nature of the pathogen
[50]
[68,69]
inside host cells . Similarly, Shigella spp.
and
Salmonella infections have also been shown to be
involved in PI-IBS, and both of these organisms are
intracellular pathogens that induce phagocytosis by
[70,71]
macrophages
. Furthermore, Salmonella seems
[72]
to be less cytotoxic to macrophages
and also
[72]
causes a marked interleukin-18 response
with
important implications in exerting paracrine effects
on surrounding immune cells (inducing interferon-γ
expression). These changes result in increased levels
[47,52,54,55,57]
of activated T cells in the infected intestine
.

Dendritic cells and macrophages

Dendritic cells are antigen-presenting cells that are
usually located at the surveillance interfaces of the
human body, such as the skin or mucosa, and play a
pivotal role in the generation and regulation of immune
[63]
responses . In fact, they represent the link between
allergen uptake and the clinical manifestations of
[64,65]
intestinal inflammation
. Furthermore, the gut
also harbors abundant macrophages. These cells
do not function as typical antigen-presenting cells
and lack the cellular machinery for the production of
pro-inflammatory cytokines and induction of potent
adaptive immune responses. However, they show very
[65]
potent phagocytic activity .
In a Trichinella spiralis mouse model of PI-IBS,
[66]
Long and coworkers
reported numerical and
phenotypic alterations in the lamina propria dendritic
cells following acute T. spiralis infection. In their study,

WJG|www.wjgnet.com

Enteroendocrine cells

Enteroendocrine cells (residing among the epithelial
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cells of the mucosa in all gut segments, with the
exception of the esophagus) secrete multiple
regulatory molecules that control several functions,
[12,73,74]
such as postprandial secretion and motility
.
Animal experimental studies have demonstrated
abnormalities in the function of enteroendocrine
[73]
cells in the setting of gastrointestinal infection .
Enteroendocrine cells seem to be involved in visceral
hypersensitivity, disturbed gastrointestinal motility,
[12]
and abnormal gut secretion
that patients with IBS
[75-77]
usually present
.
In fact, visceral hypersensitivity has been shown
[78-85]
in the colon of IBS patients
, but the correlation
of this disturbance with the severity of abdominal
[12]
pain is currently poorly understood . Some
authors hypothesize the involvement of a peripheral
[86-88]
mechanism in visceral hypersensitivity in IBS
.
Because the gut mucosa can produce high levels
[88]
of serotonin , a reduction in serotonin impairs
intracellular uptake and degradation in the gut
epithelial cells and consequently increases serotonin
[89-92]
availability of in the gut mucosa
. Therefore,
the amount of serotonin available at its receptors is
[12,87,88]
markedly increased
. Due to this mechanism,
the development of visceral hypersensitivity in PI-IBS
patients may be due to the increase in serotonin at
the 5-hydroxytryptamine 3 receptors of the sensory
neurons of the enteric nervous system.
Dysmotility has also been shown in the small
and large bowel of IBS patients, as evidenced by
the involvement of cholecystokinin, ghrelin, secretin,
[12]
serotonin, and peptide YY . Both esophageal
motility abnormalities and abnormal gastric emptying
have been observed in IBS patients with conflicting
[93-108]
results
. Specifically, IBS-C patients exhibit
delayed gastric emptying, whereas accelerated
[77,98]
gastric emptying was observed in IBS-D patients
.
In this setting, ghrelin was shown to stimulate
[106-117]
gastric and small- and large-bowel motility
.
Conversely, serotonin relaxes the stomach through
a nitrergic pathway and consequently delays gastric
[118-120]
[121-123]
emptying
. Moreover, cholecystokinin
[124,125]
and secretin
were shown to relax the proximal
stomach, which inhibited gastric emptying in a manner
similar to secretin; furthermore, small-bowel transit
was also found to be delayed overall in IBS-C patients
[126-131]
and accelerated in IBS-D patients
, but conflicting
[132-139]
results have been reported
.
Ghrelin, which is involved in the stimulation of
small-bowel motility, and peptide YY, a regulator of
[140-145]
the ileal brakes
, play pivotal roles in gastric
emptying by stimulating the absorption of water
and electrolytes and inhibiting prostaglandin E2 and
[146-148]
vasoactive intestinal polypeptide
. Therefore,
ghrelin cell density is reportedly low in the stomach,
and that of peptide YY is reported to be high in the
ileal mucosa of IBS-C patients, whereas the ghrelin cell
density is reported to be high in the stomach, and that
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of secretin is reported to be low in the duodenum of
[12]
IBS-D patients . Furthermore, colorectal transit was
found to be delayed in IBS-C patients and accelerated
[80,125,126,149-154]
in IBS-D patients
, but contradictory
[12,105,152,154-176]
results have been reported
.
Finally, abnormal gastrointestinal secretion is
common in IBS patients. Among the abnormalities
in the enteroendocrine cells in IBS patients, low
levels of duodenal cholecystokinin (which stimulates
the secretion of digestive enzymes from pancreatic
exocrine glands) and secretin (which stimulates
[122,123]
pancreatic bicarbonate and fluid secretions)
, as
well as high levels of ileal peptide YY (which stimulates
the absorption of water and electrolytes), were
[12]
reported in IBS-C patients .

Intestinal permeability

The term “mucosal barrier” was adopted by Cummings
[177]
et al
in 2004 to describe “the complex structure
that separates the internal milieu from the luminal
environment, consisting of the vascular endothelium,
the epithelial cell lining, and the mucus layer, next to
which digestive secretions, immune molecules, cell
products such as cytokines, inflammatory mediators,
and antimicrobial peptides, are found, mainly produced
[177,178]
by Paneth cells in the crypts of the small intestine”
.
Conversely, impaired intestinal permeability is
defined as “an altered permeability being nontransiently
changed compared to the normal permeability
leading to a loss of intestinal homeostasis, functional
[178]
impairments and disease” . Increases in the numbers
of MCs in the gut of IBS patients were found to be
[32,179-181]
related to changes in gut permeability
. In
IBS patients, the assessment of permeability via the
urinary recovery of orally administered markers has
demonstrated increases in the permeability of the small
[45,182-184]
and in the large bowels
, but results have been
[185-187]
contradictory
. Furthermore, rectal permeability
was also reportedly increased in IBS-D patients
[188]
following exposure to MC tryptase
. Finally, recent
studies of the permeability of the epithelial barrier have
reported a decrease in the colonic expression of the
tight junction proteins occludin, claudin-1, and zonula
[42,189]
occludens-1 in IBS patients
(Figure 5).
Several aliments, as well as microbiota and
bile acids, have been proposed to cause low-grade
inflammation and altered permeability in IBS. In fact,
[190]
in some patients, IBS was related to food allergy
.
Furthermore, endogenous triggers, such as MCderived histamine, proteases, and eicosanoids, could
increase intestinal permeability, either directly or via
the stimulation of neurons of the enteric nervous
[183]
system
. Moreover, serotonin was also identified
as an endogenous trigger of pain, inflammation, and
[40]
increased permeability in IBS ; therefore, LX1031, an
oral inhibitor of tryptophan hydroxylase, the principal
enzyme needed for mucosal serotonin synthesis, has
been successful for treatment of patients with non-
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Figure 5 Immunohistochemistry for chromogranin A showing increased expression in nerve terminals at the level of the basal membrane in the large
intestine in inflammatory bowel disease. A: Irritable bowel syndrome patient; B: Control patient (× 40 magnification). Courtesy of Giancarlo Pompei, personal data.
[191]

constipating IBS

.

kinase receptor type 1, are significantly increased
in the mucosal tissues of patients with IBS. Mucosal
mediators participate in these neuroplastic changes.
Finally, the morphology of enteric glia, which are
known to regulate intestinal barrier integrity and
[200]
neuronal activity
has only been examined in one
study of human intestinal biopsy samples from IBS
[50,201]
patients and was found to be unchanged
.

Enteric nerves

Few studies have investigated the role of calcitonin
[37]
gene related peptide and substance P. Wang et al
investigated the incidence of IBS in patients who
had recovered from bacillary dysentery by focusing
on neuroimmunologic changes, including changes in
interleukins, MCs, neuropeptides, and the relationship
[50]
between MCs and intestinal nerves . The density of
substance P-immunoreactive fibers was increased in
both the ileal and the rectosigmoid samples of IBS
[37]
patients , but the density of calcitonin gene related
peptide-containing fibers remained unchanged.
[192]
Palsson and coworkers
reported similar findings,
[193]
and Kerkhoffs and coworkers
reported an increase
of rectal substance P. However, these findings have not
[192,194]
been universal
, possibly reflecting region-specific
[51]
discrepancies .
Neuronal plasticity in the enteric nervous system
[195]
[38]
has also been investigated
. Akbar et al
investigated the capsaicin receptor transient receptor
potential vanilloid 1-immunoreactive nerve fibers in
colonic biopsies from patients with IBS. Specifically,
they demonstrated that the number of nerve fibers
exhibiting immunoreactivity for substance P and
transient receptor potential vanilloid 1 was increased in
IBS patients. Moreover, the number of these fibers did
not differ by IBS subtype, but significantly correlated
[50,196]
with patient pain scores
.
Nerve growth factor has also been suggested
to play a central role in promoting the growth and
[50]
differentiation of primary afferent fibers . Specifically,
its expression was found to be markedly increased
[197]
in rectal biopsies from pediatric
and adult IBS
[198]
patients , suggesting both the sprouting of sensory
afferent fibers expressing transient receptor potential
vanilloid 1 and increases in receptor sensitivity in IBS,
[50]
which consequently induced visceral hyperalgesia .
[199]
More recently, Dothel et al
also showed that
nerve fiber density and sprouting, as well as the
expression of nerve growth and neurotrophic tyrosine
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CONCLUSION
Low-grade intestinal inflammation plays a key role
in the pathophysiology of IBS, and this role is likely
[202]
multifactorial
. Several studies demonstrated
microscopic and molecular abnormalities in IBS
[202,203]
patients
.
The above-reported evidence provides a rationale
to test the efficacy of intestinal anti-inflammatory
compounds in patients with IBS. Previously, treatment
with corticosteroids was found to be ineffective in PI[204]
IBS patients ; however, MC stabilizers have produced
promising results, particularly in IBS-D, suggesting
that immune mechanisms and MCs are involved in
[205,206]
the generation of IBS symptoms
. Based on this
[207]
approach, Clarke and coworkers
recently conducted
a phase 3, multicenter, tertiary setting, randomized,
double-blind, placebo-controlled trial in patients with
Rome Ⅲ-confirmed IBS to evaluate the efficacy and
safety of mesalazine in patients with IBS. In this study,
mesalazine treatment was not superior to placebo
based on the study primary endpoint (68.6% vs
67.4%, 95%CI: 12.8-15.1, P = 0.870). However, the
placebo response was high in this trial and this study
enrolled both male and female subjects and patients
[207]
with mild symptoms
, which likely masked drug
efficacy. Furthermore, a subgroup of patients with IBS
showed a sustained therapy response and benefits
[207]
from mesalazine therapy .
As mentioned above, abnormalities in the enteric
nervous system of the gut may alter digestion,
gastrointestinal motility, and visceral hypersensitivity,
which contribute to symptom onset and play a pivotal
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[12]

role in the pathogenesis of IBS .
The enteric nervous system of the gut seems to be
affected by genetic differences, diet, intestinal flora,
[12]
and inflammation . For example, the food content
of FODMAPs and fibers, which interacts with the
intestinal flora and drives subsequent fermentation,
may increase intestinal osmotic pressure to induce
[12]
hormonal and serotonin release . Targeting these
known factors may improve the control of IBS
symptoms by acting on mechanisms that trigger these
symptoms and regulate the pathophysiology of IBS.
Finally, probiotics have also been found to be effective
in select IBS patients, as suggested by several recent
systematic reviews, guidelines and meta-analyses, by
[208-212]
improving intestinal permeability
.
In conclusion, a high proportion of IBS patients
show low-grade inflammation, which is a multifactorial
process, in the intestinal mucosa. Understanding the
mechanisms underlying the low-grade inflammation
in IBS may allow the design of clinical trials that
test the efficacy and safety of drugs that target the
pathophysiologic mechanism of this disease.
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Management of pancreatic fluid collections: A comprehensive
review of the literature
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Abstract

Amy Tyberg, Kunal Karia, Moamen Gabr, Amit Desai,
Rushabh Doshi, Monica Gaidhane, Reem Z Sharaiha, Michel
Kahaleh, Division of Gastroenterology and Hepatology, Weill
Cornell Medical College, New York, NY 10021, United States

Pancreatic fluid collections (PFCs) are a frequent
complication of pancreatitis. It is important to classify
PFCs to guide management. The revised Atlanta
criteria classifies PFCs as acute or chronic, with chronic
fluid collections subdivided into pseudocysts and
walled-off pancreatic necrosis (WOPN). Establishing
adequate nutritional support is an essential step in the
management of PFCs. Early attempts at oral feeding
can be trialed in patients with mild pancreatitis. Enteral
feeding should be implemented in patients with
moderate to severe pancreatitis. Jejunal feeding remains
the preferred route of enteral nutrition. Symptomatic
PFCs require drainage; options include surgical,
percutaneous, or endoscopic approaches. With the
advent of newer and more advanced endoscopic tools
and expertise, and an associated reduction in health
care costs, minimally invasive endoscopic drainage
has become the preferable approach. An endoscopic
ultrasonography-guided approach using a seldinger
technique is the preferred endoscopic approach. Both
plastic stents and metal stents are efficacious and
safe; however, metal stents may offer an advantage,
especially in infected pseudocysts and in WOPN. Direct
endoscopic necrosectomy is often required in WOPN.
Lumen apposing metal stents that allow for direct
endoscopic necrosectomy and debridement through the
stent lumen are preferred in these patients. Endoscopic
retrograde cholangio pancreatography with pancreatic
duct (PD) exploration should be performed concurrent
to PFC drainage. PD disruption is associated with an
increased severity of pancreatitis, an increased risk
of recurrent attacks of pancreatitis and long-term
complications, and a decreased rate of PFC resolution
after drainage. Any pancreatic ductal disruption should
be bridged with endoscopic stenting.
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or chronic collections, with chronic collections being
further divided into pancreatic necrosis, pseudocysts,
and pancreatic abscesses.
However, with improving pathophysiologic under
standing and improving diagnostic tools, it became clear
that a more detailed organizational system was required.
More specifically, one that distinguished between
collections containing fluid alone vs those arising from
necrosis and/or containing solid components. As such, a
new classification system was developed known as the
[4]
revised Atlanta criteria . Similar to the original Atlanta
Criteria, PFCs are classified as acute (< 4 wk after
the pancreatitis episode) or chronic (> 4 wk after the
pancreatitis episode). However, in the revised criteria,
both acute and chronic collections are further subdivided
based on the presence of necrosis within the collection.
Acute collections are divided into: acute peripancreatic
fluid collections (APFC) and acute necrotic collections
(ANC); chronic fluid collections are divided into:
pseudocysts or walled-off pancreatic necrosis (WOPN).
These new classifications are important because the
treatment and management varies depending on the
type of collection.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic fluid collections are a frequent
complication of pancreatitis. Management includes
correctly classifying these collections, initiating early
enteral feeding, and draining symptomatic collections.
Endoscopic ultrasound with stent placement is the
technique of choice. Both metal and plastic stents
are efficacious, though metal stents may offer an
advantage. When necrosis is present within the
collection, direct endoscopic necrosectomy may be
required in addition to drainage. Lumen apposing
metal stents allow for direct endoscopic necrosectomy
through the stent and are preferred in these patients.
When a pancreatic duct leak is suspected, endoscopic
investigation and stenting is mandated.
Tyberg A, Karia K, Gabr M, Desai A, Doshi R, Gaidhane M,
Sharaiha RZ, Kahaleh M. Management of pancreatic fluid
collections: A comprehensive review of the literature. World J
Gastroenterol 2016; 22(7): 2256-2270 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2256.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2256

ENTERAL FEEDING
The first step in the management of any PFC is
ensuring adequate nutritional support. In mild to
moderate acute pancreatitis, oral feeding can be
initiated when symptoms are controlled. In severe
cases, patients have traditionally been kept nil per
os (npo) due to concerns for worsening pancreatic
inflammation if normal pancreatic digestion were to be
[5]
enacted during oral intake . However, prolonged npo
in the catabolic stress state of pancreatitis leads to a
negative nitrogen balance and nutritional deficiency
that became recognized to be associated with a higher
mortality rate due to loss of function and structural
[6]
integrity of vital organs . As a result, total parental
nutrition (TPN) became the standard of care in patients
with severe acute pancreatitis in an attempt to avoid
pancreatic stimulation while still providing nutritional
[5,6]
support .

INTRODUCTION
Pancreatic fluid collections (PFCs) area frequent
complication of pancreatitis. It is estimated that
5%-15% of pancreatitis episodes are complicated
[1]
by the development of pseudocysts . PFCs can also
result from inflammation due to trauma, post surgery,
post transplant or pancreatic ductal obstruction. Fifteen
percent of pancreatitis episodes are complicated by
pancreatic necrosis, and approximately 33% (range
16%-47%) of those with necrosis are complicated by
[2]
infected necrosis . Management of these collections
can pose a challenge. Traditionally, the management
has primarily been surgical. However, with new
understanding of the pathophysiology paired with
new technological advancements, the pendulum has
swung towards an emphasis on a minimally invasive
approach with a progression to more invasive options
as necessary.

ENTERAL FEEDING VS TPN
This approach was questioned when studies began
showing that complete bowel rest is associated
with intestinal mucosal atrophy leading to increased
[7]
intestinal permeability and bacterial translocation .
Furthermore, a metabolically deprived gut absorbs
endotoxins and other bacterial products stimulating
endogenous cytokines which increases the likelihood of
[8]
nosocomial infections, sepsis, and organ failure . The
use of TPN was further called into question with the
emergence of data showing that enteral feeding distal
to the ligament of Treitz causes negligible pancreatic
stimulation and therefore may be safe in patients with
[9]
severe pancreatitis .

CLASSIFICATION OF PANCREATIC FLUID
COLLECTIONS
Correctly classifying PFCs is critical for optimizing
treatment and management. The first widespread
classification system was developed in 1993 by an
international consensus meeting in Atlanta, Georgia
[3]
and became referred to as the Atlanta Criteria . This
criteria classified pancreatic fluid collections as acute
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for placement and is more cumbersome than a
nasogastric tube which can be placed bedside (Figure
1). Studies have been performed to evaluate the
safety of nasogastric feeds compared to nasojejunal
feeds. A meta-analysis of these studies showed no
difference in mortality and tolerance between the two
types of feeding; however, this analysis was limited by
the small sample size (157 patients in the 3 studies
included for analysis) and the lack of verification of
placement of the nasojejunal tube distal to ligament
[12]
of Treitz in two of the three studies . A recent noninferiority trial of 78 patients randomized to nasogastric
or radiologically-confirmed nasojejunal feeding
was recently published, showing non-inferiority of
nasogastric feeds. However, there was a higher rate of
infectious complications, need for surgical intervention
for infected necrosis, and mortality in the nasogastric
[13]
feeding group . A prospective, randomized controlled
trial evaluating nasogastric vs nasojejunal feeding
called the Study on Nutrition in Acute Pancreatitis
is currently underway, which will provide further evi
dence on this subject. Until more high-quality data is
available, nasojejunal feeding remains the preferred
route of enteral nutrition.

Figure 1 Fluoroscopic image of a percutaneous nasojejunal feeding tube
beyond the ligament of Treitz.

In 2010, the Cochrane Collaboration published
their results of a meta-analysis comparing randomized
trials of enteral nutrition vs TPN in patients with severe
[6]
acute pancreatitis . Eternal nutrition was associated
with a significant reduction in mortality, multi-system
organ failure, and systemic infections with a trend
towards shorter length of hospital stay. Based on
these findings, enteral nutrition was recommended as
the standard of care for nutritional support in acute
[6]
pancreatitis .
In addition to improved morbidity and mortality
rates, enteral nutrition is associated with a lower
overall cost compared to TPN. In a study of 24 patients
with severe acute pancreatitis, enteral nutrition was
associated with savings of $5553.06 per patient (P =
0.08). Though not statistically significant, there was a
medium to large effect size (d = 0.61) suggesting that
the difference between the two groups would likely
[10]
have been significantin a larger sample size .

ENTERAL FEEDING FORMULATIONS
Enteral nutrition is available in a variety of formu
lations, including standard, elemental, and semielemental with the latter two more commonly used
based upon the assumption that they result in less
pancreatic stimulation. Standard enteral formulas are,
[14]
however, significantly cheaper and proven effective .
[15]
Windsor et al randomized patients with severe acute
pancreatitis to TPN vs standard enteral formulas and
found that patients receiving standard enteral formulas
had improved clinical outcomes compared to those
receiving TPN, including decreased rates of systemic
inflammatory response syndrome, sepsis, and multi[14]
system organ failure. Makola et al
also examined
the efficacy of enteral formulas in acute pancreatitis
and demonstrated that it is associated with an
improvement in the severity of pancreatitis, a higher
albumin, and a trend towards a normal BMI.

EARLY VS LATE ENTERAL FEEDING
The timing of initiation of enteral feeding in severe
acute pancreatitis has been debated. In a recent metaanalysis, patients receiving early initiation of enteral
nutrition (defined as within 48 h of admission) had
significantly lower rates of infectious complications (OR
= 0.45, 95%CI: 0.15-0.77, P < 0.05), organ failure
(OR = 0.27, 95%CI: 0.14-0.50, P < 0.05), length
of hospitalization [mean difference -2.18 d, 95%CI:
(-3.48)-(-0.87), P < 0.05], and mortality (OR = 0.31,
95%CI: 0.14-0.71, P < 0.05) compared to those with
[11]
delayed enteral nutrition or TPN . However, the exact
time at whichenteral feeding should be initiated is not
yet established.

INDICATIONS FOR DRAINAGE OF PFCS
In the initial Atlanta criteria, PFCs were recommended
for drainage based on the presence of symptoms and/or
complications such as abdominal pain, gastrointestinal
obstruction, vascular compression, biliary obstruction,
or infection, as well as on the size of the collection.
However, in the revised criteria, size alone does not
necessitate treatment; only symptomatic PFCs are
recommended for drainage. Historically, drainage has
been managed via surgical techniques. But with the
advent of newer and more advanced endoscopic tools
and expertise, and an associated reduction in health
care costs, minimally invasive endoscopic drainage has

JEJUNAL VS GASTRIC ENTERAL
FEEDING
Though enteral nutrition distal to the ligament of
Treitz is thought to decrease pancreatic stimulation,
placement of a nasojejunal tube requires endoscopy
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become the preferable approach

.

CONVENTIONAL TRANSMURAL
DRAINAGE

PANCREATIC PSEUDOCYSTS

Conventional transmural drainage was the endoscopic
procedure of choice to drain PFCs in the early era
of endoscopic PFC management. This procedure
consists of endoscopically visualizing the PFC bulge
in the gastric wall, creating a fistulous tract between
the pseudocyst cavity and the gastric lumen using
a seldinger technique, advancing a guidewire into
the pseudocyst cavity, dilating the tract, and finally
deploying one or more plastic stents to secure
[25]
apposition and allow for continuous drainage .
This concept was first introduced into the medical
[26]
literature in 1975 in a case report by Rogers et al .
[27]
It was expanded upon by Kozarek et al
in 1985 in
a case series of 4 patients who underwent endoscopic
cystogastrostomy needle decompression and by
[28]
Cremer et al
in 1986 in which they described 13
patients who underwent cystogastrostomy with transnasal drain placement. The first large series evaluating
this technique was published in 1989 and consisted of
a 7-year follow-up study of 33 patients who underwent
endoscopic cystogastrostomy or cystoduodenostomy
with a success rate of 82%, recurrence rate of 12%,
[29]
and complication rate of 2% . In 1995, Binmoeller
[30]
et al
published a similar study of 53 patients with
a success rate of 87%, recurrent rate of 21%, and
complication rate of 11%. A series of subsequent
studies from the early 2000s demonstrated similar
results, reporting success rates between 70%-100%
and complication rates ranging from 2%-40%, mainly
bleeding, perforation, and infection due to stent
[29-39]
occlusion or migration
.
One of the limitations of this technique was the
need for the PFC to be bulging into the gastric wall. It
is estimated that no bulge is present in 42%-48% of
PFCs, limiting the efficacy and safety of this technique
[40]
in almost half of all cases . However, with the
incorporation of echoendoscopy, this limitation was
overcome.

As described in the revised Atlanta criteria, a pseudocyst
is an encapsulated fluid collection, without the presence
of solid debris, that develops as a consequence of
[3]
pancreatitis a minimum of 4 wk after the initial injury .

SURGICAL DRAINAGE
Surgical cystogastrostomy involves an open or
laparoscopic procedure in which an anastomosis
is created between the lumen of the cyst cavity
and the stomach or small bowel using suturing or
[11]
stapling devices . Depending on the location, a
cystojejunostomy can also be a surgical alternative.
Historically, surgical drainage was an efficacious
therapy, with published pseudocyst recurrence rates
between 2.5%-5% post-drainage, but complication
[16]
rates approaching 30% in some studies . As
endoscopic therapies emerged, initial studies com
paring surgical cystogastrostomy to endoscopic
cystogastrostomy showed grossly equivalent success
rates, defined as pseudocyst resolution, and comparable
[17,18]
complication rates
. However, as endoscopic
techniques improved, endoscopic therapy became the
preferred initial treatment approach. A randomized
[19]
comparative trial by Varadarajulu et al
looking at
surgical vs endoscopic cystogastrostomy found that
while the two techniques yielded similar technical
success and complication rates, endoscopic therapy was
associated with a shorter hospital stay, a lower overall
cost, and better mental health and physical health
component scores among patients.

PERCUTANEOUS DRAINAGE
Percutaneous drainage involves placement of an external
drainage catheter into the pseudocyst using real-time
imaging guidance, usually with computed tomography
(CT) or ultrasound (US) with fluoroscopy. Initial
studies comparing surgical drainage to percutaneous
[20,21]
drainage found both procedures to be efficacious
.
However, more recent comparative studies have
[22]
generally favored percutaneous drainage , with some
[23]
studies even demonstrating a mortality benefit .
Percutaneous drainage has also recently been compared
to endoscopic drainage. A recent study directly
comparing percutaneous vs endoscopic management
retrospectively reviewed 81 patients. This study found
equal technical success rates and adverse events rates
between the techniques, but a decreased re-intervention
rate, a shorter hospital stay, and a decreased number
of follow-up abdominal imaging studies among patients
[24]
drained endoscopically .

WJG|www.wjgnet.com

EUS-GUIDED TRANSMURAL DRAINAGE
The use of EUS in pseudocyst drainage provides
endoscopists with the ability to identify and avoid
vascular structures between the cyst and the gastric
lumen, to measure the distance between the lumen
and the cystic lesion and ensure that adequate
apposition can be obtained, to localize non-bulging
pseudocysts that are otherwise unidentifiable using
endoscopy alone, and to confirm the lack of solid or
necrotic components within the pseudocyst cavity
(Figure 2). This technique first emerged in the medical
[41]
literature in 1992 by Grimm et al
and 1996 by
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Figure 2 Endosonographic visualization of accessing a pancreatic fluid
collection with a fine needle aspiration needle.

Figure 3 Endoscopic visualization of a biliary fully covered self-expanding
metal stent to drain an infected pseudocyst.

[42]

Wiersema , both of whom described a single case
of successful endoscopic pseudocyst drainage using
an echoendoscope. Several larger case series looking
[30]
[43]
at 27 patients
and 35 patients
documented
success rates of 78% and 89% with complication
rates of 7% and 4% respectively, significantly lower
than with conventional transmural drainage (CTD).
Since then, a multitude of studies have validated these
initial findings, with early studies quoting success
rates ranging from 80%-100% and complication
rates averaging around 10%, mainly bleeding and
[25,30,35,40,43-47]
perforation
.
More recent studies have further subdivided pan
creatic pseudocysts into simple vs infected pseudocysts.
[48]
Sadik et al
noted a 94% success rate and 5%
complication rate in simple pseudocysts vs 80%
success rate and 30% complication rate in infected
[49]
pseudocysts. Similarly, Varadarajulu et al
found a
93.5% success rate and 5% complication rate vs a
63% success rate and 16% complication rate in sterile
vs infected pseudocysts. This suggests that while EUSguided drainage is still efficacious, infected pseudocysts
are more difficult to drain and associated with a higher
complication rate.
Several studies have directly compared EUSguided PFC drainage to CTD. A study by Kahaleh et
[25]
al
showed equal efficacy and safety between the
two techniques when conventional drainage was used
for bulging lesions and EUS-guided drainage was used
for all other lesions. Subsequently, two prospective,
[50]
randomized studies by Varadarajulu et al
and Park
[51]
et al
found significantly higher technical success
rates with EUS-guided drainage, and a trend towards
a better safety profile although statistical significance
was not reached.

which decreases the risk of stent occlusion and
theoretically the need for repeat procedures. And
secondly, they allow for shorter procedure times since
they require a single access of the cyst for deployment,
rather than the multiple access points required for the
deployment of multiple plastic stents.
[52]
A study by Penn et al
looked at 20 patients
with symptomatic pancreatic pseudocysts which were
drained under EUS guidance with placement of biliary
FCSEMS (Wallflex; Boston Scientific, Natick, MA). They
found a 100% technical success rate and a 70% rate
of complete pseudocyst resolution without recurrence.
Three patients experienced complications (15%)
requiring surgery in 2 of the 3, and stent migration
was noted in 3 patients, all of whom still achieved
pseudocyst resolution. Similarly, a case series looking
at 18 patients with symptomatic pseudocysts drained
with FCSEMS (Wallflex; Boston Scientific) under EUSguidance showed a 78% rate of complete pseudocyst
resolution (14 patients); however, 16% of patients
required surgery for ongoing sepsis or ineffective
[53]
drainage . A case series looking at 20 patients with
infected pseudocysts drained with biliary FCSEMS
and/or esophageal CSEMS reported a 100% technical
success rate and a complete clinical success rate of
[54]
85% . In this series, 1 patient had stent migration
and 1 patient had a superinfection treated with medical
[55]
therapy .
FCSEMS with antimigratory fins (Viabil, Conmed,
city, state) have also been proven efficacious (Figure
[56]
3). Talreja et al reported a 78% clinical success rate
with complete resolution after pseudocyst drainage
in 18 patients. In their series, 1 patient had stent
migration, though still achieved pseudocyst resolution.
[57]
Berzosa et al
evaluated the same stent for pseu
docyst drainage in 5 patients and found an 83%
resolution rate without recurrence at 18 wk.

FULLY COVERED SELF-EXPANDING
METAL STENTS

PLASTIC STENTS VS METAL STENTS

Fully-covered self-expanding metal stents (FCSEMS)
offer a variety of advantages over traditional plastic
stents. Firstly, they allow for a larger drainage lumen,
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Despite the advantages that FCSEMS hold over
traditional plastic stents, direct comparison has not
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[64]

Shutter

et al
documented a 98% cyst resolution rate with
adverse events in 2 out of 41 patients.
In summary, pancreatic pseudocysts can be
efficaciously managed endoscopically. Although
conventional endoscopic drainage can be safely used
for bulging pseudocysts, the majority of pseudocysts
are drained under EUS-guidance to allow for safer
access and a decrease in complications. Metal stents,
including the newly emerged lumen-apposing metal
stent, carry an advantage over plastic stents in
pseudocyst drainage, but given the increased cost
and lack of definitive evidence as to their superiority,
further trials are needed (Table 1).

Figure 4 Fluoroscopic visualization of a lumen apposing metal stent
being deployed into a pancreatic pseudocyst.

MANAGEMENT OF WOPN
WOPN is a PFC that contains solid necrotic debris
surrounded by a clearly defined capsule with or without
[4]
concurrent fluid . Although a small percentage of
WOPN will resolve spontaneously, the majority of
collections will require drainage.

consistently shown them to be superior. A recent metaanalysis that included 698 patients found no difference
in treatment success, adverse events, or recurrence
rates between pseudocysts drained with multiple
[18,58]
plastic stents vs metal stents
. However, a more
[59]
recent study by Sharaiha et al of 230 patients found
that pseudocysts drained with plastic stents were 2.5
times more likely to report adverse events than when
FCSEMS were used. Similarly, complete pseudocyst
resolution was 89% with plastic stents compared to
98% with FCSEMS. Given the cost differential between
metal and plastic stents, further randomized controlled
trials are needed prior to final recommendations on
the best approach.

SURGICAL DRAINAGE
Open surgical debridement has historically been the
[65,66]
therapy for WOPN
. Surgical management consists
of 4 principal approaches, all involving accessing the
pancreatic bed but differing in the surgical approach.
The standard approaches include access via the lesser
sac, the gastrocolic-omentum, or trans-mesenterially
[67]
through the transverse mesocolon . Once the
necrosectomy has been performed, the options are: (1)
[68]
necrosectomy alongside open packing ; (2) planed,
[69]
staged re-laparotomies with repeat lavage ; (3)
closed continuous lavage of the lesser sac and retro[65]
[70]
peritoneum ; and (4) closed packing .
Open necrosectomy is associated with high morbidity
[71-76]
(34% to 95%) and mortality (6% to 25%) rates
,
and a plethora of adverse events including organ
failure, perforation, wound infections, hemorrhage,
chronic pancreatico-cutaneous and entero-cutaneous
[65,67,70,72,73]
fistulae, and abdominal wall hernias
. With
the development of laparoscopic surgery, minimally
invasive procedures supplanted open debridement as
the surgical option of choice. Laparoscopic debridement
can be performed using 2 approaches: trans-peritoneal
[66]
(anterior) or retroperitoneal (posterior) . The transperitoneal approach involves an anterior access through
the stomach or the bowel to drain the collection. The
retroperitoneal approach uses a mini-lumbotomy,
usually left-sided, through which a laparoscope is
introduced to remove the necrotic debris under direct
visualization. Currently, the trans-peritoneal approach
is rarely used due to increased technical difficulty and
[77]
the risk of contamination of the peritoneal cavity .
Additionally, a retroperitoneal approach can be
performed with minimal or no gas insufflation and
avoids the complications associated with severing the
[78,79]
peritoneum
.

NOVEL LUMEN-APPOSING METAL
STENT
In 2013, a new FCSEMS received FDA approval for use
in drainage of PFCs (Axios; Boston Scientific, Boston,
MA). The design of the stent includes two 21 mm or
24 mm flanges on either side of a 10 mm or 15 mm
diameter lumen to help decrease the risk of stent
migration. The first clinical data using this stent came
[60]
from a study by Itoi et al
in 2012 looking at 15
patients with symptomatic pseudocysts. Success rate
in the trial was 100%, with zero percent recurrence at
11 mo follow-up and the only complication being stent
migration in 1 patient without clinical sequelae (Figure
4).
Several additional studies validated this initial
[61]
reported success. A prospective study by Shah et al
looking at 33 patients found a technical success rate
of 91% with a cyst resolution rate of 93%. Gornals et
[62]
al
looked at 9 patients who underwent pseudocyst
drainage with placement of a lumen-apposing metal
stent (LAMS) and reported a technical success 89%, a
pseudocyst resolution rate of 100%, and 1 significant
[63]
complication (pneumothorax). Walter et al
published
their data of 15 patients with a clinical success rate
of 93%, resolution rate of 100%, and 1 significant
complication (perforation). And most recently, Rinninella
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Table 1 Pancreatic fluid collection
Cases
Pancreatic pseudocysts
Hookey et al[35], 2006

116

Antillon et al[40], 2006

33

Azar et al[44], 2006

23

Lopes et al[46], 2007

51

Barthet et al[45], 2008

50

Talreja et al[56], 2008

18

Berzosa et al[57], 2012

7

Fabbri et al[95], 2012

22

Penn et al[52], 2012

20

Itoi et al[60], 2012

15

Weilert et al[53], 2012

18

Varadarajulu et al[19],
2013
Sarkaria et al[97], 2014

20

Shah et al[61], 2015

33

Walter et al[63], 2015

61

Mukai et al[99], 2015

2

Rinninella et al[64], 2015

17

18

Procedure used

Device used

Conventional Transmural
Stents
drainage
EUS-Guided Transmural Double-pigtail Stent
drainage
EUS-Guided Transmural Double-pigtail Stent
drainage
EUS-guided Transmural
Straight/Doubledrainage
pigtail Stent
EUS-guided Transmural Double-pigtail Stent/
drainage
Straight Polyethylene
EUS-guided drainage
Covered selfexpanding metal stent
Single-step endoscopic Single-self expandable
ultrasonography-guided
metal stent
drainage
EUS-guided drainage
Covered selfexpanding metal stent
EUS-guided drainage
Fully covered selfexpandable metallic
stents
EUS-guided drainage Novel lumen-apposing,
self-expandable metal
stent (Axios)
EUS-guided drainage
Fully covered selfexpanding metal stent
Endoscopic
Plastic stents
Cystogastrostomy
EUS-guided drainage
Fully covered
esophageal selfexpandable metallic
stents
EUS-guided drainage
Lumen-apposing,
covered, selfexpanding metal stent;
Axios
EUS-guided drainage
Axios

EUS-guided drainage/
Direct endoscopic
necrosectomy
EUS-guided drainage

Sharaiha et al[59], 2015

230

EUS-guided transmural
drainage

Walled-off Necrosis
Seewald et al[89], 2005

13

Charnley et al[92], 2006

13

Voermans et al[90], 2007

25

Papachristou et al[88],
2007

53

Direct endoscopic
necrosectomy
Direct endoscopic
necrosectomy
Direct endoscopic
necrosectomy
Direct endoscopic
necrosectomy
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Clinical
Technical success
success rates
rates

Complications

88%

88%

11% complication rate

94%

82%

2 major complications and 3 minor
complications

91%

91%

94%

94%

90%

98%

95%

78%

100%

83%

77%

77%

70%

70%

100%

100%

78%

78%

95%

90%

88%

88%

Perforation during tract dilation (1)

91%

93%

93%

98%

novel flared-type
biflangedmetal stent

100%

100%

Abdominal pain (n = 3), spontaneous
stent migration, back pain (n =
1), access-site infection, and stent
dislodgement (n = 1)
stent migration (n = 3), stent
dislodgement during necrosectomy
(n = 3), stent removal during surgery
(n = 2), or refusal by the patient (n = 2)
There was 1 psuedocyst recurrence
in cystogramy

Lumen-apposing, selfexpanding metal stent
(Axios)
118 DP plastic
stents/112 FCSEMS

100%

75%-90%

< 90%

Double-pigtail stent

91%

91%

Double-pigtail stents

92.3%

92.3%

Double-pigtail stents

93%

93%

Double-pigtail stents

81%

81%

2262

17.7% stent migration, stent
obstruction
18% morbidity, 5 superinfections
Superinfection (5), bleeding (2), and
inner migration (1).

Pseudocyst infection (2), post
transmural drainage fever and postERCP pancreatitis(1)

Minor bleeding after balloon dilation,
Necrosectomy (4)

Surgery(2), Hemorrhage (1),
perforation of cyst wall (1)
Twelve patients (23%) required open
operative intervention a median
of 47 d (range, 5–540) after initial
endoscopic drainage/debridement,
due to persistence of WOPN (n = 3),
recurrence of a fluid collection (n =
2), cutaneous fistula formation (n =
2), or technical failure, persistence of
pancreatic pain, colonic obstruction,
perforation, and flank abscess (n = 1
each)

February 21, 2016|Volume 22|Issue 7|

Tyberg A et al . Management of pancreatic fluid collections
Escourrou et al[91], 2008

13

Seifert et al[93], 2009

93

Gardner et al[102], 2009

45

Gardner et al[94], 2011

104

Direct endoscopic
necrosectomy
Transmural endoscopic
necresectomy

Double-pigtail stents

100%

100%

Multiple Stents

80%

80%

45%

91%

88% for DEN and
45% for Standard
endoscopy
drainage
91%

90%

100%

84%

93%

83%

83%

100%

100%

Axios Stent

90.4%

100%

Axios Stent

81%

81%

25 used direct endoscopic
Multiple Stents
neserectomy and 20 used
conventional standard
endoscopic drainage
Direct endoscopic
Multiple Stents
necrosectomy
endoscopic transluminal Novel large-bore, fully
necrosectomy and
covered metal throughtransmural drain
the-scope esophageal
stent
Endoscopic drainage
Multiple Stents

Attam et al[98], 2014

10

Smoczyński et al[100],
2014

112

Sarkaria et al[97], 2014

17

EUS-guided drainage

Mukai et al[99], 2015

19

Rinninella et al[64], 2015

52

EUS-guided drainage and
DEN for PFCs using the
novel flared-type BFMS
EUS guidance FCSEMS/
LACSEMS

Walter et al[63], 2015

46

EUS guided drainage

Fully covered
esophageal selfexpandable metallic
stents
novel flared-type
biflangedmetal stent

bleeding (n = 3), transient aggravation
of sepsis (n = 3)
Bleeding (13), Perforations of the
necrosis (5), fistula formation (2), air
embolism (2), complications at other
organs (2)

14%; included 5 retrogastric
perforations/pneumoperitoneum

Stoma bleeding (19), GI Perforation
(4), collection perforation (2), sepsis
(1), stent migration (3)

3 patients required surgery due to
infection/1 patient had a perforated
wall
9%

EUS: Endoscopic ultrasonography; GI: Gastrointestinal; DEN: Direct endoscopic necrosectomy; PFCs: Pancreatic fluid collections.

complications, and reduced overall healthcare costs. Of
note, percutaneous drainage alone without subsequent
necrosectomy was achieved only in 30% of patients.

PERCUTANOUS DRAINAGE
Percutaneous drainage for WOPN involves placement
of a catheter into the collection under US guidance with
fluoroscopy or CT guidance. Ideally, a retroperitoneal
approach is taken. After placement and aspiration
of as much fluid as possible, 12 French drains are
left in place and irrigated with 10-20 mL of sterile
saline 3 times daily. The catheters can be upsized to
a maximum of 28 French as the patient’s follow-up
[80]
requires .
Traditionally, the success rate of percutaneous
drainage alone (defined as survival without the
need for additional surgical necrosectomy) ranged
from 35%-84%, with mortality rates ranging from
5.6%-34% and morbidity ranges of 11%-42%, most
commonly due to pancreatico-cutaneous fistulas and
pancreatico-enteric fistulas which occur in an as many
[81-85]
as 20% of cases
. Consequently, percutaneous
drainage is more often used as an adjunct therapy,
often serving as the first step of a step-up approach
[65,76,81]
to endoscopic or surgical drainage
. The Dutch
PANTER trial illustrated this concept by comparing
open necrosectomy with a less-invasive step-up
[86]
approach in 88 patients . In the step-up approach,
patients first underwent percutaneous drainage
of the collection followed by minimally invasive
retroperitoneal necrosectomy if clinical improvement
was not achieved. Results showed that the minimally
invasive approach was associated with an overall
decreased mortality rate, fewer major and long-term

WJG|www.wjgnet.com

ENDOSCOPIC NECROSECTOMY
The endoscopic technique for drainage of WOPN is
called direct endoscopic necrosectomy (DEN). As
in pseudocyst drainage, EUS is used to identify and
access the collection, a wire is coiled within the cavity
lumen, and the fistulous tract is created. However,
unlike pseudocyst drainage, the tract is then dilated
enough to allow for passage of an endoscope into the
collection. Mechanical cleaning with removal of necrotic
debris is then performed.
Nasocystic drainage is typically performed to
facilitate liquefaction of the debris and improve
[31]
drainage .
Hydrogen peroxide (H2O2) can be used to facilitate
[15]
removal of necrotic debris . H2O2 is infused into the
cavity during endoscopy in a 1:5 or 1:10 dilution with
normal saline, allowing for enhanced necrotic tissue
dislodgement and debris extraction during endoscopy.
The use of H2O2 has been shown to decrease procedure
time, reduce complication rates, and decrease
the total number of necrosectomy sessions until
resolution. Some adverse events have been reported
including bleeding, perforation, and self-limited
pneumoperitoneum. However, these complications
are rare, especially after the incorporation of carbon
dioxide for peri-procedural insufflation.
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including 3 patients requiring surgical intervention
either for bleeding or failed resolution, 5 patients dying
of other causes prior to WOPN resolution, and 1 periprocedural death due to hypotension.

A

FULLY-COVERED SELF-EXPANDING
METAL STENTS
Biliary FCSEMS provide a larger stent lumen for
drainage of WOPN, but are limited in that they do not
permit passage of an endoscope (Figure 5). Fabbri et
[95]
al published results of 2 patients with WOPN drained
with biliary FCSEMS (Wallflex, Boston Scientific). In 1
patient, the WOPN completely resolved; in the second
patient, the stent migrated leading to widespread
sepsis and need for surgical intervention. Berzosa et
[57]
al also looked at 2 patients with WOPN drained with
biliary FCSEMS (Viable, ConMed). The WOPN resolved
in both patients with no recurrence after 18 wk followup.
Esophageal FCSEMS have a larger lumen diameter
and allow for passage of the endoscope through the
lumen of the stent after deployment (Figure 6A).
The first reported case of WOPN drainage using an
esophageal FCSEMS was published by Antillon et
[96]
[97]
al . Sarkaria et al
published results of 17 patients
who underwent WOPN drainage with placement of
an esophageal stent, 88% of whom demonstrated
complete resolution with an average of 5 endoscopic
sessions and 2 of whom ultimately required surgical
intervention. No major complications were reported.
[98]
Attam et al found similar results in 10 patients using
a through-the-scope esophageal FCSEMS in which
resolution was achieved in 90% of patients after an
average of 3 endoscopic sessions. Two patients required
stent revision due to persistent infection in long-term
follow-up, and 1 patient died of gastrointestinal bleeding
from a pseudoaneurysm. Esophageal FCSEMS are a
promising concept in the endoscopic management of
WOPN. However, the development of lumen apposing
metal stent may supplant the utilization of esophageal
FCSEMS.

B

Figure 5 Endosonographic visualization (A) and endoscopic visualization
(B) of a biliary fully covered self-expanding metal stent being deployed
into walled-off pancreatic necrosis.

The first experiences with endoscopic necrosectomy
were done through the deployment of plastic stents
and placement of a nasocystic drain without direct
mechanical debridement. This was first described
[87]
by Baron et al
in 1996, in which 11 patients
underwent WOPN drainage with an overall success
rate of 81% and a complication rate of 36% (bleeding
[88]
and infection). Papachristou et al
reported similar
findings in 2007 in a study of 53 patients, with an
overall success rate of 81% and a complication rate of
21%.
[89]
Seewald et al
introduced the concept of dilation
of the fistulous tract to allow for advancement of an
endoscope into the necrotic cavity and mechanical
removal of debris. They described a 91% WOPN
resolution rate in 13 patients, with 2 patients having
recurrence on 4 mo follow-up necessitating surgical
[90]
resection. Voermans et al
documented a 93%
success rate in 25 patients, with only 2 patients
requiring surgical intervention for bleeding and per
[91]
foration. Smaller studies by Escourrou et al
and
[92]
Charnley et al found similar results.
The first multicenter study evaluating endoscopic
[93]
necrosectomy was performed by Seifert et al . In
this study of 93 patients, an 80% clinical success
rate was achieved with a 23% complication rate and
7.5% mortality rate. A second multicenter study was
[94]
published by Gardner et al
in 2011 looking at 104
patients with WOPN. Successful resolution was achieved
in 91% of patients, with a complication rate of 14%
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LAMS
The previously mentioned LAMS (Axios, Xlumena)
also allows for passage of an endoscope through
the lumen of the stent into the cavity for mechanical
necrosectomy. Only a small number of studies have
been published specifically evaluating the use of
[61]
LAMS for drainage of WOPN. Shah et al
achieved
WOPN resolution in 10 of 11 patients using a LAMS
[63]
for drainage. Walter et al
looked at 46 patients
with WOPN and found a clinical success rate of
81%, with an overall major complication rate of 9%
due to infection from stent occlusion, all managed
endoscopically with only 3 patients ultimately requiring
surgical intervention for persistent infection. Most
[64]
recently, Rinninella et al
documented a 90% clinical
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B

C

D

Shutter

Shutter

A

Figure 6 Fluoroscopic visualization of an esophageal fully-covered self-expanding metal stents deployed into walled-off necrosis (A), a pancreatic duct
leak (D), endoscopic visualization of a lumen-apposing metal stent deployed into walled-off necrosis (B, C).

success rate in 52 patients, with a 5.4% complication
rate. Additional multi-center studies are needed, but
LAMS represent a promising advance in the endoscopic
management of WOPN (Figure 6B and C).
Cumulatively, these studies illustrate that while
endoscopic necrosectomy is efficacious, it is a com
plicated procedure requiring a high-level of skill in
endoscopy with complications occurring even in the
most experienced of hands and requiring the presence
of a strong multi-disciplinary team to be successful.
The incorporation of metal stents that allow for a large
drainage lumen and the advancement of an endoscope
through the stent lumen for DEN is a major advance,
which may ultimately improve efficacy and decrease
complications associated with these procedures (Table
[99-102]
1)
.

recent study from 2014 directly compared a step-up
approach starting with percutaneous drainage and
escalating to more invasive therapy as needed to
[104]
DEN in 24 patients
. Their results demonstrated a
resolution rate of 92% vs 25% in the necrosectomy
vs percutaneous drainage group, with 9 of 12 patients
requiring surgery after percutaneous drainage alone.
Additionally, less antibiotic use, pancreatic insufficiency,
and hospitalization was seen in the endoscopic
necrosectomy group.

ERCP FOR PANCREATIC DUCT
EXPLORATION
An important component in the management of PFCs
is ensuring the integrity of the pancreatic duct (PD)
via ERCP. Disruptions in the PD are associated with
an increased severity of pancreatitis, an increased
risk of recurrent attacks of pancreatitis and long-term
complications, and a decreased rate of PFC resolution
[105-110]
after drainage
(Figure 6D).

ENDOSCOPY VS PERCUTAENOUS OR
SURGICAL DRAINAGE
A recent randomized multicenter trial from 2012
directly compared endoscopic necrosectomy and
surgical necrosectomy (video-assisted retroperitoneal
debridement with open laparoscopic necrosectomy for
[103]
rescue) in 22 patients
. Their results showed that
endoscopic therapy was associated with a lower postprocedure inflammatory response (as demonstrated
by interleukin levels), a lower complication rate,
fewer pancreatic fistulae developments, and less
pancreatic enzyme use on 6 mo follow-up. Amore
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PD DISRUTPION AND SEVERITY OF
PANCREATITIS
A PD disruption has been shown to be associated with
a more severe course of pancreatitis. A retrospective
review of 105 patients with acute pancreatitis found
that nearly half of patients with severe pancreatitis
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had concurrent PD disruption, while a normal PD was
[105]
noted in 100% of patients with mild pancreatitis
.
Similarly, in a retrospective review of 144 patients
[109]
with severe pancreatitis, Lau et al
found that
patients with a PD leak were 3.4 times more likely to
have pancreatic necrosis. Thus, assessing for a PD
disruption in patients with pancreatitis is an important
prognosticating step.

with improved safety and efficacy as compared to
surgical or radiologic approaches. Furthermore,
patients with WOPN can safely undergo endoscopic
necrosectomy, obviating the need for surgical
exploration. Lastly, in all patients with suspected
PD disruption, ERCP with PD exploration should be
performed and if MRCP is available, it should be used
accordingly to rule out pancreatic duct disruption in
low probability patients.
In summary, all forms of PFC can be safely and
effectively managed by a variety of endoscopic
procedures.

PD DISRUPTION AND RECURRENT
PANCREATITIS/LONG-TERM
COMPLICATIONS
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Abstract
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Hepatitis E virus (HEV) infection is a common cause
of acute clinical hepatitis worldwide. HEV is an RNAcontaining virus and the only member of the genus
Hepevirus in the family Hepeviridae . Human HEV is
classified into four genotypes widely distributed across
the world. The virus is mainly transmitted via the fecaloral route, and water-borne epidemics have become
characteristic of hepatitis E in developing countries,
including those in Latin America. The zoonotic
potential of HEV is broadly recognized. Thus, there
is an urgent need to re-evaluate virus transmission
scenarios and to enforce epidemiological surveillance
systems. Additionally, it is known that HEV infections,
initially defined as self-limiting, can also take chronic
courses in immunocompromised patients. Moreover,
we recently reported a high seroprevalence of HEV in
samples from cirrhotic patients with no other etiological
agents present, suggesting the potential role of HEV
in the development of chronic liver illness. In this
review, HEV genomic variability, transmission, chronic
infectious course, zoonotic potential and treatment
are discussed. Focus is placed on the impact of HEV
infection in Latin America, to support the development
of specific control strategies and the handling of this
important and typically imperceptible viral infection.
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Table 1
America

Core tip: Despite the widespread presence of hepatitis
E virus (HEV), this pathogen is not commonly con
sidered from a global public health perspective.
Active research on hepatitis E both in animals and
humans has provided novel insight into HEV path
ogenesis, zoonotic potential and its role in chronic
liver disease. Detailed guidelines for tracking cases
need to be developed to contain the virus. This action
is particularly necessary in endemic and emerging
situations in regions with a higher risk of developing
the infection, including Latin America.

Genotype

Region

Species

Genotype
1

Uruguay
Venezuela
Cuba
Mexico
Mexico

X
X
X
X
X

Argentina
Brazil
Bolivia
Cuba
Venezuela
México
Uruguay
Chile
Costa Rica
China, Japan,
Taiwan
(not in Latin
America)

X
X
X
X
X

1

Detection
method/input
2
specimen

Humans Swine Other

Genotype
2
Genotype
3
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Genotype
4

X
X
X
X

X
X

RT-PCR

Serum

X
X

X

X
X

X
X
X

3

X
X

X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X

1

According to reports found in Pubmed, indicates infection regardless of
disease condition of the host (with or without clinical signs). 2Origin of the
host in analyzed samples. Reverse Transcription PCR (RT-PCR) was the
method used to detect genomic RNA of HEV. When serum was the input
material, the detection of anti-HEV specific antibodies (seroconversion)
was indicative of current contact (active infection) or past infection. 3Host
or developed in chickens, deer, rodent and other mammals.

INTRODUCTION
Multiple outbreaks of viral hepatitis have been
documented around the world since ancient times. In
Latin America, viral hepatitis may have been implicated
in the extermination of more than half the population
[1]
of Mesoamerica in colonial times . In the past century,
hepatitis A virus (HAV) and hepatitis B virus (HBV),
followed by the more recent description of hepatitis C
virus (HCV), have been identified as causative agents
of viral hepatitis. Hepatitis E virus (HEV), although
probably also ancient, was not recognized as a new
[2]
virus-causing hepatic disease until 1980 , which is the
main reason for the limited information on this viral
disease.
HEV infection is responsible for the half of all
[3]
outbreaks of acute liver disease in endemic areas .
HEV, which was formerly known as non-A, non-B
hepatitis-causing infectious virus, is mainly transmitted
via the fecal-oral route through contaminated water
and is primarily found in areas with inadequate
sanitary conditions. Other routes, such as organ
transplants and zoonotic transmission, may possibly
play important roles in transmission. Although the
disease is usually associated with rather low fatality
and mortality rates (0.2%-3.0%), in some highly
susceptible populations the estimated infection rates
[4]
have been reported in the range 15%-20% . Of
interest, in HEV-positive pregnant women, mortality
due to fulminant hepatic failure has been reported to
[4,5]
reach up to 25% in infected individuals , which is the
highest value reported so far for HEV-caused fatalities.
HEV infection and HEV-associated diseases
represent a major public health problem. It is esti
mated that 2.3 billion people are infected globally.
HEV is responsible for nearly 50% of acute viral
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Hepatitis E virus genotypes reported for Latin

hepatitis in developing countries in Asia, Africa and
[6]
Latin America . Acute infections mostly affect adults,
15 to 40 years of age and are symptomatically mild.
Studies from Asian endemic regions indicate a high
seroprevalence, with rates ranging from 15% to
[3]
60% . Chronic disease related to HEV has been
reported in immune-suppressed individuals, such
as organ transplant recipients, patients receiving
[3,6]
chemotherapy, and HIV-infected patients , in whom
chronic HEV infection may lead to the development of
[7]
hepatic fibrosis and cirrhosis .
HEV, the etiological agent of hepatitis E disease,
has been classified into at least four genotypes and
several subtypes (Table 1). HEV genotypes 1 and 2
are hyper-endemic in Asia and Africa, and frequently
cause outbreaks of acute hepatitis. HEV genotype 3 is
prevalent in developed nations, where sporadic acute
[3,6]
hepatitis has been reported . HEV genotype 4 is
almost exclusive to Asia, and it is recognized as the
most frequent cause of the sporadic hepatitis E cases
[8]
that affecting humans in China .
Initially considered an infection associated with the
use of low-quality water sources, its importance has
increased due to animal reservoirs. In the last decade,
HEV has gained increasing attention as depicted
in Figure 1. The detection of HEV in animals raised
concerns about the risk of zoonotic transmission to
humans. Thus, the need to involve animal health into
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of a single-stranded, positive-sense RNA molecule
7.2 kb in size. The genome organization includes a
7-methylguanosine cap structure attached to the 5’
end, a noncoding region in 5’ end, an open reading
frame 1 (ORF1) and two other ORF2 and ORF3,
which are partially overlapping. HEV RNA also has
a non-translated region at the 3’ region spanning
approximately 27-35 nucleotides (nt), and the 3’ end
[5]
is extended by a poly A tract (Figure 2).
The first genomic region, ORF-1, gives rise to
a protein of approximately 1693 amino acids (aa)
that encodes non-structural proteins and enzymes
involved in viral replication, transcription and protein
[12]
processing . The most downstream region, ORF-2,
consists of 1980 nt, ending with 65 nt before a poly-A
tail signal, which encodes a 660-aa, a glycosylated
protein corresponding to the structural protein of the
[3,6]
capsid . The ORF-2 protein contains epitopes that
induce the neutralizing antibodies located mainly near
the carboxyl end. The intermediate region, ORF-3,
overlaps with a single nt at its 5’ end with ORF-1
and with 328 nt with ORF-2. ORF-3 encodes for 123
aa, a small, approximately 13.5 kDa protein, that is
[5]
phosphorylated . Also known as phosphopeptide,
this small protein was reported to be associated with
the hepatocellular cytoskeleton and forms a complex
with the major capsid protein ORF-2, suggesting their
involvement in virion assembly. ORF-3 might also
have regulatory functions involved in the modulation
[5,13]
of cellular signaling transduction
. Additionally,
the ORF-3 protein is thought to contain neutralizing
[12,13]
epitopes toward its 3’ end
, which highlights its
importance during the viral infection cycle.
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Figure 1 Timeline of the number of papers about hepatitis E virus. Based
on references found in PubMed when hepatitis E virus (HEV) was used as
a search keyword. All the years prior to 1990 clustered at first time point.
Awareness was more prominent following the demonstration of chronic hepatitis
as caused by HEV. Arrows highlights first report of zoonotic transmission (left
arrow), and the demonstration of chronicity due to HEV infection (right arrow).

a single approach was recently recognized as the One
Health initiative stated of the World Health Organization
(WHO), which was developed to cope with such multisource causes of disease. Human HEV outbreaks have
been reported in Latin America, and specifically, twice
[2]
in Mexico . In both reported cases, the viral genotype
2 was detected, and this remains the only viral variant
[2]
from this country . HEV has also been detected in
[6]
pigs from Mexico and Costa Rica . Moreover, recent
[6]
reports demonstrated that HEV circulates in Uruguay
[9]
and central Argentina . Additionally, it is endemic in
[10]
the Brazilian Amazon and is postulated to be present
in Bolivia based on the detection of antibodies against
[11]
HEV . Based on the limited knowledge available
about the distribution of HEV viral variants in Latin
America, in this review a general scientific landscape is
presented to update HEV epidemiology literature and
to assess the epidemiological risk for humans in this
region.

HEV SEROEPIDEMIOLOGY IN LATIN
AMERICA
Because HEV is primarily transmitted via the fecaloral route, most outbreaks have been described as
originating from a source of water. This situation
occurs mainly in developing countries with a temperate
climate, high population density and poor sanitary
[4]
conditions . Since the first epidemics described in
New Delhi, India (1955-1956), many others have
occurred in India (Kashmir), Nepal (Kathmandu)
[3]
and China (Xinjiang Province, 1986-1988) . In Latin
America, the only major outbreak of HEV occurred in
[2,14]
Mexico from 1986-1987
.
The total prevalence of antibodies against HEV in
[4]
endemic countries is variable (3%-27%) . In contrast
to other enteric viruses, such as polio or HAV, the
prevalence of IgG anti-HEV is lower in children and
[2]
young people than it is in adults . In non-endemic
areas with proper sanitary conditions and a wellcontrolled water supply, the prevalence of antibodies
against HEV in the general population is relatively
high (up to 7%-10%), and is even higher in certain
[2]
endemic areas . In Mexico, a study analyzing the

VIRUS CAUSING HEV DISEASE
Hepatitis E disease is due to infection with HEV virus,
[3]
a member of the Hepaviridae family . This family
includes the genus hepevirus, which contains viruses
isolated from humans, avian species, mice, rats,
and several other mammals such as boars, rabbits,
camels, goats, ferrets, and mongooses. The viral
particle is a non-enveloped sphere with approximately
32-34 nm in diameter. The viral genome consists

WJG|www.wjgnet.com
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Figure 2 A schematic representation of the RNA- hepatitis E virus genome. RNA encodes for multiple proteins from three Open Reading Frames (ORFs).
ORF1 comprises the methyltransferase (MT), Y domain, a papain-like cysteine protease (PCP), hypervariable region (HVR), X macrodomain, helicase (Hel), and
RNA-dependent RNA polymerase (RdRp). ORF 2 encodes the capsid protein, and ORF3 encodes a cytoskeleton-associated phosphoprotein. 5´Cap and 3´PolyA
modifications are also depicted. The junction region (JR), stem-loop structure (SL), and cis-reactive element (CRE) have been described elsewhere[12].

serum samples of 3549 individuals found a HEV
seroprevalence of 10.5% in young adults and children
of different socioeconomic status and from various
regions within the country. This seroprevalence
increased with age, from 1.1% in children under
five years old up to 14% in people between 26 to 29
[14,15]
years of age
. Age, the type of community, and
the level of education have been described as risk
[2]
factors for infection . A seroprevalence of 6.3% with
a clear predominance of men older than 50 years
[15]
was then confirmed in the same Mexican study .
In Mexico, HEV has also been detected as a cause of
[16]
disease in the State of Hidalgo , and circulates in pig
[17]
populations . So far, no studies have evaluated HEV
zoonotic potential or the risk of transmission in the
food chain in Mexico.
From recent studies, it seems that HEV has been
found in several other regions in Northern Mexico.
Analysis of blood samples from 557 low-income,
pregnant women in El Paso, Texas (United States) and
307 women in Ciudad Juarez showed a seroprevalence
[18]
for HEV of 0.4% and 1.6%, respectively . Addi
tionally, a study of 273 serum samples from rural
adults in Durango state revealed a higher (36.6%)
seroprevalence than that reported in other Mexican
[19]
regions . This same study reported serological
evidence of HEV exposure in 150 Mennonites in the
same geographical area. However, Mennonites had a
lower seroprevalence (6.7%) of HEV antibodies than
the general rural population (40.7%) and, as reported
for other groups, the seroprevalence in Mennonites
[20]
increased with age . The findings of a higher
prevalence in older age subjects could represent a
latent infectious stage in which the virus circulates in a
subclinical form, or the constant permanence within an
undetected animal reservoir.
An evaluation of HEV presence in higher risk
population has been conducted in Mexico. The study
of 439 pregnant women in Durango, Mexico revealed
an HEV seroprevalence of 5.7% and an association
between unpasteurized cow milk consumption and
[21]
HEV exposure . In Latin America, HEV has also
[22,23]
[24]
[9]
been found in Brazil
, Chile , Argentina , Costa
[25]
[6,11]
[26]
Rica , Bolivia
and Uruguay (Table 1). Currently,
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it is accepted that in these regions, HEV has a high
prevalence.

HEV GENOMIC VARIABILITY: THE CASE
OF LATIN AMERICA
As an RNA virus, HEV has been recognized to exhibit
broad genetic diversity although no serotype variation
has been identified so far. A single serotype has been
described and is composed of at least four different
genotypes differing in geographic distribution and
host (Table 1). Studies characterizing the genome of
HEV from the same outbreak have found sequence
similarities in the range of 95%-98% at the nucleotide
[27,28]
level and 95%-100% at the amino acid level
.
Support for the quasispecies nature of HEV relies
on this reported genetic heterogeneity, but its
impact on epidemiology has not been assessed. The
genomic sequence dissimilarity has been proposed to
extend the classification to incorporate HEV variants
detected in many animal species, but the virus that
infects humans belongs to the same four genotypes
[29]
previously recognized . Two additional genotypes
have been proposed following the detection of HEV in
wild boar in Japan, and the taxonomy of Hepeviridae
[30]
is currently under revision . At present, HEV is still
classified into the same four genotypes, which were
[29]
further subdivided into subtypes . Most viral diversity
relies on RNA, and alternative protein sequencebased methods could be useful for this multi-host
pathogen (see Table 1) to avoid multiple subdivisions
and fragmentation of this single-serotype virus.
Notably, the availability of a detailed description of
[30]
viral epitopes
could permit the use of immuneoriented methods to understand current and upcoming
sequence diversity.
HEV genotypes 1 and 2 have been isolated from
[5]
humans and associated with HEV outbreaks .
Genotype 1 is considered endemic in some areas
of Asia and Africa and was also detected in Cuba
[6,27]
and Venezuela
. In Uruguay, an indigenous HEV,
[26]
genotype 1, was recently described . Genotype 2
has been reported in Mexico and some local variants
[2,6,27]
from Africa
. HEV genotypes 3 and 4 were initially
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Figure 3 A phylogenetic tree for hepatitis E virus according to their amino-acid sequences from the recognition domain E2 (E domain, residues 455 to 606,
based on US-1 strain) in the open reading frame capsid protein. This region corresponds with the binding domain of neutralizing Mab 8C11[32,33]. It contains all
epitopes demonstrated to elicit neutralizing antibodies. This region is sufficient to provide protection, and is the basis of the current recombinant vaccine Hecolin 293
approved in China. The analysis was based on 100 sequences representing the diversity of HEV sequences. The tree was constructed by the Maximum Likelihood
method using PhyML software, as implemented in server http://phylogeny.lirmm.fr[33]. The scale bar represents amino-acid substitutions and the statistical support was
obtained from 100 Bootstrap replicates.
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Hepatitis E virus
infection

Hepatitis

Extrahepatic
manifestations

Resolving

Fulminant

Chronic

IgG anti-HEV HEV
replication for more
than 3 mo
Pregnancy

Transplant
HIV
Chemotherapy

IgM anti-HEV
HEV RNA

Acute hepatitis

Chronic hepatitis

Genotype 3

Genotype 1
Reduction in
immunosuppression

Antiviral therapy
Pegylated-interferon
Ribavirin monotherapy

Figure 4 Patterns of hepatitis E virus infection. The typical clinical courses taken by hepatitis E virus (HEV) infections are depicted. The scheme is based on the
clinical approach followed at different institutions, as first revised in Kamar et al[13]. The shaded text corresponds to the clinical laboratory markers used to classify the
degree of disease caused. This model is based mainly on infections with HEV from genotypes 1 and 3, as shown. Fewer data are available for genotypes 2 and 4, but
the same general model may apply.

and 29 years. Characterization by extensive sequence
analysis of three regions of HEV genome from Uruguay
revealed that these viruses were closely related to
[26]
a set of European strains
and, thus, dissimilar to
[6]
Brazilian, Argentinean and Bolivian isolates . The
outbreaks reported in Mexico and those associated
with genotypes 1 and 2 in developing countries have
shown the highest incidence among individuals in
the same age range. In contrast, sporadic infections
in industrialized countries have been associated
with genotypes 3 and 4, with an average age of
highest incidence of 60 years. HEV detected from
Argentina and Brazil are more related to viruses from
industrialized countries (North America and Europe),
whereas the HEV in the Caribbean and Mexico include
viral genotypes more closely related to outbreaks
[2,6]
in Africa and Asia
. The heterogeneity of HEV
viruses in Latin America can be demonstrated by the

isolated after causing infection in humans and animals,
mainly pigs. In humans, these genotypes 3 and 4
have been associated with acute hepatitis sporadically
[10]
during outbreaks . HEV genotype 3 includes isolates
from non-endemic regions (the United States, Italy
and Greece), and its occurrence is considered to be
related to traveling to endemic regions, representing a
[4-6,10]
group of more diverse sequences
. HEV genotype
4 is found in Asia, and is particularly endemic in China,
[3,4]
and Central Europe . HEV genotype 3 is the most
frequent genotype found in South America, where the
HEV epidemiology appears to be composed of at least
[3,4,6]
three of the four known genotypes
(Table 1). It
is interesting that the clinical manifestations of HEV
have been associated with distinct ages depending on
the infectious genotype. In the Indian outbreak, which
primarily consisted of genotype 1, the age group with
the highest incidence of infection was between 20
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[13]

phylogenetic analysis of their sequences as detailed in
[28,29]
Figure 3
, and particularly according to their aminoacid sequence from recognition of the E2 domain
in ORF2 that corresponds to the major recognition
[30-32]
epitope for neutralizing antibodies
. The prevalence
observed in this region and its genetic heterogeneity
highlight the urgent need to improve our knowledge of
the molecular epidemiology of HEV in Latin America.
Thus, single or multiple re-introductions of HEV may
be detected to prevent further outbreaks.

HEV

PATHOGENESIS
After entering the body, HEV virus shows exquisite
tropism for the liver, via as-yet-unknown mechanisms.
The virus accumulates in the bile, reaches the
intestine through the bile duct, and then can be
found in the feces after approximately two weeks
of infection. During the first two weeks, anti-virus
[4,5]
specific antibodies can be found in the serum
.
HEV has been reported in the blood or feces for
longer periods, up to 16 wk, depending on unknown
conditions. The more prolonged maintenance of HEV
in asymptomatic individuals may result in reservoirs
during inter-epidemic stages over time, resulting
in sporadic infections among persons exposed to
[4]
contaminated food or water . HEV is shed in the feces
of infected individuals as infectious, nonenveloped
virions with their genome encapsidated in a naked
[10,13]
protein shell
. However, recent reports suggest
that HEV circulates during acute infection in a
membrane-wrapped form in which the encapsidated
RNA is completely enveloped and sequestered from
neutralizing antibodies, and yet has an infectivity
equivalent to that of naked virus particles. These
membrane-wrapped forms of HEV differ from classical
enveloped viruses in that the surrounding lipid bilayer
[13]
appears to be devoid of virally encoded proteins .
This would allow the extracellular virus to masquerade
as a host-derived exocytic vesicle and likely facilitates
its dissemination within the host, but this hypothesis
remains to be tested.
During the infection cycle, typical humoral res
ponses have been described with less information
available for the corresponding cellular component of
the immune response. The role of the host response in
the self-damage to liver cells is poorly understood, and
there is agreement regarding the prominent role of the
[3]
immune system plays in the resultant liver damage .
The identification of specific IgM antibodies for HEV in
the serum coincides with the appearance of symptoms.
HEV-specific IgG antibodies can be detected shortly
after the emergence of IgM antibodies, and IgG values
increase during the acute phase of the disease and
[3,4]
remain detectable in the serum for several years .
The lack of a cellular or animal model hampers
the progress of studies regarding the pathogenesis of
HEV virus. Attempts to culture the virus have given
rise to a few reports on cells lines permissive for HEV
[10,13]
replication while in culture
. However, no standard
methodology for viral isolation has been established,
and the characterization of infection is performed using
only serological and molecular methodologies (Table 1).
The understanding of viral pathogenesis is in urgent

TRANSMISSION
HEV is primarily transmitted via the fecal-oral route.
As such, the epidemics of hepatitis E in endemic
[2]
areas are due to contaminated water . The optimal
circumstances for hepatitis E epidemics arise when
untreated wastewater comes into contact with
drinking water during times of heavy rain. Examples
of these circumstances included the 1950s epidemic
in Delhi (India), which was preceded by heavy rains
[6]
and floods , and outbreaks in Mexico, which have
coincided with the rainy season. There is a direct
correlation between a high incidence of positive
serology of HEV and the use of superficial waters
without boiling for food consumption or personal
[6]
hygiene . Some studies have described the presence
of viral particles and RNA in the wastewater of
cities after the slaughter of swine in industrialized
[33,34]
countries
. However, subsequent studies have
not confirmed any risk of HEV infection via this type
[35]
of water contamination in industrialized countries .
This discrepancy may reflect the difficulty of detecting
pathogens in water samples, particularly in the case
of HEV RNA, which is very labile. Clearly, there is still a
great need for systematic studies that identify the risk
represented by such water conditions in Latin America
because many areas are considered to have poor
health conditions and deficient sanitary treatment of
the potable water systems.
The incidence of HEV transmission from person to
person is low, representing between 1 and 2% of the
[5]
total number of cases described . In contrast, the
rate of HEV transmission from mother to child, though
[20,21]
variable, is quite high (30% to 100%)
. Up to twothirds of pregnant women infected with HEV may
[36]
have premature births and high neonatal mortality .
Reports of HEV RNA in the blood of newborns, when
the virus could not be detected in the mothers, have
also been published as a possible case of vertical
[37]
transmission . Additionally, the presence of HEV in
multiple animal reservoirs shows that the origin and
transmission of HEV disease are in need of urgent
revision. Thus, animal reservoirs used as a food source
cannot be discarded as risk factors for spreading
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need for in vitro methods and in vivo approaches that
might evoke the viral life cycle.

donors presenting liver function abnormalities .
HEV diagnosis in OT with elevated liver enzymes is
advised and is based on HEV RNA testing as antibody
assays are typically not sensitive enough. HEV
seroconversion may be delayed and may not occur in
some patients. Thus, the molecular detection of HEV
RNA is essential to exclude an HEV infection in patients
who are negative for anti-HEV IgM and to assess the
evolution of infection. To date, no cases of chronic HEV
genotypes 1, 2 or 4 have been reported. All chronic
cases have been associated with HEV genotype 3.
Interestingly, fulminant hepatitis in pregnant women
[13]
has been related to viral genotype 1 . Thus,
the determination of genotypes may be crucial to
predicting the disease outcome.

HEV-chronic infection in immunocompromised patients

Although HEV infections are defined as acute and selflimiting, we previously reported a high seroprevalence
of HEV in samples from cirrhotic patients with no other
etiological agents, suggesting the potential role of HEV
[2]
in the development of chronic liver illness . In fact, it
has been recently accepted that HEV infections may
take chronic courses under specific circumstances,
such as in immunocompromised individuals. Although
chronic HEV infections have been mainly diagnosed in
[38-43]
the organ transplanted population
, chronic HEV
infections have also been found in patients receiving
[44]
chemotherapy
and in patients coinfected with
[45,46]
HIV
.

HEV, chemotherapy, and HIV co-infection

The systematic analysis of the incidence of chronic
HEV infection among hematological patients receiving
chemotherapy has not been conducted. Among the
small number of reported cases are patients treated
for lymphoma, chronic myelomonocytic leukemia,
[59-62]
and B-cell chronic lymphocytic leukemia
. The
incidence and HEV seroprevalence among stem cell
transplantation patients is in progress. Preliminary,
evidence from two independent studies report an
anti-HEV seroprevalence of 36% and 5.6% among
cell transplanted patients. However, in both studies,
[63,64]
ongoing HEV infection was absent
. This piece of
information has induced clinicians to screen patients
in chemotherapy with abnormal function tests for
HEV RNA. Similarly, chronic infection with HEV has
been described in individuals with HIV infection.
Based on the limited number of analyzed cases,
the seroprevalence of anti-HEV IgG in HIV-positive
[65-75]
patients ranges from 1.5% to 11.2%
. However,
the incidence of HEV infection defined by the presence
of HEV RNA in the serum is low, ranging from 0 to
[66,70-75]
1.3%
.
A small number of cases of HEV coinfection
confirmed by the detection of genomic viral content
[45,66-68,71,73,76-7
have been documented around the world
8]
. A high HEV seroprevalence in HIV-infected patients
has been documented in both HIV-infected patients
[79]
with unexplained liver disease
and HIV-infected
[80]
patients in the absence of chronic liver infection . As
detailed above, genotype 3 has been the HEV variant
detected among HEV-related cirrhosis cases in HIV
[67,68,70,81]
co-infected patients
. The clinical presentation
in patients receiving chemotherapy and in the HIV
co-infected patients is similar to that found in OT
patients. Moreover, HEV infection can even result in
extra-hepatic manifestations both during and after the
[80]
resolution of infection . However, data regarding the
epidemiology of hepatitis E in particular populations is
limited. Further studies are required to determine the
exact role of HEV in the development of liver damage
in immunocompromised and immunocompetent indi

HEV and transplants

The HEV seroprevalence is high in liver transplant
[38]
recipients . The prevalence of HEV infection in organ
transplant patients (OT) ranges from 2.3% to 43.9%,
[47-53]
depending on the serological test employed
.
The incidence of HEV RNA in OT with increased liver
[38,53]
enzyme levels ranges between 4.3% and 6.5%
.
To date, HEV is considered to cause chronic infection
with rapidly progressive cirrhosis within 1-2 years
[53,54]
of infection in organ-transplanted patients
,
faster than reported in HCV-infected OT. This rapid
progression is found in liver and non-liver transplant
[54]
patients . The administration of immunosuppressive
medication to prevent organ rejection appears to be an
important risk factor for developing a chronic infection
caused by HEV. In particular, tacrolimus, a potent
immunosuppressant, has been associated with chronic
[55-57]
HEV infection
. Advances in the description of
optimal immunosuppressive protocols for HEV-infected
[58,59]
patients are currently in progress
.
A diagnosis of chronic hepatitis infection is defined
by the presence of genomic viral content for more
than six months. However, in the setting of organ
transplantation, it has been found that no spontaneous
clearance of HEV occurs between 3 and 6 mo after
[13]
an acute infection . Thus, chronic HEV infection
should be considered when HEV replication persists
for more than 3 mo. Moreover, given the liver enzyme
abnormalities often attributed to hepatic graftversus-host disease or drug-induced liver injury in
liver transplant recipients, the misdiagnosis of HEV is
frequent. Symptoms are present in only 32% of OT
patients, with fatigue being the main symptom and, in
contrast to acute hepatitis A virus infection, clinically
apparent jaundice is uncommon. Liver enzyme levels
are increased (300 IU/L) but are lower than those
observed in immunocompetent patients (1000 to
[57]
3000 IU/L) . Considering that HEV infection may
occur in donors, this emphasizes the need for HEV
screening not only after transplantation but also in
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viduals.

In addition to swine, HEV infections have been
detected in other animal species. Anti-HEV antibodies
and the HEV RNA genome have been detected in
animals such as cattle, sheep, dog, deer, cat, goat
[82,90]
and nonhuman primates
. The presence of specific
antibodies only (seroprevalence) has been described
by several studies in chickens, dogs, cattle, cats and
[82,94-103]
rodents
. In most cases detecting and analyzing
HEV genome, sequencing results obtained from a
particular location have been very similar regardless
of the species of origin. Altogether, these observations
confirm of the zoonotic circulation of HEV virus crossing
[84,96]
the species barrier frequently
.
Experimentally, a rabbit HEV strain was successfully
demonstrated to be transmitted to pigs, indicative
[91]
of the ability of HEV to cross the species barrier .
[90]
The zoonotic transmission of HEV from deer
and
[95]
[82,84]
pet cats
to humans has also been reported
.
In addition, it has been demonstrated that avian
HEV, although genetically less related to human HEV
compared to swine, shares antigenic epitopes with
[98]
both . At least three genotypes of HEV have been
[92-94]
documented from chickens worldwide
, and
these are different from the genotypes described for
mammals. HEV infection in chickens is enzootic and
affects 71% of chicken flocks in the United States. HEV
infection in chickens is mostly subclinical, although
30% of chickens were seropositive for avian HEV
[92,94]
antibodies
. While the evidence of avian infection
[93]
in humans is currently lacking , the spread of bird[94]
to-bird infection has been reported . HEV has been
isolated from a variety of animal species ranging from
bats, chicken, camel, cutthroat trout, deer, ferret, fox,
mink, mongoose, moose, pigs, rabbits, rats and wild
[91-96]
boar
.
The high incidence of HEV infection in Mexican
swine requires adequate epidemiological surveillance
in high-risk groups near farms. Also, although some
studies have revealed that domestic pet veterinarians
are at no increased risk of hepatitis E compared to
[83]
the general population , the data have primarily
come from Asia and Europe. Specific studies in Latin
American countries are required to determine the
potential risk of infection in this group. Descriptions of
genotypes in rural areas with poor sanitary conditions
are needed to provide the necessary data for con
trolling these infections, the incidence of which at
present has been underestimated.

ZOONOSIS
HEV is widely recognized as a zoonotic infectious
[82-84]
agent
. Recently, a re-visited American population
had a 6% seroprevalence of anti-HEV antibodies
in the general population. For this US-based study,
Hispanic race, and “meat” consumption were iden
tified as factors associated with HEV-seropositivity.
No significant association was observed with low
socioeconomic status, water source, or level of
education. In the multivariate analysis, only older
[81,84]
age remained predictive of HEV seropositivity
. Of
note, in previous studies in the United States, having
a pet in the home was identified as another important
[83,84]
factor for HEV-seropositivity
. From studies in other
countries, it seems that the presence of anti-HEV
antibodies in pet dogs could be approximately 1%,
and this factor could also become another component
[85,86]
to understanding the epidemiology of HEV
.
In the 1990s, the presence of antibodies against
[84,86]
HEV in swine was described for the first time
(Figure 1). Subsequently, the experimental infection
of swine with swine HEV or isolates of human origin
demonstrated that infected animals exhibited viremia,
releasing the virus along with their feces while showing
no evidence of clinical or biochemical disease. Studies
in America, Asia, and Oceania, have shown very
high prevalence rates, ranging between 20% and
[86]
100% . In Latin America, HEV circulates in animal
[87]
species, including swine, as reported in Brazil
[88]
and Argentina . A study analyzing the presence of
antibodies against swine HEV in Mexico and Thailand
found positivity for IgG anti-HEV in 81% of the swine
[6,17]
analyzed in Mexico
. The sequence analysis of a
total of 44 positive samples isolated from Mexico and
Thailand were genotype 3, supporting the notion that
[17,89-94]
only genotypes 3 and 4 have zoonotic potential
.
This finding is of particular interest as it considers the
genotypes found in industrialized countries, suggesting
that the mechanism of infection in these regions
could be zoonotic. Moreover, the study of 87 livers
collected from pigs destined for human consumption
in Nuevo Leon, Mexico revealed that between 19.54%
and 22.5% of the livers were positive for genomic
[89]
HEV . These findings indicate that HEV-infected
[82,89]
meat may constitute a source of contamination
.
The initial suggestion that HEV could potentially be a
zoonotic agent has been supported by data showing
a high prevalence of anti-HEV antibodies in farms in
[82]
both endemic and non-endemic areas . Moreover,
swine isolates are genetically more related to human
variants in the same geographical region than to swine
strains from other parts of the world, which supports
the zoonotic nature of transmission. Furthermore,
the described cases of acute hepatitis after ingesting
raw meat from HEV-infected deer demonstrate the
[90,91]
potential zoonotic characteristics of HEV
.
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TREATMENT
There is no specific prophylactic treatment for acute
hepatitis E infection. The results obtained in animal
models suggest that the use of specific Ig, when faced
[3]
with high HEV titers, can be useful during outbreaks .
The existence of a single serotype of HEV supports the
possibility of generating a vaccine that has broad crossreactivity against all known genotypes. The availability
of such vaccine would be useful to protect against HEV
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infections and to prevent local outbreaks in developing
countries, especially in immunosuppressed individuals,
inhabitants of endemic regions and travelers to
endemic areas. In 2011, the first vaccine against HEV
(Hecolin, based on strain HEV-239), was licensed in
[97]
China . This vaccine is not yet available in the rest of
the world. In the absence of a vaccine, the availability
of clean water and good hygiene practices such as
washing hands properly and the consumption of only
properly cooked food is very helpful in controlling HEV
[98]
virus spread .
In the case of immunocompromised patients,
particularly in OT patients, intervention strategies
should be considered in cases of acute or chronic HEV
[99]
infection . The first-line approach includes reducing
of immunosuppressive medication because these
drugs may influence viral replication and the course of
liver disease. Oral ribavirin and pegylated-interferon
[59,100]
have antiviral activity against HEV
. A twelveweek course of pegylated interferon, ribavirin or a
combination of the two agents leads to viral clearance
in about two-thirds of patients with chronic hepatitis
[100]
[59]
E
; however, treatment failure may occur . For
patients with severe infection, ribavirin monotherapy
should be considered to expedite viral clearance and
recovery. Although ribavirin therapy is contraindicated
in pregnancy owing to teratogenicity, the risks of
untreated HEV to the mother and fetus are high
[100]
and specific treatments are yet to be developed
.
Given that specific therapies should be indicated for
particular populations, the determination of the optimal
dose, duration, and quantitative goals of ribavirin or
[99]
pegylated-interferon treatment are still in progress .

of the disease caused by HEV may hinder surveillance
studies and thus facilitate viral spread. There are now
sensitive diagnostic assays and well-defined validation
reagents to support the identification and preparedness
[101]
to prevent HEV outbreaks . A detailed guideline for
following cases in endemic as well as in emergency
situations needs to be developed to contain the virus
(Figure 4). Active research on hepatitis E both in
animals and humans has provided novel insights into
HEV pathogenesis. More research is recommended
to understand chronic and extra-hepatic infections to
determine better treatment approaches.
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REVIEW

Genomic characterization of esophageal squamous cell
carcinoma: insights from next-generation sequencing
Yasushi Sasaki, Miyuki Tamura, Ryota Koyama, Takafumi Nakagaki, Yasushi Adachi, Takashi Tokino

Abstract

Yasushi Sasaki, Miyuki Tamura, Ryota Koyama, Takafumi
Nakagaki, Takashi Tokino, Department of Medical Genome
Sciences, Research Institute for Frontier Medicine, Sapporo
Medical University, Sapporo 060-8556, Japan

Two major types of cancer occur in the esophagus:
squamous cell carcinoma, which is associated with
chronic smoking and alcohol consumption, and
adenocarcinoma, which typically arises in gastric
reflux-associated Barrett’s esophagus. Although there
is increasing incidence of esophageal adenocarcinoma
in Western counties, esophageal squamous cell car
cinoma (ESCC) accounts for most esophageal ma
lignancies in East Asia, including China and Japan.
Technological advances allowing for massively parallel,
high-throughput next-generation sequencing (NGS) of
DNA have enabled comprehensive characterization of
somatic mutations in large numbers of tumor samples.
Recently, several studies were published in which whole
exome or whole genome sequencing was performed
in ESCC tumors and compared with matched normal
DNA. Mutations were validated in several genes,
including in TP53 , CDKN2A , FAT1 , NOTCH1 , PIK3CA ,
KMT2D and NFE2L2 , which had been previously im
plicated in ESCC. Several new recurrent alterations
have also been identified in ESCC. Combining the
clinicopathological characteristics of patients with
information obtained from NGS studies may lead to the
development of effective diagnostic and therapeutic
approaches for ESCC. As this research becomes more
prominent, it is important that gastroenterologist
become familiar with the various NGS technologies
and the results generated using these methods. In the
present study, we describe recent research approaches
using NGS in ESCC.
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morbidities. This review provides a current overview of
the genomic and molecular characterization of ESCC,
emphasizing recent results of large-scale sequencing
efforts using next-generation sequencing (NGS)
technology.
Since unique mutations have been observed in
individual human cancer samples, the identification
and characterization of molecular alterations under
lying individual cancer patients is a critical step in
the development of more effective, personalized
therapies. For example, NGS technologies have
revolutionized cancer genomics research by providing
a comprehensive method for detecting somatic
cancer genome alterations, such as point mutations,
[11,12]
insertions, deletions, and copy number variations
.
NGS has also revolutionized the field of genomics
and improved our understanding of cancer biology.
Advances have been achieved in the sequencing of
tumor DNA; matched normal DNA was used to filter out
germline variants to identify cancer-specific changes.
High incidences of activating mutations in ESCCs
amenable to drug targeting have also been identified.
Investigators have also identified several critical genes
and pathways important in the tumorigenesis of ESCC
using this technology. This wealth of information
undoubtedly improves our understanding of ESCC
biology and provides clear targets for drug targeting to
guide future personalized medicine.

Core tip: Because targeted therapies have not been
implemented in the treatment of esophageal squamous
cell carcinoma (ESCC) to date, defining the genetic
landscape of ESCC would facilitate the use of targeted
therapies. Improvements in molecular profiling tech
nologies have provided new insight into the basic
molecular events during carcinogenesis as well as the
mechanisms of anti-cancer drug resistance. Our invited
review offers a current overview of the somatic genetic
alterations in ESCC, emphasizing the recent results of
large-scale sequencing efforts using next-generation
sequencing technology.
Sasaki Y, Tamura M, Koyama R, Nakagaki T, Adachi Y, Tokino
T. Genomic characterization of esophageal squamous cell
carcinoma: insights from next-generation sequencing. World J
Gastroenterol 2016; 22(7): 2284-2293 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2284.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2284

INTRODUCTION
Cancer of the esophagus is the eighth leading causes
[1]
of cancer-related mortality worldwide . It is one of
the most deadly gastrointestinal tumors, with a 5-year
[2]
survival rate of 20%-30% after curative surgery . Two
major types of cancer occur in the esophagus, including
squamous cell carcinoma and adenocarcinoma, but
their epidemiological features differ considerably.
The incidence of esophageal cancer varies greatly
by geographic location. Esophageal squamous cell
carcinoma (ESCC) has a predilection for black and Asian
populations and more than 70% of esophageal cancers
[3-5]
worldwide are squamous cell carcinomas . ESCC is
considered an environmental malignancy attributable to
[6]
chronic smoking and alcohol consumption . In contrast,
esophageal adenocarcinoma (EAC) predominantly
affects white populations, which typically arises in a
[7-10]
premalignant condition called Barrett’s esophagus
.
The changing epidemiology of esophageal cancer,
with a dramatic increase in EAC and decrease in ESCC
in Western countries indicates that differences exist
[2]
between the two types of esophageal cancer .
Despite recent advances in imaging and surgical
techniques, as well as the intensification of treatment
with the increased use of chemoradiation, the survival
rates for esophageal cancers have remained largely
[6]
unchanged for several decades . We have observed
many patients with ESCC in whom local tumor re
currence or distant metastases occurred during an
early disease stage and within a short period after
surgery. Therefore, the molecular carcinogenesis
and metastatic process of esophageal cancer must
be clarified. Understanding tumor biology offers the
potential for individualizing treatment and developing
targeted therapies to increase cure rates and minimize
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TECHNICAL FEATURES OF NGS
NGS technologies have several advantages over
classical Sanger sequencing, such as the ability to
generate large quantities of DNA sequence information
in a single run for detecting genetic mosaicism in
[13]
depth . However, routine usage of these technologies
has several limitations, such as high cost, long
processing time, and sample scalability. Three NGS
platforms are now widely applied in cancer genome
studies, including short-read technologies (< 400
bp) from Illumina (Genome analyzer/MiSeq/HiSeq/
NextSeq; San Diego, CA, United States) and Thermo
Fisher (SOLiD/Ion Torrent, Waltham, MA, United
States) as well as a relative long-read technology (<
700 bp) from Roche (GS FLX, Basel, Switzerland).
NGS platforms differ in performance metrics such as
read length, accuracy, and output. The next nextgeneration (third-generation) sequencing system from
Pacific Biosciences is also available (PacBio RS, Menlo
Park, CA, United States), which can sequence a single
molecule of DNA without polymerase chain reaction
[14]
(PCR) amplification . The average read length
is 1500 bp, which is longer than that of any NGS
technology, although the throughput of PacBio RS is
lower than that of the second-generation sequencer. A
brief summary of the technical features of these NGS
platforms is shown in Table 1.
The NGS market is dominated by Illumina, which
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Table 1 Commercial next-generation sequencing platforms for human genome sequencing
454 GS FLX

GAIIx

MiSeq

HiSeq 2500

SOLiD 5500

Ion PGM

Ion Proton

PacBio RS

(318 chip)
Reads per run
Read length
(bp)
Output per
run
Run time
Cost/Mb1
Advantage

Disadvantage

1M
700

150 M
2 × 150

50 M
2 × 150

6G
2 × 100

1.4 G
2 × 50

5.5 M
400

60 M
200

50 K
250-10000

700 Mb

90 Gb

15 Gb

600 Gb

120 Gb

2 Gb

12 Gb

200 Mb

24 h
$10.00
Long read
length

14 d
$0.15
Widly used

55 h
$0.50
Widly used

10 d
$0.05
Highthroughput,
widly used
Long run time

Long handon time, low
output

Long run time Long run time

7d
5h
3h
$0.10
$1.00
$0.08
HighFast, flexible chip High-throughput,
throughput,
fast
accuracy
Long run time, High error rate
High error rate
short read length (homopolymer) (homopolymer)

2h
$2.00
Long read
length, fast
High error
rate

1

Cost calculations are based on list price quotations obtained from the manufacturer. Mb: Megabase; Gb: Gigabase.

each containing a different DNA template. Beneath
the wells lies an ion-sensitive layer, which is placed
on a proprietary ion sensor to detect changes in pH
resulting from incorporation of nucleotides in the new
strand of DNA. The compact Ion Personal Genome
Analyzer has three different chips, each designed for
a specific purpose, including ranging from sequencing
small genomes (314 chip, 550 K reads) and targeted
gene sequencing (316 chip, 3 M reads) to chromatin
immunoprecipitation-sequencing (ChIP-seq) (318
chip, 5.5 M reads). The desktop-type Ion Proton allows
for larger chips with higher densities needed for the
human exome and whole genome sequencing. The
outstanding advantage of Ion Torrent is its speed:
it takes 3-5 h from the start of sequencing until
completion; however, this method has high error rate
[20]
in homopolymer regions .

occupies the largest market share at 70% (www.
marketsandmarkets.com). Illumina platforms are
based on bridge amplification to clonally amplify
the fragments, which are then sequenced using
[15]
sequencing-by-synthesis chemistry . Sequencing
capabilities include both single-end sequencing and
paired-end sequencing. The HiSeq 2000/2500 set
the standard for high-throughput massively parallel
sequencing. The original output was 200 Gb per run,
which was improved to 600 Gb per run and can be
finished in 10 d. The MiSeq was then released as a
lower-throughput fast-turnaround instrument for use
in smaller laboratories. Recently, Illumina developed
the HiSeq X Ten Sequencing System, a very highthroughput and high-speed sequencing platform that
enables sequencing for less than $1000 per genome at
[16]
30 × coverage .
After the human genome project, the first com
mercial NGS platform 454 pyrosequencer was
developed by 454 Life Sciences Corp in 2005. The
platform was purchased by Roche in 2007. Roche
454 platforms use emulsion PCR, and is based on
pyrosequencing technology relying on the detection
of pyrophosphate released during nucleotide in
[17]
corporation . The 454 GS-FLX system produces one
million 700-bp sequences within 24 h. However, this
platform has a significantly lower output compared to
other NGS platforms. Additionally, the cost per base
is also significantly higher compared with short-read
technologies. The GS Junior is a benchtop version of
this platform.
Similarly to Roche 454, the SOLiD sequencer relies
on emulsion PCR and sequencing by ligation to small
beads. Although the reads obtained from the SOLiD
5500 Genetic Analyzer system are only 50-75 bp in
length, its system accuracy of 99.99% ranks first
[18]
among all NGS platforms . Recently, Ion Torrent
sequencing technology based on semiconductor
[19]
sequencing has been released. Ion Torrent platforms
use a high-density array of micro-machined wells,

WJG|www.wjgnet.com

Applications of NGS for cancer genome research

NGS is increasingly used in many areas of cancer
research and in the clinical setting. Depending on the
purpose, NGS is applied in cancer genome studies,
including whole genome, whole exome, targeted gene
[11,12,21-23]
sequencing, RNA sequencing, and ChIP-Seq
.
For variant identification by resequencing target
regions, whole genomes, or whole exons, it is key to
sequence both the tumor and non-malignant tissues
of an individual. There are 3-5 million inherited
sequence variants per human genome. Consequently,
most sequence variants identified in a cancer genome
are inherited polymorphisms and are not somatic
[24]
mutations . Thus, comparing a tumor genome to its
paired normal genome is required to efficiently identify
somatic sequence variants (Figure 1). In addition to
CGH and SNP arrays, NGS techniques can be used
[12,25]
to detect copy number variations
. Targeted
sequencing is a variation of re-sequencing where only
a small subset of the genome is sequenced, such as
a set of genes or particular sequences under interest.
Although this approach will not detect most structural
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Sequence reads
Mapping

Variant annotation

SNV

Read coverage

InDel

CNV

Tumor

Normal

Loss
Gain

Figure 1 Cancer genome research using next-generation sequencing. Sequence reads are quality checked and then mapped to the reference genome. Somatic
DNA alterations are detected using statistical approaches in tumor and normal samples from the available software or an integrated workflow such as the GATK
pipeline (Broad Institute). SNV: single nucleotide variant; InDel: Insertion and deletion; CNV: Copy number variation.

Table 2 Next-generation sequencing studies of esophageal squamous cell carcinoma to date
Study

Method

Sample number

Number of non-silent mutations/tumor

Additional analyses

Platform

Agrawal et al
Song et al[34]
Lin et al[33]

WES
WGS and WES
WES and TS

12 WES
17 WGS, 71 WES
20 WES, 119 TS

83
61
59

GA Ⅱx
HiSeq 2000
HiSeq 2000

Gao et al[32]
Zhang et al[35]

WES
WGS and WES

113 WES
14 WGS, 90 WES

82
104

123 CGH
4 RNA-seq, 59 CGH,
125 SNP-array
-

[31]

HiSeq 2000
HiSeq 2000

WGS: Whole-genome sequencing; WES: Whole-exome sequencing; TS: Targeted sequencing; CGH: Comparative genomic hybridization; RNA-seq: RNA
sequence; SNP: Single nucleotide polymorphism.

variants, such as chromosomal translocations, targeted
gene sequencing represents a cost- and resourceefficient approach for identifying somatic mutations in
[26,27]
cancer genomes
.

study of esophageal cancer, sequencing 12 ESCCs and
11 EACs as well as matched non-neoplastic tissues
[31]
from subjects in the United States , and a handful
of NGS studies in ESCC have been published over the
[31-35]
last four years (summarized in Table 2)
. Genetic
aberrations identified within these studies, including
gene mutation, gene rearrangement, and gene
amplification/deletion, increased the understanding
of constitutive activation of oncogenes, or loss of
function of tumor suppressors. These comprehensive
studies have demonstrated recurrent mutations in
several genes in ESCC, most notably TP53, NOTCH1,
PIK3CA and FAT1 as well as copy-number alterations
in CCND1 and CDKN2A (Table 3). Figure 2 shows a
Venn diagram of the most significantly mutated genes
identified in the three whole genome and whole exome

GENETIC ALTERATIONS DRIVING ESCC
Targeted therapies have been successfully used for the
treatment of in certain human solid tumors, including
lung adenocarcinoma, colorectal cancer, stomach
cancer, breast cancer and renal cell carcinoma as
well as hematologic malignancies, but have not
[28-30]
been implemented in the treatment of ESCC
.
Therefore, defining the genetic landscape of ESCCs
would facilitate the use of targeted therapies. Agrawal
and colleagues published the first exome-sequencing
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Table 3 Frequently altered genes in esophageal squamous cell carcinoma
Gene symbol

TP53

NOTCH1

PIK3CA

CDKN2A

CCND1

FAT1

Chromosomal location
Alteration frequency (%)
Agrawal et all[31]
Song et al[34]

17p13.1

9q34.3

3q26.3

9p21.3

11q13

4q35.2

33 (M)
9 (M)

46 (G)

12 (M)

93 (M)

14 (M)

33 (G)

11 (M)

Zhang et al[35]

88 (M)

21 (M)

8 (M)
5 (M)
44 (L)
3 (M)
33 (L)
8 (M)
12 (L)
8 (M)
64 (L)

8 (M)
5 (M)

Gao et al[32]

0 (M)
5 (M)
41 (G)
7 (M)
10 (G)
9 (M)
2 (G)
17 (M)

NA
46 (G)

Lin et al[33]

92 (M)
83 (M)
1 (L)
60 (M)

64 (G)

15 (M)

8 (M)

M: Nonsynonymous mutation; L: Copy number loss; G: Copy number gain; NA: Not applicable.

[37,38]

MUC2
MLL3
GPR98

[33]

Lin

FAT3
RB1
DMD LRP2
MACF1
ABCA13
NFE2L2
CSMD1
TP53

HMCN1
PIK3CA

MUC4

TNN

FSIP2

PCLO
MUC17

[32]

USH2A
NOTCH1

PXDNL
NAV3

SYNE1

LRP1B

FAT2

Gao

targets
. NGS studies have confirmed that TP53
is the most commonly mutated gene in ESCC. The
first whole exome sequencing study found that ESCCs
contained an average of 83 mutations per tumor, and
that the most frequent mutations in ESCC occurred
in TP53 (92% of the 12 cases sequenced), NOTCH1
[31]
(33%), NOTCH3 (25%), and FBXW7 (17%) . The
p53 protein is activated by a variety of cell stresses,
such as DNA damage, oncogene activation, spindle
damage, and hypoxia. Activated p53 transactivates a
number of target genes, many of which are involved in
[39-41]
DNA repair, cell cycle arrest, and apoptosis
. TP53
alterations have been identified as early events in the
carcinogenesis of ESCC and have been associated
[42-44]
with disease progression and a poor outcome
.
Therapies targeting TP53 loss of function are currently
being examined in clinical trials, and several studies
suggest that patients harboring TP53 alterations will
[45]
respond better to angiogenesis inhibitors . The
efficacy of intra-tumor injection of p53 adenovirus
(Advexin, Introgen Therapeutics Inc., Austin, TX,
United States) has been confirmed in Japanese ESCC
[46]
patients . Additionally, a TP53 adenoviral-based
treatment (Gendicine, Shenshen Sibiono Genetech,
Shenzhen, China) for patients with squamous cell
carcinoma of the head and neck has recently been
[47]
approved for use in China . Two other p53 family
members, p63 and p73, also induce cell cycle
arrest and apoptosis and play an important role in
[48]
development and differentiation . Dominant negative
forms lacking the N-terminal transactivation domain
(DNp63 and DNp73) are overexpressed in some
[49]
types of cancers . In esophageal cancer, DNp63
is overexpressed in ESCC but not in EAC, making
[50,51]
p63 a useful marker of squamous cell cancer
.
Additionally, at least 30% of head and neck squamous
cell carcinomas harbor mutations in genes regulating
[52]
squamous differentiation, including p63 .

CSMD3

FAT1
XIRP2
MUC16

NEB
RYR2

KMT2D DNAH5

PCDH15

EP300

SI

CDKN2A

ZNF814 PKHD1L1
EYS
FBXW7
SPTA1
VPS13C
[35]

Zhang

Figure 2 Comparison of most significantly mutated genes identified in the
three whole genome and whole exon sequencing studies for esophageal
squamous cell carcinomas. Top significantly mutated genes (25-27 genes per
study) were obtained from three recent next-generation sequencing studies of
large cohorts. Only nonsynonymous mutations were considered.

sequencing studies of relatively large cohorts for
ESCCs. The Broad Institute (Cambridge, MA, United
[36]
States) project
used this method to examine 149
EAC tumors, and confirmed recurrent driver mutations
in TP53, CDKN2A, SMAD4, ARID1A, and PIK3CA.
Previously unidentified mutations in SPG20, TLR4,
ELMO1, and DOCK2 were also found, and a possible
role for the RAC1 GTPase pathway was identified.
The genomic landscape of EAC differed from that of
ESCC, highlighting the different therapeutic strategies
needed to treat esophageal cancers. In this review, we
highlight the current knowledge regarding molecular
targets, clinical trials of targeted agents, and druggable
aberrations in ESCCs.

p53 family

TP53 is one of the most thoroughly studied tumor
suppressor genes in human cancer. Genetic mutations
in TP53 are present in more than 50% of human
cancers, leading to dysregulation of its downstream
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Notch signaling

NOTCH1 is the second most commonly mutated gene
[31-35]
in ESCC, with a mutation rate of 8%-33%
. The
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Notch signaling pathway is thought to play important
roles in regulating normal cell differentiation in a
[53]
context-dependent manner . The Notch pathway
has also been implicated in human carcinogenesis as
[54]
both an oncogene and a tumor suppressor . The
oncogenic activity of this pathway has been observed
[55]
in a number of hematopoietic cancers . When we
characterized the distribution of NOTCH1 somatic
[32,35]
mutations obtained from the two studies
, most
NOTCH1 mutations observed in ESCC affect the
epidermal growth factor (EGF)-like ligand-binding
domain (56%, 30 of 54) and are thought to lead to a
loss of function. Inactivating mutations in these regions
of the gene have also been observed in cutaneous,
[56-58]
lung, head, and neck squamous cell carcinomas
.
Thus, the idea that the same gene can function in
completely opposite manners in different cell types is
important for understanding cell signaling pathways.
In addition to NOTCH1, mutations in the NOTCH2
[31,32]
and NOTCH3 genes were detected in ESCC
.
[31]
Interestingly, Agrawal et al
identified inactivating
mutations of NOTCH1 in 21% of ESCC but not in
EAC, suggesting tumor-suppressive roles of Notch
signaling in squamous cell carcinomas. Notch pathway
disruption also results from FBXW7 mutations, which
were identified in 5%-17% of ESCC specimens,
because FBXW7 forms part of the ubiquitin ligase
[59]
complex that mediates NOTCH1 degradation .

activity of ADAM17, which is responsible for the
release of multiple EGFR ligands, decreased head and
neck squamous cell carcinoma cell viability and motility
[73]
through blocking of the EGFR pathway . Since RTKs
are well-characterized druggable proteins, targeting
components in this pathway may represent valuable
investigational avenues for clinical trials in patients
with ESCCs. Of interest, KRAS, a frequently aberrant
gene in non-squamous tumors that leads to resistance
to PI3K pathway inhibitors, was found to be aberrant
significantly less frequent in ESCCs. Recent clinical
studies have demonstrated that anti-EGFR monoclonal
antibody (cetuximab) in combination with irradiation
yielded encouraging survival and local control in ESCC
[74]
patients .

Cell cycle regulation

The cell cycle regulation pathway is one of the most
perturbed pathways in ESCC. Mutations have been
observed in the cell-cycle regulatory pathway genes
[35]
TP53 (88%), CDKN2A (8%), and RB1 (2%) . In
addition, ESCC tumors show amplification of CCND1,
which encodes for cyclin D1, and deletion of CDKN2A/
B, which encodes for p16 and p14. Cyclin D1 is
responsible for inducing the G1/S phase transition and
[31-35]
is located at 11q13
. Gains in the chromosomal
region 11q13 are some of the most prominent genetic
alterations in squamous cell carcinomas and are
[28,75,76]
associated with poor prognosis and metastasis
.
Other G1/S transition control molecules, CDK4, CDK6,
E2F1, and MDM2, are also amplified in ESCC. The
p16 tumor suppressor can inhibit the formation of
the CDK4/6 and cyclin D1 complex and plays a role
in the oncogene-induced senescence of cells. Gain
of CCND1 and/or loss of CDK2NA events occurred in
[33-35]
over 70% of ESCC samples
. Flavopiridol, the first
cyclin-dependent kinase inhibitor examined in human
clinical trials, was reported to be a targeting drug for
ESCC and head and neck squamous cell carcinoma
[77]
patients . NFE2L2, a frequently mutated gene in
ESCC, encodes a sequence-specific transcriptional
factor that upregulates genes associated with oxidative
stress. Activating missense mutations in the NFE2L2
gene result in accumulation of the NFE2L2 protein and
promote aberrant activation of downstream genes
that confer resistance to oxidative stress and induce
[78]
metabolic transformation in cancer cells .

RTK-MAPK-PI3K pathway

KRAS is one of the most frequently mutated oncogenes
[60]
in human cancer . In ESCC, KRAS mutations are
[61]
generally rare , although the incidence of KRAS
mutations in Chinese patients with ESCC was relatively
[62]
high, with a mutation rate of 12% . Receptor
tyrosine kinases (RTKs) of the EGFR family are
involved in development and progression of epithelial
tumors and thus represent therapeutic targets for
inhibition by tyrosine kinase inhibitors or humanized
[63-65]
monoclonal antibodies
. Upstream RTKs, EGFR,
ERBB2, ERBB4, and MET, as well as G-protein-coupled
receptors activate phosphoinositide-3-kinase (PI3K)
[63]
after binding of growth factor ligands . The PI3K
pathway plays a key role in regulating multiple cellular
events, including cell growth, proliferation, cell cycle
[66,67]
progression, and survival
. PIK3CA is the second
most commonly mutated gene, occurring frequently
[60]
(< 20%) in most cancer types . Overexpression of
EGFR has been described in ESCC; most ESCC tumors
show increased activity in the absence of somatic
[68-70]
mutations
. In addition to EGFR amplification, this
pathways displayed genetic alterations in 78.6% of
cases, including FGFR1, ERBB2, RAF1, AKT1, SOS1,
[33]
SOS2, and PIK3CA mutations and amplifications .
Moreover, EGFR transactivation via ectodomain
shedding of EGFR ligands plays a role in inflammation
[71,72]
as well as tumor growth and metastasis
. A recent
report demonstrated that targeting the sheddase
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Other signaling pathways

Altered genes in the Wnt pathway were also frequently
found in ESCC, including mutations in CTNNB1 and
SFRP4, and mutations and amplifications of AXIN
[34]
inhibitors, DAAM2, DVL3, LRP5 and LRP6 . In
addition, loss of FAT1, by either somatic mutation or
deletions, promotes tumorigenesis through activation
[79]
of Wnt signaling .
Dysregulation of proteins involved in chromatin
regulation can affect the genome-wide control of
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gene expression and play key roles in DNA repair and
genome maintenance. Mutations in a number of genes
involved in histone modifications have been identified
[60]
in many cancer types . Inactivating missense
mutations in several chromatin-remodeling genes,
including EP300, CREBBP, and BAP1, in ESCC samples.
Moreover, truncating mutations were observed in
the chromatin-remodeling genes KMT2D, KMT2C,
[35]
and KDM6A . Approximately 30% of ESCC tumors
contained at least one chromatin remodeling gene
alteration.
Recently, inactivating mutations in the Hippo
pathway regulator (AJUBA, FAT1, FAT2, FAT3, and
[32]
FAT4) were observed in ESCC . Hippo signaling
cross-talks with commonly mutated cancer genes such
[80,81]
as KRAS, PIK3CA, CTNNB1, or FBXW7
.

7
8

9

10
11
12

CONCLUSION
The identification and characterization of molecular
alterations in individual cancer patients is a critical
step towards the development of more effective
personalized therapies. NGS technologies have
revolutionized cancer genomics research by providing
a comprehensive method of detecting somatic DNA
modifications. ESCC is the major histological type of
esophageal cancer in East Asian countries and is one of
the most aggressive malignant tumors. Recent studies
using NGS have revealed that ESCC is characterized
by specific somatic DNA modifications such as exonic
mutations, copy-number alterations, and genomic
rearrangements. The most common mutation in ESCC
is TP53. Pathway assessment has shown that somatic
aberrations within ESCC genomes are mainly involved
in several important pathways, including cell cycle
regulation and the Notch, RTK-MAPK-PI3K, and Wnt
pathways. We expect that many new discoveries will
increase our understanding of the molecular mecha
nisms of ESCC for targeted therapies.
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role of Tim-3 in hepatitis B virus infection: An overview
Yuan Liu, Li-fen Gao, Xiao-hong Liang, Chun-hong Ma

Abstract

Yuan Liu, Li-fen Gao, Xiao-hong Liang, Chun-hong Ma,
Department of Immunology, Key Laboratory for Experimental,
Teratology of Ministry of Education, Shandong Provincial Key
Laboratory of Infection and Immunology, Shandong University
School of Medicine, Jinan 250012, Shandong province, China

Hepatitis B virus (HBV) infection has received in
creasing public attention. HBV is the prototypical
member of hepadnaviruses, which naturally infect
only humans and great apes and induce the acute and
persistent chronic infection of hepatocytes. A large
body of evidence has demonstrated that dysfunction
of the host anti-viral immune response is responsible
for persistent HBV replication, unresolved inflammation
and disease progression. Many regulatory factors
are involved in immune dysfunction. Among these,
T cell immunoglobulin domain and mucin domain-3
(Tim-3), one of the immune checkpoint proteins, has
attracted increasing attention due to its critical role in
regulating both adaptive and innate immune cells. In
chronic HBV infection, Tim-3 expression is elevated in
many types of immune cells, such as T helper cells,
cytotoxic T lymphocytes, dendritic cells, macrophages
and natural killer cells. Tim-3 over-expression is often
accompanied by impaired function of the abovementioned immunocytes, and Tim-3 inhibition can at
least partially rescue impaired immune function and
thus promote viral clearance. A better understanding
of the regulatory role of Tim-3 in host immunity during
HBV infection will shed new light on the mechanisms of
HBV-related liver disease and suggest new therapeutic
methods for intervention.
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Core tip: Here, we discuss the current knowledge of
the interaction between hepatitis B virus (HBV) and
host immunity, addressing the important role of T cell
immunoglobulin domain and mucin domain-3 (Tim-3)
in HBV infection. Tim-3 expression on both adaptive
and innate immune cells is elevated in HBV infection.
Increasing Tim-3 expression inhibits, and blocking
Tim-3 expression rescues, the anti-viral immune
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response, indicating that Tim-3 is a potential target
for controlling HBV infection. Finally, we describe
remaining unsolved problems in this field and analyze
the potential of Tim-3 as a novel drug target in the
treatment of HBV-related liver diseases.

number of regulatory T cells (Tregs), which repress
[6]
effector T cell activity . However, impairments in
the adaptive immune response cannot explain all
events that occur during HBV infection, because
various components of the innate immune system
also participate in disease progression. Indeed, the
activation of dendritic cells (DCs), natural killer cells
(NKs) and macrophages during acute infection leads
to a bona fide clinical outcome, whereas persistent
HBV infection at least partly results from dysregulation
of the innate immune response at early stages
[7]
of infection . Therefore, studying the interaction
between HBV and host immunity and uncovering the
reason why the immune response is dysregulated in
HBV infection are critical.
Innate and adaptive immunocyte activation is
regulated by a set of inhibitory surface receptor-ligand
pairs, or immune checkpoints. Among these pairs,
T cell immunoglobulin domain and mucin domain-3
(Tim-3) and its matched ligand are currently attracting
increasing attention because of their demonstrated
potential as a target for immunotherapy for infectious
diseases and cancers. Although Tim-3 was first
identified as a surface molecule specifically expressed
+
+
on CD4 T helper 1 (Th1) and CD8 type 1 (Tc1)
[8]
cells , further studies have revealed that Tim-3 is
also expressed on many other cell types undergoing
dynamic changes during infection. In the resting state,
Tim-3 is expressed on only a very small percentage
+
+
of CD4 or CD8 T cells, and its over-expression may
indicate T cell exhaustion and represent a pathological
[9]
immune state . However, innate immune cells
including monocytes, macrophages and DCs show
constitutive and high-level Tim-3 expression that can
be further elevated in some diseases. Tim-3 is the
prototypical member of the Tim family, which includes
8 members (Tim-1- Tim-8) in mice and 3 members
in humans (Tim-1, -3, -4). Tim family members
share a similar molecular structure consisting of 4
parts: an N-terminal IgV domain, a mucin domain,
[9]
a transmembrane domain and a cytoplasmic tail .
Galectin-9 (Gal-9), a widely expressed S-type lectin,
was the first identified ligand for Tim-3. The interaction
of Tim-3 with Gal-9 leads to apoptosis of Th1 cells and
[10]
inhibition of Th1 and Tc1 cell-mediated immunity .
Emerging evidence has shown that additional
Tim-3 ligands exist, including phosphatidylserine,
carbohydrate moieties and the alarmin high-mobility
[11]
group box 1 . Carcinoembryonic antigen cell
adhesion molecule 1 (CEACAM1), another membrane
molecule that inhibits T cell activation, is a newly
identified ligand for Tim-3. Binding of Tim-3 and
CEACAM1 appears to be necessary for the T cell
inhibiting function of Tim-3, and this interaction has
[12]
a crucial role in regulating anti-tumour immunity .
Thus, the interactions of Tim-3 with its ligands play
important roles in different immune-related diseases
by regulating both innate and adaptive immunity.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a well-known and
increasingly severe public health problem worldwide.
According to epidemiological data, the number of
people with resolved or present HBV infection has
[1,2]
reached an alarming 2 billion . For most patients
with chronic HBV infection, the present drug treatment
is incapable of thoroughly eliminating the virus,
owing to HBV DNA integration into the host genome
and the formation of covalently closed circular
[3]
DNA structures . Furthermore, many patients are
threatened by a lifetime 15%-40% risk of developing
HBV-related cirrhosis, liver failure and hepatocellular
[1,2]
carcinoma (HCC) . The HBV genome contains 3200
bp and forms a relaxed circular, partially double[4]
stranded structure . The HBV genome contains 4
compact overlapping open reading frames encoding
different viral proteins: preS/S, preCore/Core,
polymerase (pol) and X. Because of multiple alternative
start codons, surface proteins exist in 3 forms, termed
small, medium and large surface proteins, which are
needed for virion assembly. The core protein forms
the viral nucleocapsid and has a secreted counterpart
termed e antigen. The polymerase is a multi-functional
enzyme that serves as a DNA-dependent DNA poly
merase, reverse transcriptase and RNase H. X is
the smallest gene of HBV; this gene is composed of
[5]
452 nucleotides and encodes a 17-kDa protein . A
large body of evidence has demonstrated that HBV
can cooperate with other etiological factors and then
trigger tumorigenesis and the development of HCC.
Thus, suppression of HBV DNA replication and the
clearance of viral products are the main goals of HBV
treatment.
Considerable evidence has shown that host
immunity is responsible for the control of HBV
infection and is the primary determinant of HBV
disease progression. Impaired function of adaptive
+
immunocytes, particularly HBV-specific CD8 T
cells, is considered to be the primary cause of wide
spread viral infection. HBV tends to stimulate an
immunosuppressive environment that is beneficial for
its survival. For example, HBV infection increases the
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Although Tim-3 has gained public attention as an
inhibitory immune regulator, its role in regulating the
host immune response is complicated and remains
controversial in several fields, particularly in infectious
diseases.
This review will briefly describe the function of
Tim-3 in regulating immunity, which has become a
hot topic of research in recent years. In addition, this
review will discuss in detail the important role of Tim-3
in HBV infection, because studies in this field are
currently lacking.

TIM-3 AND THE ADAPTIVE IMMUNE
RESPONSE IN HBV INFECTION
Tim-3 and effector T cells

T cell exhaustion, which is characterized as low
proliferative ability, decreased cytokine production and
suppressed cytotoxicity, often occurs in individuals
with chronic viral infections including HBV, hepatitis C
virus (HCV) and human immunodeficiency virus (HIV).
T cell exhaustion has been detected in both animal
models and clinical patients. In particular, dysfunction
+
of antigen-speciﬁc CD8 T cells is believed to be one
of the most important reasons why viruses such as
HBV, HCV and HIV escape from the anti-viral immune
response. One of the key characteristics of exhausted
T cells is the combined over-expression of several
inhibitory surface markers, such as programmed
death 1 receptor(PD-1), lymphocyte-activation gene
[13,14]
3 (LAG-3) and Tim-3
. Although PD-1 has been
extensively studied, Tim-3 has attracted increasing
attention in recent years. However, the role of Tim-3 in
infectious diseases remains unclear.
The identification of Tim-3 as a negative regulator
of the anti-viral adaptive immune response was first
reported in chronic HIV infection. The numbers of
+
+
+
+
Tim-3 CD8 T and Tim-3 CD4 T cells are increased
[15,16]
in patients infected with HIV
, and compared with
+
+
+
+
Tim-3 cells, Tim-3 CD4 and Tim-3 CD8 T cells show
impaired functions. Furthermore, blocking Tim-3 with
a neutralizing antibody rescues the anti-viral immune
[15]
response to a certain extent .
In 2009, our laboratory was the first to demonstrate
+
the crucial role of Tim-3 in inhibiting hepatic CD8
T cells in HBV infection. In a mouse model with
hydrodynamic injection of HBV-bearing plasmids,
augmented Tim-3 expression was detected on hepatic
+
CD8 T cells which displayed decreased interferon
(IFN)-γ production. Furthermore, Tim-3 silencing
enhanced IFN-γ production and even indirectly affected
HBV neutralizing antibody production, suggesting the
potential role of Tim-3 in the host antiviral immune
[17]
response against HBV infection .
[18]
Two years later, Wu et al studied the relationship
between Tim-3 expression on peripheral T cell
subsets and disease progression in patients with
chronic hepatitis B (CHB). They found that Tim-3
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expression is increased on CD4 and CD8 T cells,
and its expression is associated with the severity of
CHB. Tim-3 expression may also indicate the severity
of liver injury because its expression has been found
to be markedly and positively correlated with alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), the international normalized ratio (INR) and
total bilirubin (TB). After control of CHB infection,
Tim-3 expression decreases. Moreover, the percentage
+
of Tim-3 T cells is negatively correlated with plasma
IFN-γ and T-bet mRNA levels, indicating that high
[18]
levels of Tim-3 expression inhibit T cell activity .
In 2012, the same group investigated the immuno
+
+
+
competence of Tim-3 CD8 and Tim-3 CD8 T cells
and the effects of Tim-3 expression on lymphocyte
proliferation and cytokine secretary capacity. Com
+
+
+
pared with Tim-3 CD8 cells, Tim-3 CD8 T cells show
a lower capacity to proliferate and produce cytokines
upon antigen challenge. Interference of the Tim-3
pathway by either anti-Tim-3 antibodies or Tim-3 short
+
hairpin RNAs rescues CD8 T cell activity, improving
their proliferation and enhancing their cytokine
secretary capacity, which suggests the potential of
Tim-3 to become a new drug target for controlling HBV
[19]
infection .
Similar results have been observed in HCV
infection. During chronic HCV infection, Tim-3 ex
+
+
pression on CD4 and CD8 T cells is elevated, and
+
low
high
these Tim-3 T cells exhibit a CD127 CD57
and
high
CD45RA CCR
phenotypes, indicating the impaired
function of these effector cells. Accordingly, blockade
of Tim-3 expression enhances cell proliferation and
[20]
promotes cytokine production . The level of Tim-3
+
+
expression on CD4 CD25 T cells is negatively cor
related with the proliferative capacity of effector T
cells, and blocking Tim-3 results in the rapid expansion
[21]
of these cells . This finding has been further
confirmed in studies with HCV vaccination. Upon sti
mulation with live-attenuated HCV vaccine, effector T
cells isolated from patients infected with HCV display
a diminished anti-viral response compared to those
isolated from healthy individuals. Furthermore, Tim-3
blockade substantially rescues the impaired function
+
of Tim-3 T cells, indicating that Tim-3 is responsible
for the peripheral tolerance during persistent HCV
infection. Of note, the recovery of T cell function after
Tim-3 blockade may at least partially result from an
enhanced antigen presentation ability of DCs because
researchers have also found that Tim-3 may inhibit DC
[22]
maturation during chronic HCV infection .
The co-expression of Tim-3 and other inhibitory
regulators such as PD-1 in HBV and HCV infections is
+
+
also important. Studies have shown that PD-1 Tim-3
T cells are abundant among the central memory T cell
subsets, particularly in the liver, during chronic HCV
infection. Moreover, compared to HCV mono-infection,
+
+
the percentage of PD-1 Tim-3 T cells is much
higher in patients co-infected with HIV and HCV. Co-

2296

February 21, 2016|Volume 22|Issue 7|

Liu Y et al . Role of Tim-3 in HBV infection
expression of PD-1 and Tim-3 on HCV-specific T cells
may also reflect liver disease progression. Although
the function of PD-1 and Tim-3 co-expression remains
unclear, researchers have hypothesized that coexpression of various inhibitors may increase the risk
[23]
of persistent and refractory virus infection .
Although Tim-3 has been well recognized as a
marker of T cell exhaustion and a negative regulator of
adaptive immunity in chronic virus infection, its roles in
acute viral infection and bacterial infection are different.
Elevated Tim-3 expression is observed on T cells in
the early stage of acute hepatitis B (AHB); however,
this elevation is transient and quickly reversed at
the convalescence stage. Moreover, unlike CHB, the
level of Tim-3 expression is not correlated with either
different stages of hepatic injury or serum IFN-γ levels
[19]
in patients with AHB . In active TB infection, Tim-3 is
+
+
up-regulated on both CD4 and CD8 T cells; however,
+
in contrast to chronic virus infection, Tim-3 effector T
cells show more active anti-TB responses. One possible
explanation for this finding is that Tim-3 is not only
a marker of T cell exhaustion but also a marker of T
cell differentiation, because CD127 is also expressed
on these cells, indicating the complicated roles of
[24]
Tim-3 in different microenvironments . Similar
results have been observed in mice infected with
Listeria monocytogenes. Tim-3 expression is induced
in cytotoxic T cells in infected wild-type mice, and
the host exhibits a much stronger immune response
[25]
compared to that in Tim-3-knockout mice . Because
other members in the Tim family may substitute for
Tim-3 in Tim-3-deficient mice, the hypothesis that
Tim-3 may play an important positive role in the
adaptive immune response should be considered.

Tim-3 and Treg/Th17 cells

+

+

stably integrated with the HBV genome, promotes
Treg development and induces the expression of Treg[36]
related genes .
The Tim-3/Gal-9 interaction is known to be
involved in Treg function. Accordingly, blocking the
Tim-3-Gal-9 pathway results in an obvious decrease
[37,38]
in the suppressive activity of Tregs in vitro
. In
mice, Tim-3 is constitutively expressed on natural
Treg cells. In contrast, Tim-3 is not expressed on
human Treg cells ex vivo but is up-regulated after
+
activation. Tim-3 Treg cells also display increased
expression of other inhibitory receptors including
LAG-3, cytotoxic T-lymphocyte antigen 4 (CTLA-4),
[37]
glucocorticoid-induced TNF receptor and PD-1 . In
addition, Tim-3 has been identified as a marker of
[39]
Tregs in tumors .
Tim-3 is over-expressed in Tregs in patients
+
chronically infected with HCV. Tim-3 Tregs tend to
resist apoptotic signals and show a higher capacity to
proliferate, leading to Treg accumulation. Moreover,
[40]
Ji et al
have reported that HCV infection leads to
elevated Gal-9 and TGF-β production in hepatocytes.
+
Co-culture of HCV-infected hepatocytes and CD4 T
+
cells induces increased Tim-3 expression on CD4 T
cells, and the Tim-3/Gal-9 interaction enhances TGF-β/
+
IL-10 production by CD4 T cells, which accelerates the
+
[40]
differentiation of CD4 T cells into Tregs . However,
the regulatory effects of Tim-3 on Tregs in HBV
infection remain to be clarified.
Tim-3 has also been reported to be involved in
regulating Th17 cells. Tim-3 appears to suppress
the activation and cytokine secretion of Th17 cells,
and Tim-3 expression is impaired in many autoimmune diseases such as Guillain-Barré syndrome and
[41,42]
psoriasis
. However, few studies have focused on
the expression pattern of Tim-3 on Th17 cells during
persistent HBV or HCV infection, which highlights
significant gaps in this research field.
In summary, during chronic HBV infection, Tim-3
is induced in adaptive immune cells and represses
host anti-viral immunity. Furthermore, blocking Tim-3
seems to be beneficial for controlling viral activity and
may become a future therapeutic approach for treating
CHB (Figure 1).

+

Tregs, defined as CD4 CD25 FOXP3 regulatory T
cells, can repress the functions of other immune
cells via cell-to-cell contact and secretion of immuno
suppressive cytokines such as transforming growth
[26]
factor (TGF)-β and interleukin (IL)-10 . Th17 cells
+
are a new subtype of CD4 T cells that secrete the
[27]
cytokine IL-17 . Accumulating data support the
negative roles of these 2 cell types in chronic viral
infections including HBV. Indeed, the proportion and
absolute numbers of both cell types are increased
in both peripheral blood mononuclear cells and liver
[28-32]
tissues in patients with CHB
. The number of
circulating Th17 cells is also positively associated with
[33]
the levels of liver injury markers . Moreover, the
differentiation pathways of Th17 cells and Tregs are
controlled by similar cytokines, and the Treg/Th17 ratio
is strongly associated with HBV load. Furthermore,
imbalance of the Treg/Th17 ratio is involved in HBVrelated diseases and may become a novel drug target
[34,35]
in the future
. HBV has also been reported to
enhance the function of Tregs. In particular, co-culture
of T cells with HepG2.2.15 cells, a hepatoma cell line
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TIM-3 AND THE INNATE IMMUNE
RESPONSE IN HBV INFECTION
Because of the key role of adaptive immunity, the
role of innate immunity in HBV infection has largely
been ignored in previous studies. However, increased
understanding of pathogen-associated molecular
patterns and signaling pathways that control the
activation of innate immunity has highlighted the
importance of the innate immune system in HBV[7]
related diseases . A large body of evidence has
proved that Tim-3 regulates innate immune response.
Unlike adaptive T cells, innate immune cells such as
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CD8+ T

Proliferation↓
IFN-g production↓
HBV neutralizing antibody↑
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Proliferation↑
IFN-g production↑
HBV neutralizing
antibody↓

CD4+ T

Liver injury marker↓
Effective cytokines
production↓
TGF-β/IL-10 production↑
Transformation to Tregs↑

Effective cytokines
production↑
TGF-β/IL-10
production↓
Transformation to
Tregs↓

Proliferation↑
Apoptosis↓

Proliferation↓
Apoptosis↑

Treg

Tim-3
Blockade

HBV/HCV
Infection

IL-12 production↓
IL-23 production↑
IL-17 production↑
Promoting Th17 accumulation
M1 transforming to M2↑

Innate Immune Response

Macrophage

In HBV infection:
IFN-g production↓
Cytotoxicity↓
In HCV infection:
miR-155↓
Cytotoxicity?
Activity?
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Antigen presentation
ability↓
Maturation↓

DC

: Tim-3

IL-12/IL-23/IL-17
Balance back to
normal
M1 transforming
to M2↓

In HBV infection
IFN-g production↑
Cytotoxicity↑

Antigen
presentation
ability↑
Maturation↑

: Tim-3 blockage

Figure 1 Role of Tim-3 in hepatitis B virus infection. In the resting state, Tim-3 expression on most adaptive and innate immune cells is low, except for dendritic
cells and macrophages, which show high and stable Tim-3 expression. However, chronic HBV/HCV infection induces or further enhances Tim-3 expression on those
cells and inhibits their anti-viral immune response. Blocking Tim-3 helps rescue the impaired function of these cells and promotes virus clearance, indicating its
potential as a drug target for the treatment of virus-related liver diseases. HBV: Hepatitis B virus; HCV: Hepatitis C virus.

contribute to HBV clearance, whereas M2 cells impair
the host immune response, promote HBV infection
[45,46]
and accelerate tumorigenesis
. In addition, HBV
[6,7]
tends to promote M2 polarization . Several studies
have reported that pathogens can induce Tim-3 overexpression in macrophages and monocytes, which
may regulate the activation and cytokine production of
[47]
these cells . Moreover, lipopolysaccharide, a Toll-like
receptor (TLR) ligand, can repress Tim-3 expression
on macrophages and at least partially rescue their
function, suggesting that TLRs and their downstream
pathways may be involved in the regulation of Tim-3
[48]
expression . Of note, the role of Tim-3 in natural
immunity is much more complex than its role in
adaptive immunity. Recently, our laboratory has found

monocytes/macrophages, NKs and NK T cells (NKTs)
constitutively express Tim-3, which can be further
elevated in some diseases including chronic viral
infection. Interference of Tim-3 pathway changes the
[43,44]
function of innate immune cells
.

Tim-3 and monocytes/macrophages

Monocytes and macrophages are important com
ponents of the innate immune system. Upon sti
mulation with inflammatory signals, monocytes rapidly
infiltrate sites of infection and then differentiate into
macrophages that kill pathogens. In HBV infection,
macrophages are crucial in modulating chronic
liver injury and HBV clearance. Macrophages can
be classified into 2 types: M1 and M2. M1 cells
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that Tim-3 regulate the polarization of macrophages
and accelerate the transformation of M1 macrophages
into M2 macrophages, which then suppress the
[44]
inflammatory response in HCC . Together, these data
indicate the complicated role of Tim-3 in regulating
innate immune cells.
Tim-3 expression has been reported to be strongly
elevated on monocytes in patients with CHB and
further elevated in those patients with acute-onchronic liver failure (ACLF). Tim-3 expression on
monocytes is also positively associated with the
level of ALT in patients with CHB, indicating its role
[49]
in disease progression . Concordantly, Tim-3
expression is increased on monocytes from patients
with HCV infection and is positively correlated with
+
IL-17 levels in CD4 T cells, thus promoting Th17 cell
accumulation. However, blocking Tim-3 on monocytes
restores the balance of IL-12, IL-23 and IL-17 signaling
[50,51]
via the STAT3 pathway
.

DCs, indicating that Tim-3 may inhibit DC maturation.
The effect of Tim-3 on DCs in HBV infection remains to
be clarified; however, these findings observed in HCV
[22]
infection may provide some clues .

Tim-3 and NK/NKTs

Over half of all liver lymphocytes are innate immune
lymphocytes, and NKs account for the majority of
these cells. Moreover, the percentage of NKs in the
liver is approximately five-fold greater than that in
spleen or blood, further indicating their important roles
in liver diseases. Indeed, accumulating evidence has
indicated the critical roles of NK cells in HBV-related
diseases. The number and activity of circulating NKs
[58-60]
are remarkably decreased in patients with CHB
,
and impaired NK function leads to persistent HBV
[61]
infection and HCC tumorigenesis .
Tim-3 also appears to have conflicting effects on
NKs. In some reports, the Tim-3-Gal-9 interaction has
been shown to enhance IFN-γ production and Tim-3
[62]
has been described as a marker of fully mature NKs ,
whereas in other reports, for example, during HIV
infection, Tim-3 has been found to inhibit the function
of NKs, weakening the NK cell-mediated anti-viral
[63,64]
immune response
.
Our group first revealed the regulatory role
of Tim-3 expression on NK cells in HBV infection.
Increased Tim-3 expression on NK cells was detected
in patients with CHB and in HBV-transgenic mice. In
addition, Tim-3 expression on NK cells was positively
correlated with the serum ALT levels in patients
with CHB. Blockade of the Tim-3/Gal-9 interaction
induced increased cytotoxicity and up-regulated IFN-γ
production in both NKs from patients with CHB and
in NK92 cell lines, strongly suggesting that Tim-3
[43]
plays negative roles in NKs during HBV . However,
the role of Tim-3 appears to be more complicated in
HCV infection. Some studies have demonstrated that
Tim-3 expression is elevated in NKs and that Tim-3
over-expression tends to result from down-regulated
miR-155 in NKs during HCV infection, similarly to
chronic HBV infection. Blocking Tim-3 can rescue the
function of NKs, whereas reconstituting miR-155 can
[65]
down-regulate Tim-3 . However, a recent study
has reported the opposite results. Golden-Mason
[66]
et al
have analyzed Tim-3 expression on NKs,
demonstrating not only elevated expression of Tim-3
on these cells but also a positive correlation between
+
Tim-3 and NK activity. These Tim-3 NKs also showed
a stronger response to IFN-α stimulation and exhibited
[66]
more intense killing activity . Thus, the role of Tim-3
on NKs requires additional studies.
+
+
+
NKT-like cells, defined as CD3 CD16 CD56 cells,
refer to a small population of T cells that co-express NK
markers, for example, NK1.1 and CD56. If activated,
these cells produce abundant pro-inflammatory
cytokines and anti-inflammatory cytokines, including
IFN-γ, MCP-1, and IL-4. Similarly to its expression on

Tim-3 and DCs

As the most potent antigen-presenting cells (APCs),
DCs play a critical role in the innate immune response
and greatly affect CHB progression. In particular, DCs
control HBV recognition in vivo. Accumulating evidence
has demonstrated that compared to DCs from healthy
controls, DCs from patients infected with HBV exhibit
[52,53]
impaired function
, yet the reasons for this
impairment remain unclear. Researchers have focused
on developing a curative DC vaccine that activates the
immune response through rescuing the function of
DCs to treat HBV.
Constitutive expression of Tim-3 can be observed
on DCs and may be positively associated with DC
activation. Accordingly, stimulating Tim-3 with Gal-9
promotes TNF-α synthesis and secretion in cultured
[54]
DCs . Furthermore, using Gal-9 to activate Tim-3
signaling in tumor-bearing animal models can enhance
the number of mature DCs and aid in the anti-tumor
[55]
immune response . However, some researchers have
obtained opposing results, suggesting that Tim-3 might
[56]
also be a negative regulator of DCs . Compared with
Tim-3-deficient bone marrow-derived DCs (BMDCs),
+
Tim-3 BMDCs exhibit an impaired function phenotype.
In particular, the latter cells showed a much poorer
capacity to produce cytokines such as IFN-β1, IFN-α
[57]
and IL-6 . The regulatory effect of Tim-3 on DCs is
intermittent; many other factors, such as different
pathogens and different ligands of Tim-3, can mo
dulate the regulatory effect of Tim-3 on DCs.
[22]
In 2014, Ma et al
first engineered a liveattenuated HCV vaccine to stimulate immune cells.
These researchers found that DCs isolated from
healthy individuals demonstrated enhanced antigen
presentation ability after stimulation, whereas DCs
isolated from patients infected with HCV showed
diminished responses after stimulation. Furthermore,
blocking Tim-3 substantially rescued the function of
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+

monocytes and NKs, Tim-3 over-expression is also
observed on NKT-like cells and is positively associated
with the level of ALT in patients with CHB. Moreover,
[49]
ACLF may further elevate Tim-3 expression .
Above all, elevated Tim-3 expression is observed
in innate immunocytes and exerts a suppressive effect
on their function during HBV infection (Figure 1).
However, the role of Tim-3 in innate immune cells is
complicated and requires further study.

TIM-3 POLYMORPHISMS AND HBV
INFECTION
In 2012, Chinese scientists examined polymorphisms
of the Tim-3 gene in a population of 712 individuals.
Among these individuals, 182 represented healthy
controls, and the others were patients with HBVrelated liver diseases. The Tim-3-1541C/T, -1516G/T,
-882C/T, -574G/T and +4259T/G polymorphisms
were examined and analyzed, and the results showed
that allele T-containing genotypes (GT+ TT), allele T
and the allele T-containing haplotype (CTCGT) of the
-1516G/T polymorphism occur more often in patients
with CHB. The allele T-containing genotypes and
allele T of -1516G/T are also associated with lymph
[67]
node metastasis and tumor grade of HCC . Other
researchers have identified 2 other single nucleotide
polymorphisms, rs31223 and rs246871, which
correlate with the progression of HBV-induced liver
disease. The minor allele “C” in rs31223 represents
an increased chance of sero-clearance of HBsAg,
whereas the genotype “CC” in rs246871 suggests
an increased likelihood of developing HBV-related
HCC. Furthermore, the haplotype blocks CGC* and
TGC* strongly correlate with serum HBsAg seroclearance, whereas CAT*, CGT*, TAC* and TGT* tend
[68]
to be markedly correlated with HBV-induced HCC .
In accordance with their containment functions in
negatively regulating immunity, polymorphisms of
Tim-3 and PD-1 may differentially and interactively
predispose individuals to HBV-related liver disease
progression. The combined carriage of PD1+8669
AA/TIM3 -1516 GT or TT shows a higher frequency
in patients with cirrhosis than in patients without
cirrhosis. Patients with HCC also have a higher
frequency of this combined carriage than do patients
[69]
with cirrhosis . Together, these findings suggest that
Tim-3 polymorphisms may affect disease susceptibility
and HCC traits associated with HBV infection.

TIM-3 AND HCC
The relationship between tumors and Tim-3 has been
studied for many years, and Tim-3 may become the
next major target in the treatment of cancer. In several
cancer models, including breast cancer, colon cancer
and melanoma, Tim-3 is induced in tumor-infiltrated
+
lymphocytes and appears to mark exhausted CD8 T
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+

cells because PD-1 Tim-3 CD8 cells remain able to
produce bona fide cytokines such as IFN-γ, IL-2 and
[70]
TNF-α . Here, we focus on the role of Tim-3 in liver
cancer and discuss whether it can be regarded as a
novel drug target in the treatment of liver cancer.
Chronic HBV infection is one of the most important
risk factors for HCC, accounting for up to 54% of HCC
cases worldwide, and this percentage is even higher
in China. Accumulating evidence has supported the
hypothesis that Tim-3 plays roles in HCC, particularly
by modulating the tumor microenvironment. For
+
instance, Tim-3 expression is elevated on CD4 and
+
CD8 T cells infiltrating tumor tissues compared to
+
those cells infiltrating the adjacent tissues, and Tim-3
T cells exhibit a senescence phenotype. Furthermore,
+
the number of Tim-3 tumor-infiltrating cells is
negatively correlated with patient survival, and Tim-3/
Gal-9 signaling induces T cell senescence. Kupffer cells
+
(KCs) have the highest Gal-9 expression, and Tim-3
+
T cells and Gal-9 KCs show a co-localization pattern
in HCC. Blocking Tim-3/Gal-9 signaling re-activates
tumor-infiltrating T cells, which display increased T
cell proliferation and enhanced cytokine production.
Moreover, in the HCC microenvironment, IFN-γ
secreted by tumor-infiltrating T cells stimulates Gal-9
[71]
expression on APCs .
Tumor-associated macrophages (TAMs) are a major
component of the tumor microenvironment and play a
critical role in promoting tumor progression. Recently,
our laboratory has discovered the important role of
Tim-3 in TAM polarization in HCC. Specifically, elevated
Tim-3 expression is negatively associated with tumor
grade and patient survival. Moreover, ectopic ex
pression of Tim-3 induces altered M2 activation, with a
[44]
phenotype that promotes tumor development . Our
results further emphasize the critical role of Tim-3 as a
new component in HCC progression.
In fact, Tim-3 is not expressed only in immune
cells; our in vivo and in vitro experiments both demon
strated that Tim-3 is also expressed in HCC cells and
that Tim-3 serves as an oncoprotein in these cells
(unpublished data). These new data suggest that
Tim-3 may have other functions in addition to immune
inhibition.
HCC remains refractory to current chemotherapeutic
drugs and generally is associated with a poor pro
gnosis. Moreover, many patients with HCC cannot
receive local ablative or surgical interventions because
HCC is frequently diagnosed at an advanced stage.
Recently, cancer immunotherapy has attracted sub
stantial attention, and immune checkpoint blockade
has achieved great success in many clinical trials.
Although blockade of CTLA-4 and PD-1 has shown
objective responses in several cancers, some issues still
remain. For example, some patients have been shown
to be non-responders to immunotherapies that target
[72,73]
CTLA-4 and PD-1 in various clinical trials
. In this
context, the discovery of novel immune checkpoints is
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urgently required, and Tim-3 is a potential candidate.
In 2010, Sakuishi reported that combined inhibition
of Tim-3 and PD-1 demonstrated greater inhibition of
tumor growth than PD-1 inhibition alone. Specifically,
half of all tumor-bearing mice treated with combined
blockade of Tim-3 and PD-1 displayed complete tumor
regression, suggesting the crucial role of Tim-3 in
[74]
tumor progression . However, additional studies are
required to demonstrate the therapeutic role of Tim-3
blockade in HCC treatment.
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CONCLUSION
During HBV infection, Tim-3 expression is elevated on
both adaptive and innate immune cells. This increased
Tim-3 expression inhibits the anti-viral immune
response, indicating that Tim-3 is a potential target
for controlling HBV infection (Figure 1). However,
several critical questions remain to be clarified. For
example, how does HBV infection induce ectopic Tim-3
expression in different types of immune cells? What
are the downstream signaling pathways promoted
by Tim-3 in both adaptive and innate immune cells?
Moreover, the regulatory role of Tim-3 in the innate
immune response remains unclear, and Tim-3 may
possess dual functions depending on the specific
context. Therefore, we cannot be blindly optimistic to
the potential of Tim-3 as a drug target for controlling
chronic infection and HCC.
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Typical clinical symptoms of chronic pancreatitis are
vague and non-specific and therefore diagnostic
tests are required, none of which provide absolute
diagnostic certainly, especially in the early stages of
disease. Recently-published guidelines bring much
needed structure to the diagnostic work-up of patients
with suspected chronic pancreatitis. In addition, novel
diagnostic modalities bring promise for the future.
The assessment and diagnosis of pancreatic exocrine
insufficiency remains challenging and this review
contests the accepted perspective that steatorrhea
only occurs with > 90% destruction of the gland.
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Core tip: Chronic pancreatitis presents a diagnostic
challenge, especially in early disease. This paper
summarizes the available diagnostic modalities as well
as the most recently-published diagnostic guidelines.
It is widely accepted that the pancreas has excellent
exocrine reserve. We review the original studies which
have supported this principle and suggest an alter
native interpretation of the data.
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Therefore diagnostic tests of pancreatic structure and
function are required - none of which provide absolute
diagnostic certainly in the early stages.
The aim of this review is to: (1) summarize the
available diagnostic modalities and the most recent
diagnostic guidelines; (2) review emerging and novel
diagnostic techniques; and (3) challenge the status
quo regarding pancreatic exocrine insufficiency,
specifically the accepted concept that steatorrhea
occurs only with greater than 90% destruction of the
gland.

INTRODUCTION
Defined as a chronic inflammatory disease of the
pancreas characterized by irreversible morphological
change and typically causing pain and/or permanent
[1]
loss of function , chronic pancreatitis is beset by
destruction of healthy pancreatic tissue and the
development of fibrous scar tissue. Gradual loss of
exocrine and endocrine function ensues with clinical
manifestations such as steatorrhea, abdominal pain,
and diabetes. Current treatments can only provide
temporary pain relief and manage complications,
but are unable to halt or slow the advance of this
[2]
disease . The overall incidence of chronic pancreatitis
[3]
in Europe is thought to be about 6-7 per 100000 ,
[4]
and data suggest increasing incidence . A study from
the United Kingdom in the 1990’s showed trends
of rising incidence based on national statistics for
[5]
admission . Seven consecutive surveys from Japan
have shown a definite increase in the prevalence of
[6]
alcoholic chronic pancreatitis . There are limited
epidemiological data regarding the natural progression
to chronic pancreatitis following an episode of acute
[7]
pancreatitis. A study from North America following
over 7000 patients with an admission for acute
pancreatitis found subsequent chronic pancreatitis in
12% of patients.
The majority of cases from western countries have
been attributed to alcohol excess, although etiologies
vary by region and country. The presenting symptom
of most patients with chronic pancreatitis is abdominal
pain, usually epigastric, dull and constant in nature.
It is almost always localized in the upper half of the
abdomen, from which it can radiate directly through to
the back, or laterally around to the left or right flank.
Initially the duration of pain is quite variable, ranging
from several hours to several days, but as the disease
progresses the attacks become more frequent and
[8]
pain-free intervals shrink and vanish .
In some patients, chronic pancreatitis can be entirely
silent, and in presentation patients may present with
the sequelae of exocrine or endocrine insufficiency:
steatorrhea, weight loss and diabetes. Less common
initial presentations include biliary obstruction with
recurrent episodes of mild jaundice, cholangitis, or
[9]
vague attacks of indigestion . Obstruction of the
splenic vein by an inflamed tail of the pancreas can lead
to left-sided portal hypertension, gastric varices and GI
bleeding. Chronic pancreatitis and pancreatic cancer
may present in a similar manner, making it difficult to
[9]
distinguish between them .
Although chronic pancreatitis diagnosis may be
suspected following presentation with suggestive
symptoms, clinical presentation is usually insufficient
for a firm diagnosis. In fact, a diagnosis of chronic
pancreatitis is difficult to establish, especially in the
early stages of disease. Typical symptoms such as
weight loss, pain, steatorrhea, and malnutrition
are vague and not specific to chronic pancreatitis.

WJG|www.wjgnet.com

DIAGNOSTIC TOOLS
There is no universally accepted diagnostic gold
standard for chronic pancreatitis. While no one radio
logical, clinical or endoscopic tool can definitively
diagnose this disease; there is an array of diagnostic
instruments, which fall into four broad categories.

Histology

Histological features of chronic pancreatitis include
parenchymal fibrosis, acinar atrophy, ductal distortion,
[10,11]
and intraductal calcification
. Histological diagnosis
is limited by a lack of consensus around grading for
[10]
chronic pancreatitis . Whilst histology is the most
specific method of diagnosis, however it is rarely
available and therefore proxy testing is required.

Radiological studies

Computed tomography: Computed tomography
(CT) is a widely-used imaging modality and is an
objective and reliable method of measuring pancreatic
morphology. “Classical” diagnostic chronic pancreatitis
findings on CT include atrophy, dilated pancreatic
duct and pancreatic calcification (Figure 1A). While
diagnosis of early chronic pancreatitis is not reliable,
CT should nevertheless be performed in all patients
[12]
to exclude a mass or gastro-intestinal malignancy .
In addition, CT may be used in the assessment of
chronic pancreatitis-related complications, such as
pseudocysts, pseudoaneurysm, duodenal stenosis
and malignancy. CT should be performed using a noncontrast phase to identify calcifications followed by
[13]
a “pancreas-protocol” contrast phase . Overall, CT
remains the best screening tool for detection of chronic
pancreatitis and exclusion of other intra-abdominal
pathology that may be indistinguishable from chronic
pancreatitis based on clinical symptoms.
Magnetic resonance imaging, magnetic
resonance cholangiopancreatography, and
secretin-enhanced magnetic resonance
cholangiopancreatography: Magnetic resonance
imaging (MRI) is more sensitive than CT and is
emerging as the initial radiological imaging modality
of choice for the evaluation of chronic pancreatitis
[12]
with unequivocal CT scans . Magnetic resonance
cholangiopancreatography (MRCP) allows for excellent
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A

B

C

D

Figure 1 Computed tomography demonstrating enlarged head of pancreas with coarse calcification and a dilated main pancreatic duct (A), magnetic
resonance cholangiopancreatography showing a tortuous, dilated pancreatic duct (B), inflammatory stricture of the distal common bile duct (C),
endoscopic retrograde cholangiopancreatography showing a stent placed in a dilated pancreatic duct (D).
[15]

that are not detectable using routine MRCP . MRCP
allows for similar visualization of the pancreatic duct as
is afforded during the much more invasive endoscopic
retrograde cholangiopancreatography (ERCP). MRCP
also facilitates the diagnosis of complications of chronic
pancreatitis such as biliary strictures (Figure 1C).
Negatives associated with these modalities include
limited access to MR time combined with the technical
[16]
complexity of the test .

Table 1 Rosemont criteria for chronic pancreatitis
Parenchymal features
Major A
Major B
Minor

Hyperechoic foci with stranding
Lobularity with honeycombing
Hyperechoic foci
Lobularity
Cysts
Hyperechoic strands

Ductal features
Major A
Minor

Calculi
Main pancreatic duct dilation
Irregular main pancreatic duct contour
Hyperechoic main pancreatic duct margin
Dilated side branches

Endoscopic studies

Endoscopic ultrasound: Endoscopic ultrasound
(EUS) provides close-proximity imaging of the entire
[17]
pancreas and adjacent structures . Although more
invasive than CT and MRI/MRCP, EUS is the most
sensitive imaging method for detecting minimal
structural changes associated with chronic pancreatitis,
and therefore is useful in minimal change or noncalcified chronic pancreatitis. The EUS-Rosemount
[18]
criteria were published in 2009
as consensus-based
criteria for EUS features of chronic pancreatitis (Table
1). Depending on the number of features identifiable,
the following classification is applied: “consistent
with chronic pancreatitis”, “suggestive of chronic
pancreatitis”, “indeterminate for chronic pancreatitis”,
[18]
or “normal” (Table 2) . It is still unresolved whether
or not “indeterminate for chronic pancreatitis” refers
[19]
to early-stage chronic pancreatitis . The number of

visualization of the pancreatic duct (Figure 1B and
C), although visualization of the side branches
[14]
is not good . However, the addition of secretin
enhancement provides even better visualization of
abnormalities of the pancreatic duct and its branches,
which may not have been evident on routine MRCP.
Secretin stimulates fluid secretion in the ductal system,
and increases the tonus of the sphincter of Oddi during
the first 5 min, hindering the release of fluid through
[14,15]
the papilla of Vater
. Therefore secretin increases
the absolute volume of intraductal free water and fills
the collapsed branches with fluid, thereby allowing
the detection of mild ductal changes in mild disease
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and newer methods such as the endoscopic PFT (ePFT,
developed at the Cleveland Clinic) are considered the
nonhistological criterion standards for diagnosis of
[2]
early chronic pancreatitis .

Table 2 Endoscopic ultrasound diagnosis of chronic
pancreatitis on the basis of Rosemont criteria
Consistent with
chronic pancreatitis
Suggestive of chronic
pancreatitis
Indeterminate for
chronic pancreatitis
Normal

1 major A feature + ≥ 3 minor features or
1 major A feature + major B feature or
2 major A features
1 major A feature + < 3 minor features or
1 major B + ≥ 3 minor features or
≥ 5 minor features
3 or 4 minor features, no major features or
Major B feature alone with < 3 minor features
≤ 2 minor features, no major features

Indirect pancreatic function testing: The invasive
nature of direct testing, along with the expense and
unavailability of the tests, obligates indirect means
of pancreatic function testing. Such tests include
fecal elastase, fecal fat measurements and serum
trypsinogen. The 3 d fecal fat collection test requires
the collection of stool for a 72 h period following the
ingestion of a precisely-known quantity of fat (100 g
per day). Excretion of more than 7 g of fat in the stool
per day is indicative of fat malabsorption, while loss
of more than 15 g per day is considered severe fat
malabsorption. However the 3 d fecal fat assessment
is a cumbersome test for both patients and laboratory
personnel, and is not routinely done. In general,
indirect tests are moderately sensitive and specific
for diagnosing advanced chronic pancreatitis, but
less so for early disease. Pancreatic elastase-1 fecal
elastase-1 (FE-1) is a human-specific enzyme that is
not degraded during intestinal transit, is enriched 5-6
fold in the feces, and is therefore a test of pancreatic
exocrine function. Benefits include the fact that
patients do not have to consume a specific substrate
(i.e., fat) prior to testing, nor must they halt pancreatic
enzyme replacement therapy. However whilst FE-1 is
an adequate measure of severe exocrine impairment,
it is not a good indicator of mild to moderate disease.

EUS criteria for diagnosis varies between institutions,
and in additions, intra-observer agreement among
endosonographers is low, which is one of its greatest
[20]
[17]
limitations . Conwell and colleagues
showed that
based on a gold standard pancreatic function test [an
endoscopic, secretin-stimulated pancreatic function
test (PFT)], 6 or more EUS criteria are needed to
establish a definitive diagnosis of chronic pancreatitis.
However, less than 6 EUS criteria may be associated
with pancreatic secretory dysfunction, and so, EUS
may not be an adequate screening modality for early
chronic pancreatitis where there is an absence of
[17]
significant parenchymal and ductal scarring .
ERCP: ERCP is considered a sensitive test for the
diagnosis of chronic pancreatitis, having the ability
to show dilation or stricture of the pancreatic duct
and its branches, as well as early features of chronic
[21]
pancreatitis . ERCP provides therapeutic options,
such as dilation, stone extraction, and stenting of
the duct (Figure 1D). An additional benefit is the
[22]
possibility of procuring pancreatic juice during ERCP .
[23]
The Cambridge criteria developed in 1984
allows
the classification of chronic pancreatitis based on
the number of ductal abnormalities found at ERCP.
However, with the widespread availability of other noninvasive imaging modalities, ERCP should not be used
for the diagnosis of chronic pancreatitis. ERCP is also
limited by the fact that it does not allow evaluation of
[10]
the pancreatic parenchyma . Axial imaging (CT or
MRCP) and EUS have replaced ERCP as a diagnostic
tool and the principles of the Cambridge classification
can be adapted to CT or MRCP.

DIAGNOSTIC GUIDELINES FOR CHRONIC
PANCREATITIS
American pancreatic association guidelines

At the 2011 meeting of the American Pancreatic
Association, a chronic pancreatitis conference was held
to develop a 3-part set of practice guidelines for this
disease. The first part of these guidelines relates to
[2]
diagnosis and was published in 2014 . The document,
which represents the first US practice guidelines for
chronic pancreatitis, defines the diagnostic evidence
for CP as definitive, probable and insufficient based
on current knowledge. The guidelines emphasize that
without sufficient evidence, patients should not be
mislabeled as having chronic pancreatitis, and it is
better to err on the side of not labelling the patient
with chronic pancreatitis, recommending longitudinal
follow-up with serial imaging and physiological testing
in unequivocal cases until definitive evidence is
present. The guidelines propose a diagnostic algorithm
which proceeds from non-invasive to a more invasive
approach (Figure 2). Upon confirmed diagnosis, the
guidelines recommend a comprehensive etiological/
morphological and physiological characterization
of chronic pancreatitis, and propose an associated
nomenclature. This nomenclature recommends the
following structure: chronic (TIGARO etiology-induced)

Pancreatic function tests

Direct pancreatic function testing: PFTs for the
testing of exocrine function may be classified as direct
and indirect. Direct tests involve the stimulation of
the pancreatic cells using secretagogues (secretin
or cholecystokinin, CCK). These tests are invasive
(requiring endoscopic procedures), expensive and tend
not to be widely done outside of specialist centers.
Sensitivity is high for direct PFTs in the diagnosis of
late chronic pancreatitis, however lower (70%-75%)
for early chronic pancreatitis. Direct PFTs have a long
history (from the 1900s), and the original Dreiling tube
[24,25]
method
(popularized at the University of Florida)
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Clinical signs and symptoms of chronic pancreatic disease: abdominal pain, weight loss, steatorrhea, malabsorption,
history of alcohol abuse, recurrent pancreatitis, fatty-food intolerance
Perform history. physical exam, review of laboratory studies, consider fecal elastase measurement

Initial imaging modality

Step 1

CT scan
CP diagnostic criteria: calcifications in combination with atrophy and/or dilated cut
Diagnostic criteria met, no further imaging needed
Inconclusion or nondiagnostic results: continue to Step 2

Step 2

MRI/MRCP with secretin enhancement (sMRCP)
CP diagnostic criteria: Cambridge class Ⅲ, dilated duct, atrophy of gland, fillings defects in duct suggestive of stones
Diagnostic criteria met; no further imaging needed
Inconclusive or nondiagnostic results: continue to Step 3

Step 3

Endoscopic ultrasound (EUS) with quantification of parenchymal and ductal criteria
CP diagnostic criteria: ≥ 5 UES CP criteria
Diagnostic criteria met; no further imaging needed
Inconclusive or nondiagnostic results: continue to Step 4

Step 4

Pancreas function test (with secretin) - gastroduodenal (SST) or endoscopic (ePFT) collection method
CP diagnostic criteria: peak [bicarbonate] < 80 meq/L
Diagnostic criteria met; no further imaging needed
Inconclusive or nondiagnostic results: continue to Step 5
Note: consider combining ePFT with EUS

Step 5

Endoscopic retrograde cholangiopancreatography (ERCP)
CP diagnostic criteria: Cambridge class Ⅲ, dilated main pancreatic duct and greater than 3 dilated side branch
Diagnostic criteria met; no further imaging needed
Inconclusive or nondiagnostic results require monitoring of signs and symptoms and repeat testing in 6 mo - 1 year

Chronic pancreatitis

Figure 2 Step-wise algorithm approach to diagnosis of chronic pancreatitis. Step 1: Survey (data review, risk factors, CT-imaging); Step 2: Tomography (pancreas
protocol CT scan, MRI/secretin-enhanced magnetic resonance cholangiopancreatography); Step 3: Endocopy [EUS (standard criteria)]; Step 4: Pancreas functioning
(Dreiling, ePFT); Step 5: ERCP (with intent for therapeutic intervention). From Conwell et al[2]. CT: Computed tomography; MRI: Magnetic resonance imaging; EUS:
Endoscopic ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography.

each statement is given a recommendation (strong/
conditional) and the level of evidence is defined as
strong/moderate/low. The proportion of “strong” vs
“conditional” statements was roughly half and half. The
intention of the group is to modify these guidelines with
emerging evidence. The APA diagnostic guidelines are
summarized in Table 3.

pancreatitis + MANNHEIM/Cambridge imaging grade +
physiological stage (where TIGARO is toxic-metabolic,
idiopathic, genetic, autoimmune, recurrent and severe
acute pancreatitis associated, obstructive). The docu
ment details the available evidence for 9 topics,
giving Evidence-Based Medicine Statements for each.
With the exception of the anatomic pathology topic,
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Table 3 A summary of the APA diagnostic guidelines (2014)
Topic

Level

Epidemiology and
risk factors

C/L
C/M
S/H

Data on population-based estimates are emerging
A small fraction of patients progress from AP to CP
Alcohol/smoking are independent risk factors for CP. Both are associated with disease progression and their risks are
likely multiplicative
The spectrum of risk factors for CP has broadened
Genetic discoveries are rapidly uncovering new susceptibility factors. Knowledge of gene-environment interactions may
translate into new diagnostic and treatment paradigms
Pathological
CP is characterized by atrophy and fibrosis of the exocrine tissue with or without chronic inflammation
Scarring of the parenchyma may be focal, patchy or diffuse
Definitions
Progressive fibrosis and atrophy may lead to exocrine insufficiency followed by endocrine insufficiency
Autoimmune pancreatitis can mimic pancreas carcinoma
Ultrasound and CT
Ultrasound and CT are best for late findings of CP but are limited in the diagnosis of early or mild pancreatitis
Intraductal pancreatic calcifications are the most specific and reliable sonographic and CT signs of CP
CT is helpful for the diagnosis of complications of CP
CT is helpful for the diagnosis of other conditions that can mimic CT
MRI imaging
Compared with ultrasound and CT, MRI is a more sensitive imaging tool for the diagnosis of CT
Ductal abnormalities are very specific and reliable MRI signs of CP
Signal intensity changes in the pancreas, seen on MRI, may precede ductal abnormalities and suggest early CT
Stimulation of the pancreas using IV secretin may improve the diagnostic accuracy in the detection of ductal and
parenchymal abnormalities seen on CT
Endoscopic
The ideal threshold number of EUS criteria necessary to diagnose CP has not been firmly established, but the presence of 5
ultrasound
or more or 2 or less strongly suggests or refutes the diagnosis of CP
The EUS features of CP are not necessarily pathologic and may occur as a normal aging, as a normal variant, or due to the
nonpathologic asymptomatic fibrosis in the absence of endocrine/exocrine dysfunction
The relatively poor IOA for EUS CP features limits the diagnostic accuracy and overall utility of the EUS for diagnosing CP
ERCP
ERP is rarely used for diagnostic purposes
The correlation between the Cambridge criteria and histology is highest in advanced CP
Multiple confounders limit the interpretation of ductal changes by Cambridge criteria
Indirect PFTs
Indirect PFTs generally are sensitive for steatorrhea and useful in quantifying the degree of exocrine insufficiency
Indirect PFTs are moderately sensitive and specific for diagnosing advanced CP but are less so for diagnosing early CP
The FE-1 assay, polyclonal assay more than monoclonal, can be limited in specificity, especially if the stool has is watery
and/or in the presence of small bowel disease
Faecal chymotrypsin may be useful in detecting compliance with exogenous pancreatic enzyme supplementation
Faecal fat assays are sensitive for steatorrhea but are of limited utility due to the cumbersome nature of patient collection
and laboratory handling of samples. In addition, strict adherence to dietary recommendations for several days is required
Direct PFTs
Direct PFTs have high sensitivity for detecting late CP, but lower sensitivity (70%-75%) for early CP
The traditional secretin and CCK PFTs performed with the aortoduodenal tube pancreas fluid collection are highly accurate
but require fluoroscopy for confirmation of tube placement and are not widely utilized
The ePFT has good correlation with the traditional Dreiling PFT
Correlation of
As structural severity worsens in CP, exocrine function declines
Both EUS and PFT results correlate with fibrosis in CP
imaging and
A combined approach (e.g., EUS/ePFT) could improve detection of minimal change CP (MCCP)
function with
histology

C/L
S/M
C/M
S/M
S/M
C/L
C/M
C/L
C/L
C/L
S/L
S/L
S/M
S/M
S/M
S/L
C/L
C/S
C/L
C/L
C/M
S/L
S/M
S/M
S/M
C/L
C/L

Levels relate to level of recommendation (conditional; strong)/level of evidence (low; moderate; high). AP: Acute pancreatitis; CP: Chronic pancreatitis; CT:
Computed tomography; MRI: Magnetic resonance imaging; IV: Intravenous; EUS: Endoscopic ultrasound; IOA: Inter-observer variability; PFTs: Pancreatic
function tests; FE-1: Fecal elastase-1; CCK: Cholecystokinin; ePFT: Endoscopic PFT; MCCP: Minimal change chronic pancreatitis.

Other guidelines

with the intention of preventing intractable disease
by allowing early treatment. The diagnostic tool
specifies that 2 of the following 4 items be present:
repeated upper abdominal pain, abnormal pancreatic
enzyme levels (serum or urine), abnormal pancreatic
function, and on-going heavy alcohol ingestion (of >
80 g pure ethanol per day). These items, along with
characteristic early findings by EUS imaging are said to
be indicative of early chronic pancreatitis. According to
this tool, more than 2 of the following EUS criteria are
required for diagnosis (as well as at least one from the
first 4 criteria: (1) lobulating with honeycombing; (2)
lobulating without honeycombing; (3) hyperechoic foci
with stranding; (4) stranding; (5) cysts; (6) dilated
side branches; and (7) hyperechoic MPD margin. More

[12]

Conwell and Bechien
devised an algorithm for
the stepwise diagnosis of chronic pancreatitis. Using
the most commonly available radiological and endo
scopic tests, the algorithm progresses from a noninvasive to an invasive approach, starting with a
clinical Survey, Tomography (imaging), Endoscopy,
and finally Pancreatic function. The authors caution
against mislabeling patients with a chronic pancreatitis
diagnosis where they instead have a chronic abdominal
pain syndrome with a remote history of procedureinduced pancreatitis.
In 2010, the Japanese Clinical Diagnostic criteria for
[26]
chronic pancreatitis were published . These criteria
were intended to diagnose “early chronic pancreatitis”,

WJG|www.wjgnet.com

2309

February 21, 2016|Volume 22|Issue 7|

Duggan SN et al . Chronic pancreatitis diagnosis
recently, reports of the Tissue Harmonic Echo mode
on EUS have suggested that these modes can reveal
details of abnormalities of early chronic pancreatitis
and might therefore contribute to a definite diagnosis
[27]
in the early stages of disease .
Guidelines were published in 2010 by the HepatoPancreatico-Biliary Association of South Africa, along
with the South Africa Gastroenterology Society which
summarized the diagnostic tools for chronic pan
[28]
creatitis . The authors suggested that the choice
of imaging study should be based on the available
technology, the available skills and the invasive nature
of the investigation. They emphasize the limitations of
PFTs in the diagnosis of chronic pancreatitis, stressing
that PFTs alone do not distinguish chronic pancreatitis
from pancreatic exocrine insufficiency (PEI) without
chronic pancreatitis.

than with a normal breath test. The probability of PEI
was 87% with a strain ratio of greater than 4.5, and
could therefore be considered for pancreatic enzyme
therapy, even in the absence of any pancreatic function
test. The relationship between pancreatic morphology
and exocrine function is discussed in the following
section.
The occurrence of nutrition deficiencies in chronic
pancreatitis has recently been suggested by Lindkvist
[32]
et al
as an indicator of PEI. One hundred and
fourteen patients had a chronic pancreatitis diagnosis
based on endoscopic ultrasonography or MRI, and PEI
13
was investigated by the C-mixed triglyceride breath
test. They found that serum nutritional markers were
able to predict PEI with reasonably high sensitivity and
specificity.

RELATIONSHIP BETWEEN
PANCREATIC DESTRUCTION AND FAT

Emerging diagnostic techniques
[16]

Engjom et al
in 2015 described a technique which
evaluated ultrasonography of the fluid in the des
cending duodenum and Wirsung duct, after secretin
stimulation, as a measure of pancreatic fluid flow. Using
both chronic pancreatitis and cystic fibrosis patients,
those with pancreatic exocrine insufficiency (Defined as
FE-1 < 100 μg/g, or peak bicarbonate concentrations
of > 80 meq/L) were compared to healthy controls.
Ultrasonography gave precise measurement of the
volume transported in the descending duodenum and
Wirsung duct after secretin stimulation. The authors
identified subjects with severe pancreatic output failure
compared to healthy controls with good diagnostic
accuracy.
EUS elastography is a recently described diagnostic
tool which quantitatively analyses pancreatic tissue
consistency. This method enables areas with varying
elasticities to be differentiated within the pancreas.
The principle of elastography is based on the as
sumption that compression of a target tissue by an
echo-endoscopic probe creates a strain that differs
according to the hardness and softness of the tissue.
During the procedure, elastography is shown in real
[29]
time as transparent colour images . Quantitative
elastography therefore allows for the quantitative
assessment of fibrosis in chronic pancreatitis. In
quantitative elastography, the tissue stiffness is
measured in the targeted area [region of interest
(ROI) A] and outside the targeted area in a region
representing normal tissue (ROI B). Thereafter, the
strain ratio value is calculated as the quotient B/A. One
[30]
study
on EUS elastography in chronic pancreatitis
found excellent concordance between EUS criteria
for chronic pancreatitis and strain ratio, and reported
a diagnostic accuracy of 91%. A further study from
[31]
this group
evaluated whether EUS-elastography
can predict PEI in chronic pancreatitis. Comparing
elastography to the C-mixed triglyceride breath test,
pancreatic strain ratio was higher in those with PEI
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MALABSORPTION: CHALLENGING THE
STATUS QUO
PEI is the reduction in pancreatic enzyme activity
in the intestinal lumen to a level that is below the
[33]
threshold required to maintain normal digestion .
It is widely believed that the pancreas has a large
exocrine reserve. This is largely due to a landmark
[34]
study published in 1973 by DiMagno et al , which
studied the relationship between malabsorption
and lipase secretion of the pancreas. They reported
confirmation “that 90% of the gland must be func
tionally destroyed or obstructed before steatorrhea
or creatorrhea occurs”, and that “fat digestion is not
clearly impaired until lipase outputs are decreased to
about 10% of normal”. These findings were based on
a comparison of 17 patients with chronic pancreatitis
and 33 healthy controls. Total enzyme output was
measured in response to duodenal perfusion with
essential amino acids and intravenous cholecystokininpancreaozymin in patients and controls. Values were
expressed as a percentage of normal, which was
derived from the healthy controls. While the study
was well-conducted, the data interpretation was open
to debate. The low sample size of 17 was itself not
necessarily a limitation, as few subjects are required
to show statistical significance where there is a large
effect. However, critically, 16/17 patients had poor
pancreatic function (defined by lipase secretion <
10% of normal), therefore, the authors can only
conclude that those with poor pancreatic secretory
function (and presumably severe disease) suffer fat
excretion consistent with steatorrhea (> 7 g per day)
(Figure 3). The one patient with high percentage lipase
secretion happened to have normal fat absorption;
however, this sole patient does not provide enough
evidence that those with greater than 10% pancreatic
function have normal fat excretion. Moreover, among
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fecal fat excretion. And similarly consistent with the
DiMagno study there was a remarkably broad variation
in fecal fat excretion for those with lipase secretion of
< 10 g/d, ranging from normal to greater than 60 g/d.
Unlike the DiMagno study, the Lankisch study included
subjects with moderately impaired lipase secretion,
and of those patients, two (7.7%) had steatorrhea.
Furthermore, 16.2% and 15.6% of patients with
moderate impairment of amylase and trypsin res
pectively exhibited steatorrhea (graphs not shown).
Therefore steatorrhea was not limited to those with
extreme pancreatic damage.
Various studies quantifying lipase excretion in
chronic pancreatitis have been published. Conwell
[36]
et al
investigated peak lipase concentration by
means of a CCK-stimulated pancreatic function test
in 19 healthy volunteers and 18 patients with chronic
pancreatitis. They found that lipase concentration in
duodenal fluid was markedly lower in those with chronic
pancreatitis compared to controls; 50% in mild chronic
pancreatitis, 23% in moderate chronic pancreatitis
and 13% in severe chronic pancreatitis. Mizuno et
[37]
al
found that lipase output in severe disease and
mild disease was 10% and 60% respectively. Ideally,
[34]
the studies conducted by DiMagno et al
and
[35]
Lankisch et al
should be repeated on an adequately
large number of subjects with a broad spectrum of
lipase outputs. Intuitively one would expect a linear
relationship between lipase secretion and fat excretion.
The seemingly non-linear relationship suggested by
[34]
DiMagno et al
has been contradicted in an artificial
model of steatorrhea (induced by lipase-inhibitor
orlistat). They showed a linear and positive correlation
[38]
between lipolysis inhibition and fat excretion levels .
The appearance of sufficient pancreatic exocrine
function (until > 90% gland destruction) may be in
part due to the secretion and action of gastric lipase.
There is an element of compensation by gastric lipase
in chronic pancreatitis patients with advancing disease,
essentially giving the illusion of adequate pancreatic
exocrine function. As well as evidence of increased
secretion of gastric lipase in severe (vs mild) chronic
pancreatitis and healthy controls, gastric lipase is
also more stable in severe chronic pancreatitis due to
[39]
an increase in the specific activity of the enzyme .
Gastric lipase has higher specific activity at acidic
pH values, and those with chronic pancreatitis are
known to have more acidic small intestine contents
[40]
than normal patients
(due to reduced bicarbonate
excretion). Hence, this provides another reason to
revisit data from early studies examining an asso
ciation between lipase excretion and fecal fat loss, as
the clinically relevant contribution of gastric lipase had
not been considered. Indeed the contribution of gastric
lipase may partially explain the remarkably broad
range of fecal fat excretion in patients with pancreatic
lipase excretion of < 10% normal (Figures 3 and 4).
[34]
The 1973 paper by DiMagno et al , along with the
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Figure 3 Relation of lipase outputs per 24 h to fecal fat excretion in
healthy subjects and patients with chronic pancreatitis. Values above
the horizontal dashed line denote steatorrhea (> 7 g per 24 h). The shaded
area represents lipase outputs less than 10 percent of normal. From DiMagno
et al[34]. Copyright © 2015 Massachusetts Medical Society. Reprinted with
permission from Massachusetts Medical Society.
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Figure 4 Relation of lipase output to fecal fat excretion in 47 patients
with exocrine insufficiency. Reprinted with permission from Lankisch et al[35].
Copyright © 2015 Karger Publishers, Basel, Switzerland.

the majority that did have low lipase secretion (<
10% normal lipase output), the range of fat loss per
day was extraordinarily broad. Those with severely
reduced lipase output secondary to chronic pancreatitis
exhibited fat malabsorption ranging from mild (about
10 g/24 h), to very severe (almost 100 g/24 h), an
enormously broad range in clinical terms.
[35]
Lankisch et al
conducted a similar, larger study
in 1986 (n = 47 chronic pancreatitis patients) with
a broader range of exocrine impairment. Figure 4
displays the relationship between lipase output and
fecal fat excretion from this study. Consistent with
the DiMagno study, most patients with < 10% lipase
excretion had steatorrhea. However not all did; three
patients with < 10% lipase excretion had normal
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[35]

6

1986 paper by Lankisch et al , appear to be the only
studies that have examined exocrine insufficiency and
fat excretion in this manner. The study by DiMagno
in particular has greatly influenced understanding
and practice in PEI and is widely cited as evidence
of adequate exocrine function until almost total
pancreatic destruction. Therefore it is possible that PEI
is ignored, disregarded and untreated in all but the
most morphologically severe patients. In fact, a study
[41]
from The Netherlands
found that a considerable
number of patients with PEI were undertreated,
with 70% of subjects reporting ongoing steatorrhearelated symptoms, and 42% still suffering weight loss.
Undertreatment may result in PEI-related abdominal
symptoms, weight loss, muscle depletion, nutrient
[42,43]
deficiency
, and deficiency-related complications,
[44,45]
including osteoporosis
and premature fragility
[46,47]
fracture
.

7
8
9
10

11
12
13

CONCLUSION
Diagnosis of chronic pancreatitis continues to present
a clinical challenge; however recent guidelines have
brought much need direction and clarity to this
endeavor. In the assessment of pancreatic exocrine
function, the traditional viewpoint that steatorrhea
does not occur until > 90% of the pancreas is des
troyed is still often quoted and accepted. We have
challenged this perspective by revisiting the old data
and suggesting an alternative interpretation. The
perception that the pancreas has excellent exocrine
reserve needs to be reconsidered, not least due to
the potential disregard for PEI and resultant delays
in establishing appropriate and adequate enzyme
therapy that are likely to occur if this unsound principle
continues to be accepted.
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Abstract
AIM: To investigate the driver gene mutations asso
ciated with colorectal cancer (CRC) in the Taiwanese
population.
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METHODS: In this study, 103 patients with CRC
were evaluated. The samples consisted of 66 men
and 37 women with a median age of 59 years and an
age range of 26-86 years. We used high-resolution
melting analysis (HRM) and direct DNA sequencing to
characterize the mutations in 13 driver genes of CRCrelated pathways. The HRM assays were conducted
®
using the LightCycler 480 Instrument provided with
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the software LightCycler 480 Gene Scanning Software
Version 1.5. We also compared the clinicopathological
data of CRC patients with the driver gene mutation
status.

of mortality and morbidity in Western and in Asian
countries. In 2014, an estimated 136830 new cases
were diagnosed, and 50310 deaths were due to CRC,
making it the third most common cancer among men
[1]
and women in the United States . The lifetime risk
of CRC is 6%, and the average age at diagnosis is 66
[2]
years old in the United States . CRC has also become
the third leading cause of cancer-related death in the
[3]
Taiwanese population .
Inherited CRCs can be attributed to hereditary
nonpolyposis CRC (HNPCC), familial adenomatous
polyposis (FAP), and closely related variant syn
[4]
dromes . Approximately 15%-30% of the patients
may fall into this category, and their first- or second[5]
degree relatives may have CRC . New or de novo
germ-line mutations of adenomatous polyposis coli
(APC) occur in approximately 25% of FAP cases. The
lifetime incidence of CRC in untreated FAP patients
[6]
is approaching 100% . The most common germline APC mutations are located at codons 1061 and
[7]
1309 . HNPCC is the result of germline mutations
in DNA mismatch repair (MMR) genes, including
mutL homolog 1 (MLH1), mutS homolog 2 (MSH2),
mutS homolog 6 (MSH6) and PMS1 homolog 2
(PMS2), with mutations in MLH1 and MSH2 being
[8]
more common than those in other MMR genes .
Juvenile polyposis syndrome is caused by mutations
in the bone morphogenetic protein receptor, type 1A
(BMPR1A) or SMAD family member 4 (SMAD4) tumor
[9]
suppressor genes . Cowden syndrome is associated
with mutations in phosphatase and tensin homolog
[10]
(PTEN) . Homozygous mutations in the base excision
repair (BER) pathway gene mutY DNA glycosylase
(MUTYH) cause MUTYH-associated polyposis syndrome,
and heterozygous MUTYH mutations are found in some
[11]
cases of familial CRC .
Sporadic CRCs account for approximately 70%-85%
of all cases, and these patients have no distinguishable
genetic risk factors. The development of sporadic
CRC is probably as a result of diet, lifestyle, and
[12]
environmental factors as well as somatic mutations .
Sporadic CRCs have more biological variables com
[13]
pared with hereditary CRCs . Chromosomal
instability (CIN), microsatellite instability and CpG
island methylator phenotype pathways are the
major genetic mechanisms responsible for sporadic
[14]
CRCs . The CIN pathway implies the progression
from adenoma to carcinoma. This pathway suggests
a stepwise pattern of mutational inactivation of tumor
suppressor genes, such as the APC and tumor protein
p53 (TP53), and the activation of oncogenes, such as
[15]
Kirsten rat sarcoma viral oncogene homolog (KRAS) .
Most sporadic CRCs (70%-80%) have APC somatic
mutations, and the mutations appear to be enriched
in the mutation cluster region (MCR, codons 1309
[7]
to 1450) . Approximately 40% of CRCs have KRAS
mutations, and almost all of these mutations are
[16,17]
located at codons 12, 13 or 61
. The MSI pathway

RESULTS: Of the 103 patients evaluated, 73.79%
had mutations in one of the 13 driver genes. We
discovered 18 novel mutations in APC , MLH1 , MSH2 ,
PMS2 , SMAD4 and TP53 that have not been previously
reported. Additionally, we found 16 de novo mutations
in APC , BMPR1A , MLH1 , MSH2 , MSH6 , MUTYH and
PMS2 in cancerous tissues previously reported in the
dbSNP database; however, these mutations could
not be detected in peripheral blood cells. The APC
mutation correlates with lymph node metastasis
(34.69% vs 12.96%, P = 0.009) and cancer stage
(34.78% vs 14.04%, P = 0.013). No association was
observed between other driver gene mutations and
clinicopathological features. Furthermore, having two
or more driver gene mutations correlates with the
degree of lymph node metastasis (42.86% vs 24.07%,
P = 0.043).
CONCLUSION: Our findings confirm the importance
of 13 CRC-related pathway driver genes in the develop
ment of CRC in Taiwanese patients.
Key words: Colorectal cancer; Driver gene; Colorectal
cancer-related pathway; Mutation; High-resolution
melting analysis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In Taiwan, colorectal cancer (CRC) has had
the highest incidences among cancers recently. In a
study of 103 patients with CRC, we identified 18 novel
mutations in APC , MLH1 , MSH2 , PMS2 , SMAD4 and
TP53 . We assessed the frequency of non-pathological
somatic mutations during oncogenesis, which has not
been explored before. Our results indicated 16 de
novo mutations that have been previously described
in a public database and were detected in cancerous
tissues only, but not in the patient’s blood cells. We
suggest these mutation sites may belong to a frequent
mutational hotspot in both germline and cancerous
tissues.
Chang YC, Chang JG, Liu TC, Lin CY, Yang SF, Ho CM,
Chen WT, Chang YS. Mutation analysis of 13 driver genes of
colorectal cancer-related pathways in Taiwanese patients. World
J Gastroenterol 2016; 22(7): 2314-2325 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2314.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2314

INTRODUCTION
Colorectal cancer (CRC) is one of the major causes
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is characterized by the inactivation of the MMR genes
such as MLH1. Inactivation of MMR genes occurs either
through MLH1 promoter hypermethylation or point
mutations in one of the MMR genes. De novo germline mutations or somatic mutations in MMR genes
[8]
account for a small number of sporadic CRCs . The
Serrated Pathway is characterized by the presence of
a mutation in the oncogene v-raf murine sarcoma viral
oncogene homolog B (BRAF) and the hypermethylation
[18]
of other genes ; 3%-13% of CRC patients have a
[19]
mutation in the BRAF gene .
Multiple previous reports have revealed that
several critical genes and pathways are important in
the initiation and progression of CRC, these include
WNT, RAS-MAPK, PI3K, TGF-β, P53, and DNA MMR
[20]
pathways . The Cancer Genome Atlas Network
project has identified numerous recurrently mutated
[21]
genes .
The aim of our study was to assess the genes
known to be implicated in CRC and to compare the
clinicopathological data with the molecular genetic
profiles of the tumors. We used a high resolution
melting (HRM) technique and direct DNA sequencing
to analyze the APC exons 1-14 and part of exon 15,
BRAF exon 15, KRAS exon 2, phosphatidylinositol4,5-bisphosphate 3-kinase, catalytic subunit alpha
(PIK3CA) exon 9 and 20, the complete coding region
of BMPR1A, MLH1, MSH2, MSH6, MUTYH, PMS2,
PTEN, SMAD4 and TP53 in CRCs from 103 Taiwanese
patients.

genomic DNA, 0.25 μmol/L primers, 2.5 mmol/L MgCl2
®
and 5 μL 2X LightCycler 480 High Resolution Melting
Master (reference 04909631001, Roche Diagnostics)
buffer. Polymerase chain reaction cycling included
an initial denaturation at 95 ℃ for 10 min followed
by 45 cycles of 15 s at 95 ℃, 15 s at 60 ℃, and 15 s
at 72 ℃. The melting program included three steps:
denaturation at 95 ℃ for 1 min, renaturation at 40 ℃
for 1 min, and a subsequent melting cycle that consists
of a continuous fluorescent reading from 60 to 90 ℃ at
a rate of 25 acquisitions per ℃.

Gene scanning

Gene scanning analysis of the data using Gene
Scanning Software consisted of three steps: (1)
normalization of melting curves, which involved
setting the initial fluorescence equal to 100% and the
remaining fluorescence signal after DNA dissociation
to 0%; (2) shifting of the temperature axis of the
normalized melting curves to the point where the entire
double-stranded DNA was completely denatured; and
(3) generation of difference plots, allowing capture of
the melting profile difference between the reference
sample curves and the test samples.

Direct sequencing

After HRM analysis, the samples were purified using
TM
the PCR-M clean up system (VIOGEN, Sunnyvale CA,
United States). The sequence reaction was performed
using 1 μL of the purified PCR product, 2.5 μmol/L of
one of the PCR primers and 1 μL ABI PRISM terminator
cycle sequencing kit v3.1 (Applied Biosystems,
Foster City, CA) in a final reaction volume of 10 μL.
The samples were sequencing using a 25-cycle PCR
program (denaturation at 96 ℃ for 10 s, annealing at
50 ℃ for 5 s and elongation at 60 ℃ for 4 min). The
sequencing detection was performed using an ABI
Prism 3130 Genetic Analyzer (Applied Biosystems).
Due to its size (2545 nucleotides) it was costly and
time consuming to screen MSH6 exon 4 using HRM;
thus, direct DNA sequencing was performed.

MATERIALS AND METHODS
DNA samples

One hundred and three colorectal adenocarcinomas
were collected and analyzed. All samples were tested
for sporadic and familial genetic changes in known
CRC related genes (APC, BMPR1A, BRAF, KRAS, MLH1,
MSH2, MSH6, MUTYH, PIK3CA, PMS2, PTEN, SMAD4
and TP53). DNA was extracted using a commercially
available kit (GE Healthcare, Little Chalfont, UK),
following the manufacturer’s recommendations. After
extraction, DNA was quantified using a NanoDrop 1000
Spectrophotometer (Thermo Scientific, Wilmington
DE, United States). This study was approved by
the Institutional Review Board of the China Medical
University Hospital.

Statistical analysis

The results were analyzed using SPSS version 17.0
program. P values of less than 0.05 were considered
statistically significant.

RESULTS

HRM technique

Novel pathological mutations in the 13 driver genes

To assess APC, BMPR1A, BRAF, KRAS, MLH1, MSH2,
MSH6, MUTYH, PIK3CA, PMS2, PTEN, SMAD4
and TP53 mutations, we performed HRM of small
®
amplicons using a LightCycler 480 Instrument
(Roche Diagnostics, Roche Instrument Center AG,
Rotkreuz, Switzerland) in tumor samples from CRC
patients. The primers used for HRM analysis are
shown in Supplementary material. The amplifications
were performed in 10 μL volumes containing 10 ng of

WJG|www.wjgnet.com

In total, we validated 18 mutations in six genes
that have not been previously described in a public
database (Figure 1). Six of these mutations occurred
in the APC gene (c.211C>T, c.275C>G, c.313A>G,
c.612_619delAGGTACCT, c.1206delT and c.3166insA),
one in the MLH1 gene (c.629C>T), three in the MSH2
gene (c.166G>T, c.232G>A and c.718delG), one in
the PMS2 gene (c.1313A>C), three in the SMAD4
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Figure 1 Direct sequencing was used to validate novel pathological mutations. A: APC; B: MLH1; C: MSH2; D: PMS2; E: SMAD4; F: TP53.

gene (c.875delC, c.917A>G and c.1109_1123delTCCA
CAGGACAGAAG) and four in the TP53 gene (c.237delT,
c.602insG, c.744delG and c.825_826delTG). To our
knowledge, these mutations have not been detected in
human cancers prior to this study.

c.1886A>G), two in the MSH6 gene (c.3488A>T
and c.4065_4066insTTGA), two in the MUTYH gene
(c.1422G>C and c.1440C>T) and one in the PMS2
gene (c.1532C>T).

Polymorphisms in the 13 driver genes

De novo mutations in the 13 driver genes

In total, we validated 18 polymorphisms in six genes
previously described in a public database (Table 2).
One of them occurred in the BMPR1A gene (c.4C>A),
three in the MSH2 gene (c.471C>A, c.1168C>T and
c.1690A>G), two in the MSH6 gene (c.116G>A and
c.3306T>A), one in the MUTYH gene (c.1014G>C),
ten in the PMS2 gene (c.59G>A, c.288C>T, c.780C>G,
c.1408C>T, c.1454C>A, c.1621G>A, c.2253T>C,
c.2324A>G, c.2340C>T and c.2570G>C) and one in
the TP53 gene (c.215C>G). Some of the frequencies
are similar to those in a public database, but some are

In total, we found 16 de novo mutations in seven
genes that have been previously described in a
public database with the exception of APC c.465A>G,
these mutations were detected in cancerous tissues
only, and not in the patient’s blood cells (Table 1).
Three of these mutations occurred in the APC gene
(c.465A>G, c.573T>C and c.1005A>G), one in the
BMPR1A gene (c.1578A>G), five in the MLH1 gene
(c.462C>T, c.655A>G, c.1151T>A, c.1742C>T and
c.2101C>A), two in the MSH2 gene (c.23C>T and
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Table 1 De novo mutations of 13 driver genes detected in colorectal cancer
Gene

APC

BMPR1A
MLH1

MSH2
MSH6
MUTYH
PMS2

Mutation

Protein change

c.465A>G
c.573T>C
c.1005A>G
c.1578A>G
c.462C>T
c.655A>G
c.1151T>A
c.1742C>T
c.2101C>A
c.23C>T
c.1886A>G
c.3488A>T
c.4065_4066insTTGA
c.1422G>C
c.1440C>T
c.1532C>T

rs number

p.Lys155=
p.Tyr191=
p.Leu335=
p.Glu526=
p.Asp154=
p.Ile219Val
p.Val384Asp
p.Pro581Leu
p.Gln701Lys
p.Thr8Met
p.Gln629Arg
p.Glu1163Val
p.Lys1328Aspfs
p.Thr474=
p.Thr480=
p.Thr511Met

Number of
mutations, n (%)

Minor allele
frequency in
cancer

Minor allele
frequency in
Asian

1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
7 (6.8)
4 (3.88)
1 (0.97)
1 (0.97)
3 (2.91)
3 (2.91)
2 (1.94)
1 (0.97)
1 (0.97)
3 (2.91)
4 (3.88)

0.49%
0.49%
0.49%
0.49%
0.49%
3.40%
1.94%
0.49%
0.49%
1.46%
1.46%
0.97%
0.49%
0.49%
1.46%
1.94%

NA
G = 0%
NA
NA
G = 0%-37.5%
NA
NA
NA
T = 0%-5%
NA
NA
NA
NA
NA
NA

rs185154886
rs3797704
rs202030576
rs192938577
rs1799977
rs63750447
rs63751684
rs63750114
rs17217716
rs61756468
rs63750252
rs55740729
rs74318065
rs150269172
rs74902811

GMAF
(global minor allele
frequency%)
C = 0.06
G = 0.06
G = 0.02
T = 0.02
G = 12.96
A = 0.52
T = 0.12
A = 0.12
T = 0.52
G = 0.22
T = 0.28
TTGA = 0.8
G = 1.04
A = 0.4
A = 3.69

Table 2 Polymorphisms of 13 driver genes detected in colorectal cancer
Gene

BMPR1A
MSH2

MSH6
MUTYH
PMS2

TP53

Mutation

c.4C>A
c.471C>A
c.1168C>T
c.1690A>G
c.116G>A
c.3306T>A
c.1014G>C
c.59G>A
c.288C>T
c.780C>G
c.1408C>T
c.1454C>A
c.1621G>A
c.2253T>C
c.2324A>G
c.2340C>T
c.2570G>C
c.215C>G

Protein change

p.Pro2Thr
p.Gly157=
p.Leu390Phe
p.Thr564Ala
p.Gly39Glu
p.Thr1102=
p.Gln338His
p.Arg20Gln
p.Ala96=
p.Ser260=
p.Pro470Ser
p.Thr485Lys
p.Lys541Glu
p.Phe751=
p.Asn775Ser
p.Pro780=
p.Gly857ala
p.Pro72Arg

rs number

Number of
mutations, n (%)

Minor allele
frequency in
cancer

Minor allele
frequency in
Asian

41(39.81)
5 (4.85)
5 (4.85)
3 (2.91)
1 (0.97)
41 (39.81)
51 (49.51)
10 (9.71)
58 (56.31)
17 (16.5)
44 (42.72)
44 (42.72)
15 (14.56)
2 (1.94)
8 (7.77)
8 (7.77)
1 (0.97)
78 (75.73)

19.9%
2.43%
2.43%
1.46%
0.49%
37.38%
27.67%
4.85%
33.5%
8.25%
21.36%
21.36%
7.28%
0.97%
3.88%
3.88%
0.49%
50%

NA
NA
T = 0%-4.7%
NA
NA
A = 0%-22.9%
C = 45.2%-46.7%
NA
A = 28.2%-36%
G = 4.8%-8%
T = 0%
NA
A = 4.4%-23%
NA
NA
NA
NA
G = 48.9%-61.4%

rs11528010
rs61756463
rs17224367
rs55778204
rs1042821
rs2020910
rs3219489
rs10254120
rs12532895
rs1805319
rs1805321
rs1805323
rs2228006
rs1805325
rs17420802
rs142230276
rs1802683
rs1042522

not, which maybe due to ethnic differences.

A = 49.98
A = 0.24
T = 0.28
G = 0.06
A = 20.29
A = 4.93
C = 31.35
T = 7.57
A = 11.36
G = 16.87
T = 35.82
T = 11.20
A = 11.68
NA
NA
A = 0.12
NA
G = 45.71

(c.1067C>G, c.1069T>C and c.1081C>T) and 24 in
the TP53 gene (c.318C>G, c.423C>G, c.440T>G,
c.511G>T, c.514G>T, c.524G>A, c.536A>G, c.586C>T,
c.638G>T, c.646G>A, c.700T>G, c.734G>A,
c.742C>T, c.761T>G, c.772G>A, c.772G>T, c.817C>T,
c.818G>A, c.841G>C, c.844C>T, c.853G>A,
c.856G>A, c.857A>G and c.1015G>T).

Known pathological mutations in the 13 driver genes

In total, we validated 58 mutations in 10 genes that
have been previously described in a public database
(Table 3). Fifteen of them occurred in the APC gene
(c.95A>G, c.646C>T, c.694C>T, c.799G>T, c.832C>T,
c.904C>T, c.3907C>T, c.3914C>A, c.3914delC,
c.3934G>T, c.3935delG, c.3944C>A, c.3982C>T,
c.4012C>T and c.4031C>A), two in the BRAF gene
(c.1780G>A and c.1799T>C), six in the KRAS gene
(c.34G>C, c.34G>T, c.35G>A, c.35G>C, c.35G>T
and c.38G>C), one in the MSH2 gene (c.1480T>C),
on in the MUTYH gene (c.74G>A), four in the PIK3CA
gene (c.1624G>A, c.1633G>A, c.1636C>G and
c.3104A>G), one in the PMS2 gene (c.2437C>T), one
in the PTEN gene (c.19G>T), three in the SMAD4 gene

WJG|www.wjgnet.com

GMAF
(global minor allele
frequency%)

Distribution of mutations in CRC-related pathways

To explore the patterns of mutations in the candidate
pathways, we divided the 13 driver genes into six
pathways: WNT, TGF-β, PI3K, RTK-RAS, P53, and DNA
repair pathways. The TP53 gene in the P53 pathway
has a relatively high rate of mutation compared with
genes in the WNT, TGF-β, PI3K, RTK-RAS, and DNA
repair pathways.
In total, 76 patients (73.79%) had mutations in one
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Table 3 Known pathological mutations of 13 driver genes detected in colorectal cancer
Gene

APC

BRAF
KRAS

MSH2
MUTYH
PIK3CA

PMS2
PTEN
SMAD4

TP53

Mutation

c.95A>G
c.646C>T
c.694C>T
c.799G>T
c.832C>T
c.904C>T
c.3907C>T
c.3914C>A
c.3914delC
c.3934G>T
c.3935delG
c.3944C>A
c.3982C>T
c.4012C>T
c.4031C>A
c.1780G>A
c.1799T>C
c.34G>C
c.34G>T
c.35G>A
c.35G>C
c.35G>T
c.38G>C
c.1480T>C
c.74G>A
c.1624G>A
c.1633G>A
c.1636C>G
c.3140A>G
c.2437C>T
c.19G>T
c.1067C>G
c.1069T>C
c.1081C>T
c.318C>G
c.423C>G
c.440T>G
c.511G>T
c.514G>T
c.524G>A
c.536A>G
c.586C>T
c.638G>T
c.646G>A
c.700T>G
c.734G>A
c.742C>T
c.761T>G
c.772G>A
c.772G>T
c.817C>T
c.818G>A
c.841G>C
c.844C>T
c.853G>A
c.856G>A
c.857A>G
c.1015G>T

Protein change

p.Asn32Ser
p.Arg216Stop
p.Arg232Stop
p.Gly267Stop
p.Gln278Stop
p.Arg302Stop
p.Gln1303Stop
p.Ala1305Glu
p.Ala1305Glufs
p.Gly1312Stop
p.Gly1312Glufs
p.Ser1315Stop
p.Gln1328Stop
p.Gln1338Stop
p.Ser1344Stop
p.Asp594Asn
p.Val600Glu
p.Gly12Cys
p.Gly12Ser
p.Gly12Ala
p.Gly12Asp
p.Gly12Val
p.Gly13Asp
p.Ser494Pro
p.Gly25Asp
p.Glu542Lys
p.Glu545Lys
p.Gln546Lys
p.His1047Arg
p.Arg813Trp
p.Glu7Stop
p.Pro356Arg
p.Ser357Pro
p.Arg361Cys
p.Ser106Arg
p.Cys141Trp
p.Val147Gly
p.Glu171Stop
p.Val172Phe
p.Arg175His
p.His179Arg
p.Arg196Stop
p.Arg213Leu
p.Val216Met
p.Tyr234Asp
p.Gly245Asp
p.Arg248Trp
p.Ile254Ser
p.Glu258Lys
p.Glu258Stop
p.Arg273Cys
p.Arg273His
p.Asp281His
p.Arg282Trp
p.Glu285Lys
p.Glu286Lys
p.Glu286Gly
p.Glu339Stop

rs number in dbSNP/mutation id in
COSMIC

Number of
mutations, n
(%)

Minor allele
frequency in
cancer

Minor allele
frequency in
Asian

rs539108537
rs62619935
rs397515734
The UMD-APC mutations database
The UMD-APC mutations database
rs137854568
COSM13728
COSM1432302
COSM19687
COSM18817
COSM18796
COSM18777
rs398123121
rs121913327
COSM19135
rs397516896
rs113488022
rs121913530
rs121913530
rs121913529
rs121913529
rs121913529
rs112445441
rs55653533
rs75321043
rs121913273
rs104886003
rs121913286
rs121913279
rs375968016
COSM5298
COSM339351
COSM189735
rs80338963
COSM45944
COSM44204
COSM44309
COSM10996
COSM44240
rs28934578
COSM10889
rs397516435
COSM43650
COSM10667
COSM43768
rs121912656
rs121912651
COSM45035
rs121912652
COSM43568
rs121913343
rs28934576
COSM10943
rs28934574
rs112431538
COSM10726
COSM43565
COSM11286

1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
3 (2.91)
3 (2.91)
1 (0.97)
1 (0.97)
3 (2.91)
2 (1.94)
2 (1.94)
2 (1.94)
11 (10.98)
12 (11.65)
5 (4.85)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
2 (1.94)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
5 (4.85)
1 (0.97)
2 (1.94)
1 (0.97)
1 (0.97)
1 (0.97)
2 (1.94)
3 (2.91)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)
2 (1.94)
1 (0.97)
5 (4.85)
1 (0.97)
1 (0.97)
1 (0.97)
1 (0.97)

0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
1.46%
1.46%
0.49%
0.49%
1.46%
0.97%
0.97%
0.97%
5.34%
5.83%
2.43%
0.49%
0.49%
0.49%
0.49%
0.49%
0.97%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
0.49%
2.43%
0.49%
0.97%
0.49%
0.49%
0.49%
0.97%
1.46%
0.49%
0.49%
0.49%
0.49%
0.97%
0.49%
2.43%
0.49%
0.49%
0.49%
0.49%

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

GMAF
(global minor allele
frequency%)
G = 0.02
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
C = 0.02
T = 0.18
NA
NA
NA
NA
A = 0.02
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
T = 0.02
NA
NA
NA
NA
NA
NA

NA: Not available.
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45
40
35

Total, n

30
25
20
15
10
5
0

0

1

2

3

4

5

Number of driver mutations

Total, n

B

20
18
16
14
12
10
8
6
4
2
0
WNT+RTK-

RAS+P53+PI3K+DNA repair

WNT+RTK-RAS+P53+TGF-β

WNT+P53+DNA repair

WNT+RTK-RAS+P53

PI3K+RTK-KRAS+P53

PI3K+DNA repair

RTK-RAS+DNA repair

RTK-RAS+TGF-β

WNT+P53

RTK-RAS+P53

RTK-RAS+WNT

WNT+PI3K

DNA repair pathways

P53 pathway

RTK-RAS pathway

PI3K pathway

TGF-β pathway

WNT pathway

Pathways

Figure 2 Mutation distribution in colorectal cancer-related pathways. A: Relationship between the number of driver mutations (horizontal axis) and number of
patients (vertical axis); B: Relationship between the six major pathways (horizontal axis) and the number of patient (vertical axis).

of the 13 driver genes; of these, 42 patients (40.78%)
had one driver gene mutation, and 34 patients
(33.01%) had more than one driver gene mutation,
including 26 patients (25.24%) with mutations in two
driver genes, 6 patients (5.83%) with mutations in
three driver genes, 1 patient (0.97%) with mutations
in four driver genes, and 1 patient (0.97%) with
mutations in five driver genes (Figure 2A).
The mutation combinations included 9 involved in
the RTK-RAS/P53 pathways, 5 in the RTK-RAS/WNT
pathways, 4 in the WNT/P53 pathways, 3 in the RTKRAS/TGF-β pathways, 2 in the WNT/PI3K pathways,
2 in the RTK-RAS/DNA repair pathways, 1 in the
PI3K/DNA repair pathway, 4 in the WNT/RTK-RAS/P53
pathways, 1 in the PI3K/RTK-RAS/P53 pathway, 1 in
the WNT/P53/DNA repair pathway, 1 in the WNT/RTKRAS/P53/TGF-β pathway, and 1 in the WNT/RTK-RAS/
P53/PI3K/DNA repair pathway (Figure 2B).

involvement or stage. In addition, having mutations in
two or more driver genes was correlated significantly
with the degree of lymph node metastasis (P = 0.043).

DISCUSSION
The advent of next generation sequencing (NGS)
has provided a powerful platform to investigate the
genetic etiology of diseases. The HRM analysis is not
practical for detecting mutations encompassing an
entire exon or deletions of entire genes or exons; in
contrast, NGS can identify the entire genetic coding
sequence. NGS has been comprehensively applied in a
variety of ways, including whole genome sequencing,
targeted sequencing, chromatin immunoprecipitation
sequencing, small RNA sequencing and transcriptome
[22]
sequencing . Although NGS has become the premier
tool in genetic and genomic analyses, this approach
can generate a large quantity of genetic data but often
with high sequencing errors. Equipment, labor, reagent
and supply costs for HRM analysis are significantly
[23]
lower than those for NGS . The HRM technique does
not require complex protocols for experimental steps
or data analysis, so it is faster and less expensive

Correlation of molecular findings with clinical data

APC mutations were significantly correlated with lymph
node metastasis (P = 0.009) and cancer stage (P =
0.013) (Table 4). Other mutations did not show any
significant correlation with sex, grade, lymph node
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Table 4 Correlation between clinicopathological features and APC mutation and two or more driver genes mutations
Mutation of APC

Mutations of two or more driver genes
Yes

Total

P value

Gender

F
M

27
52

10
14

37
66

0.503

23
46

14
20

37
66

0.435

Grade

Well
Moderate
Poor

4
67
8

3
19
2

7
86
10

0.443

4
57
8

3
29
2

7
86
10

0.579

+

32
47

17
7

49
54

0.009

28
41

21
13

49
54

0.043

Ⅰ, Ⅱ

30
49

16
8

46
57

0.013

27
42

19
15

46
57

0.108

LN

Stage

Ⅲ, Ⅳ

No

Yes

Total

P value

No

P value by χ 2 test.

than NGS. We used the HRM technique to analyze the
mutation profiles in CRCs of Taiwanese patients, and
proved the concept.
No studies to date have assessed the frequency of
non-pathological somatic mutations during oncogenesis.
In our study, a de novo mutation was defined as a
genomic alteration that was undetectable in peripheral
blood and with nonpathogenic significance; however,
the dbSNP database has shown the minor allele
frequency for this group. Therefore, we suggest that
these nucleotide changes may occur during/after cancer
development, and that these mutation sites may belong
to a mutational hotspot that occurs frequently in both
germline and cancerous tissues.
We identified four point mutations and two deletions
in the SMAD4 gene in five CRC cases. SMAD4 plays
a unique and pivotal role in the TGF-β pathway by
mediating the transcriptional activation of target
[24]
genes . The mechanism by which mutation alters
[25]
gene function is still unknown. Ling et al
proposed
that a mutation in this gene may facilitate CRC
progression. In our study, three samples were in the
T3 stage and one was in the T4b stage, which may
support this idea.
PTEN is a negative regulator of the PI3K pathway
that induces cell survival and proliferation. Berg et
[26]
al
found that PTEN mutations were more frequent
in young CRC patients (< 50 years). However, in our
study, we identified a PTEN nonsense somatic mutation
in a male patient aged 66 years.
APC mutations play a critical role in CRC tumor
igenesis. Some reports have indicated a potential
interdependence of the two hits in APC, both in spo
[27,28]
radic and FAP-associated CRCs
. In our study,
one patient had two APC mutations outside the MCR,
whereas most of patients had only one APC mutation.
From these results, we suggest that one APC mutation
is capable of initiating of CRC oncogenesis, similar to a
KRAS mutation.
[29]
Tomasetti et al
showed that only three driver
gene mutations are required for the development of
advanced cancers in the lung and colon. In addition,

WJG|www.wjgnet.com

they indicated that patients with MMR deficiencies that
occurred through the sequential mutation of four or
more driver genes significantly increased the incidence
of CRC. In this study, we only analyzed 13 driver
genes and were unable to confirm their findings, but
we determined that 95 patients had fewer than three
driver gene mutations. We suggest that further studies
using NGS to sequence the exome may solve the
discrepancies in these cases.
In conclusion, we identified mutations in genes
such as BRAF, KRAS, MUTYH, PIK3CA and PTEN,
as well as previously unreported point mutations or
frameshift mutations in APC, MLH1, MSH2, PMS2,
SMAD4 and TP53 genes in a group of Taiwanese CRC
patients.
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Core tip: This study introduced a magnetic anas
tomosis device and verified the feasibility of mag
netic compression anastomosis (magnamosis) in
choledochojejunostomy; moreover, 3D printing tech
nology was used to design and produce magnetic shells
of different sizes to explore the optimum magnetic
pressure range in choledochojejunostomy. The result
of this study provided a more efficient and accurate
theoretical basis for clinical application of choledo
chojejunostomy magnamosis in the future.

Abstract
AIM: To investigate the optimal magnetic pressure and
provide a theoretical basis for choledochojejunostomy
magnetic compressive anastomosis (magnamosis).

Xue F, Guo HC, Li JP, Lu JW, Wang HH, Ma F, Liu YX,
Lv Y. Choledochojejunostomy with an innovative magnetic
compressive anastomosis: How to determine optimal pressure?
World J Gastroenterol 2016; 22(7): 2326-2335 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i7/2326.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i7.2326

METHODS: Four groups of neodymium-iron-boron
magnets with different magnetic pressures of 0.1,
0.2, 0.3 and 0.4 MPa were used to complete the
choledochojejunostomy magnamosis. Twenty-six
young mongrel dogs were randomly divided into five
groups: four groups with different magnetic pressures
and 1 group with a hand-suture anastomosis. Serum
bilirubin levels were measured in all groups before
and 1 wk, 2 wk, 3 wk, 1 mo and 3 mo after surgery.
Daily abdominal X-ray fluoroscopy was carried out
postoperatively to detect the path and the excretion of
the magnet. The animals were euthanized at 1 or 3 mo
after the operation, the burst pressure was detected
in each anastomosis, and the gross appearance and
histology were compared according to the observation.

INTRODUCTION
Roux-en-Y choledochojejunostomy is known as a
standard operation for the treatment of benign biliary
stricture or malignant biliary obstruction and a well[1]
developed approach . However, the currently used
manual anastomosis technique is time-consuming
and associated with a high risk of complications,
[2]
such as stricture recurrence and anastomotic leak .
Staple anastomosis has been introduced to solve this
problem, but many limitations remain, such as foreign
residues, low histocompatibility, and anastomosis
[3]
diameter mismatch .
The compressive anastomosis technique was
invented two centuries ago, and Denans proposed
the concept of compressive anastomosis as early as
[4]
1826 . A new device was invented by Murphy in 1892,
which has been referred to as “Murphy’s button” and
[5,6]
extensively used in intestinal anastomosis . In 1978,
[7]
Obora first used magnets instead of mechanical
devices; this technique cleverly avoids physical contact
by using magnetic force, which is field-mediated. With
advantages of simpleness, saving time, and low cost,
the magnetic compressive anastomosis (magnamosis)
has attracted many surgeons to solve a variety of
[8]
surgical problems. Jansen et al first successfully
used magnetic rings for colorectal anastomosis in
[9]
[10]
1981. Mimuro et al and Akita et al
reported many
cases of the successful application of magnamosis
for biliary strictures and biliary anastomoses in liver
transplantation. In 2003, the Ventrica company
launched magnetic devices used for vascular side-toside anastomosis, and these devices were clinically
[11,12]
successful
. Magnamosis has been proven to be a
safe surgical technique that is equivalent or superior

RESULTS: The surgical procedures were all success
fully performed in animals. However, animals of group
D (magnetic pressure of 0.4 MPa) all experienced
complications with bile leakage (4/4), whereas half
of animals in group A (magnetic pressure of 0.1 MPa)
experienced complications (3/6), 1 animal in the
manual group E developed anastomotic stenosis, and
animals in group B and group C (magnetic pressure
of 0.2 MPa and 0.3 MPa, respectively) all healed well
without complications. These results also suggested
that the time required to form the stoma was inversely
proportional to the magnetic pressure; however, the
burst pressure of group A was smaller than those
of the other groups at 1 mo (187.5 ± 17.7 vs 290 ±
10/296.7 ± 5.7/287.5 ± 3.5, P < 0.05); the remaining
groups did not differ significantly. A histologic exam
ination demonstrated obvious differences between the
magnamosis groups and the hand-sewn group.
CONCLUSION: We proved that the optimal range for
choledochojejunostomy magnamosis is 0.2 MPa to 0.3
MPa, which will help to improve the clinical application
of this technique in the future.
Key words: Choledochojejunostomy; Magnetic com
pressive anastomosis; Optimal range; Pressure inten
sity; Magnetic pressure
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Figure 1 Magnetic force displacement curve. The magnetic force measured by a universal tensile testing machine is shown as a function of intermagnet separation
(in mm) for 2 types of magnet pairs used for choledochojejunostomy magnamosis; 5 samples were tested for each magnet. A: Magnet pair with an outside diameter of
6 mm (biliary part) to 10 mm (enteric part); B: Magnet pair with an outside diameter of 7 mm (biliary part) to 11 mm (enteric part). OD: Outside diameter.

MATERIALS AND METHODS

Table 1 Magnetic force of magnet pairs at the distance of 0
mm, 2 mm or 4 mm
Separation
(mm)

Outside diameter of biliary - enteric magnet pairs (mm)
6-10

6-11

7-10

6-11

0
2
4

8.86 ± 0.14
4.06 ± 0.07
2.15 ± 0.03

8.24 ± 0.46
4.04 ± 0.16
2.30 ± 0.06

14.63 ± 0.24
5.82 ± 0.09
2.99 ± 0.05

13.79 ± 0.06
6.01 ± 0.05
3.27 ± 0.04

Magnetic device preparation

The device used for the end-to-side choledo
chojejunostomy consisted of two parts: the biliary
part and the enteric part. Both parts featured
magnetic rings constructed of sintered-type neody
mium-iron-boron (NdFeB, N45); the surface field
was approximately 2500 GS. These magnetic
materials were all plated with titanium film on the
external surfaces to maintain material stability and
[14]
biocompatibility. According to a previous design , two
magnets for the biliary part were constructed with the
following respective outer diameter, inner diameter
and height: 6 mm × 2.5 mm × 6 mm and 7 mm ×
3 mm × 6 mm. The two magnets for the enteric part
were designed with the following respective outer
diameter, inner diameter and height: 10 mm × 3 mm
× 6 mm and 11 mm × 3 mm × 6 mm. The forcedisplacement curve of the biliary-enteric magnet pair
with outside diameters of 6 mm-10 mm and 7 mm-11
mm were measured using a universal tensile testing
machine (UTM6202, Suns Technology Stock Co., Ltd.,
Shenzhen, China) (Figure 1). The magnetic forces
of different magnet pairs (6-10 mm, 6-11 mm, 7-10
mm, and 7-11 mm) at separation distances of 0 mm,

to anastomosis created by the hand-sewn or stapling
[13]
technique .
Although magnetic approaches have shown promise
in choledochojejunostomy, the compressive pressure
and magnet specification are based on experience,
and significant differences have been reported in these
parameters. Furthermore, these parameters often lack
systematic research, and a weaker magnetic force may
create local ulceration or abscesses due to slow and
contained perforation. Stronger attraction can cause
severe ischemia and/or lacerating/shearing trauma,
which leads to free perforation. We hypothesized that
an appropriate range of magnetic pressure can create
a viable and durable choledochojejunostomy, and we
further proposed that the magnetic pressure affects
the quality of anastomosis.
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A
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G

Figure 2 Mode pattern and real pictures of magnet devices. A: Lateral view of an internal drainage tube; B: View of the biliary part magnet shell; C: Antapical view
of the combined biliary part; D: Lateral view of biliary part approach to enteric part; E: The internal drainage tube and shells of different crimping areas; F: Magnets
with different pressures; G: Biliary part and enteric part coupled together.

sorbable sutures. One and 3 mo after surgery,
postoperative complications, the bursting pressure of
anastomoses, gross appearance, and pathology were
evaluated.

2 mm and 4 mm are given in Table 1.

Three dimensional printing

To optimize the magnetic pressure for choledo
chojejunostomy, four different pressures were tested:
0.1 MPa, 0.2 MPa, 0.3 MPa, and 0.4 MPa (1 MPa = 1
2
N/mm ). According to P = F/S, the pressure can be
changed by adjusting the crimping area at a constant
force. Based on these calculations, we designed a
series of magnetic outer shells with different crimping
areas to meet the required predetermined pressure
values. The shells were made of photosensitive resin
and produced using a three dimensional (3-D) printer
(Figure 2). The shells feature an internal drainage
duct with an inside diameter of 1.5 mm at the middle,
which allowed bile to flow through and the enteric part
to precisely couple with the biliary part.

Animal ethical approval

The experimental protocol was approved by the
Animal Experimentation Committee of Xi’an Jiaotong
University (No. XJTULAC201-398), and the animals
were acclimatized to laboratory conditions (23 ℃, 12
h/12 h light/dark, 50% humidity, ad libitum access
to food and water) for 2 wk prior to experimentation.
They were euthanized using a barbiturate overdose
(intravenous injection, 150 mg/kg pentobarbital
sodium) for tissue collection, and all dogs received
humane care in compliance with the Guide for the
Care and Use of Laboratory Animals published by the
National Institutes of Health.

Animals and grouping

Surgical procedure

Twenty-six mongrel male dogs older than 1 year
and weighing more than 15 kg were provided by the
Experimental Animal Center (SYXK-SHAN 2014-003)
of the School of Medicine of Xi’an Jiaotong University.
Male animals were selected because they cannot
menstruate or become pregnant. The animals
were randomly assigned to five groups: A (n = 6)
- choledochojejunostomy with 0.1 MPa magnetic
pressure, B (n = 6) - choledochojejunostomy with
0.2 MPa magnetic pressure, C (n = 6) - choledo
chojejunostomy with 0.3 MPa magnetic pressure, D (n
= 4) - choledochojejunostomy with 0.4 MPa magnetic
pressure, and E (n = 4) - choledochojejunostomy
with traditional suture. The end-to-side enteroenteric
anastomosis for the Roux-en-Y choledochojejunostomy
of each group was completed using 3-0 non-ab

WJG|www.wjgnet.com

First, a common bile duct dilation animal model was
established in all dogs. After being fasted for 12 h and
water deprived for 4 h, the dogs were anesthetized
by an intraperitoneal injection of 30 g/L pentobarbital
(1 mL/kg). Penicillin (2400000 U) was injected
intramuscularly 30 min before surgery to avoid post
operative infection. After disinfection with povidone
iodine, sterile towels were placed and an abdominal
midline incision was made. By fully exposing the
hepatoduodenal ligament, the common bile duct could
be easily identified. 3-0 Mersilk (Ethicon; Johnson &
Johnson Medical Ltd., Shanghai, China) sutures were
used to ligate the distal end of the common bile duct
near the duodenum (Figure 3A). Water was freely
available after recovery from anesthesia, but food was
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Figure 3 Surgical procedure. Images illustrating the surgical procedure with a magnet pair. A: The ligation of the distal end of common bile duct near the duodenum.
B: Obvious dilatation of the common bile duct can be observed 10 d after ligation; C: Opened common bile duct before placing the biliary part magnet (arrow); D: The
biliary part magnet was fixed to the stump of the common bile duct by a purse string; E: The choledochojejunostomy was constructed with the magnet pair (arrow); F:
Suture enteroenteric anastomosis between the proximal end of the jejunum and the distal 50 cm of the Roux-en-Y limb.

not provided until 2 d later. Penicillin (2400000 U) was
injected twice daily after surgery for 3 consecutive
days.
Ten days after ligation, the dogs showed obvious
symptoms of biliary obstruction such as dark-yellow
urine and clay-colored stools. Serum bilirubin also
significantly increased, confirming that the animal
model was successfully established (Figure 3B).
The repair and reconstruction process was then
performed. After the same presurgical procedures
described in the common bile duct ligation operation,
a second laparotomy was performed. The jejunum
was dissociated and cut off approximately 15 cm away
from the ligament of Treitz, and the distal end was
closed with a suture. An end-to-side anastomosis was
created between the proximal end and jejunum 50 cm
away from the distal end with a double-layer suture of
3-0 Mersilk (Ethicon; Johnson & Johnson Medical Ltd.,
Shanghai, China).
In groups A, B, C and D, duct parts of the devices
of different magnetic pressures were inserted into
the proximal end of the common bile duct, and the
stump of the bile duct was purse-string fixed with 5-0
Vicryl (Ethicon; Johnson & Johnson, Somerville, New
Jersey, United States) and ligated onto the internal
drainage tube. The jejunum was then punched 5 cm
distal to the raised loop, and the enteric part magnet
was inserted into the jejunum and coupled with the
duct part magnet under the guidance of a drainage
tube through the punch hole. After confirming that
the common bile duct wall and the intestinal wall were
clamped between the two magnets, the stump of the

WJG|www.wjgnet.com

jejunum was then closed with 3-0 non-absorbable
sutures.
Group E was subjected to a hand-sewn biliaryenteric bypass using 5-0 Vicryl, and full-thickness
puncture and the mucosa-to-mucosa contact of the
duct and jejunum were confirmed. The abdominal wall
was then closed layer by layer (Figure 3C-E).
No food was allowed until the third day after the
operation, and water was freely available. Penicillin
sodium (2400000 U) was postoperatively injected
intravenously twice daily for 3 d.

Blood test and follow-up

Blood samples for total bilirubin tests were collected
at each time point, including before the ligation of the
common bile duct and 10 d after ligation; 1, 2 and 3
wk after choledochojejunostomy and 1 and 3 mo after
surgery.
Postoperative complications mainly included biliary
stenosis and bile leakage. Biliary stenosis is reflected
by recurrent jaundice and a rebound in the total
bilirubin. Bile leakage can be judged by the animal
state and postoperative cholangiography results.
In case of death, dogs were carefully autopsied to
determine the exact cause.

X-ray examination

After choledochojejunostomy, a plain abdominal X-ray
was immediately taken to confirm the accurate coupling
of the two magnets. The X-ray test and cholangiography
were carried out every day after surgery to verify the
passage of the magnets until they disappeared in the
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A

B
*

*

#
#

Postoperative

Postoperative 7 d

Figure 4 Postoperative abdominal X-ray. The path of the magnet pairs was monitored via an abdominal X-ray examination. The arrows indicates the magnetic pair,
the asterisk indicates the gallbladder and the pound sign indicates the jejunum. A: Abdominal X-ray examination immediately after surgery; the two parts of the magnet
pair coupled very well, exhibited good patency and were leak free; B: Daily abdominal radiography until the magnets were shed from the anastomosis.

on slides.

Statistical analysis

*

The statistical methods of this study were reviewed
by Qian Li from the First Affiliated Hospital at Xi’an
Jiaotong University.
For descriptive statistics, the data were evaluated
by analysis of variance (ANOVA) and student’s t-test.
In all of the tests, the significant level was set at P <
0.05. The data were analyzed using the SPSS 17.0
software.

RESULTS

Figure 5 Bursting pressure test. Mechanical interrogation of anastomotic
integrity. The arrowhead indicates the common bile duct, and the asterisk
indicates the jejunum. The pointer on the sphygmomanometer is almost at the
maximum, but bubbles were not observed.

Total bilirubin

To accurately assess the patency of anastomosis, the
initial bilirubin levels were ensured to be normal in
each group. These levels significantly increased within
10 d after ligation, decreased during postoperative 1
wk and returned to normal within 1 mo. Bile leakage
occurred in group A, which resulted in a faster bilirubin
decrease than in the other groups (ANOVA, P < 0.05);
in the manual group with stenosis formation, the
bilirubin levels slightly increased 3 mo after a decline
to normal levels (ANOVA, P < 0.01) (Figure 6).

photograph. The time required to shed the magnets
from the anastomosis was accurately recorded for
different magnet pressures (Figure 4).

Bursting strength test

The burst pressure was measured in each anastomosis.
The two ends of the anastomotic specimen were
ligated using hemostatic forceps or silk sutures, and
the third end was attached to the sphygmomanometer
and submerged in water. The intraluminal pressure
was then gradually increased, and the readings were
recorded as air first rose in bubbles to the surface of
the water (Figure 5). The maximum hydraulic pressure
when the specimen ruptured was recorded.

Postoperative complications

Four dogs in group A experienced postoperative bile
leakage, and 3 animals died of anastomosis leakage
because of a failure of coupling. In addition, all dogs
in group D died within one week because of severe
bile leakage. The total mortality rate of 26 dogs was
27% (7/26), and the incidences of postoperative
complications was 34.6% (9/26) (Table 2).

Tissue harvest

Dogs from each group were sacrificed at 1 and 3 mo
(half of animals were sacrificed at 1 mo, and the other
half were sacrificed at 3 mo), and the anastomotic
specimens were harvested. After a gross observation,
the specimens were cut into sections, fixed in 10%
neutral formalin for subsequent mounting and stained

WJG|www.wjgnet.com

Stoma molding time

Daily abdominal radiography was performed strictly to
monitor the exact time of anastomosis formation. We
found that the magnet shedding time decreased as the
pressure gradually increased; the mean times were
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Figure 6 Serum total bilirubin between each group at different time points. Group A exhibited a faster decrease 2 wk, 3 wk and 1 mo after surgery (ANOVA, aP <
0.05); group E exhibited a significant increase within 3 mo (ANOVA, cP < 0.05); data were not obtained from group D due to a high mortality rate.
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Figure 7 Anastomosis mechanical integrity at 1 (A) and 3 mo (B). The burst pressure at 1 mo was significantly lower in group A than in other groups (ANOVA, P <
0.05). The burst pressure did not differ between groups at 3 mo (ANOVA, P = 0.052).

Gross appearance of anastomosis

9.3 ± 0.6 d for group A, 6.3 ± 0.82 d for group B and
4.5 ± 0.8 d for group D, and these times significantly
differed between groups (ANOVA P < 0.05) (Table 2).

One month after the anastomosis, significant
differences were observed between the traditional
hand-sewn group and groups with magnamosis
(Figure 8A1-E1). The suture knots remained evident
in the manual group, and the mucosal surfaces
appeared uneven and rough due to the interference
of suture (Figure 8E1). By contrast, the mucosa of the
magnamosis groups was smoother and flatter, but
differences were evident between groups: an obvious
anastomotic line in the mucosa can be observed
in group A (Figure 8A1), whereas the mucosa was
smoother in groups B and C, and the anastomosis line
was not easily identified (Figure 8B1-C1). Animals in
group D all experienced perforation (Figure 8D1, D2).
Within 3 mo, all animals exhibited improved gross

Bursting strength

The burst pressures at 1 and 3 mo are displayed in
Figure 7. At 1 mo, the burst pressure of group A was
187.5 ± 17.7 mmHg, and this pressure significantly
differed from those of groups B (290 ± 10 mmHg),
C (296.7 ± 5.7 mmHg) and E (287.5 ± 3.5 mmHg)
(P < 0.05). All dogs in group D died of complications;
therefore, the exact burst pressure could not be
measured. Within 3 mo, significant differences could
not be observed between groups A (275 mmHg), B
(296.7 ± 5.7 mmHg), C (295 ± 5 mmHg) and E (297.5
± 3.5 mmHg) (P = 0.052).
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Figure 8 Gross observation of biliary-enteric anastomoses. Gross observation of anastomoses in different groups at 1 and 3 mo. A1-E1: Images of anastomoses
comparing in groups A, B, C, D and E at 1 mo, respectively; A2-E2: Images of anastomoses in all groups at 3 mo.

of biliary strictures and obstructions. Although success
is not uncommon, these approaches have lacked
a theoretical basis to regulate their use. Because
magnamosis relies on transluminal compression,
the magnetic pressure must be sufficient to effect
ischemia with central necrosis such that a new channel
is formed rather than an ulcer or fistula. However, the
pressure must allow the surrounding non-compressed
tissue to have sufficient time to remodel.
Existing research has reported that an optimized
range for the bilioenteric compression force is 0.18 to
0.3 N (18-31 g) and the associated pressure can vary
2
2 [18]
between 1 and 3.5 N/mm (1 MPa = 1 N/mm ) .
However, these data are based on the author’s
retrospective study of previously published studies
with the help of the MAGDA online tool (http://magda.
ucc.ie). Because the MAGDA tool is too idealistic to
simulate the actual magnetic force and the pressure,
the accuracy of this conclusion remains to be demon
strated. Thus, we adjusted the magnitude of com
pression and topology of the mated surfaces in this
study to explore the relationship between ischemic
processes and pressure and identified the most
appropriate range of pressure.
Our research demonstrated the feasibility of
magnamosis in performing choledochojejunostomies.
The most prominent advantages of this technique
are a low incidence of stenosis and the absence of
postoperative residual foreign bodies. However, due
to the low pressure intensity in group A, segments of
tissue sandwiched between two magnets appeared
viable, and the remaining ischemic and necrotic tissue
eventually formed partially free perforations to cause
leakage and death. Furthermore, a very long molding
time was required in only three cases. In group D,
excessive pressure led to larger cutting forces, which
exerted the greatest effect toward the center but did
not allow sufficient time for the surrounding tissue
to remodel; therefore, all dogs died. In groups B and
C, the moderate pressure optimized the effect of
anastomosis without any postoperative complications.
To accurately monitor the anastomotic molding

Table 2 Postoperative outcomes of dogs and stoma molding
time
Group

n

Complications, n

Death, n

Anastomotic molding time
(d), mean ± SD

A
B
C
D
E

6
6
6
4
4

4
0
0
4
1

3
0
0
4
0

9.3 ± 0.6
6.3 ± 0.82
4.5 ± 0.84
/
/

appearances, and the inner surfaces of anastomoses
healed very well (Figure 8A2-C2). Even in the manual
group, almost all the suture knots disappeared from
the mucosa (Figure 8E2).

Histological studies

Histological observations revealed that all groups
healed very well: the submucosal layer, muscular layer
and collagen fibers were appropriately organized, and
a continuous epithelium migrating from the bile duct
wall to the jejunum wall could be observed. Within one
month, the mucous of group E sloughed and exhibited
higher levels of lymphocyte infiltration compared with
other groups due to foreign body stimulation (Figure
9E1). Little difference could be observed between
groups A-C, and all showed mild inflammation in the
submucosal region (Figure 9A1-C1). Within 3 mo,
healing was completed at the anastomosis site in all
groups, and the serosal, submucosal, and mucosal
layers were continuous without ischemia or necrosis
(Figure 9A2-E2). However, the level of lymphocytes
in group E remained higher than those in the mag
namosis groups (Figure 9E2).

DISCUSSION
Since the introduction of the concept of magnetic
compressive anastomosis (magnamosis), it has been
used to resolve certain clinical dilemmas in some case
[15-17]
reports
, including a wide range of applications in
diseases of the biliary system, mainly in the treatment
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A1

B1

C1

E1

A2

B2

C2

E2

Figure 9 Histological appearance of biliary-enteric anastomoses (hematoxylin and eosin staining; original magnification × 100). Histological appearance
of anastomoses in different groups at 1 and 3 mo. A1-C1 and E1: Images of anastomoses compared in groups A, B, C and E at 1 mo; A2-C2 and E2: Images of
anastomoses compared in all groups at 3 mo.

time under different pressures, abdominal X-ray
examinations should routinely be conducted after
surgery. The results showed that the formation time
was negatively correlated with the pressure - group
C showed the fastest molding time; in one case, the
magnets pressed on ischemic necrotic tissue and fell
off on the third day. Fortunately, bile leakage was not
observed under careful monitoring, the device was
found in the feces two days later, and the progression
of the dog was uneventful in the following days.
Although the burst pressures at 1 mo and 3 mo
after surgery were similar in each group, the suture
produced significant inflammation in the handsewn group. This inflammation easily led to fibrin
deposition around the stoma and severely limited
the expansion of anastomosis due to fluctuations in
pressure, which increases the risk of stenosis. The
burst pressure of group A was slightly lower than those
of the other groups 1 mo after surgery; therefore, a
lower pressure is the key factor to influence tissue
anastomosis. Histopathology showed that layers of
tissue did not fully heal, and obvious breakage was
observed, which led to the formation of leakage. The
anastomoses healed well in the other two groups with
sufficient burst pressure, indicating that the magnetic
pressures in these groups were ideal to complete the
choledochojejunostomy magnamosis.
In conclusion, the inappropriate selection of com
pression characteristics may incur difficulties. This
study proved that the magnetic pressure for chole
dochojejunostomy anastomosis can vary between
0.1 MPa to 0.3 MPa, and the optimized pressure
range is 0.2 MPa to 0.3 MPa. Designing and selecting
the appropriate magnet specifications will help both
physicians and engineers. Further investigation
remains necessary, including finite-element modeling
and an analysis of optimized pressure ranges in
additional, different tissues, such as gastro-enteric,
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entero-enteric and vascular tissues. Only such studies
can provide a more rational theoretical basis for
magnamosis and improve and accelerate its clinical
application.

COMMENTS
COMMENTS
Background

The magnetic compression technique (MCT), which is a simple and effective way
of anastomosis, has been applied in gastroenterostomy and bilioenterostomy
since it was first proposed in 1978. The authors have designed and successfully
applied magnetic devices for choledochojejunostomy anastomosis. However,
the blind use of these devices will result in complications. Therefore, the authors
examined the effect of magnetic pressure on the effectiveness of anastomosis
devices in this study. These devices were tested in animal models to determine
the optimal pressure intensity in choledochojejunostomy magnamosis. The result
provided a more reliable theoretical basis for the scientific and clinical application
of these devices in the future.

Research frontiers

MCT utilizes a magnetic field force to achieve organ compression anastomosis,
which has been widely researched and applied in bilioenterostomy and hollow
organ anastomosis. However, few studies have examined the optimal magnetic
pressure, and a theoretical basis is consequently lacking for these devices.

Innovations and breakthroughs

3D printing technology features advantage of high precision and easy operation.
Thus, the authors combined MCT with 3D printing technology to design and
produce devices used for choledochojejunostomy magnamosis with different
magnetic pressures and verified the relationship between pressure gradient
and tissue healing to lay a foundation for the further clinical application of these
devices.

Applications

The scientific and theoretical basis provided in this study has greatly improved
the safety and reliability of choledochojejunostomy magnamosis, which can be
used for the treatment of obstructive jaundice as a minimally invasive approach
that provides stable stomas and allows the patients to be implant free in the
long term.

Terminology

MCT is a novel procedure utilizing magnetic forces for suture-less anastomoses
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in hollow organs. Combined with endoscopic or interventional techniques,
some conventional laparotomies may turn to be solved in a simplified minimal
invasive procedure.
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Peer-review

11

The research group performed animal experiments to examine choledo
chojejunostomy using MCT. Combined with 3D printing technology, the
magnetic devices were cleverly designed. The animal study was well designed
and executed with great innovativeness.
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Abstract
AIM: To evaluate the type of recurrence after endo
scopic resection in colorectal cancer patients and
whether rescue was possible by salvage operation.

Institutional review board statement: An Ethics Committee’s
approval is unnecessary for this manuscript in our hospital’s rule
because of its retrospective case study.

METHODS: Among 4972 patients who underwent
surgical resection at our institution for primary or
recurrent colorectal cancers from January 2005
to February 2015, we experienced eight recurrent
colorectal cancers after endoscopic resection when
additional surgical resection was recommended.

Informed consent statement: All patients gave informed
consent.
Conflict-of-interest statement: We have no financial relation
ships to disclose.
Data sharing statement: No additional data are available.

RESULTS: The recurrence patterns were: intramural
local recurrence (five cases), regional lymph node
recurrence (three cases), and associated with simul
taneous distant metastasis (three cases). Among five
cases with lymphatic invasion observed histologically
in endoscopic resected specimens, four cases recurred
with lymph node metastasis or distant metastasis.
All cases were treated laparoscopically and curative
surgery was achieved in six cases. Among four cases
located in the rectum, three cases achieved preservation
of the anus. Postoperative complications occurred in
two cases (enteritis).
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CONCLUSION: For high-risk submucosal invasive
colorectal cancers after endoscopic resection, addi
tional surgical resection with lymphadenectomy is
recommended, particularly in cases with lympho
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[4-7]

vascular invasion.

indicated have been published , few reports discuss
[8]
outcomes in these patients .
In the present study, we retrospectively reviewed
eight recurrent colorectal cancer cases after endoscopic
resection, for which additional surgical resection inclu
ding lymphadenectomy was recommended because
of high-risk submucosal invasive cancer. Our aim was
to evaluate the type of recurrence and whether the
patient could be rescued by a salvage operation.

Key words: Colorectal neoplasms; Colorectal surgery;
Laparoscopy; Endoscopy; Recurrence
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate
the type of recurrence after endoscopic resection
in colorectal cancer patients and whether rescue
was possible by salvage operation. All cases were
treated laparoscopically and curative surgery was
achieved in six cases. Among five cases with lymphatic
invasion observed histologically in endoscopic
resected specimens, four cases recurred with lymph
node metastasis or distant metastasis. For highrisk submucosal invasive colorectal cancers after
endoscopic resection, additional surgical resection with
lymphadenectomy is recommended, particularly in
cases with lymphovascular invasion.

MATERIALS AND METHODS
Among 4972 patients who underwent surgical resection
at our institution for primary or recurrent colorectal
cancers at our institution from January 2005 to February
2015, we experienced eight recurrent colorectal cancers
after endoscopic resection. Additional surgical resection
with lymphadenectomy had been recommended
in these patients because of high-risk submucosal
invasive colorectal cancer. High-risk submucosal
invasive colorectal cancer after ER is defined according
to the JSCCR Guidelines, when any of the following
findings are observed in histological examination of the
endoscopic resected specimen: (1) depth of submucosal
invasion ≥ 1000 μm; (2) lymphovascular invasion
was positive; (3) signet-ring cell carcinoma, mucinous
carcinoma, or poorly differentiated adenocarcinoma; (4)
Grade 2/3 budding; and (5) vertical tumor margin was
positive. All cases had undergone endoscopic resection
at another hospital and were referred to our institution
after cancer recurred. The study was approved by our
local institutional review board and signed consent was
obtained from all patients to use data from their medical
records in the study.
We retrospectively reviewed the patient charac
teristics including age, sex, American Society of
Anesthesiologists physical status, body mass index,
tumor location, and pathological data. Pathological
data in six of eight cases were re-examined in our
institution. All specimens from endoscopic resection
were examined microscopically for resection margin
status and tumor characteristics as identified above.
Treatment and analysis information for recurrence
after ER included the use of adjuvant therapy, followup interval, recurrence pattern, time to recurrence,
and treatment to recurrence. Surgical outcome
information in our institution included the surgical
procedures, harvested lymph nodes, estimated blood
loss, operating time, and complications. Postoperative
outcome data included pathological findings, therapy
after surgery, and survival outcome.

Takatsu Y, Fukunaga Y, Hamasaki S, Ogura A, Nagata J,
Nagasaki T, Akiyoshi T, Konishi T, Fujimoto Y, Nagayama
S, Ueno M. Recurrent colorectal cancer after endoscopic
resection when additional surgery was recommended. World J
Gastroenterol 2016; 22(7): 2336-2341 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2336.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2336

INTRODUCTION
Following recent advances in endoscopic diagnosis
and techniques, the number of T1 [tumor node
metastasis (TNM) cancer staging] colorectal cancer
cases initially treated by endoscopic resection has
[1]
been increasing . Lymph node metastasis occurs in
approximately 10% of cases with submucosal invasive
[2]
colorectal cancers . In Japan, according to the Japanese
Society for Cancer of the Colon and Rectum (JSCCR)
[3]
guidelines , when any high-risk findings are observed
in histological examination of a resected specimen
after endoscopic resection, additional surgical resection
with lymphadenectomy is recommended. Patients
with submucosal invasive colorectal cancers treated by
surgical or endoscopic resection, or both, according to
[2]
the JSCCR, had good clinical outcomes .
However, certain patients cannot undergo operation
because of factors such as the patient’s age and
comorbid state. Particularly, in cases of rectal cancer,
additional surgical resection with lymphadenectomy
may cause dyschezia and a diverting stoma is some
times necessary, which may decrease a patient’s
quality of life. Little is known about outcomes during
follow-up in cases with endoscopic resection alone.
Although some studies reporting local recurrence
after endoscopic resection in T1 colorectal cancer
patients for whom additional surgical resection was not

WJG|www.wjgnet.com

RESULTS
Patients’ demographic data, including the primary
cancer, are shown in Table 1. The median age was 60
years (range, 39-76 years) and the proportion of male
patients was higher than female (six vs two cases,
respectively). The median body mass index of all
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Table 1 Characteristics of patients and primary tumors
Age
Case
1
2
3
4
5
6
7
8

BMI

Pathological data

2

(yr)

Sex

ASA

(kg/m )

Location

Invasion depth

Differentiation

ly

v

VM

Budding

39
43
71
75
76
42
74
49

F
M
F
M
M
M
M
M

1
1
1
1
2
1
2
2

19.7
19.4
17.0
25.3
21.7
18.8
25.4
22.4

Rectum
Rectum
Rectum
Transverse
Rectum
Rectum
Rectum
Sigmoid

sm (≥ 1000 μm)
sm (≥ 1000 μm)
sm (< 1000 μm)
sm (= 1000 μm)
un clear
sm (≥ 1000 μm)
sm (≥ 1000 μm)
sm (≥ 1000 μm)

Well
Well
Well
Well
Moderate
Well
Moderate
Moderate

+
+
+
+
+

+
+
+
+
+
-

+
+
-

Grade 2
Unknown
Unknown
Grade 0
Grade 0
Grade 0
Grade 3
Grade 1

outcomes are shown in Table 3. All cases were treated
laparoscopically, curative surgery was achieved in six
cases, and there was no conversion to open surgery.
The median operating time was 284 min (range,
205-440 min) and the median estimated blood loss was
168 mL (range, 10-285 mL). Among four cases located
in the rectum, three cases achieved preservation of
the anus. Postoperative complications occurred in two
cases (enteritis).
Among three cases with distant metastasis,
laparoscopic sigmoidectomy and excision of peritoneal
dissemination were performed in one case. The
remaining two cases received systemic chemotherapy
after staging laparoscopy or laparoscopic sigmoid
colostomy.
Postoperative outcomes are shown in Table 4.
Macroscopically complete resection was achieved in five
cases and no recurrence occurred during the 3-106-mo
follow-up. Adjuvant chemotherapy was performed in
three patients who had lymph node metastasis.

Table 2 Follow up and recurrence after endoscopic resection
Use of adjuvant therapy
Case

After ESD

Follow up
interval

Recurrence
pattern

Time to
recurrence

1

-

3 mo

8 mo

2

-

Every year

3

-

No follow

4
5

-

8 mo
No follow

6
7

XELOX 6 mo
-

No follow
Every year

8

-

No follow

Distant
metastasis (lung,
PALN)
Local + regional
lymphnode
Distant
metastasis (lung,
liver)
Local
Local + regional
lymphnode
Local
Local + regional
lymphnode
Peritoneal
dissemination

10 mo
7 yr

4 yr
18 mo
2 yr
4 yr
4 yr

Local: Intra mural; PALN: Para aortic lymphnode.

patients was 20.7 (range, 17.0-25.4) and the primary
cancer was located in the rectum in six patients.
Pathological examination in the previous hospitals
showed that all cases indicated a need for additional
surgical resection including lymphadenectomy, with
the following findings: deep submucosal invasion
(6 cases), lymphatic invasion positive (five cases),
vascular invasion positive (five cases), vertical margin
positive (2 cases), poor differentiation (0 case), and
grade 2/3 budding (2 cases).

DISCUSSION
Of the eight cases in our study, three experienced
recurrence with distant metastasis. Follow-up was
not performed for all of the patients for whom
additional resection after endoscopic treatment was
recommended and some cases presented with distant
[8]
metastasis at the time of recurrence. Yoshii et al
compared outcomes between patients who underwent
additional surgery (ER + SURG) and those who did
not (ER only) and reported that the cumulative risks
of recurrence was 3.7% (5/180) in the ER + SURG
group vs 20.1% (13/96) in the ER only group (P =
0.001). The authors also emphasized 6 of 13 recurrent
cases in the ER only group were associated with con
current distant metastasis. These findings support the
JSCCR guidelines that additional surgery should be
performed. However, additional surgical resection with
lymphadenectomy in cases of rectal cancers can be
associated with permanent stoma or some degree of
anal dysfunction. Certain risks of surgical complications
related to the operation have also been reported.
Because of these concerns as well as patient age and
comorbid state, some cases were followed up by ER

Follow-up and recurrence after endoscopic resection

Adjuvant chemotherapy after ER was performed in only
one case. Four patients were followed up once every
3-12 mo after ER but another four cases were not
followed up. The recurrence patterns were intramural
local recurrence in five cases, regional lymph node
recurrence in three cases, and associated with simul
taneous distant metastasis in three cases (Table 2).
Among five cases with lymphatic invasion observed
histologically in the ER specimen, four cases recurred
with lymph node metastasis or distant metastasis,
and one case receiving adjuvant chemotherapy
after ER experienced only local recurrence. Surgical
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Table 3 Surgical outcomes
Case
1
2
3
4
5
6
7
8

Surgical procedures

Operating time

Estimated blood loss

Harvested

(min)

(mL)

lymph nodes

139
205
339
440
403
227
230

10
10
135
285
200
20
350

15
12
10
18
13
-

Staging laparoscopy
Laparoscopic LAR
Laparoscopic Sigmoid colostomy
Laparoscopic TCR
Laparoscopic LAR
Laparoscopic APR
Laparoscopic LAR
Laparoscopic SCR+
Excision of peritoneal dissemination

Lymphadenectomy

Complication

D3
D2
D3
D3
D3
-

Enteritis
Enteritis
-

LAR: Low anterior resection; TCR: Transverse colon resection; APR: Abdominoperineal resection; SCR: Sigmoid colon resection.

Table 4 Postoperative outcomes
Case

1
2
3
4
5
6
7
8

Pathological data
Invasion depth

ly

v

ew

ow

aw

Lymphnode
metastasis, n

a

2

0

-

-

-

2

sm (700 μm)
0
0
a
1
1
+
a
1
1
a
0
1
Adenocarcinoma (recurrence of sigmoid
colon cancer)

0
1
0
1

Surgical
margins

Therapy after surgery

R2
R0
R2
R0
R1
R0
R0
R0

Systemic chemotherapy
Follow-up
Systemic chemotherapy
Follow-up
Adjuvant chemotherapy
Follow-up
Adjuvant chemotherapy
Follow-up

Last follow-up
(mo)

-

Death
Alive
Death
Alive
Alive
Alive
Alive
Alive

25
106
12
24
3
7
23
33

Regarding adjuvant therapy after ER, our patient
with lymphovascular invasion experienced only local
recurrence after adjuvant chemotherapy. Studies of
additional alternative therapy in rectal cancers have
reported the effectiveness of chemoradiotherapy for
patients with high-risk submucosal invasive colorectal
[16,17]
cancers who declined additional surgery
.
Surveillance after endoscopic resection is important.
Some studies have reported recurrence within three
[18-21]
to five years after curative ER
; however, the ideal
follow-up period after ER with indication for additional
[8]
surgery has not been determined. Yoshii et al
suggested a recommended follow-up period of at least
5 years based on the finding that their 13 cases of
recurrence after ER occurred over 69 mo. Because the
longest interval to recurrence was seven years in our
series, it is difficult to recommend an ideal follow-up
period.
In our study, two of three cases with simultaneous
distant metastasis were not followed up using any
modality. If ER is performed without additional surgery,
we recommend monitoring closely for recurrence.
Because the shortest interval to recurrence was 8 mo
in our study, we recommend a follow-up interval of at
least every 6 mo.
In conclusion, for high-risk submucosal invasive
colorectal cancers after ER, we recommend additional
surgical resection with lymphadenectomy particularly
in cases with lymphovascular invasion. Patients with

without additional surgical resection.
[9]
Oka et al reported that the incidence of lymph
node metastasis was only 2.2%, regardless of the
degree of submucosal invasion depth. Other studies
also reported that patients with deep submucosal
invasion only had a low cumulative risk of recurrence
[8,10,11]
even without surgery
. Similarly, in our series,
one case with deep submucosal invasion only, that
experienced intramural local recurrence after ER,
underwent curative surgery. Therefore, patients with
only the single risk factor of deep submucosal invasion
could be rescued by salvage if they are followed up.
In contrast, some studies have reported that
lymphatic invasion was an independent risk factor for
[2]
lymph node metastasis and that venous invasion
and lymph node metastasis were independent factors
[2,12]
for a poor prognosis
. In our series, all cases with
lymphatic invasion in the ER specimen recurred with
distant metastasis. In patients with lymphovascular
invasion, additional surgical resection is strongly
recommended.
All of our cases were treated laparoscopically.
Similar to findings in previous randomized clinical
[13-15]
trials
, laparoscopic surgery had less blood loss
and associated with shorter hospital stay, and earlier
recovery of bowel function compared with the open
surgery. These results indicate that laparoscopic
surgery is a feasible procedure with short-term benefits
compared with open surgery.
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Survival outcome
Recurrence (alive/death)
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high-risk submucosal invasive colorectal cancers
should be adequately advised of the outcome of
recurrence.

COMMENTS
COMMENTS
4

Background

In Japan, according to the Japanese Society for Cancer of the Colon and
Rectum guidelines, when any high-risk findings are observed in histological
examination of a resected specimen after endoscopic resection, additional
surgical resection with lymph node dissection is recommended. However, some
patients refuse the operation because of the patient’s will and comorbid state.
Particularly, in cases of rectal cancer, additional surgical resection including
lymph node dissection may cause dyschezia and a diverting stoma resulting
decrease of patient’s quality of life is sometimes necessary. Little is known
about outcomes during follow-up in cases with endoscopic resection alone.
Thus, it is important to evaluate the type of recurrence of these patients and
whether they could be rescued by a salvage operation.
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Although some studies reporting local recurrence after endoscopic resection
in T1 colorectal cancer patients for whom additional surgical resection was not
indicated have been published, few reports discuss outcomes in the patients
with endoscopic resection alone. The results of this study was persuasive and
helpful for clinical.
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Innovations and breakthroughs

9

In this study, all cases were treated laparoscopically and curative surgery was
achieved in six cases. Among five cases with lymphatic invasion observed
histologically in endoscopic resected specimens, four cases recurred with
lymph node metastasis or distant metastasis. For high-risk submucosal invasive
colorectal cancers after endoscopic resection, additional surgical resection with
lymphadenectomy is recommended, particularly in cases with lymphovascular
invasion.
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This study suggests that for high-risk submucosal invasive colorectal cancers
after endoscopic resection, additional surgical resection with lymphadenectomy
is recommended, particularly in cases with lymphovascular invasion. Due to
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salvage operation. The reviewer absolutely agrees with the main conclusion of
the authors, namely for high-risk submucosal invasive CRCs additional surgical
resection with lymphadenectomy is highly recommended after EMR/EMD,
particularly in cases with lymphovascular invasion. Though the number of cases
is small, that was persuasive and helpful for clinical.
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AIM: To d e t e r m i n e t h e r i s k f a c t o r s o f b i l i a r y
intervention using magnetic resonance cholangio
pancreatography (MRCP) after living donor liver
transplantation (LDLT).
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METHODS: We retrospectively enrolled 196 patients
who underwent right lobe LDLT between 2006 and
2010 at a single liver transplantation center. Direct
duct-to-duct biliary anastomosis was performed in
all 196 patients. MRCP images routinely taken 1
mo after LDLT were analyzed to identify risk factors
for biliary intervention during follow-up, such as
retrograde cholangiopancreatography or percutaneous
transhepatic biliary drainage. Two experienced radio
logists evaluated the MRCP findings, including the
anastomosis site angle on three-dimensional images,
the length of the filling defect on maximum intensity
projection, bile duct dilatation, biliary stricture, and
leakage.
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RESULTS: Eighty-nine patients underwent biliary
intervention during follow-up. The anastomosis site
angle [hazard ratio (HR) = 0.48; 95% confidence
interval (CI), 0.30-0.75, P < 0.001], a filling defect in
the anastomosis site (HR = 2.18, 95%CI: 1.41-3.38,
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P = 0.001), and biliary leakage (HR = 2.52, 95%CI:
1.02-6.20, P = 0.048) on MRCP were identified in

recommended diagnostic modality for detecting biliary
[3]
complications after LT . Biliary interventions, such
as endoscopic retrograde cholangiopancreatography
(ERCP) and percutaneous transhepatic biliary drainage
(PTBD) are generally used to manage these com
[4]
plications .
Several investigators have documented risk factors
influencing the development of biliary complications.
Perioperative risk factors include a Model for Endstage Liver Disease (MELD) score > 35, donor age
[5,6]
> 60 years, and primary sclerosing cholangitis .
Intraoperative risk factors include cold ischemic time
and anastomosis method (duct-to-duct vs hepa
[5,6]
ticojejunal methods) . Cytomegalovirus infection
and hepatic artery thrombosis have been reported as
[5,6]
postoperative risk factors .
However, no study has investigated the risk factors
associated with the future need for intervention based
on MRCP findings shortly after living donor LT (LDLT).
Identifying patients at high risk for biliary intervention
by MRCP, a non-invasive and accurate tool, during
the early post-transplant period would be clinically
helpful for managing and following patients who have
undergone LT.
The purpose of this study was to determine factors,
specifically the anastomosis site angle, that increase
the requirement for biliary intervention during followup in LDLT recipients on MRCP images 1 mo after LT.

the multivariate analysis as significant risk factors
for biliary intervention during follow-up. Moreover,
a narrower anastomosis site angle (i.e. , below the
median angle of 113.3°) was associated with earlier
biliary intervention (38.5 ± 4.2 mo vs 62. 1 ± 4.1 mo,
P < 0.001). Kaplan-Meier analysis comparing biliary
intervention-free survival according to the anastomosis
site angle revealed that lower survival was associated
with a narrower anastomosis site angle (36.3% vs
62.0%, P < 0.001).

CONCLUSION: The biliary anastomosis site angle in
MRCP after LDLT may be associated with the need for
biliary intervention.
Key words: Magnetic resonance cholangiopan
creatography; Liver transplantation; Living donor;
Biliary intervention; Endoscopic retrograde cholan
giopancreatography; Percutaneous transhepatic biliary
drainage
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Biliary complications and interventions
are common after living donor liver transplantation
(LDLT). Identifying patients who are at high risk
for biliary interventions early after LDLT could help
clinicians with patient follow-up. Magnetic resonance
cholangiopancreatography (MRCP) imaging was
performed 1 mo after LDLT to determine risk factors
for biliary intervention. The anastomosis site angle,
a filling defect in the anastomosis site, and biliary
leakage on MRCP were identified as significant risk
factors. Moreover, a narrower anastomosis site angle
was related to earlier biliary intervention. Here, for the
first time, we have shown that the anastomosis site
angle might be associated with the need for biliary
intervention.

MATERIALS AND METHODS
Study population

We retrospectively reviewed the records of 270
patients who underwent LDLT at Seoul St. Mary’
s Hospital between 2006 and 2010. Of these 270
patients, 74 patients were excluded for the following
reasons: two subjects underwent ERCP or PTBD
within 1 mo after LDLT, 38 had no MRCP images
taken 1 mo after LDLT, 13 had no three-dimensional
(3D) reconstruction or maximum intensity projection
(MIP) images or had poor quality images with severe
artefacts, 3 underwent choledochojejunostomy as the
biliary anastomosis method, and 18 died < 1 mo after
LDLT (bleeding, 4; sepsis, 11; graft failure, 3). Finally,
196 consecutive LDLT recipients who underwent MRCP
1 mo after LT were included in this study. The present
study was approved by the Institutional Review Board
of Seoul St. Mary’s Hospital (KC13RISI0788).

Lee SK, Choi JY, Yeo DM, Lee YJ, Yoon SK, Bae SH, Jang JW,
Kim HY, Kim DG, You YK. Risk factors of biliary intervention
by imaging after living donor liver transplantation. World J
Gastroenterol 2016; 22(7): 2342-2348 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2342.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2342

Type of graft liver and anastomosis method

INTRODUCTION

All 196 patients underwent right lobe living donor
[7]
transplantation . Biliary anastomosis was performed
according to the anatomy of the hepatic duct: single
duct-to-duct anastomosis for a single hepatic duct and
double duct-to-duct anastomosis, or hepaticoplasty,
for double hepatic ducts. Hepaticoplasty for double
hepatic ducts was performed to create one lumen in
cases of a short distance between the two hepatic

Biliary complications occur commonly after liver
[1]
transplantation (LT) and are the main cause of
[2]
morbidity and mortality in LT recipients . Magnetic
resonance cholangiopancreatography (MRCP), a noninvasive tool used to visualize the biliary tract, has
88% sensitivity and 94% specificity for detecting biliary
[3]
complications following LT . Therefore, MRCP is the
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the measurements were made in consensus.

A

Statistical analysis

87.5'

The patient characteristics are expressed as the means
± SD (range) or counts, as appropriate. The interobserver correlation coefficient (ICC) was determined
to evaluate agreement between the two radiologists for
the anastomosis site angle and the length of the filling
defects. The Cox proportional hazards model was used
to determine risk factors for biliary intervention, such
as ERCP or PTBD, after LDLT. Variables with P values
< 0.2 in the univariate Cox regression analysis were
considered potential variables for the multivariate Cox
regression analysis. A forward selection method was
adopted to identify significant risk factors with P values
< 0.05. Kaplan-Meier analysis was also performed to
estimate biliary intervention-free survival according
to the anastomosis site angle. All statistical analyses
were performed using SPSS ver. 15.0 (SPSS, Chicago,
IL, United States).

B

11.12 mm

RESULTS
Figure 1 Representative magnetic resonance cholangiopancreatographic
image showing the anastomosis site angle (A) and the filling defect (B).

Patient characteristics

Of the 196 patients, 136 (70.0%) were men, and
the mean recipient age was 49.7 ± 10.1 years. The
underlying causes for LT were hepatocellular carcinoma
(n = 80, 40.8%), decompensated liver cirrhosis (LC)
associated with hepatitis B (n = 51, 26.0%), alcoholic
LC (n = 27, 13.8%), and hepatitis C-associated LC (n
= 4, 2.0%). Eighty-nine patients (45.4%) underwent
biliary intervention (Table 1). At the time of biliary
intervention, jaundice (80.5%) and itching sensation
(33.3%) were the main manifestations. In laboratory
findings, mean total bilirubin was 5.2 (1.7-32.4); mean
alkaline phosphatase was 433.1 (130-1465) and mean
γ-glutamyl transpeptidase was 502.7 (92.9-2000.0).
Single duct-to-duct anastomosis was the most
common anastomosis type (n = 145, 74.0%). Biliary
stricture (n = 91, 46.4%) and a filling defect on an
MIP image (n = 90, 45.9%) were the most common
findings. Biloma and hematoma were noted in 13
(6.6%) and 10 (5.1%) patients, respectively (Table 2).
The mean anastomosis site angles were 112.9° and
109.2° according to radiologists 1 and 2, respectively,
and the ICC was 0.896 (P < 0.001). The lengths of
the filling defects on the MIP images were 3.4 mm
according to both radiologists, and the ICC was 0.921 (P
< 0.001) (Table 3).

[8]

ducts . Alternatively, double duct-to-duct anastomosis
was performed such that each duct was anastomosed
to the left and right hepatic ducts individually.

Timing of biliary intervention during follow-up

Biliary intervention was defined as procedures involving
ERCP and PTBD. During follow-up, these procedures
were performed when the following criteria were met:
(1) abnormal laboratory findings of biliary-associated
factors, such as serum bilirubin, alkaline phosphatase
and γ-glutamyl transferase; and (2) radiologically
determined bile duct stricture with dilatation above the
[9]
stricture site .

MRCP image analysis

MRCP was performed 1 mo after LDLT. The ana
stomosis site angle was measured using 3D re
construction imaging. The anastomosis site angle was
defined as the angle between the donor hepatic duct
and the recipient’s common hepatic duct (Figure 1A). If
there were two anastomosis sites, the smaller one was
chosen. To improve the accuracy of measurement of
the anastomosis site, we checked the measurements
on every 3D image rendered and chose the smallest
site. We also identified the presence of a filling defect
and the length of the filling defect on MIP images.
Every image was reviewed, and the filling defect
with the longest length was chosen (Figure 1B). The
presence of bile duct dilatation, biliary stricture, and
leakage was also verified. MRCP images were reviewed
by two experienced radiologists (Lee YJ and Yeo DM)
without knowledge of the patient’s clinical status, and

WJG|www.wjgnet.com

Factors predicting biliary intervention

Factors with P values < 0.20 in the univariate analysis
were the anastomosis site angle on a 3D image [hazard
ratio (HR) = 0.42, 95% confidence interval (CI),
0.27-0.65, P < 0.001], recipient age > 65 years (HR
= 2.10, 95%CI: 0.85-5.20, P = 0.110), a filling defect
on an MIP image (HR = 2.44, 95%CI: 1.58-3.75, P
< 0.001), length of the filling defect on an MIP image
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Table 1 Baseline characteristics of the patients n (%)

Table 3 Patient characteristics and inter-observer agreement

Variable

Radiologist 1

Recipient age (yr)1
Older age patients (> 65 yr)
Recipient sex (M/F)
Donor age (yr)1
Older donor age (> 60 yr)
Donor sex (M/F)
Age difference (recipient age - donor age)
MELD score
High score patients (> 35)
Cause
LC-B
LC-C
Alcohol
Hepatocellular carcinoma
Combined
Hepatitis A
Other (drug, autoimmune, unknown)
Total ischemic time
Group 12
Group 22
Number of patients with biliary intervention
ERCP
PTBD
Both (ERCP and PTBD)
Re-operative intervention
Mean duration without biliary intervention (mo)

49.7 ± 10.1 (13-68)
6 (3.1)
138 (70.0)/58 (30.0)
34.0 ± 10.9 (16-64)
2 (1.0)
114 (58.2)/82 (41.8)
15.7 ± 14.4
(-22 to 42)
17.4 ± 10.4
(2.1 to 58.1)
13 (6.6)

Anastomosis site
angle (o)
Length of filling
defect (mm)

3.4 (0-33)

Univariate

Recipient age
Older age (> 65 yr)
Recipient sex
Donor age
Older donor age (> 60 yr)
Donor sex
Age difference1
MELD score2
High MELD score (> 35)2
Anastomosis method3
Type 2 vs 1
T-tube
MRI findings
Anastomosis site angle4
Group 2 vs group 14
Filling defect5
Length of filling defect5
Diffuse bile duct dilatation
Biliary stricture
Biliary leakage
Biloma
Hematoma
Thrombus, infarct

Table 2 Clinical profiles of the patients analyzed n (%)

0.896 (P < 0.001)
0.921 (P < 0.001)

Exp (B)

95%CI

1.01
2.10
1.11
1.00
0.92
0.84
1.01
1.00
0.97

0.99-1.04
0.85-5.20
0.69-1.70
0.98-1.02
0.13-6.51
0.55-1.28
0.99-1.02
0.99-1.02
0.42-2.22

1.14
0.98

0.72-1.80
0.43-2.24

0.42
2.44
1.04
1.59
1.03
2.49
1.54
1.80
0.64

0.27-0.65
1.58-3.75
1.01-1.06
0.93-2.70
0.68-1.56
1.01-6.14
0.74-3.19
0.78-4.10
0.09-4.59

Multivariate
Exp (B)

95%CI

0.48
2.18

0.30-0.75
1.41-3.38

2.52

1.02-6.20

1

Recipient age-donor age; 2MELD, model for end-stage liver disease;
Type 1, single duct-to-duct anastomosis; type 2, double duct-to-duct
anastomosis; 4Checked on the three-dimensional image; the groups were
categorized according to the anastomosis site angle (median angle =
113.3°); group 1, angle > 113.3°; group 2, angle ≤ 113.3°; 5Checked on the
maximum intensity projection image. MRI: Magnetic resonance imaging.
3

Number of patients
13 (6.6)
145 (74.0)
51 (26.0)
90 (45.9)
29 (14.8)
91 (46.4)
6 (3.1)
13 (6.6)
10 (5.1)
3 (1.5)
2 (1.0)

analysis were a filling defect on an MIP image (HR =
2.18, 95%CI: 1.41-3.38, P = 0.001), biliary leakage
(HR = 2.52, 95%CI: 1.02-6.20, P = 0.048), and the
anastomosis site angle (HR = 0.48, 95%CI: 0.30-0.75,
P < 0.001) (Table 4).

Anastomosis site angle and biliary intervention

1

Type 1, single duct-to-duct anastomosis; 2Type 2, double duct-to-duct
anastomosis including hepatoplasty. MRI: Magnetic resonance imaging;
MIP: Maximum intensity projection.

Two groups were created according to the median
value of the anastomosis site angle (median angle =
113.3°): group 1, angle > 113.3° and group 2, angle
≤ 113.3°. The biliary intervention rate was significantly
lower in group 1 (30.6% vs 60.2% in group 2, P <
0.001), and the mean time to biliary intervention was
longer in group 1 (62.1 ± 4.1 vs 38.5 ± 4.2 in group 2,
P < 0.001) (Table 5). Kaplan-Meier analysis comparing
biliary intervention-free survival between groups 1 and
2 revealed higher survival in group 1 (Figure 2).

(HR = 1.04, 95%CI: 1.01-1.06, P = 0.010), biliary
leakage (HR = 2.49, 95%CI: 1.01-6.14, P = 0.049),
hematoma (HR = 1.80, 95%CI: 0.78-4.10, P = 0.179),
and diffuse bile duct dilatation (HR = 1.59, 95%CI:
0.93-2.70, P = 0.088) (Table 4).
The significant risk factors in the multivariate

WJG|www.wjgnet.com

3.4 (0-33.9)

Variable

51 (26.0)
4 (2.0)
27 (13.8)
80 (40.8)
5 (2.6)
9 (4.6)
20 (10.2)
91.5 ± 16.0 (60-145)
93.7 ± 17.9
88.8 ± 15.1
89 (45.4)
38
12
38
0
33.5 ± 28.6 (1-89)

Mean age; 2The groups were categorized according to the anastomosis
site angle (median angle = 113.3°); group 1, angle > 113.3°; group 2, angle
≤ 113.3. MELD: Model for end-stage liver disease; ERCP: Endoscopic
retrograde cholangiopancreatography; PTBD: Percutaneous transhepatic
biliary drainage; LC: Liver cirrhosis.

Using T-tube
Anastomosis method
Type 11
Type 22
MRI findings
Filling defect on MIP image
Diffuse bile duct dilatation
Biliary stricture
Biliary leakage
Biloma
Hematoma
Thrombus, infarct
Common bile duct stone

112.9 (32.5-168.4) 109.2 (31-173)

Inter-observer
agreement

Table 4 Cox regression model for factors predicting biliary
intervention

1

Variable

Radiologist 2
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Table 5 Biliary intervention rate by anastomosis site angle

1

Variable

Total number

Number of events

Rate of events

P value

Mean time interval to events (mo)

P value

Group 1
Group 2

98
98

30
59

30.6%
60.2%

P < 0.001

62.1 ± 4.1
38.5 ± 4.2

P < 0.001

1

The groups were categorized according to the anastomosis site angle (median angle = 113.3°); group 1, angle > 113.3°; group 2, angle ≤ 113.3°.

MRCP was predictive of biliary intervention after
LDLT. Biliary leakage can cause complications,
[16]
such as infection or biliary stricture . Moreover,
ERCP and PTBD are the mainstays for managing
[17]
biliary leakage . Therefore, our result that biliary
leakage was a risk factor for biliary intervention is in
accordance with previous findings.
A filling defect on MIP images was also a risk factor
for biliary intervention. Several studies have indicated
the significance of a filling defect detected on MRCP
and have suggested that a filling defect could be a
[18-20]
sign of bile duct carcinoma or papillomatosis
.
In addition, intra-ductal debris, sludge, and stones
[21]
could be causes of a filling defect after LT . For these
reasons, a filling defect on MIP images should be
considered a risk factor for biliary intervention.
However, donor age > 60 years and a MELD score
> 35 were not determined to be significant predictors
of biliary intervention. Some studies have shown that
[5,6]
these are risk factors for biliary complications . These
inconsistencies could be due to the lower proportion of
patients with a donor age > 60 years or a high MELD
score (> 35) in our study.
Finally, the anastomosis site angle on a 3D image
was shown to be a risk factor for biliary intervention.
We demonstrated that a wider anastomosis site angle
(i.e., above the median angle of 113.3°) resulted in
a lower and delayed incidence of biliary intervention.
No study has investigated the relationship between
the anastomosis site angle and biliary complications
or interventions after LDLT. Thus, we documented, for
the first time, that a decrease in the anastomosis site
angle on MRCP after LT could be a risk factor for biliary
intervention during the follow-up period.
Several limitations of our study should be dis
cussed. First, the design was retrospective. To improve
the accuracy of the results, we reviewed every possible
factor blinded to biliary outcome. Further prospective
studies are warranted to confirm these results. Second,
we could not obtain data on patient cold ischemic
time, which is a well-known risk factor for biliary
complications in deceased donor liver transplantation
(DDLT). Generally, however, cold ischemic time is very
short during LDLT. Third, the biliary intervention rate
we observed in our study was slightly higher than that
reported by previous studies. Unfortunately, the reason
for the observed high biliary intervention rate remains
unknown.
Biliary complications after LDLT are commonly
[5]
compared with those following DDLT . Thus, pre
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Figure 2 Kaplan-Meier curves for all biliary interventions according to the
anastomosis site angle1. The Kaplan-Meier curves show that group 1 had a
significant survival advantage without biliary intervention compared with group
2 (62.0% vs 36.3%, P < 0.001). 1The groups were categorized according to the
anastomosis site angle (median angle = 113.3°); group 1, angle > 113.3°; group
2, angle ≤ 113.3°.

DISCUSSION
Biliary complications after LDLT are an important cause
of morbidity and mortality; however, the risk factors
for biliary complications that can be determined from
an MRCP image after LT have yet to be determined.
In the present study, we identified biliary leakage,
the presence of a filling defect on an MIP image,
and the anastomosis site angle as significant risk
factors on MRCP images associated with future biliary
intervention.
In our analysis, neither the anastomosis method
nor the presence of a T-tube was a risk factor for
biliary intervention. Consistent with our results, several
studies have demonstrated that the presence of a
[10,11]
T-tube is not a risk factor for biliary complications
;
[2]
however, some have argued the opposite . Because
it is widely accepted to be more physiologically
appropriate and has a therapeutic advantage over
Roux-en-Y choledochojejunostomy, duct-to-duct
[12]
anastomosis was performed in our study . We
investigated the relationship between increases in the
number of duct-to-duct anastomoses and increases in
biliary intervention rate. Our findings agree with those
[13]
of Tsui et al ; however, they differ from the results of
[14,15]
other studies
.
Our results demonstrate that biliary leakage on
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dicting a future need for biliary intervention using a
non-invasive method, such as MRCP, could be useful
for hematologists and liver transplant surgeons.
In summary, we suggest that MRCP findings of
a filling defect on MIP images, biliary leakage, and
anastomosis site angle results 1 mo after LDLT can
be used to determine the need for future biliary
intervention. A further prospective clinical study will be
needed to confirm the clinical implications of MRCP 1
mo after LDLT.
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Abstract
AIM: To better understand some of the superficial tiny
lesions that are recognized as squamous papilloma
of the esophagus (SPE) and receive a different patho
logical diagnosis.

Institutional review board statement: This study was
approved by the institutional review board of Mackay Memorial
Hospital, Taipei, Taiwan (15MMHIS004).
Informed consent statement: Patients were not required to
give informed consent to the study because the retrospectively
analysis used anonymous clinical data.

METHODS: All consecutive patients with esophageal
polypoid lesions detected by routine endoscopy at our
Endoscopy Centre between October 2009 and June 2014
were retrospectively analysed. We enrolled patients
with SPE or other superficial lesions to investigate
four key endoscopic appearances (whitish color, exo
phytic growth, wart-like shape, and surface vessels)
and used narrow band imaging (NBI) to distinguish
their differences. These series endoscopic images of
each patient were retrospectively reviewed by three
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experienced endoscopists with no prior access to the
images. All lesion specimens obtained by forceps biopsy
were fixed in formalin and processed for pathological
examination. The following data were collected from
patient medical records: gender, age, indications
for esophagogastroduodenoscopy, and endoscopic
characteristics including lesion location, number, color,
size, surface morphology, surrounding mucosa, and
surface vessels under NBI. Clinicopathological features
were also compared.

Wong MW, Bair MJ, Shih SC, Chu CH, Wang HY, Wang TE,
Chang CW, Chen MJ. Using typical endoscopic features to
diagnose esophageal squamous papilloma. World J Gastroenterol
2016; 22(7): 2349-2356 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i7/2349.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i7.2349

RESULTS: During the study period, 41 esophageal
polypoid lesions from 5698 endoscopic examinations
were identified retrospectively. These included 24
patients with pathologically confirmed SPE, 11
patients with squamous hyperplasia, three patients
with glycogenic acanthosis, two patients with ectopic
sebaceous glands, and one patient with a xanthoma.
2
In the χ test, exophytic growth (P = 0.003), a wartlike shape (P < 0.001), and crossing surface vessels
under NBI (P = 0.001) were more frequently observed
in SPE than in other lesion types. By contrast, there
was no significant difference regarding the appearance
of a whitish color between SPE and other lesion types
(P = 0.872). The most sensitive characteristic was
wart-like projections (81.3%) and the most specific
was exophytic growth (87.5%). Promising positive
predictive values of 84.2%, 80.8%, and 82.6% were
noted for exophytic growth, wart-like projections, and
surface vessel crossing on NBI, respectively.

Esophageal superficial and flat lesions possess a
[1]
wide spectrum of clinical and pathological features .
Understanding the endoscopic features of these lesions
is essential for their detection, differential diagnosis,
and management. Squamous papilloma of the eso
phagus (SPE) is a rare benign esophageal lesion
characterised by whitish and wart-like projections
under conventional endoscopy. The prevalence of
[2,3]
SPE ranges from 0.07% to 0.45%
. Most SPEs
are solitary and do not cause symptoms. The sex
distribution is either predominantly male or gender
[3-6]
neutral
and the mean age at diagnosis is in the 40s
[3,5-7]
to 50s
.
The etiology of SPE is not fully understood and at
present, there are at least two etiological hypotheses.
One concerns inflammatory reactions such as gastroesophageal reflux disease or a chemical or mechanical
[8-10]
mucosal injury
. The basis of this theory is the high
percentage of SPE that occurs at the lower third of the
[2,5,8]
esophagus
. Another hypothesis implicates human
[4,11,12]
papilloma virus (HPV) infection
. However, the
exact pathophysiological importance of HPV is not yet
clear.
At times, tiny flat lesions that are recognised as SPE
due to their small size are not pathologically diagnosed
as SPE. Most of these lesions are pathologically
diagnosed as squamous cell hyperplasia, glycogenic
acanthosis, ectopic sebaceous glands, or xanthomas.
The aim of the present study was to clarify the
endoscopic characteristics of SPE that contribute to its
discrimination from superficial esophageal lesion types.

INTRODUCTION

CONCLUSION: The use of three key typical endoscopic
appearances - exophytic growth, a wart-like shape,
and vessel crossing on the lesion surface under NBI
- has a promising positive predictive value of 88.2%.
This diagnostic triad is useful for the endoscopic
diagnosis of SPE.
Key words: Diagnosis; Endoscopy; Esophagus; Squa
mous papilloma; Narrow band imaging
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal superficial and flat lesions possess
a wide spectrum of clinical and pathological features.
Understanding the endoscopic features of these lesions
is essential for their detection, differential diagnosis,
and management. S quamous papil loma of the
esophagus (SPE) is a rare benign esophageal lesion
characterised by whitish and wart-like projections
under conventional endoscopy. Overall, 88.2% of
patients with polypoid lesions who presented all three
typical endoscopic features (exophytic growth, a
wart-like shape, and crossing surface vessels) were
ultimately histologically confirmed as SPE. Our results
may allow endoscopists to more confidently simply
observe SPE that meets all endoscopic criteria.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients

Consecutive outpatients scheduled for esopha
gogastroduodenoscopy (EGD) for upper gastroin
testinal symptoms at our Endoscopy Centre between
October 2009 and June 2014 were retrospectively
analysed. The following data were collected from
patient medical records: gender, age, indications for
EGD, and endoscopic characteristics including lesion
location, number, colour, size, surface morphology,
surrounding mucosa, and surface vessels under
narrow-band imaging (NBI). Lesion location was
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A

B

Figure 1 Color of the squamous papilloma of the esophagus looks pale compared to the normal pinkish esophageal mucosa under either near or far focus
(A), and the color of the xanthoma looks yellowish under conventional endoscopy (B).

under either near or far focus (Figure 1A). Exophytic
growth was defined as a lesion that not only bulged
from the flat mucosa of the esophagus but also floated
on the plane without complete attachment to the
mucosa (Figure 2A). A wart-like shape was defined
as a lesion with an irregular border but with a margin
that could be easily distinguished from the normal
esophageal mucosa (Figure 3A). To evaluate the fourth
characteristic, endoscopy was switched to NBI mode
for a more sensitive observation of the blood vessels.
Vessel crossing was defined as brownish lines passing
through the surface of the lesion (Figure 4A).

classified as the upper (less than 24 cm from the
incisors), middle (between 24 and 32 cm from the
incisors), or lower (more than 32 cm from the incisors)
oesophagus. Lesion size was estimated using radial
jaw biopsy forceps with a width of 6 mm when open
(Boston Scientific, MA, United States). The key
indications in patients undergoing EGD were epigastric
pain, dysphagia, and acid regurgitation or heartburn.
This study was approved by the Institutional Review
Board of Mackay Memorial Hospital, Taipei, Taiwan
(15MMHIS004).

Endoscopic diagnosis

Statistical analysis

We investigated the diagnostic yield of four key
endoscopic characteristics of SPE: whitish colour,
exophytic growth, a wart-like shape, and crossing
surface vessels under NBI. Series endoscopy (Olympus
GIF H260; Olympus Medical Systems Corp, Tokyo,
Japan) with an NBI light source was performed in
all cases. An evaluation of the entire esophagus
was initially performed in a standardised manner by
conventional white light endoscopy. Excess mucosal
contents were removed using suction and flushes
to produce a satisfactory view of the mucosa with
no adherent mucus. After turning on the NBI light
source, the entire esophagus was carefully scanned
by NBI. Lesion specimens obtained by forceps biopsy
were fixed in formalin and processed for pathological
examination. For patients with multiple SPEs, at
least two typical polyps were evaluated histologically.
These series endoscopic images of each patient were
reviewed by three experienced endoscopists with
no prior access to the images. The endoscopists
answered yes-or-no questions to determine whether
each of the four key endoscopic characteristics was
suggestive of an SPE diagnosis. A characteristic was
considered positive if two or more endoscopists were
in agreement.

The size and location of the lesions as well as their
endoscopic characteristics (whitish colour, exophytic
growth, wart-like shape, and crossing surface vessels
under NBI) were statistically analysed to determine the
accuracy of SPE diagnosis. Categorical endoscopic data
2
were compared using Fisher’s exact test or the χ test,
as appropriate. Continuous variables are expressed as
the mean ± SD and were compared using the Student’
s t-test. SPSS version 12.0 (SPSS Inc., Chicago, IL,
United States) was used for all statistical analyses.
All statistical tests were two-tailed, and statistical
significance was defined as P < 0.05. For SPE and
the other diagnostic groups, each characteristic was
evaluated independently for sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV), and accuracy.

RESULTS
Basic demographic features

During the study period, 41 patients who were
diagnosed with esophageal polypoid lesions from
among 5698 endoscopic examinations were retro
spectively reviewed. These included 24 (0.42%)
patients with pathologically confirmed SPE, 11
patients with squamous hyperplasia, three patients
with glycogenic acanthosis, two patients with ectopic
sebaceous glands, and one patient with a xanthoma.

Key endoscopic characteristics

Whitish colour was defined as a lesion that looked pale
compared to the normal pinkish oesophageal mucosa

WJG|www.wjgnet.com
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A

B

Figure 2 Exophytic growth of squamous papilloma of the esophagus was defined as a lesion that not only bulged from the flat mucosa of the oesophagus
but also floated on the plane without complete attachment to the mucosa (A), and SPE may also appear as a sessile polypoid lesion tightly connected to
the mucosa (B).

A

B

Figure 3 Wart-like shape of squamous papilloma in the esophagus was defined as a lesion with an irregular border but with a margin that could be easily
distinguished from the normal esophageal mucosa (A), and the border of squamous hyperplasia was also well-defined and the margin was clear (B).

A

B

Figure 4 Under UBI mode of endoscopy, vessel crossing was defined as brownish lines passing through the surface of the lesion (A), and by contrast, no
brownish lines on glycogenic acanthosis using NBI was observed (B).

The characteristics of all patients are shown in Table 1.
The average age of the 24 SPE patients was 48.9 years
(range, 28-68 years) and they included more female
patients than male patients (20 vs 4). The average
SPE size was 3.9 mm (range, 2-8 mm). The most
common location of SPE was the middle esophagus
(57.5%), followed by the lower (26.1%) and upper
(17.4%) esophagus. Solitary SPE was present in

WJG|www.wjgnet.com

22 of the 24 patients. The indications for EGD were
epigastric pain in 15 (62.5%) patients, dysphagia in
1 (4.3%) patient, and acid regurgitation or heartburn
in 8 (33.3%) patients. With the exception of the
gender ratio, there were no significant differences in
parameters such as age, lesion location, lesion size,
lesion number, or EGD indication between SPE patients
and the other diagnostic groups (Table 1).
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Table 1 Basic demographic and endoscopic features between squamous papilloma of the esophagus patients and the other diagnostic groups
Characteristic
Age (yr)
Gender
Male
Female
Lesion character
Location (upp/med/inf)
Size (mm)
Single lesion
Reason for EGD
Epigastric pain
Dysphagia
Acid regurgitation and/or heart burn

SPE

Others

(n = 24)

(n = 17)

P value

48

(26-68)

53.3

(27-70)

4
20

16.6%
82.7%

9
8

53.9%
47.1%

5/13/6
3.8
22

21/54/25%
(2-8)
92.0%

10/6/2001
3.2
14

5.9/58.8/35.3%
(2-5)
82.4%

15
1
8

62.5%
4.3%
33.3%

13
1
3

76.5%
5.9%
17.6%

0.197
0.014

0.383
0.098
0.369
0.533

SPE: Squamous papilloma of the esophagus; EGD: Esophagogastroduodenoscopy.

Table 2 Each characteristic was evaluated independently
for sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy in the squamous papilloma of
the esophagus and other diagnostic groups (%)
Sensitivity Specificity PPV NPV Accuracy
Whitish color
Exophytic growth
Wart-like projections
Surface vessel crossing
on NBI
Combination of
exophytic growth,
wart-like shape and
surface vessel crossing

Figure 5 Squamous papilloma of the esophagus is diagnosed
pathologically by a hematoxylin and eosin stain. The lesion is composed of
papillary fronds lined by several layers of non-keratinizing squamous epithelium
and forming finger-like projections (magnification × 20).

18.8
81.3
68.8
75.0

59.4
84.2
80.8
82.6

37.5
61.9
78.6
70.6

55.0
72.5
80.0
77.5

62.5

87.5

88.2

60.9

72.5

NBI: Narrow band imaging; PPV: Positive predictive value; NPV:
Negative predictive value.

Endoscopic characteristics

increased cellular glycogen. A xanthoma consists of
fat accumulation in foamy histiocytes beneath the
squamous epithelium. An ectopic sebaceous gland
appears as mucosa covered by benign squamous
epithelium with a focal sebaceous cell component.
There were no dysplastic or malignant components in
these specimens.

Most lesions considered to be SPE were small but
recognisable because of margins that were demar
cated from the normal esophageal mucosa. We
compared the statistical results of each characteristic
2
between SPE and the other lesion types. In the χ
test, exophytic growth (P = 0.003), a wart-like shape
(P < 0.001), and crossing surface vessels under NBI
(P = 0.001) were more frequently observed in SPE
than in other lesion types. By contrast, there was no
significant difference regarding the appearance of a
whitish colour between SPE and other lesion types (P
= 0.872).

Using typical endoscopic appearances to predict SPE

Each characteristic was evaluated independently for
sensitivity, specificity, PPV, NPV, and accuracy in SPE
and the other diagnostic groups (Table 2). Among the
typical endoscopic appearances, the most sensitive
characteristic was wart-like projections (81.3%) and
the most specific was exophytic growth (87.5%).
Promising PPVs of 84.2%, 80.8%, and 82.6% were
noted for exophytic growth, wart-like projections, and
surface vessel crossing on NBI, respectively. However,
fair NPVs of 61.9%, 78.9%, and 70.6% were noted
for exophytic growth, wart-like projections, and
surface vessel crossing on NBI, respectively. Using the
diagnostic triad of exophytic growth, a wart-like shape,
and surface vessel crossing under NBI achieved the

Pathological characteristics

SPE was diagnosed pathologically by a hematoxylin
and eosin stain showing many squamous cells
surrounding the vascular connective tissue and forming
finger-like projections (Figure 5). By comparison,
only an increasing number of squamous cells in the
epithelium were noted in squamous hyperplasia. After
periodic acid-Schiff staining, glycogenic acanthosis
exhibits a combination of cellular hyperplasia and
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highest PPV of 88.2% for SPE.

glycogenic acanthosis, and other rare flat lesions such
as heterotopic sebaceous glands or xanthomas. The
majority of SPEs are solitary. In our study, all but two
patients had multiple SPEs. Glycogenic acanthosis
typically appears as multiple lesions that are believed
to grow more numerous and larger with age. Xan
thoma looks yellowish (Figure 1B) and glycogenic
acanthosis often appears paler than the surrounding
mucosa. SPE lesions not only bulged from the flat
mucosa of the oesophagus, but also floated on the
plane without complete attachment to the mucosa.
In rare circumstances, however, SPE may appear
as a sessile polypoid lesion tightly connected to the
mucosa (Figure 2B). The border of SPE was irregular,
but the margin could be easily distinguished from the
normal esophageal mucosa. The border of squamous
hyperplasia was also well-defined and the margin was
clear (Figure 3B). SPE is characterised histologically
by finger-like tissue projections lined by a core of
connective tissue that contains small blood vessels. For
this reason, several brownish lines could be observed
passing through the surface of the SPE on NBI. By
contrast, we observed no brownish lines on glycogenic
acanthosis using NBI (Figure 4B).
Although the two lesion types occur in the same
esophageal sites and papilloma occurs earlier, the
different male-to-female ratios between these two
lesion types may indicate that SPE does not share
the same risk factors as esophageal squamous cell
carcinoma. Most studies indicated that SPE is generally
a benign oesophageal lesion. However, there were
a few case reports that presented papillomatosis
of the esophagus with a squamous carcinoma com
[16-20]
ponent
. One study found synchronic planocellular
[4]
[21]
carcinoma in a patient with SPE . d’Huart et al
conducted a recent cohort study in France; during
a median follow-up period of 21 mo, 2 esophageal
squamous cell carcinomas were detected from 78
patients with SPE. The prevalence of associated cancer
was 1.3%. One carcinoma was located at the previous
resection site of the SPE and the other was located at
a different area. In these rare circumstances, SPE or
papillomatosis should be surveyed for malignancy.
There were some limitations to the present
study. The first is its retrospective design, in that
the series endoscopic images of each patient were
reviewed retrospectively. We do not know whether
the endoscopist could judge these key characteristics
accurately in real time. The clinical outcomes should
be validated in a prospective study. Second, while
we acquired images using multiple angles and
focuses, we did not use magnifying endoscopy to
obtain more detailed information. We do not know if
magnifying endoscopy can provide more relevant key
characteristics that would result in better outcomes.
Third, all specimens were obtained using cold biopsy
forceps. This may be a less accurate method for

DISCUSSION
A variety of benign esophageal lesions can be
found during endoscopic evaluation. Although they
are uncommon, cause no symptoms, and have
no malignant potential, such lesions can pose a
challenge for establishing an accurate diagnosis
and a management plan. This study was the first
to distinguish SPE from other tiny flat lesions in the
esophagus using typical endoscopic appearances. We
concluded that using three key endoscopic features of
SPE, namely exophytic growth, a wart-like shape, and
vessel crossing, can improve the diagnosis of SPE.
In our study, the average age of the 24 patients
with SPE was 48.9 years, which is consistent with
the fact that SPE is most commonly diagnosed
[7,8]
in patients who are in their 50s
. Women were
extremely dominant in our SPE population, with a
male/female ratio of 1/4.75. In previous studies from
Italy and other Western countries, most studies had
male-dominant populations (male/female: 2.67/1
[5,9,11,13]
to 3.4/1)
or nearly equal sex distributions
[2-4,6,14,15]
(male/female: 1.05/1 to 1/1.21)
. By contrast,
one study in Japan reported a male/female ratio of
[6]
1/1.57 . Based on our study and the Japanese study,
we suggest that there is a geographic difference
whereby SPE is more common in women in Asia.
Most reports from Western countries indicated a male
predominance and a high prevalence of SPE in the
lower third esophagus, which may be related to a
high prevalence of erosive esophagitis. In our study,
more than half of SPE (54.0%) cases occurred in the
middle esophagus, similar to the Japanese study that
reported a proportion of 52.6%. This suggests that
the proposed inflammatory reactions due to gastroesophageal reflux disease may not constitute the main
aetiology of SPE in our patients.
HPV infection has been thought to be associated
with SPE. The HPV infection rate in the SPE popu
lation has been variable (0 to 50%) and the relation
ship between HPV infection and SPE remains contro
[1,4-6,14]
versial
. HPV-positive SPE showed a female
predominance, relatively young age, and high pre
[6]
valence of a middle esophagus location . It is possible
that these differences may be related to geographic
variability in the frequency of oral HPV infection. We
do not know whether or not the female dominance of
SPE in our study is related to the prevalence of HPV
infection. Further prospective cohort studies would be
mandatory to better evaluate the impact of HPV in the
pathogenesis of SPE.
On EGD, SPE appear as small, whitish-pink, wartlike exophytic projections that must be differentiated
from other similar-appearing lesions such as squamous
cell hyperplasia, verrucous squamous cell carcinoma,
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pathological evaluation than endoscopic resection.
Overall, 88.2% of patients with polypoid lesions
who presented all three typical endoscopic features
of SPE were ultimately histologically confirmed as
SPE. The advantage of the study is in showing that
the benign nature of SPE makes it possible to predict
SPE using endoscopic criteria without histological
examination. Data from the literature suggest that SPE
is a generally benign lesion of the esophagus, except
for papillomatosis or a large lesion. Our results may
allow endoscopists to more confidently simply observe
a single, small lesion in the oesophagus that meets all
endoscopic criteria. This prevents unnecessary biopsy,
especially for patients undergoing a non-sedative
endoscopy that requires them to tolerate a longer
biopsy procedure.

3
4

5

6

COMMENTS
COMMENTS

7

Background

Squamous papilloma of the esophagus (SPE) is a rare benign esophageal
lesion characterised by whitish and wart-like projections under endoscopy.
However, some superficial tiny lesions that are recognised as squamous
papilloma in the esophagus receive a different pathological diagnosis.

8

Research frontiers

Narrow band imaging is composed of just two specific wavelengths that are
strongly absorbed by haemoglobin. The shorter wavelengths (blue band)
only penetrate the top layer of the mucosa, while the longer wavelengths (red
band) penetrate deep into the mucosa. These wavelengths allow a better
understanding of the vasculature of mucosal lesions.

9
10

Innovations and breakthroughs

The advantage of the study is in showing that the benign nature of SPE
makes it possible to predict SPE using endoscopic criteria without histological
examination.

11

Applications

The use of three key typical endoscopic appearances - exophytic growth, a
wart-like shape, and vessel crossing on the lesion’s surface under narrow band
imaging (NBI) - to predict SPE has a promising positive predictive value of
88.2%. This diagnostic triad is useful for the endoscopic diagnosis of SPE.

12
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Terminology

14

NBI is a powerful optical image enhancement technology that improves the
visibility of blood vessels and other structures on the mucosa.
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Peer-review

The authors did a retrospective study to analyse whether some key endoscopic
appearances (whitish color, exophytic growth, wart-like shape, and surface
vessels) and narrow band imaging can distinguish squamous papilloma from
other types of benign lesions in the esophagus. They claimed that combination
of three key typical endoscopic appearances-exophytic growth, a wart-like
shape, and vessel crossing on the lesion’s surface under NBI-has a good
positive predictive value, and this triad is useful for the endoscopic diagnosis of
squamous papilloma.
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ORIGINAL ARTICLE
Clinical Trials Study

Effects of endoplasmic reticulum stress on the expression
of inflammatory cytokines in patients with ulcerative colitis
Nan Li, Xue-Ming Wang, Li-Jun Jiang, Meng Zhang, Na Li, Zhen-Zhen Wei, Nan Zheng, Ya-Jiao Zhao
splicing (XBP1s) and inflammatory cytokine expression
in patients with ulcerative colitis (UC) in response to
endoplasmic reticulum stress (ERS).
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METHODS: Reverse transcription polymerase chain
reaction and quantitative polymerase chain reaction
were performed to detect the forms of XBP1s and the
expression of interleukin (IL)-2, interferon (IFN)-γ,
and IL-17α. Differences between patients with UC and
normal subjects were then determined.

Supported by Beijing Municipal Natural Scientific Research
Foundation, No. 7132175.
Conflict-of-interest statement: The authors declare no conflict
of interests.

RESULTS: Mononuclear cells of the peripheral blood of
normal subjects and UC patients with were stimulated
with no drugs (control), phytohemagglutinin (PHA),
thapsigargin (TG), or both PHA and TG. XBP1s in
patients with UC exhibited splicing, which was greater
with co-stimulation than single stimulation. Costimulation increased the expression level of IL-2,
IFN-γ, and IL-17α.
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CONCLUSION: The T lymphocytes of both normal
subjects and patients with UC responded to ERS by
activating the XBP1s-mediated signalling pathway,
upregulating the expression of inflammatory cytokines,
and increasing the occurrence of inflammation. The
mononuclear cells in the peripheral blood of patients
with UC were more sensitive to ERS than those in the
peripheral blood of normal subjects.
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Core tip: Endoplasmic reticulum stress (ERS) can
repair stress-induced cell damage and restore normal
cell function by the inositol-requiring enzyme 1/X-box
binding protein 1 splicing (IRE1/XBP1) signalling
pathway. However, the link to ulcerative colitis (UC)

Abstract
AIM: To explore the changes of X-box binding protein 1
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remains unclear. In the present study, we report that
T lymphocytes respond to ERS by activating the IRE1/
XBP1 signalling pathway, upregulating the expression of
inflammatory cytokines, and increasing the occurrence
of inflammation. In addition, mononuclear cells in
the peripheral blood of patients with UC were more
sensitive to ERS than normal subjects.

used in this study: low-temperature high-speed
centrifuge (Eppendorf, Hamburg, Germany); dry
thermostat (Hangzhou ORSUS biotechnology Co,
Hangzhou, China); DNA diffusion meter (PE, United
States); real-time polymerase chain reaction (PCR)
system (Eppendorf); polyacrylamide gel electrophoresis
and electrotransferring instrument (Bio-Rad Co.,
Hercules, CA, United States); inverted fluorescence
microscope (Nikon, Tokyo, Japan); CO2 incubator
(Thermo Scientific, Boston, MA, United States); highspeed desktop centrifuge (Eppendorf); low-temperature
high-speed desktop centrifuge (Eppendorf); vortex
turbulencer (Beijing Tongzheng Biotechnology Co.,
Ltd., Beijing, China); cryogenic tank (Haier Electric Co.,
Qingdao, China); chemiluminescence analyser (DLR,
USA); temperature controller module (Eppendorf;
pure water (Millipore, Billerica, MA, United States);
Ultraviolet (UV) spectrometer (Pharmacia, Piscataway,
NJ, United States); and agarose gel electrophoresis
tank (Beijing Liuyi Instrument plant, Beijing, China).

Li N, Wang XM, Jiang LJ, Zhang M, Li N, Wei ZZ, Zheng
N, Zhao YJ. Effects of endoplasmic reticulum stress on the
expression of inflammatory cytokines in patients with ulcerative
colitis. World J Gastroenterol 2016; 22(7): 2357-2365 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i7/2357.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i7.2357

INTRODUCTION
The endoplasmic reticulum regulates protein synthesis
and folding and promotes the synthesis of various
lipids, such as cholesterol and steroids. Various
physiological or pathological states, such as an
increase in unfolded proteins, synthesis of misfolded
proteins, dysregulation of intracellular calcium ions,
and changes in intracellular redox state, can cause the
[1]
occurrence of endoplasmic reticulum stress (ERS) .
ERS can repair stress-induced cell damage and restore
normal cell functions through an unfolded protein
response. Inositol-requiring enzyme 1(IRE1)/X-box
binding protein 1 splicing (XBP1) is an important sig
nalling pathway in ERS; IREI/XBPI can reduce protein
synthesis, promote protein degradation, increase
chaperone generation, slow down ERS occurrence,
and return cellular functions to normal. Under ERS,
the IREI/XBPI pathway can activate c-Jun N-terminal
[2,3]
kinase (JNK)
related signalling pathways. As a
result, release of cytokines and bio-chemotactic
factors is promoted, and the body’s natural immune
system is activated. Researchers have investigated
[4]
changes in Toll-like receptors and cytokines as well
as the immune system to explain the pathogenesis
of inflammatory bowel disease and ulcerative colitis
(UC). The IREI/XBPI signalling pathway can conserve
the integrity of the intestinal mucosal barrier, maintain
the number of intestinal Paneth cells, and promote
the secretion of cytokines inside the intestine. In this
manner, the intestinal mucosa is protected, and the
[5-7]
occurrence of intestinal inflammation is reduced .
However, studies have yet to describe the effects of
ERS on T lymphocytes and the corresponding changes
in patients in response to ERS. Hence, we determined
whether XBPI influences the incidence of UC by
adjusting the acquired immune response.

Reagents: The following reagents were used in this
study: chloroform, isopropanol, and ethanol (Beijing
Chemical Plant); concanavalin A (ConA) (Sigma, St
Louis, MO, Unites States); phytohemagglutinin (PHA)
(Sigma); thapsigargin (TG) (Sigma); RPMI-1640
medium (Beijing Neuron biotech Co.); FBS (Gibco,
Carlsbad, CA, United States); RNAiso Plus (Takara,
Tokyo, Japan); RNA reverse transcription kit (Takara,
Japan); real-time kit (Takara, Japan); SYBR (Kangwei
Reagent Company, Xinzhuang, China); agarose (GENE
Co., Chai Wan, China); Goodview (SBSbBio Genentech,
Shanghai, China); and lymphocyte stratification fluid
(Sigma).

Experimental methods

Normal control (Ctrl) subjects and patients with
UC: The normal Ctrl group comprised 18 healthy
volunteers (13 males and five females) aged 25–55
years (with a mean age of 40 years). These volunteers
were selected from May 2012 to March 2013 from
the Department of Gastroenterology, Hospital of
General Staff Headquarters and excluded from the
UC diagnostic criteria. All of the normal subjects
were screened for high blood pressure, coronary
heart disease, cerebrovascular accidents and other
cardiovascular diseases, diabetes, thyroid dysfunction,
and other endocrine, gastroenterological, and
metabolic diseases, liver-kidney-pancreatic diseases,
hypoxia-related diseases, inflammation, cancer, and
stress response. A total of 21 UC patients aged 23–
54 years (with a mean age of 39 years) were selected
from May 2012 to March 2013 from the Department
of Gastroenterology, Hospital of General Staff
Headquarters, Xiyuan Hospital and West division of
Chaoyang Hospital. Of the 21 patients, 16 were males
and five were females. These patients were diagnosed
with moderate to severe UC in accordance with the
“consensus of diagnosis and treatment of UC”, enacted

MATERIALS AND METHODS
Main equipment and reagents

Main instruments: The following instruments were
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Table 1 Clinical data of patients with ulcerative colitis

Table 2 Primer sequences of human cytokines

No.

Human
cytokines

Gender Age (yr)

1

M

25

2

M

52

3

F

48

4

M

43

5

F

57

6

M

50

7

M

42

8

M

23

9

M

41

10

M

23

11

M

45

12

M

35

13

M

47

14

M

33

15

F

56

16

M

51

17

M

40

18

M

22

19

M

39

20

M

27

21

M

43

Enteroscopic
diagnosis

Pathological
appearance

Severe, in acute
period
Severe, in acute
period
Moderate-severe, in
acute period
Moderate-severe, in
remission period
Moderate, in acute
period
Moderate, in acute
period
Moderate, in
remission period
Moderate, in acute
period
Moderate -severe, in
acute period
Moderate, in acute
period
Moderate-severe, in
acute period
Severe, in remission
period
Severe, in acute
period
Moderate -severe, in
remission period
Moderate, in
remission period
Moderate, in acute
period
Moderate, in
remission period
Moderate, in acute
period
Moderate-severe, in
remission period
Moderate, in acute
period
Moderate-severe, in
remission period

Acute and chronic
inflammation
Acute and chronic
inflammation
Chronic and chronic
inflammation
Chronic inflammation

IL-2

Chronic inflammation

GAPDH

IFN-γ
IL-17a
IL-4

Sequence

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

5’-AAGTTTTACATGCCCAAGAAGG-3’
5’-AAGTGAAAGTTTTTGCTTTGAGCTA-3’
5’-AGGGAAGCGAAAAAGGAGTCA-3’
5’-GGACAACCATTACTGGGATGCT-3’
5’-GAGCCCCAAAAGCAAGAGGAA-3’
5’-TGCGGGCATACGGTTTCATC-3’
5’-GCCAAGACCCCTTCGAGAAAT-3’
5’-CCGTCCCTGTTATCTGCCTCC-3’
5’-TGTGGGCATCAATGGATTTGG-3’
5’-ACACCATGTTATTCCGGGTCAAT-3’

Chronic inflammation
IL: Interleukin; IFN: Interferon.
Chronic inflammation
Acute and chronic
inflammation
Acute and chronic
inflammation
Acute inflammation

Table 3 Primer sequences of X-box binding protein 1 splicing
XBP1

Primer
name

Human Forward
XBP1
Reverse
Mouse Forward
XBP1
Reverse

Acute and chronic
inflammation
Acute and chronic
inflammation
Acute and chronic
inflammation
Chronic inflammation

Sequence
5’-A AAC AG A GTA GCA GCT CAG ACT GC-3’
5’-TC CTT CTG GGT AGA CCT CTG GGA G-3’
5’-A AAC AG A GTA GCA GCG CAG ACT GC-3’
5’-TC CTT CTG GGT AGA CCT CTG GG

XBP1: X-box binding protein 1 splicing.

Chronic inflammation

group. Each group was set in triplicate wells, and the
experiment was repeated thrice.
Drugs were not added to the Ctrl group. A 20 μL
PHA solution was added to the PHA stimulation group
at a final concentration of 5 μg/mL. Thirty microliters
TG solution was added to the TG stimulation group at
a final concentration of 300 nmol/L. Twenty microliters
PHA solution and 0 μL TG solution were added to the
PHA + TG co-stimulation group. The groups were
cultured at 37 ℃ and 5% CO2 for 12 h; afterwards,
the cells were collected to extract RNA for subsequent
use.

Chronic inflammation
Acute inflammation
Acute and chronic
inflammation
Chronic inflammation
Acute inflammation
Acute inflammation

in Jinan in 2007. The patient data are shown in Table 1.
Cell isolation and primary culture were performed
in accordance with the principles and methods of
American Type Culture Collection (ATCC).

Real-time polymerase chain reaction

Extraction of total RNA: The total RNA was extracted
using the TRIzol method and stored at -70 ℃ for
reverse transcription.

Grouping and treatment of human peripheral blood
mononuclear cells

Analysis of experimental results: After the
reaction, the amplification curve and the melting curve
of real-time PCR were confirmed. Meanwhile, the
PCR quantitation standard curve was performed. The
primer sequences are shown in Table 2.
PCR products were then added onto the agarose
gel tank for electrophoresis to observe the splicing of
XBP1 among the primer sequences of the groups (Table
3).

Peripheral blood mononuclear cell suspensions were
obtained from normal volunteers and patients with UC;
these suspensions were then seeded in 12-well plates
with 1 mL of the cell suspension in each well. The cell
8
density was adjusted to 5 × 10 cells/L.
The experiment was divided into two groups,
namely, the peripheral blood mononuclear cells from
normal volunteers and those from patients with UC.
Each group was further divided into four subgroups,
namely, the Ctrl group, the PHA stimulation group, the
TG stimulation group, and the PHA + TG co-stimulation
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Primer
name

Statistical analysis

The experimental data were expressed as mean ±
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Ctrl

PHA

TG

PHA+TG

500 bp

XBP1
XBP1s

300 bp

GAPDH

Figure 1 Expression detection of X-box binding protein 1 splicings in the phytohemagglutinin-thapsigargin co-stimulation group. After PHA-TG costimulation, the expression of XBPIs in the co-stimulation group was significantly greater than the Ctrl group. PHA: Phytohemagglutinin; TG: Thapsigargin; XBP1: X-box
binding protein 1 splicing.

SD, and the statistical software Graphpad Prism 5.0
(La Jolla, CA, United States) was used to plot the
data. T tests were performed to determine significant
differences between groups; where P < 0.05 was
considered statistically different and P < 0.01 was
considered significantly and statistically different.

experiment was divided into four groups, namely,
the Control group, the PHA stimulation group (with a
concentration of 5 μg/mL), the TG stimulation group
(with a final concentration of 300 nmol/L) and the PHA
+ TG co-stimulation group. The cells were harvested
after 12 h of stimulation to detect the status of XBPIs.
The results are shown in Figure 3. XBPIs showed no
significant change after PHA-TG co-stimulation.
To study the difference in the expression of
inflammatory cytokines in the peripheral blood
mononuclear cells of the healthy Ctrl group and the
UC group under ERS, we conducted the following
experiment. The subjects were divided into two
groups: the normal group and the UC patient group.
Each group was then further subdivided into four
subgroups, namely, the Ctrl group, the PHA stimulation
group (with a final concentration of 5 μg/mL), the
TG stimulation group (with a final concentration of
300 nmol/L), and the PHA+TG co-stimulation group.
The cells were harvested after 12 h of stimulation
to detect the expression of 1L-2, IFN-g, 1L-17α, and
other cytokines. The results are shown in Figure 4. The
expression levels of IL-2, IFN-g, and IL-17α in the PHATG co-stimulation group were significantly increased
compared with the levels found in normal volunteers.
PHA stimulation activated T lymphocytes in
the peripheral blood mononuclear cells of normal
volunteers and UC patients. When TG stimulation
was performed under the ERS status, PHA-TG costimulation on the peripheral blood mononuclear
cells of UC patients caused significant enhancement
of XBP1s compared with the Ctrl group, the PHA
stimulation group, and the TG stimulation group. No
significant difference in XBP1s was found in the normal
population. Meanwhile, PHA-TG co-stimulation of
peripheral blood mononuclear cells in normal subjects
did not significantly change the expression of IL-2,
IFN-g, and IL-17α. However, the expression of the
above cytokines in UC patients was increased with
co-stimulation, and the differences were statistically
significant, indicating that under the same ERS
status, the T lymphocytes in UC patients were much
more sensitive towards ERS than normal subjects.
UC patients may express more pro-inflammatory
cytokines, thus increasing the inflammation response.

RESULTS
XBP1s and the expression of inflammatory cytokines in
peripheral blood mononuclear cells of normal and UC
patients under ERS

Human T lymphocytes were stimulated and activated,
and, from the perspective of ERS effects, they
produced effects towards the endoplasmic reticulum
through XBPI. Under the ERS state, T lymphocytes
could stimulate the adaptive immune system through
XBPI, thus promoting the expression of inflammatory
cytokines.

XBP1s in peripheral blood mononuclear cells of
activated UC patients under ERS

The peripheral blood mononuclear cells of UC patients
were extracted, stimulated, experimentally grouped,
and then divided into the Ctrl group and the PHA
stimulation group (with a stimulation concentration of
5 μg/mL). The cells of the TG group were collected 12
h after the stimulation to detect XBPIs. The results are
shown in Figure 1. The expression of XBPIs in the PHATG co-stimulation group was significantly increased
relative to that in the Ctrl group.
The cells were collected from the four groups after
12 h of stimulation, and the expression of interleukin
(IL)-2, interferon (IFN)-g, IL-17α, IL-4, and other
cytokines were detected. The results are shown in
Figure 2. After TG-PHA co-stimulation, the expression
of IL-2, IFN-g, and IL-17α was significantly increased
relative to that in the Ctrl group.
To study the changes of XBP1s and the differences
in the expression of inflammatory factors in the
peripheral blood mononuclear cells of the healthy
Ctrl group and the UC group, additional peripheral
blood was extracted from normal volunteers. From
this blood, mononuclear cells were extracted, and
these cells were stimulated PHA, TG, or both. The
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Figure 2 Expression of IL-2, IFN-g, and IL-17α in the phytohemagglutinin-thapsigargin co-stimulation group. After PHA-TG co-stimulation, the mRNA
expression of IL-2, IFN-g, and IL-17α in the co-stimulation group were significantly increased, while that of IL-4 did not change. PHA: Phytohemagglutinin; TG:
Thapsigargin.
Ctrl

PHA

TG

PHA+TG

500 bp

XBP1s

300 bp
GAPDH

Figure 3 XBPIs detection after phytohemagglutinin-thapsigargin co-stimulation in the peripheral blood mononuclear cells of normal participants. XBPIs
showed no significant change after the PHA-TG co-stimulation among the groups. PHA: Phytohemagglutinin; TG: Thapsigargin.
[13]

quality control, and transport regulation of proteins .
Any changes of in vitro and in vivo conditions affect
the functions of the endoplasmic reticulum, thus
blocking protein processing and causing a large
number of folded proteins to accumulate inside
the endoplasmic reticulum, leading to endoplasmic
[14]
reticulum dysfunction . To ease the pressure of
the endoplasmic reticulum, the chaperone binding
protein (BiP) dissociates from three important
signalling molecules PKR-like endoplasmic reticulum
kinase (PERK), activating transcription factor 6
(ATF6), and inositol requiring 1 (IRE1) inside the ERS
[13,15-17]
pathway
. Normally, BiP directly acts on the
folding protein to promote protein folding and input the
synthesised proteins into the endoplasmic reticulum.
BiP also releases the pressure of the endoplasmic
reticulum, thereby returning endoplasmic reticulum
functions back to normal. If the folded proteins of the
endoplasmic reticulum were continuously generated
at an enormous rate, the pressure would be sustained
and the loading would be increased. The PERK,

DISCUSSION
Inflammatory intestinal diseases (including UC and
Crohn’s disease) are chronic non-specific diseases
[8]
that occur inside the intestine . Currently, the causes
are still unclear, although one study has shown that
some environmental factors and dietary factors can
modulate the clinical course of inflammatory bowel
[9]
disease (IBD) . Most scholars have classified UC and
[10]
Crohn’ disease as autoimmune diseases . Because
the cause of these diseases is unknown, the diagnosis
rate is low, and the treatment effects and prognoses
are poor. However, the use of biological drugs has
opened up new horizons in the management of
inflammatory bowel diseases, but the long prognosis
[11]
remains uncertain . Thus, the problem of diagnosis
and treatment continues to be perpetuated. As an
organelle of the body, the endoplasmic reticulum plays
an important role in the synthesis, maturation, and
transport of proteins as well as in the maintenance
[12]
of calcium homeostasis , which affects the folding,
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Figure 4 Comparison of the expression of IL-2, IFN-g, and IL-17α in the peripheral blood mononuclear cells of normal healthy people and ulcerative colitis
patients after phytohemagglutinin and thapsigargin stimulation. The mRNA expression levels in the normal healthy people and ulcerative colitis (UC) patients all
exhibited changes after TG and PHA + TG stimulation, while the expression of IL-2, IFN-g, and IL-17α in the peripheral blood mononuclear cells of UC patients was
higher than that in normal volunteers. PHA: Phytohemagglutinin; TG: Thapsigargin.

ATF6, and IRE1 pathways would be activated and
would reduce the synthesis of proteins, promote the
degradation of proteins, and increase the generation
of BiP, thus slowing the occurrence of ERS. However,
if the pressure load inside the endoplasmic reticulum
[18]
is not lifted, it would eventually lead to apoptosis .
During the occurrence of ERS, the immune system, the
channels associated with inflammation and pressure,
and the oxidative stress pathways are affected;
hence, a number of chronic metabolic diseases and
autoimmune diseases, such as type 2 diabetes, fatty
liver, neuropathic lesions and various tumours and
[19]
inflammatory intestinal diseases, would be induced .
Recent studies have linked ER stress and the UPR to
[20]
IBD .
Experiments have shown that under ERS, the
IRE1/XBP1 pathway could activate the body’s natural
[4]
immune system through TLR (Toll-like receptors) .
On the one hand, the activation of XBP1 within
macrophages could promote the induction of NOX2
[21]
NADPH oxidase by TLR . On the other hand, it could
[22]
activate the ROS system , thus causing the activation
of XBP1. This activation would ultimately activate NF[2,23,24]
KB, JNK, and other signalling pathways
, promote
the secretion of IL-6, TNFα, and other cytokines, and
[22]
act in the early stage of immune response . Under
ERS, the expression of XBP1s significantly increased
[25]
after activation of human T lymphocytes ; the
expression of IL-2, IFT-g, and IL-17α increased, and
inflammation increased. Compared with inactivated T
lymphocytes, the activated T lymphocytes exhibited
a significant enhancement of XBP1s after TG
stimulation. XBP1s is the active form of XBP1. When
the IRE1/XBP1 signalling pathway was activated,
[26]
XBP1s was significantly enhanced . In comparison

WJG|www.wjgnet.com

with T lymphocytes activated by single stimuli, the
mRNA expression levels of IL-2, IFN-g, and IL-17α
was significantly increased after the co-stimulation
[27-29]
of the activator and TG
. Collectively activated
T lymphocytes affect ERS by XBP1, namely; under
ERS, XBP1 could not only activate the innate immune
[30]
response
but also activate the body’s acquired
immune response and release cytokines. Acquired
immune response is one of the most important parts
of the immune system, playing a key role in the
body’s processing of the immune response. Acquired
immunity participates in and affects the occurrence
and development of various autoimmune diseases,
and influences their prognosis. Previous studies found
that the incidence of inflammatory intestinal diseases
was most closely related to the autoimmune system.
The TLR family was shown to regulate T cells through
+
+[31]
15 natural immunity and CD4 CD25
and to play
important regulatory roles in the pathogenesis of IBD
by adaptive immunity. Some cytokines, such as TNFα,
IL-17α, IL-23, and TGF-β, play important roles in the
pathogenesis of inflammatory intestinal diseases,
though the inflammatory intestinal diseases are still
not clearly understood. In this study, key molecules
in the three channels of endoplasmic reticulum were
detected. The expressions of IRE1/XBP1 and ATF6
in the intestinal epithelial mucosa of patients with
severe UC were much higher than expressions in the
normal volunteers, while the expression of PERK was
[32]
reduced . ERS occurred in patients with inflammatory
intestinal disease, while the specific mechanism was
still unclear.
Our experiment was designed and conducted
based on ERS activation of the acquired immune
system in UC patients, and it role in the occurrence
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and development of UC. We sampled the peripheral
blood of UC patients, separated the mononuclear cells,
and then stimulated them with PHA to activate the T
lymphocytes. Meanwhile, the TG stimulation was also
performed to detect the conditions of XBP1s. Under
ERS, UC patients exhibited obvious XBP1s inside
the activated T lymphocytes, which was significantly
enhanced compared with the unstimulated group
and the PHA or TG single-stimulation group. We also
detected the cytokines of each group after treatment
and found that the mRNA expression of IL-2, IFN-g,
and IL-17α in the peripheral blood mononuclear cells
of UC patients was significantly increased after costimulation by PHA and TG. We also isolated the
peripheral blood mononuclear cells from healthy
subjects and stimulated them with PHA, TG, or a
combination of both. The results showed that after costimulation, the expression of IL-2, IFN-g, and IL-17α,
as well as XBP1s was increased. However, compared
with the UC patients, the expression of cytokines
and XBP1s in the other groups was significantly
reduced. Thus, we believe that the peripheral blood
mononuclear cells of UC patients were much more
sensitive to ERS. Under ERS, the expression of XBP1s
in the peripheral blood mononuclear cells of activated
UC patients was much more obvious and could activate
the body to achieve the acquired immune response
to promote the expression of cytokines, such as IL-2,
IFN-g and IL-17α, aggravating the occurrence of UC.
The activation of T lymphocytes and peripheral
blood mononuclear cells in UC patients by TG
stimulation significantly increased the expression
of IL-2, IFN-g, and IL-17α. The expression of IL-14,
however, was not significantly changed. T helper (Th)
cells inside the body’s T cells were divided into two
subtypes (Th1 and Th2), and IL-2 and IFN-g were
expressed by Th1-type cells, while IL-4 was expressed
by Th2 cells. Under normal circumstances, Th1yu and
TH2 exist in dynamic equilibrium. The expression of
IL-2, IFN-g, and IL-17α increased, while IL-4 was not
increased, indicating that under ERS, lymphocytes
drifted towards Th1. The Th1 cells mainly mediate the
cellular immune response, and are thus involved in
inducing the occurrence of organ-specific autoimmune
diseases. This observation further indicated that the
body was more likely to develop autoimmune diseases
under ERS, which might be an important mechanism
for the occurrence of UC. Under ERS, the expression
of IL-2, IFN-g, and IL-17α in the lymphocytes of UC
patients were increased, while the expression of IL-4
showed no significant change, indicating that the
lymphocytes in UC patients drifted towards TH1; no
such phenomenon occurred in healthy people, which is
[33]
consistent with literature .
IL-17α is a cytokine secreted and released by the
TH17 subgroup. As a pro-inflammation cytokine, IL17α often plays roles in autoimmune and infectious
[34]
diseases . The expression of IL-17α was significantly
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increased during the process of UC . We used CT to
stimulate the peripheral blood mononuclear cells of
normal subjects and activated UC patients and found
that compared with normal people, the expression of
IL-17α was increased in the lymphocytes of UC patients.
In addition, the expression of IL-17α increased by the
PHA–CG co-stimulation was significantly higher than
PHA stimulation alone. We used TG to stimulate the
activated human T lymphocytes, and the expression
of IL-17α was significantly increased, indicating that
ERS could activate T lymphocytes to express IL17α, thus aggravating inflammation. We used TG to
stimulate the activated lymphocytes in UC patients,
and the expression level was significantly higher than
that in PHA or TG stimulation alone, indicating that UC
patients were much more sensitive to ERS.
In summary, under ERS, activated human T
lymphocytes could affect the endoplasmic reticulum
and promote the expression of inflammatory cytokines
through XBP1s, and the lymphocytes drifted towards
Th1. Therefore, we considered that under ERS, the
acquired immune response could be activated, thus
promoting the expressions of inflammatory cytokines
and aggravating the occurrence of autoimmune
diseases. UC is considered an autoimmune disease.
Compared with normal healthy individuals, the
peripheral blood lymphocytes of UC patients were
much more sensitive to ERS. The lymphocytes could
respond to ERS through XBP1s, thus activating the
body to achieve the acquired immune response,
promoting the expressions of IL-2, IL-17α, and IFN-g.
This response might contribute to the pathogenesis of
UC; blocking this pathway might be one way to treat
UC, although it still needs to be confirmed by further
experiments.
In conclusion, this study found that human T
lymphocytes responded to ERS through XBP1s and
promoted the secretions of IFN-g, IL-17α, and IL-2.
In addition, we also found that the peripheral blood
mononuclear cells of UC patients were much more
sensitive to ERS. The T lymphocytes of the patient
could respond to ERS through the IRE1/XBP1 pathway,
activate the body to obtain the acquired immune
response, and promote the expression of inflammatory
cytokines. Hence, T lymphocytes play important
roles towards the occurrence and development of
inflammation.

COMMENTS
COMMENTS
Background

Various physiological or pathological states can cause the occurrence of
endoplasmic reticulum stress (ERS); ERS can repair stress-induced cell
damage and restore normal cell functions through an unfolded protein
response. Inositol-requiring enzyme 1(IRE1)/X-box binding protein 1 splicing
(XBP1) is an important signalling pathway in ERS. Although the IREI/XBPI
signalling pathway can conserve the integrity of the intestinal mucosal barrier,
maintain the number of intestinal Paneth cells, and promote the secretion of
cytokines inside the intestine, no studies have yet described the effects of ERS
on T lymphocytes and the corresponding changes in patients in response to
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ERS. Hence, the authors determined whether XBPI influences the incidence of
UC by adjusting the acquired immune response.
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Research frontiers
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Experiments showed that under ERS, the expression of XBP1s is significantly
increased after human T lymphocytes were activated and that the IRE1/XBP1
pathway could activate the body’s natural immune system through TLR. This
activation would ultimately activate NF-kB, JNK, and other signalling pathways,
promote the secretion of IL-6, TNFα, and other cytokines, and act in the early
stage of immune response.

10
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Innovations and breakthroughs

This study provided direct evidence that T lymphocytes of patients with UC
respond similarly to those of normal subjects. The response was through
the XBP1s-mediated signalling pathway and was associated with activation
of the expression of inflammatory cytokines and increased occurrence of
inflammation. In contrast, the mononuclear cells of peripheral blood of UC
patients were more sensitive to ERS than the normal subjects.
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Applications

Mononuclear cells of peripheral blood may be a possible target in the treatment
of UC.
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Terminology
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ERS, the stress status of the endoplasmic reticulum, repairs stress-induced cell
damage and restores normal cell function. IRE1/XBP1 are two kinds of proteins
that promote the pathway of ERS repair.
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Peer-review

In this interesting study, Nan et al explored changes in XBP1s forms and the
expression of inflammatory cytokines in patients with UC towards ERS. The
results of this study are good.
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Abstract
AIM: To inve st igat e t he c ombine d ant e g ra d e retrograde endoscopic rendezvous technique for
complete oesophageal obstruction and the swallowing
outcome.

Institutional review board statement: The study was
reviewed and approved by the Institutional Review Board of the
Cantonal Hospital St. Gallen.

METHODS: This single-centre case series includes
consecutive patients who were unable to swallow due
to complete oesophageal obstruction and underwent
combined antegrade-retrograde endoscopic dilation
(CARD) within the last 10 years. The patients’ demo
graphic characteristics, clinical parameters, endoscopic
therapy, adverse events, and outcomes were obtained
retrospectively. Technical success was defined as
effective restoration of oesophageal patency. Swallowing
success was defined as either percutaneous endoscopic
gastrostomy (PEG)-tube independency and/or relevant
improvement of oral food intake, as assessed by the
functional oral intake scale (FOIS) (≥ level 3).

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrolment.
Conflict-of-interest statement: All authors disclosed no
financial relationships relevant to this publication.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: The cohort consisted of six patients [five
males; mean age 71 years (range, 54-74)]. All but
one patient had undergone radiotherapy for head and
neck or oesophageal cancer. Technical success was

Correspondence to: Michael Christian Sulz, MD, Division of
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WJG|www.wjgnet.com

2366

February 21, 2016|Volume 22|Issue 7|

Bertolini R et al . Rendezvous dilation in complete oesophageal obstruction
[9]

achieved in five out of six patients. After discharge,
repeated dilations were performed in all five patients.
During follow-up (median 27 mo, range, 2-115), three
patients remained PEG-tube dependent. Three of four
patients achieved relevant improvement of swallowing
(two patients: FOIS 6, one patient: FOIS 7). One
patient developed mediastinal emphysema following
CARD, without a need for surgery.

2001 . This technique is also termed combined
antegrade-retrograde endoscopic dilation (CARD).
[10-14]
Several other small series
were subsequently
reported. Most series reported on the technical
feasibility of the procedure, but rarely on the functional
assessment of swallowing. Therefore, our primary aim
was to describe the swallowing outcome, including
the dependency on a percutaneous endoscopic gastro
stomy (PEG)-tube, using the objective functional oral
intake scale (FOIS) to assess patients undergoing this
rare endoscopic treatment.

CONCLUSION: The CARD technique is safe and a
viable alternative to high-risk blind antegrade dilation
in patients with complete proximal oesophageal
obstruction. Although only half of the patients remained
PEG-tube independent, the majority improved their
ability to swallow.

MATERIALS AND METHODS
Patients and endoscopic technique

This single-centre case series included a consecutive
cohort of patients who underwent CARD for complete
obstruction in the area of the pharyngoesophageal seg
ment at the Cantonal Hospital, St. Gallen, Switzerland,
between July 2005 and February 2015. Prior to the
intervention, all patients were completely unable to
swallow and PEG-tube dependent. The diagnosis of
complete obstruction was confirmed by endoscopic
and/or radiologic findings. Data extracted included
demographic characteristics, clinical parameters,
endoscopic therapy, adverse events, and outcome.
Approval for using pseudoanonymized patient data
was obtained from the local ethics committee and all
study participants, or their legal guardian, provided
informed written consent prior to study enrollment.
The procedures were performed jointly by ex
perienced endoscopists and head and neck surgeons
with the patient under general anaesthesia. The
existing PEG-tube gastrostomy is a condition to get
access to the stomach for the retrograde part of this
rendezvous procedure. The first step was to remove
the PEG-tube carefully and to keep access to the
stomach with a guidewire through the gastrostomy.
Then, dilation of the gastrostomy with Savary bougies
(Cook Medical, United Kingdom) up to 12 mm over the
guidewire was necessary to pass the endoscope. In
our experience, balloon dilation was not effective. All
retrograde endoscopies were performed with extra-slim
nasal endoscopes (Olympus, Tokyo, Japan) (Figure 1).
Antegrade endoscopy was performed transorally with
rigid and/or flexible endoscopes (left to the discretion
of the head and neck surgeon). The obstruction within
the oesophagus was identified with both endoscopes
(Figure 2). Fluoroscopy on the one hand and antegrade
transillumination on the other hand are important tools
to guide the retrograde and the antegrade endoscope
towards each other. Fluoroscopy helps to estimate the
length of the obstructed oesophagus and the direction
of both endoscopes. Furthermore, the retrograde
puncture of the complete obstruction was directed by
transillumination (Figure 3). It was crucial to use the
hard end of the wire, as it is impossible to succeed
puncture of the completely obstructed oesophagus
with the soft tip of the wire. The puncture procedure

Key words: Oesophageal obstruction; Rendezvous
technique; Combined antegrade-retrograde endoscopic
dilation; Endoscopic dilation; Head and neck cancer;
Radiotherapy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Complete obstruction in the proximal oeso
phagus is rare after radiotherapy for head and neck
cancers. We present our institutional experience
with endoscopic rendezvous dilation and the clinical
outcomes. This technique offers a safe and viable
alternative to high-risk blind antegrade dilation. In our
series, the rate of technical success was high. Although
half of the patients remained percutaneous endoscopic
gastrostomy-tube dependent, the majority showed
relevant improvement in their ability to swallow and,
consequently, in their quality of life.
Bertolini R, Meyenberger C, Putora PM, Albrecht F, Broglie
MA, Stoeckli SJ, Sulz MC. Endoscopic dilation of complete
oesophageal obstructions with a combined antegraderetrograde rendezvous technique. World J Gastroenterol 2016;
22(7): 2366-2372 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i7/2366.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i7.2366

INTRODUCTION
Complete obstruction in the proximal oesophagus is a
rare but severe complication after radiotherapy in head
[1-3]
and neck cancer patients . Less common causes
are gastro-oesophageal reflux disease, Plummer[4-7]
Vinson-Syndrome, or caustic injury
. Antegrade
reopening and dilation of a complete oesophageal
obstruction is difficult and carries a high risk of
oesophageal perforation. A combined antegraderetrograde endoscopic rendezvous procedure offers
better visualisation and safer dilation. The antegraderetrograde rendezvous technique was first described
[8]
by van Twisk et al in 1998, followed by Bueno in
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Figure 1 Fluoroscopy. Gastroscope in the stomach, inserted through the
existing gastrostomy and used for retrograde puncture.

Figure 4 Balloon dilation of the punctured obstruction. A Hercules balloon,
6 mm, was used.

Table 1 Functional oral intake scale items
Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7

[15]

Nothing by mouth
Tube dependent with minimal attempts of food or liquid
Tube dependent with consistent oral intake of food or liquid
Total oral diet of a single consistency
Total oral diet with multiple consistencies, but requiring
special preparation or compensations
Total oral diet with multiple consistencies without special
preparation, but with specific food limitations
Total oral diet with no restrictions

dilations until the dilated oesophageal lumen was
large enough, according to the discretion of the
operators. After the procedure a new PEG-tube was
placed percutaneously to provide additional nutritional
support. Video 1 summarizes the single steps of the
procedure. The details of the procedure were not
based on a strict protocol. The endoscopists were
allowed to choose any available endoscopic device to
succeed.

Figure 2 View from the antegrade site. Complete obstruction in the proximal
oesophagus.

Outcome parameters

Technical success was defined as effective restoration
of oesophageal patency. The swallowing success was
defined as either PEG-tube independency and/or
relevant improvement of oral food intake, as assessed
by the FOIS, a 7-point ordinal scale documenting the
[15]
functional level of oral intake of food and liquids .
The scale focuses on the patient’s intake by mouth
on a daily basis (Table 1). Though the pre-therapeutic
FOIS level was not assessed formally, the score of all
patients corresponded to a FOIS level 1 (nothing by
mouth, PEG-tube dependent) as they were unable
to swallow anything due to complete obstruction.
Relevant improvement of swallowing (FOIS ≥ level
3) at the time of follow-up was defined as swallowing
success.

Figure 3 Rendezvous. Retrograde view, transillumination from the proximal
site before puncture of the complete obstruction with a VisiGlide guidewire
(Olympus, Tokyo, Japan). Inlet: Fluoroscopy showing the antegrade
laryngoscope and the retrograde gastroscope opposite each other.

was documented by endoscopy and fluoroscopy
(Figure 3). After successful puncture the wire was
passed through the obstruction and finally picked up
by the operator performing the antegrade endoscopy.
Then, dilation was started using small Savary bougies
(Cook Medical, United Kingdom) from the antegrade
site, followed by insertion of a nasogastric tube to
maintain the patency and balloon dilations (Figure 4).
Nasogastric tubes were re-inserted after subsequent

WJG|www.wjgnet.com
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Patients’ characteristics

The cohort consisted of six patients [five males; mean
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Table 2 Patients’ characteristics and outcomes
No

Sex

Age

Diagnosis

Prior radiotherapy Surgery Chemotherapy Technical FOIS
(max dose i. Gy)
success

1

F

68

2

M

59

3

M

54

4

M

74

5

M

68

6

M

71

Hypopharyngeal carcinoma T3 N0 and
oropharyngeal carcinoma T2 N0
Complete occlusion of sinus piriformis after
Lyell syndrome
Squamous carcinoma of the cervical
oesophagus cT3 cN2 cM0
Proximal oesophageal carcinoma and
carcinoma of the glottic larynx cT2 cN0
Carcinoma of the hypopharynx
initial cT2c No cM0
Carcinoma of the larynx cT3 cN2

68

No

Yes

Yes

6

No

No

No

Yes

6

66

No

Yes

No

-

Glottis: 66
Oesophagus: 68
70

Yes

Yes

Yes

-

Yes

No

Yes

2

68

No

No

Yes

7

Notes

Died before follow-up
with PEG-tube
Died before follow-up
with PEG-tube

FOIS: Functional oral intake scale.

and neck surgeons; while flexible instruments were
applied in two patients for the antegrade access. The
retrograde puncture of the obstruction was achieved
with a VisiGlide guidewire (Olympus, Tokyo, Japan)
in four of six cases (Figure 3). In each case, once a
lumen was established, a wire was cautiously passed
through, and dilation (median 10 mm, range, 6 10 mm) was performed with Savary bougies (Cook
Medical, United Kingdom). After the first intervention,
nasogastric tubes were inserted in all cases to keep
the dilated obstruction open and a new PEG-tube was
placed successfully in all patients.

Table 3 Technical details and clinical success of endoscopic
rendezvous dilation in patients with complete obstruction of
the proximal oesophagus
Type of antegrade endoscope
Rigid, flexible
Method of retrograde puncture of the obstruction
VisiGlide guidewire
Argon beamer
First stricture dilation
With Savary bougie
Size
Subsequent dilations before discharge
With balloon
size range
With bougie
size range
Success rate of rendezvous procedures
Technical success
Need for recurrent dilations after discharge
Swallowing success
Time of follow-up, median (range)
Need for long-term PEG-tube
Functional oral intake
Tube dependent with minimal attempts of food or
liquid (level 2)
Total oral diet with multiple consistencies
without special preparation, but with specific
food limitations (level 6)
Total oral diet with no restrictions (level 7)
Complications of rendezvous procedures
Mediastinal emphysema (no surgery needed)
Death

4, 2
4/6
1/6
5/5
median 10 mm
(range 6 - 10 mm)
3/5 patients
15-16.5 mm
2/5 patients
12-15 mm

Outcome

Technical success: Technical success was achieved in
five out of six patients (Tables 2 and 3). In one patient
with squamous carcinoma of the proximal oesophagus,
the complete obstruction in the proximal oesophagus
could not be punctured retrogradely by VisiGlide wire,
super stiff wire, Savary wire, or argon beamer. All five
patients with successful puncture were treated with
Savary bougies [median size of first dilation 10 mm
(range, 6-10 mm)]. However, all five patients with
technical success needed subsequent dilations; three
were treated with balloons (size range, 15-16.5 mm;
Figure 4) and the other two patients with bougies (size
range, 12-15 mm) (Table 3). After discharge, repeated
dilations or stenting were performed in all five patients
during long-term follow-up; however the number of
interventions and the time interval varied significantly
between the individual patients, depending on their
symptoms.

5/6 (83%)
5/5
27 mo (2-115)
3/6
1
2

1
1/6
0/6

FOIS: Functional oral intake scale.

age 71 years (range, 54-74)]. Patients’ characteristics
are shown in Table 2. Two patients died due to their
underlying tumour disease 4 and 20 mo after the
endoscopic rendezvous intervention. Death was
associated with cancer.

Swallowing success: At the date of follow-up
(median 27 mo, range, 2-115 mo), the FOIS results
of all patients who survived were available (Table 3).
Before the procedure, all patients were completely
unable to swallow correlating with FOIS level 1:
Nothing by mouth, dependent from PEG-tube feeding.
After the endoscopic treatment, containing the initial
rendezvous procedure and the following dilations,

Procedure characteristics

Technical details concerning the endoscopic ren
dezvous intervention are summarized in Table 3. Rigid
endoscopes were used in four of six patients by head
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and neck surgeons, medical radio-oncologists, and
gastroenterologists) rarely assess and publish the
patients’ functional oral food intake using objective
scores of their daily routine. In our study, the patients’
abilities to intake food orally were assessed using the
FOIS. This tool was initially designed to document
changes in functional oral intake of food and liquid in
[15]
stroke patients . The scale is useful to document
a clinical change, for example before and after an
[15,24]
intervention, such as with speech therapy
.
Other scales are available, such as the Mann
Assessment of Swallowing Ability, Acute Stroke
Dysphagia Screen, and the Dysphagia Outcome and
Severity Scale. However, they are often diseasespecific. The FOIS offers an easy and quick assessment
to reflect the individual patient’s situation in daily life
and to document a clinical change. The FOIS can be
easily used by physicians and other professional health
workers who are not experienced in adult dysphagia
management. However, although FOIS is a useful tool
to document oral intake, it is also important to pay
attention to other characteristics, such as quality of life
and nutritional status.
Although only half of our patients remained PEGtube independent, the majority (three of four patients)
had relevant improvement of swallowing (FOIS ≥
level 3) and, therefore, gained quality of life. The
[22]
largest case series to date reported that 44% of the
patients were able to eat at least soft food; whereas,
56% of their patients needed permanent PEG-tube
feeding after a median follow-up of 1.8 years. Other
authors reported a clinical success rate without PEG[13,23,25,26]
tube dependency between 30% and 60%
.
Previous reports found oral intake was possible in
[22,23,25,26]
45%-80% of subjects after these procedures
.
[22]
Grooteman et al
reported that only 24% of the
patients were dysphagia-free. We did not investigate
dysphagia; rather, we evaluated the diet that was
possible during follow-up as this is easy for patients
to report on. The findings in literature concerning the
dependency on PEG-tube feeding and oral intake are
similar to our study.
The most difficult part of the antegrade-retrograde
rendezvous procedure is to gain access through the
completely obstructed oesophagus. Our data regarding
technical success (five of six patients) are in line with
the findings of other studies, which reported technical
[13,23,25,26]
success rates of 83%-100%
, demonstrating
that this procedure is technically feasible. In our series,
we started all punctures with guide wires (0.035
inch). It is crucial to puncture with the hard end of
the wire, as it is impossible to succeed puncture of a
complete oesophageal obstruction with the soft tip
of the wire. Furthermore, it is important to reach a
good transillumination from the antegradely inserted
laryngoscope. The combination of an adequate
transillumination and fluoroscopy helps the two
operators to bring the two endoscopes as near as

in three patients clinical success with a FOIS score
more than 6 was reached. Unfortunately, two patients
died before the authors could draw any conclusion
regarding swallowing during the follow up. One patient
had a poor result with a FOIS level of 2 and did not
reach swallowing success (defined as FOIS ≥ 3).
Adverse events: One patient developed a mediastinal
emphysema following CARD, without a need for
surgery. There were no deaths associated with the
endoscopic procedure (Table 3).

DISCUSSION
We present a retrospective single-centre case series
of all patients over the last 10 years who were treated
with endoscopic antegrade-retrograde rendezvous
dilation for complete obstruction in the proximal
oesophagus or hypopharynx. The majority of patients
had undergone previous radiotherapy, for treatment
of head and neck and proximal oesophagus cancers,
which is a major cause of stricture or obstruction in the
[1-3]
proximal oesophagus . Pharyngoesophageal stricture
or stenosis necessitating dilations have been described
in up to one fifth of patients after radio(chemo)therapy
[16,17]
for head and neck cancer
. A correlation has been
described between radiation stricture induction and
radiation dose, as well as volume of irradiation to
[18]
organs at risk (e.g., upper oesophagus) . Complete
obstruction may also occur in a minority of affected
[2]
patients .
While intensity modulated radiotherapy better
spares the parotid gland and reduces xerostomia
[19]
rates , a review of published literature suggested
there is a higher rate of oesophageal stricture with
this treatment compared with 3D conventional
[20]
[21]
radiotherapy . Chen et al demonstrated that when
planning target volumes were reduced (from 5 to 3
mm) and there was daily imaging of the application of
radiotherapy treatment, the rate of radiation-induced
oesophageal stricture was reduced from 14% to 7%.
There is currently a stronger focus on sparing the dose
to the pharyngeal constrictor muscles and the cervical
oesophagus when feasible; thus, lower rates of
(pharyngo-) oesophageal stricture might be expected
in the future as a side-effect of radiotherapy.
This is one of the first series presenting clinical
outcome data based on assessment of the patients’
oral ingestion ability after rendezvous treatment
[22]
using a validated score. Grooteman et al
used the
[23]
Dakkak and Bennett score. Goguen et al
reported
the outcome in terms of the achieved diet and the
PEG-tube dependency, and the clinical outcome was
recorded by the swallow therapists. The limited data
on this topic illustrate that professional medical teams
who take care of patients suffering from dysphagia
after head and neck surgery or radiotherapy in the
head and neck region (e.g., speech therapists, head
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possible and to have the best condition to puncture
into the complete obstruction. The endoscopist has
to be patient. One can try also other wires as super
stiff or Savary wires. One of our cases was a technical
failure, after trying to puncture with a super stiff
wire, a Savary wire, and argon beamer. In most
[9,13,14,22,26]
series
, guidewires were also used. Grooteman
[22]
et al
also used electrocautery. Other devices
[27]
utilized were biopsy forceps , needle knifes (e.g.,
[11,22]
biliary needle knifes)
, and needles, e.g., used in
[11,14,27]
endoscopic ultrasound for fine-needle aspiration
.
[14]
Schembre et al
mentioned severe complications,
such as abscesses, after using needles and concluded
that operators should be very cautious. In a single
case, we utilized argon beamer coagulation in addition
to the wire and succeeded. Overall, we think that the
operator should be aware of the armamentarium of
various devices for puncture and should feel confident
with the tools utilized.
In our case series, a single case of mediastinal
emphysema occurred as a complication of the ren
dezvous procedure. Fortunately, no surgery was
[23]
needed. Goguen et al reported pneumomediastinum
in 18% of subjects, but also oesophageal perforation
in 5% and gastrostomy tube site problems in 16%
(e.g., leakage by pulling the stomach away from
abdominal wall). We only used thin nasal gastroscopes
that may have prevented local complications at the
[23]
gastrostomy tube site; whereas, Goguen et al
[26]
used adult endoscopes. Dellon et al
also described
an oesophageal perforation that could be managed
[28]
without surgery. However, Zald et al reported a fatal
venous air embolism after dilation by rendezvous.
One of our patients (a 59-year-old male) developed
complete oesophageal obstruction due to toxic
epidermal necrolysis (TEN), an idiosyncratic, potentially
life-threatening disease characterized by widespread
inflammation and necrosis of the epidermis and mucous
[29,30]
membranes
. Mostly caused by a severe adverse
[29]
event to drugs (e.g., allopurinol or methazolamide) ,
TEN is a very rare disease with an incidence of 0.4-1.2
cases per million person-years. There are very few
cases of TEN in the literature, with most encountered
in children that resulted in narrowing of the oeso
phageal lumen through fibrosis and oesophageal
[31]
obstruction . As far as we know, this is the first report
of a rendezvous dilation in a patient suffering from
oesophageal complete obstruction caused by TEN.
Several limitations need to be addressed. This is a
retrospective study with a small sample size showing
a single-centre experience. However, the low number
of cases throughout the literature is explained by the
rarity of complete obstruction of the hypopharynx/
oesophagus. Due to the retrospective nature of this
study, we were not able to obtain patients’ FOIS
levels prior to the endoscopic rendezvous procedure.
However, all patients could not swallow at all prior to
the procedure, and this correlates to FOIS level 1.
Furthermore, details regarding subsequent dilations
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after rendezvous procedure were not assessed.
However, the time interval between and number
of dilations over time varied relevantly, based on
individual symptoms.
In conclusion, endoscopic antegrade-retrograde
rendezvous dilation offers a safe and viable alternative
to high-risk blind antegrade dilation of the proximal
oesophagus and hypopharynx or surgical approaches
in patients with complete proximal oesophageal
obstruction. Although only half of the patients re
mained PEG-tube independent, the majority of patients
improved their ability to swallow. We suggest using
scores like the FOIS for standardised clinical follow-up.
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Abstract

Institutional review board statement: The study was
reviewed and approved by the ethics committee of the First
Hospital of Jilin University.

AIM: To investigate the role of single nucleotide
polymorphisms (SNPs) in CD24 gene in susceptibility
and overall survival of gastric cancer (GC).

Informed consent statement: All the participants provided
informed written consent prior to study enrollment.

METHODS: We g e n o t y p e d 3 t a g g i n g S N P s o f

CD24 -P-534 in the promoter region, P170 in the coding

region of exon 2 and P1527 in the 3′ untranslated
region - using polymerase chain reaction-restriction
fragment length polymorphism in specimens from 679
histologically-confirmed GC cases, 111 gastric atrophy
(GA) cases and 976 tumor-free controls. Serum
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Data sharing statement: Technical appendix, statistical
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immunoglobulin G antibodies to Helicobacter pylori (H.
pylori ) of all subjects were detected by enzyme-linked
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immunosorbent assay. CD24 expression was evaluated
by immunohistochemistry in 131 GC specimens.
Correlations between SNPs and risk of GC or GA were
shown by P values and odd ratios (ORs) with 95%
confidence intervals (95%CI) compared with the most
common genotype of each SNP using the unconditional
logistic regression model after adjusting for age, sex
and H. pylori infection. Survival within each SNP group
was plotted by Kaplan-Meier method and compared
by log-rank test (recessive model). Hazard ratios with
95%CIs were computed by Cox regression model
after adjusting for age, sex, histological type, tumor
differentiation, clinical stage and post-operational
chemotherapy.

INTRODUCTION
Gastric cancer (GC) is one of the most common
malignancies and the third cause of cancer-related
[1]
death worldwide . Helicobacter pylori (H. pylori)
infection has been established to cause GC and was
classified as carcinogenic to humans (Group 1) by IARC
[2]
in 1994 . Although over half of the world’s population
[3]
are estimated to be infected with H. pylori , relatively
few develop GC, and gastric damages induced by H.
pylori infection vary widely, which together imply a role
for host genetic factors in response to chronic H. pylori
infection and subsequent GC development.
CD24 is a glycosylphosphatidylinositol (GPI)anchored cell-surface glycoprotein with functions in
signal transduction and cell adhesion. It is expressed in
a large variety of human malignancies. Over-expression
of CD24 results in a more aggressive malignant
phenotype with greater proliferative and cell migration
capabilities, whereas its down-expression shows a
[4-6]
less malignant phenotype
. CD24 is reportedly
associated with tumor growth, invasion, metastasis,
recurrence and treatment response in various cancers,
[7,8]
[9]
including breast cancer , prostate cancer , colorectal
[10,11]
[12]
cancer
, hepatocellular carcinoma , esophageal
[13]
[14,15]
squamous cell carcinoma
and GC
. CD24 is
also a potential marker of cancer stem cells, which
possess capabilities for tumorigenesis, self-renewal and
[16-18]
producing differentiated progeny
.
In GC, CD24 can mediate carcinogenesis and pro
[14,15]
mote GC progression
. CD24 expression gradually
increases in the progression of normal gastric mucosa,
non-atrophic chronic gastritis, chronic atrophic gastritis
(CAG), CAG with intestinal metaplasia, dysplasia and
[14]
finally, GC . Mice with normal CD24 expression show
more gastric inflammation, parietal cell atrophy and
gland hyperplasia following Helicobacter felis infection
compared with CD24-null mice which have the genetic
[19]
background of inbred CD24-normal mice .
Given the important role of CD24 in GC, we tested
whether single nucleotide polymorphisms (SNPs) in the
CD24 gene are associated with genetic susceptibility
to GC tumor progression and prognosis in a Chinese
population.

RESULTS: All of the three loci were in Hardy-Wein
berg equilibrium in the control group. Median followup time for the 600 GC patients included in the
survival analysis was 36.2 mo (range, 2.1-66.7 mo;
95%CI: 34.3-36.5 mo). Patients with the P-534 A/A
genotype had significantly shorter survival (HR =
1.38, 95%CI: 1.01-1.88, P = 0.042) than did the
C/C or C/A genotype carriers after adjusting for age,
sex, histological type, tumor differentiation, clinical
stage and post-operational chemotherapy. This
trend was more evident in patients who lived longer
than 2.5 years (HR = 7.55, 95%CI: 2.16-26.32, P =
0.001). The P170 T/T genotype was associated with
a shorter lifespan than the non-T/T genotypes, but
not significantly so. None of the three genetic variants
was found to be associated with risk of GC (including
tumor stage, grade and distant metastasis) or with risk
of gastric atrophy. Furthermore, no difference of CD24
expression was found among the genotypes.
CONCLUSION: The P-534 site in CD24 gene affects
the overall survival of gastric cancer and may serve as
a prognostic marker for gastric cancer.
Key words: Gastric cancer; CD24 ; Single nucleotide
polymorphisms; Gastric atrophy; Overall survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the role of three genetic
variants of CD24 in gastric cancer (GC) risk and
prognosis using 679 GC cases and 976 controls.
We observed that GC cases with the A/A genotype
of P-534 (which lies in the CD24 promoter) had a
significantly shorter survival (HR = 1.38) especially
among patients who lived longer than 2.5 years
(HR = 7.55) after adjusting for age, sex, histological
type, tumor differentiation, clinical stage and postoperational chemotherapy. Our study provides the
first evidence that P-534 site in CD24 may serve as a
prognostic marker for gastric cancer.
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Subjects

From July 2008 to December 2012, patients with
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Table 1 Primer sequences used for polymerase chain reaction
Primer

Sequence

Length of product

Endonucleases

Bands

P-534F
P-534R
outerF
outerR
P170F
P170R
P1527F
P1527R

5’-AGAGATAACCCTGCCCGAG-3’
5’-CCAAGTTTCCTTTGTTTCCC-3’
5’-CCACTTGGCATTTTTGAGGCATCT-3’
5’-TGTGTCGAGGCAGTTGTAAAAG-3’
5’-CTAAAGAGAATGACCTTGGTGGGTTGAG-3’
5’-GGATTGGGTTTAGAAGATGGGGAAA-3’
5’-GCCAGGGCAATGATGAATGAG-3’
5’-TGTGTCGAGGCAGTTGTAAAAGAT-3’

209 bp

BsrFI

C: 126 bp + 83 bp

1882 bp

-

-

404 bp

BstXI

T: 275 bp + 129 bp

847 bp

BsrI

TG: 645 bp + 202 bp

histologically diagnosed GC who underwent tumor
ectomies at the Department of Gastric and Colorectal
Surgery of the First Hospital of Jilin University
were invited to join this study. Patients with gastric
atrophy (GA) and controls with no tumor history
were recruited at the Physical Examination Center of
the same hospital during the same period. A total of
1766 individuals, 679 GC cases, 111 GA cases and
976 controls signed the informed consent forms and
agreed to participate in the study. The study protocol
was reviewed and approved by the Ethics Committee
of the First Hospital of Jilin University.
Gastric cancer cases were followed-up by telephone
calls three months, six months, and one year after
each patient’s tumorectomy and every one year
thereafter until the end of the study or the death of the
patients. Cases would not be included in the survival
analysis if (1) they were lost to follow-up by the
first telephone interview; or (2) they died of surgical
complications in the perioperative period. Survival time
was defined as the duration from the date of surgery
to the date of death if the patients died, or to the date
of the last successful interview if the patients were lost
to follow-up or alive until the end of the study. Survival
time was right-censored except for patients who died
of GC.
Treatment information after surgery was also
collected during the follow-up period. Post-operational
chemotherapy is defined as at least 3 cycles of
chemotherapy received after surgery. One third
of the GC patients received this type of therapy.
The treatment was classified into three regimens:
FOLFOX-4 (combination of 5-fluorouracil, leucovorin
and oxaliplatin); XELOX (capecitabine and oxaliplatin)
and “other” (such as capecitabine or 5-fluorouracil
alone).

was unavailable in HapMap project or dbVar database,
we have identified three linkage disequilibrium (LD)
blocks that cover the promoter region and exons 1-2
[20]
of the CD24 locus . Haplotype tagging SNPs (tag
SNPs) were identified from the three LD blocks with
2
the pairwise r ≥ 0.9 and miner allele frequency >
0.05.
Three tagging SNPs, P-534C/A, P170C/T and
P1527TG/del were genotyped to evaluate the asso
ciation of CD24 and genetic susceptibility to GC.
P-534C/A is located in the promoter region of CD24
and is 534bp away from the translation-starting
site. P170C/T is located in the coding region of exon
2 and its C-to-T transition leads to an alanine to
valine substitution at codon 57 of the CD24 protein.
P1527TG/del, 1527bp down from the translationstarting site, is located in the 3’ untranslated region.
Genotypes of the selected sites were determined
by polymerase chain reaction- restriction fragment
length polymorphism (PCR-RFLP) as described by Li
[21]
[20]
et al
and our previous study
(Primers used are
listed in Table 1 and Figure 1 and were synthesized
by Takara, Dalian, China). Briefly, the PCR products
of P-534 were digested with endonuclease BsrFI
overnight at 37 ℃ and the restriction site indicated
the presence of the C allele (126 bp and 83 bp)
(All restriction endonucleases were bought from
New England Biolabs, United States). For P170 and
P1527, a nested PCR in which one of the primers for
the first PCR mapped to an intron was performed
to increase specificity as the exon 2 of CD24 shows
high homology with the intronless pseudogenes in
[22]
Chromosomes 1, 15 and Y . The second PCRs were
amplified independently for P170 and P1527 using
the 1000-fold-diluted products of the first PCR as
templates (all reagents for PCR were from Tiangen,
Beijing, China). These PCR products were then
digested overnight with the restriction enzyme BstXI
(for P170, 37 ℃) and BsrI (for P1527, 65 ℃). The T
allele of P170 produced two fragments，275 bp and
129 bp; the TG allele of P1527 produced 645 and
202 bp fragments. All products were separated by
electrophoresis on 1.5% agarose gels with ethidium
bromide staining and scanned on gel imaging system
TM
(Gel Doc XR+ system, Bio-Rad, United States). Fifty
samples were randomly selected to be genotyped by
direct sequencing to confirm the validity of PCR-RFLP;

Genotyping

Blood samples were collected in EDTA tubes and
stored at -80 ℃ until DNA extraction. Genomic DNA
was isolated following the protocol provided by the
manufacturer (Axygen Biosciences, United States).
The full length of the CD24 gene was first
identified by our previous study and was mapped
to Chromosome 6q21 by fluorescence in situ hybri
dization (submitted to NCBI database, accession
[20]
number FJ226006) . Although SNP data on CD24
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P-534F

Intron 1

P-534R

P170F

Exon 2

P170R

P1527F

outerF

Coding region

P1527TG/deletion

Exon 1

P170C/T

Promoter region

P-534C/A
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Non-coding region

P1527R
outerR

Figure 1 Human CD24 gene. Primers used were demonstrated by arrows.

Statistical analysis

three of them with different genotypes were used as
positive controls for each PCR-RFLP run. The overall
concordance was 100%.

Testing for H. pylori infection and diagnosis of gastric
atrophy

Serum immunoglobulin G (IgG) antibodies to H. pylori
were detected by enzyme-linked immunosorbent assay
(ELISA) using H. pylori-IgG ELISA kits (Biohit, Finland)
according to the manufacturer’s protocol. Titers higher
than the cut off value of 30 EIU were considered
positive for H. pylori infection. The inter-day coefficient
variations (CV) of the negative and the positive control
samples were 4.5% and 1.4%, respectively.
[23]
Diagnosis of GA was described elsewhere .
Briefly, serum pepsinogen I (PGI) and Ⅱ (PGⅡ) were
quantified by ELISA kits (Biohit, Finland). Individuals
with PGI < 82.3 ng/mL and PGI/PGⅡ < 6.05 were
diagnosed as GA.

Immunohistochemistry of CD24

CD24 expression was assessed in tumor tissue of
131 gastric cancer patients by immunohistochemistry
(IHC) method. The detailed procedure is described
[24]
elsewhere . Briefly, the 4-μm-wide tissue sections
were deparaffinized and stained using a streptavidinbiotin immunoperoxidase technique. All slides were
then incubated with anti-human CD24 polyclonal
antibody (1:100 diluted, sc-7034, Santa Cruz, United
States) and developed by 3, 3-diaminobenzidine (DAB).
As negative controls, the slides were treated with the
IgG isotypes in place of primary antibodies and all
negative controls demonstrated negligible background
staining. The stained slides were independently
evaluated by two pathologists (MSJ and YPW) who
were blinded to clinical data and outcomes. The
HSCORE system was used to assess the staining
results and was calculated by a following equation:
HSCORE = ΣPi(i) (I = 0, 1, 2, 3, Pi = 0-100). The i
means the intensity of staining (no staining: 0; weak
staining: 1; moderate staining: 2; and strong staining:
3). Pi represents percentages (0-100) of stained cells
with intensities. The HSCORE ranges from 0 to 300.

WJG|www.wjgnet.com

th

Continuous data were summarized as medians (25
th
to 75 percentiles) and compared by Mann-Whitney
U test or Kruskal-Wallis test. Categorical variables
were described as frequencies and percentages
2
and compared using χ -test. Correlations between
SNPs and risk of GC or GA were demonstrated by
P values and odd ratios (ORs) with 95% confidence
intervals (95%CI) compared with the most common
genotype of each SNP. The P values and ORs with
95%CIs were calculated using the unconditional
logistic regression model after adjusting for age, sex
and H. pylori infection. Survival functions of the GC
patients within each SNP were plotted by KaplanMeier method and compared by log-rank test using
the recessive model. Hazard ratios (HRs) with 95%CIs
were used to quantify the influence of genotypes of
each SNP on overall survival and were calculated with
Cox regression model after adjusting for age, sex,
histological type, tumor differentiation, clinical stage
and post-operational chemotherapy. For haplotypes
with frequencies > 1%, their associations with risk
of GC or GA were assessed compared to the most
common haplotype using the logistic regression model
[25]
with the HAPSTAT software 3.0 . Unless otherwise
stated, analyses were performed in SAS 9.1.3 software
(SAS Institute Inc, United States). A two-tailed P value
< 0.05 was considered to be statistically significant.

RESULTS
Subject characteristics

A total of 679 GC cases, 111 GA cases and 976 tumorfree controls were included in the study. The baseline
characteristics of the subjects are summarized in Table
2. The GC group was oldest in the three group and
the control group was youngest (median age: 61.0
years vs 50.0 years vs 48.5 years, P < 0.001 for all
pairwise comparisons). And there were more males
in the cancer group (71.7% vs 59.5% vs 59.2%, P
< 0.001 for comparisons to the atrophy cases or the
controls). In the GC group, 67.8% were positive for
H. pylori infection, significantly higher than the control
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associations were observed between SNPs and risk of
H. pylori infection (data not shown).

Table 2 Characteristics of subjects included n (%)

n
Gender
Male
Female
Age (yr)
≤ 55

P value

Cancer

Atrophy

Controls

679

111

976

487 (71.7)
192 (28.3)
61.0
(54.0-70.0)
204 (30.0)
310 (45.7)
165 (24.3)

66 (59.5)
45 (40.5)
50.0
(47.0-57.0)
76 (68.5)
28 (25.2)
7 (6.3)

578 (59.2)
398 (40.8)
48.5
(44.0-55.0)
756 (77.5)
181 (18.5)
39 (4.0)

< 0.0001

84 (75.7)
27 (24.3)

478 (49.7)
483 (50.3)

< 0.0001

55-70
> 70
H. pylori
Positive
453 (67.8)
Negative
215 (32.2)
Differentiation
Poor
437 (68.4)
Moderate to well 202 (31.6)
Pathologic type
Tubular
545 (82.2)
adenocarcinoma
Signet ring cell
50 (7.5)
Other
68 (10.3)
TNM stage
97 (15.0)
Ⅰ
227 (35.1)
Ⅱ
224 (34.6)
Ⅲ
99 (15.3)
Ⅳ
Distant metastasis
Positive
573 (85.3)
Negative
99 (14.7)
Post-operational Chemotherapy
No
456 (67.2)
FOLFOX-4
100 (14.7)
XELOX
47 (6.9)
Other
76 (11.2)

Association of SNPs with clinicopathologic parameters
of GC

Genotypic distributions of SNPs were analyzed by
clinicopathologic parameters such as histological
type, tumor differentiation, TNM stage and distant
metastasis in GC cases. However, no significant
association was observed (Table 4).

< 0.0001
< 0.0001

Association of SNPs with survival of gastric cancer

Follow-up information was available for 610 of
the 679 GC patients (89.8%). Ten patients died
of postoperative complications within 30 d at the
beginning of the study period (range, 0-29 d, median:
15.5 d) and these cases were excluded from analyses
of effects of SNPs on survival. The median follow-up
time for the remaining 600 GC patients was 36.2 mo
(range, 2.1-66.7 mo; 95%CI: 34.3-36.5 mo). Two
hundred and sixty patients (43.3%) died from GC
during the follow-up, 272 patients (45.3%) lived and
68 (11.3%) died of other causes or were lost to follow
up.
Survival curves were plotted and compared
according to genotypes of each SNP using the
recessive model. The patients who carried the A/A
genotype of P-534 had shorter survival than those
carrying C/C or C/A after adjusting for age, sex,
histological type, tumor differentiation, clinical stage
and post-operational chemotherapy (HR = 1.38,
95%CI: 1.01-1.88, P = 0.042; Table 5 and Figure
2A). This trend was more evident in patients who lived
longer than 2.5 years (HR = 7.55, 95%CI: 2.16-26.32,
P = 0.001). Similarly, the P170 T/T carriers tended
to have shorter survival time than the C/C or C/T
carriers, although not significantly so (Figure 2B). No
meaningful correlation could be observed between the
variation of “TG” deletion in P1527 and GC survival (P
= 0.799).
Multivariate Cox regression analysis showed that
three other factors-degree of differentiation, TNM stage
and post-operational chemotherapy-were associated
with the prognosis of GC. Patient whose GC had lowgrade differentiation or advanced clinical stage or who
did not received post-operational chemotherapy had
shorter survival time (Table 5).

Data are presented as frequency counts (percentage of total) or median (25th
to 75th percentiles).

group (49.7%, P < 0.001) but non-significantly lower
than the GA group (75.7%, P = 0.097). Therefore,
comparisons of genotype distribution below were
adjusted by age, sex and H. pylori infection.
The GC cases were mainly of tubular adeno
carcinoma type (82.2%), with low-grade differentiation
(68.4%), at TNM stage Ⅱ (35.1%) or Ⅲ (34.6%).
One third of the cases received chemotherapy after
operation (32.8%); 14.7% received FOLFOX-4 and
6.9% received XELOX.

Association of SNPs with risk of gastric cancer or
gastric atrophy

CD24 expressions in tissues of GC

All of the three SNPs were in Hardy-Weinberg equili
brium in the control group (P-534: P = 0.612; P170:
P = 0.413; P1527: P = 0.423). Distributions of geno
types and alleles are listed in Table 3. Compared with
the most common genotype of each SNP, no difference
was observed for the distributions of the three loci
between the GC and control groups after adjusting for
age, sex and H. pylori infection. No allele or haplotype
was associated with risk of GC. Similar negative results
were obtained for GA risk (Table 3). Moreover, no
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To assess whether SNPs were associated production
of CD24 protein, CD24 expression was evaluated
in cancerous tissue of 131 GC cases using IHC.
Genotypic distributions of the three SNPs in selected
cancer cases were similar to non-selected cases (data
not shown). CD24 expression was seen mainly in
membranes of tumor cells (Figure 3). However, CD24
expression did not observably differ among genotypes
of each SNP (Figure 3 and Table 3).
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Table 3 Distributions of genotypes in three groups n (%)

P-534
C/C
C/A
A/A
C
A
P170
C/C
C/T
T/T
C
T
P1527
TG/TG
TG/del
del/del
TG
del
Haplotype2
ACTG
CTTG
CCTG
CCdel

1

1

Controls

Cancer

P value

OR (95%CI)

Atrophy

P value

OR (95%CI)

271 (27.8)
488 (50.0)
217 (22.2)
1030 (52.8)
922 (47.2)

181 (26.7)
358 (52.7)
140 (20.6)
720 (53.0)
638 (47.0)

0.099
0.145
0.886

Reference
1.1 (0.86-1.48)
0.9 (0.61-1.20)
1.0 (0.86-1.14)

29 (26.1)
62 (55.9)
20 (18.0)
130 (54.1)
102 (45.9)

0.204
0.328
0.716

Reference
1.2 (0.74-1.91)
0.8 (0.46-1.54)
0.9 (0.72-1.25)

419 (42.9)
439 (45.0)
118 (12.1)
1277 (65.4)
675 (34.6)

295 (43.4)
308 (45.4)
76 (11.2)
898 (66.1)
460 (33.9)

0.277
0.369
0.673

Reference
1.1 (0.82-1.38)
0.9 (0.60-1.29)
1.0 (0.83-1.12)

60 (54.1)
37 (33.3)
14 (12.6)
157 (70.7)
65 (29.3)

0.082
0.724
0.114

Reference
0.6 (0.40-0.96)
0.9 (0.47-1.65)
0.8 (0.58-1.06)

826 (84.6)
142 (14.6)
8 (0.8)
1794 (91.9)
158 (8.1)

559 (82.3)
117 (17.2)
3 (0.4)
1235 (90.9)
123 (9.1)

0.069
0.162
0.956

Reference
1.3 (0.97-1.82)
0.4 (0.09-1.77)
1.1 (0.88-1.45)

95 (85.6)
15 (13.5)
1 (0.9)
205 (92.3)
17 (7.7)

0.940
0.935
0.821

Reference
0.9 (0.50-1.59)
0.9 (0.10-7.30)
0.9 (0.56-1.58)

45.6
33.6
11.4
8.0

47.0
33.7
10.2
9.1

0.946
0.382
0.370

Reference
1.0 (0.85-1.16)
0.9 (0.71-1.14)
1.1 (0.87-1.46)

45.4
28.7
17.7
7.7

0.407
0.072
0.919

Reference
0.9 (0.63-1.21)
1.6 (0.99-2.37)
1.0 (0.56-1.67)

Data are presented as frequency counts (percentage of total). 1ORs of the genotypes were calculated adjusting for age, sex and H. pylori infection in logistic
regression model; 2The haplotype was lined with P-534, P170 and P1527 and displayed as percentage.

Table 4 Distributions of genotypes according to clinical parameters in gastric cancer cases
P value

P-534
C/C
n
181
Age
60 (53-70)
Sex
Male
27.3
Female
25.0
H. pylori
Positive
26.3
Negative
27.0
Differentiation
Poor
24.7
Moderate to well
30.2
TNM stage
Ⅰ-Ⅱ
26.2
Ⅲ-Ⅳ
26.3
Pathologic type
Tubular
26.4
adenocarcinoma
Signet ring cell
26.0
Other
27.9
Distant metastasis
Positive
32.3
Negative
25.1
CD24 staining
60 (0-120)

C/A

A/A

358
61 (54-71)

140
61 (55-70)

50.3
58.9

22.4
16.1

53.4
51.6

P value

P170
C/C

C/T

T/T

295
61 (53-71)

308
61 (54-70)

76
63 (56-70)

0.092

43.9
42.2

44.2
48.4

11.9
9.4

20.3
21.4

0.905

42.6
45.6

46.1
43.7

55.8
46.0

19.5
23.8

0.070

43.5
45.0

52.8
52.6

21.0
21.1

0.999

52.3

21.3

0.754

60.0
50.0

14.0
22.1

48.5
53.9
60 (0-120)

19.2
20.9
100 (20-140)

0.715

0.323
0.215

P value

P1527
TG/TG

TG/del

559
61 (54-70)

120
60 (51-71)

0.485

83.6
79.2

16.4
20.8

0.172

11.3
10.7

0.769

82.3
82.3

17.7
17.7

0.996

47.4
40.1

9.2
14.8

0.055

81.5
83.7

18.5
16.3

0.500

45.1
42.7

44.7
45.2

10.2
12.1

0.695

82.4
82.4

17.6
17.6

0.986

45.0

43.9

11.2

0.173

82.8

17.2

0.751

34.0
38.2

60.0
47.1

6.0
14.7

80.0
85.3

20.0
14.7

40.4
44.4
44.3
45.2
60 (0-120) 60 (20-120)

15.1
10.5
40 (0-100)

0.658

0.374
0.482

79.8
20.2
82.9
17.1
60 (0-120) 60 (40-100)

0.307

0.454
0.922

Data are presented as percentage of total or median (25th to 75th percentiles).
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A

Table 5 Results of multivariate Cox regression analysis
P value

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Chemotherapy
No
FOLFOX-4
XELOX
Other

HR

95%CI

0.0416
0.1875

1.00
1.38
1.01

1.01-1.88
1.00-1.02

0.2315

1.00
0.83

0.61-1.13

0.0089

1.00
1.50

1.11-2.04

0.2

0.4750
0.9469

1.00
0.83
1.01

0.50-1.39
0.67-1.53

0.0

0.0003
< 0.0001
< 0.0001

1.00
5.50
22.29
32.12

2.18-13.86
9.05-54.89
12.63-81.70

0.0195
0.0021
0.0004

1.00
0.64
0.43
0.45

0.45-0.93
0.25-0.74
0.29-0.70

A/A
C/C + C/A

Survival function

0.8

HR 1.3 (0.9-1.8), P = 0.184

0.4

Log-Rank test, P = 0.168
12

24

36

48

60

Survival time (mo)

B
1.0

T/T
C/C + C/T

0.8

DISCUSSION
In this study, we explored the association between
variants of CD24 gene and GC. We found that patients
who harbored the P-534 A/A genotype tended to have
shorter survival than those who carry P-534 non-A/A
genotypes.
This is the first study on the association between
SNPs of CD24 gene and GC, as no CD24 SNPs were
included in any genome-wide association studies of
[26,27]
GC
. Distribution of the P-534 genotypes of CD24
differs slightly from that of Caucasian populations.
The minor allele C of P-534 in Caucasian population
[20]
(37.2% ) was the major allele (52.8%) in Han
Chinese in our study. Distributions of P170 and P1527
[28,29]
were similar to those of other ethnicities
.
Numerous studies have reported that SNPs of CD24
gene are correlated with risk of various autoimmune
diseases, such as systemic lupus erythematosus
[28-31]
，multiple sclerosis[28,32-35] and inflammatory
(SLE)
[20,36]
[21]
bowel disease
. Li et al
reported that P170 and
P1527 of CD24 affected risk and progression of chronic
[37]
hepatitis B infection and Sheng et al
showed that
the T/T genotype of P170 correlated with a 2.96-fold
increased of risk of hepatocellular carcinoma. In our
study, however, we did not observe any influence of
CD24 polymorphisms on risk of H. pylori infection (data
not shown, but available on request), gastric atrophy,
precancerous lesions of GC that are induced partly by H.
[38,39]
pylori infection
, or GC (Table 3).
Polymorphisms of CD24 have been related to
prognosis in several cancers. In breast cancer, CD24
[7,8]
expression was associated with adverse prognosis
and CD24 P170 polymorphism could predict response

WJG|www.wjgnet.com

HR 7.5 (2.2-26.3), P = 0.001

0.6

0

Survival function

P-534
C/C + C/A
A/A
Age
Sex
Male
Female
Differentiation
Moderate to well
Poor
Pathologic type
Tubular adenocarcinoma
Signet ring cell
Other
TNM stage

1.0

0.6

0.4

0.2

0.0

Log-Rank test, P = 0.187
0

12

24

36

48

60

Survival time (mo)

Figure 2 Survival plots of gastric cancer patients. A: Plot for P-534 using
the recessive model (A/A vs C/C + C/A); B: Plot for P170 using the recessive
model (T/T vs C/C + C/T).
[40-42]

to chemotherapy
. In esophageal cancer, P170
of CD24 was involved in regional lymph node
[43]
metastasis . In our study, we found that P-534 of
CD24 affected long-term survival of GC, as P-534 A/A
genotype carriers have a 7.5-fold increased mortality
risk compared wirh non-A/A carriers among patients
who lived longer than 2.5 years (Figure 2A). P170 T/T
carriers also tended to have shorter survival than did
non-T/T carriers, although not significantly so (Figure
2B).
The P-534, which is located in the promoter region
of CD24, may influence transcriptional activity. Our
previous work showed that a hypomorphic haplotype
that contained the C allele of P-534 was associated
with risk of multiple sclerosis and this haplotype was
involved in higher transcriptional activity and increased
[20]
expression of CD24 in peripheral blood lymphocytes .
The non-synonymous variant P170 may alter the
[32]
quantity and quality of CD24. Zhou et al
found that
the P170T/T genotype expressed more cell-surface
CD24 than did the C/T or C/C genotypes using flow
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A

B

200 μm

200 μm

Figure 3 Expression of CD24 by immunohistochemistry. A: expression of CD24 from a gastric cancer case with P-534 AA, P170 CC and P1527 TG/TG
genotypes; B: expression of CD24 from a gastric cancer case with P-534 CC, P170 TT and P1527 TG/TG genotypes.

cytometry, which showed an increased risk and more
rapid progression of multiple sclerosis. In our study,
we evaluated CD24 expression using IHC and found
that CD24 was expressed mainly in the membranes of
GC cells. However, we did not observe any differences
of CD24 expression among genotypes of P-534, P170
or P1527.
Three limitations should be noted in our study. The
first one is that some baseline characteristics such as
age are different among the three study groups, and
we cannot rule out the possibility that individuals in
the control group could develop GC when they are
older. However, we control the potential influences to
the greatest extent by adjusting for these factors in
the multivariate analysis. The second is that the followup time of the GC cases seems insufficient because
most of cases on the right side of the survival plots are
censored. This may explain that although individuals
carrying P-534 A/A genotype tended to have shorter
observable survival time, P value from log-rank
tests is not significant. However, when we adjust the
potential influencing factors and divide the patients to
subgroups who live shorter than 2.5 years and those
who live longer than 2.5 years, the association of P-534
with long-term survival is statistically significant (HR
= 7.5, 95%CI: 2.2-26.3). Nonetheless, longer followup time is needed to re-evaluate the role of CD24
SNPs in prognosis of GC. The last one is that we semiquantified CD24 expression in tissue using IHC and
the influence of SNPs on CD24 might be offset, as
protein production can be regulated by factors known
and unknown e.g., regulations of transcription, posttranscription and translation. Therefore, more rigorous
design should be applied in our future study.
In summary, we find that polymorphisms of
the CD24 gene affect the overall survival of GC, as
patients who bear the P-534 A/A genotype tend to
have shorter survival than do patients with P-534
non-A/A genotypes. However, we do not observe any
associations between CD24 SNPs and risk of H. pylori
infection, GA or GC. More studies with larger samples
and longer follow-up time are needed to clarify the role
of CD24 in GC.
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Abstract
A pancreatic tumor was suspected on the abdominal
ultrasound of a 72-year-old man. Abdominal computed
tomography showed pancreatic enlargement as
well as a diffuse, poorly enhanced area in the pan
creas; endoscopic ultrasound-guided fine needle
aspiration biopsy and endoscopic retrograde cholan
giopancreatography failed to provide a definitive
diagnosis. Based on the trend of improvement of
the pancreatic enlargement, the treatment plan
involved follow-up examinations. Later, he was hos
pitalized with an alveolar hemorrhage and rapidly
progressive glomerulonephritis; he tested positive
for myeloperoxidase-anti-neutrophil cytoplasmic
antibody (ANCA) and was diagnosed with ANCArelated vasculitis, specifically microscopic polyangiitis.
It appears that factors such as thrombus formation
caused by the vasculitis in the early stages of ANCArelated vasculitis cause abnormal distribution of
the pancreatic blood flow, resulting in non-uniform
pancreatitis. Pancreatic lesions in ANCA-related vas
culitis are very rare. Only a few cases have been
reported previously. Therefore, we report our case and
a review of the literature.
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cm and 63.7 kg, respectively; the following were also
measured: blood pressure, 130/80 mmHg; pulse,
80 beats/min (regular); and body temperature,
37.0 ℃. He was in a lucid state of consciousness
with no neurological abnormalities. There was no
anemia in the palpebral conjunctiva or yellowing of
the bulbar conjunctiva. Superficial lymph nodes were
not palpated. Lung and heart sounds were free of
abnormal findings. The abdomen was flat, soft, and
without tenderness. There was no lower leg edema.
The laboratory findings upon admission indicated
that amylase and lipase were normal (59 IU/L and
53 IU/L, respectively), while trypsin level was slightly
elevated (723 ng/mL; normal, 100-500 ng/mL).
Findings also indicated mild inflammation: white
blood cell count, 10100/μL and C-reactive protein
level, 0.97 mg/dL. IgG4 level was normal, and the
level of antinuclear antibodies increased 80-fold;
carcinoembryonic antigen and cancer antigen 19-9
levels were normal at 2.6 ng/mL and 3.6 U/mL,
respectively. Hemoglobin A1c was somewhat elevated
at 10.8%.
On chest radiography, a reticular shadow from both
hilar areas to the lower lung field was observed.
On abdominal ultrasonography, there was mild
swelling from the pancreatic body to the tail, with
irregular hypoechoic masses observed in both the
margins and interior of the same sites. The splenic
artery had traveled through the inside of the tumor;
however, the boundary was clear, and there was no
obvious invasion into the surrounding adipose tissue.
In the pancreatic body, the pancreatic duct was
disrupted, but there was no dilation of the cephalic
main pancreatic duct.
Contrast-enhanced abdominal/pelvic computed
tomography (CT) (Figure 1A-C) showed pancreatic
enlargement with a diffuse, poorly enhanced area in
the uncinate process and pancreatic body tail.
On magnetic resonance cholangiopancreatography,
the path of the main pancreatic duct in the body tail
could not be identified, but dilation of the cephalic
main pancreatic duct was not observed. Diffusionweighted images showed diffuse signal changes in the
pancreatic body tail.
On EUS (Figure 2), a hypoechoic mass was noted
in a form in which the pancreatic lobe structure was
maintained in the uncinate process and from the
pancreatic body to the tail.
On EUS-FNA, the hypoechoic masses of the
uncinate process and pancreatic tail were each
punctured three times with a 22G puncture needle
(ExpectTM, Boston Scientific, Tokyo, Japan); malignant
cells were not detected, and the diagnosis was
nonspecific pancreatitis.
On ERP (Figure 3A-C), a slight disparity of the
opening diameter was noted in the main pancreatic
duct, but localized stenosis or diffuse narrowing were
not observed. No abnormality was observed in the

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic lesions in anti-neutrophil cyto
plasmic antibody (ANCA)-related vasculitis are very
rare. Only few cases of pancreatic lesions in ANCArelated vasculitis have been reported previously.
We encountered a case presenting with pancreatic
enlargement and a diffuse, poorly enhanced area in
the pancreas during the early stages of ANCA-related
vasculitis. In light of the clinical course, it appears
that factors such as thrombus formation caused by
the vasculitis during the early stages of ANCA-related
vasculitis cause abnormal distribution of pancreatic
blood flow, resulting in non-uniform pancreatitis
manifested in the imaging findings.
Iida T, Adachi T, Tabeya T, Nakagaki S, Yabana T, Goto A, Kondo
Y, Kasai K. rare type of pancreatitis as the first presentation of
anti-neutrophil cytoplasmic antibody-related vasculitis. World
J Gastroenterol 2016; 22(7): 2383-2390 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2383.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2383

INTRODUCTION
Pancreatic lesions in anti-neutrophil cytoplasmic
antibody (ANCA)-related vasculitis are very rare. We
encountered a patient presenting with pancreatic
enlargement and a diffuse, poorly enhanced area in
the pancreas during the early stages of ANCA-related
vasculitis. Although it is difficult to histopathologically
prove findings of vasculitis in the pancreas with
endoscopic ultrasound-guided fine needle aspiration
biopsy (EUS-FNA) or endoscopic retrograde pan
creatography (ERP), in light of the clinical course,
it appears that factors such as thrombus formation
caused by the vasculitis in the early stages of ANCArelated vasculitis cause to be abnormal distribution
of pancreatic blood flow, resulting in non-uniform
pancreatitis manifested in the imaging findings
described herein. Our report also includes a discussion
of the related literature, since there are few previous
reports on patients with pancreatic lesions in ANCArelated vasculitis presenting with pancreatitis or
nodular shadows in the pancreas.

CASE REPORT
A 72-year-old man had been regularly visiting a clinic
for diabetes exhibited weight loss and exacerbation of
his diabetes; a pancreatic tumor was suspected on a
subsequent abdominal ultrasound, and he was referred
to our department in April 2014.
Upon admission, his height and weight were 175
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Figure 1 Contrast-enhanced abdominal/pelvic computed tomography showing pancreatic enlargement with a diffuse, poorly enhanced area in the
uncinate process (arrow) and pancreatic body tail (A-C).

but these did not demonstrate any major changes.
However, in January 2015, he was admitted to our
hospital’s respiratory medicine department for an
alveolar hemorrhage and pneumonia (Figure 5); in
addition to rapidly progressive glomerulonephritis, he
tested positive for myeloperoxidase-ANCA, and he was
diagnosed with ANCA-related vasculitis, specifically
microscopic polyangiitis (MPA). Contrast-enhanced CT
performed during the same period showed that the
pancreatic enlargement and poorly enhanced area had
disappeared. Despite immunosuppressive therapy with
steroids, his respiratory condition worsened, and he
passed away in April 2015.

Figure 2 On endoscopic ultrasound, a hypoechoic mass in a form in
which the pancreatic lobe structure was maintained in the uncinate
process and from the pancreatic body to the tail.

DISCUSSION
The Chapel Hill Consensus Conference (CHCC) pub
lished in 1994 classifies the ten diseases of primary
vasculitis into three categories by affected vessel size
[1]
(large vessels, medium vessels, and small vessels) .
Although this classification has been widely used
around the world, nearly 20 years have passed, and as
research on the etiology and pathological condition of
vasculitis has advanced, issues with the classification
have arisen. A new classification and definitions have
been developed and published in January 2013 as
[2]
“CHCC2012” , in which four categories of 16 diseases,
including secondary vasculitis and others, have been
added to the original three categories of large-vessel
vasculitis, medium-vessel vasculitis, and small-vessel

papilla of Vater, but the biopsy revealed thrombus
formation.
The patient was suspected of having pancreatic
cancer presenting with a special distribution,
malignant lymphoma, tumor-forming pancreatitis,
or autoimmune pancreatitis (AIP); however, despite
the various laboratory tests, a definitive diagnosis
was not reached. A contrast-enhanced CT performed
in May 2014 showed improvement in the pancreatic
enlargement (Figure 4); therefore, it was believed to
be nonspecific pancreatitis, and follow-up observation
was the chosen strategy. Blood collection and CT scans
were subsequently performed every three months,
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Figure 3 Endoscopic retrograde pancreatography. A: A slight disparity of the opening diameter in the main pancreatic duct, but no localized stenosis or diffuse
narrowing observed; B: No abnormality in the papilla of Vater (arrow); C: The biopsy reveals thrombus formation (arrow).

Figure 4 Contrast-enhanced abdominal/pelvic computed tomography
performed in May 2014 showing a trend of improvement in the pancreatic
enlargement.

Figure 5 Chest computed tomography demonstrating an alveolar
hemorrhage and pneumonia.
[3]

in men (male-to-female ratio, 1.5:1) . Sixty percent
[4]
of cases are positive for myeloperoxidase-ANCA ,
and 51%-94% of cases are reportedly positive for all
[4,5]
ANCAs, including PR3-ANCA . There are two basic
types of findings: those based on bleeding, infarction,
and other vascular disorders caused by the rupture
of blood vessels and those based on inflammation
such as fever and elevated C-reactive protein levels.
The main target organs are the kidneys or lungs, with
lesions also observed in the skin, muscles, and brain;
30%-50% of lesions are also reportedly observed in
[3,6]
the digestive tract , but it is rare for lesions to be
found in the pancreas.

vasculitis; the current understanding of vasculitis now
encompasses diverse concepts.
In the CHCC2012, MPA belongs to small-vessel
vasculitis, with the definition that “MPA is necro
tizing vasculitis, with few or no immune deposits,
predominantly affecting small vessels (i.e., capillaries,
venules, or arterioles). Necrotizing arteritis involving
small and medium arteries might be present.
Necrotizing glomerulonephritis is very common.
Pulmonary capillaritis often occurs. Granulomatous
[2]
inflammation is absent . The onset of MPA often occurs
at ≥ 50 years of age, and it occurs more frequently
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Table 1 Cases presented for pancreatic lesion in anti-neutrophil cytoplasmic antibody-related vasculitis
Authors

Year

O'Neil et al[8]

1992 44, M

Stuckey et al[9]

Berney et al[10]

Matsubayashi et al[11]

Christl et al[12]

Iwasa et al[13]

Age
(yr),
sex

Symptoms Pancreatic ANCA Vasculitis
enzyme
Jaundice

1992 45, M Epigastric
pain
Nausea

1997 32, M Epigastric
pain

2001 65, M

2004

2005

AMY: 55

Raised
of AMY,
Lipase

Left
Trypsin:
abdominal
550
Elastase-I:
pain
440

55, F Abdominal
pain
Weight loss

84, F

ND

Hematuria
Fever

ND

N.D.

+

-

PR3

PR3

PR3

MPO

GPA

GPA

MPA

GPA

GPA

MPA

Other
organ
disorder

Treatment
Pancreas
Other organ

Outcome
Pancreas
Other organ

Ph tumor
Renal biopsy
susp
US:
hypoechoic
CT: 3 cm
mass
Pancreatitis Parotid gland
susp
biopsy
CT:
enlargement,
sporadic
low density
lesions
Pancreatitis Renal biopsy
susp
CT:
edematous

Kidney
Nose

Treated

Alive

PSL, CYC

Improved

PSL, CYC

Improved

Treated

Alive

Conservative

Improved

PSL, CYC

Improved

Treated

Alive

Conservative

Pbt tumor
Autopsy
susp
CT:
enlargement,
sporadic
low density
lesions
Pt tumor susp Postoperative
CT:
pathology
enlargement, Renal biopsy
sporadic
low density
lesions
Normal
Autopsy

Kidney
Lung
Spleen

Improved
spontaneously
Improved
Died

Pancreatic
lesion
Imaging

Diagnostic
method

Lung

Kidney

Kidney

Kidney
Lung

PSL, CYC
None
None

Necrotizing
pancreatitis

None
Treated

Hemorrhagic
pneumonia
Alive

Ope

Improved

PSL, CYC

Improved

Treated
PSL

Died
Necrotizing
pancreatitis
Lung
hemorrhage
Died
Necrotizing
pancreatitis
Lung
hemorrhage
Alive

PSL
Haraguchi et al[14]

2005

84, F

Fever

AMY: 130 MPO

MPA

Normal

Autopsy

Kidney
Lung

Treated
PSL
PSL

Tinazzi et al[15]

2007

Joshipura et al[16]

Abu-Hilal et al[17]

48, F

-

GPA

2007 47, M Epigastric AMY: 874
pain
Lipase:
Fever
1294

PR3

GPA

2008

PR3

GPA

20, F

Epigastric
pain

Epigastric
pain
Nausea
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N.D.

Normal
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Ph tumor
Postoperative
Treated
susp
pathology
US: 2cm,
Ope, PSL,
Improved
mass,
CYC, MTX
hypoechoic
MRCP:
obstruction of
MPD
Pancreatitis
Turbinate
Nose
Treated
Alive
susp
biopsy
CT: Pbt
PSL, CYC
Improved
edematous
PSL, CYC
Improved
Pancreatitis Renal biopsy Kidney
Treated
Died
Lung
Conservative
Improved
susp
Skin
spontaneously
CT: Pt
edematous
Intestine
PSL, CYC
Lung
hemorrhage
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Chawla et al[18]

2011

60, F

Epigastric
pain
Nausea

Lipase:
1316

PR3

GPA

Valerieva et al[19]

2013

Normal

PR3

GPA

Iida et al (this case)

2015 72, M Weight loss Trypsin:
723

MPO

MPA

62, F

Epigastric
pain

Pancreatitis Renal biopsy
susp
CT: diffusely
edematous,
Ph hypo
attenuated
lesion
Pt tumor susp Postoperative
CT: Pt, 3cm,
pathology
mass

Kidney

Treated

Alive

Lung

Conservative

Heart

PSL, CYC,
AZA

Improved
spontaneously
Improved

-

Alive
Improved

Pancreatitis
Labo data
susp
CT:
Imaging
enlargement,
multiple
hypo
Vater biopsy
attenuated
lesions

Kidney

Treated
Ope, PSL,
AZA
Treated

Lung

Conservative

Improved
spontaneously

PSL, CYC

Lung
hemorrhage

Died

ANCA: Anti-neutrophil cytoplasmic antibody; ND: No data; AMY: Amylase; Ph: Pancreas head; Pbt: Pancreas body and tail; Pt: Pancreas tail; MRCP:
Magnetic resonance cholangiopancreatography; MPD: Main pancreatic duct; PSL: Prednisolone; CYC: Cyclophosphamide; Ope: Operation; MTX:
Methotrexate AZA: Azathioprine; M: Male; F: Female.

of the imaging findings. In AIP, IgG4-positive cells
are reportedly detected from the papilla of Vater in
[7]
a high proportion of biopsies ; in the present case,
the papilla of Vater was biopsied to exclude AIP even
though no abnormalities were observed endoscopically.
IgG4-positive cells were not observed, but thrombus
formation was present (Figure 3B); conceivably, this
also occurred in the peripancreatic vessels, causing an
abnormal distribution of the pancreatic blood flow and
producing irregular pancreatitis.
When PubMed was searched for previous reports
published between 1990 and 2015 of ANCA-related
vasculitis presenting with pancreatic lesions, 12 cases
[8-19]
were found
(Table 1). The mean age was 55.2
years (20-84 years), with a male-to-female ratio of
6:7; 11 cases were ANCA-positive, and granulomatosis
with polyangiitis was the most frequent diagnosis (9
cases), while there were 4 cases of MPA and no cases
of eosinophilic granulomatosis with polyangiitis. In
6 cases, symptoms were accompanied by findings
of pancreatitis on imaging; 5 cases presented with
nodular shadows that were difficult to differentiate
from tumors in the pancreas, and no antemortem
pancreatic lesions were indicated, but postmortem
autopsy indicated pancreatic lesions in 2 cases.
Regarding pathologically definitive diagnoses of
pancreatic lesions, 3 cases were diagnosed following
a surgical procedure because of the difficulty differ
entiating the lesions from a tumor, 3 cases were
diagnosed by postmortem autopsy, and 7 cases had
a diagnosis indirectly proven by biopsies from other
organs because a definitive diagnosis could not be
reached for the pancreas. None of the cases had a
definitive diagnosis of ANCA-related vasculitis based
on pancreatic lesions before treatment. Thus, similar
to the present case, pancreatic lesions in ANCArelated vasculitis are extremely difficult to diagnose
by endoscopic biopsy or similar methods before

In the present case, it was difficult to histo
pathologically prove findings of vasculitis in the
pancreas with EUS-FNA or endoscopic retrograde
cholangiopancreatography; however, lung lesions
progressed later, and it is characteristic that imaging
showed abnormalities in the pancreas before the
diagnosis of ANCA-related vasculitis could be deter
mined. Initially, ANCA was not measured, and the
differential diagnoses included pancreatic cancer,
malignant lymphoma, autoimmune pancreatitis, and
tumor-forming pancreatitis. Irregular, hypoechoic
masses were observed in the pancreas, and car
cinoembryonic antigen and cancer antigen 19-9 levels
were elevated; however, any findings of pancreatic
cancer were negated by the fact that no abnormality
was observed in the pancreatic ducts and the lesions
were scattered (regarding a diagnosis of cancer of the
entire pancreas). Malignant lymphoma was considered
as a differential disease in part because the artery
penetrated the lesion, but enlarged lymph nodes
were not observed, and a pathologically definitive
diagnosis could not be reached. The diagnosis of AIP
was rejected because, although pancreatic enlargement
was observed, the diffuse poorly enhanced area
was nonspecific, and hyper-IgG4 disease, irregular
narrowing of the main pancreatic duct in ERP, or
extrapancreatic lesions were not observed. Regarding
tumor-forming pancreatitis, tumor signs were not
localized, and the pancreatic duct images also showed
no abnormalities; therefore, it could not be said to be
typical. Although the abdominal pain was not clear, his
mild inflammatory reaction, elevated trypsin levels, and
pancreatic enlargement suggested pancreatitis. In light
of his clinical course, it appears that factors such as
thrombus formation caused by the vasculitis in the early
stages of ANCA-related vasculitis caused pancreatic
blood flow to be abnormally distributed, resulting in nonuniform pancreatitis and manifesting in the presentation
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Pathological diagnosis

treatment, and it is important to indirectly diagnose
the condition from the involvement of other organs.
Regarding the treatment of pancreatic lesions,
of the 6 cases that presented with findings of pan
creatitis on imaging, 5 were successfully treated
with conservative treatment. Therefore, it is possible
that pancreatitis caused by ANCA-related vasculitis
could follow a transient course; however, there are
few reports in which ANCA-related vasculitis resolved
[20]
spontaneously , and this remains largely speculative.
Despite the possibility that the pancreatitis is transient,
remission of pancreatitis has been followed by organ
failure in other cases owing to the manifestation
of ANCA-related vasculitis in other organs such as
the kidneys or lungs, and the patient died, as in the
present case. Therefore, we believe that ANCA-related
vasculitis should be differentially included as a cause
of pancreatitis of unknown etiology, and an early and
appropriate diagnosis is required, followed by the start
of treatment.
In addition to cases with ANCA-related vasculitis,
some cases with Kawasaki disease, polyarteritis
nodosa, or other types of vasculitis have presented
[21,22]
with pancreatitis or nodules in the pancreas
. As
already described, although the CHCC2012 classifies
vasculitis by vascular diameter, there is considerable
overlap in the vessels invaded in each group, and
vessels of any size can be affected; therefore, we feel
that care should be taken regarding the relationship
with pancreatic lesions in all forms of vasculitis,
including ANCA-related vasculitis. However, because
there are so few previous reports regarding vasculitis
and pancreatic lesions, the details of the relationship
remain unclear, and additional cases will need to be
described.

On endoscopic ultrasound-guided fine needle aspiration biopsy, malignant
cells were not detected, and the diagnosis was nonspecific pancreatitis. On
endoscopic retrograde pancreatography, no abnormality was observed in the
papilla of Vater, but the biopsy revealed thrombus formation.

Treatment

First, it was believed to be nonspecific pancreatitis, and computed tomography
showed improvement in the pancreatic enlargement, follow-up observation
was the chosen strategy. For an alveolar hemorrhage and pneumonia,
immunosuppressive therapy with steroids was performed.

Related reports

ANCA-related vasculitis presenting with pancreatic lesions published between
1990 and 2015 were found 12 cases in PubMed.

Experiences and lessons

ANCA-related vasculitis should be differentially included as a cause of
pancreatitis of unknown etiology, and an early and appropriate diagnosis is
required, followed by the start of treatment.

Peer-review

The case report by Iida T and co-workers describes a rare case of ANCArelated vasculitis with pancreatic involvement. It is a well-constructed case
report and a short but good review of the corresponding literature.
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Abstract
We report a case of a 75-year-old man with cystic
micropapillary neoplasm of peribiliary glands detected
preoperatively by radiologic examination. Enhanced
computed tomography showed a low-density mass
2.2 cm in diameter in the right hepatic hilum and
a cystic lesion around the common hepatic duct.
Under a diagnosis of perihilar cholangiocarcinoma,
right hepatectomy with caudate lobectomy and
bile duct resection were performed. Pathological
examination revealed perihilar cholangiocarcinoma
mainly involving the right hepatic duct. The cystic
lesion was multilocular and covered by columnar lining
epithelia exhibiting increased proliferative activity
and p53 nuclear expression; it also contained foci of
micropapillary and glandular proliferation. Therefore,
the lesion was diagnosed as a cystic micropapillary
neoplasm of peribiliary glands and resembled flat
branch-type intraductal papillary mucinous neoplasm
of the pancreas. Histological examination showed
the lesion was discontinuous with the perihilar
cholangiocarcinoma. Immunohistochemistry showed
the cystic neoplasm was strongly positive for MUC6 and
that the cholangiocarcinoma was strongly positive for
MUC5AC and S100P. These results suggest these two
lesions have different origins. This case warrants further
study on whether this type of neoplasm is associated
with concomitant cholangiocarcinoma as observed in
pancreatic intraductal papillary mucinous neoplasm
with concomitant pancreatic duct adenocarcinoma.
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Core tip: This report highlights intraductal papillary
neoplasm of bile duct (IPNB) arising from peribiliary
glands (PBGs) in a case of perihilar cholangiocar
cinoma, which is of special interest because to our
knowledge this is the first report of IPNB arising from
PBGs with concomitant perihilar cholangiocarcinoma
occurred separately, and the neoplasm may be re
garded as the biliary counterpart of branch duct-type
intraductal papillary mucinous neoplasm of pancreas
with concomitant pancreatic duct adenocarcinoma.

B

Uchida T, Yamamoto Y, Ito T, Okamura Y, Sugiura T, Uesaka
K, Nakanuma Y. Cystic micropapillary neoplasm of peribiliary
glands with concomitant perihilar cholangiocarcinoma. World
J Gastroenterol 2016; 22(7): 2391-2397 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i7/2391.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i7.2391
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INTRODUCTION
Intraductal papillary neoplasm of the bile duct (IPNB)
is characterized by exophytic proliferation of neoplastic
epithelial cells with fine fibrovascular stalks in the
[1-3]
dilated bile duct lumen and mucin hypersecretion .
IPNB and pancreatic intraductal papillary mucinous
neoplasm (IPMN) share some clinicopathological
[1-5]
characteristics
, and IPNB can be regarded as a
biliary counterpart of IPMN. However, IPNB differs
from IPMN in several aspects. In particular, IPMN can
be divided into the main pancreatic duct and branch
[6]
pancreatic duct types . Meanwhile, most previously
reported cases of IPNB occurred in the extrahepatic,
hilar, and large intrahepatic bile ducts; such IPNB
cases can be regarded as counterparts of IPMN,
[4,6,7]
particularly the main duct type
. So far, the IPNB
type corresponding to branch duct-type IPMN (BDIPMN) remains to be established.
Several cases of IPNB arising from peribiliary
glands (PBGs) exhibiting grossly visible papillary
[8-10]
lesions have recently been reported
. Nakanuma et
[4,5,11]
al
recently reported that the biliary tract can be
regarded as an incomplete pancreas and that PBGs
and their own conduits around the large bile ducts
may correspond to the branches of the pancreatic
[12]
duct and exocrine pancreas . In this context, IPNBs
arising from PBGs could be regarded as branch ducttype IPNB (BD-IPNB) corresponding to BD-IPMN.
[13]
Sato et al
recently reported an entity of cystic and
micropapillary epithelial lesions of PBGs by surveying
many autopsy cases; these lesions are characterized
by grossly visible multicystic epithelial tumors with
foci of micropapillary patterns. After extensive

WJG|www.wjgnet.com

Figure 1 Preoperative images. A: Enhanced computed tomography showing
a 2.2-cm low-density tumor (arrows) in the right hepatic hilum. The white tube
is the percutaneous transhepatic biliary drainage tube; B: Enhanced computed
tomography showing a cystic lesion (arrowheads) by the common bile duct; the
endoscopic nasobiliary drainage tube appears as a white dot. A solitary cyst can
also be observed in the right lobe; C: Surgically resected specimen showing a
cystic lesion (arrowhead) in the hilar connective tissue near the common bile
duct involving the carcinoma (arrow).

analysis, they concluded these lesions are neoplastic;
therefore, the term “cystic micropapillary neoplasm of
PBGs” is preferable in this context.
IPNB is a pre-invasive lesion that is eventually
followed by invasive carcinoma (i.e., IPNB with an
[1,2]
associated invasive carcinoma) . IPMN is also a preinvasive neoplasm that is followed by invasive carcinoma.
In addition, IPMN is not uncommonly associated with
concomitant pancreatic duct adenocarcinoma (PDAC)
[14-16]
(i.e., IPMN with concomitant PDAC)
, while no such
cases of IPNB with concomitant cholangiocarcinoma
(CCA) have been reported. Herein, we report a case
of cystic micropapillary neoplasm of PBGs that was
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detected preoperatively by radiologic examination.
The neoplasm was associated with perihilar CCA,
suggesting concomitance similar to BD-IPMN with
concomitant PDAC.

with a diagnosis of cystic micropapillary neoplasm
[13]
of PBGs . The hilar CCA and cystic micropapillary
neoplasm were close but not continuous (Figure 2A).
Immunohistochemical staining for MUC1, MUC2,
MUC5AC, MUC6, CK7, CK20, S100P, estrogen receptor,
progesterone receptor, Ki67, and p53 was performed
(Figure 4 and Table 1). No ovarian-like stroma or
stromal cells positive for estrogen receptor or pro
gesterone receptor were observed, indicating this
cystic neoplasm differed from the hepatic mucinous
cystic neoplasm. The perihilar CCA was strongly and
diffusely positive for MUC5AC and S100p, while the
cystic papillary neoplasm was strongly and diffusely
positive for MUC6 and focally positive for MUC5AC.
Both were strongly positive for CK7 and focally positive
for p53. These findings suggest both neoplasms had
different phenotypes.

CASE REPORT
A 75-year-old man complaining of obstructive jaundice
was referred to our hospital. He previously underwent
endoscopic mucosal dissection for gastric cancer and
pharyngolaryngoesophagectomy for hypopharyngeal
carcinoma. Laboratory test results on admission
were as follows: aspartate aminotransferase, 87 IU/L
(normal: 10-40 IU/L); alanine aminotransferase, 84
IU/L (normal: 5-40 IU/L); γ-glutamyl transpeptidase,
309 IU/L (normal: < 70 IU/L); alkaline phosphatase,
909 IU/L (normal: 115-359 IU/L); total bilirubin, 8.6
mg/dL (normal: 0.2-1.0 mg/dL); carcinoembryonic
antigen, 2.7 ng/mL (normal: < 5.0 ng/dL); and
carbohydrate antigen 19-9, 112 IU/mL (normal: < 37
IU/mL). After hospitalization, serum total bilirubin and
liver enzyme levels normalized because of endoscopic
nasobiliary drainage and percutaneous transhepatic
biliary drainage. Enhanced computed tomography
showed a low-density mass 2.2 cm in diameter in
the right hepatic hilum (Figure 1A) and a cystic lesion
near the common bile duct (Figure 1B); this cyst was
retrospectively diagnosed as a peribiliary cyst. After
a pathological diagnosis of adenocarcinoma on the
basis of cholangioscopic biopsy, right hepatectomy
with caudate lobectomy and bile duct resection were
performed. The postoperative course was uneventful,
th
and he was discharged on the 17 postoperative
day. During follow-up, multiple liver metastases were
found, and he died one year postoperatively.

DISCUSSION
There have been several reports of neoplastic changes
[8-10,17]
[17]
of PBGs
, showing that CCA
and grossly
[4,5,10]
visible papillary neoplasms can arise from PBGs
;
[5,8-10]
the latter are termed BD-IPNB
. However, the
clinicopathological characteristics of BD-IPNB remain
[13]
incompletely understood. Sato et al
recently found
9 cases of cystic micropapillary neoplasms of PBGs
among 938 consecutive autopsied livers. In the present
case, the lesion comprised multilocular cysts covered
by columnar epithelial cells with mucinous cytoplasm,
increased proliferative activities, and frequent nuclear
expression of p53. In addition, the lesion exhibited
micropapillary projections. The lesion was located in
the hilar connective tissue near the common bile duct
and was rimmed by non-neoplastic PBGs. Hence, this
lesion was diagnosed as cystic micropapillary neoplasm
of PBGs.
The present case differs from previously reported
BD-IPNBs in that papillary lesions were not grossly
visible; rather, this case histologically resembled flat
[6,15,16,18]
BD-IPMN
. Furthermore, this lesion was positive
for MUC6 and focally positive for MUC5AC, suggestive
of gastric-type phenotype and phenotypically similar
[6]
to flat BD-IPMN . In fact, there were several foci of
pyloric glands beneath the cyst-lining surface epithelia
within the lesion. In this context, the lesion could be
also termed branch-type IPNB without a grossly visible
papillary component (i.e., flat-type BD-IPNB), such as
flat BD-IPMN.
In the pancreas, IPMN is not infrequently associated
[15,16,18]
with PDAC (i.e., IPMN with concomitant PDAC)
.
Retrospective studies on BD-IPMN with concomitant
PDAC report its incidence among IPMNs to range from
[15,16,19]
3.3%-9.2%
. The clinical outcome of patients
with IPMN with concomitant PDAC is better than that
of ordinary PDAC (i.e., without concomitant IPMN);
this is because IPMN concomitant with pancreatic
cancer is detected at an earlier stage because of

Pathological findings

Macroscopic examination revealed the tumor spread
from the right hepatic duct to the common hepatic
duct. The cystic lesion was 1.0 cm × 1.0 cm and had a
multilocular appearance in the hilar connective tissue
near the common bile duct (Figure 1C, 2A and 2B).
Histologically, the tumor was well-to-moderately
differentiated tubular adenocarcinoma of the right
hepatic duct extending to the common bile duct (Figure
2A and Figure 3) and was therefore diagnosed as
perihilar CCA. The cystic lesion was multilocular with
fine fibrous septae. A large part of the inner surfaces of
cystic spaces were covered with columnar epithelium
resembling gastric epithelia (Figure 2C). Glandular
components resembling pyloric glands were focally
found under the lining epithelia of cystic spaces (Figure
2D). Micropapillary projections with intermediate-grade
intraepithelial neoplasia were focally found (Figure 2E).
These cystic lesions were rimmed by non-neoplastic
PBGs (Figure 2F). In addition, the lesion was near
the common hepatic duct, suggesting it might have
originated from PBGs. These findings were compatible
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Figure 2 Pathological findings. A: Low-power histologic image of the same region showing a multilocular cystic lesion (*) and the common hepatic duct involving
the carcinoma; B: Another level of a cystic lesion shows a multilocular cystic lesion with some areas exhibiting a micropapillary pattern (arrows), HE; C: The
multilocular parts show fine septae lined by columnar epithelium, HE; D: The lining epithelium is columnar with clear cytoplasm, and a pyloric glandular pattern is
visible underneath, HE; E: Micropapillary patterns, HE; F: The border of the cystic lesion is rimmed by non-neoplastic peribiliary glands (arrow), HE. HE: hematoxylin
and eosin.
[16]

the presence of IPMN . Gastric-type BD-IPMN with
concomitant PDAC does not exhibit GNAS mutation in
[18]
contrast to the majority of gastric-type IPMNs .
Interestingly, the lesion in the present case was
associated with perihilar CCA; they were discontinuous,
and their phenotypes were different, suggesting the
flat BD-IPNB and hilar CCA occurred separately. Such
an association has not been reported in cases of hilar
CCA or IPNB; furthermore, our survey of 59 surgically
resected perihilar CCAs at our hospital failed to find
another case of cystic micropapillary neoplasm of PBGs
(i.e., flat BD-IPNB). Therefore, to our knowledge the
case presented herein could be the first case of flat
BD-IPNB with concomitant perihilar CCA.
Because few cases of flat BD-IPNB have been

Figure 3 Well-to-moderately differentiated tubular adenocarcinoma of the
perihilar bile duct (hematoxylin and eosin).
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Papillary neoplasm

Perihilar cholangiocarcinoma

MUC5AC

MUC6

P53

S100P

Figure 4 Immunohistochemistry of papillary neoplasm and Perihilar cholangiocarcinoma.
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Treatment

Table 1 Immunohistochemical profiles of papillary neoplasm
and perihilar cholangiocarcinoma
Papillary neoplasm

Perihilar cholangiocarcinoma

+
+
+++
+
20%
+++
-

++
+++
+
30%
+++
++
-

MUC1
MUC2
MUC5AC
MUC6
p53
Ki67
CK7
CK20
S100P
ER
PgR

Right hepatectomy with caudate lobectomy and bile duct resection were
performed.

Term explanation

IPNB is characterized by exophytic proliferation of neoplastic epithelial
cells with fine fibrovascular stalks in the dilated bile duct lumen and mucin
hypersecretion.

Experiences and lessons

This is the first report of cystic micropapillary neoplasm of PBGs resembling
flat branch duct-type (BD)-intraductal papillary mucinous neoplasm (IPMN) with
concomitant perihilar concomitant cholangiocarcinoma (CCA) to our knowledge
and further studies are required to establish the concept of flat BD-IPNB with
concomitant perihilar CCA.

Peer-review

reported, it is unknown if flat BD-IPNB is associated
with a high incidence of CCA. Therefore, the
recognition of flat BD-IPNB or cystic micropapillary
neoplasm of PBGs as well as analyses of more cases
of flat BD-IPNB with or without concomitant CCA are
required.
In conclusion, this is the first report of cystic
micropapillary neoplasm of PBGs (i.e., flat type BDIPNB) resembling flat BD-IPMN with concomitant
perihilar CCA to our knowledge. Further studies are
required to establish the concept of flat BD-IPNB with
concomitant perihilar CCA.

This is a case report presenting a cystic micropapillary neoplasm of peribiliary
glands with concomitant perihilar cholangiocarcinoma. The authors conclude
that this case warrants further study as it may be correspond to the combination
of IPMN with concomitant pancreatic duct adenocarcinoma. This is the first
case of such combination of tumours and deserves publication.
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A 75-year-old man complained of obstructive jaundice.
4

Clinical diagnosis

His skin and palpebral conjunctiva showed jaundice.
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Differential diagnosis

Malignant tumors (cholangiocarcinoma, pancreatic cancer, carcinoma of the
ampulla of Vater) and benign lesions (common bile duct stone, cholangitis).
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Laboratory diagnosis
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Imaging diagnosis

Enhanced computed tomography showed a low-density mass 2.2 cm in
diameter in the right hepatic hilum and a cystic lesion near the common bile
duct.
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Pathological diagnosis

intraductal papillary neoplasm of bile duct (IPNB) arising from peribiliary glands
(PBGs) with concomitant perihilar cholangiocarcinoma occurred separately.
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Abstract
Gastrointestinal duplications are uncommon congenital
malformations that can occur anywhere along the
gastrointestinal tract. Most cases are recognized
before the age of 2 years, and those encountered in
adults are rare. We describe here a case of ascending
colon duplication in a 20-year-old male that caused
intussusception and was treated laparoscopically.
Although computed tomography revealed a cystic
mass filled with stool-like material, the preoperative
diagnosis was a submucosal tumor of the ascending
colon. We performed a laparoscopic right colectomy,
and the postoperative pathological diagnosis was
duplication of the ascending colon, both cystic and
tubular components. We conclude that gastrointestinal
duplications, although rare, should be considered in the
differential diagnosis of all abdominal and submucosal
cystic lesions and that laparoscopy is a preferred
approach for the surgical treatment of gastrointestinal
duplications.
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in adults. We describe an adult case of ascending colon
duplication resected by laparoscopic right colectomy.
We conclude that gastrointestinal duplications should
be included in the differential diagnosis of all abdominal
and submucosal cystic lesions and that laparoscopy
is a preferred approach for the surgical treatment of
gastrointestinal duplications.

ascending colon (Figure 4). No other abnormalities
such as Meckel’s diverticulum or malrotation were
found. Careful inspection of the resected specimen
revealed not only a cystic submucosal mass 4 cm
in diameter but also a submucosal tubular bulge
measuring 5 cm in length and extending from the
mass to the ileocecal valve (Figure 5A). Both the
cystic and tubular parts of the lesion were on the
mesenteric side. Histopathologically, both the cystic
and tubular parts of the lesion were lined by with
normal colonic mucosa; the cystic part had its own
muscular layer, whereas the tubular part shared the
muscular layer with the native ascending colon, which
led to the diagnosis of colon duplication (Figure 5B-D).
Both of the mucosal defects on the cystic lesion were
communication sites with the native bowel, and the
cystic lesion contained fecal material and blood clots.
No neoplastic lesion or ectopic mucosa was identified.
The postoperative course was uneventful, and the
patient was discharged on post-operative day 7.

Kyo K, Azuma M, Okamoto K, Nishiyama M, Shimamura T,
Maema A, Shirakawa M, Nakamura T, Koda K, Yokoyama
H. Laparoscopic resection of adult colon duplication causing
intussusception. World J Gastroenterol 2016; 22(7): 2398-2402
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i7/2398.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i7.2398

INTRODUCTION
Gastrointestinal duplications are uncommon congenital
malformations and are estimated to occur in 1
[1]
of 4500 births . These malformations can occur
anywhere along the gastrointestinal tract from the
mouth to the anus, but the ileum is the most common
site (30%-35%) and colonic duplications are rare
[2,3]
(7%-20%) . Most cases (67%-80%) are recognized
before the age of 2 years as an acute abdomen or
bowel obstruction, and those condition is rarely en
[2,3]
countered in adults . We describe here a case of
adult colon duplication that caused intussusception and
was treated by laparoscopic resection.

DISCUSSION
In 1876, Suppinger reported the first case of this
congenital malformation, and in 1937, Ladd described
in detail the clinical and pathological aspects of the
lesions and recommended using the term “duplications
[4]
of the alimentary tract” . These lesions have 3 defined
features: (1) well-formed smooth muscle layers; (2)
an epithelial lining consisting of some portion of the
alimentary tract; and (3) contiguity with a portion
of the alimentary tract. There may or may not be
communication with the gastrointestinal tract, and the
dividing septum may be muscular or merely a double
[5]
layer of epithelium . Additionally, these malformations
may be found in the intermuscular, submucosal or
subserosal layer of the intestinal wall and are typically
[6]
located on the mesenteric side of the bowel .
Duplications are divided into cystic (86%) and tubular
types (14%), and the cystic lesion usually does not
communicate with the lumen of the adjacent bowel
and contains a sticky mucoid fluid that is chocolate
or café au lait colored in some instances and almost
[2,4,7]
colorless in others
. Tubular lesions often have
one or more direct communications with the adjacent
bowel and can appear either as double-barreled
[7]
or Y-shaped forms. Gross et al described four
variations of the duplications: (1) a tubular structure
that branches out from the intestine and extends for
some distance between the mesenteric leaves; (2)
a double-barreled structure communicating with the
intestinal lumen at one or both ends; (3) a cystic
structure lying free in the peritoneal cavity, attached
only by a thin mesenteric stalk (this type is rare); and
(4) most common, a spherical lesion contiguous with
some part of the bowel, particularly along the ileum.
Although both cystic and tubular parts were observed
in the present case, we think it plausible that stool
accumulation in the tubular duplication caused cystic

CASE REPORT
A 20-year-old otherwise healthy male was referred
to our hospital because of a one-year history of
intermittent right flank pain and a large submucosal
mass in the ascending colon that had been observed
by colonoscopy at a clinic. All laboratory tests per
formed resulted in values within the normal range.
An abdominal computed tomography scan revealed
intussusception of the right colon with a cystic mass
4 cm in diameter. Although stool-like material was
observed within the mass, it did not lead to the
diagnosis (Figure 1A and B). A barium enema showed
a large submucosal mass in the ascending colon
that originated near the ileocecal valve (Figure 2).
Colonoscopy also revealed a large submucosal mass
in the ascending colon, and two mucosal defects
were observed on its surface (Figure 3). Histological
examinations of biopsy specimens taken from one
of the mucosal defects revealed only necrotic tissue.
No other abnormalities were found in either physical
or radiologic examinations. A neoplastic submucosal
tumor causing intussusception was suspected, and a
laparoscopic right colectomy with ileocolic anastomosis
was performed. Intraoperatively, a round mass was
observed in the hepatic flexure of the colon that
caused an invagination of the ileocecal region into the
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A

B

Figure 1 Coronal computed tomography of the abdomen. A: A cystic lesion
4 cm in diameter in the transverse colon (arrow). The lesion contained stool-like
material and acted as a lead point for intussusception; B: Intussusception of the
right colon (arrow).

Figure 3 Colonoscopy. A large submucosal mass in the ascending colon.
Arrows indicate mucosal defects on the surface of the mass.

Figure 2 Barium enema. A large submucosal mass (arrow) in the ascending
colon originating near the ileocecal valve.

Figure 4 Intraoperative laparoscopic view. A round mass in the hepatic
flexure of the colon (arrow) causing an invagination of the ileocecal region into
the ascending colon (arrowhead).

dilatation that protruded into the intestinal lumen over
the years; therefore, this case should be classified as
a double-barreled tubular structure type. Similar cases
have been reported in which the end of a Y-shaped
tubular colonic duplication had become a large cystic
[8,9]
mass containing stool .
Signs and symptoms of the duplications are
nonspecific and depend on their location; oral
and esophageal lesions may cause dysphagia and
respiratory difficulties, and other intra-abdominal types
may cause an abdominal mass, pain, constipation,
intestinal obstruction, volvulus, intussusception,
[2,6,7,10]
hemorrhage or perforation
. Hemorrhage often
occurs from the ectopic ulcerating gastric mucosa in
the duplication. Ectopic gastric mucosa was observed
frequently in the duplications irrespective of their
locations in the gastrointestinal tract (20%-50%) and
[2,3,6]
was particularly common in esophageal duplications
.
The occurrence of carcinoma in a duplicated cyst has
also been reported, and 67% of malignancies occurred
in colonic duplication, although colonic duplications are
[11]
relatively rare .
Although no other abnormalities were found
in the present case, 80% of patients with tubular

colonic duplication have been reported to have
associated anomalies; urogenital duplications are the
most notable, and skeletal abnormalities, including
malformations or duplications of the spine and sacrum,
[10,12]
are also often observed
. The etiology of intestinal
duplications and the associated anomalies is poorly
understood, although several theories have been
[10]
proposed .
The treatment of choice for duplications is surgi
cal excision. Although the treatment strategy for
asymptomatic cases is not clearly established, surgical
excision is generally recommended to prevent the
complications described above and the occurrence of
malignancies. However, complete excision may not
be possible for a long tubular duplication. In such a
case, selective mucosal excision with preservation of
[6,10,13]
the seromuscular layer
or distal internal drainage
by excision of the common wall may be effective
[2,3,10]
alternatives
. Although some recent studies
have recommended the use of laparoscopy for the
diagnosis and surgical treatment of gastrointestinal
duplications, few have reported its use in surgery for
[2,14]
duplications
. We believe that laparoscopic surgery,
if possible, is a preferred approach because of its
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A

B

C

D

Figure 5 Pathological analysis. A: A macroscopic view of the resected specimen. A round mass 4 cm in diameter is observed in the ascending colon. A submucosal
tubular bulge measuring 5 cm in length extends from the round mass to the ileocecal valve (arrows); B and C: Magnified sectional views of the cystic lesion (loupe
images; B: hematoxylin and eosin; C: desmin). The cystic lesion is lined by normal colonic mucosa and possesses its own muscular layer; D: A magnified sectional
view of the tubular bulge (loupe image; hematoxylin and eosin). A blind-end tubular structure extends from the cystic lesion toward the proximal side to the ileocecal
valve. This structure is lined by normal colonic mucosa and shares the muscular layer with the native ascending colon.

Differential diagnosis

minimal invasiveness.
In conclusion, although gastrointestinal duplications,
particularly adult cases are rare, they should be
considered in the differential diagnosis of all abdominal
and submucosal cystic lesions, and laparoscopy should
be a preferred approach for the surgical treatment
of gastrointestinal duplications. The differential
diagnosis of other gastrointestinal cystic lesions can
include heterotopic pancreas, lymphangiomas, cystic
degeneration of solid tumors such as gastrointestinal
stromal tumors and schwannomas, Brunner’s gland
[15-17]
hyperplasia and gastritis cystica profunda
. The
majority of duplications reported in the literature were
unsuspected before surgery, and the diagnoses were
established during or after the surgery. It is difficult
to make a correct diagnosis without knowledge of the
disease, and practitioners should be familiar with the
characteristics of this disease.

A submucosal tumor of the ascending colon.

Laboratory diagnosis

All labs were within normal limits.

Imaging diagnosis

CT showed intussusception of the right colon with a cystic mass 4 cm in
diameter.

Pathological diagnosis
Ascending colon duplication.

Treatment

Laparoscopic right colectomy.

Related reports

Gastrointestinal duplications are uncommon congenital malformations,
and those encountered in adults are rare. There are only a few reports on
laparoscopic surgery for this condition.

Term explanation

COMMENTS
COMMENTS

Gastrointestinal duplications are uncommon congenital malformations that
possess 3 defined features: (1) well-formed smooth muscle layers; (2) an
epithelial lining consisting of some portion of the alimentary tract; and (3)
contiguity with a portion of the alimentary tract.

Case characteristics

A 20-year-old male was referred to our hospital because of a one-year history
of intermittent right flank pain and a large submucosal mass in the ascending
colon which had been observed by colonoscopy at a clinic.

Experiences and lessons

Although gastrointestinal duplications, particularly adult cases are rare, they
should be included in the differential diagnosis of all abdominal and submucosal
cystic lesions.

Clinical diagnosis

Intermittent right flank pain.
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This article presents a rare case of adult colon duplication that was treated by
laparoscopic resection.
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TOPIC HIGHLIGHT
2016 Gastric Cancer: Global view

Advanced gastric cancer: Current treatment landscape and
future perspectives
Antonia Digklia, Anna Dorothea Wagner
mortality worldwide. In the western world, it is most
often diagnosed at an advanced stage, after becoming
metastatic at distant sites. Patients with advanced
disease (locally advanced or metastatic) have a somber
prognosis, with a median overall survival of 10-12
mo, and palliative chemotherapy is the mainstay of
treatment. In recent years, novel approaches using
inhibition of human epidermal growth factor receptor
2 (HER2) have demonstrated significant improvements
in progression-free and overall survival, compared
with chemotherapy alone, in first-line treatment of
patients with overexpression of HER2. In addition,
both second-line chemotherapy and treatment with the
vascular endothelial growth factor receptor-inhibitor
ramucirumab demonstrated significant benefits in terms
of overall survival, compared with best supportive
care, in randomized studies. Moreover, ramucirumab in
combination with chemotherapy demonstrated further
significant benefits in terms of progression-free and
overall survival, compared with chemotherapy alone, in
second-line treatment for patients with metastatic gastric
cancer. A recently published molecular classification
of gastric cancer is expected to improve patient
stratification and selection for clinical trials and provide
a roadmap for future drug development. Nevertheless,
despite these developments the prognosis of patients
with advanced gastric cancer remains poor. In this
review we discuss current standards of care and outline
major topics of drug development in gastric cancer.
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Core tip: With the integration of both ramucirumab and
transtuzumab, treatment options for advanced gastric
cancer have increased significantly in recent years.
Therefore, a reconsideration of treatment options
and results for gastric cancer is necessary. This paper
discusses results of phase Ⅲ trials for both standard

Abstract
Gastric cancer currently ranks fourth in cancer-related
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chemotherapy and targeted treatments in metastatic
gastric cancer. Furthermore, results of selected earlyphase clinical trials, for example on immune checkpoint
inhibitors, are discussed.

Tumors classified as chromosomally unstable
are predominantly localized at the cardia or the
gastrointestinal junction. This subtype is enriched
for TP53 mutations and RTK-RAS activation. The
microsatellite unstable subtype accounts for 22% of
GC cases and is significantly associated with MLH1
silencing and genomic hypermutation. Moreover, the
vascular endothelial growth factor A (VEGFA) gene
is amplified in this subtype, suggesting that it may
respond to anti-angiogenic therapy. Finally, the fourth
subtype, the “genomically stable”, is histologically
associated with diffuse-type cancer, as well as CDH1
and RHOA mutations.
Despite these major advances in our understanding
of the biology of GC, the median survival rate of
patients with advanced GC is still less than 12 mo,
and the development of personalized treatment
strategies is the principal challenge. The primary aim
of this review is to summarize data from recent phase
Ⅲ clinical trials on both chemotherapy and targeted
therapies in advanced GC and to discuss their impact
on current clinical practice. Furthermore, we discuss
recent phase Ⅱ trials of special interest.

Digklia A, Wagner AD. Advanced gastric cancer: current
treatment landscape and future perspectives. World J
Gastroenterol 2016; 22(8): 2403-2414 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i8/2403.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i8.2403

INTRODUCTION
Gastric cancer (GC) currently ranks fourth in cancer
incidence worldwide and is the most common type
[1,2]
of cancer among Japanese men . In the last few
decades, epidemiological changes in the anatomical
distribution have converged with a decline in the
incidence of distal (non-cardia) GC, notably in
developed countries, and an increase in the incidence
of adenocarcinoma of the proximal stomach. The
origins of these changes are probably multifactorial
and linked to many risk factors, including Helicobacter
pylori (H. pylori) infection incidence, dietary factors,
[3]
and obesity .
GC has a routine appearance of adenocarcinoma in
90% of cases and is divided into intestinal and diffuse
[4]
types according to the Lauren classification . The
intestinal type is associated with H. pylori infection
and dysplastic changes, whereas the diffuse type
is characterized by sheets of cells without gland
[5]
formation and occasionally signet ring cells . Diffusetype GC can also be associated with H. pylori infection,
but not with intestinal metaplasia, as a precursor and
is known to have a poorer prognosis.
Several attempts have been made to develop
a molecular classification of GC based on genomic
[6]
alterations. In 2012, Deng et al
identified 5
subgroups of GC defined by signature genomic
alterations: FGFR-2 (9% of tumors), KRAS (9%), EGFR
(8%), ERBB-2 (7%) and MET (4%). Interestingly,
about 37% of GC had genomic alterations in the
receptor of the tyrosine kinase RAS.
Recently, the Cancer Genome Atlas Research
Network identified four molecular subtypes of GC
by analyzing data from 295 primary tumors in
six molecular platforms: (1) EBV-infected tumors
(9%); (2) microsatellite unstable tumors (22%);
(3) genomically stable tumors (20%); and (4)
chromosomally unstable tumors (50%). The resear
chers confirmed that every subtype has distinct
genomic features. For example, EBV-infected tumors
frequently contain mutations in the PIK3CA gene (80%
vs 3%-42% in the other subtypes), amplifications of
the JAK2 gene, and elevated expression of PD-L1. In
this context, PIK3CA inhibitors and PD-L1 antagonists
[7]
merit further investigation .

WJG|www.wjgnet.com

FIRST-LINE TREATMENT
Before any systemic treatment for GC is initiated, the
status of the human epidermal growth factor receptor
2 (HER2) is determined. Treatment options for the
approximately 20% of patients with HER2-positive GC
are discussed in the paragraph on targeted therapies.
The following section discusses the treatment options
for patients with HER2-negative GC.
Chemotherapy is the standard first-line treatment
for patients with advanced GC and a good performance
status. Available data from randomized clinical
trials clearly demonstrate a statistically significant
advantage of palliative chemotherapy, compared with
best supportive care (BSC), in terms of palliation of
symptoms and improvement of survival for patients
[8]
with advanced GC .
In contrast, the benefit of combination - compared
with single-agent - chemotherapy is much smaller:
A meta-analysis published in 2010 indicated a
modest survival benefit (approximately 1.5 mo)
for combination chemotherapy over single-agent
chemotherapy. Of note, the combination chemotherapy
regimens included in this analysis were mostly “older”
regimens (combination of 5-FU/anthracyclines) and
[9]
therefore might not have had optimal efficacy . For
example, in the Japanese phase Ⅲ “SPIRITS” trial, 305
2
patients were randomly assigned to S-1 (40-60 mg/m
2
twice-daily on days 1-21 and cisplatin 60 mg/m on
2
day 8 every 5 wk) or S-1 alone (40-60 mg/m twicedaily on days 1-28 every 6 wk). Both progression-free
survival (PFS) (6 vs 4 mo) and overall survival (OS) (13
mo vs 11 mo, HR = 0.77; 95%CI: 0.61-0.98) were
[10]
significantly improved by the combination regimen .
However, the Japanese phase Ⅲ JCOG 9912 trial,
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Platinum derivatives - alternatives to cisplatin

which compared a continuous infusion of 5-FU (800
2
mg/m per day on days 1-5 every 4 wk) with the
2
combination of intravenous irinotecan (70 mg/m
2
per day on days 1 and 15) and cisplatin (80 mg/m
on day 1) every 4 wk and with oral S-1 alone (40
2
mg/m twice-daily on days 1-28 every 6 wk), did not
confirm the superiority of this combination. While S-1
alone was non-inferior to 5-FU, patients receiving the
combination of irinotecan plus cisplatin did not have a
survival improvement as compared to the treatment
[11]
with S-1 alone .
More than 50 years since its development, infusional
5-FU remains the backbone of most combination
chemotherapy regimens in advanced GC. However, in
recent years, two oral fluoropyrimidines - capecitabine
and S-1 - were shown to be at least equal in efficacy
to 5-FU. Capecitabine was shown to be non-inferior in
two phase Ⅲ trials.
[12]
Kang et al
conducted a randomized phase Ⅲ
2
trial comparing cisplatin (80 mg/m on day 1) plus
2
capecitabine (1000 mg/m twice-daily on days 1-14) in
2
a 21-d cycle to cisplatin plus 5-FU (800 mg/m per day
as a continuous infusion on days 1-5). The trial met its
primary endpoint and demonstrated the non-inferiority
of cisplatin plus capecitabine, compared with cisplatin
plus 5-FU. Although patients receiving capecitabine
had a better response rate (RR) than those receiving
5-FU (41% vs 29%), PFS, RRs, and toxicity profiles
were similar.
The oral fluoropyrimidine S-1 is a widely accepted
treatment option, as a single agent or in combination
chemotherapy, for advanced GC in Japan. S-1 is a
combination of tegafur with two enzyme inhibitors:
5-chloro-2,4-dihydroxypyridine (CDHP), a reversible
inhibitor of dihydropyrimidine dehydrogenase, and
potassium oxonate (Oxo). CDHP enhances the
anticancer activity of tegafur by increasing its halflife, and Oxo reduces the gastrointestinal toxicity of
tegafur. Because CYP2A6, which converts tegafur to
5-FU, is highly active in Caucasians, separate studies
in Caucasian populations were necessary before
registration of S-1 in Europe and the United States.
The pivotal trial, which evaluated S-1 in a Western
population, is the randomized phase Ⅲ “FLAGS” trial.
2
This trial compared a regimen of cisplatin (75 mg/m
2
on day 1) plus S-1 (25 mg/m twice-daily on days 1-21)
2
with cisplatin (100 mg/m on day 1) plus 5-FU (1000
2
mg/m per day for 5 d) over a 28-d cycle. Although the
comparison of the two fluoropyrimidines in this trial is
limited by the different doses of cisplatin, the cisplatin/
S-1 combination was as effective as the cisplatin/5-FU
combination (OS 8.6 mo vs 7.9 mo for S-1 vs 5-FU).
Importantly, patients receiving 5-FU experienced
significantly more side effects than did patients treated
with S-1: rates of grade 3/4 neutropenia were 32.3%
vs 63.6%, rates of complicated neutropenia were
5.0% vs 14.4%, and rates of stomatitis were 1.3% vs
[13]
13.6% .
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Several recent studies explored whether oxaliplatin
can replace cisplatin for GC. Cisplatin-free regimens
represent a more convenient therapeutic approach,
which avoids the necessary hyperhydration and
decreases the risk of renal and ototoxicity associated
with cisplatin, but at the price of increased neurotoxicity.
Two phase Ⅲ trials demonstrated a non-inferiority of
oxaliplatin, compared with cisplatin, in the treatment
of advanced GC, and a third trial observed comparable
results.
In a randomized phase Ⅲ study conducted in
2
Japan, the standard SP regimen (S-1 40 mg/m twice2
daily on days 1-21 and cisplatin 60 mg/m on day 8
2
for 5 wk) was compared to SOX (S-1 40 mg/m twice2
daily on days 1-14 and oxaliplatin 100 mg/m on day
1 for 3 wk). A total of 685 patients participated in the
study, which reached its primary endpoint by showing
a non-inferiority of SOX in PFS. As expected, serious
adverse events occurred more often in the patients
treated with SP (29.3% vs 37.9%). Furthermore, the
rate of treatment-related deaths was twice as high in
[14]
the patients treated with SP (2.4% vs 1.2%) .
[15]
Al-Batran et al
compared biweekly infusional
fluorouracil and leucovorin, either in combination
with oxaliplatin (FLO) or cisplatin (FLP). This trial
confirmed the better tolerability of oxaliplatin. While
median OS (10.7 mo vs 8.8 mo) showed no significant
differences between the two groups, a trend towards
better PFS was observed in the patients treated with
FLO. However, as expected, the rates of peripheral
neuropathy were significantly higher in the patients
treated with FLO (63% vs 22%). Interestingly, a
subgroup analysis of patients older than 65 years
indicated that FLO exhibited a significantly superior RR
and OS (13.9 mo vs 7.2 mo), forming the basis for the
widespread use of this combination in elderly patients.
In the landmark REAL-2 trial, patients were
randomized into four groups [epirubicin, oxaliplatin
and capecitabine (EOX); epirubicin, oxaliplatin and
5-FU (EOF); epirubicin, cisplatin and 5-FU (ECF);
and epirubicin, cisplatin and capecitabine (ECX)] in a
two-by-two factorial design. The results of this trial
confirmed that oxaliplatin was non-inferior to cisplatin
in combination with epirubicin and either 5-FU or
capecitabine. Furthermore, apart from the expected
differences in toxicities between the two agents, fewer
thromboembolic events (7.6% vs 15%) were observed
in the patients treated with oxaliplatin, compared with
[16]
cisplatin .
Irinotecan is another alternative to platinum
derivatives that has been evaluated in several
[17]
randomized trials. In 2008, Dank et al
published
the results of a phase Ⅲ trial comparing irinotecan/5FU to cisplatin/5-FU. Although irinotecan/5-FU did not
show an improvement in time-to-progression, the
combination was better tolerated, as a lower rate of
patients discontinued treatment due to toxicity (10%
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vs 22%). This observation has been confirmed in other
[18]
randomized phase Ⅱ trials .
For these reasons both oxaliplatin and irinotecan
are adequate substitutes for cisplatin in combination
with fluoropyrimidines.

What is the role of taxanes in GC?

whether 5-FU can be replaced by capecitabine in a three[22]
drug regimen including docetaxel and oxaliplatin . The
patients treated with the combination of docetaxel,
oxaliplatin and 5-FU (TEF) had a significantly better OS
(14.6 mo vs 11.3 mo), PRS (7.6 mo vs 5.5 mo) and
RR (46.6% vs 25.6%) compared with the docetaxel,
oxaliplatin and capecitabine group (TEX). Furthermore,
the TEF regimen was associated with a better toxicity
profile.

[19]

In the V-325 study, published by Van Cutsem et al ,
445 patients were treated with cisplatin/5-FU with
or without docetaxel as a first-line therapy. Although
the RR (37% vs 25%), time-to-progression (5.6 mo
vs 3.7 mo) and 2-year OS rate (18% vs 9%) were
improved by the addition of docetaxel, the absolute
benefit in terms of survival was less than 4 wk, and
was counterbalanced by a significant increase in grade
3-4 adverse events.
In view of the significant toxicities associated with
this regimen, especially in the elderly population,
several “modified DCF” regimens have been developed.
2
One example is FLOT (docetaxel 50 mg/m , infusional
2
2
5-FU 2600 mg/m , leucovorin 200 mg/m , oxaliplatin
2
85 mg/m ) every 2 wk. A randomized phase Ⅱ study
[15]
(n = 143) by Al-Batran et al specifically addressed
the question whether the addition of docetaxel to
the combination of FLO is feasible in fit patients older
than 65 years. Significantly more grade 1-4 adverse
events such as neutropenia, alopecia and diarrhea
were observed in the FLOT group, but there were no
differences between the two groups in terms of serious
adverse events, discontinuation for toxicity or toxicity[20]
related deaths . Thus, the FLOT regimen was feasible
in the selected fit elderly patients. However, quality-oflife was decreased in the patients treated with FLOT,
compared with the patients treated with FLO. Although
the FLOT group demonstrated an improved RR (49%
vs 28%) and a trend towards a better PFS (9.0 mo vs
7.1 mo, p = 0.79), there was no significant benefit in
median OS (17.3 mo vs 14.5 mo, p = 0.39). For this
reason, the authors concluded that “this study confirms
the role of the doublet combination FLO as a tolerable
and active treatment option for older adult patients
with metastatic gastric cancer”. Interestingly, subgroup
analyses indicated that patients with locally advanced
(non-metastatic) tumors and patients younger than 70
years benefited more from FLOT than FLO. However,
this result needs prospective confirmation in further
trials.
The phase Ⅲ “START” trial, which compared S1/
docetaxel (S-1 at 80-120 mg/d on days 1-14 of a 21-d
2
cycle with docetaxel 40 mg/m every 21 d) vs S-1
alone (days 1-28 of a 42-d cycle) in 635 Japanese and
Korean patients, showed a significant benefit in terms
of PFS (5.3 mo vs 4.2 mo) and OS (12.5 vs 10.8
mo) in favor of the combination. While the RR in the
combination group was 38.8% (26.8% in the singleagent group), 58% of the patients presented at least
[21]
one grade 3 toxicity in the combination group .
Another recent randomized phase Ⅱ trial addressed
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Is triplet superior to doublet chemotherapy in advanced
GC?

When discussing triplet vs doublet chemotherapy
regimens, we need to address the regimens, the
outcomes and the patients.
Regarding the regimens: a superiority in terms of
survival for 5-FU, an anthracycline and cisplatin (ECF)
over the same regimens without the anthracycline
or cisplatin was demonstrated in our meta-analyses
[8,9]
published in 2006 and 2010 . However, those trials
were conducted more than 10 years ago, when secondline therapy was not generally available. At present,
second-line treatment is routinely administered: up
[23,24]
to 50% of patients in European studies
and 80%
of patients in Asian trials are treated with secondline chemotherapy. The recently published phase Ⅲ
[23]
trial by Guimbaud et al , which compared the threedrug regimen of ECX in first line to FOLFIRI vs the
reverse sequence, did not observe a survival benefit
for patients treated with ECX, compared with FOLFIRI.
Furthermore, there were no differences in qualityof-life between study arms, and FOLFIRI was better
tolerated. Other triplet chemotherapy regimens, such
as DCF and FLOT, which were discussed previously,
have not demonstrated convincing benefits in terms
of survival, but instead increased toxicity rates.
Therefore, these regimens are not generally accepted
as standards of care. Results for other outcomes,
such as quality-of-life, were contradictory for different
regimens: whereas treatment with DCF resulted in a
significant delay in the deterioration of quality-of-life,
compared with CF, a higher rate of patients treated
with FLOT (47.5%), as compared to FLO (20.5%)
experienced a > 10 point deterioration of quality-of-life
[24,25]
global health scores after 8 wk of treatment
.
The question whether subgroups, such as patients
with locally advanced or limited metastatic disease,
may have a benefit from these combinations, is
currently under investigation.
Second-line and beyond: As much as for firstline treatment, the aim of second and later lines of
treatment in advanced GC is to increase survival and
control the clinical symptoms of the disease, with
as little toxicity as possible and no negative impact
on quality-of-life. Several phase Ⅲ clinical trials and
a recent meta-analysis demonstrated a modest but
significant survival benefit of chemotherapy in this
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setting for patients with good performance status
.
Single-agent therapy with irinotecan or taxanes have
been shown to be effective. Therefore, the choice of
the regimen should be guided by the previous lines
of therapy and eventual residual toxicities (e.g.,
neurotoxicity).
In a German (AIO) phase Ⅲ study containing
patients with advanced GC and a performance status
of 0-2 who had failed first-line treatment, irinotecan
2
(250 mg/m on day 1 of a 21-d cycle, to be increased
2
to 350 mg/m based on tolerance) showed a significant
benefit in terms of OS (4 mo vs 2.4 mo, p = 0.012)
and RR (44% vs 5%), compared with BSC. Although
the study was closed due to poor accrual after
inclusion of 40 patients, a significant improvement
in tumor-related symptoms was noted in 50% of the
patients treated with irinotecan, compared with 7% of
[28]
the patients treated with BSC .
The survival benefit of second-line or third-line
chemotherapy was confirmed in a Korean phase Ⅲ trial
in patients with advanced GC and a good performance
status after failure of fluoropyrimidines and platinum.
In this trial (n = 202), patients were randomized in a
2:1 ratio to receive either chemotherapy (docetaxel
or irinotecan) or BSC. Median OS was improved
significantly in patients treated with chemotherapy (5.3
mo vs 3.8 mo with BSC). The efficacies of irinotecan
[26]
and docetaxel were comparable .
Finally, the recently published phase Ⅲ trial
“COUGAR-02” confirmed that docetaxel significantly
increased OS in patients with a performance status
of 0-2 after progression to previous platinum/
fluopyrimidine chemotherapy. In this trial, 168 patients
were treated with active symptom control with or
2
[29]
without docetaxel (75 mg/m in a 21-d cycle) .
Although only 23% of the patients received 6 cycles
of docetaxel, and only 7% presented an objective
response to docetaxel, a modest but significant benefit
in OS (5.2 mo vs 3.6 mo, p = 0.01) was observed.
Moreover, despite the fact that 21% of patients
treated with docetaxel presented grade 4 toxicities,
significantly less pain and a trend for less dysphagia
and nausea were reported. Global quality-of-life scores
were similar between the two groups.
With the publication of this well-conducted, large,
randomized trial, the benefit of docetaxel as a secondline treatment, in terms of improvement in tumorrelated symptoms and survival, has clearly been
established. For this reason, all patients in good
performance status should be offered second-line
chemotherapy.
2
The activities of weekly paclitaxel (80 mg/m on
days 1, 8, and 15 every 4 wk) and irinotecan (150
2
mg/m on days 1 and 15 in 28-d cycles) as secondline treatments were determined in a recent Japanese
randomized phase Ⅲ study in 223 patients with
advanced GC that had progressed after fluoropyrimidine
[30]
plus platinum chemotherapy . Irinotecan was not

WJG|www.wjgnet.com

superior to taxane monotherapy in terms of median PFS
(2.3 mo vs 3.6 mo with paclitaxel, P < 0.33) and OS (8.4
mo vs 9.5 mo, P = 0.38), and treatment-related toxicity
was comparable in both arms. Interestingly, third-line
chemotherapy was administered in 97 patients (89.8%)
after paclitaxel treatment and in 80 patients (72.1%)
after irinotecan treatment (P = 0.001). Thus, we agree
with the author’s conclusion that both regimens are
valid choices for second-line treatment.

Is combination better than single-agent chemotherapy
in second-line treatment?

Recently, a Japanese phase Ⅲ trial conducted by the
Tokyo Cooperative Oncology Group evaluated singleagent (irinotecan) vs combination (irinotecan/cisplatin)
chemotherapy as a second-line treatment in patients
[31]
refractory to S-1-based chemotherapy . Interestingly,
the combination of cisplatin/irinotecan demonstrated
a PFS benefit without an OS improvement. Thus,
according to this trial, there is no evidence for a
benefit of combination vs single-agent chemotherapy
in second-line treatment.

TARGETED THERAPIES
Approximately 20% of GC are characterized by
overexpression or/and amplification of the HER2 gene.
HER2 overexpression is more common in intestinal GC
than diffuse GC, and more common in GEJ GC than
distal GC. Currently, the prognostic value of HER2 in
[32]
GC is controversial . Combining chemotherapy with
trastuzumab results in a significant improvement in
survival in HER2-positive GC.
In the international phase Ⅲ “ToGA” trial, 594
previously untreated patients with advanced HER2positive (either IHC 3+ or IHC 2+ and FISH+) GC
were randomized to chemotherapy (cisplatin 80
2
mg/m on day 1 and either capecitabine 1000 mg/
2
m twice-daily on days 1-14 every 3 wk or 5-FU 800
2
mg/m per day continuously for 3 wk) with or without
trastuzumab (8 mg/kg loading dose, followed by 6
mg/kg every 3 wk). Compared with chemotherapy
alone, the combination of chemotherapy plus tras
tuzumab resulted in a statistically significant and
clinically relevant improvement in RR and OS. The
combination did not raise any new safety concerns;
notably, the incidence of cardiotoxicity was equal in the
[33]
2 arms . Recently, an HRQol analysis showed that
the time to deterioration of HRQoL was prolonged in
[33,34]
the combination arm
.
Up to now, this is the only prospective randomized
phase Ⅲ trial exploring trastuzumab in combination
with chemotherapy in GC, although phase Ⅱ
data with XELOX and in combination with S-1 and
[35,36]
cisplatin have shown interesting clinical activities
.
Therefore, the benefit of trastuzumab in combination
with other chemotherapeutic regimens needs further
investigation. A non-interventional register studying

2407

February 28, 2016|Volume 22|Issue 8|

Digklia A et al . Advanced GC
the addition of trastuzumab to different first-line
chemotherapies found comparable results in terms
of median PFS (6.8 mo) for other chemotherapytrastuzumab combinations, although the final
results are pending. Importantly, pharmacokinetic
data suggested that the above-mentioned dose of
trastuzumab might not be optimal in combination
with capecitabine and cisplatin. Therefore, a
currently ongoing phase Ⅲ trial named HELOISE
(NCT 01450696) is exploring two different doses
of trastuzumab (8 mg/kg loading dose, followed by
6 mg/kg or 10 mg/kg every 3 wk) in combination
2
with cisplatin (80 mg/m on day 1) and capecitabine
2
(800 mg/m twice-daily on days 1-14). Furthermore,
the clinical value of the continuation of trastuzumab
beyond first progression - a strategy with proven
value in HER2-positive breast cancer - needs to be
[37]
defined .

of pertuzumab (840 mg for cycle 1 and 420 mg for
cycles 2-6 vs 840 mg in cycles 1-6) in combination
with chemotherapy, the dose of 840 mg pertuzumab
was selected for the ongoing international randomized
phase Ⅲ “JACOB” trial (NCT 01774786). This trial is
exploring the role of pertuzumab, in combination with
trastuzumab and chemotherapy, in advanced GC. Of
note, RRs for patients treated with pertuzumab, in
combination with trastuzumab and chemotherapy,
were 86% and 55% for the two doses in the above[43]
mentioned phase Ⅱa trial .
In analogy to the “EMILIA” trial (a randomized phase
Ⅲ trial comparing T-DM1 (trastuzumab emtansine, an
antibody-drug conjugate linking trastuzumab to the
microtubule inhibitor DM1, a maytansine derivative)
to the combination of and capecitabine) in pretreated,
HER2-positive breast cancer, the ongoing phase Ⅲ
GATSBY trial (NCT01641939) is evaluating T-DM1 vs
a taxane (docetaxel or paclitaxel) in previously treated
metastatic HER2-positive GC.

Second-line treatment for HER2-positive GC

Lapatinib is a small molecule TKI that binds reversibly
to EGFR-1 and EGFR-2 (HER2) and blocks the activation
of downstream second messengers. Lapatinib is
approved for second-line treatment of HER2-positive
[38]
advanced breast cancer .
The phase Ⅲ clinical trial, “TyTAN”, evaluated the
efficacy of lapatinib in combination with paclitaxel in
the second-line setting in Asian patients with HER2positive advanced GC. A total of 261 HER2-positive
(by FISH) patients were randomized to lapatinib plus
[39]
chemotherapy vs chemotherapy alone . According to
the results of this trial, the overall RR was significantly
higher in patients treated with lapatinib, but median
PFS and OS rates were unchanged. However, in
subgroup analyses, patients with an IHC score of 3+
and patients younger than 60 years benefited from the
addition of lapatinib to paclitaxel.
The limited efficacy of lapatinib was confirmed in
the first-line setting for GC in the phase Ⅲ “LOGIC”
trial, which investigated the activity of lapatinib
in combination with capecitabine/oxaliplatin and
[40]
demonstrated a non-significant prolongation of OS .

Targeting EGFR1 in advanced GC

Despite the high (approximately 50%) rate of EGFR
expression in GC, targeting EGFR has not proven to
be a successful strategy, at least in unselected GC
patients. The so-called “EXPAND” trial, which evaluated
the addition of cetuximab to first-line chemotherapy
with capecitabine or 5-FU in patients with advanced
GC, failed to improve PFS or OS, independent of the
[44]
expression of EGFR .
The ineffectiveness of targeting EGFR in a nonselected population of patients with GC was confirmed
in the phase Ⅲ REAL 3 trial. In this trial, panitumumab
or placebo was added to first-line chemotherapy with
[45]
EOX . The study was terminated prematurely due to
a significantly worse median OS (8.8 mo vs 11.3 mo)
in the patients treated with EOX and panitumumab.
Predictive biomarkers for the efficacy of panitumumab
(mutations in KRAS, BRAF, PIK3CA or loss of PTEN
expression) could not be identified.
Nevertheless, in patients with advanced NSCLC,
high EGFR expression (IHC score > 200) was found
to be a predictor of survival for patients treated with
the combination of first-line chemotherapy plus
[46]
cetuximab . Currently, data for patients with GC and
high tumor EGFR expression is pending. However,
a small randomized phase Ⅱ trial demonstrated
that in a subgroup of patients with IHC 2+/3+
EGFR metastatic GC, adding the EGFR monoclonal
antibody nimotuzumab to irinotecan might improve
[47]
the antitumoral activity . Based on these results,
a randomized phase Ⅲ trial (ENRICH trial, NCT
01813253) investigating this combination as a secondline regimen in EGFR-overexpressing GC is ongoing in
Japan and South Korea.

Future perspectives for HER2-positive GC

Currently, pertuzumab, a monoclonal antibody that
binds to the dimerization domain of the HER2/HER3
receptors, is being investigated in GC. In HER2positive metastatic breast cancer, a recently published
phase Ⅲ trial comparing docetaxel in combination
with trastuzumab and either pertuzumab or placebo
demonstrated an OS benefit of 16 mo (!) for patients
treated with pertuzumab, without significant differences
[41]
in toxicity, especially cardiac toxicity . Preclinical data
indicate that targeting the dimerization domain of HER2/
HER3 has antitumoral activity in GC as well, although
the serum clearance of the antibody seems to be higher
[42]
in this setting . On the basis of a randomized phase Ⅱ
a trial (n = 30) exploring two different dose schedules
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Role of angiogenesis

Angiogenesis has become an important target in the
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treatment of several solid tumors. In GC, increased
VEGF-A expression has been correlated with a poor
prognosis. Therefore, several studies tried to explore
[48,49]
the role of anti-angiogenic therapies in this context
.
Results from the international phase Ⅲ “AVAGAST”
study, which assessed the benefit of adding beva
cizumab, a monoclonal antibody targeting VEGF, to
a cisplatin/capecitabine combination chemotherapy
[50]
regimen , showed only a modest improvement
in PFS (6.7 mo vs 5.3 mo), without an OS benefit
(12.1 mo vs 10.1 mo). Nevertheless, in an unplanned
subgroup analysis, OS was significantly improved
in non-Asian patients, in patients with the diffuse
subtype, and in patients with distal GC. Furthermore,
recent data demonstrated a clear benefit of targeting
angiogenesis in the second-line setting. In contrast
to bevacizumab, ramucirumab is an Ig1 monoclonal
antibody and antagonist of the VEGF receptor 2,
blocking the binding of VEGF A, C and D. The phase Ⅲ
“REGARD” trial evaluated ramucirumab monotherapy
[51]
(8 mg/kg every 15 d) vs placebo in 355 patients
after failure of first-line chemotherapy. Ramucirumab
increased median OS by 37% (5.2 mo vs 3.8 mo, HR
= 0.776, 95%CI: 0.603-0.998) as well as PFS (2.1
mo vs 1.3 mo, HR = 0.483, 95%CI: 0.376-0.620).
Importantly, ramucirumab was well-tolerated, with
hypertension (8% with grade ≥ 3) being the most
important side effect. Rates of grade > 3 arterial and
venous thromboembolism were 1% vs 0% and 1% vs
[43]
4%, respectively, in the patient groups .
The activity of ramucirumab, in combination
with chemotherapy, in second-line treatment of GC
was confirmed by the phase Ⅲ “RAINBOW” trial. In
this study, 665 patients were randomized to receive
2
paclitaxel (80 mg/m on days 1, 8 and 15), with
or without ramucirumab (8 mg/kg every 15 d).
Patients treated with ramucirumab had significant
improvements in median OS (9.6 mo vs 7.4 mo, HR =
0.807, 95%CI: 0.678-0.962), PFS (4.4 mo vs 2.9 mo,
HR = 0.635, 95%CI: 0.539-0.752, p < 0.0001) and
[52]
RR (28% vs 54%, p = 0.0001) .
These proof-of concept trials for the inhibition
of angiogenesis in metastatic GC were confirmed
by another phase Ⅲ trial evaluating apatinib, the
oral VEGR-2 tyrosine kinase inhibitor, after failure
[53]
of second-line chemotherapy . In this study, 293
heavily pretreated Chinese patients were randomized
to apatinib (850 mg/d) vs placebo. Although median
PFS (as assessed by the investigators) was 2.6 mo
in the experimental group and 1.8 mo in the placebo
group (HR = 0.44), median OS was 6.5 and 4.7 mo,
respectively (HR = 0.71). However, objective RRs were
3% vs 0%. Furthermore, 9% of the patients treated
with apatinib developed a hand-foot syndrome of
grade 3/4.
These data confirm the importance of angiogenesis
as a pathway and support further development of antiangiogenic treatments for GC.

WJG|www.wjgnet.com

FUTURE PERSPECTIVES
For the moment, several novel targets are under
investigation (Table 1). For example, the PI3K/AKT/
mTOR pathway plays a crucial role in multiple cellular
functions including proliferation, angiogenesis and cell
growth. The results of a phase Ⅲ trial, GRANITE-1,
were recently released. The study compared everolimus,
a mTOR inhibitor, to placebo in pretreated advanced
GC and did not show an improvement in OS (5.4 mo
[54]
vs 4.3 mo) .
Hepatocyte growth factor (HGF), as well as its
receptor mesenchymal epithelial transition factor (MET),
[55,56]
play key roles in GC
. Rilotumumab, a fully human
IgG2 monoclonal antibody against HGF, demonstrated
promising preliminary results in combination with EOX
[57]
in a randomized phase Ⅱ study . Furthermore, recent
data showed that MET-positive patients respond better
to the combination of rilotumumab and ECX than do
[58]
MET-negative patients . Due to the increased toxicity
and treatment-related deaths in the combination
group in RILOMET-1, all clinical trials investigating the
role of rilotumumab in GC - including the phase Ⅲ
RILOMET-1 (with ECX) and RILOMET-2 (with cisplatin
and capecitabine) trials - have been terminated.
Results of the RILOMET-1 trial have been presented
at the ASCO 2015 Annual Meeting; both OS and
PFS were statistically worse in the rilotumumab
[59]
arm, independent of MET expression . In addition,
preliminary results of a phase Ⅱ trial evaluating
onartuzumab, another monoclonal antibody designed
specifically to target the MET receptor, failed to show
a PFS benefit when added to mFOLFOX in a first-line
setting in patients with HER2-negative metastatic
[60]
GC .
Cancer immunotherapy has seen major advances
in the last 10 years. Checkpoint inhibitors have become
the cornerstone in the treatment of melanoma and compared with docetaxel - demonstrated a significant
improvement in OS in a randomized phase Ⅲ trial in
[61]
NSCLC . Early results of “KEYNOTE-012” a phase
Ib trial evaluating pembrolizumab, a humanized antiPD-1 monoclonal antibody, were initially presented at
the 2015 ASCO Gastrointestinal Cancers Symposium,
and update data was reported at the ASCO 2015
Annual Meeting. In this trial, 39 chemotherapyrefractory patients with advanced GC, good PS and
either distinctive stromal or ≥ 1% of tumor nest cell
PD-L1-staining were treated with pembrolizumab
(10 mg/kg every 2 wk) until complete response,
[62]
disease progression, or unacceptable toxicity . With
a 22.2% objective RR, as assessed by central review
after a median follow-up of 8.8 mo, pembrolizumab
demonstrated promising anticancer activity in this
heavily pretreated population. Thirteen patients (33%)
remain on therapy. A total of 53.1% of patients with
measurable disease displayed some degree of tumor
shrinkage from baseline. At 6 mo, 69% of patients
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AIO-STO-0111 - A Randomized, Double Blind
Study Evaluating Paclitaxel With and Without
RAD001 in Patients With Gastric Carcinoma After
Prior Chemotherapy
BRIGHTER - A Study of BBI608 Plus Weekly
Paclitaxel to Treat Gastric and Gastro-Esophageal
Junction Cancer

RAINFALL - A Study of Ramucirumab
(LY3009806) in Combination With Capecitabine
and Cisplatin in Participants With Stomach Cancer

Phase 3 Study of Nimotuzumab and Irinotecan as
Second Line With Advanced or Recurrent Gastric
and Gastroesophageal Junction Cancer (EGFR +
IHC)

A Study of Trastuzumab Emtansine Versus Taxane
in Patients With Advanced Gastric Cancer

HELOISE - A Study of Herceptin (Trastuzumab)
in Combination With Cisplatin/Capecitabine
Chemotherapy in Patients With HER2-Positive
Metastatic Gastric or Gastro-Esophageal Junction
Cancer

Paclitaxel 80 mg/m2 iv infusion on days 1, 8 and 15 of
every 4-wk cycle with or without BBI608 480 mg orally
twice-daily

https://clinicaltrials.gov/ct2/show/NCT02178
956?term=BBI608+GASTRIC&rank=1

680

480

616

400

412

400

500

Olaparib
https://www.clinicaltrials.gov/show/
100 mg tablets orally twice-daily throughout each cycle
NCT01924533
(28 d); once paclitaxel dosing is stopped, the olaparib dose
will be 300 mg twice-daily.
Paclitaxel
80 mg/m2 iv infusion over 1 h on days 1, 8 and 15 of a 28-d
cycle.
Capecitabine
https://www.clinicaltrials.gov/show/
1600 mg/m2 orally daily on days 1-14 of each 3-wk cycle
NCT01450696
(6 cycles)
Cisplatin
80 mg/m2 iv on day 1 of each 3-wk cycle (6 cycles).
Trastuzumab (Herceptin)
8 mg/kg iv loading dose, followed by 6 mg/kg iv every 3
wk.
Standard taxane (docetaxel or paclitaxel) according to
https://www.clinicaltrials.gov/show/
investigator choice. Trastuzumab emtansine 3.6 mg/kg or
NCT01641939
2.4 mg/kg once- wk every 3 wk.
Irinotecan 150 mg/m2 iv once every 2 wk until progression
https://clinicaltrials.gov/ct2/show/
or unacceptable toxicity develops, with or without
NCT01813253
nimotuzumab
400 mg iv once-wk until progression or unacceptable
toxicity develops.
Cisplatin 80 mg/m2 iv on day 1 of each 21-d cycle (for up https://clinicaltrials.gov/ct2/show/NCT02314
to 6 cycles) and 1000 mg/m2 capecitabine orally twice117?term=Ramucirumab+gastric&rank=5
daily on days 1-14 with or without ramucirumab 8 mg/kg
iv on days 1 and 8
Paclitaxel 80 mg/m2 on days 1, 8 and 15 of every 28-d
https://clinicaltrials.gov/ct2/show/
cycle with or without everolimous 10 mg (2 × 5 mg tablets)
NCT01248403
per day on days 1-28

Efficacy and Safety Study of Olaparib in
Combination With Paclitaxel to Treat Advanced
Gastric Cancer

No. of patients
530

Regimen

GO2 - Alternative chemotherapy for frail or elderly Best supportive care: Participants will be treated according http://www.isrctn.com/ISRCTN44687907?q=
patients with advanced gastric or oesophageal
to local policy.
gastric cancer phase III&filters=
cancer
OxCap 100%: oxaliplatin 130 mg/m2 on day 1,
&sort=&offset=4&totalResults=
capecitabine 625 mg/m2 twice-daily for 21 d.
29&page=1&pageSize=10&search
OxCap 80%: oxaliplatin 104 mg/m2 on day 1, capecitabine
Type=basic-search
500 mg/m2 twice-daily for 21 d.
OxCap 60%: oxaliplatin 78 mg/m2 on day 1, capecitabine
375 mg/m2 twice-daily for 21 d.

Name of trial

Table 1 Novel targets are investigation
NCT number

Overall survival

Overall survival

Progression-free
survival

Overall Survival

Overall survival

Overall survival

China,
South
Korea,
Japan,
Taiwan

United
Kingdom

Country

NCT02178956

NCT01248403

United
States

Germany

NCT02314117 20 countries
worldwide

NCT01813253 Japan, South
Korea

NCT01641939 30 countries
worldwide

NCT01450696 25 countries
worldwide

Chemotherapy
intensity
comparison:
Progression-free
survival
Chemotherapy vs
best supportive
care comparison:
Overall survival
Overall survival NCT01924533

Primary endpoint
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[63]

remained alive, and the median OS was 11.4 mo .
The incidence of side effects was low, and only 3
patients presented toxicities grade ≥ 3. Further
trials with different checkpoint inhibitors in GC are in
preparation.
This trial is one example whereby identifying
molecular subtypes of GC may help to better
understand this heterogeneous cancer, leading to
the development of novel therapeutic strategies. The
discovery of key driver genes in these subgroups
(such as TP53 in microsatellite stable tumors and
ARID1A in EBV-positive tumors) reveals further
potential molecular biomarkers, and the development
of other targeted therapeutic strategies is ongoing.
For example, JAK2 amplification was seen in 6% of
EBV-positive tumors, leading to the activation of the
JAK/STAT and PI3K/Akt/mTOR pathways, opening new
perspectives for the design of clinical trials with JAK2
inhibitors.

5

6

7
8

9

CONCLUSION
The treatment of advanced GC remains a major
challenge, and many questions remain unresolved.
Although significant progress has been made in recent
years by routinely treating patients with second- and
further lines of chemotherapy, as well as integrating
HER2-targeting drugs and ramucirumab in the routine
care of patients with advanced GC, many phase Ⅲ
trials (e.g., those with EGFR inhibitors or everolimus)
have had negative results, and others (e.g., RILOMET)
had to be closed prematurely due to unexpected
toxicity. Among the unresolved issues is whether
some subgroups of patients benefit more than others
from certain chemotherapy regimens (e.g., doublet vs
triplet regimens).
Furthermore, the optimal duration of combination
chemotherapy remains unclear: should we continue
until progression, or just continue with maintenance
therapy? Moreover, valid biomarkers other than HER2
are required to select patients for clinical trials in
molecularly-defined subtypes of GC. The results of the
KEYNOTE 12 trial have provided a first signal of the
efficacy of immunotherapy in advanced GC. However,
further trials, and especially longer follow-up, are
necessary to validate the efficacy of immunotherapy.
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Fibroblast growth factor receptor signaling as therapeutic
targets in gastric cancer
Masakazu Yashiro, Tasuku Matsuoka

Abstract

Masakazu Yashiro, Tasuku Matsuoka, Department of Surgical
Oncology, Osaka City University Graduate School of Medicine,
Osaka 545-8585, Japan

Fibroblast growth factor receptors (FGFRs) regulate
a variety of cellular functions, from embryogenesis to
adult tissue homeostasis. FGFR signaling also plays
significant roles in the proliferation, invasion, and
survival of several types of tumor cells. FGFR-induced
alterations, including gene amplification, chromosomal
translocation, and mutations, have been shown to be
associated with the tumor initiation and progression
of gastric cancer, especially in diffuse-type cancers.
Therefore, the FGFR signaling pathway might be
one of the therapeutic targets in gastric cancer. This
review aims to provide an overview of the role of
FGFR signaling in tumorigenesis, tumor progression,
proliferation, and chemoresistance. We also discuss
the accumulating evidence that demonstrates the
effectiveness of using clinical therapeutic agents to
inhibit FGFR signaling for the treatment of gastric
cancer.
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gastric cancer. The use of molecular agents as targets
of the FGFRs pathway has currently been approved
in experimental and clinical trials as a mono-targeted
approach or in combination with chemotherapeutic
agents. FGFRs might be a promising therapeutic target
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the Ⅲc isoform. The Ⅲb isoform is mainly expressed
in epithelial cells, while the Ⅲc isoform is preferentially
expressed in mesenchymal cells.
FGF ligands are a family of 22 structurally related
proteins that are further divided into subfamilies
according to their sequence homology. The secretedtype ligands of the FGF family, including FGF1-10 and
FGF16-23, bind to multiple FGFRs to transduce signals
in target cells. The FGF-FGFR complex comprises two
receptor molecules, two FGFs, and a heparan sulfate
proteoglycan. Alternative splicing of D3 in the ligand
binding domain mediates the ligand specificity. The
Ⅲb isoform preferentially binds secreted FGF ligands
from adjacent mesenchyme such as FGF7, FGF10, and
FGF22; the Ⅲc isoform usually binds ligands secreted
from the adjacent epithelium.
A major downstream signaling route of the FGFR
family is via the Ras-Raf-mitogen-activated-proteinkinase (MAPK) pathway. Activation of Ras initiates a
multistep phosphorylation cascade that leads to the
activation of such MAPK as extracellular signal-regulated
kinase 1 (ERK1) and ERK2. ERK1 and 2 regulate the
transcription of molecules linked to cell proliferation,
[12]
survival, and transformation . Another important
cascade in FGFR signaling is phosphatidylinositol
3-kinase (PI3K) and the downstream protein-serine/
threonine kinase Akt; the latter transduces signals
triggering a cascade of responses that promote cell
[13]
growth and proliferation, survival, and motility .
Taken together, the activation of FGFR results in
the activation of protein kinase C, the activators of
transcription (STAT), and inositol-triphospate (IP3)2+
[11]
mediated Ca release . FGF signaling cascades
also interact with Notch, Wnt, Hedgehog, and bone
morphogenetic protein (BMP) signaling cascades to
maintain the homeostasis among stem and progenitor
[14]
cells . These FGFR signaling pathways have been
shown to mediate not only a variety of fundamental
diverse cellular behaviors including embryogenesis
[11]
and adult tissue homeostasis , but also oncogenesis,
such as mitogenesis, differentiation, cell proliferation,
angiogenesis, and invasion. The aberrant regulation of
this pathway has been implicated in anti-apoptosis, drug
resistance, and epithelial-to-mesenchymal transition
(EMT).

Gastroenterol 2016; 22(8): 2415-2423 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i8/2415.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i8.2415

INTRODUCTION
Gastric cancer is one of the most common malignancies
in the world. Despite considerable improvements in
clinical diagnostics and surgical skills, the prognosis of
advanced gastric cancer with distant metastasis is still
poor with a median overall survival of approximately less
[1,2]
than 1 year . To date, the molecular heterogeneity
underlining tumor initiation and progression has been
[3]
elucidated . Following the understanding of gastric
cancer biology, targeted therapies have been evaluated
in experimental studies and transferred promptly to
clinical trials. The use of molecular agents to target
the signaling pathways of several receptors, such as
epidermal growth factor receptor (EGFR), human
epidermal growth factor 2 (HER2), and vascular
endothelial growth factor receptor (VEGFR), has been
approved for the treatment of gastric cancer as a monotargeted approach or in combination with cytotoxic
[4]
chemotherapeutic drugs . Fibroblast growth factor
receptor (FGFR) signaling also plays an important role
in the development of various types of malignancies,
including gastric cancer through the regulation of
[5]
many other signaling pathways . The FGFR2 gene,
also known as the K-samⅡ gene, has been shown
to be amplified and overexpressed in gastric cancer,
[6-9]
preferentially in diffuse-type cancers .
In this review, we discuss the genetic alterations
induced by FGFR signaling and the role of FGFR
signaling in gastric cancer. Subsequently, we review
the possibility of a rational therapy through FGFR
signaling inhibition.

FGFR CONSTRUCTION AND SIGNALING
PATHWAY
The FGFR is a transmembrane tyrosine kinase
receptor involved in signaling via interaction with
members of the FGFR family (Figure 1). Four mem
bers of the FGFR family, FGFR1, FGFR2, FGFR3,
and FGFR4, have been identified. These receptors
are diverse depending on their ligand, binding
affinity, and tissue distribution. FGFR consists of an
extracellular domain, a transmembrane domain, and
[10]
an intracellular domain . The extracellular ligand
domain is composed of three immunoglobulin (Ig)like domains: D1, D2, and D3. The FGFR family binds
to their ligands, the fibroblast growth factors (FGFs),
[11]
with high affinity . FGFR1, FGFR2, and FGFR3 are
divided into types Ⅲb and Ⅲc based on the alternative
splicing within the C-terminal half of the third Ⅰg loop
(D3) in the extracellular FGF binding domain. Exon 8
produces the Ⅲb isoform, whereas exon 9 produces
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FGFR ALTERATIONS IN GASTRIC
CANCER
Genetic modification or overexpression of FGFRs
has been associated with the tumor initiation and
progression of several types of malignancies due
to gene amplification, translocation, and mutations
[7,11,15,16]
leading to enhanced kinase activity
. FGFR
gene abnormalities have been reported in various
[17-19]
cancers
, including non-small cell lung cancer
(FGFR1 amplification or FGFR2 mutation), breast
cancer (FGFR1 and 2 amplification), squamous cell
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Figure 1 The fiblobrast growth factor structure and signaling network. The Fibroblast growth factor (FGF)-FGFR complex consists of two receptor molecules,
two FGFs, and a heparan sulfate proteoglycan (HSPG). The HSPG stabilizes and sequesters the FGFs. The FGFR comprises three extracellular Ig-like domains
(D1-3), a transmembrane helix, and an intracellular split tyrosine kinase domain. D1 and D3 are separated by an acidic box. Ligand specificity of FGFR is regulated
by alternative splicing within the C-terminal half of the third Ig loop (D3) in the ligand binding domain. Ligand binding and FGFR dimerization trigger the kinase domain
phosphorylation, which leads to the docking of adapter residues and the activation of downstream pathways. Ligand-stimulated FGFRs phosphorylate the FGFRassociated cytosolic docking protein, FRS2. FRS2 activates SOS and GRB2, which in turn activate the Ras-Raf-MAPK pathway. A different complex involves GAB1,
which activates the PI3K-Akt pathway. PLCγ hydrolyzes PIP2 to IP3 and DAG. PIP3 produces calcium. DAG also activates PKC, which results in the activation of
the MAPK pathway by phosphorylating Raf. HSPG: Heparan sulfate proteoglycan; DAG: Diacylglycerol; FRS2α: FGFR substrate 2α; GRB2: Growth factor receptorbound 2; IP3: Inositol triphosphate; PI3K: Phosphoinositide 3-kinase; PIP: 2-phosphatidylinositol-4,5-biphosphate; PKC: Protein kinase C; SOS: Son of sevenless;
GAB1: GRB2-associated binding protein 1; PLCγ: Phospholipase Cγ.

carcinoma (FGFR1 amplification), gastric cancer
(FGFR2 amplification), bladder cancer (FGFR3 mutation
or gene translocation), endometrial carcinoma (FGFR2
mutation), glioblastoma (FGFR3 gene translocation),
and rhabdomyosarcoma (FGFR4-activating mutation).
In gastric cancer, FGFR2 amplification has been
reported to occur in 2% to 9% of patients and more
[20-24]
frequently in patients with diffuse-subtype cancers
.
FGFR2 is identical to the product of the K-samⅡ
[25,26]
gene
, which is cloned from a diffuse-type gastric
[25,27]
cancer cell line, KATO-Ⅲ
, A previous paper has
asserted that FGFR2 amplification in gastric cancer
cell lines is dependent on the overexpressed and
activated FGFR2 receptor for cell growth. Interestingly,
FGFR2-amplified cell lines contain elevated EGFR,
HER2, and ErbB3 phosphorylation that are regulated
[23]
by FGFR2 kinase activity . Meanwhile, a recent
paper has revealed that aberrations in the FGFR2ErbB3-PI3 kinase pathway are found in diffuse-type
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gastric cancers, while intestinal-type gastric cancer
[28]
has an activated ErbB2 oncogenic pathway , FGFR2
amplification has been found to be associated with
a higher pT stage, a higher pN stage, and lymph
node metastasis, as well as related to poor overall
[9,21,22,29]
survival
. Interestingly, cancer genomic profiling
studies have shown that while the amplification of
the FGFR2 gene is prompted in the primary diffusegastric tumor, the FGFR2 locus is not amplified in the
[30]
metastatic tumor .
Several papers have presented the role of FGFR4
in gastric cancer. The FGFR4 expression rate in
gastric cancer specimens is 38% to 44%, and it has
been associated with lymph node metastasis and
poor prognosis. Silencing FGFR4 expression in gastric
cancer cells results in decreased growth and an
increased rate of apoptosis, which is correlated with
[31,32]
caspase 3 and Bcl-xL activity
. One report has
recently asserted that the co-expression of several
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[36]

FGFRs might be a useful prognostic factor. Patients
with gastric cancer, who have elevated levels of
FGFR1, FGFR2, or FGFR4, have a significantly shorter
life expectancy. Furthermore, the co-overexpression
of all three FGFRs results in a poorer disease-specific
survival, compared to the expression of none or only
one of the FGFRs, and serves as an independent
[33]
prognostic factor . Diagnostic detection of tumors
with FGFR genetic alterations in the primary and
secondary lesions could be useful for selecting patients
for FGFR-targeted therapies.

conventional chemotherapy . However, considering
the low expression rate (6%-23%) of HER2 and
the modest effect of the ToGA trial (only 2.7 mo
of prolonged survival) in gastric cancer patients,
the development of a novel targeted therapy with
higher potency is still required. In contrast, therapies
targeting VEGFR and EGFR have failed to translate
their preclinical efficacy into improved patient
[37-39]
outcomes in several trials for gastric cancer
. As
FGFRs have an important role in the progression of
gastric cancer, as mentioned previously, their use as a
therapeutic candidate for the development of targeted
anticancer agents should attract substantial attention.
In this section, relevant literatures will be reviewed to
identify the current and future roles of the FGFR family
as a potential targeted signaling pathway for gastric
cancer treatment (Table 1 and Figure 2). Preclinical
studies have established that the inhibition of the
FGFRs pathway, alone or in combination with other
signaling or chemotherapy, reveals the antitumor
activity in gastric cancer in vitro and in vivo.

FUNCTIONAL ROLE OF FGFR IN GASTRIC
CANCER
FGFR2 mRNA is amplified in scirrhous gastric cancer
cells, and ligand FGF7, also designated as keratinocyte
growth factor (KGF), is produced by gastric fibroblasts.
KGF secreted by fibroblasts has a pivotal role in the
development of scirrhous gastric cancer with K-samⅡ
[27]
amplification in a paracrine manner . Scirrhous-type
gastric cancer, also designated as linitis plastica, is
diffuse and biologically aggressive, typically infiltrating
into the gastric wall with a high frequency of peritoneal
metastasis. The proliferative and infiltrative ability
of scirrhous gastric cancer cells is closely correlated
with the growth factors produced by organ-specific
[34]
fibroblasts . We previously reported that the
conditioned medium derived from gastric fibroblasts
stimulates the growth of gastric cancer cells, which are
mediated by FGF7/FGFR2 signaling.
EMT is a critical process in cancer progression
that provides cancer cells with the ability to escape
from the primary foci, invade stromal tissues, and
metastasize to secondary regions due to decreased
cell-cell adhesion. Most EMT processes are regulated
by extracellular matrix (ECM) components and soluble
growth factors. Among these, FGF/FGFRs signaling
[11]
is positively associated with EMT . The FGF/FGFRs
signaling pathway has been shown to be associated
with WNT signaling, which results in the regulation of
cellular phenotype and migration, and subsequently
leads to EMT. Twist-related protein 1 (Twist1), a
transcriptional factor, has been reported to have
an important role in cell lineage determination and
differentiation. One paper has asserted that Twist1
prompts the expression of FGFR2 in gastric cancer
cell lines, and that FGFR2 mediates Twist 1-induced
invasion and EMT, suggesting that the dual inhibition of
these factors can become a novel tool for the targeted
[35]
therapy of gastric cancer .

FGFR tyrosine kinase inhibitor

FGFR tyrosine kinase inhibitors (TKIs) demonstrate
their therapeutic effectiveness on cancer cells in
[40,41]
vitro and in vivo
. Most of the FGFR TKIs include
[42]
[43]
[44]
Ki23057 , dovitinib, S49076 , Pazopanib ,
[45-47]
[20,48,49]
foretinib
, and Dovitinib (TKI258)
, are not
specific to FGFRs along with other kinases. Although
the multi-kinase inhibitor compounds successfully
inhibit the proliferation of FGFRs-amplified gastric
cancer cells following the attenuation of multiple
serine/threonine and tyrosine kinases, it is not clear
whether specific FGFR2 inhibition alone is sufficient.
AZD4547 [N-[5-[2-(3,5-dimethoxyphenyl)ethyl]2Hpyrazol- 3-yl]-4-(3,5 diemthylpiperazin-1-yl)
benzamide] is a selective ATP-competitive receptor
tyrosine kinase inhibitor that interrupts recombinant
FGFR1-3 activities. A previous paper has shown that
AZD4547 application results in tumor growth inhibition
in FGFR2-amplified gastric tumor xenografts and the
induction of apoptosis by impairing the downstream
[50]
signaling of FGFR2 . As a selective FGFR1-3 inhibitor,
PD173074 has been evaluated for its anti-tumor
[23]
efficacy in gastric cancer cell lines . FGFR2 inhibition
by PD173074 has displayed potent and selective
growth inhibition in FGFR2-amplified gastric cancer
cell lines. Interestingly, the inhibition of ErbB3 has
also inhibited growth in FGFR2-amplified cell lines.
Inhibitors of FGFR2 or ErbB3 signaling may have
therapeutic efficacy in the subset of gastric cancers
containing FGFR2 amplification. LY2874455 is an
orally bioavailable, FGFR-dominant kinase inhibitor
lacking significant activity against VEGFR2 in vivo. This
molecule is effective on all FGFRs equally. LY2874455 is
more potent at inhibiting the growth of gastric cancer
cells with increased FGFR-signaling activity in vitro
and in vivo. These results demonstrate the potential of
FGFR inhibitors as attractive molecular targeted agents

EXPERIMENTAL STUDIES TARGETING
FGFR SIGNALING IN GASTRIC CANCER
In ToGA trials, trastuzumab, an anti-HER2 targeting
antibody, prolonged the overall survival of patients
with HER2-positive gastric tumor when combined with

WJG|www.wjgnet.com

2418

February 28, 2016|Volume 22|Issue 8|

Yashiro M et al . FGFR signaling in gastric cancer
Table 1 Recent preclinical studies of flobrast growth factor receptor-targeted therapy in gastric cancer
FGFRs targeted therapeutics (Campany)
Multikinase inhibitors
Ki23057 (KIRIN Brewery)
Dovitinib (Novartis)

Study (Ref.)

Main results

Nakamura et al[42]

Ki23057 significantly inhibited the proliferation and induced apoptosis in scirrhous
gastric cancer lines
Dovitinib specifically inhibited cell proliferation and induced apoptosis in gastric cancer
cells with potent amplification of FGFR1
S49076 impaired the growth of MET- and FGFR2-dependent gastric cancer cells and
showed good synergistic inhibition of MET and FGFR2 in vivo medel
Foretinib inhibits the cell growth of gastric cancer cell lines by inhibiting not only MET
but also FGFR kinase

Deng et al[20]
Burbridge et al[43]

S49076
Foretinib (GlaxoSmithKline)
FGFRs specific inhibitors
AZD4547 (AstraZeneca)

Kataoka et al[47]

Xie et al[50]

PD173074

Kunii et al[23]

LY2874455 (Eli Lilly and Company)

Zhao et al[51]

RNA based therapy
siRNA

Zhou et al[54]

Wen et al[55]

miR-133b

FGFRs antibodies
Gal-FR21, 22 and 23

Zhao et al[52]
Bai et al[53]

GP369

AZD4547 application resulted in tumor growth inhibition in FGFR2-amplified gastric
tumor xenograft and induction of apoptosis by impairing downstream signaling of
FGFR2
FGFR2 inhibition by PD173074 displayed potent and selective growth inhibition in
FGFR2-amplified gastric cancer cell lines
LY2874455 is more potent at inhibiting the growth of gastric cancer cells with an
increased FGFRs-signaling activity without high blood pressure
Treatment with siRNA resulted in reduced proliferation and prompted apoptosis, which
accompanied the reduction of VEGFR expression and increase of apoptosis-related
proteins
Some micro RNAs (miR-133b) may contribute to the regulation of FGFR-1 receptor in
gastric carcinomas such that FGFR1 expression is inversely correlated with miR- 133b
expression
Highly specific monoclonal antibodies against FGFR2 strongly depressed growth of
xenografts from 2 gastric cancer cell lines, OCUM-2M and SNU-16
GP369, an FGFR2-Ⅲb-specificantibody, exhibited anti-proliferative activity against
gastric cancers driven FGFR2 overexpression

FGFR: Flobrast growth factor receptor; VEGFR: Vascular endothelial growth factor receptor.

for patients for whom anti-VEGF/VEGFR therapies have
[51]
been inactive .

cells. FP-1039, also known as GSK3052230, is a
protein drug designed to intervene in the FGF signaling
through FGFR1 that stimulates cancer cell growth
and angiogenesis. FP-1039 can bind to FGF ligands
circulating in the extracellular space, preventing these
signaling proteins from reaching FGFR1 on the surface
of tumor cells. A phase ⅠB trial to evaluate FP-1039
in combination with paclitaxel and carboplatin, or
docetaxel in subjects with solid tumor, is ongoing
(NCT01868022).

FGFRs antibodies

As mentioned above, small molecule antagonists
of FGFRs demonstrate significant efficacy for the
treatment of gastric cancer. Highly specific monoclonal
antibody against FGFR2 generated from mouse
melanoma cells (GAL-FR21 and -22) has been found
to strongly depress the growth of xenografts from two
[52]
gastric cancer cell lines, OCUM-2M and SNU-16 .
These results suggest that the anti-FGFR2 antibody
would be an attractive clinical candidate for gastric
[52]
cancer therapy . At the same time, GP369, an
FGFR2-Ⅲb-specific antibody, has exhibited antiproliferative activity against gastric cancers driven by
[53]
FGFR2 overexpression .
FPA144, an FGFR2b-specific antibody, is developed
to treat patients with gastric cancers bearing an
amplification of the FGFR2 gene (J Clin Oncol 2014;
32 suppl; abstr e15074). FPA144 is glycol-engineered
for enhanced antibody-dependent cell-mediated
cytotoxicity, a process in which cells of the immune
system kill the tumor cell recognized by the antibody.
FPA144 may act to prevent the binding of FGFs, such
as FGF7, FGF10, and FGF22, to FGFR2b, as well as
inhibit their ability to promote the growth of tumor
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RNA interference-based therapeutics

RNA interferences a recent potent technology for the
treatment of malignancies. Small interfering RNA
(siRNA) plays an integral role in RNA silencing therapy
due to its stability and lower toxicity. A recent study has
examined the effect of FGFR-targeting siRNA on the
[54]
proliferation of gastric cancer cell lines . Treatment
with siRNA has been shown to result in reduced
proliferation and enhanced apoptosis, which accompany
the reduction of VEGFR expression and the increase
of apoptosis-related proteins. Some microRNAs (miR133b) may contribute to the regulation of FGFR1
in gastric carcinomas such that FGFR1 expression
is inversely correlated with miR-133b expression,
suggesting that miR-133b might act as a novel tumor
[55]
suppressor mechanism in gastric cancer cases .
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Monoclonal antibody
GAL-FR21, 22 (FGFR2Ⅲb mAb)
GP369

Tyrosine kinase inhibitor
Multi-kinase inhibitor
Ki23057

FPA144 (FGFR2Ⅲb mAb)
FP-1039 (FGFs mAb)
C-terminal half

Dovitinib (TKI258)
S49076
Pazopanib
Foretinib (GSK1363089)
RNAi-based
Specific FGFRs inhibitor
AZD4547

RNAi

PD173074

miR-133b

TAS-120
LY2874455

Figure 2 Fiblobrast growth factor receptor-targeted therapeutics. Fibroblast growth factor receptors (FGFRs)-targeted tyrosine kinase inhibitors are small
molecule ATP-competitive agents that bind to the ATP-binding site of the intracellular tyrosine kinase domain of FGFRs. Monoclonal antibody targets the extracellular
domain of the FGFR and blocks ligand binding. RNA interference suppresses the expression of various genes. RNAi: RNA interference.

Chemoresistance

date, five trials are ongoing, as displayed in Table 2. A
phase Ⅰ expansion cohort study of AZD4547 for the
treatment of advanced gastric and gastroesophageal
cancer was conducted. All patients included were
selected prospectively for FGFR2 amplification using
the fluorescent in situ hybridization (FISH) analysis
of archival or fresh tumors. Preliminary analysis
showed that one partial response was observed in a
patient with a tumor that had clusters of FGFR gene
amplification and that four patients had a stable
disease (three with high FGFR amplification and one
with clusters) (2014 ASCO Annual Meeting). A phase
Ⅱ study, comparing AZD4547 with paclitaxel in the
second-line setting for patients with FGFR polysomy or
amplification, is ongoing (NCT01457846, SHINE trial).
A phase Ⅱ trial of dovitinib monotherapy, as a salvage
treatment in patients with metastatic or unresectable
gastric cancer harboring FGFR2 amplification after
failure of first- or second-line chemotherapy, is
ongoing (NCT01719549). An open labeled phase Ⅰ
/Ⅱ trial of docetaxel plus dovitinib, as the secondline chemotherapy for patients with metastatic or
unresectable gastric cancer after failure of first-line
chemotherapy, is currently underway (NCT01921673).
FGFR inhibitor TAS-120 selectively and irreversibly
binds to and inhibits FGFR. A phase Ⅱ trial studying
the efficacy of TAS-120 monotherapy in patients
with advanced solid tumors or multiple myeloma
with FGF/FGFR-related abnormalities is ongoing
(NCT02052778). A phase Ⅰ open label, dose-finding
study evaluating the safety and pharmacokinetics

The development of drug resistant clones is one of
the most serious challenges in the field of clinical
[56]
oncology . FGF family has been shown to be
associated with drug resistance in some type of cancer
cells to which a variety of conventional chemotherapy
[57-59]
has been applied
. We previously reported
that the combination of Ki23057 and 5-FU or S1
shows synergistic anti-tumor effects on diffuse-type
gastric cancer cells by decreasing dihydropyrimidine
dehydrogenase expression and increasing p21
[34]
expression . Accordingly, we explored the effects
of Ki23057, combined with various known cytotoxic
agents such as irinotecan, paclitaxel, etoposide,
oxaliplatin, and gemcitabine, respectively, in cultures
of a gastric cancer cell line and its drug-resistant
[60]
clones . FGFR2 inhibitor could be the therapeutic
agent for treating drug-resistant gastric cancer cells.
In terms of the clinical trials of FGFRs inhibitors,
rationally designed combination trials would be needed
to abrogate the resistance to FGFRs targeted therapy
and further improve clinical outcomes.

CLINICAL THERAPEUTIC TRIALS
AGAINST FGFR SIGNALING IN GASTRIC
CANCER
According to the positive results from preclinical
experiments, several FGFRs inhibitors are being tested
in clinical trials in patients with gastric cancer. To
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Table 2 Clinical trials of fiblobrast growth factor receptor 2-targeted therapy in gastric cancer
Trial

Study design

NCT01457846
SHINE
NCT01719549
NCT01921673
NCT02052778
NCT02318329

FGFRs status

Regimen

st

Phase Ⅰ/1
FGFR2amplification FISH +
AZD4547
Phase Ⅱ/1st
FGFR2amplification FISH +
AZD4547 paclitaxel
Phase Ⅱ/2nd
FGFR2 amplification
Dovitinib
Phase Ⅰ/Ⅱ/2nd
FGFR2 amplification
Dovitinib, docetaxel
Phase Ⅰ/Ⅱ/2nd
FGF/FGFR-Related Abnormalities
TAS-120
Phase Ⅰ/1st
FGFR2b overexpression and FGFR2 amplification
FPA144

Response rate

Status

38.5% (contained SD)

Conducted
Computed accural
Ongoing
Ongoing
Ongoing
Ongoing

FGFR: Fiblobrast growth factor receptor; FISH: Fluorescence in situ hybridization; SD: Stable disease.

of FPA144, an FGFR2b-specific antibody, is currently
underway for patients with advanced solid tumors
with FGFR2b overexpression and FGFR2 amplification
(NCT02318329).

discussions. We apologize for not being able to cite all
the relevant publications.
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Abstract
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Remnant gastric cancer (RGC) and gastric stump
cancer after distal gastrectomy (DG) are recognized
as the same clinical entity. In this review, the current
knowledges as well as the non-settled issues of RGC
are presented. Duodenogastric reflux and denervation
of the gastric mucosa are considered as the two main
factors responsible for the development of RGC after
benign disease. On the other hand, some precancerous
circumstances which already have existed at the
time of initial surgery, such as atrophic gastritis and
intestinal metaplasia, are the main factors associated
with RGC after gastric cancer. Although eradication of
Helicobacter pylori (H. pylori ) in remnant stomach is
promising, it is still uncertain whether it can reduce the
risk of carcinogenesis. Periodic endoscopic surveillance
after DG was reported useful in detecting RGC at an
early stage, which offers a chance to undergo minimally
invasive endoscopic treatment or laparoscopic surgery
and leads to an improved prognosis in RGC patients.
Future challenges may be expected to elucidate the
benefit of eradication of H. pylori in the remnant
stomach if it could reduce the risk for RGC, to build
an optimal endoscopic surveillance strategy after DG
by stratifying the risk for development of RGC, and
to develop a specific staging system for RGC for the
standardization of the treatment by prospecting the
prognosis.
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Core tip: There seemed two different categories of
remnant gastric cancer. One develops at the stomal area
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following distal gastrectomy for benign disease after
a long latency period, caused by the duodenogastric
reflux. The other develops in the remnant stomach
following gastric cancer surgery during the followup period, correlated with Helicobacter pylori . Early
detection and aggressive surgical approach are
essential to improve the prognosis. A specific staging
system should be necessary to predict the prognosis.
Minimally invasive treatments, such as endoscopic or
laparoscopic surgery, have been applied recently.

stomach could be classified into several categories:
cancer newly developed in the remnant stomach (newly
developed RGC); cancer remaining in the remnant
stomach after the initial gastric surgery (remaining
RGC); metachronously developed gastric cancer;
[8]
and recurrent cancer in the remnant stomach . It
is considered that the mechanism of carcinogenesis
in RGC after DG differs between the cause of initial
operation; benign disease or gastric cancer.

Initial disease

Experimental studies have demonstrated that the
risk for gastric cancer is higher in the remnant
[9-11]
stomach than in the normal gastric mucosa
, but
epidemiological studies have not reported definitive
conclusions. In prospective cohort studies, some
reports from Western countries have shown that
remnant stomach after DG for peptic ulcer disease had
[12-14]
a higher risk for gastric cancer
, whereas reports
[15,16]
from Japan have shown the opposite result
. This
discrepancy could result from the difference in the rate
of incidence of primary gastric cancer in the general
population; Japan has one of the highest incidences of
[17]
primary gastric cancer in the world .
Some authors have investigated RGC after
DG for benign disease in order to elucidate the
development of newly developed RGC. It has been
reported that the two main factors responsible for
environmental changes affecting remnant gastric
mucosa after gastrectomy are chronic damage
attributed to duodenogastric reflux and denervation
[9-11,18]
[19]
of the gastric mucosa
. Miwa et al
showed
that duodenogastric reflux had potent carcinogenic
[10]
activities in the rat. Kaminishi et al
demonstrated
that denervation of the gastric mucosa promoted
carcinogenesis in the remnant stomach using a rat
model.
Because of the improvement of drug therapy for
duodenal and gastric ulcers, gastrectomy for benign
disease has decreased over the last 2 decades.
Still, this type of RGC has not decreased due to the
long latency period required for carcinogenesis after
initial surgery. In contrast, RGC after DG for gastric
[20]
cancer has become more common. Hosokawa et al
reported that the cumulative risk of developing RGC in
patients who underwent DG after early gastric cancer
was 2.4% at 5 years and 6.1% at 10 years. Similarly,
[21]
Morgagni et al
reported that the cumulative risk of
RGC in patients who underwent DG after early gastric
cancer was 2.6% at 10 years, 3.2% at 15 years, and
4% at 20 years.
Several studies have demonstrated the clinico
pathological differences between RGC after benign
[3,8,22-31]
disease and that after gastric cancer
(Table
1). In these studies, compared with Billroth-Ⅰ(B-I)
reconstruction, RGC was observed more frequently at
the anastomotic site in Billroth-Ⅱ (B-Ⅱ) reconstruc
tion. The probable reason for this difference is that
the anastomotic site is continuously bathed with

Ohira M, Toyokawa T, Sakurai K, Kubo N, Tanaka H, Muguruma
K, Yashiro M, Onoda N, Hirakawa K. Current status in remnant
gastric cancer after distal gastrectomy. World J Gastroenterol
2016; 22(8): 2424-2433 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i8/2424.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2424

INTRODUCTION
Gastric cancer is the fourth most common malignancy.
Although the prognosis of gastric cancer has improved
notably because of progress in diagnosis and treatment,
it remains the second leading cause of cancer-related
[1]
mortality worldwide . Remnant gastric cancer (RGC)
after distal gastrectomy (DG) has been reported to
[2,3]
account for 1%-8% of all gastric cancers . RGC and
gastric stump cancer are recognized as the same clinical
entity, where gastric cancer develops in the stump
or in the remnant stomach following a gastrectomy
irrespective of the histology of the primary lesion
(benign or malignant). Since Balfour first described RGC
[4]
in 1922 , many studies of RGC have been reported
by various researchers. As possible important factors
for the pathogenesis for RGC, duodenogastric reflux
and Helicobacter pylori (H. pylori) infection, both of
them are associated with chronic gastritis, have been
investigated.
In comparison with primary gastric cancer, RGC
has commonly been diagnosed at an advanced stage,
resulting in a low rate of curative resection and a poor
[5-7]
prognosis . However, recently, the incidence and
etiology of RGC have been changing, because of the
decrease in the opportunity to undergo gastrectomy
for benign disease, early detection and the stomachpreserved treatment of the initial gastric cancer, and
improvement of the outcomes in patients with gastric
cancer. Furthermore, recent advances in diagnostic
and therapeutic techniques have contributed to early
detection and the minimally invasive treatment of RGC.
The aim of this review is to provide an overview
of the current knowledge and issues related to RGC
based on the recent literature.

PATHOGENESIS OF REMNANT GASTRIC
CANCER
From the clinical observations, cancer in the remnant
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Table 1 Initial reconstruction, interval, and location of remnant gastric cancer based on primary disease
Ref.

Primary disease

No. of patients

Initial reconstruction (B-Ⅰ/B-Ⅱ/R-Y)

benign
cancer
benign
cancer
cancer
benign
benign
cancer
benign
benign
cancer
benign
benign
cancer
benign
cancer
benign
cancer
benign

20
27
25
13
108
19
13
45
26
17
21
105
19
14
88
24
89
78
176

7/13
18/9
71/281
1/18
0/13
6/381
0/26
12/5
16/5
B-Ⅱ: 97
4/15
12/11
28/60
14/10
23/66
59/171
10/167

Tanigawa et al[8] 2002
An et al[22] 2007
Ohashi et al[23] 2007
Schaefer et al[24] 2007
Ahn et al[25] 2008
Firat et al[26] 2009
Ojima et al[27] 2010
Mezhir et al[3] 2011
Komatsu et al[28] 2012
Li et al[29] 2013
Tokunaga et al[30] 2013
Leo et al[31] 2014

Interval (yr) Location (Stomal/non-stomal)
25.8
10.6
28.6
18.8
7.5
34.0
32.4
6.8
32.0
22.0
9.0
32.0
30.0
12.0
32.1
16.8
31.0
9.4
34.6

8/12
3/24
16/9
7/6
14/94
11/8
12/1
23/21
16/10
8/9
2/19
72/33
9/10
2/12
55/33
9/15
46/43
13/65
71/105

1

remining cases were reconstructed by Roux-en-Y. Stomal: Anastomotic site, non-stomal: non-anastomotic site. B-I: Billroth-I; B-Ⅱ: Billroth-Ⅱ; R-Y: Rouxen-Y.

H. pylori infection

duodenogastric reflux, resulting in mucosal inflammation
and regeneration after B-Ⅱ reconstruction. The average
interval between initial DG and the second surgery for
RGC is reported to be 22-34.6 years for benign disease
and 6.8-18.8 years for gastric cancer. This long interval
for the development of RGC in the benign group is
thought to be attributed to the chronic stimulation
by duodenogastric reflux. Successive activation of
cellular proliferation in the anastomotic site has been
demonstrated. The reason for the shorter interval for
RGC after DG for gastric cancer is that patients already
have some precancerous lesions, such as atrophic
gastritis and intestinal metaplasia, and they are
[32]
followed-up closely with endoscopic examination .

In primary gastric cancer, it has been generally accepted
that H. pylori infection is the definite carcinogen for
[37-39]
gastric cancer
, and H. pylori eradication therapy
[40]
can reduce the prevalence of gastric cancer . However,
the significance of H. pylori infection in the development
of RGC for patients after DG remains controversial.
The rate of H. pylori infection in the remnant
stomach has been reported to have a broad range
[41-49]
(17.4%-68.2%)
, which is lower than in the nonoperated stomach. Although it has been reported
that spontaneous regression of H. pylori is rare under
normal circumstances, several researchers have
demonstrated that spontaneous regression of H.
pylori has been observed with time after operation,
[41,48,50]
regardless of the initial disease for DG
. We
previously demonstrated that the prevalence of H.
pylori infection was significantly lower in patients
with severe duodenogastric reflux than in those
[41]
without duodenogastric reflux . Although significant
differences were not shown in any study, there
seems to be a trend for a lower H. pylori prevalence
in B-Ⅱ reconstruction than in B-Ⅰreconstruction.
Duodenogastric reflux is considered a possible
factor that inhibits the growth of H. pylori. On the
[51]
[46]
other hand, Nakagawara et al
and Chan et al
demonstrated that the prevalence of H. pylori was
significantly lower in R-Y reconstruction than in B-Ⅱ
reconstruction, even though duodenogastric reflux
was observed significantly less in R-Y reconstruction.
These reports may indicate there are factors other
than duodenogastric reflux that inhibit the growth of H.
pylori in the remnant stomach.
Similar to patients with peptic ulcer disease, the

Reconstruction method

B-Ⅱ reconstruction is generally considered to have
a higher risk of newly developed RGC than B-Ⅰ
reconstruction, because a significant association
between B-Ⅱ reconstruction and RGC after DG for
benign disease has been demonstrated. However,
[33]
[31]
Tanigawa et al
and Leo et al
noted that B-Ⅱ
reconstruction was performed more often in DG for
peptic ulcer disease until the late 1980s in Japan and
Italy. Although there have been some reports that
showed a higher risk of newly developed RGC after
DG for peptic ulcer disease in B-Ⅱ reconstruction than
[13,34]
[35]
in B-Ⅰreconstruction
, a meta-analysis
and a
[36]
recent large population-based study from Sweden
demonstrated that type of reconstruction did not affect
the risk of newly developed RGC. From these findings,
whether B-Ⅱ reconstruction results in a higher risk of
newly developed RGC than B-Ⅰreconstruction remains
uncertain.
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Table 2 The success rate of Helicobacter pylori eradication therapy in remnant stomach
Ref.
Matsukura et al[42] 2003

No. of patients

Regimen of eradication

Success rate, n (%)

20

Dual therapy
lansoprazole 60 mg, AMPC 1500 mg for 2 wk
Triple therapy
lansoprazole 60 mg, AMPC 1500 mg, CAM 800 mg daily for 1 wk
Triple therapy
rabeprazole 20 mg, AMPC 1500 mg, CAM 800 mg daily for 1 wk
Triple therapy
rabeprazole 20 mg, AMPC 2000 mg, CAM 1000 mg daily for 1 wk

14 (70.0)

20
Onoda et al[52] 2005

33

Kim et al[53] 2008

61

18 (90.0)
30 (90.9)
53 (86.9)

AMPC: amoxicillin; CAM: clarithromycin.

[30,31]

success rate of H. pylori eradication using triple therapy
in remnant stomach has been reported to be around
[42,52,53]
90%
(Table 2). In a randomized, controlled trial,
[53]
Kim et al demonstrated not only that the efficacy of
preoperative and postoperative proton pump inhibitorbased eradication therapies was not significantly
different in patients undergoing DG for gastric cancer,
but also that neither the type of reconstruction
method nor the presence of duodenogastric reflux in
the remnant stomach affected its efficacy. There is
evidence that H. pylori infection is a cause of chronic
atrophic gastritis and intestinal metaplasia, which are
considered possible precancerous conditions for gastric
[38,54]
[41,49,55]
cancer
. Several authors
reported that
chronic and active mucosal inflammation was closely
associated with H. pylori infection in the remnant
stomach. It was demonstrated that eradication of H.
pylori infection in the remnant stomach improved the
[42,52,56]
degree of chronic active gastritis
. Given these
reports, the eradication of H. pylori infection in the
remnant stomach may prevent the development of
RGC after DG. We have suggested that young patients
with mild atrophic gastritis and without duodenogastric
reflux may be the best candidates for H. pylori
eradication therapy, because they had the highest
probability of H. pylori colonization in the remnant
[41,52]
stomach
. However, it is still uncertain whether
eradication of H. pylori in remnant stomach can reduce
the risk of carcinogenesis. Further prospective, large
studies are needed to elucidate the efficacy of H.
pylori eradication therapy for the prevention of RGC in
patients who undergo DG.

both gastroduodenal ulcer and gastric cancer
.
It has been reported that RGC has unique patterns
of lymph node metastasis compared with PPGC. In
PPGC, the main lymphatic flow drains to the lymph
nodes along the celiac artery through the lymph
nodes at the lesser curvature, the left gastric artery,
and the right side of the cardia. In RGC, it has been
considered that the characteristics of lymph node
metastases are different from PPGC because abnormal
lymphatic formation is induced as a result of cutting
[31]
off these lymphatic pathways at the initial surgery .
[30]
Furthermore, Tokunaga et al mentioned that altered
lymphatic drainage after DG may affect the long-term
survival of RGC patients with advanced stage disease.
Previous studies have investigated the incidence of
lymph node metastasis focusing on around the splenic
artery, in the splenic hilum, at the lower mediastinum,
[8,24,31,57,59-63]
and in the jejunal mesentery
(Table 3).
Some authors demonstrated a higher incidence of
lymph node metastasis around the splenic artery, in
the splenic hilum, and at the lower mediastinum in
RGC; therefore, lymphadenectomy of these regions
is recommended for curative surgery. In patients with
previous B-Ⅱ reconstruction, the rate of lymph node
metastases in the jejunal mesentery has been reported
[57]
to be 10.0%-67% (Table 3). Thorban et al
reported
that RGC patients with lymph node metastases in
the jejunal mesentery had a poor prognosis, with a
median survival time (MST) of 13.2 mo. Similarly,
[31]
Leo et al
reported that RGC patients with lymph
node metastases in the jejunal mesentery had worse
outcomes than those with metastases in other lymph
node stations. Therefore, jejunal mesentery lymph
node dissection including the origins of each involved
jejunal artery is recommended for RGC patients with
previous B-Ⅱ reconstruction. However, the details of
the spread of lymph node metastases in RGC patients
are still uncertain, because the number of patients
examined in these studies was too small.
Adhesions caused by prior surgery, especially for
malignant disease because of lymph node dissection,
lead to a higher rate of adjacent organ resections in
comparison with primary gastric cancer to achieve
[3,8,24,57,63]
curative resection
. Prior studies reported the
[5,6]
poor prognosis of patients with RGC . However,

THE DIFFERENCE BETWEEN REMNANT
GASTRIC CANCER AND PRIMARY
PROXIMAL GASTRIC CANCER
In several studies, the clinicopathological features
of RGC have been compared with those of primary
proximal gastric cancer (PPGC) because of the similar
anatomical location. It has been demonstrated that
the male-to-female ratio was significantly higher for
[8,22,57,58]
RGC than for PPGC
. The reason for the male
dominance is that male patients have a higher risk for
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Table 3 The incidence of lymph node metastases of remnant gastric cancer and primary proximal gastric cancer in the splenic hilar
region, around the splenic artery, in the lower mediastinum, and in the jejunal mesentery
Ref.

No. of patients

Sasako et al[59] 1991
Ikeguchi et al[60] 1994
Thorban et al[57] 2000
Tanigawa et al[8] 2002
Han et al[61] 2003
Schaefer et al[24] 2007
Li et al[62] 2012
Komatsu et al[63] 2012
Leo et al[31] 2014

RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC

Splenic hilar
(No. 10)

Splenic artery
(No. 11)

No. 110

No. 111

Jejunal mesentery lymph node
metastases

15.2%
10.4%
0%
11.3%
8.3%
16.7%
60.0%
21.4%
36.4%
12.1%
6.8%
10.0%
-

23.5%
10.4%
25.0%
15.4%
9.1%
21.7%
72.3%
14.2%
16.7%
7.1%
-

33.3%
13.6%
-

50.0%
6.7%
50.0%
33.3%
13.0%
-

15.2%
10.0%
31.9%
60.0%
16.7%
22.2%
54.5%
67.0%
46.4%
-

52
656
20
266
47
498
32
310
67
19
194
83
300
33
207
176
-

Lower mediastinum

RGC: remnant gastric cancer; PPGC: primary proximal gastric cancer.

Table 4 Comparison of operative outcomes between remnant gastric cancer and primary proximal gastric cancer
Ref.

No. of patients

Thorban et al[57] 2000

RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC
RGC
PPGC

Tanigawa et al[8] 2002
An et al[22] 2007
Schaefer et al[24] 2007
Mezhir et al[3] 2011
Komatsu et al[63] 2012
Tokunaga et al[30] 2013

R0 resection rate (%)

Adjacent organ resection rate

Prognosis after curative resection

85.1
73.9
68.1
92.1
86.4
60.0
78.8
88.0
93.8

colon: 19.1%, pancreas: 6.4%, liver: 8.5%
colon: 0%, pancreas: 2.8%, liver: 4.9%
68.1%
colon: 5.3%, pancreas: 10.5%, liver: 5.3%
colon: 10.1%, pancreas or liver: 5.8%
colon: 6.1%, pancreas: 12.2%, liver: 6.1%
colon: 2.9%, pancreas: 4.3%, liver: 1.9%
-

MST: 30.9 mo
MST: 32.1 mo
5-yr OS: 56%
5-yr OS: 53%
5-yr OS: 54%
5-yr OS: 63%
5-yr OS: 71%
5-yr OS: 48%
5-yr OS: 53%
Unknown
Unknown
Unknown
5-yr OS: 54%
5-yr OS: 78%

50
516
47
310
38
794
19
194
105
2099
33
207
167
755

RGC: remnant gastric cancer; PPGC: primary proximal gastric cancer; MST: median survival time; OS: overall survival.

as shown in Table 4, most recent studies, except
[30]
the study by Tokunaga et al , have reported that
RGC had equivalent survival compared with PPGC,
[3,8,22,24,30,57,63]
regardless of stage
.

examination was excellent, with a 5-year survival of
100% without recurrence. Thus, early detection by
periodic endoscopic examination may lead to a better
prognosis.
The optimal period and interval of endoscopic
surveillance to detect RGC at an early stage have not
been determined. In patients who undergo DG for
gastric cancer, endoscopic surveillance is considered
mainly to detect remaining and metachronous
[20]
gastric cancer. Hosokawa et al
noted that periodic
endoscopic examinations to detect RGC at an early
stage are recommended at intervals of 2-3 years,
because, among 15 patients examined at an interval
of no more than 2 years, RGC was detected at an early
[23]
stage in 12 patients (80%). Ohashi et al
and Ojima
[27]
et al
recommended annual endoscopic surveillance
from 1 year after DG for gastric cancer to at least 10
years. On the other hand, because the risk of newly

ENDOSCOPIC SURVEILLANCE
Recent advances in endoscopic diagnostic techniques
have led to more frequent detection of early RGC after
DG. Early detection is essential not only to improve
the prognosis of RGC, but also to offer a chance for
endoscopic treatment. For early detection of RGC,
some authors have reported the importance of periodic
[20,21,32,64]
follow-up endoscopy after gastrectomy
.
[28]
Komatsu et al
reported that the duration of followup was significantly associated with the stage of
[22]
RGC progression. An et al
reported that the
prognosis of 7 patients with RGC diagnosed at annual
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Table 5 Clinical outcomes of endoscopic submucosal dissection for remnant gastric cancer n (%)
Ref.

No. of ESD
lesions

Takenaka et al[65] 2008
Hirasaki et al[66] 2008
Hoteya et al[67] 2010
Lee et al[68] 2010
Nishide et al[69] 2012
Nonaka et al[70] 2013
Tanaka et al[71] 2014

No. of lesions located
En bloc
on the suture line
resection rate

31
17
401
13
622
94
33

12 (38.7)
6 (46.2)
29 (46.8)
11 (33.3)

30 (96.8)
17 (100)
13 (100)
59 (95.2)
86 (91.5)
33 (100)

Complete resection rate

Complications

23 (74.2)
14 (82.4)
38 (95.0)
11 (84.6)
53 (85.5)
77 (81.9)
31 (93.9)

Perforation

Bleeding

4 (12.9)
0
1 (2.5)
0
11 (17.7)
2 (2.1)
3 (9.1)

0
3 (17.6)
2 (5.0)
0
5 (8.2)
2 (2.1)
1 (3.0)

1

including 9 patients of gastric tube cancer after esophagectomy; 2including 14 patients of gastric tube cancer after esophagectomy. ESD: endoscopic
submucosal dissection.

developed RGC after gastrectomy for benign disease
is thought to be increased from more than 20 years,
annual endoscopic screening is recommended to start
at least 15-20 years after gastrectomy for benign
disease and continue for as long as the patients can
[24,57,64]
receive treatment for RGC
.

is technically difficult due to the limited space within
which to manipulate and the existence of staples or
severe fibrosis around the anastomosis and suture line.
Recently, several retrospective studies of ESD for RGC
[65-71]
have been reported
(Table 5). According to these
studies, the en bloc resection rate and the complete
resection rate were reported to be 91%-100% and
[68]
74%-94%, respectively. Lee et al demonstrated that
there were no significant differences between RGC and
upper-third gastric cancer in the complete resection
[65]
rate of ESD, whereas Takenaka et al
reported
that, when the lesion was located on or not on the
suture line, the complete resection rates were 58%
and 84%, respectively. With regard to complications,
the perforation and bleeding rates were reported
to be 0%-17.7% and 0%-17.6%, respectively.
The occurrence of perforation was reported to be
significantly higher for RGC than for non-remnant
[65]
[71]
gastric cancer , and Tanaka et al
demonstrated
that the occurrence of perforation was significantly
more frequent in anastomotic sites (27.3%) than in
non-anastomotic sites (0%).
Although the indications for ESD for primary
gastric cancer were similar to those of early RGC in
[65-71]
previous studies
, there has been only one report
assessing whether the same indication for ESD for
primary gastric cancer can be applied to RGC. Choi
[72]
et al
reviewed 17 surgically resected patients who
were possible candidates for ESD for RGC, and they
demonstrated that they had no evidence of lymph
node metastasis. There is only one study of longterm outcomes after ESD for RGC, in which Nonaka et
[70]
al
reported that the cause-specific survival rate was
100% during the median follow-up period of 4.5 years.
Further studies are required to confirm the indications
and oncological feasibility of ESD for RGC.

OPTIMAL TREATMENT
The mainstay of treatment for RGC patients is radical
surgical resection. R0 resection is an important
prognostic factor in RGC, as well as conventional gastric
[3,25,29,57]
cancer
. As some authors have recommended,
although R0 resection with an aggressive surgical
approach is technically difficult in RGC patients, it
might contribute to improving the long-term outcome.
In most studies, the UICC classification was used
to determine the N stage in RGC patients, regardless
of the initial reconstruction method and the previous
disease. However, the number of retrieved lymph
nodes is expected to be insufficient to determine
the N stage in some RGC patients, especially those
with previous malignant disease, which may lead to
uncertain staging. Indeed, some authors showed that
the total number of retrieved lymph nodes and the
perigastric lymph node metastasis rate were lower
[3,8,58,63]
[62]
than for PPGC
. Li et al
and Costa-Pinho et
[58]
th
al
reported that the N stage of the 7 edition of the
TNM staging system was not suitable for predicting the
outcomes of RGC patients. Therefore, it may be one
of the future challenges to create a specific staging
system for RGC.

Endoscopic intervention

Endoscopic submucosal dissection (ESD) has been
widely accepted as the standard treatment for early
gastric cancer patients without potential risk of lymph
node metastasis, because ESD is less invasive than
surgery and provides better quality of life. Surgical
resection for RGC has been reported to have a
relatively high postoperative morbidity rate and a high
adjacent organ resection rate, so ESD is an attractive
treatment. However, it is considered challenging to
perform ESD for early RGC, because performing ESD
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Laparoscopic surgery

Laparoscopic surgery for gastric cancer has been
widely accepted because of several advantages,
such as less postoperative pain, reduced blood loss,
earlier recovery, fewer complications, and shorter
[73-75]
hospitalization
. However, because adhesions and
anatomical alterations due to previous gastrectomy
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Table 6 Clinical outcomes of laparoscopic surgery for remnant gastric cancer
Ref.
Kim et al[76] 2014
Kwon et al[77] 2014
Nagai et al[78] 2014
Tsunoda et al[79] 2014
Son et al[80] 2015

Type of
procedure

No. of
patients

Operation time
(min)

Blood loss
(mL)

Conversion to
open surgery

No. of retrieved
lymph nodes

Complication
rate (%)

5-yr OS
(%)

Lap
Open
Lap
Open
Lap
Open
Lap
Open
Lap
Open

171
50
182
58
12
10
10
6
17
17

197
149
266
203
362
271
325
289
234
170

182
193
69
746
55
893
228
184

0%
5.6%
0%
0%
47.1%
-

12.9
8
7
23.7
15.9
22
7
18.8
22.3

23.5
30.0
33.3
44.8
0.0
20.0
10.0
33.3
35.3
29.4

100.0
94.9
77.8
72.9
67.0
60.3

1

including 10 cases of distal gastrectomy; 2including 8 cases of robotic surgery. OS: overall survival.

make laparoscopic surgery complicated and difficult,
laparoscopic total gastrectomy has not generally been
considered to be indicated in patients with RGC in the
early era of laparoscopic surgery. Recently, five studies,
including small series of laparoscopic total gastrectomy
for RGC compared with open gastrectomy, have been
[76-80]
reported
(Table 6). All studies showed a longer
operation time for laparoscopic surgery. On the other
[80]
hand, four of five studies, except Son et al , showed
less blood loss, more retrieved lymph nodes, shorter
time to first flatus, and a lower complication rate in
laparoscopic surgery. In the study reported by Son et
[80]
al , there were 8 cases (47.1%) of open conversion,
for which the most common reason was the presence
of severe adhesions after gastrectomy for malignant
disease. Although the follow-up time was short in
each study, all three studies that assessed survival
demonstrated that the 5-year survival rate was similar
[77,78,80]
between laparoscopic surgery and open surgery
.
Because the size of each study was small, multicenter
studies should be considered to confirm the
advantages of laparoscopic gastrectomy for RGC.

and an aggressive surgical approach to achieve R0
resection are essential to improve the prognosis
of RGC patients. Recent advances in endoscopic
interventions or laparoscopic surgery may provide
patients with a better quality of life after minimally
invasive treatments.
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2016 Gastric Cancer: Global view

Emerging molecular basis of hematogenous metastasis in
gastric cancer
Jing Zhong, Yan Chen, Liang-Jing Wang

Abstract

Jing Zhong, Yan Chen, Liang-Jing Wang, Department of
Gastroenterology, the Second Affiliated Hospital, School of
Medicine and Institute of Gastroenterology, Zhejiang University,
Hangzhou 310009, Zhejiang Province, China

Lymphatic metastasis is commonly observed in gastric
cancer (GC), but hematogenous metastasis is more
likely responsible for the cancer-related mortality.
Since Stephen Paget first introduced the “seed and soil
hypothesis” a century ago, growing evidence recognizes
that numerous essential secreted factors and signaling
pathway effectors participate in the pre-metastatic niche
formation and distant organ metastasis. The cross-talk
between GC cells and surrounding microenvironment
may consist of a series of interrelated steps, including
epithelial mesenchymal transition, intravasation into
blood vessels, circulating tumor cell translocation, and
secondary organ metastasis. Secreted factors including
vascular endothelial growth factor (VEGF), matrix
metalloproteinases and cancer-derived extracellular
vesicles, especially exosomes, are essential in formation
of premetastatic niche. Circulating tumor cells and
microRNAs represent as ‘‘metastatic intermediates’’
between primary tumors and sites of dissemination. Many
biomarkers have been identified as novel metastatic
markers and prognostic effectors. In addition, molecular
therapy has been designed to target biomarkers such as
growth factors (human epidermal growth factor receptor
2, VEGF) and chemokines, although they have not clearly
proven to be effective in inhibiting GC metastasis in
clinical trials. In this review, we will systematically discuss
the emerging molecules and their microenvironment in
hematogenous metastasis of GC, which may help us to
find new therapeutic strategies in the future.
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Core tip: The premetastatic niche is a novel predictor of
cancer metastasis. The following steps including local
invasion, intravasation into vessel lumen, survival in the
circulation and extravasation also contribute to gastric
cancer progression through a variety of mechanisms.
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This review provides an overview of the complex
interaction between tumors and their microenvironment
in hematogenous metastasis cascade.

microenvironment . Vascular endothelial growth factor
(VEGF) is initially identified as an endothelial cellspecific mitogen, which can embed endothelial cells
(ECs), stimulate the formation of new blood vessels
[6]
and induce angiogenesis . VEGF-A, VEGF-B and
placental growth factor (PIGF) binding to VEGFR-1 are
considered to be key regulators of blood vessel growth,
while VEGF-C and VEGF-D binding to VEGFR-2 regulate
[7]
lymphatic angiogenesis . High expression of VEGF
was observed in patients with GC and significantly
linked to the microvessel density (MVD) and the
[8,9]
presence of vascular invasion . Furthermore, VEGF
correlated with tumor size, poor TNM stage and overall
survival and appears to be a significant prognostic
[10]
factor for hematogenous metastasis of GC . However,
a phase Ⅲ randomized trial has demonstrated that
anti-VEGF-A monoclonal antibody, bevacizumab,
[11]
failed to improve survival in advanced GC patients .
The expression of other angiogenic factors such as
platelet-derived growth factor (PDGF-B) was seen
with a higher MVD score in 50% of diffuse-type gastric
[12]
adenocarcinoma cases . Examination of human
tissues from relapsed GC patients demonstrated higher
[13]
+
VEGFR-1 (FLT-1) expression . Circulating VEGFR-1
+
HPCs and VEGFR-2 ECs may precede the arrival of
+
tumor cells, then VEGFR1 cells could maintain the
expression of primitive cell surface markers, including
CD34, CD11b, c-kit, and Sca-1 in the pre-metastatic
[14]
niche . In a smaller phase Ⅰ study, there was no
significant difference in median overall survival time
*
between the HLA-A 2402-positive and -negative
groups that were vaccinated with URLC10 and VEGFR1
[15]
[16]
peptides . Recently, the phase Ⅲ trial REGARD
has demonstrated that ramucirumab, a fully human
IgG1 anti-VEGFR-2 monoclonal antibody, significantly
improved median overall survival compared to the
placebo group, suggesting VEGFR-2 signaling inhibition
as an important therapeutic modality in advanced GC.
Fibroblasts and matrix metalloproteinases (MMPs)
probably also contribute to pre-metastatic niche
formation by secretion of pro-angiogenic and ECM[17]
remodeling factors . The interaction of VLA-4 (integrin
α4β1) with its ligand, fibronectin, is essential for tumor
cell migration. VCAM-1, the counter receptor of VLA-4,
is significantly increased in serum of GC patients.
Concentration of soluble VCAM-1 is positively associated
with invasion depth and the presence of distant
[18]
metastases . MMPs, zinc-dependent endopeptidases
capable of degrading ECM proteins, can drive the loss
of the basement membrane. The activation of MMPs
and urokinase-type plasminogen activator (uPA) is also
required for expression of transcription factor Snail-1
[19]
which finally inhibits E-cadherin . Recent studies
have confirmed that elevated expression of MMP-2,
MMP-7, MMP-9 and MT1-MMP in gastrointestinal
[9,20-22]
cancers increases their ability to metastasize
.
In particular, MT-MMP immunolocalized in 61% of GC
cases is implicated in vascular invasion of the tumor
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INTRODUCTION
Gastric cancer (GC) is the second leading cause of
[1]
cancer-related death in the world . Many GC patients
are diagnosed at advanced stage with metastasis,
and miss the possibility for curative resection. It
has been documented that patients with advanced
stage GC have a poor prognosis with a five-year
[2]
survival rate less than 15% . Thus, metastasis
is demonstrated to be an essential event in the
prognosis of GC. Successful hematogenous metastasis
cascade depends on intrinsic factors of the tumor
cells and their subsequent communication with the
[3]
surrounding microenvironment . During metastatic
progression, tumor cells possess continuous inter
[4]
dependent strategies . First, tumor cells form a
microenvironment, escape from primary site through
surrounding extracellular matrix (ECM) and intravasate
into the lumina of blood vessels. Translocation system
is then formed and circulating tumor cells (CTCs)
survive in the circulation and arrest at the secon
dary organs. Subsequently, tumor cells survive with
the microenvironment of distant tissues, thereby
micrometastasis and metastatic colonization emerge.
In this review, we will discuss the emerging molecular
mechanism that regulates hematogenous metastasis
in GC.

TUMOR MICROENVIRONMENT
FORMATION AS A “PRE-METASTATIC
NICHE”
Stephen Paget has introduced the “seed and soil
hypothesis” for a century, but emerging evidence
recognizes numerous essential secreted factors and
cancer-derived extracellular vesicles (EVs) as potential
new effectors in pre-metastatic niche formation and
metastasis.

Secreted factors

Multiple chemokines and growth factors secreted
by cancer cells and their associated stromal cells
are involved in recruitment of bone marrow-derived
hematopoietic progenitor cells (HPCs) to support
the new vessel formation and tumor metastatic
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cells through the activation of proMMP-2 . Following
exposure to Helicobacter pylori (H. pylori) strain 60190,
the expression of MMP-7 is upregulated, which is
[24]
dependent on gastrin . Meta-analyses showed that
overexpression of MMPs (such as MMP-2 and MMP-9)
[25,26]
is a poor prognostic factor of GC
. Moreover, human
epidermal growth factor receptor 2 (HER2) knockdown
resulted in the downregulation of the expression of
MMP-9, which abrogates the invasion promoted by
[27]
HER2 signaling in GC . Clinical trials on MMP inhibitors
(MMPIs) in advanced stage cancer patients have yielded
[28]
inconsistent outcomes , however, marimastat as a
broad-spectrum MMPI was illustrated to increase overall
survival in patients with advanced GC in a phase Ⅲ
[29]
randomized trial .
Despite that, the release of other soluble secreted
[30]
factors including lysyl oxidase, FGF, SDF-1 , tumor
[31]
necrosis factor (TNF)-α
and transforming growth
factor (TGF)-β have been shown to play critical roles in
the formation of the pre-metastatic niche.

into the extracellular environment to maintain the
[38]
oncogenesis . The enrichment of let-7 miRNA
family in the exosomes from AZ-P7a cells may reflect
[39]
metastasis in GC. Later on, Melo et al
revealed that
miRNA biogenesis in exosomes inhibited the expression
of their respective mRNA targets, such as phosphatase
and tensin homolog (PTEN) and the transcription factor
homeobox D10 (HOXD10), indicating the contribution
to breast cancer progression.

Cancer stem cells or cancer initiating cells

Accumulating evidence suggested that tumor cell
subpopulation in the primary tumor mass termed
Cancer stem cells (CSCs) or cancer initiating cells (CICs)
has the potential to successfully form metastasis in
[40]
[41]
a distant organ . Since Takaishi et al
identified
CD44 as a gastric CSC (GCSC) marker, isolation and
culture of GCSCs have become a novel model for
GC research. Interestingly, chronic H. pylori infection
leads to an expansion of the compartment of gastric
epithelial stem cells. It has been confirmed that
CD44+ cells induced by H. pylori/CagA exhibited the
hummingbird phenotype and stimulated the expre
[42]
ssion of mesenchymal markers . Initial evidence
identified the high expression of CD44 and CD133
in precancerous lesions, malignantly transforming
[43]
tissues and drug-resistant GC tissues . Some other
molecules including TR3, Musashi-1, ALDH and Nanog
have been proposed as novel metastatic markers on
GCSCs, bringing great opportunities for therapy of GC
[41]
patients .

Cancer-derived EVs

Recent research advances provide provocative insights
into EVs, which have implications regarding the
steps of the tumor pre-metastatic niche formation.
According to their origin, EVs can be organized into
several categories, including exosomes, tumor-derived
microvesicles (TMVs), and large oncosomes. We will
focus on the mechanisms that exosomes mediate
metastasis by conditioning both the bone marrow and
the premetastatic niche.
Exosomes are small, membrane-bound vesicles
(40-100 nm) that transfer RNAs and proteins from one
cell (site of origin) to distant locations. Several studies
have indicated that hypoxia promotes the secretion of
exosomes with enhanced angiogenic and metastatic
[32]
potential in different tumor types . The release
mechanisms of exosomes involve the Rab family of
small GTPases in vesicle trafficking and micro-vesicle
[33]
budding pathway . As expected, exosomes derived
from tumor cells promote metastasis by conditioning
[34]
both the bone marrow and the pre-metastatic niche .
[17]
Peinado et al
proposed a model for tumor-derived
exosomes as a systemic factor increasing metastatic
behavior through educating bone marrow derived
cells. Recently, it has been suggested that GC-derived
exosomes could promote human umbilical cord[35]
derived MSCs migration . After injecting fluorescently
labeled exosomes from metastatic melanoma cells
into mice, exosomes were observed to exit the
circulation to localize in metastatic sites: the lung,
[36]
bone marrow, liver and spleen . However, little is
known about whether and how GC-derived exosomes
could promote distant organ metastasis. Interestingly,
microRNAs (miRNAs) detected in human serum
[37]
and saliva are mostly concentrated in exosomes .
Recent evidence has found that AZ-P7a, a metastatic
GC cell line, released let-7 miRNAs via exosomes
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LOCAL INVASION AND INTRAVASATION
After a pre-metastatic niche is established, metastatic
carcinoma cells invade locally through surrounding ECM,
which is termed as “local invasion”. Subsequently, tumor
cells escape from the primary site, and disseminate via
the hematogenous circulation into the vessel lumen,
which is termed as “intravasation”. In the process of
epithelial mesenchymal transition (EMT), tumor cells
lose their epithelial cell feature and cell polarity, which
makes cell permeability increase. Then the loss of
polarity and alteration of the actin cytoskeleton disrupt
the cell-cell adhesion and cell-ECM adhesion, mediating
the concomitant formation of membrane protrusions
[44]
required for invasive growth .
E-cadherin encoded by the CDH1 gene is essential
in the activation of transcriptional regulators which
disassemble intercellular junctions. A recent meta[45]
analysis showed that
downregulation of E-cadherin
is frequently observed in patients with diffuse type
GC. The downregulation of E-cadherin results in
the loss of connection of the E-cadherin-dependent
cytoplasmic cell-adhesion complex and dysregulation
of cellular signaling pathways including Wnt signaling,
Rho GTPases, and epidermal growth factor receptor
[46]
(EGFR) . β-catenin acting as a transcription cofactor
with T cell factor/lymphoid enhancer factor (TCF/LEF)
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in Wnt signaling pathway is also down-regulated in
[47]
47% of GC cases . Importantly, abnormal expression
of E-cadherin and β-catenin was correlated with
advanced tumor stage and lower 5-year survival rate
[45,48]
of GC patients
. Evidence suggests that Rac1,
RhoA and RhoC were overexpressed in metastases
[49,50]
GC tissues and related to higher TNM stage
.
Moreover, siRNA mediated RhoC knockdown inhibits
[50]
the migration and invasion of GC cells . Recent
findings demonstrate that RhoA mutations induced by
[51,52]
E-cadherin are quite common in diffuse GC
.
Another signaling pathway involved in EMT is
TGF-β, which enhances tumor invasion and metastasis
[53]
by stimulating angiogenesis and cell motility .
During TGF-β-induced EMT, not only the production of
potent angiogenic inhibitor such as thrombospondin
1 is induced, but also transmembrane claudins,
occludins and scaffold proteins are down-regulated,
[54]
leading to the degradation of tight junctions .
Inactivation of TGF-β signaling components including
TGF-β receptors, Smad2 and Smad4 consists in
[53]
almost all types of GC . Several studies have
showed the immunoreactivity for TGF-β in gastric
carcinomas, with positive rates ranging from 22.8%
[55]
to 73.8% . Decreased SMAD4 expression and
increased SMAD7 expression have been found in GC,
ensuring the inactivation of TGF-β-R1 and TGF-β-R2.
Treatment with recombinant TGF-β1 or cagE-positive
H. pylori significantly altered EMT-related marker and
[56]
enhanced the ability of cancer cells to migrate .
Moreover, TGF-β is also known to regulate invasion and
metastasis of GC cells via ERK, MAPK, BMP, and JNK
[57]
signal pathways . Significant upregulation of serum
concentrations of TGF-β1 in GC patients is correlated
[58]
with tumor mass and metastasis . In summary,
these studies suggest that activation of TGF-β signaling
can regulate its associated target genes, enhancing
distant metastasis in GC.

and cytological techniques enable us to detect or
[59,61,62]
characterize CTCs
. To date, several clinical
studies have demonstrated that CTCs can be a
potential prognostic marker or be used to monitor
[61,63]
the recurrence of cancers
. Numerous studies
increasingly attach our attention to CTCs because of
their significant utilities in the diagnosis, therapy or
prognosis of various cancer types, including GC.
CTCs, as the metastatic intermediate, connect
[4,64]
primary tumors and metastatic tumors
. Although
these complex processes of translocation of tumor
cells have not been fully uncovered, tumor cell
shedding from primary tumors and then invading into
vessels are regarded as the initiation, in which EMT
[65,66]
plays vital roles
. Once in the blood vessels, CTCs
are confronted with several natural obstacles, such as
shear forces, the attack of immune cells and anoikis,
which result in only 0.01 percent of CTCs alive and
[67,68]
impede the metastatic process
. The phenomenon
that CTCs in the hematogenous circulation are arrested
by vessels is mainly explained by two hypotheses.
One is about physical trapping of CTCs, with large
diameters of 20-30 µm, in which carcinoma cells could
be arrested by capillaries with the luminal diameter of
[4]
8 µm around , whereas the other hypothesis is that
CTCs favor the trapping of particular tissues through
[69]
adhesive interactions .
A recent meta-analysis indicated that CTCs could
be a predictor of the survival of GC patients and
the patients with detectable CTCs had shortened
[61]
recurrence-free survival . It has been reported that
the positive rate of CTCs was high in advanced GC
[70]
patients and indicated a poor prognosis . A study
also showed the tumorigenicity of CTCs from advanced
[63]
GC patients .

miRNAs

MiRNAs play critical mechanistic roles in angiogenesis
and cancer metastasis. The levels of several individual
miRNAs are dysregulated in GC. A study identified that
diffuse histologic type, tumor invasion and progressive
stage were associated with low expression of miR[71]
200b in patients with GC . miR-200b suppresses
expression of ZEB2 EMT-inducing transcription
[71]
factors and enhances expression of E-cadherin .
We have reported that miR-141 and miR-375 were
[73,74]
significantly downregulated in GC
. Snail-regulated
miR-375 inhibited the migration and invasion of GC
[74]
cells partially by targeting JAK2 oncogene . Liu et
[75]
al
reported that miR-10b promoted invasion of
gastric cells by activating RhoC-AKT signaling through
targeting HOXD10. In addition, miRNA signaling is
converged with several crucial molecular signaling
pathways. miR-21 up-regulated in GC tissues has been
[76]
[77]
[78]
shown to target RECK , PTEN and PDCD4 tumor
suppressor genes which inhibit tumor metastasis
and angiogenesis via modulating MMPs and PI3K/Akt
pathway.

SURVIVAL IN THE CIRCULATION AND
EXTRAVASATION
After tumor cells intravasate into the circulation, they
disseminate widely through the venous and arterial
vessels and finally migrate to a limited subset of target
organs. Evidence indicates that CTCs and miRNAs
represent as ‘‘metastatic intermediates’’ between
primary tumors and sites of dissemination in a variety
[4]
of cancers .

CTCs

Since CTCs were first discovered in the nineteenth
century, there have been numerous studies on the
detection and isolation of CTCs in peripheral blood
[59]
of patients with various carcinomas , including
[60]
gastrointestinal cancers . In spite of the low count of
CTCs in peripheral blood, the advances of molecular
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Table 1 Biomarkers identified as mediators of metastasis in
gastric cancer
Biomarkers
Growth factors
VEGF

Target gene(s)

Ref.

CD34, CD11b, c-kit, and
Sca-1

[14]

PDGF-B
EGF
EGFR
Chemokines
SDF-1
CXCR4
TNF-α
TNFR I/II
TGF-β
TSP1, SMAD4
EVs
Exosomes
HOXD10 and PTEN
ECM Proteases
E-cadherin
Rho GTPases: Rac1, RhoA
and RhoC
MMP-2, MMP-7, MMP-9 and
MT1-MMP
VLA-4
VCAM-1
MicroRNAs
miR-200b
ZEB1 and ZEB2
miR-141
ZEB1
miR-375
JAK-2
miR-10b
HOXD10
miR-21
RECK, PTEN and PDCD4

3

4

[13]
[46]

5

[30]
[31]
[55,56]

6

[39]
[45]
[49,50]

7

[20-22]
[18]

8

[71]
[72]
[73,74]
[75]
[76-78]

9

SDF: Stromal derived factor; TNF: Tumor necrosis factor; TGF:
Transforming growth factor; VLA: Very late antigen; PDGF-B: Plateletderived growth factor; EGF: Epidermal growth factor; VEGF: Vascular
endothelial growth factor; EVs: Extracellular vesicles.

10

11

CONCLUSION
During the past decades, studies have indicated
numerous molecular biomarkers involved in progression
of the GC metastatic cascade (Table 1). There are
complex processes during hematogenous metastasis
in GC. In early stage, tumor cells arrive in distant sites
termed as “premetastatic niche”. Secreted factors
and cancer-derived EVs, especially exosomes, are
essential in formation of premetastatic niche. Then
these cells arrest in organs, adhere to vessel wall
and invade locally through surrounding ECM. During
metastatic progression, CTCs and miRNAs represent
as metastatic mediators between primary tumors
and sites of dissemination. We shall dwell deeper into
the mechanisms of GC stem cell self-expansion, as
well as crosstalk between GC-derived EVs and CTCs
with surrounding microenvironment. Identification
of potential molecular targets of GC metastasis will
be of great importance for cancer therapy, which is a
challenging issue in ameliorating the morbidity and
mortality burden of GC.
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REVIEW

Peroxisome proliferator activated receptors at the
crossroad of obesity, diabetes, and pancreatic cancer
Simone Polvani, Mirko Tarocchi, Sara Tempesti, Lapo Bencini, Andrea Galli

Abstract

Simone Polvani, Sara Tempesti, Mirko Tarocchi, Andrea
Galli, Department of Experimental and Clinical Biomedical
Sciences “Mario Serio”, University of Florence, 50139 Firenze,
Italy

Pancreatic ductal adenocarcinoma (PDAC) is the
fourth cause of cancer death with an overall survival
of 5% at five years. The development of PDAC is
characteristically associated to the accumulation of
distinctive genetic mutations and is preceded by
the exposure to several risk factors. Epidemiology
has demonstrated that PDAC risk factors may be
non-modifiable risks (sex, age, presence of genetic
mutations, ethnicity) and modifiable and co-morbidity
factors related to the specific habits and lifestyle.
Recently it has become evident that obesity and
diabetes are two important modifiable risk factors for
PDAC. Obesity and diabetes are complex systemic and
intertwined diseases and, over the years, experimental
evidence indicate that insulin-resistance, alteration of
adipokines, especially leptin and adiponectin, oxidative
stress and inflammation may play a role in PDAC.
Peroxisome proliferator activated receptor-γ (PPARγ) is
a nuclear receptor transcription factor that is implicated
in the regulation of metabolism, differentiation and
inflammation. PPARγ is a key regulator of adipocytes
differentiation, regulates insulin and adipokines
production and secretion, may modulate inflammation,
and it is implicated in PDAC. PPARγ agonists are used
in the treatment of diabetes and oxidative stressassociated diseases and have been evaluated for the
treatment of PDAC. PPARγ is at the cross-road of
diabetes, obesity, and PDAC and it is an interesting
target to pharmacologically prevent PDAC in obese and
diabetic patients.
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Core tip: Pancreatic cancer has a dismal prognosis with
an overall five years survival less than 5%. Obesity
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and diabetes are risk factors of pancreatic ductal
adenocarcinoma (PDAC) increasing the likelihood of its
development. Agonists of one specific nuclear receptor
transcription factor, the peroxisome proliferatoractivated receptor γ (PPARγ), are currently used or
evaluated for the treatment of these diseases. PPARγ
is a well-known protein implicated in the regulation of
metabolism, inflammation, and differentiation; standing
at the cross-road of these diseases it may be a key
factor linking PDAC to diabetes and obesity, a master
regulator whose modulation could be the key for PDAC
treatment.

receptors with an identified ligand are classified
as “adopted”. NR are implicated in almost every
physiological and pathological condition and several
nuclear receptors are associated to neoplasm in
[5-9]
several organs and in PDAC
. Of the numerous
NR we will focus our attention on the peroxisome
proliferator-activated receptor (PPAR)-γ, a member of
the PPAR group of nuclear receptors, strongly tied to
diabetes, obesity and pancreatic cancer (PC) (Figure 1).

PPAR: an introduction

Peroxisomes are cellular organelles identified in the
[10,11]
late 1960 in rat liver
; single-membrane bound,
they are involved in cellular functions ranging from
fatty acid metabolism and transport to reactive oxygen
[11]
species (ROS) detoxification . Clofibrate, a hypolipidemic agent, was the first of a series of peroxisome
proliferators, molecules capable of inducing the
“proliferation” of peroxisomes. The first receptor of
these peroxisome proliferators, generically named
[12]
PPAR, was discovered by Issemann Ⅰ in the 1990 ;
in 1992, the number of identified PPARs increases to
three after the characterization in the frog Xenopus
of three novel receptors activated by peroxisome
proliferators and by agents causing carcinogenesis in
rodent liver; these receptors acted as transcriptional
activators of the acyl coenzyme A oxidase gene, which
encodes the key enzyme of peroxisomal fatty acid
[13]
β-oxidation .
PPARs belong to the thyroid-like NR1C group of
[3]
nuclear receptors transcription factors ; so far the
group comprises three genes, localized in different
chromosomes encoding for different transcripts and
proteins: PPARγ (NR1C3), PPARα (NR1C1) and PPARβ/
δ (NR1C2). PPARs are common finding in human cells;
indeed whereas PPARγ and PPARβ/δ are ubiquitous,
PPARα is more expressed in the liver, hearth and
[14,15]
kidney where β-oxidation is higher
. The PPARs
share the classical features of the nuclear receptor
transcription factor prototyped by the Steroid receptor,
[1,5,16]
with some exceptions
: they possess a LBD at
the C-terminal and a DBD towards the N-terminal,
separated by a hinge region. Interestingly, only PPARγ
is expressed as multiple proteins transcribed starting
[16-18]
from several distinct transcripts
. Overall the three
NR show an 80% homology, and are more divergent in
the LBD, a finding that explain the different response
[15,16,19]
to ligands
. Differently from steroid hormones
receptors, that are “Type Ⅰ” NR, PPARs are type Ⅱ
NR meaning that they works in tandem as obligatory
heterodimers with retinoid-X-receptors (RXR-α/β/γ,
[3,20-22]
NR2B1/2/3)
: when the NR bind a ligand the
dimers, localized in the cell nuclei, undergo a transition
of three dimensional configuration and recognize
specific HRE, named PPAR response elements (PPRE),
in the promoters of target genes resulting in their
activation or repression. PPRE sequences are direct
repeats of two six nucleotide-long core sequences
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INTRODUCTION
The nuclear receptor transcription factors (NR) are a
group of evolutionary conserved proteins that double
as receptors and regulators of gene transcription. NR
regulate the mRNA transcription binding to specific
sequences of DNA, called hormone-response element
[1-3]
or HRE .
NR are ligand activated transcription factors sharing
a high degree of structural homology and are classified
according to the sequence homology in six different
families. The first NR was identified by a group guided
[4]
by Prof. Evans in 1985 and was described as a
glucocorticoid receptor possessing a DNA binding
domain (DBD) and a ligand binding domain (LBD);
the two regions, as their names evidently suggest,
are necessary for the recognition of HRE and for the
binding to the ligands, respectively. Interestingly, these
two distinguishing features of a NR, are present in all
but two receptors, DAX-1 and SHP, who lack the DBD
and are classified in the newly introduced NR0 seventh
[1]
family of NR .
Besides this homology classification, two parallel
systems are used to aggregates NR: one is based on
the functional status and localization before the binding
to the ligand and one on the existence of ligands.
NR are classified in type Ⅰ, Ⅱ, Ⅲ, or Ⅳ depending
if they act as homodimers (Ⅰ and Ⅲ), heterodimers
(Ⅱ) or monomers (Ⅳ); type Ⅲ receptors differ
from type Ⅰ for the cell localization before the ligand
binding: type Ⅰ are cytosolic whereas type Ⅲ are
[1]
nuclear .
Of the 48 NR identified, for only half there is a
known ligand, whereas the other half is indicated
as being “orphan”. The number of orphan receptors
has changed over time due to identification for some
of them of a specific natural ligand: orphan nuclear
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Figure 1 Effects of peroxisome proliferator-activated receptor-γ on diabetes, obesity, and pancreatic ductal adenocarcinoma. The nuclear receptor PPARγ
may directly inhibit tumor growth and metastatization and it is implicated in PSC activation. PPARγ activation may increase insulin secretion and production in β-cells,
and may increase insulin-sensitivity in peripheral tissue. PPARγ induces differentiation of pre-adipocytes in new small adipocytes that are more insulin-sensitive and
produce lower amount of inflammatory adipokines. Finally, PPARγ may directly and indirectly (modulating adiponectin and leptin levels) inhibit inflammation altering
the level of adiponectin and leptin. FFA: free fatty acids; PPARγ: peroxisome proliferator-activated receptor-γ; PSC: pancreatic stellate cells.

(AGGTCA) separated by a single nucleotide (DR1): this
motif was identified by study on DNA sequences bound
by PPAR and may not represent the exact response
[23,24]
element
. Furthermore additional features of the
consensus sequence have been described such as the
presence of a specific six nucleotide long sequence
upstream of the PPRE and it has been demonstrated
[23]
that PPAR may bind also to imperfect PPRE motif .
Nonetheless, in the ligand-activated PPAR:RXR
heterodimers, PPAR bind the 5’ end of the DR1,
whereas RXR bind to the other half; this peculiarity,
in association with the asymmetric nature of the DR1,
determines that the dimers act only unidirectionally on
one DNA strand, although the same complex may bind
the other DNA strand too.
PPAR mechanisms of action are not limited to
activation/repression of target genes, but other
functions have been described (see later for details).
Interestingly, PPARs transcriptional activity is not only
modulated by PPAR ligands, but by ligands of RXR too,
[15,19]
such as retinoic acid
.
Finally, the ligand-binding, that is associated to the
above mentioned change of the three-dimensional
configuration of the receptors, determines also the
attachment of co-activators and detachment of corepressors proteins, adding an additional layer of
complexity to the regulation of PPARs functions
[25]
(see
for details). One of the more studied PPAR
co-activators is PGC-1 that is apparently implicated
[26,27]
in adiponectin signaling
, but other co-activators
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are steroid receptor co-activator 1, p300, and CREB
[27,28]
binding protein
; all of them are tightly involved
in regulation of metabolism and cancer development.
Usually PPAR are packed with RXR and co-repressor
molecules in PPRE and the co-repressors detach after
ligand binding: in this way PPARs exert their activation
and repression role. Interestingly, PPARs may regulate
gene expression and molecular pathway by other
mechanisms such as transrepression, an inhibitory
action that is independent from DNA binding: these
mechanisms are usually associated to secondary
modifications of the receptors and are relevant for
[5,15,19,29,30]
regulation of inflammation
.

PPARγ

PPARG is encoded by a single gene located on
chromosome 3p24, spanning a chromosomal region
more than 150 kb. The gene is composed by 9 exons
that give rise to at least 7 transcripts according
[16-18]
to
although a survey on ensembl.org suggests
the existence of up to 14 possible transcripts, 10 of
them possibly protein-coding. Excepting three recently
[16,17]
discovered transcripts
, all the transcripts share the
last 6 exons of the gene (called exons 1-6) and are
produced by use of alternative promoters and different
5’ exons (called, from the 5’ end of the gene, A1, A2
and B). Nonetheless, for a long time only two proteins
were believed to be produced by PPAR: PPARγ1 and
PPARγ2.
PPARγ2 differs from PPARγ1 for the addition of 28
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Pancreatic cancers

AA at the N-terminus and for the tissue expression and
overall activity: whereas PPARγ2 is localized only in the
adipose tissue and is believed to be more adipogenic,
[18]
PPARγ1 is more broadly expressed . Recently, three
new PPARγ transcripts were isolated (γ2ORF4, γ3ORF4,
[16,17]
and more recently γ1ORF4)
.
These new transcripts have different 5’-UTR but
share exons 1-4, and harbor a readthrough in intron
4, while lacking the exon 5-6; the resulting protein
(γORF4) misses the LBD and acts as dominant
negative NR. γ2ORF4 and γ3ORF4 transcripts were
identified in sporadic colorectal cancer where γORF4,
conversely to PPARγ, does not restrain cell growth but
[17]
instead stimulates it ; 1ORF4 was later identified in
[16]
adipocytes . The existence of this dominant negative
isoform suggests that PPARγ might possess a sort of
self-regulation. Interestingly, the three transcripts
may differentially contribute to adipose differentiation
being γ3ORF4 constantly expressed along adipocyte
differentiation but not in mature cells while γ1ORF4
[16]
and γ2ORF4 exhibit stage-specific expression .
PPARγ was classified as an orphan NR until the
discovery of its natural endogenous ligands, the
prostaglandin 15-deoxy-delta (12, 14)-prostaglandin
[19,31]
J(2) (15d-PGJ2) and oxidize lipids
. Rosiglitazone
and pioglitazone are Thiazolidinediones (TZD),
synthetic ligands of PPARγ: they are used for the
treatment of diabetes and hyperlipidemia and have
been investigated, together with other PPARγ ligands,
in clinical trials for cancer and oxidative stress-related
[5,32]
diseases treatment
. Besides PPARγ-dependent
effects, TZD may act independently of PPARγ activation
(i.e., the same effect mediated by TZD can't be
obtained by PPARγ overexpression or the use of
specific non TZD ligands) and PPARγ-dependent and
[33-36]
PPARγ-independent effects may co-exist
.
PPARγ is implicated in important biological processes
ranging from regulation of metabolism to inflammation
and differentiation; as such, PPARγ has been linked to
[5,15,19,37,38]
several diseases including cancer
.
PPARγ mechanisms of function comprises the
standard arrays of activation/repression mechanisms
of regulation of gene expression and transrepression.
Interestingly, PPARγ being an ubiquitinase may
regulate the function of different pathway, especially
inflammatory, modulating the proteasome-mediated
[39,40]
degradation of proteins
.
PPARγ may be modified by post-translational
modifications, such as phosphorylations operated
by the MAPK p38 and JNKs, that may cause
inhibition of transcriptional activity, alteration of
[41-43]
localization and degradation
. These secondary
modifications are important for PPARγ function:
for example, phosphorylation of PPARγ at Ser273
mediated by CDK5 in adipose tissue does not impair
its adipogenic capacity but induces insulin resistance
and is associated with a reduction of adiponectin
[44,45]
secretion
.
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The tumors of the pancreas are classified according to
their origin in tumors of exocrine and neuroendocrine
pancreas.
PCs originating from the neuro-endocrine com
partment (pancreatic neuroendocrine tumor, PNET)
contribute to 5% of the tumors and may (functional
PNET) or may not (nonfunctional PNET) overproduce
[46,47]
hormones
. About 50% of PNET are nonfunctioning tumors that, conversely to functional PNET,
are difficult to detect and are usually more malignant,
with the reported percentage of malignant tumors as
[48]
high as 90% .
Ninety five per cent of PCs are of exocrine origin
and the most common form of all PCs is pancreatic
ductal adenocarcinoma (PDAC) (see below for
details). Others less frequent exocrine malignancies
are the acinar cell carcinoma, the intraductal papillary
mucinous neoplasm (IPMN) and the mucinous cystic
[5,49,50]
neoplasms (MCN)
. Acinar cell carcinoma is a rare
malignancy and differs significantly from PDAC, IPMN,
and MCN, lacking their distinctive molecular alterations
[49-53]
and presenting genomic alterations of its own
.
Conversely, IPMN and MCN are considered benign
cystic lesions that may develop to PDAC.
MCN is almost exclusively diagnosed in women,
with a peak incidence in their 50s, as a single
cystic lesion in the tail of the organ; the lesion is
characterized by mucin-producing epithelial and show
[50]
an ovarian-like stroma . IPMN arise from ductal
epithelium, appear as papillary projections in the main
duct or in the branch ducts, and are almost equally
[49]
distributed in men and women in their late 60s .

PDAC: Biology, precursor lesions, and therapy

[54,55]

PDAC alone contributes to about 90% of all PCs
which explain why PC and PDAC are commonly used
as synonymous (as we will do henceforth). PDAC is
characterized by the presence of several distinctive
molecular alterations, the most frequent being
activating mutations in the small GTPase Kirsten
[56]
RAS (Kras)
but overall, at least 60 mutations in 13
[53]
different molecular pathway have been described .
The progression model of PDAC points to a ductal
origin of the disease with precursor lesions identified
in the pancreatic intraductal neoplasia (PanIN). PanINs
development is characterized by the early accumulation
of genetic alterations found on PDAC, such as the Kras
mutations and inactivation of the tumor suppressor
p16; noteworthy, MCN and IPMN, although tumors on
their own, may transform in PDAC and are considered
[5,57,58]
among its potential precursors
. Quite recently, it
has been proposed that PDAC may arise from acinar
cells undergoing a transdifferentiation to ductal cells, in
[59-61]
a process called acinar to ductal metaplasia (ADM)
.
This idea is supported by the findings that in some
animal models of PDAC, acinar cells are the focal point
of PDAC growth acquiring the features of ductal cells
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[60,61]

and expressing ductal markers
; furthermore,
Kras activation in mature acinar cells induces PanIN
lesions and coactivation of Notch/Kras promotes ADM
phenotype, with Notch regulating both initiation and
[62]
dysplastic progression of acinar-derived PanINs .
The PC is not among the 10 most frequent cancers
neither in the US nor Worldwide and accounts for only
[63,64]
a fraction of the totaling cancers
. However, with
its incidence substantially equaling the mortality, PDAC
is one of the deadliest cancer and the fourth cause of
cancer death, which explains its importance in cancer
[63,64]
research
.
The high mortality rate is the consequence of
essentially a combination of two factors: the delay in
the diagnosis and the absence of an effective therapy.
PDAC is a subtle disease: it is generally asym
ptomatic or shows itself with aspecific symptoms
[65,66]
that make difficult the diagnosis
. On one hand,
malignant lesions possess clinical and imaging
features similar to benign alterations of the pancreas:
actually, cystic lesions are easily detectable but their
presence is not suggestive of PDAC and the finding
it not considered sufficient for surgical procedure
due to morbidity and cost consideration; on the
other hand the available biomarkers are plagued
[66-68]
by low specificity and/or low sensibility
. Typical
biomarkers for the detection and surveillance of
PDAC are carcinoembryonic antigen (CEA) and
[66-68]
carbohydrate antigen 19-9 (CA-19-9)
; both
however are not exclusively expressed in PDAC and
their use is limited to the surveillance of recurrence
after surgical resection (CA-19-9) or as predictor of
[66-68]
survival (CEA)
. Evaluation of new and improved
biomarkers with prognostic and diagnostic value
[66]
are currently ongoing in case-control studies . The
lack of specific biomarkers and efficient diagnostic
systems for early detection is even more problematic
for patient management because, conversely to other
malignancies, PC has a tendency to dissemination
even before tumor formation, as suggested by Rhim A
[69]
in 2012 . Consequently, when a patient is diagnosed
for PDAC, the disease may be already at an advanced
stage, with local or distant metastasis, that precludes
a successful surgical resection, the only effective
therapeutic intervention. Even for patient eligible for
resection the 5-years survival is around 20% whereas
the 5-years overall survival for all patient is less than
[63,64]
5%
.
From 1996, the year of its approval, the treatment
of PC is still preferentially based on the nucleotide
analogue gemcitabine or its combination with other
drugs, with modest results and important side[70]
effects . Median overall survival in patients treated
with gemcitabine is 5 mo and phase Ⅲ clinical trials
[66,71]
have failed to improve this data
. In fact, until very
recently, only a combined therapy with gemcitabine
and Erlotinib, an EGFR inhibitor, demonstrated a
modest increase in survival compared to gemcitabine
[72]
monotherapy . More recently, promising improvements
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have been made in the management of PDAC: two
different phase Ⅲ trials have demonstrated that
treatment of metastatic patients with Folfirinox or with
nab-Paclitaxel plus gemcitabine significantly increases
the survival, although folfirinox was associated to
[66,71,73-75]
important toxic side effects
.
An essential feature of PDAC is the presence of a
“desmoplastic” reaction, i.e., the formation of a stiff
fibrotic tissue around the tumor, consequential to the
[76]
activation of pancreatic stellate cells (PSC) . PSC, in
response to TGF-β, PDGF, and other factors, proliferate
and transform in myofibroblast-like cells expressing
α-smooth muscle actin (α-sma); activated PSC
produce an excess of extracellular matrix components
[76-78]
creating the stiff stroma around the tumor
. The
desmoplastic reaction is believed to be an impor
tant factor for tumor chemoresistance; supporting
[79]
this notion, in 2009 Olive et al
demonstrated in
mouse models that the inhibition of the Hedgehog
(Hh) pathway had beneficial effect on delivery and
susceptibility to gemcitabine treatment. This seminal
work was followed by the clinical trial IPI-926-03;
designed to test the effect of the Hh inhibitor Saridegib
on PDAC in association with gemcitabine, the trial
was blocked after an interim analysis when it became
evident that patients treated with gemcitabine and
the placebo lived longer. Despite this failure, novel Hh
[80]
inhibitors, like Sonidegib , have demonstrated to be
effective in the treatment of cancers other than PDAC
and are currently tested for PDAC; these efforts clearly
suggest that the identification of an effective drug or a
cocktail of drugs is today believed the best solution for
PDAC treatment as a “systemic disease”.

PDAC RISK FACTORS
PDAC development has been associated to several
risk and co-morbidity factors. PDAC risk factors can
be classified in modifiable and non modifiable risks:
non modifiable risks are sex, age, presence of genetic
mutations, ethnicity, whereas modifiable and comorbidity factors are related to the specific habits
and lifestyle as well to the co-presence of other
[5,81-84]
diseases
. PDAC is more frequent in men than
in women, in elderly, and the presence of genetic
mutations for examples in BRCA1, APC, or ATM genes
increases the likelihood of PDAC development and
is in agreement with the finding of the numerous
[53,81]
genetic alterations characterizing the PDAC
. Of
the modifiable risks, the more important is smoking,
an habit that may also explain the increased risks
[81,82]
associated to sex and ethnicity
. Recently it has
become evident that obesity and diabetes are two
important modifiable risk factors for PDAC, which we
will discuss in details.

PDAC is associated to diabetes

Glucose levels in the body are controlled by insulin
and the insulin signaling pathway. Insulin is secreted
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by pancreatic β-cell located in the islet of Langerhans
in response to increased nutrients levels in the blood;
insulin then determines the uptake of glucose (mainly)
but also of free fatty acids (FFA) by muscle cells,
hepatocytes, and adipocytes, for storage as glycogen
(skeletal muscle and liver), lipids (adipocytes) and
[14,85]
proteins
.
Insulin acts on target cells mainly through insulin
receptor (IR), a tyrosine kinase receptor that may
[14,85]
also interact with insulin growth factor (IGF)
. IR
is composed by two subunits (α and β) linked by disulphide bonds: bind of insulin to the α-subunit leads
to the β-subunit tyrosine autophosphorylation and to
the phosphorylation of proteins belonging to the insulin
[86]
receptor substrate (IRS) family and to SHC . IRS
interacts and activates the PI3K pathway and AKT which
in turn phosphorylates and inhibits glycogen synthase
kinase 3 whose main function in insulin pathway is to
block the glycogen synthase, the enzyme that catalyze
the final step in glycogen synthesis. Through SHC
proteins insulin activates the p21RAS and the ERK
signaling acting as a mitogen factor and through AKT
[14,85,87]
insulin may activate mTOR
. Moreover, insulin
regulates glucose uptake influencing the cellular
[88,89]
localization of the Glucose transporter 4 (GLUT-4)
.
In resting condition, around 5% of GLUT-4 is localized
at the plasma membrane, while the majority is stored
in the trans-Golgi compartment, in the so-called
[88,90,91]
GLUT-4 storing vesicles (GSV)
. After insulin
signaling, adipose and muscle cells respond increa
sing the uptake of glucose through GSV exocytosis,
mediated by PI3K-dependent and PI3K independent
[90,92]
mechanisms
.
Diabetes mellitus (DM) is a chronic disease that
arises when the body is unable to regulate the
levels of glucose. If not correctly treated, sustained
increased glycemic levels are associated with renal
failure, retinal damage, and cardiovascular diseases.
In term of etiology, DM is distinguished in type 1 and
type 2 diabetes.
Type 1 diabetes is an autoimmune disease
characterized by the destruction of β-cells as a
consequence of adaptive immunity and innate
inflammation and it is associated with a lack of
[93-95]
insulin
; it is diagnosed in early childhood and
may be treated with a life-long administration of
insulin. Type 1 diabetes is often associated with other
diseases such as autoimmune thyroiditis and celiac
[93,95]
disease
. An increased number of evidence suggest
that innate immunity mediated by Toll-like receptor
(TLR) is implicated in the onset of Type 1 and Type 2
[96,97]
diabetes
.
Type 2 diabetes is by far the most common form
of DM: ninety percent of diagnosis of diabetes are of
type 2. DM type 2 is associated to insulin-resistance
in a condition of normal or even higher levels of
[98]
plasma insulin concentration . Mechanisms behind
insulin resistance vary from reduction of glucose
transporter and IR expression to alteration of the
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insulin downstream signaling pathways and may
be associated to genetic abnormalities, obesity and
[99]
inflammation .
Other forms of diabetes are gestational diabetes,
which may occur during pregnancy, and diseaseassociated diabetes like diabetes occurring in pan
creatic diseases. Indeed DM is a common finding
[100,101]
in acute and chronic pancreatitis and in PC
.
Chronic pancreatitis is characterized by a constant
inflammatory reaction, activation of PSC and deposition
of stromal fibers that usually evolves in pancreatic
fibrosis and results in the destruction of Langerhans
islets; interestingly, chronic pancreatic inflammation
[100,101]
is associated to an elevated risk of PDAC
, but
it seems to be more important in the development
of precursor lesions and in the initial stages of PDAC,
given that anti-inflammatory drugs have not benefit
[102]
in PDAC
. PDAC too is characterized by a stromal
reaction and activation of stellate cells and diabetes
is often a secondary effect of PDAC: nearly half of the
patients with PDAC suffer from diabetes and its new
on-set, especially if transient, might be suggestive of
[103-106]
the neoplasm presence
.
DM, especially the type 2, is a risk factor for several
[107]
cancers and for PDAC
. The odds ratio to develop
PDAC is 1.82 in diabetic patients and individuals with
a recent diagnosis of DM have a 50% greater risk
of the malignancy compared with individuals who
[107]
had diabetes for more than five years
. These
findings are corroborated by the demonstration that
pancreatitis and diabetes increase the proliferation of
pancreatic duct glands (PDG) and the production of
[108]
PC-specific proteins in PDG .
Diabetes may facilitate tumor progression and growth
increasing the availability of nutrients, e.g., glucose and
FFA, increasing inflammation, or through the altered
[103,105,106,109]
insulin signaling in hyperinsulinemia
.
One of the key feature of tumor cells is the ability
to switch the metabolic machinery towards the aerobic
glycolysis (the Warburg effect), where pyruvate is
preferentially metabolized by lactate dehydrogenase to
[110]
lactate . The Warburg effect might be an adaptation
of pancreatic tumor cells to the relative hypoxia and
metabolic constraints caused by the desmoplastic
stromal reaction and it is also a key feature of the
[110]
stromal compartment of the tumor
. On the other
hand insulin resistance increases the circulating levels
of lipids, especially FFA. FFA might have multiple
effects: they constitute the building blocks of cell
membrane and hence might favor tumor growth, they
may be used as energy sources but may also cause
oxidative stress, as much like as excessive glucose
availability. The end products of oxidative stress
are ROS and peroxidized lipids; although generally
detrimental, ROS are important as signaling molecules
in inflammation, immune cell response and invasion/
migration and are critical in Kras driven transformation
[111]
in PDAC
. Finally FFA may induce inflammation
[112]
activating the TLR signaling cascade .
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Experimental evidence point to a major role
of insulin in the progression of several tumors
and PDAC, independently from its effect on energy
[113,114]
homeostasis
. PC cells express IR and the
[109,115,116]
receptors for the insulin-growth factor (IGF)
.
Conversely to insulin, IGF exerts mostly promitogenic and pro-survival effects through the ERK
pathway, but insulin signaling may pass through IGFR
[109,110,114,117]
and IGF may relay signals through IR
binding to IR-A, a fetal form of insulin receptor that is
[109,118]
expressed in several cancers, including PDAC
.
The interplay between insulin and IGF pathways
is also suggested by the fact that IR and IGFR
form hybrid receptors with affinity for insulin and
[85,109]
IGF
. Moreover, high insulin levels may reduce
the production of IGF binding protein by the liver
[119]
increasing the bio-availability of IGF
.
The role of diabetes and insulin has been recently
demonstrated in a mouse model of hyperinsulinemia
[108,120]
associated to DM type 2
where tumor growth
is increased compared to control mice, in presence
or absence of pancreatic inflammation induced by
cerulein; in this model tumor growth was reduced by
[120]
the anti-diabetic metformin
, who as it turns out
is also able to reduce the expression of cancer stem
markers and to increase the expression of miRNAs that
[121]
are typically lost in PC ,in agreement with the finding
that insulin could induce differentiation. Interestingly,
in diabetic mice the inflammatory infiltrate is
reduced compared to lean mice independently to
cerulein treatment without difference in the overall
inflammatory condition. These results suggest that
tumor growth is mainly driven by hyperinsulinemia
and not hyperglycemia, in agreement with models of
[122]
DM type 1 .

tissues that are known to have different effects on
[124-127]
health
.
Obesity may arise from a plethora of causes but
two are recognized as more important: overfeeding
and low or even lack of physical activity. One of the comorbidity of obesity is DM type 2, that in association
with metabolic changes induced by fat accumulation
(e.g., abdominal obesity, high triglycerides content),
constitutes a clinical condition known as metabolic
syndrome.
One of the major problem of obesity, besides
the induction of DM type 2 and increased risk of
cardiovascular diseases, is its proved association
[94,113]
with several cancers, including pancreatic
.
These associations are worrying given that obesity is
expanding in the developed and developing countries,
reaching levels as high as 40% of the population
(70% if counting overweight too), and its diffusion
[94,128,129]
in childhood
. Obese individuals have an
increased risk to develop PC, a higher chance to have
a metastatic disease at the time of diagnosis, and a
lower chance of survival, with a hazard ratio of death
[81]
positively correlated with the duration of obesity .
The mechanisms underlying the association
of obesity and PC are not well understood. It is
postulated that obesity might increase the risk of
PC altering the production of adipokines, inducing
diabetes, altering the intestinal flora, and maintaining
a sustained inflammation increasing the production of
[85,94]
inflammatory cytokines
.

Adipokines

Conversely to the common sense which bring to think
to adipose tissue as a simple reservoir of energy in
the form of fat, it has become evident over the years
that the adipose tissue is actively involved in the
regulation of the entire body metabolism. Indeed the
adipose tissue acts as an endocrine organ secreting
“adipokines”, molecules that may signal to metabolic
active organs and to the central nervous system.
Leptin and adiponectin are probably the better
known adipokines but besides these two factors,
adipose tissue may also produce resistin and other
inflammatory citokines, an evidence that as brought
many researchers to prefer the term “adipocytokines”
when referring to the factors produced by the
adipose tissue. Probably, it is the imbalance of these
adipocytokines that increases the risks of the cancer of
the pancreas in obese patients, as we will detail in the
ensuing paragraphs, focusing our attention on leptin
and adiponectin.

Obesity and PC

Mammalian body may store energy in the form of
lipid droplets in the adipose tissue. Adipose tissue is
mainly composed by adipocytes, cells specialized in fat
accumulation, and by a small fraction of immune and
stromal cells as well as pre-adipocytes. Traditionally
we recognize two type of adipose tissue: the brown
and the white adipose tissue. Brown tissue is localized
in the cervical area, uses lipids to produce heat by
[123]
thermogenesis, and decreases with aging
; white
adipose tissue is implicated in obesity and is the main
storing facility of lipids. When there is an unbalance
between fat accumulation and fat mobilization the
individual may become obese. The body mass index
(BMI), that is the ratio of the body weight and the
square of the height (in cm), is used to categorize
individual in underweight, normal weight, overweight,
and obese; when BMI is higher than 30 the individual
is considered obese. Noteworthy, an important
limitation of the BMI for the identification of overweight
and obese individuals is that it does not account for the
difference in the visceral fat and subcutaneous adipose
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Leptin

Leptin is secreted by adipocytes and regulates appetite
and energy metabolism acting mainly on the central
nervous system and at the peripheral levels on cells
expressing the leptin receptor (OBR). In the central
nervous system leptin induces satiety and reduces
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hunger, whereas the peripheral effects vary among
target cells. In pancreatic β-cells for examples, leptin
inhibits insulin secretion and synthesis in several ways
(e.g., by reducing the expression of glucose-induced
uncoupling-protein 2, by modifying PI3k pathway and
[130]
cAMP)
; in turns, insulin induces leptin secretion
[131]
and synthesis in adipose tissue
. Distinct OBR has
been described: all are tyrosine kinase receptors and
are similar in the extracellular domain but differ in
the intracellular domain, and the OBRb is the longest
[132]
isoform
. OBR are expressed in cancer cells and
activate the downstream MAPK/ERK and STAT3
pathways. Expression of leptin is correlated with
the quantity of visceral adipose tissue and it is often
associated to some sort of leptin resistance that causes
[131,133]
hyperinsulinemia
.
[134,135]
PC cells express OBRb and the shorter OBRa
and the overexpression of leptin in vivo is associated
[135]
with increased tumor growth and metastatization
.
In vitro, leptin increases migration through the upregulation of MMP13 mediated by JAK2/STAT3, and
through the PI3K/AKT pathways. The role of leptin
as an invasive modulator is also confirmed by the
finding that OBRb expression correlates with MMP13
[135]
and lymph node metastasis in primary tumors
.
OBRb expression in PDAC cells in vitro is regulated by
the hypoxia inducible factor 1α (HIF-1α) that bind to
the OBRb promoter; this finding is corroborated by
the demonstration that HIF-1α expression correlates
with lymph node metastasis and OBRb in primary
[136]
samples .
One of the feature of PDAC and other cancers is
the induction of cachexia, a syndrome characterized
by progressive loss of weight, an effect potentially
[137]
mediated by leptin. However, Brown et al
demon
strated that there was no association between
patients with increased plasma leptin and weight loss
or anorexia and a more recent metabolomic study
suggested that PDAC patients with cachexia have
lower leptin and higher interleukin (IL)-6 and TNF-α
[138]
compared to PDAC patients without cachexia
.
These results are in agreement with the finding
that newly diagnosed PC patients have a decreased
concentration of leptin compared to control or DM
type 2 independently from age, BMI, and waist
[132,139]
circumference
. On the contrary, the ratio
adiponectin/leptin and the level of resistin, another
[132,139]
adipokine, are increased in PDAC patient
.
It is tempting to speculate that leptin role in
PDAC is primary associated to the induction of
metastatization and may be linked to its ability to
function as a pro-inflammatory cytokine. Indeed
leptin is structurally similar to IL-6, also produced
by the adipose tissue; IL-6 is a pro-inflammatory
cytokine that increases invasion and migration and
epithelial to mesenchymal transition (EMT) of PC cells,
[8,140,141]
and synergies with leptin acting on STAT3
.
Moreover the hypothesized role of leptin as a pro-
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metastatic agent is demonstrated also by its ability to
induce cell invasion in ovarian, prostate, gastric, and
breast cancers, and to induce EMT in A549 lung cancer
[142-147]
cells
.

Adiponectin

Adiponectin is another adipokine produced primarily
by adipocytes which resembles the C1q, a protein
[148,149]
of the complement system
. Adiponectin may
also be secreted by other cells, like lymphocytes
and skeletal muscle cells; however it is believed
that their contribution to circulating adiponectin is
[124,150,151]
limited
. Adiponectin undergoes to several
secondary modifications that influence secretion,
multimerization, and clearance, ranging from glycosylation,
[152]
succination, and thiol modifications
. Adiponectin
is secreted by adipocytes as a high molecular weight
protein oligomers (HMW), low molecular weight
oligomers (LMW), medium weight multimers and
[152]
monomers
and may be cleaved by the leukocytes
[152]
elastase to generate the globular adiponectin .
Two adiponectin receptors (AdipoR1 and AdipoR2)
have been described: they show different affinity
for HMW, LMW and monomers, and different tissue
distribution. AdipoR1 has high affinity for the globular
adiponectin, whereas the more metabolically active
HMW binds preferentially to AdipoR2. Activation
of the receptors may results in different effects
[153]
mediated by AMPK and the p38 MAPK . Noteworthy,
AdipoR2 induces the activation of the nuclear
[153,154]
receptors PPARγ and PPARα
. Activation of the
adiponectin pathway has several effects: reduces liver
gluconeogenesis but increases liver utilization of FFA
by β-oxidation, increases adipocytes uptake of FFA,
and increases insulin sensitivity acting at many levels.
Adiponectin has also anti-inflammatory effects and an
[126,151,153]
inflammatory condition reduces this adipokine
;
the mechanisms underlying these associations are
complex and may be linked to the regulation of PPARγ.
Adiponectin elicits opposite effects compared to
leptin and its levels are inversely correlated to BMI and
[155]
to the presence of diabetes .
Interestingly, activation of the downstream adipo
nectin pathway results in inhibition of leptin signaling
[113,156]
blocking the Jak and STAT3 phosphorylation
;
besides the metabolic effects, this interplay may be
important in the formation of the PDAC desmoplastic
reaction following PSC activation (see later for details).
In cancer, whereas leptin is usually pro-angiogenic,
pro-proliferative, and pro-invasive, adiponectin reduces
[124,144,145,147,153]
proliferation, invasion and angiogenesis
.
Indeed, low adiponectin levels are a common finding in
tumors and correlate with tumor stage; this happens
for breast, prostate and liver cancer and has been
reported for PDAC. However, the association PDACadiponectin is not clear: both low and high adiponectin
[132,155,157-160]
has been linked to an increased cancer risk
.
In two case-control studies higher adiponectin and

2448

February 28, 2016|Volume 22|Issue 8|

Polvani S et al . PPARγ metabolic syndrome and PDAC
[164]

lower leptin levels were associated to the presence of
PDAC, before and after controlling for co-factors such
as BMI and smoke; moreover PDAC patients have
high adiponectin compared to chronic pancreatitis
[157,158]
and control
; interestingly, AdipoR1 and AdipoR2
are also high expressed in PDAC and the adiponectin/
leptin ratio is higher in cancer patient compared to
[132,157]
healthy and DM type 2 patients
. Conversely,
a prospective study demonstrated that low prediagnostic levels of this adipokine were associated
[159]
to an elevated risk to develop PDAC
. Another
perspective study concluded that pre-diagnostic
levels of adiponectin were not predictive of PDAC
development in the general population but lower levels
in never smokers were associated to increased risk
[155]
of PDAC
; finally a study in Finnish male smokers
supports these previous cited works showing that
higher adiponectin concentration was inversely
[160]
associated to PDAC .
There are not clear reasons behind these different
findings. It is possible to speculate that they may
be caused by differences in the studied population
but another possible explanation may be that these
studies are inherently different being prospective and
case-control. Indeed low levels of adiponectin are
associated to obesity and DM type 2 that predispose
to PDAC and the high adiponectin detected in casecontrol studies might be a compensatory mechanisms
to insulin resistance and cachexia in more advanced
stages. Furthermore, it is also conceivable that the
differences are associated to genetic variants of
adiponectin gene ADIPOQ and not to its expression
levels. Two independent works published in the last
two years have demonstrated that specific single
nucleotide polymorphisms (SNP) might predispose
or protect from PDAC: the two groups analyzed the
expression and association of the DM type 2 associated
SNP rs1501299 of the ADIPOQ gene showing that the
CC and AC genotypes are associated to a higher risk
[161,162]
compared to the AA genotype
.
On the other hand it has been demonstrated that
adiponectin protects β-cells of the Islet of Langerhans
from apoptosis activating the ERK and AKT pathways,
without altering the AMPK pathway, and independently
from AdipoR signaling; furthermore, adiponectin
[163]
induces insulin synthesis and secretion .
Association of adiponectin levels to PDAC has
been extensively studied in vitro and in vivo. One of
the most used animal model in PC research is the
G12D
Kras
/Pdx-1-Cre mouse model. In this mouse,
the Cre recombinase, under the control of the Pdx-1
promoter, induces the expression of the constitutively
G12D
active Kras
as early as 8.5 d.p.c. in a common
precursor of pancreatic exocrine and endocrine cells.
G12D
The Kras
/Pdx-1-Cre mouse develops ductal lesions
identical to human PanIN lesions and the pancreas
shows extensive desmoplastic and inflammatory
reaction; within 1 year the mouse lesions progress
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G12D

to PDAC
. In Kras
/Pdx-1-Cre mice, chronic
or intermittent calorie restriction delays tumor
progression but increases the expression of Sirt1
[165]
and serum adiponectin while reducing leptin
.
These results are in agreement to similar findings
on cancer cells of different origins and are confirmed
by the demonstration that adiponectin treatment
of murine Pan02 PC cells in vitro modestly reduces
cell proliferation and increases apoptosis, and that
orthotopic transplantation of the same cells in
knockout adiponectin mice results in increased tumor
[166]
growth .
[26]
Nonetheless, Huang et al
have suggested that
adiponectin conversely promotes cancer progression.
Using a similar mouse models but different cell lines,
the Authors demonstrated in vivo that adiponectin
deficiency markedly reduced tumor growth and that
adiponectin reduced apoptosis throughout AdipoR1
but not AdipoR2. The downstream surviving pathway
involves the phosphorylation of AMPK and increased
expression of Sirt1 which in turn deacetylates
proliferator-activated receptor gamma co-activator
1-a (PGC1a) altering the expression of mitochondrial
[26,27]
genes
.
These opposite results may be associated to
differences in the experimental animal models:
[166]
indeed whereas Kato et al
used an orthotopic
[26]
model, Haung et al
performed subcutaneous
tumor engraftment; it might also be possible that
in the tested cell lines adiponectin signaling may be
transmitted preferentially by one of the two AdipoR
who we know activate different signaling cascades.
Anyway, these in vivo discrepancies reflect the
uncertainty in the epidemiological data and certainly
point out that more work need to be done to ascertain
the role of adiponectin in PDAC development.

PPARγ AND PC
The research of a causative association of the NR
PPARγ to PDAC has been the subject of intense
research. These efforts are mainly driven by the
tempting idea to apply TZD or other PPARγ-targeted
drugs to the therapy of this disease (for recent reviews
[5,167,168]
see
) and it is based on the assumption that
PPARγ is a key metabolic regulator and play an antiinflammatory role inhibiting the pro-inflammatory NF[18,19]
.
κB, STAT and AP-1 pathways
In vitro results are promising and point out to an
inhibitory role of PPARγ. Treatment of PC cells with
PPARγ agonists induces apoptosis, ductal differentiation
and arrest cells in G0/G1 phase by PPARγ -dependent
[33-35]
and -independent mechanisms
. PPARγ may also
reduce cell motility and invasion altering the expression
levels of component of the urokinase plasminogen
activator (uPA) system, the catenin p120 localization
[169,170]
and suppressing Cdc42 and RAC1
. UPA system
is implicated in the remodeling of the extracellular
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matrix and casually involved in multiple steps of cancer
[171]
development
; in PDAC, PPARγ agonists alter the
total urokinase activity by increasing the expression of
[170]
uPA inhibitor-1 and decreasing uPA .
These results are confirmed by in vivo experiments
where PPARγ reduces tumor growth and enhances the
gemcitabine effects possibly modifying the Notch and
NF-κB- dependent inflammatory environment and
[5,172,173]
the desmoplastic reaction
. In rectal xenograft
models pioglitazone-mediated suppression of tumor
spreading was paralleled by IL-8 and Cox-2 mRNA
[174]
reduction in vitro ; although the effects of Cox-2 in
PDAC cancer are highly associated to its expression
levels, this inducible enzyme is regulated by PPARγ and
may metabolize arachidonic acid to produce precursors
[19]
of PPARγ ligands creating a positive feedback loop ;
interestingly, PPARγ agonists and Cox-2 inhibitors
may synergize and may be exploited for PDAC
[175,176]
treatment
.
Other synergisms and interactions with pathways
involved in PDAC has been described in the literature:
for examples, PPARγ activation contemporary to
the inhibition of IFN-β or the administration of RXR
agonists increases the anti-proliferative effects on
[5]
PDAC cells or, moving away from PDAC, PPARγ may
interact with NRF2 to ameliorate and respond to ROS
[19]
stress (for a recent review see ).
Alteration of E3 ubiquitin ligases is associated to
the development of several diseases and pancreatic
[39,40,177]
neoplasms
. Interestingly, PPARγ is a NR but
is also an E3 ubiquitin ligase; as ubiquitin ligase
PPARγ may play an important role in the regulation of
PDAC development: it has been demonstrated that
PPARγ may terminate the pro-inflammatory response
mediated by NF-κB, targeting p65 for nuclear export
[39]
and degradation , and may induce the proteasomedependent degradation of the MUC1-C oncoprotein,
one of several mucins involved in cell proliferation and
[40]
invasion .
Besides in vitro and in vivo data, analysis of
primary tumors clearly show that the NR is expressed
[33,178-180]
at high levels in the neoplasms
. The expression
of PPARγ is inversely correlated to the overall survival,
the higher the expression the shorter the survival,
especially in patients who received chemotherapy
after surgery; conversely, PPARγ expression directly
[33,178-180]
correlate with TNM stage
, suggesting that
PPARγ is a critical target for PDAC treatment.

and PDAC: PPARγ is a possibility, and we will show you
why.
The metabolic syndrome comprises a spectrum of
factors and may cause damage and promote PDAC
in several ways, including lipid toxicity and increased
inflammatory response, linked to insulin resistance and
obesity. The benefit of TZD treatment and activation of
PPARγ range from improved insulin-sensitivity, alteration
of lipid metabolism and adipocytes differentiation, and
reduction of inflammation as a direct consequence of
the modification of adipose tissue metabolism.
The PPARγ agonists TZD have been widely used in
the treatment of DM type 2 to ameliorate the insulinresistance. As we previously mentioned, increased
insulin production comes with several side effects
and it is a risk of PDAC, associated with increased
availability of glucose and oxidative stress, not to
mention that insulin may act as a mimetic mitogen.
PPARγ and insulin are tightly related and activation
of PPARγ results in increased insulin sensitivity. When
compared to metformin, the NR agonists have several
advantages modulating insulin signaling cascade at
different levels.
First of all, it has been demonstrated that PPARγ
regulates insulin production and synthesis in β-cells.
PPARγ indirectly regulates the insulin transcription
mediated by PDX-1. PDX-1 is a master regulator
of pancreas development and differentiation and in
β-cells it regulates the expression of insulin gene.
[38,181]
Interestingly, PDX-1 is a target gene of PPARγ
and treatment of rat insulinoma cells Ins-1 with
TZD increases the expression of Nkx6.1, another
[38]
transcription factor implicated in insulin transcription .
Insulin secretion by β-cells is mainly dependent
on the activation of ATP-sensitive potassium channel
(K-ATP): building up of glucose in the β-cells increases
the ATP/ADP ratio and brings up to the closure of
K-ATP channels followed by membrane depolarization
2+
and influx of Ca from ER and extracellular space:
the end result of this process is the fusion of insulincontaining vesicles with the plasma membrane and
insulin secretion. PPARγ increases insulin secretion in
β-cells regulating the expression of G-protein-coupled
transmembrane receptor 40, a FFA receptor (for a
[182]
review of FFA role on insulin secretion see
), and
possibly through the up-regulation of the cholesterol
transporter ATP-binding cassette transporter A1 whose
expression is increased after TZD treatment. On the
other hand PPARγ also induces the expression of
GLUT-2 and GLUT-4 and of other glycolytic enzymes
[183-185]
that influence the ATP/ADP ratio
.
Moreover PPARγ may ameliorates DM type 2
increasing the insulin sensitivity in the peripheral
tissues. PPARγ increases the uptake of glucose in the
skeletal and adipose tissue by regulation of glucose
transporters and might increases insulin signaling
[87]
modulating AMPK, much as metformin . Activation
of AMPK increases muscle glucose uptake, reduces

CROSSROAD
PDAC is a subtle and difficult to treat systemic disease.
We have shown that diabetes and obesity, and by
extension systemic metabolic disease, are important
risks factors for the neoplasm. Finding a way to tackle
the risks factors to prevent the PDAC is an obvious
therapeutic strategy; even more interesting would be
find a target, or possibly targets, shared by these risks
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[195,196]

liver gluconeogenesis and hepatic glucose output as
well as increasing fatty acid oxidation, generally promo
[14,87]
ting catabolic events to produce ATP
. mTORC
inhibition and p53 activation follow AMPK activation
and interestingly this is a key mechanism used by
[156]
adiponectin to oppose leptin effects .
Nonetheless it is supposed that the main effect
of TZD and PPARγ is primarily due to the increased
insulin secretion by β-cells and activation of lipid and
glucose metabolism in adipocytes and only secondary
to the metabolic effects on liver and skeletal muscle, a
hypothesis that bridges DM type 2 to obesity.
PPARγ is a master regulator of adipocytes diffe
rentiation. Pre-adipocytes are maintained in undifferentiated state by the Wnt/β-catenin pathways
that activates the expression of COUP-TFⅡ NR which
recruits the SMRT corepressor complex to repress
[186]
PPARG1 and PPARG2 gene
. Interestingly, a
regulatory network linking activation of β-catenin to
PPARγ has been hypothesized to participate in the
[19]
resistance to oxidative stress .
Obesity is characterized by accumulation of
visceral adipose tissue that produces high quantities of
inflammatory cytokines, mainly leptin but also IL-1β,
[187]
TNF-α, IL-8, IL-6
. In adipocytes, PPARγ activation
has been associated to the up-regulation of IRS-2
and CAP components of insulin pathway and hence to
[188,189]
increased insulin-sensitivity
.
Activation of PPARγ in pre-adipocytes leads to the novo
differentiation of subcutaneous adipocytes accompanied
[28,190]
by apoptosis of older visceral adipocytes
. Despite
the overall risk of increased body weight in patients
treated with TZD, redistribution of lipid and fat from
visceral to subcutaneous depots has advantages in
the long term: the new adipocytes are smaller and
more insulin-sensitive. Formation of new adipocytes
also reduces the concentration of circulating FFA and
brings to a concomitant reduction of lipotoxicity both
in β-cells and in pancreatic tissues whose infiltration by
lipid-containing cells is associated to increased risks of
[191]
developing PanIN lesion . Moreover the new adipose
tissue produces higher amounts of anti-inflammatory
adiponectin and lower of leptin. Production of both
adipokines is under direct and indirect control of
PPARγ: leptin expression is indirectly reduced by PPARγ
by antagonism on leptin promoter with C/EBP whereas
adiponectin is under direct control of the NR that
also induces the secretion of HMW adiponectin from
[192]
adipocytes .
Moreover, in mice PPARγ and C/EBP synergize
to induce adipocyte-specific expression of resistin,
another adipokine associated with inflammation
[193]
and DM type 2
. Noteworthy, in human the main
source of resistin are macrophages and PPARγ inhibits
[194]
resistin synthesis
. Macrophages can acquire
distinct phenotypes depending on the stimuli they
receive from the environment: the M1 is considered
an inflammatory phenotype whereas the M2 macro
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phages are considered anti-inflammatory
;
interestingly, adipose tissue in obese and DM type 2
patients is characteristically rich in M1 macrophages.
PPARγ primes primary human monocytes into M2
differentiation but does not influence M2 marker
expression in resting or M1 macrophages, and
regulates the expression of CD36, a scavenger
receptor that recognize oxidized lipids and is an
[19,196]
hallmark of M2 phenotype
.
Apart from regulating levels of the classic
adipokines adiponectin and leptin, PPARγ may suppress
the production of the pro-inflammatory cytokines
TNF-α, IL-6, PAI-1, in adipose tissue. Suppression of
these cytokines is associated with the repression of NFκb signaling cascade. It is well known that PPARγ and
NF-κB interact in several ways. PPARγ transrepresses
NF-κB acting as a transcriptional co-repressor of
NF-κB-target genes or by direct binding with NF[19,197,198]
; moreover the nuclear receptor may reduce
κB
[39]
NF-κB activation and even induce its degradation .
PPARγ inhibits NF-κB signaling also in immune
cells, an inhibition that results in a substantial antiinflammatory response. Conversely, NF-κB negatively
regulates PPARγ transcriptional activity through histone
[19]
deacetylase 3 .
We may hypothesize that these systemic beneficial
alterations are accompanied by a protective and
anti-tumorigenic effects on PDAC. Indeed, as we
previously described, experimental evidence suggest
that PPARγ might be protective against PDAC,
reducing tumor growth and metastatization and
inducing apoptosis, and patients treated with TZD
[113]
have a lower risks to develop cancer . As we cited
previously, PPARγ activation results in modulation of
AMPK and interestingly in cancer cells AMPK activation
suppresses and reverses EMT by modulating the AKTMDM2-Foxo3 signaling pathway and hence blocking
[199]
the metastatization of cancer cells
; this evidence
suggests that PPARγ-direct inhibition of metastatization
might be reinforced indirectly by other genes.
The inhibition of inflammation and the reduction
of ROS and oxidative stress is also important in tumor
progression impairing given that production of ROS
[111]
is necessary in Kras mediated tumorigenesis
.
We have previously noted that PSC activation is a
typical feature of PDAC and the ensuing desmoplastic
reaction constitutes a bivalent cellular habitat. Indeed,
[76]
Apte et al
proposed that in the earliest stages of
carcinogenesis PSC activation could represent an
attempt to initially restrict tumor growth while later
on PDAC development cancer cells subvert PSC into
cancer-permissive cells protecting tumor growth.
PPARγ is important in maintaining PSC in their
“quiescent” vitamin A phenotype and hence activation
of PPARγ could theoretically impair PSC activation
and the formation of a permissive cancer habitat.
This effect could be strengthened by the alteration of
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adipokines: indeed leptin signaling is pro-fibrogenic
and sustains the proliferation of liver stellate cells
facilitating the M phase as well as altering the levels
of TIMP factors; conversely, adiponectin in stellate
cells induces apoptosis and reduces the expression of
[200]
collagen 1α1 .
Although the mechanisms linking obesity and
diabetes to PDAC are not fully understood, we have
described strong experimental evidence showing that
the adopted nuclear receptor PPARγ is implicated in
the three process. Being at the cross-road of these
interlinked diseases PPARγ is a strong candidate for
a combined therapeutic approach devoted to the
prevention and to the treatment of PDAC in obese and
diabetic patients.
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10
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CONCLUSION
As a concluding remark, PPARγ agonists may be
and are used to treat insulin-resistance with great
effect, technically and theoretically they may be used
to ameliorate the obesity and obesity-associated
inflammation and the desmoplastic reaction, they
have proven to be effective both in vitro and in vivo
in the treatment of PDAC. And so, may we conclude
that PPARγ is the perfect choice and we have a cure for
these diseases? Unfortunately, not now, not yet.
What is still missing is a precise understanding of
the association of these diseases and more importantly
a safer and effective PPARγ agonist to be used for
the treatment of metabolic syndrome, inflammation,
and PDAC. Clinical use of PPARγ agonists for PDAC
treatment never passed clinical trials although TZD are
[28,113]
used for diabetes
.
As it stands out, PPARγ if not the “perfect choice”
is as far as it gets a “good choice” that could become
“perfect” if and when a drug with a safer profile and no
PPARγ-independent effects will be discovered.
At least, PPARγ is a start.
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Currently, gastric cancer (GC) is one of the most
frequently diagnosed neoplasms, with a global burden
of 723000 deaths in 2012. It is the third leading
cause of cancer-related death worldwide. There are
numerous possible factors that stimulate the procarcinogenic activity of important genes. These factors
include genetic susceptibility expressed in a singlenucleotide polymorphism, various acquired mutations
(chromosomal instability, microsatellite instability,
somatic gene mutations, epigenetic alterations) and
environmental circumstances (e.g. , h elicobcter pylori
infection, EBV infection, diet, and smoking). Most of
the aforementioned pathways overlap, and authors
agree that a clear-cut pathway for GC may not exist.
Thus, the categorization of carcinogenic events is
complicated. Lately, it has been claimed that research
on early-onset gastric carcinoma (EOGC) and hereditary
GC may contribute towards unravelling some part of
the mystery of the GC molecular pattern because young
patients are less exposed to environmental carcinogens
and because carcinogenesis in this setting may be
more dependent on genetic factors. The comparison
of various aspects that differ and coexist in EOGCs and
conventional GCs might enable scientists to: distinguish
which features in the pathway of gastric carcinogenesis
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are modifiable, discover specific GC markers and
identify a specific target. This review provides a
summary of the data published thus far concerning
the molecular characteristics of GC and highlights the
outstanding features of EOGC.

Despite the scientific tendency to consider the
intestinal and diffuse GC types as separate entities,
clinically, all of them are treated similarly. For the time
[7-9]
being, slow but satisfactory effects
have resulted in
decreasing the overall incidence of GC. However, there
are supporters of the theory that more individualized
[5]
treatment would be more beneficial .
Alternatively, GCs can be divided into early-onset
gastric carcinoma (EOGC)-occurring in patients at the
[10]
age of 45 years or younger -and conventional GCs,
which liberally encompass the remaining group of
patients. Sometimes, there are also special subgroups
that are distinguished: patients with hereditary diffuse
GC and patients with gastric stump cancer; however,
these two types can overlap with both EOGC and
[11]
conventional gastric cancer (Figure 1).
There are many possible alterations that eventually
stimulate the pro-carcinogenic activity of genes. Most
of these pathways overlap, and authors agree that a
[10]
clear-cut pattern of mutations in GCs does not exist ;
thus, the categorization of carcinogenic events is
highly complicated. The current scientific challenge is
to recognize which alterations of GC are crucial, what
are the relationships between these alterations and
how to prevent their incidence.
Recently, it has been claimed that research on
EOGC and hereditary GCs may contribute towards
unravelling some part of the mystery of the GC
molecular pattern because younger patients are
less exposed to environmental carcinogens, and
their neoplasms rely more on genetic and molecular
[10]
factors .
The comparison of various aspects that differ
and coexist in EOGCs and conventional GCs might
enable scientists to distinguish which features in the
pathway of the gastric carcinogenesis are modifiable,
discover specific GC markers and identify a target for
specifically directed treatment.
This review summarizes the data published thus
far regarding the molecular characteristics of GC and
highlights the outstanding features of EOGC.

Key words: Gastric cancer; Early-onset gastric cancer;
Molecular alterations; Chromosomal instability; Singlenucleotide polymorphism; Microsatellite instability;
Epigenetic alterations; Loss of heterozygosity
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are numerous factors that may trigger
gastric carcinogenesis. They include genetic susceptibility,
acquired mutations and favourable environmental
circumstances, which combine and multiply within the
lifetime. Therefore, the incidence of gastric cancer is the
highest among the elderly. Conversely, young patients
are exposed to environmental carcinogens for a short
period, so they are a reliable subgroup in which to
study primary genetic alterations. This review provides
a summary of the data published thus far concerning
the molecular characteristics of gastric cancer and
highlights the outstanding features of early-onset
gastric cancer.
Skierucha M, Milne ANA, Offerhaus GJA, Polkowski WP,
Maciejewski R, Sitarz R. Molecular alterations in gastric cancer
with special reference to the early-onset subtype. World J
Gastroenterol 2016; 22(8): 2460-2474 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i8/2460.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i8.2460

INTRODUCTION
Currently, gastric cancer (GC) is one of the most
frequently diagnosed neoplasms worldwide.
Its incidence rate in 2012 reached approximately
140000 new cases in Europe and approximately
952000 worldwide. In Europe, GC is responsible for
approximately 107000 deaths annually, placing it
as the fourth most common cause of cancer-related
death. Globally, GC caused 723000 deaths in 2012,
making it the third leading cause of cancer-related
[1,2]
death worldwide . Fortunately, the global incidence
of GC has been decreasing since the Second World
[3]
War .
The most common classification used, the Lauren
classification, differentiates between intestinal and
[4]
diffuse types of GCs . These two types of GCs vary
not only in morphology but also in epidemiology,
progression pattern, genetics and clinical picture.
Recently, it has been suggested that tumour location
also matters because there appears to be a difference
between proximal and distal non-diffuse GCs due to
[5,6]
their distinct gene expression levels .

WJG|www.wjgnet.com

EOGC
EOGC, as mentioned earlier, may pave the way for
elucidating the primary alterations that initiate the
gastric malignant process. The occurrence of gastric
cancer in young patients could be explained in at least
a few ways. Younger patients are exposed to the same
environmental factors as the rest of the population;
however because of some unknown reasons, they
are more prone to develop gastric tumours at an
earlier age. First, their molecular susceptibility to
[12]
gastric carcinogenesis is to blame , probably with a
[13]
hereditary component . There are reports that an
early diagnosis is associated with a higher GC risk for
[14]
other family members
and that a paternal history
of GC correlates with an earlier diagnosis than in the
[15]
general population . The limitations of the hypothesis

2461

February 28, 2016|Volume 22|Issue 8|

Skierucha M et al . Molecular alterations in gastric cancer
Sporadic gastric cancer
Gastric stump cancer

[26]

of the CDH1 gene length , including the untranslated
[24]
regions , which distinguish HDGC from sporadic
diffuse GC where mutations are observed in exons 7-9
[26]
of the E-cadherin gene .
It has been observed that the penetration of mutations
[27]
is high, between 70%-80% . The remaining allele
is deactivated by mutation and loss of function by
various mechanisms. The most frequent method is
[28-31]
methylation
. However, as long as the remaining
allele works properly, the gastric mucosa remains normal.
Arguably, the second hit could occur simultaneously in
multiple cells in cooperation with micro-environmental
[32,33]
cofactors
, possibly explaining the multifocal growth
[34]
pattern of the tumour .
The loss of E-cadherin function together with
overexpression of epidermal growth factor receptor
(EGFR) is the most common alteration in diffusetype GC. Mutant E-cadherin binds EGFR poorly, or the
bound complex is less stable. This may enhance EGFR
[35]
surface motility and facilitate its activation .
Two-thirds of the families susceptible to HGC
lack the CDH1 mutation, and their predisposition
remains genetically unexplained. It is likely caused by
[36]
alterations in other genes. Oliviera et al
suggested
that there may be a need to screen these families for a
[37]
TP53 mutation. Majewski et al
identified a mutation
in the CTNNA1 gene encoding the α-E-catenin protein,
which functions in the same complex as E-cadherin.
However, this alternative mutation has not reoccurred
in other studies, likely because of the founder effect
or other unrecognized factors, such as geographical
[38]
influences .
The role of CDH1 mutation needs further investigation.
It was reported that the absence of E-cadherin in a
transgenic mouse model did not cause gastric malignancy.
The authors suggested that the loss of E-cadherin
induces possible pre-cancerous lesions in the gastric
mucosa but may not be sufficient for its malignant
[39]
conversion . It is possible that environmental influences
[33]
modify the disease risk in susceptible individuals .
Another example of HGC occurs in Lynch syndrome
(hereditary nonpolyposis colon cancer, HNPCC). The
essence of this disease is a mutation within mismatch
repair genes (MSH2, MSH6, PMS2 or MLH1), leading to
an increased mutation rate in oncogenes and tumour
suppressor genes and the development of a neoplasm.
Frequent extracolonic locations of tumours in HNPCC
[40]
are the stomach and uterus . According to some
reports, HNPCC increases the lifetime risk of gastric
[41]
cancer up to 7% .
Other rarely occurring mutations connected with
[42,43]
HGC are: TP53 mutation in Li-Fraumeni syndrome
,
[44,45]
STK11 mutation in Peutz-Jeghers syndrome
, APC
[46,47]
mutation in familial adenomatous polyposis
and
[48]
BRCA2 mutation .

Early-onset gastric cancer
Hereditary gastric cancer
3%

7%
10%

80%

Figure 1 Types of gastric cancers.

concerning the EOGC hereditary background are
environmental risk factors shared by members of one
[16]
family .
From another point of view, the early occurrence
of GC may not be a fault of the host but of a specific
tumour that is very aggressive, skips the consecutive
steps of traditional neoplastic development and does
not stay latent for years but, instead, progresses
rapidly after the first alterations. The latter hypothesis
would be supported by a poorer prognosis in younger
[17]
patients . However, others have claimed that
prognosis, similar to that in older patients, depends on
[18,19]
an early diagnosis and curative resection
.
[15]
Nevertheless, Kwak et al suggested that there
is a third, pragmatic reason for the diagnosis of EOGC
likely concerning patients with a family history of GC.
These patients undergo screening earlier, or, unlike
the general population (screening standards depend
on the country). Consequently, their tumours are
recognized at an early stage; however, under common
circumstances, these tumours would be found later, at
an older age, when the cancer has caused symptoms.

HEREDITARY GASTRIC CANCER
In approximately 30%-40% of cases of hereditary
diffuse gastric cancer (HDGC), an E-cadherin (CDH1)
[20]
germline mutation is detectable . CDH1 is the gene
that encodes E-cadherin, the protein that is essential in
[21]
cell-cell adhesion . A high percentage (approximately
80%) of CDH1 mutation carriers generate premature
termination codons, which induce nonsense-mediated
decay (NMD), resulting in impaired transcript loss. This
predisposition can then be the cause of the early onset
[22]
of GC in CDH1-mutation carriers . It has been proven
that heterozygous germline mutations of CDH1 causes
an autosomal dominant condition that is associated
[23-25]
with HDGC
. The mutation may be caused by
several mechanisms, including deletion, frameshift
mutation, missense mutation and splice-site mutation.
Moreover, the mutation in HDGC may affect any part
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The cause of GC is multifactorial and includes: (1)
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genetic susceptibility expressed in a single-nucleotide
polymorphism (SNP); (2) various acquired mutations [e.g.
chromosomal instability (CIN), microsatellite instability
(MSI), somatic gene mutations, epigenetic alterations]
[38]
that are heterogeneous intra- and interpatient ; and
(3) favourable environmental circumstances [e.g., diet,
Helicobacter pylori (H. pylori) infection, EBV infection, and
[49,50]
smoking]
.
[51]
Nishimura assessed the number of genomic altera
tions that can start malignant gastric processes to be
4.18, based on the frequencies of the major genome
alterations, which represent the expected value of the
occurrence.

different clinical characteristics, controls drawn from
high-risk areas for chronic gastritis, confounding factors
from other environmental cofactors, interactions
with other genes regulating inflammatory responses
[87]
and others . Therefore, the issue needs further
investigation and a wider comparable analysis.
The IL-17 187G>A polymorphism is associated
with a higher risk of developing GC based on H. pylori
[61-64]
colonization
.
[65]
Gorouhi et al
reported that the TNFα-308AA
genotype was associated with a statistically significant
increased risk of GC, whereas TNFa-857TT raised
attention and required more studies. These results
were supported by the parallel meta-analysis of
[66]
Zhang et al
and seemed to concern the Caucasian
population in particular.
TLR polymorphisms are linked to gastrointestinal
[67]
malignancies . TLR4 may increase the risk of non[68]
cardia cancer .
Mucins are a family of proteins that maintain
the integrity of the mucus layer and protect it
from environmental invaders. Due to their vast
role in regulating cell homeostasis and their role
in several cancers, they have been categorized as
[92-95]
oncoproteins
. The rs4072037(G>A) polymorphism
plays a role in increasing the risk of gastric malignancy.
The G allele version seems to be protective, It
[70]
causes MUC1 under-expression , resulting in better
conditions for H. pylori to invade and cause extensive
inflammation. However, it seems that alterations
of MUC regions do not cause clinical progression in
[96]
patients with a premalignant phenotype .
Autosomal-dominant mutations of CDH1 are the
cause of HDGC. However, it seems that the CDH1
polymorphism is also significant in sporadic GC. It has
been reported that the promoter polymorphism at
position -160 C/A of CDH1 importantly increases the
risk of GC in Europeans, whereas Asians seem to be
[71]
[72]
tolerant to this polymorphism . Jenab et al showed
that three CDH1 polymorphisms within the CDH1160C/A haplotype block the increased risk of GC in
smokers but not in never-smokers.
Other SNPs concern those of methylenetetra
hydrofolate reductase, which has demonstrated 281
polymorphic variants. MTHFR 677C>T and MTHFR
1298A>C were shown to be associated with GCs
[77,78]
in East Asians
. Another SNP, CYP2E1*2 (C2),
was reported to enhance the GC risk in the Asian
[82]
population .
Similarly, a polymorphism in exon 1 of PSCA
was shown to increase the risk of diffuse GC and to
[83,97-101]
distinguish it from the intestinal subtype
. It
is likely that PSCA protein regulates gastric epithelial
cell proliferation; therefore, the down-regulation of
PSCA may lead to pathological cell division. The SNPs
[83]
concern the alleles rs2976392 and rs2294008 .
However, other studies have reported conflicting data,
hindering the interpretation. The issue remains open
to further research.

Genetic susceptibility

Single-nucleotide polymorphism: One in 100-300
nucleotides in the human genome varies. These
widely known polymorphisms, known as SNPs, are
[52]
responsible for 90% of genetic variability . Genetic
resemblance suggests ethnic kinship. Some variations,
together with environmental triggers, make the carrier
more prone to develop a range of diseases, including
GC. Moreover, the coexistence of some SNPs even
[50,53]
accumulates the risk of GC
. This is a reasonable
explanation of the high incidence of GC in the Japanese
population, which, unlike the European population,
has a low incidence of H. pylori colonization. However,
> 60% of the Japanese population carry at least one
[54]
high-risk GC-associated SNP .
The candidate SNPs in GC concern genes involved
[55-60]
in: (1) the inflammatory response [interleukin (IL)-1
,
[61-64]
[65,66]
IL-17
, tumor necrosis factor (TNF) α
, toll-like
[67,68]
receptors (TLRs)
]; (2) protection against invading
[69,70]
pathogens (MUC1)
; (3) cell-to-cell adhesion
[71-73]
(CDH1)
; (4) the repair of DNA damage related to H.
[32,74-76]
pylori (XPA, XPC, ERCC2)
; (5) the metabolism of
[77,78]
foliate (methylenetetrahydrofolate reductase)
; (6)
the metabolism of polycyclic aromatic hydrocarbons
[79,80]
(GSTT1, SULT1A1, NAT2, EPHX1)
; (7) the
[81]
metabolism of oestrogen and androgen ; (8) the
[82]
metabolism of xenobiotics (Cyp2e1) ; and (9) other
functions that are not fully understood, for example
[83]
PSCA .
It has been reported that IL-1β -31*C, IL-1β 511*T and IL-1RN*2/*2 are variations of the IL-1
gene cluster that have the greatest importance in
[55,56]
GC susceptibility in various ethnic populations
,
[57-60]
particularly among the Caucasian population
.
However, there are also studies that undermine
[84-86]
the role of these variations in GC development
[87]
[88]
[89]
and pertain to Irish , Swedish , German
and
[90]
Japanese populations . On the other hand, Sitarz
[91]
et al
showed that the IL-1β -31*C allele promoter
polymorphism is significantly associated with gastric
stump cancer, whereas it does not influence the
occurrence of any type of sporadic GC. The authors
emphasize that the differences between the studies
may be due to many factors, such as heterogeneous
patient groups, different populations, sample sizes,
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Various acquired mutations

[125,127-130]

MED1, RAD50, BLM, ATR, MRE11)
. However,
the inactivation of mismatch repair genes, by itself, is
thought to be insufficient to induce carcinogenesis but
[126]
might be a coexistent factor .
The high incidence of microsatellite instability in
GCs (MSI-H GC) is more likely to occur at an antral
location, in the intestinal type, in the expanding type,
and with H. pylori seropositivity, and correlates with
[131-133]
a lower prevalence of lymph-node metastases
.
Moreover, MSI correlates with a lower incidence of
[133]
TP53 mutations
and is characterized by a better
survival rate than with tumours with low levels of
[134,135]
MSI
. It is possible that high levels of MSI
indirectly cause nonspecific immunological reactions in
[136]
the hosts, resulting in tumour cell elimination .
MSI seems to be a promising tool to identify
patients with genetic instability and patients with
precancerous lesions because it occurs in both gastric
[126]
adenoma and intestinal metaplasia .

Chromosomal instability: The term chromosomal
instability comprises altered DNA copy number
(aneuploidy) and various changes in chromosome
regions, such as translocation, amplification, deletion
or the loss of one allele in a pair [loss of heterozygosity
[102,103]
(LOH)]
. Altogether, CIN results in the loss or gain
of function of some genes, including oncogenes and
tumour suppressor genes.
CIN is an inherent part of carcinogenesis that
[103]
occurs at each stage of the oncologic diseases . It is
[104]
not permanent, differs within geographical regions
[102,105]
and increases with disease progression
. Therefore,
recognizing frequent CIN patterns in GC can result in
improving early diagnosis, staging and treatment.
It was reported that intestinal GC correlates with
[105-109]
the gain of copy number at 8q, 17q and 20q
and with amplification and overexpression of EGF and
c-ErbB2, which are the molecules involved in self[110,111]
sufficient growth
. Diffuse GC is characterized
[105-109]
by a gain of copy number at 12q and 13q
and
[112,113]
with amplification of FGFR
. Both subtypes
[112,114,115]
display overexpression of HGF and c-myc
and amplification of the HER2 gene (ERBB2). The
latter feature is of particular clinical interest because
HER2 can be therapeutically blocked by monoclonal
[116,117]
antibodies
. GC patients treated with a humanized
antibody against HER2 (trastuzumab) benefit with a
2.5-mo longer survival than the group treated with
[118]
standard chemotherapy
. However, thereafter, the
disease progresses, and resistance develops, raising
[50]
doubt about the usefulness of this agent .
Other changes that promote uncontrolled cell
growth are inversions causing the generation of the
[119]
SLC1A2-CD44 fusion protein
and the ROS1 gene
rearrangement. However, the latter alteration rarely
occurs in GCs (< 1%) and differentiates the subgroup
of patients who hypothetically may be treated with
[119,120]
kinase inhibitors
.
LOH is a common event in GC. The frequently
occurring LOH in the genes APC, TP53 and NME1
play a possible role in evaluation of a patient’s clinical
[121,122]
status
. Gains at chromosomes 17q, 19q and 20q
[10,123]
are distinctive for GCs in young patients
.

Epigenetic alterations: Epigenetic alterations are
responsible for the diversity in the expression of a gene
and are not caused by changes in DNA sequences but
by modifications outside DNA, such as DNA CpG island
hypermethylation [CpG island methylator phenotype,
(CIMP)], hypomethylation, histone modification,
chromatin remodelling or miRNA changes. The
literature dedicated to GC highlights the role of CpG
island methylation and miRNA.
In GCs, CpG island methylation involves primarily
the promoters of the CDH1, CDKN2A, CDKN2B and
hMLH1 genes and results in the down-expression of
[137,138]
their products (E-cadherin, p16, p15, MLH1)
.
CpG island methylation seems to frequently occur
in GC cells, regardless of their stem cell origin and
independent of one another. Possibly, CpG island
methylation carries the carcinogenic process a step
further. This hypothesis would be consistent with
the observation that promoter hypermethylation
is accelerated with histopathological progression
of malignancy, from chronic gastritis, intestinal
[138-140]
metaplasia and adenoma to carcinoma
.
miRNAs are short stable RNA segments that,
despite noncoding characteristics, play a vast role in
the regulation of gene expression. They attain this goal
by binding to DNA or by inhibiting or degrading mRNA
that is ready for translation. Altogether, they regulate
approximately 60% of the coding genes; therefore,
[141]
their role in GC seems to be significant .
miRNAs can act as oncogenes (oncomiRNAs), tumour
suppressors (tsmiRNAs) or cellular pathway modulators,
such as metastasis regulators (metastamiRNAs).
Research over the last decade has identified numerous
miRNAs that have varied roles in GC development.
Questions for the future include the following: are
miRNA alterations necessary for tumour progression,
can they be used as diagnostic and/or prognostic
[141-145]
[146]
markers
, can they be targeted pharmacologically

Microsatellite instability: MSI is defined as the
presence of small deletions or expansions in a tumour’
s DNA within short tandem repeats (microsatellite
regions) and do not match normal DNA.
MSI is not only present in HNPCC but occurs in
[50,124]
up to every second sporadic GC
. In GCs, MSI
is mostly caused by the epigenetic alterations in the
[125,126]
mismatch repair genes (MMRs)
. Consequently,
the impaired mismatch repair system fails to fulfil
its task, resulting in multiple mutations within cell
growth-regulating genes (TGF-β RII, IGFIIR,RIZ, TCF4,
DP2), apoptosis genes (BAX, BCL10, FAS, CASPASE5,
APAF1) and DNA repair genes (hMSH6, hMSH3,
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[32,166]

and can they influence the individual response to
[147-149]
chemotherapy
?

genes
. It seems that the levels of Shh expression
fluctuate during the beginning of metaplasia to
advanced cancer, and it is associated with tumour
[167]
stage .
Moreover, H. pylori can promote intestinal
transformation by the interaction of CagA (bacterial
[168]
virulence factor) with E-cadherin
. It was also
reported that decreased levels of E-cadherin may
[169]
occur in relation to H. pylori infection .
According to the currently accepted hypothesis, GC
[32]
develops from cancer stem cells (CSCs) . However,
under chronic inflammation, this role might be carried
[170-172]
out by bone marrow-derived cells (BMDCs)
.
Chronic inflammation alters the secretion of gastrin
in gastric mucosa. Hypergastrinaemia and hypo
gastrinaemia are both suspected of being involved in
[168,173,174]
the development of GC
.
A proper inflammatory response is highly dependent
on the condition of the immune system, which is also
involved in GC. For example, it was reported that the
CTLA-4 polymorphism attenuates the T-cell response
[175]
and increases the risk of gastric cardia cancer . The
accumulation of regulatory T cells (Tregs), which are
[176]
associated with CCL17 and CCL22 chemokines
,
reflects the clinical status because it correlates
with regional lymph node metastasis and patient
[177]
survival .
The role of elevated eosinophil levels remains
uncertain. In low-risk areas, eosinophils are recruited
by Th2 lymphocytes and act to prevent GC; however,
in high-risk areas, they are attracted by Th1
[178]
lymphocytes and favour the spread of the lesions .
COX-2 overexpression is known to be an important
mechanism in GC development. It occurs commonly,
but remains uncertain why. Suggested mediators include
[115,179,180]
the C/EBP-β transcription factor
and Wnt/
[181]
β-catenin signalling pathway . COX-2 overexpression
[182]
particularly concerns adenocarcinomas , appears at
early stage of carcinogenesis and is detected even in
[115,183,184]
precursor lesions
. Silencing COX-2 by promoter
[185]
hypermethylation or FOXP3
seems to protect against
GC progression because it is correlated with longer
[186]
remission and improved survival . Therefore, COX-2
[187,188]
could be used as a prognostic indicator
.
The COX-2 genotype also matters because the
1195AA COX-2 genotype was reported to increase the
risk of GC more than twice, and, with coexistent H.
pylori infection or smoking, even enhances malignant
[189]
progression .
Non-steroidal anti-inflammatory drugs may disrupt
the pathway of carcinogenesis dependent on COX-2
related processes. Their long-term use turns out to
[190-192]
show a reduced risk of GC
. This group of drugs
[193]
might be used in lymph node metastasis prophylaxis .
[194]
However, Sitarz et al
found that a reduction of
COX-2 using nonsteroidal anti-inflammatory drugs in
GC chemoprevention may be relevant only for older
patients.

[150]

Somatic gene mutations: In recent research
,
which is a part of The Cancer Genome Atlas Project,
the authors suggested that both the rate of somatic
mutations and their singularity should not be
disregarded in the GC classification. In fact, they
provided a roadmap for patient stratification and
trials of targeted therapies. The authors of the study
identified many mutations that are repeated in each
subtype of GC but with different frequencies. Examples
of the most common mutations occur in the genes
TP53, CDH1, SMAD4, PIK3CA, RHOA, ARID1A, KRAS,
MUC3, APC, ERBB1, PTEN, HLAB, and B2M.
Some of these alterations were investigated
[151]
separately in earlier studies. Zang et al
reported
that somatic inactivation of FAT4 and ARID1A may
be the key to malignant events in GCs. Wang et
[152]
al
suggested that ARID1A seems to be a good
prognostic indicator because its alterations were
clinically associated with better prognosis in a stage[153]
independent manner. Other studies
proved that
RHOA mutations occur specifically in diffuse GCs, so
they are a potential therapeutic target for this poorprognosis subtype of GC.

Favourable environmental circumstances

EBV is an infectious agent that occurs in epithelial
[154]
cells of 9% of GCs
. However, the distribution
[3]
of EBV-positive GCs varies globally . EBV-positive
[150,155]
tumours are associated with an extreme CIMP
,
[156]
[150]
and differ from the MSI subtype . In Bass et al ,
all EBV-positive tumours lacked MLH1 alterations,
[157]
characteristic of MSI
; however, they displayed
promoter hypermethylation within the CDKN2A
INK4A
(p16
) region, and most of them had mutations in
diverse locations within the PIK3C1 gene, confirming
[158,159]
previous reports
. This particular feature
separates EBV-positive tumours from other GCs that
display PIK3C1 mutations in 3%-42% but are localized
[150]
in the kinase domain, exon 20 .
Gastritis is the single most common cause of
GC, and H. pylori, a class I carcinogen according to
[160]
WHO classification
, is the most common cause
[161,162]
of gastritis
. Therefore, H. pylori plays a role in
the environmental trigger that creates a favourable
background for GC through several mechanisms.
One of them is depleting the mucosa’s antioxidant
[163]
[164]
competences
, as shown in mouse models
.
H. pylori was also reported to initiate the downregulation of sonic hedgehog (Shh) expression, paving
[165]
the way for early premalignant changes
. Shh is a
protein that plays a role in cellular differentiation in
gastric mucosa. Under expression of Shh promotes
an intestinal phenotype by the upregulation of
Cdx2, MUC2 and villin, which are intestine-related
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Table 1 Sporadic gastric cancer factors
1

Factors
SNP

CIN

LOH
MSI

Somatic gene mutations
Epigenetic alterations

Environment

Others

Sporadic gastric cancer

Ref.

IL-1, IL-17, TNFα, TLRs (inflammatory response)
MUC1 (protection against invaders)
CDH1 (cell-to-cell adhesion)
XPA, XPC, ERCC2 (repair of DNA damage related to H. pylori infection)
MTHFR (metabolism of foliate)
GSTT1, SULT1A1, NAT2, EPHX1 (metabolism of polycyclic aromatic
hydrocarbons)
Cyp2e1 (metabolism of xenobiotics)
PSCA
gain of copy number at 8q, 17q, 12q, 13q and 20q
amplification of EGF and c-ErbB2
amplification of FGFR
amplification of ERBB2
overexpression of HGF and c-myc
SLC1A2-CD44 fusion
ROS1 rearrangement
APC, TP53, NME1
TGFβ RII, IGFIIR,RIZ, TCF4, DP2 (cell growth-regulating genes)
BAX, BCL10, FAS, CASPASE5, APAF1 (apoptosis genes)
hMSH6, hMSH3, MED1, RAD50, BLM, ATR, MRE11 (DNA repair genes)
TP53, CDH1, SMAD4, PIK3CA, RHOA, ARID1A, KRAS, MUC3, APC, ERBB1,
PTEN, HLAB, B2M, FAT4
CpG island methylation of the promoters of CDH1, CDKN2A, CDKN2B and
hMLH1
miRNA variations
Diet
H. pylori infection
EBV infection
Hyper/hypogastrinaemia
Smoking
COX-2 overexpression

[55-68]
[69,70]
[71-73]
[32,74-76]
[77,78]
[79,80]
[82]
[83]
[105-109]
[110,111]
[112,113]
[116,117]
[112,114,115]
[119]
[120]
[121,122]
[125,127-136]

[150-153]
[137,138]
[141]
[200]
[163,165,168]
[150,154-156]
[168,173,174]
[200]
[182-189]

1

All of the above factors may overlap. The division is the simple generalization done to outline the problem. SNP: Single-nucleotide polymorphism; CIN:
Chromosomal instability; LOH: Loss of heterozygosity; MSI: Microsatellite instability; H. pylori: Helicobacter pylori.

1% of EOGC is caused by germline MMR mutations.
[199]
Carvalho et al
excluded RUNX3 as having a tumour
suppressor function in EOGC, but other authors were
[10]
less convinced that this is the case . Sugimoto et
[200]
al
was the first to describe that a de novo large
genomic deletion of CDH1 was associated with EOGC.

EARLY-ONSET GASTRIC CARCINOMA’S
DISTINCTIVE FEATURES
To consider EOGC as an independent oncologic
problem, scientists must precisely differentiate it
[10]
from sporadic GC. In 2007, Milne et al
summarized
the distinctive features of EOGCs, compared with
conventional GCs, as including female predominance,
common multifocal growth and a diffuse phenotype
without intestinal metaplasia. The molecular profile
included the lack of MSI, infrequent loss of heterozygosity,
infrequent loss of TFF1 expression, no loss of RUNX3,
gains at chromosomes 17q, 19q and 20q and more
frequent expression of low-molecular-weight isoforms
of cyclin E.
Newer characteristics of EOGCs have been identified in
recent reports. Clinical studies include the observation
[195]
of Karim
that male predominance occurs among
EOGC patients but decreases with age. Takatsu et
[196]
al
reported a tendency to present lymph node
metastases, a finding that was indirectly supported
[197]
by studies of CDH1 variants
. Molecular alterations
also include a new marker that is a genetic variant
[198]
[124]
of rs10052016 at 5p15 . Moreover, Bacani et al
showed that MSI, in at least one marker, was found
in 30% of EOGCs. They assessed that approximately
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CONCLUSION
GC is a heterogenic and complex problem (Tables 1-3).
The number of factors that influence its beginning and
course is already overwhelming, and, in the light of
modern technological possibilities, that number could
increase exponentially. Moreover, various molecular
[126,201,202]
alterations seem to overlap
, additionally
complicating the problem. However, it seems to be
reasonable to consider that there are some early
triggers that impair genome stability and predispose to
[137]
a further avalanche of carcinogenic events .
In our research, we focused on the early steps of
GC development. Therefore, we favour the classification
of GC that differentiates EOGC. Patients with this type
of tumour are automatically deprived of many risk
factors and molecular changes that appear with the
passage of a patient’s and tumour’s life. Therefore,
young patients present a relatively pure model of
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Table 2 Early-onset gastric cancer features
Factors
SNP
CIN

LOH
MSI
Others

Early-onset gastric cancer

Ref.

rs10052016 at 5p15
Gain of copy number at 17q, 19q, and 20q
No loss of RUNX3
Infrequent loss of TFF1 expression
More frequent expression of low-molecular-weight isoforms of cyclin E
Infrequent LOH
Lack of MSI
vs 30% incidence
Low COX-2 expression
Male predominance
Tendency to metastases

[198]
[10]

[10]
[10]
[124]
[10]
[195]
[196]

SNP: Single-nucleotide polymorphism; CIN: Chromosomal instability; LOH: Loss of heterozygosity; MSI: Microsatellite instability.

8

Table 3 Hereditary gastric cancer factors
Factors
Germline
mutations

Hereditary gastric cancer

Ref.

CDH1
TP53 (Li-Fraumeni syndrome)
CTNNA1
MSH2, MSH6, PMS2, MLH1 (Lynch
syndrome)
APC (Familial adenomatous polyposis)
STK11 (Peutz-Jeghers syndrome)
BRCA2

[23-34]
[36,42,43]
[37]
[40,41]

9

[46,47]
[44,45]
[48]

10

gastric carcinogenesis.
From the review of the latest literature, we conclude
that defining characteristic factors of early-onset GC is
in progress, and the issue needs further clarification.

11
12
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REVIEW

Estrogen receptors in gastric cancer: Advances and
perspectives
Muhammad Saif Ur Rahman, Jiang Cao
development and progression of gastric cancer continue
to be extensively investigated in order to further our
understanding and provide more effective means
for the prevention, diagnosis, and treatment of the
disease. Estrogen receptors (ERs) are steroid hormone
receptors that regulate cellular activities in many
physiological and pathological processes in different
tissues. There are two distinct forms of ERs, namely
ERα and ERβ, with several alternative-splicing isoforms
for each. They show distinct tissue distribution patterns
and exert different biological functions. Dysregulation
of ERs has been found to be associated closely with
many diseases, including cancer. A number of studies
have been conducted to investigate the role of ERs in
gastric cancer, the possible mechanisms underlying
these roles, and the clinical relevance of deregulated
ERs in gastric cancer patients. To date, inconsistent
associations of different ERs with gastric cancer have
been reported. These inconsistencies may be caused
by variations in in vitro cell models and clinical samples,
including assay conditions and protocols with regard
to different forms of ERs. Given the potential of the
deregulated ERs as diagnostic/prognostic markers
or therapeutic targets for gastric cancer, it will be
important to identify/confirm the association of each ER
isoform with gastric cancer, to determine the specific
roles and interactions that these individual ER isoforms
play under specific conditions in the development
and/or progression of gastric cancer, and to elucidate
precisely these mechanisms. In this review, we
summarize the achievements from early ER studies in
gastric cancer to the most up-to-date discoveries, with
an effort to provide a comprehensive understanding of
the role of ERs roles in gastric cancer and its possible
mechanisms. Furthermore, we propose directions for
future investigations.
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Abstract
Worldwide, gastric cancer is one of the most common
malignancies with high mortality. Various aspects of the
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[5]

region in genomic DNA . Despite lacking the AF-1
activation domain, ERα46 can still bind to EREs and
[8,9]
form heterodimers with ERα66 . The subcellular
localization and activation of the Src/phosphoinositide
3 kinase (PI3K)/AKT pathway upon estrogen-signaling
also indicate possible roles for ERα46 in non-genomic
[10-12]
estrogen signaling
. For ERα36, both activation
domains (AF-1 and AF-2) are absent, but it retains the
ability to dimerize, translocate to the nucleus, and bind
DNA, with an even broader ligand-binding spectrum,
[7,13]
and it may mediate rapid estrogen signaling
.
Five alternatively spliced isoforms for ERβ have been
identified (ERβ1-ERβ5). ERβ appears to have a weaker
corresponding AF-1 domain, and its transcriptional
activation function depends more on the AF-2 domain
rather than AF-1 domain.
Expression of ERs has been well documented in a
[14-24]
variety of human tumors, including gastric cancer
.
Hormonal therapy targeting ERs for the treatment
[25,26]
of breast cancer has played a remarkable role
.
Investigation on the roles and mechanisms of ERs in
gastric cancer will surely provide us additional means
for the management of the disease.
In this review, we summarize the achievements
from early ERs studies in gastric cancer to the most
up-to-date discoveries, with an effort to provide a
comprehensive understanding of the role of ERs in
gastric cancer and its possible mechanisms. Furthermore,
we propose directions for future investigations.

Core tip: Gastric cancer is one of the common
malignancies worldwide with high mortality. Estrogen
receptors (ERs) are steroid hormone receptors that
regulate cellular activities in many physiological
and pathological processes of different tissues.
Dysregulation of ERs is associated with many diseases,
including gastric cancer. Studies have been conducted
to investigate the roles that ERs play in gastric cancer
and the clinical relevance of deregulated ERs in gastric
cancer patients. This review focuses on the current
understanding of ERs in gastric cancer and proposes
directions for future investigations.
Rahman MS, Cao J. Estrogen receptors in gastric cancer:
advances and perspectives. World J Gastroenterol 2016;
22(8): 2475-2482 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i8/2475.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2475

INTRODUCTION
Gastric cancer is one of the most common types
of cancer and one of the leading causes of cancerrelated deaths worldwide, with an estimated 723100
[1]
deaths and 951600 new cases in 2012 . Currently,
tremendous efforts are being made to investigate
the cellular and molecular mechanisms leading to the
development and progression of gastric cancer, with
the hope of improving the prevention, early diagnosis,
and precise and personalized treatment of this cancer.
Estrogens are a class of steroids that was initially
found to regulate the development and growth of the
human reproductive system. Estrogens exert their
influence on specific cells via activation of their cognate
receptors (estrogen receptors, ERs). Estrogens/
ERs have also been found to be involved in other
physiological/pathological processes of cardiovascular,
[2]
skeletal, and neuroendocrine systems . ERα and
ERβ were first cloned from human breast cancer
MCF-7 cells and from rat prostate in 1986 and 1996,
[3]
respectively . ERα and ERβ are members of a
superfamily of nuclear receptors that can transduce
extracellular signals into transcriptional responses
and possess distinct protein structural characteristics,
[4,5]
tissue distributions, and functions
. In certain
ligands, cell-types, and promoter contexts, ERα and
[6]
ERβ have different activities .
As illustrated in Figure 1, ERs share conserved
domains for ligand binding, DNA binding, transcription
activation (AF-1 and AF-2), and nuclear translocation
(NLS). Based on their molecular weights, three
isoforms for ERα have been identified, designated as
[7]
ERα66, ERα46, and ERα36 . ERα66 functions as a
ligand-dependent transcription factor that modulates
gene expression by binding to estrogen response
elements (EREs) in the transcriptional regulatory

WJG|www.wjgnet.com

EXPRESSION AND FUNCTIONAL
INVESTIGATIONS ON ESTROGEN
RECEPTORS IN GASTRIC CANCER
ERα66 (ERα)
Most of the literatures use terms “ER” or “ERα” when
actually referring to the specific isoform ERα66, as
it was the first identified isoform. Early investigation
on ER expression in gastric cancer was initiated
by the observation that there was an association
between breast cancer and gastrointestinal cancer
but no correlation between ER expression and gastric
[27]
cancer . The ER positive rate in gastric carcinoma was
not significantly different between male and female
[27,28]
cases
, but the incidence of poorly differentiated
adenocarcinoma was significantly higher than that of
[28]
well differentiated adenocarcinoma . Later studies
showed a correlation between ER status and tumor
[29,30]
grades in gastric cancer
, and ER expression was
found to be associated with diffuse type gastric cancer
[31]
and shorter disease free survival . At the mRNA level,
the ERα expression between gastric cancer tissues and
matched normal tissues was not significantly different,
but ERα-positive expression was correlated with poorer
[15]
overall survival .
However, results from established cell lines were
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Figure 1 protein structure of estrogen receptors. Two different forms of ER are encoded by two distinct genes located in chromosomes 6 and 14 and produce two
proteins with 595 and 530 amino acids in full length, respectively. Six evolutionary conserved domains, namely A-F, are shared by different ERs. For ERα isoforms,
compared to the full length ERα66, ERα46 lacks AF-1 domain (A/M), ERα36 lacks AF-1 and partial AF-2 domains but is equipped an extra different C-terminal.
For alternatively-spliced ERβ isoforms, they differ mainly at their C-terminals. AF-1: Transcriptional activation factor-1; DBD: DNA-binding domain; NLS: Nuclear
localization signals; LBD: Ligand binding domain; ERs: Estrogen receptors; AA: Amino acid.

inconsistent. More cell lines showed ERα expression
by real-time polymerase chain reaction (RT-PCR) than
[31,32]
that by western blotting
, which may be due to
differences in the sensitivity between the assays. ERα
overexpression significantly inhibited cell growth and
proliferation, promoted cell apoptosis, and blocked
cell entry into the G1/G0 phase. In addition, ERα
reduced the motility and invasion of gastric cancer
cells. Overexpression of ERα decreased β-catenin
expression, suggesting that ERα overexpression
inhibited cell growth and cancer progression in gastric
[33]
cancer by attenuating the expression of β-catenin .

Lauren’s intestinal type, and free of recurrence.
Presence of ERβ in gastric cancer could have a
protective effect against the invasiveness of gastric
[32]
cancer , similar to the function of ERβ in inhibiting
proliferation, invasion, and tumor formation of breast
[35-37]
cancer cells
. In multivariate analysis, the absence
of ERβ was a significant independent prognostic factor
[15]
that was associated with poor overall survival .
A more recent study, however, showed that
although ERs are present in both gastric tumors and
normal tissues, their expression levels were extremely
low, except for the predominance of ERβ, and they
may only be partly involved in gastric carcinogenesis.
These data suggest that their clinicopathological
and prognostic significance in gastric cancer may be
[38]
limited .
For the transcription variants of ERβ in gastric
cancer tissues, higher ERβ5 mRNA level was correlated
with pTNM stage of the tumor, and lymph node
metastasis was increased compared to their matched
normal tissues. In contrast, levels of ERβ1 and β2 were
not correlated with lymph node metastasis, gender,
[39]
age, tumor size, tumor grade, or pTNM stage (Table
1).

ERα36

Although no work has been reported on ERα46 in
gastric cancer to date, some studies have investigated
the clinical significance and functions of ERα36 in
gastric cancer. ERα36 is highly expressed in human
gastric cancer, and its expression is correlated with
lymph node metastasis, suggesting its use as a
predictive marker for lymph node metastasis of gastric
[34]
cancer . Both mRNA and protein of ERα36 were
detected in the established gastric cancer cell lines
examined. Higher ERα36 mRNA levels were expressed
in tumor specimens than in paired normal tissues.
ERα36 protein was mainly expressed on the plasma
membrane and in the cytoplasm of the established
[34]
gastric cancer cells .

MECHANISMS FOR THE FUNCTION OF
ERS IN GASTRIC CANCER
Current knowledge on the mechanisms underlying
the function of ERs in cancer mainly comes from
investigations in breast cancer, which may be
extendable to other cancers, including gastric cancer.
Estrogens exert their functions via ERs through both

ERβ

Regarding the clinical relevance of ERβ with gastric
cancer, the ERβ-positive group was associated with
lower tumor stage, negative perineural invasion,
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Table 1 Summary of the association between estrogen receptor isoforms and gastric cancer
Estrogen receptors

Isoform

Association with gastric cancer

ERα

ERα66

No significant correlation between ERα66 and gastric cancer is found[27]
No positive significant difference in both male and female[27,28]
Incidence higher in poorly differentiated adenocarcinoma[28]
Association with diffused type gastric cancer is found[31]
Associated with poor overall survival[31]
No reported result has been up to date
Expressed highly in gastric cancer[34]
Expression correlated with lymph node metastasis[34]
Expressed in plasma membrane and cytoplasm of gastric cancer[34]
Associated with low tumor grades[32]
Presence could have protective effect against invasion[32]
Absence of ERβ a significant independent prognostic factor for poor OS[15]
ERβ5 is associated with PTNM stage[39]

ERα46
ERα36

ERβ

ERβ1
ERβ2
ERβ3
ERβ4
ERβ5

ER: Estrogen receptor; OS: Overall survival.

[40]

genomic and non-genomic pathways . As illustrated
in Figure 2, in the genomic pathway, estrogen-bound
ERs translocate into the nucleus, bind to estrogen
response elements (EREs) in genomic DNA, and
regulate the expression of downstream genes. In the
non-genomic pathway, ERs interact with some other
signaling molecules in several pathways, such as the
PI3K/Akt or mitogen activated protein kinase (MAPK)
signaling pathway. ERα and ERb play different roles in
both genomic and non-genomic pathways, where ERβ
functions as a transdominant inhibitor/competitor of
ERα transcriptional activity at sub-saturating hormone
[41]
levels .
Recently, more investigations were conducted on
ERα36-related mechanisms in gastric cancer because
of the special characteristics of this newly identified
isoform. In established gastric cancer cells, ERα36
protein is mainly expressed on the plasma membrane
and in the cytoplasm. Dysregulation of multiple
signaling pathways involved in cell proliferation,
metastasis, and invasion in relation to ERα36 has been
[42,43]
described in gastric cancer
.

through ERα36-mediated estrogen signaling.

ERα36 and c-Src

C-Src also takes part in ERα36-mediated regulation
of gastric cancer cell proliferation by activating the
membrane‑initiated c‑Src signaling pathway. C‑Src
in breast cancer cells has been reported to serve as
a switch through the signal transducer and activator
of transcription (STAT) 5/epidermal growth factor
receptor (EGFR) pathway in ERα36 mediated biphasic
[47]
estrogen signaling . It has been reported that
ERα36 also interacts physically with Src/Shc/EGFR
[48]
complex . As seen from these observations, c‑Src
functions in breast cancer in a similar manner as it
[44]
does in ERα36-positive gastric cancer . Revealed
by the E2-ERα36-c-Src pathway, c‑Src transduces
signals that are responsible for adhesion, growth,
differentiation, and invasion of gastric cancer
[49]
cells . An important mechanism of c‑Src tyrosine
kinase activity monitoring is comprised of its
phosphorylation status control. C‑Src protein has two
major phosphorylation sites, Tyr416 and Tyr527. The
activity of c-Src is positively regulated when Tyr416
is phosphorylated and it negatively regulated when
[50,51]
Tyr416 is dephosphorylated
. The phosphorylation
status of c‑Src‑Tyr416 and c‑Src‑Tyr527 depends on
the concentration of estrogen and serves to switch on
[44]
and off non‑genomic estrogen signaling . E2‑ERα36
regulates phosphorylation of c‑Src‑Tyr 416 and Tyr
527; as a result, gastric cancer growth is promoted,
further indicating that E2‑ERα36‑c‑Src is important for
proliferation of gastric cancer cells. C‑Src and ERα36
are known to interact in the presence of E2β, while PP2
does not affect this interaction. However, PP2 inhibits
the activation of c-Src.

ERα36 and glucose regulated protein 94

ERα36 is linked to glucose regulated protein (GRP)
94, as its expression level is positively associated
with lymph node metastasis and GRP94 expression
[34,44,45]
levels
. Higher expression of ERα36 in human
gastric cancer was involved in the malignant growth of
[34,44]
gastric carcinoma cells
. The Akt signaling pathway
is responsible in ERα36-mediated estrogen signaling
[46]
via GPR-94 in gastric cancer . ERα36 and GRP94 are
highly expressed in gastric cancer. With knockdown of
ERα36 in gastric cancer SGC-7901 cells, expression of
GRP-94 and phosphorylation of Akt (Ser-473-Akt) were
reduced significantly. Clinically, GRP94 expression level
was significantly correlated with gender, tumor stage,
and lymph node metastasis. It is known that estrogen
induces the expression of GRPs, which suggests that
GRP94 may have some role in gastric carcinogenesis
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ERα36 and cyclin D1

ERα36 upregulates cyclin D1 (CD1) when activating the
c-Src signaling pathway, which leads to the proliferation
[34]
of gastric cancer cells . In ERα36 up-regulated
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Figure 2 Molecular mechanisms for the functions of estrogen receptors. Genomic pathway: Estrogen binding leads to dimerization of ERs, then ERs translocate
into nucleus and interact with transcriptional co-activators and/or co-repressor and bind to genomic DNA at specific sequences known as estrogen response elements
(EREs) to activate or repress the transcription of specific genes. Non-genomic signaling pathway: Membrane ERs interact with SRC/G protein and activate PI3K/Akt
signaling. Both MAPK signaling initiated by binding of growth factors to receptor tyrosine kinases and PI3K/Akt signaling can modify cytosolic ERs, which may interact
with other transcription factors and modulate the transcription of specific genes. GF: Growth factor; RTK: Receptor tyrosine kinase; GP: G proteins; CoA: Transcription
co-activator; CoR: Transcription co-receptor; TFs: Transcription factors; MAPK: Mitogen activated protein kinase; PI3K: Phosphoinositide 3 kinase; ERs: Estrogen
receptors.
[46]

cells, E2β induces c‑Src‑Tyr416 phosphorylation .
In contrast, E2β was unable to induce c‑Src‑Tyr527
phosphorylation in cells where ERα36 was knocked
down. The level of CDI expression was increased by
C‑Src‑Tyr416 phosphorylation in ERα36 up-regulated
SGC7901 cells, and cell proliferation was promoted;
while in ERα36-knockdown SGC7901 cells, the
opposite occurred. A noteworthy regulatory factor for
cell cycle progression is CDI. It mediates the transition
from G1 to S, which in turn results in DNA synthesis
[52]
and cell cycle progression . Various carcinomas
were reported to be a result of CDI overexpression,
including gastric cancer. A gender difference in methylnitro-nitroso-guanidine (MNNG)‑induced rat gastric
[53]
carcinogenesis showed CD1/cdk4 expression . To
support these observations further, in tumors in nude
mice, the xenograft with up-regulated ERα36 showed
[46]
a positive correlation between CD1 and ERα36 .

minance of gastric cancer in males globally, with
[54,55]
the ratio to female as 2:1
. Antiestrogen and
tamoxifen agents have been shown to induce tumor
progression and enhance the overall chances of gastric
[56]
adenocarcinoma . These findings indicate a connection
between pathogenesis of gastric cancer and estrogen
signaling. Hormone therapy may be a useful strategy
for the treatment of gastric cancer in cases of hormone[32]
dependent tumor growth .
While the clinicopathological and prognostic
relevance of ERs in gastric cancer appears to be
[16,43]
significant
, the interaction between the α and
β receptors is as yet clinically unclear. Moreover,
the positive rate for ER expression in gastric cancer
differs from study to study, with ERβ expressed more
abundantly than ERα and different patterns in subtypes
of gastric cancer. Although some studies showed
that aberrant expression of ERα and ERβ mRNAs in
tumors is associated with liver metastasis and lymph
node metastasis, other have shown that there was
no association between expression of ERβ and any
[57]
clinical variables . Furthermore, the mechanism of
carcinogenesis linked to ERβ is unclear, and the use of
estrogen for the therapeutic purposes may increase
the risk for other cancers (breast or ovarian cancer);

OTHER ASPECTS OF ERs IN GASTRIC
CANCER
ERα is expressed in 20%-30% of human gastric
[15]
cancers . Epidemiological studies indicate a predo
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[15,39,57]

the side effects of estrogen are also problematic
.
The fractional agonist activity of tamoxifen through
ERα in some circumstances can be entirely abolished
[15]
upon co-expression of ERβ . One possible role of ERβ
is to moderate ERα transcriptional activity, and thus
the relative expression level of the two isoforms might
be a key factor for determining cellular responses to
agonists and antagonists. Aromatase expression has
been reported in gastric cancer cells recently, and with
a short incubation period, gastric cancer can produce
[58]
estradiol .
Notably, the role of estrogen in the stimulation of
the growth of gastric cancer cells is associated with
[59]
the concentration of estrogen . A physiologically
low concentration of estrogen was found to stimulate
the expression of ERα36 and growth of gastric cancer
cells, while high concentrations of estrogen repressed
the expression of ERα36 and the growth of gastric
cancer cells. This relationship between concentration
of estrogen and its function may explain the
[60]
predominance of gastric cancer in males .
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Abstract
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Non-alcoholic fatty liver disease (NAFLD) is the most
common form of chronic liver disease and its incidence
is increasing worldwide. However, the underlying
mechanisms leading to the development of NAFLD are
still not fully understood. Glycosyltransferases (GTs)
are a diverse class of enzymes involved in catalyzing
the transfer of one or multiple sugar residues to a wide
range of acceptor molecules. GTs mediate a wide range
of functions from structure and storage to signaling,
and play a key role in many fundamental biological
processes. Therefore, it is anticipated that GTs have
a role in the pathogenesis of NAFLD. In this article,
we present an overview of the basic information on
NAFLD, particularly GTs and glycosylation modification
of certain molecules and their association with NAFLD
pathogenesis. In addition, the effects and mechanisms
of some GTs in the development of NAFLD are
summarized.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
characterized by a very complicated process which is
regulated by a number of protein molecules. Glycosy
lation, one of the most common post-translational
modifications of proteins in eukaryotic cells, has been
suggested to play an important role in the pathogenesis
of NAFLD. As glycosylation is mainly mediated through
glycosyltransferases (GTs), it seems reasonable to
speculate that the GTs play an important role in the
pathogenesis of NAFLD.

Correspondence to: Yu-Tao Zhan, MD, Department of
Gastroenterology, Beijing Tongren Hospital, Capital Medical
University, No. 1 Dongjiaominxiang, Dongcheng District, Beijing
100730, China. yutaozhan@263.net
Telephone: +86-10-58268463
Fax: +86-10-58268473
Received: May 11, 2015
Peer-review started: May 12, 2015
First decision: September 11, 2015
Revised: October 22, 2015
Accepted: November 19, 2015

WJG|www.wjgnet.com

2483

February 28, 2016|Volume 22|Issue 8|

Zhan YT et al . Non-alcoholic fatty liver disease
[20]

the risk of colorectal cancer
and thus, may result in
[21]
an increased overall mortality
(Figure 1). Although
weight loss is believed to be effective in NAFLD
treatment, adherence to lifestyle interventions is a
limitation. Various studies have shown that of the
patients scheduled for NAFLD treatment, only 15%
achieved weight loss, but regained weight with
[22]
time . Although there is no approved drug therapy
for NAFLD, many approaches appear to be beneficial,
such as the use of insulin sensitizers, antioxidants and
anti-inflammatory agents, and these seem to have
[23,24]
promising effects in some patients
.

Zhan YT, Su HY, An W. Glycosyltransferases and non-alcoholic
fatty liver disease. World J Gastroenterol 2016; 22(8): 2483-2493
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OVERVIEW OF NON-ALCOHOLIC FATTY
LIVER DISEASE
Fatty liver is characterized by the excess accumulation
of lipids including triglycerides (TGs) and cholesterol.
In general, accumulation of lipids up to 5% of the
liver weight results in the diagnosis of fatty liver
disease or hepatic steatosis. In addition, if hepatic
steatosis occurs in patients who do not consume
alcohol on a daily basis, it is referred to as non[1]
alcoholic fatty liver disease (NAFLD) . Usually, NAFLD
is classified as “primary” and “secondary”, depending
on the underlying etiology. “Primary” NAFLD is
most common, and is often associated with insulinresistance and metabolic syndrome. Obesity, diabetes
and dyslipidemia are the most common risk factors
for NAFLD. The term “secondary” NAFLD is currently
discouraged and the preferred nomenclature is based
on the known causative factors and the resultant
pathologies e.g., viral infections, autoimmune diseases,
endocrine-metabolic disorders, total parenteral
nutrition and drug-induced fatty liver. Therefore, the
term “NAFLD” generally refers to “primary” NAFLD.
The obesity and type 2 diabetes pandemic, and the
improved management of chronic viral hepatitis have
resulted in NAFLD being a leading cause of chronic
[2-6]
liver disease . It is estimated that 20% to 30% of
adults in the United States and Western Europe have
[7]
excess fat accumulation in the liver . The prevalence
of NAFLD in the general population across Asia
[8]
varies from 5% to 40% . A recent meta-analysis
showed that the prevalence of NAFLD in China is
[9]
approximately 20% . With the increase in obesity
and diabetes, the incidence of NAFLD is expected to
rise worldwide. The prevalence of NAFLD in the United
[10]
States is expected to increase by 50% in 2030 .
Based on current information, NAFLD encompasses a
spectrum of diseases ranging from simple steatosis, to
inflammatory steatohepatitis (NASH) with increasing
[11,12]
levels of fibrosis and ultimately cirrhosis
. NAFLD
was initially believed to be a benign illness as its
progression is quite slow and rarely results in a poor
outcome. However, results from clinical studies have
confirmed that NAFLD, if not properly controlled, may
[13]
cause liver-related morbidity and mortality . Cirrhosis
[14]
is a severe disease leading to death , and patients
[15]
with NAFLD not only progress to cirrhosis , but are
also susceptible to cardiovascular disease/death, type
[16,17]
2 diabetes mellitus and diabetic nephropathy
,
[18,19]
which are dependent on the severity of liver injury
.
Moreover, NAFLD has also been shown to increase
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NAFLD PATHOGENESIS
The pathogenesis of NAFLD has not been completely
[25,26]
elucidated
. Based on available information, various
researchers have proposed different hypotheses
over time. The major hypotheses are as follows: (1)
[27]
In 1998, Day et al
first proposed the “two-hit”
hypothesis for the pathogenesis of NAFLD. The first hit
represents the accumulation of lipids in hepatocytes
and the induction of insulin resistance which is the
key pathogenic factor for the development of hepatic
steatosis. The second hit leads to hepatocyte injury,
inflammation and fibrosis. Factors initiating the
second hit are oxidative stress and subsequent lipid
peroxidation, proinflammatory cytokines, adipokines
[28]
and mitochondrial dysfunction; (2) In 2008, Jou et al
suggested the “three-hit” hypothesis. The first hit also
involves the accumulation of lipids by the mechanisms
described above. The second hit involves the initiation
of an inflammatory response and cell death, while the
third hit results in defective repair and the induction
of a regenerative response by the proliferation and
differentiation of hepatocyte progenitors; (3) In
[29]
2009, Polyzos et al
provided the “multi-hit process”
hypothesis. The initial hit leads to the development
of simple steatosis which subsequently renders
hepatocytes susceptible to a variety of additional hits,
eventually leading to NASH. These additional hits
appear to be genetic or environmental perturbations
leading to liver cell inflammation and necrosis with
activation of the fibrogenic cascade. This results in
the development of fibrosis or even cirrhosis in a
minority of NAFLD patients. Insulin resistance (IR) and
subsequent hyperinsulinemia are key pathogenetic
factors in both simple steatosis and its subsequent
[30]
progression to NASH; and (4) In 2010, Tilg et al
proposed the “multiple parallel hits” hypothesis for
NAFLD and it has attracted wide attention from
the research community. This hypothesis reflects
[20,31]
more precisely the current knowledge of NASH
.
According to this hypothesis, many parallel hits are
derived from the gut and/or the adipose tissue that
promote liver inflammation. Endoplasmic reticulum
(ER) stress and its related signaling networks,
adipocytokines/cytokines, and innate immunity are
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NAFLD

Increase the risk
for cardiovascular
disease or death

Increase the risk
for Type 2 diabetes
and diabetic
nephropathy

Progress to cirrhosis
and hepatocellular
carcinoma

Increase the risk
for colorectal
cancer

Increase overall
mortality

Figure 1 Manifestations of non-alcoholic fatty liver disease. NAFLD: Non-alcoholic fatty liver disease.

emerging as central pathways that regulate key
[32]
features of NASH . Although genetic factors play a
minor role in the current obesity epidemic, they may
offer explanations for a more progressive disease
[33]
course in NAFLD . Adipose tissue-derived factors
include adipocytokines such as adiponectin and leptin,
certain proinflammatory cytokines such as tumor
necrosis factor α (TNF-α) or interleukin 6 (IL-6), and
others such as the death receptor Fas, while gutderived factors include endotoxin, microbiota, and
various nutrients such as trans-fatty acids, fructose,
and arylhydrocarbon receptor ligands. In addition,
other proposed hypotheses are similar to the “multi-hit”
[34,35]
hypothesis and four-step model
.

adipose tissue and/or from the diet in the form of
chylomicrons; (2) increased DNL; (3) reduced FA
oxidation; and (4) reduced lipid export in the form
[39]
of VLDL . Rodent studies have shown that the
mechanisms leading to excess accumulation of hepatic
TGs are mainly associated with an increased supply
of FFAs from peripheral adipose tissue to the liver and
an enhanced de novo lipid synthesis via the lipogenic
[40]
pathway . Conversely, their disposal from the liver
via β-oxidation and VLDL export are moderately
[41]
affected . Particularly in humans, obesity increases
TNF-α production in adipocytes, facilitates adipocyte
IR, and increases lipolysis rate. Thus, the circulating
pool of FFAs is increased in obese individuals and
thus accounts for the majority of the liver TGs in
NAFLD. DNL refers to the synthesis of endogenous
FAs in hepatocytes. During this process, glucose is
converted to acetyl-CoA by glycolysis and the oxidation
of pyruvate. Acetyl-CoA carboxylase then converts
acetyl-CoA into malonyl-CoA and finally, FA synthase
catalyzes the formation of palmitic acid from malonylCoA and acetyl-CoA. The rate of DNL is regulated
[42]
primarily at the transcriptional level . Several nuclear
transcription factors are involved such as liver X
receptors, sterol regulatory element-binding protein1c (SREBP-1c), and carbohydrate-responsive element
binding protein (ChREBP). SREBP-1c can regulate
more than 32 genes involved in lipid biosynthesis and
[43]
transport . IR may promote DNL by stimulation of
[44]
hyperinsulinemia to SREBP-1c . Dietary fats taken up
in the intestine are packaged into TG-rich chylomicrons
and delivered to the systemic circulation. About 80%
of the TG components in chylomicrons are unloaded in
adipose and muscle tissues. The remaining 20% are
[45]
transported to the liver through the hepatic artery .
As a result, the FAs derived from dietary fats account
for the minority of circulating FFAs in NAFLD.

MECHANISMS OF HEPATIC FAT
ACCUMULATION
NAFLD is characterized by excess fat accumulation
[36]
in the liver , which arises from an imbalance
between fat acquisition and removal (Figure 2). TGs
are composed of three fatty acids (FAs) coupled to a
glycerol backbone via an ester bond. The fatty acids
used for hepatic TGs formation are derived from three
sources; (1) adipose tissue; (2) de novo lipogenesis
[37]
(DNL); and (3) dietary sources . Approximately
60% of liver FAs are derived from adipose tissue,
[38]
25% are from DNL, and 15% are from the diet . FAs
can be stored as lipid droplets within hepatocytes or
secreted into the blood as very low-density lipoprotein
(VLDL). However, they can also be channeled towards
the β-oxidation pathway in mitochondria. Therefore,
excess hepatic lipid accumulation can be caused by
the following four different metabolic perturbations:
(1) an increase in free fatty acid (FFA) uptake derived
from the circulation due to increased lipolysis from
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60%

β-oxidation

Fatty tissue

Fatty acid
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Triglyceride
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Dietary sources

De novo lipogenesis
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Figure 2 Mechanism of triglyceride accumulation in hepatocytes.

domains, although the transmembrane segment for a
long time was considered to be the key determinant
for GTs localization. The acceptor specificity may be
regulated by the stem segment in vivo, although its
role in enzyme activity is still unclear. The N-terminal
domain is an important feature in acceptor binding.
The significant variation in C-terminal β-strands
and/or loops contributes to acceptor specificity and
[57]
region specificity . There are different classification
systems for GTs: (1) GTs are primarily classified
according to the type of sugar they transfer; (2)
Based on sequence similarities of amino acids (CAZy
database, http://www.cazy.org/), GTs are divided
into 97 families. The vast majority of these sequences
(more than 90%) are uncharacterized open-reading
[58]
frames ; (3) X-ray structural studies have revealed
that there are 105 GT structures in the Protein Data
[59]
Bank, representing 36 of the 89 CAZy GT families ,
most of which adopt one of two predominant structural
[60]
folds: GT-A and GT-B fold . The GT-A fold consists
of a single α/β/α-sandwich form that resembles a
Rossmann fold. The central β-sheet is flanked by a
smaller one, and the association of both creates the
active site. A general feature of all the enzymes with
GT-A fold is the presence of a common motif, such
[61,62]
as the DXD motif
. The DXD motif anchors the
pyrophosphate moiety of the sugar-nucleotide donor
via a divalent cation, such that the location of the
sugar donor on the fold is conserved. The GT-B fold

BASIC INFORMATION OF
GLYCOSYLTRANSFERASES
Glycosyltransferases (GTs) are a diverse class of
enzymes encompassing 1% to 2% of all sequenced
[46]
genomes . They catalyze the transfer of one or
multiple sugar residues to a wide range of acceptor
molecules such as lipids, proteins, hormones,
[47,48]
secondary metabolites, and oligosaccharides
,
and mediate a wide range of functions from structure
[49]
and storage to signaling . Thus, they play a key role
in many fundamental biological processes including
cell signaling, cellular adhesion, carcinogenesis, and
[50-52]
cell wall biosynthesis in human pathogens
. GTs
are present in both prokaryotes and eukaryotes. In
eukaryotes, the majority of GTs exist as membrane
proteins of the Golgi apparatus. The newly synthesized
GTs are transported from the ER to the Golgi via
[53,54]
COPⅡ-transport vesicles
. All the Golgi-localized
enzymes share the common topology of type Ⅱ
membrane proteins, consisting of a short N-terminal
cytoplasmic domain, a single transmembrane segment
and a stem region of variable length followed by a large
[55,56]
C-terminal catalytic domain
. The length and amino
acid composition of catalytic domains are relatively
well conserved and the variations in protein sizes are
generally attributed to differences in the length of the
stem region. In general, robust localization of Golgi
enzymes relies on the contribution from each of these
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consists of two separate Rossmann domains with a
connecting linker region and a catalytic site located
between the domains. There is an excellent structural
conservation between protein members of the GT-B
family, particularly in the C-terminal domain which
corresponds to the nucleotide-binding domain. A
third family has recently emerged which comprises
a bacterial sialyltransferase belonging to the GT42
[63]
family . This protein displays a fold similar to the
GT-A, but with some differences, thus it can be
considered a new fold; and (4) Based on the outcome
of the reaction, GTs are classified into two types,
either inverting or retaining. Inverting GTs most likely
follow a single displacement mechanism, wherein
the acceptor induces a nucleophilic attack at carbon
C-1 of the sugar donor somewhat analogous to the
mechanism of inverting glycosidases. Retaining GTs
do not operate via a two-step mechanism involving
the formation of a glycosyl-enzyme intermediate
analogous to glycosidases. Instead, an internal return
SNi-like mechanism has been proposed, in which the
departure of the leaving group and nucleophilic attack
occur in a concerted, but asynchronous manner on the
same face of the glycoside.

activities of transporter proteins on the sinusoidal
plasma membrane of the hepatocytes. Fatty acid
translocase is a transporter protein, and is heavily
modified post-translationally by N-linked glycosylation.
The 10 putative glycosylation sites located in the large
[72]
extracellular loop of the protein have been identified .

ChREBP

ChREBP is involved in the transcriptional activation
of genes encoding the aforementioned rate-limiting
enzymes in lipogenesis, and has been associated with
[73]
[74]
increased DNL in NAFLD . Guinez et al
reported
that ChREBP interacts with O-GlcNAcylation transferase
and is subjected to O-GlcNAcylation in liver cells which
in turn stabilizes it and enhances its transcriptional
activity toward its target glycolytic and lipogenic genes
when combined with an active glucose flux in vivo.

Fas

Hepatocyte apoptosis is the most common and wellcharacterized cell death pathway. Hepatic apoptosis is
[75]
also confirmed to be a pathologic hallmark of NASH .
[76]
Alkhouri et al
reported that there was an increased
sensitivity to Fas-mediated hepatocyte apoptosis in a
dietary model of NAFLD, when mice were fed a highfat diet. In addition, liver tissue samples from NASH
patients displayed high expression of Fas protein,
suggesting that it plays a role in the development of
NASH. Fas is a glycosylated protein, and undergoes
glycosylation in its extracellular domain during
[77,78]
NASH
.

GLYCOSYLATION OF MOLECULES
INVOLVED IN THE PATHOGENESIS OF
NAFLD
Glycosylation is one of the most common posttranslational modifications of proteins in eukaryotic
[64,65]
cells
. Recent studies have indicated that numerous
protein molecules undergoing glycosylation are
involved in the pathogenesis of NAFLD.

Adiponectin

Adiponectin is an insulin-sensitizing adipocytokine
that has multiple beneficial effects in obesity-related
[79]
NAFLD . The collagenous region of adiponectin,
produced in vitro, contains four conserved lysines
that are both hydroxylated and glycosylated with a
[80]
glucosylgalactosyl moiety . In addition, bovine and
mouse plasma adiponectin contains sialic acid, possibly
[81]
on O-linked glycans .

Apolipoprotein B

The major function of VLDL is to transport endogenous
TGs from the hepatocytes to the extrahepatic tissue.
Apolipoprotein B (ApoB)-100, a large secretory
glycoprotein with 4536 amino acid residues, is an
[66]
important component of VLDL . It has 19 potential
glycosylation sites (Asn-X-Ser/Thr), and 16 of them
[67,68]
have been reported to be glycosylated
. Ihara et
[69]
al
reported that N-acetylglucosaminyltransferase Ⅲ
(GnT-Ⅲ) is linked to the glycosylation of ApoB-100 in
hepatocytes. Chylomicrons transport TGs from the gut
to the periphery via intestinal lymph and the systemic
circulation. ApoB-48 is a truncated segment of
ApoB-100 and is homologous to the initial 2151 amino
acids of ApoB-100. Studies have also confirmed that
[70,71]
ApoB-48 can be modified by glycosylation
.

EFFECT AND MECHANISM OF GTs ON
THE DEVELOPMENT OF NAFLD
In recent years, a number of studies have demonstrated
the role of some GTs in the development of NAFLD and
their different mechanisms of action.

GnT-Ⅲ

GnT-Ⅲ is a key enzyme in N-glycan biosynthesis,
[82]
encoded by the Mgat3 gene , and is a mammalian
Golgi-resident GT. It catalyzes the attachment of the
bisecting GlcNAc residue to β-1, 4 mannose in the
[83]
core structure of N-linked oligosaccharides . Bisected
N-glycans are involved in physiological and pathological
processes through the functional regulation of their

Fatty acid translocase

Fatty acid uptake into the liver contributes to the
steady balance of hepatic TGs in the liver, as well
as the pathogenesis of NAFLD. The cellular capacity
for fatty acid uptake depends on the numbers and
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carrier proteins
. Human GnT-Ⅱ contains 531
amino acids and possesses a domain structure identical
[86]
to GTs . The structure includes a short N-terminal
cytoplasmic tail, a transmembrane region of 16-20
amino acids (as predicted by hydropathy plots), a stem
region (or neck region), and a long C-terminal catalytic
[87]
[69]
domain . Ihara et al
found that the livers of GnTⅢ transgenic mice contained abundant lipid droplets
accompanied by ballooning degeneration. Although the
levels of immunoreactive ApoB were increased, the
ApoB-100 was specifically decreased to undetectable
levels in the serum of these transgenic mice. These
results strongly suggest that aberrant glycosylation of
ApoB activated by GnT-Ⅲ inhibits the ApoB assembly
itself and further blocks the synthesis and secretion of
VLDL, which in turn leads to an accumulation of TGs
within the liver.
[84,85]

embryonic and postnatal development by regulating
podoplanin expression. The abnormal O-glycosylation
of endothelial podoplanin is sufficient for the
formation of hybrid vessels and blood/lymphatic
vessel misconnections. Therefore, the impairment of
podoplanin expression/function by specific deletion of
T-synthase may contribute to the aberrant connections
between intestinal blood and lymphatic vessels.

α1, 6-fucosyltransferase

α1, 6-fucosyltransferase (FUT8) catalyzes the
transfer of a fucosyl residue from guanine nucleotide
diphosphate-β-l-fucose to the innermost GlcNAc of
[95]
an asparagine-linked oligosaccharide . It plays an
important role in the tumorigenesis of non-small
[96,97]
cell lung cancer and colon carcinoma
. Human
Fut8 gene is located on chromosome 14q23.3, and
consists of at least nine exons spanning more than
a 50 kb genomic region, and the coding sequence
[98,99]
is divided into eight exons
. FUT8 is a typical
type Ⅱ membrane protein localized in the Golgi
[100]
apparatus
. It consists of 575 amino acids, and
contains a catalytic domain, an N-terminal coiled-coil
domain and a C-terminal SH3 domain. The catalytic
domain was structurally classified as a member of the
[101]
GT-B group of GTs. Wang et al
reported that lipid
droplets in hepatocytes were significantly increased
in the liver of FUT8 transgenic mice, and these
lipid droplets were apparently localized within the
lysosomes. Furthermore, the study showed that liver
lysosomal acid lipase (LAL) activity was significantly
lower in these transgenic mice compared to wild-type
mice, and the level of fucosylated LAL was greater in
transgenic mice. These results suggested that aberrant
fucosylation of LAL causes an accumulation of inactive
LAL in the lysosomes, and results in steatosis in the
lysosomes of the liver in the case of FUT8 transgenic
mice.

T-synthase

T-synthase is the key β3-galactosyltransferase
essential for the biosynthesis of core 1 O-glycans
(Galβ1-3GalNAcα1-Ser/Thr) in the glycoproteins of
[88]
animal cells . It was initially purified from rat liver
and subsequently cloned into the cDNA, and the
genes for T-synthase were successfully identified
from Caenorhabditis elegans, mouse, rat and human.
The cDNA for T-synthase in mammals encodes a
363-amino acid transmembrane protein with type Ⅱ
[89]
topology . A decrease in the expression of T-synthase
alters O-glycan elongation and results in the
production of abnormal and truncated carbohydrate
structures, eventually leading to exposure of the Tn
[90]
antigen . This has been shown to be associated
with several human diseases, including cancer, Tn
[91]
syndrome and IgA nephropathy . A recent study
showed that T-synthase knockout in endothelial and
-/hematopoietic cells (EHC T-syn ) of pups, resulted
in the development of fatty liver disease in mice.
[92]
Fu et al
reported that immediately after the pups
began nursing on milk, the liver of postnatal 1 wk EHC
-/T-syn mice displayed an abnormal accumulation of
vacuoles containing TGs, resembling microvesicular
steatosis in human steatohepatitis. At postnatal 7
-/wk, the livers of EHC T-syn mice, had extensive
steatosis, inflammatory infiltrates, and hepatocyte
-/ballooning. EHC T-syn mice that survived beyond
neonatal development displayed cirrhosis. EHC
-/T-syn adult mice were not obese. The lymphatic
system is essential for the transport of immune cells,
[93]
interstitial fluids, and dietary lipids . Dietary lipids are
transported in the form of chylomicrons from the small
intestine to the systemic circulation via the intestinal
[94]
-/lymphatic vessels and thoracic duct . In EHC T-syn
mice, due to aberrant intestinal vein and lymphatic
connections, chylomicrons are directly transported
to the liver via the portal vein system, which causes
fatty liver disease. Endothelial O-glycans control the
separation of blood and lymphatic vessels during
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Glycosyltransferase 8 domain containing 2

As a member of the glycosyltransferase 8 family,
the human glycosyltransferase 8 domain containing
2 (Glt8D2) is a 349 amino acid single-pass type
Ⅱ membrane protein encoded by a gene located
on chromosome 12q23.3. The first six amino acid
residues extend to the cytoplasm, residues 7-24
constitute the transmembrane domain and residues
[102]
25-349 are in the luminal compartments . Moylan et
[103]
al
reported that the GLT8D2 gene is up-regulated in
patients with severe NAFLD. Recently, we have cloned
the GLT8D2 gene and found that GLT8D2 expression
increased in fatty liver compared with normal liver in
rats. Our in vitro study found that GLT8D2 expression
increased in steatosis HepG2 cells compared with
normal cells. In addition, further study showed that
plasmid transfection of GLT8D2 increased the TG
content, up-regulated ApoB-100 protein, but downregulated microsomal triglyceride transfer protein
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(MTP) in HepG2 cells. MTP has both apoB 100 binding
[104]
and lipid transfer domains
, and is an essential
factor for VLDL assembly and secretion. As a result,
we speculate that the inhibition of MTP expression by
GLT8D2 may be the major mechanism resulting in
accumulation of TG in HepG2 cells.

Therefore, UGT abnormalities may also play an
important role in the pathogenesis of NAFLD.

CONCLUSION
NAFLD is the most highly prevalent chronic liver
disease, and its detailed mechanism remains
unclear. TGs, which play an important role in many
fundamental biological processes, are also confirmed
to affect the development of NAFLD and play an
important role in its pathogenesis. In addition, some
molecules related to the pathogenesis of NAFLD are
glycosylated and are modified by some GTs. However,
many questions related to protein glycosylation and
its role in the development of NAFLD have yet to be
clarified. The precise mechanism of hepatic steatotic
injury involving protein glycosylation and consequent
NAFLD require further detailed investigation.

UDP-glucuronosyltransferases

UDP-glucuronosyltransferases (UGTs) are glycoproteins
localized in the ER which catalyze the conjugation of
a wide variety of lipophilic aglycon substrates with
glucuronic acid using UDP-glucuronic acid as the sugar
[105]
donor
. The human UGTs are membrane proteins
with approximately 530 amino acids, of which the first
25 residues of the signal sequence are removed after
the transfer of newly synthesized polypeptides to the
ER. A single transmembrane helix is predicted close
to the C terminus of the protein, and the membrane
topology is such that the bulk of the protein is on the
[106]
luminal side of the ER membrane . The mammalian
UGT gene superfamily currently has 117 members.
On the basis of amino acid sequence similarity, the
UGT superfamily is divided into four families, UGT1,
[107]
UGT2, UGT3 and UGT8
, and further subdivided
into different subfamilies, respectively. It is wellknown that UGTs are highly expressed in the liver,
and induced by microsomal enzyme treatment
through nuclear receptor- and transcription factor[108,109]
dependent mechanisms
. In recent years, it
was found that the UGT expression is abnormal in
[110]
the liver of NAFLD subjects. Xu et al
reported
that the mRNA expression of some of the UGT
isoforms was increased in steatotic liver of ob/ob
mice, and this was accompanied by increased mRNA
expression of the arylhydrocarbon receptor, constitutive
androstane receptor, peroxisome proliferator-activated
receptor-α, pregnane X receptor, nuclear factor-like
2, and peroxisome proliferator-activated receptor-γ
[111]
coactivator-1α. Zhang et al
also confirmed that
fatty liver in rats on a high-fat diet showed increased
mRNA and protein expression of UGT, and it was
further enhanced by the addition of valproic acid. The
induction of UGTs was accompanied by the increased
expression of constitutive androstane receptor
and peroxisome proliferator-activated receptor α.
[112]
However, Hardwick et al
found that the expression
of different UGT isoforms in the liver appears to be
differentially regulated in human NASH. Hence, the
role of UGT expression in NAFLD remains unclear.
In addition, UGT also has a role in glucuronidation,
which is a major detoxification pathway for exogenous
compounds and is becoming increasingly important for
[113]
metabolizing approximately 40%-70% of drugs
.
Numerous xenobiotics, including acetaminophen,
morphine, propofol, chloramphenicol, and nonsteroidal
anti-inflammatory drugs, as well as environmental
[114]
compounds, are glucuronidated by UGT
. Thus, it
is possible that a UGT abnormality may exacerbate
the side effects of the above drugs in NAFLD patients.
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MINIREVIEWS

Hepatocellular carcinoma and non-alcoholic steatohepatitis:
The state of play
Bérénice Charrez, Liang Qiao, Lionel Hebbard

Abstract

Bérénice Charrez, Lionel Hebbard, Department of Molecular
and Cell Biology, James Cook University, Townsville, QLD
4811, Australia

Hepatocellular carcinoma (HCC) is now the fifth cancer
of greatest frequency and the second leading cause of
cancer related deaths worldwide. Chief amongst the
risks of HCC are hepatitis B and C infection, aflatoxin
B1 ingestion, alcoholism and obesity. The latter can
promote non-alcoholic fatty liver disease (NAFLD),
that can lead to the inflammatory form non-alcoholic
steatohepatitis (NASH), and can in turn promote HCC.
The mechanisms by which NASH promotes HCC are
only beginning to be characterized. Here in this review,
we give a summary of the recent findings that describe
and associate NAFLD and NASH with the subsequent
HCC progression. We will focus our discussion on
clinical and genomic associations that describe new
risks for NAFLD and NASH promoted HCC. In addition,
we will consider novel murine models that clarify some
of the mechanisms that drive NASH HCC formation.
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Core tip: Non-alcoholic steatohepatitis (NASH) is a
metabolic inflammatory disease that can advance to liver
cancer. Clinical studies have suggested links between
non-alcoholic fatty liver disease, NASH and progression
to hepatocellular carcinoma (HCC). Herein, we discuss
genomic screens that have illustrated new candidate
genes as markers for increased HCC risk. In addition,
we present the latest murine models concerning cellular
stress and inflammation, which have now been shown
to have a role in promoting liver tumor growth.
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compared to alcoholic liver disease (ALD) 45% and
HCV 14%. Importantly, NASH-HCC patients are less
likely to undergo liver transplantation and to survive
for 90 d on the waitlist than patients with HCV, ALD, or
HCV and ALD.
Reports concerning United States Veterans revealed
[7]
differing trends. In Beste et al , they studied the
burden of cirrhosis and HCC from United States
Veterans for the period 2001-2013. They found during
this period the incidence of HCC increased from 17 per
100000 in 2002 to 45 per 100000 in 2012, a rise of
265%, and within this group the increases were largely
[8]
driven by HCV-related .

INTRODUCTION
Liver cancer is now the fifth cancer of greatest
incidence and second leading cause of cancer related
[1]
deaths worldwide . The major risk factors are hepatitis
B (HBV) and hepatitis C (HCV) that promote fibrosis
and cirrhosis and ultimately hepatocellular carcinoma
(HCC). However, in the last 20 years the rising rates of
obesity have led to the development of the metabolic
syndrome and in turn non-alcoholic fatty liver disease
(NAFLD) and the progressed and inflammatory form
non-alcoholic steatohepatitis (NASH). Experimental and
population studies have shown links between NAFLD/
NASH and HCC formation. However the mechanisms
by which NASH transitions to HCC are only beginning
to be elucidated. NASH has histological features similar
to alcoholic hepatitis, with prominent fatty deposition
and fat storage in the liver parenchymal cells, that
[2,3]
can promote inflammation and necrosis . The initial
theory for the pathogenesis of NASH was known as
[4]
the “two-hit hypothesis” . Here it was suggested
that hepatic triglyceride accumulation or steatosis,
increased the susceptibility of the liver to the “second
injury hit” of changes in inflammatory cytokines and/
or adipokines, mitochrondrial dysfunction and elevated
oxidative stress, that together promote steatohepatitis
and fibrosis. Although still relevant it is now clear
that additional factors including genetic disposition,
endoplasmic stress, and altered inflammation can
contribute to the generation of NASH and HCC. Thus,
within this review we give an update of the relevant
concepts that have been published in the last 12 mo.

GENETIC MARKERS OF NASH HCC
As illustrated above HCC is detected later in NASHHCC patients and treated less effectively. Thus, there is
an emphasis within the field to find new predictors of
HCC and HCC risk in individuals with NASH. Evidence
supports the concept that genetic factors are involved
in the predisposition to NAFLD and NASH, and given
that up to 25% of NASH can progress to HCC, the
identification of these factors could lead to better
[9]
patient outcomes .
Genome wide association studies and candidate
gene studies have imparted greatly on our knowledge
of the role of genetics in NAFLD/NASH pathogenesis.
One of the most studied candidates to date is a singlenucleotide polymorphism (SNP) variant of the gene
encoding the enzyme patatin-like phospholipase
domain containing protein 3 rs738409 [PNPLA3;
missense mutation resulting in an isoleucine to
methionine substitution at residue 148 (I148M)]
that has been shown to be associated with NAFLD
[10,11]
pathogenesis across different patient cohorts
.
Critically, in mechanistic studies the overexpression of
PNPLA3‑I148M in cells and mice promoted triglyceride
[12]
accumulation through the disruption of hydrolysis .
In agreement, the ablation of the PNPLA3 gene in mice
resulted in reduced hepatic steatosis and triglyceride
[13]
content . Separately as well, this SNP has been
strongly associated with clinically important factors,
which include the strength of liver fibrosis and cirrhosis
as well as the risk of developing NAFLD/NASH-related
[14-17]
[16]
HCC
. Of special interest is the work of Liu et al ,
who showed that the carriage of each copy of the
rs738409 (G) allele promoted an additive risk of HCC,
where GG homozygouts have a 5-fold greater risk
than CC. The link with HCC has been further enforced
by a recent Japanese study where the authors showed
that SNP rs738409 located in PNPLA3 was the highest
risk factor in their patient cohort. Further stratification
of their group showed that the PNPLA3 G allele was
significantly higher amongst HCC patients with type
2 diabetes mellitus. From this group they found a
significant association between the PNPLA3 G allele
and the gene for the Juxtaposed with another Zinc
Finger Protein 1 (JAZF1) rs864745 G allele. JAZF1

NASH AND ITS RELATIONSHIP TO
HUMAN HCC RISK
The rates of obesity and the metabolic syndrome are
increasing worldwide, therefore clinical studies have
been undertaken to examine for links with NASH
and HCC. Indeed, in two separate studies completed
[5,6]
by Wong et al
, have shown that NASH is the
most rapid growing risk for liver transplantation in
patients with HCC. In the first study they considered
61868 patients over the period 2002-2012 and found
that the proportion of HCV-related HCC increases
from 43.4% to 49.9%, whereas NASH-related HCC
increased from 8.3% to 13.5%, an increase of near
63%. Furthermore, they found that the number of
NASH-HCC patients undergoing liver transplantation
increased nearly 4-fold during this period. In their
second and following study, they analysed the number
of adults awaiting liver transplantation and found
that new registrants with NASH increased by 270%,
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functions as a transcriptional repressor and has been
associated with the increased risk of prostate cancer
[18]
and diabetes . Importantly, a recent study has shown
that JAZF1 overexpression in mice suppressed lipid
accumulation and decreased droplet size, suggesting
that JAZF1 plays a critical role in the regulation of lipid
homeostasis and possibly in the prevention of NAFLD
[19]
and NASH, and thus progression to HCC . Taken
together these data suggest strong links between SNP
rs738409 and increased HCC risk, but the mechanism
through which this SNP can promote HCC risk remains
open and will require the development of genetic
murine models.
In 2014 two separate studies identified a new
rs58542926 C>T genetic variant of the transmembrane
6 superfamily member 2 gene (TM6SF2), which
encoded a loss-function substitution of lysine (E)
[20,21]
to glutamic acid (K) at position 167 (E167K)
.
These studies showed that the TM6SF2 variant
E167K was associated with greater serum levels of
alanine transaminase, liver injury, and lower levels
of low-density lipoprotein-cholesterol (LDL-C),
triglycerides and alkaline phosphatase in patients with
NAFLD/NASH. Additionally, both papers illustrated
mechanistically that Tm6sf2 regulates lipogenesis,
while the treatment of mice with adeno-associated
virus-mediated short hairpin mRNA reduced plasma
cholesterol and triglyceride levels (VLDL). Also, it was
alternatively shown that the overexpression of TM6SF2
in mice increased fasting cholesterol. In subsequent
independent studies it was illustrated that the
inhibition of TM6SF2 in cellular models was associated
with reduced secretion of triglyceride rich lipoproteins
and increased triglyceride cellular concentration.
Conversely TM6SF2 overexpression decreased cellular
triglyceride concentration and decreased the number
[22]
and size of intracellular lipid droplets .
A recent independent study found that TM6SF2
rs5842926 could be associated with the severity of
NAFLD related fibrosis, and this was independent of
the potentially cofounding factors that include gender,
age, body mass index (BMI), type 2 diabetes and
[23]
the PNPLA3 rs738409 genotype . Given that NASH
and fibrosis are risk factors for HCC the authors then
extended their analyses to determine the contribution
of TM6SF2 rs5842926 to HCC risk. Here they found in
univariate analyses that TM6SF2 was associated with
increased risk of progression to NASH-HCC. However,
this link was not maintained when the cofounding
factors age, type 2 diabetes and the presence of
underlying cirrhosis was incorporated into their model.
Despite these interesting findings, separate
studies have suggested that TM6SF2 rs5842926 may
in fact represent a special type of NAFLD. Zhou et
[24]
al
examined how TM6SF2 rs5842926 influenced
the circulating triacylglycerol lipid signatures and
hepatic or adipose insulin sensitivity in patients.
They compared the liver fat and circulating fat levels
between TM6SF2 rs5842926 carriers and non-carriers,
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and found that the liver fat content was 34% higher
in the carriers than the non-carrier group. However,
in further investigations the increases in hepatic fat
content did not coincide with a decrease in whole body
or hepatic or adipose insulin sensitivity. It was in fact
associated with reductions in the circulating total levels
of triacylglycerol lipids when compared to non-carriers.
This led the authors to suggest that the TM6SF2
variant represents a metabolically silent variant of
NAFLD, as the allele is clearly not associated with
hypertriglyceridemia that is typically associated with
[25]
NAFLD patients . Interestingly, these observations
also suggest that as TM6SF2 rs5842926 carriers have
reduced levels of circulating lipids, they could also
have a reduced risk of cardiovascular disease. In this
[26]
light, the publication of Dongiovanni et al , showed
that TM6SF2 rs5842926 carriers had lower serum lipid
levels, more-severe steatosis, necroinflammation,
ballooning and fibrosis, but were in fact protected
from cardiovascular disease. Taken together these
data suggest that carriers have greater prevalence for
NAFLD related liver disease. Whether these patients
go on and develop a higher risk of NASH HCC will
need to be determined from larger patients data
sets. In comparison, those that have the normal
allele of TM6SF2 have a reduced risk of NAFLD and
increased risk of cardiovascular disease. Despite these
indifferent data, studies now need to be performed to
evaluate whether TM6SF2 rs5842926 carriers have
associations with other SNPs that can then potentiate
the characteristic metabolic phenotype observed in
NAFLD and NASH patients. The combination of these
additional factors may be a harbinger for increased
HCC risk.

BIOMARKERS OF NASH HCC
Given the interest in disregulated lipogenesis in
predicting NASH, research has turned to analyzing the
proteomic and lipid signature of lipid metabolism in
NASH-HCC animal models and patients. An interesting
study considered the change of these factors in the
hepatocyte-specific PTEN (phosphate and tensin
homolog deleted from chromosome 10)-deficient
mouse model, which generates spontaneous NASH
[27]
and HCC
and the relationship to human NASHHCC. They identified a HCC signature where there
was upregulated specific lipids within the liver and
[27]
plasma (see within
for more detail), and a NASH
signature of upregulated hepatic C18 fatty acid
producing elongase (ELOVL6; is responsible for the
elongation of C16 fatty acids) that was associated
with elevated oleic, adrenic, and osbond acids, and
reduced cervonic acid in the liver and plasma and with
[28]
tumor burden. However in response, Kessler et al
found reduced ELOVL6 gene expression in a majority
of human liver tumours in a separate human cohort
when compared to non-tumour tissue. They also saw
reduced expression of ELOVL6 gene expression in the
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diethylnitrosamine (DEN) HCC model. Nonetheless,
the same group then went and extended their
observations to the methionine and choline deficient
diet model of NASH, and an elevated C18/C16 fatty
acid ratio was found. They further focused their
experiments to human NASH and NASH-HCC patients
and there they observed that the gene expression of
[29]
ELOVL6 was significantly elevated . Taken together
these data suggest that lipidomic analyses may be a
useful way to identify NASH patients who may have a
higher HCC risk.
Other markers have also been considered for
NAFLD/NASH. A Chinese group found that the serum
levels of cytokeratin-18 M30 fragment (Ck-18-M30; a
marker of hepatocyte apoptosis) fibroblast-21 (FGF-21;
related to decreasing blood glucose, lipid and insulin
levels, reversing hepatic steatosis and bettering insulin
sensitivity), interleukin 1 receptor antagonist (IL-1Ra;
reduces liver inflammation) and pigment epitheliumderived factor (PEDF; an independent risk factor of
fatty liver disease) increased in NAFLD patients, while
the serum levels of osteoprotegerin [a decoy receptor
for the receptor activator of nuclear factor kappa B
[30]
ligand (RANKL)] decreased .

removed the gene Trim24 (tripartite motif-containing
[33]
24) from all tissues or only from the liver of mice .
Trim24 gene mediates transcriptional control by
interacting with the activation function 2 region
of varied nuclear receptors, such as the estrogen,
retinoic acid, and vitamin D3 receptors and is thought
to associate with chromatin and heterochromatinassociated factors. Here the authors found that the
global loss of Trim24 protein decreased the expression
of genes involved in oxidation and reduction, steroid,
fatty acid and lipid metabolism and increased the
gene expression of genes regulating the unfolded
protein response, endoplasmic reticulum stress and
cell cycle pathways. Both the total knock-out and liver
specific knock-out mice spontaneously developed
liver lipid filled lesions, steatosis, injury, fibrosis and
HCC. In contrast in humans elevated histopathological
expression of Trim24 protein has been associated
[34]
with multiple cancers, including HCC . Nevertheless,
follow-up studies considering the relative gene
expression of Trim24 in human HCC and NASH-HCC
have not yet been published. Thus Trim24’s association
with human HCC remains open.

New mechanisms

Continuing with same theme of gene regulation,
new evidence has suggested that over-nutrition and
metabolic pathways can promote the dysregulation
of chromatin modifiers and histone post-translational
modifications to generate abnormal transcriptional
activity. Through quantitative expression profiling of
115 chromatin regulators from dietary and genetic
obesity-promoted HCC, the histone deacetylase 8
[35]
(HDAC8) was found to be significantly upregulated .
Promoter analyses revealed the HDAC8 promoter to
have binding sites for the sterol regulatory elementbinding protein-1 (SREBP-1), a master regulator of
lipogenesis, and both HDAC8 and SREBP-1 were
upregulated in the livers of mice fed a high fructose
high carbohydrate diet. Further work revealed that
HDAC8 promoted insulin resistance and tumour
growth in vivo. Mechanistically, it was found that
HDAC8 promoted tumour growth through the
activation of β-catenin signaling and the repression
of Wnt antagonists, and was associated with primary
human NAFLD-associated HCC. Taken together these
data suggest that targeting cancer-specific critical
chromatin regulators with small molecular inhibitors
may aid in treating obesity related HCC.

MOLECULAR MOUSE MODELS
Given these findings and the numerous mechanisms
that have been proposed to promote NASH-HCC a
number of interesting and seminal studies have been
published in the last 12 mo outlining new models and
explanations of NASH HCC biology.

New models

One of the major hypotheses of the field is that
HCC develops from NASH through obesity, insulin
resistance, the increased release of inflammatory
[31]
factors and autophagy . However, there is no
standard mouse model that addresses some of these
[32]
changes. Recently, De Minicis et al , published a new
murine model of NASH HCC development that was
associated with peripheral insulin resistance. Here
they treated mice with combinations of a cholinedeficient L-amino-acid-defined-diet (CDAA) and a low
dose of carbon tetrachloride (CCl4) and observed that
after one month the mice developed peripheral insulin
resistance and at 3 mo extensive steatosis in CDAA
and CDAA + CCl4 groups. At 6 mo both groups had
increased and equal levels of fibrosis and steatosis
and HCC. However, by 9 mo all CDAA + CCl4 treated
mice had HCC, whereas only 40% of the CDAA group
had HCC. Significantly, cirrhosis was absent and there
was decreased gene expression of PTEN and positive
histology for AKT, c-Myc and glypican-3, similar to that
seen in human NASH HCC, suggesting that this model
may be valuable for examining the role of potential
gene candidates in HCC development.
Another model that has been recently published
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Fructose

Fructose has been suggested to be a promoter of liver
cancer. Earlier studies have suggested links (see our
[36]
recent review ) but a recent report added weight to
this concept, showing in mice using the DEN model
that fructose can promote HCC. Here the authors
injected DEN and subsequently fed the mice with
various diets from 6 wk of age until completion at 32
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wk. It was found that high fat diets containing lard
or coconut oil increased tumor burden by 1.5- and
2.2-fold, respectively. Mice fed a high fructose diet had
approximately 2-fold more tumor burden than control
mice. In all diet groups, AMPK and mTORC1 activity
was detected, but no diet specific changes were noted
for sirtuin 1 and p53, suggesting that other mechanisms
[37]
are responsible for the enhanced tumor growth .

as that seen in the CHOP knock-out mouse model
[41]
where HCC is potentiated after treatment with DEN .
Here the authors found that the ablation of Gp78
induced obesity, hepatic steatosis and inflammation
in aged mice. Furthermore they observed that the
loss of Gp78 induced steatosis through SREBP-1
activation. Finally, they found that 20% of the mice
developed liver tumours, suggesting that Gp78 could
be considered as a tumour suppressor. Given these
data they decided to explore whether Gp78 could be
used as a progression marker and from a tissue array
of human HCC, they found that Gp78 expression was
significantly lower in the tumour than in normal liver
tissues. In sum these data suggest a role for Gp78 in
NASH HCC, and further studies are required to readily
associate it with human NASH HCC pathology.

Endoplasmic stress

The DEN model of HCC has been well utilized and has
been shown in conjunction with a high fat diet (HFD)
to promote low-grade liver inflammation in association
with tumor necrosis factor (TNF) and interleukin-6
(IL-6) expression. The absence of these factors in mice
further enhances HCC growth, however in wild-type
[38]
mice the progression to NASH does not occur . In an
effort to identify factors that promote the progression
[39]
to NASH, Nakagawa and colleagues studied the role
of endoplasmic stress (ER) in HCC progression. To do
this they utilized the major urinary protein-urokinase
plasminogen activator (MUP-uPA) transgenic mouse
model. This mouse overexpresses the uPA protein
that then accumulates in the hepatocyte endoplasmic
reticulum, to promote ER stress and hepatic lesions.
Compared to wild-type mice the MUP-uPA mice
when fed a HFD developed NASH-like disease that
spontaneously progressed to HCC. They observed
the upregulation of several stress ER markers in the
hepatocytes of MUP-uPA mice. These included C/EBP
homologous protein (CHOP), glucose-regulated protein
78, spliced x-box binding protein, phosphorylated
eukaryotic initiation factor 2, phosphorylated inositolrequiring enzyme 1α, and phosphorylated janus
kinase. ER stress also promoted SREBP1 expression,
to enhance lipogenesis and ultimately reactive oxygen
species production that in turn affects genomic
instability. The authors also identified that inflammation
played a role as TNF production was increased in HFDfed MUP-uPA livers and was localized to macrophages.
Subsequent breeding of the MUP-uPA mice with TNF
receptor (TNFR1)-deficient mice to generate MUP-uPA
-/TNFR1 mice, and subsequent HFD feeding reduced
HCC development as compared to MUP-uPA mice.
Finally, the treatment of MUP-uPA mice with the TNF
antagonist Etanercept (commercial name: Enbrel)
reduced tumour growth by 2-fold, suggesting that the
application of such a therapy may be useful for NASH
and NASH-HCC patients.
In a separate report the role of Gp78, an E3
Ubiquitin Ligase has been examined in NASH and liver
[40]
cancer . Gp78 regulates endoplasmic reticulumassociated degradation by ubiquitinating misfolded ER
proteins. Normally, misfolded proteins are exported
from the ER to the cytosol where they are degraded by
the ubiquitin-proteasome machinery, of which Gp78 is
a part. If the unfolded protein response is delayed or
insufficient there may be pathological outcomes such
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Inflammation

A major feature in the transition from NAFLD to NASH
is the appearance of hepatic inflammation. A factor
that is known to exacerbate NAFLD and NASH is
choline deficiency. In humans, low levels of choline
intake are associated with reduced hepatic lipoprotein
secretion, mitochondrial dysfunction and thus oxidative
damage, and ER stress. Given that the injection of
mice with DEN combined with HFD promoted more
HCC and increased hepatic inflammation, a study was
instigated where mice were given a choline deficient
[42]
diet in combination with a HFD diet (CD-HFD) . It
was found that these mice attained features of the
metabolic syndrome, hepatic damage and NASH, and
the hepatic infiltration and activation of immune cells.
+
Most notably there were increased numbers of CD8
T cells and natural killer T cells (NKT), similar to that
seen in NASH patients. Through a series of elegant
mouse experiments the authors showed that NKT cells
mediate hepatic lipid uptake through the secretion of
LIGHT (lymphotoxin-like, exhibits inducible expression,
and competes with HSC glycoprotein D 9(gD) for
HVEM, a receptor expressed by T lymphocytes) and
subsequent activation of the lymphotoxin-β receptor
on hepatocytes. Importantly, they showed that the
+
CD8 T cells and NKT cells regulate the formation of
NASH and NASH induced HCC in mice, and that the
+
elevated expression of LIGHT, CD8 T cells and NKT
was associated with steatosis related human liver
diseases. In this light, the data suggest that a therapy
+
targeting the reduction of CD8 T cells and/or NKT
in NASH patients has the potential to reduce disease
progression, minimize hepatic damage and ultimately
NASH HCC.

New concepts

Normally, hepatocytes have the ability to increase
the number of chromosome sets, a process called
polyploidization, to result in an increase in the number
of nuclei per cell, being diploid (binuclear), tetratploid
(4 nuclei) and octoploid (8 nuclei). This phenomenon
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is not completely understood, but has also been shown
to be associated with genomic stress and pathologies
[43,44]
like cancer
. Apart from promoting ER stress,
NAFLD and NASH can promote oxidative stress and
this is believed to be in part through cytochrome
P450 2E1 (CYP2E1) as it metabolises C10-C20 fatty
[45]
acids, that in turn generates ROS . In a recent
report it was shown that oxidative stress can promote
pathologic polyploidization in murine models of NASH
[46]
and patients samples , and was associated with
the activation of a G2/M DNA damage checkpoint.
Interestingly, they treated leptin deficient mice with an
antioxidant in vivo and the extent of oxidative stress
and polyploidy was greatly reduced. Taken together
these data suggest that polyploidy may be one of the
early events of NAFLD and could contribute to the
progression to NASH.

example, a phase 3 study showed that Everolimus
increased the incidence of hepatic injury and did not
[54-57]
extend survival in patients with advanced HCC
.
To examine for reasons why mTORC1 inhibition is
[58]
not suitable in patients, Umemura et al
treated
mice with rapamycin and generated mice with the
hepatocyte specific deletion of the mTORC1 subunit
raptor. They found that rapamycin treatment increased
hepatocyte cell death, IL-6 expression and signal
transducer and activator of transcription 3 activation,
and reduced SREBP1 and IL-10 expression, and in
sum increased hepatic inflammation. Similarly, the loss
of Raptor in the hepatocytes promoted cell hepatocyte
cell death and inflammation, and significantly after
the injection of DEN, enhanced obesity-promoted
hepatocarcinogenesis. Further, they found in these
mice, that Raptor deficiency promotes liver fibrosis
and does not improve metabolic parameters in obese
mice. Given these data and the clinical trial data, single
mTOR inhibition approaches are not useful for treating
HCC and NASH HCC. However, it is likely that due to
feedback mechanisms that AKT activation caused by
mTOR inhibition can be a culprit of these phenotypes.
Moreover, it remains to be determined whether a more
targeted or a combinatorial approach could be useful
to treat NASH HCC.
Finally, given that NASH HCC is related to overnutrition an obvious therapeutic approach would be to
increase energy utilisation. Here hepatocyte specific
PTEN-deficient mice that spontaneously develop
steatohepatitis and HCC were divided into sedentary
[59]
or exercise groups . After 32 wk of regular exercise,
71% of the exercised groups developed tumor nodules
3
greater than 15 mm , whereas 100% of the sedentary
group developed tumors of this size. Significantly, the
number of tumours and tumour volume was reduced
in the exercise group. There was no change in hepatic
steatosis in the exercise group, tumor cell proliferation
decreased and the phosphorylation of AMPK and raptor
increased. Taken together, these data suggest that
exercise can reduce HCC development and load in a
mouse model, and suggest that patients who have a
higher risk for NASH HCC, could increase their physical
activity to prevent HCC development.

Potential therapeutics

Currently only one pharmacological agent the multikinase inhibitor Sorafenib, prolongs the survival of
patients with HCC. Nonetheless, median survival is only
improved by a paltry 12 wk, emphasizing an urgent
[47,48]
need to develop new and improved therapies
.
A factor that has been shown to contribute to NASH
pathogenesis is excess free cholesterol. Given that
statins are readily prescribed to reduce cholesterol
synthesis and thus serum levels, a recent study has
[49]
collated statin use and NASH risk . Here the authors
examined the relationship between statin use, genetic
risk factors and hepatic damage of 1201 European
patients. Statin use was noted in 107 patients, and
it was found that these patients were protected from
steatosis, NASH and fibrosis stage F2-F4. Significantly,
in statin treated patients, steatosis was reduced by
48%-91% and NASH decreased by 36%-76% and
significant fibrosis was nearly halved. Nevertheless,
with regards to genetic predisposition, the presence of
the I148M PNPLA3 allele blunted the effect of statins.
Taken together, the use of statins is beneficial in NASH
patients without the I148M PNPLA3 allele and will thus
likely reduce NASH HCC risk.
The mammalian target of rapamycin (mTOR)
has been identified to promote growth in a majority
[50]
of liver cancers . mTOR consists of two distinct
complexes, mTORC1 and mTORC2, and mTORC1 is
sensitive to rapamycin and activates down-stream
targets to regulate cellular growth and metabolism
[51]
that is activated by nutrients and growth factors .
Moreover, studies have shown that chronic mTORC1
activation is associated with obesity, hepatosteatosis
[52]
and insulin resistance . Likewise mTOR has been
shown to play a key role in liver cancer growth, and
agents such as rapamycin and its analogs Everolimus
and Temsirolimus, which suppress mTORC1 have
[53]
been trialed to treat HCC . However, the results
to date using rapalogs as a single-agent cancer
agent in human HCC have not been encouraging. By

WJG|www.wjgnet.com

CONCLUSION
Taken together here we have reflected on the
strength of clinical data and genetic mutations found
in patients that illustrate the connection between
NAFLD and NASH, and increased liver cancer risk.
Significantly, in the last 12 mo studies have come
together to suggest that TM6SF2 rs5842926 carriers
have a silent phenotype. It will be interesting to see
if other mutations are associated with these carriers
to promote progression towards HCC. Significantly,
at the molecular level, cellular and murine models
have shown the importance of gene modifications,
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cellular stress and inflammation in driving the HCC
progression. It remains open whether therapeutics can
be developed with limited off target effects to limit HCC
growth. In this light, for many years it was assumed
that limiting the activity of the mTOR pathway would
be a strategy to treat liver cancer. Clinical trials
targeting mTOR in HCC have been disappointing.
Moreover, studies presented here now show that
targeting mTOR can promote inflammation and in the
instance of genetic ablation of Raptor, increase HCC
load after DEN injection. Nevertheless, these studies
have not addressed the issues of feedback through
the mTOR pathway and thus it remains open, whether
mTOR targeted therapy in conjunction with other
therapeutics or simply a better delivery system could
be used to treat NASH HCC patients. In sum, much
is needed to be done to further our understanding of
the mechanisms in play that promote NASH HCC and
to develop new therapeutics to treat this devastating
disease.
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AIM: To examine the expression of SphK1 , an onco
genic kinase that produces sphingosine 1-phosphate
(S1P), and its correlation with the expression of
LPAR2 , a major lysophosphatidic acid (LPA) receptor
overexpressed in various cancers, in human colorectal
cancer.
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METHODS: Real-time reverse-transcription poly
merase chain reaction was used to measure the
mRNA expression of SphK1 , LPAR2 , and the three
major S1P receptors in 27 colorectal cancer samples
and corresponding normal tissue samples. We also
examined the correlation between the expression of
SphK1 and LPAR2 .
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RESULTS: Colorectal cancer tissue in 22 of 27
patients had higher levels of SphK1 mRNA than in
normal tissue. In two-thirds of the samples, SphK1
mRNA expression was more than two-fold higher than
in normal tissue. Consistent with previous reports,
LPAR2 mRNA expression in 20 of 27 colorectal cancer
tissue samples was higher compared to normal tissue
samples. Expression profiles of all three major S1P
receptors, S1PR1, S1PR2, and S1PR3, varied without
any trend, with no significant difference in expression
between cancer and normal tissues. A highly significant
positive correlation was found between SphK1 and
LPAR2 expression [Pearson’s correlation coefficient (r)
= 0.784 and P < 0.01]. The mRNA levels of SphK1 and
LPAR2 did not correlate with TNM stage.
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[4-6]

CONCLUSION: Our findings suggest that S1P and
LPA may play important roles in the development of
colorectal cancer via the upregulation of SphK1 and
LPAR2, both of which could serve as new therapeutic
targets in the treatment of colorectal cancer.

angiogenesis, and metastatic potential
. Several
lines of evidence support the importance of these
lysolipids in colon cancer, one of the most common
[4,7,8]
causes of cancer-related deaths worldwide
.
Colorectal cancer with ulcers is often associated
with local bleeding, subjecting cancer cells to high
concentrations of platelet-derived mediators. These
mediators include S1P and LPA, which induce various
important biological responses. For example, both S1P
and LPA can transactivate epidermal growth factor
receptor (EGFR), c-Met, and ErbB-2, all three of which
are prognostic markers of gastrointestinal cancers that
[9,10]
correlate with poor clinical outcomes
.
Sphingosine kinase 1 (SphK1) is the key kinase that
produces S1P. There is strong evidence from cellular
and animal systems that SphK1 is a major player in
oncogenesis, contributing to cell survival, proliferation,
and transformation, the prevention of apoptosis, and
[5,11,12]
the stimulation of angiogenesis
. Thus, SphK1 is
considered an oncogenic kinase. There is also evidence
from clinical samples that SphK1 is overexpressed
in many human cancers, such as breast cancer,
prostate cancer, ovarian cancer, lung cancer, and acute
[5,12]
myeloid leukemia
. Increased SphK1 expression is
associated with poor prognosis in patients with certain
cancers, such as glioblastoma, breast cancer, and
[12-14]
gastric cancer
. Human colon cancers are positive
for SphK1 by immunohistochemistry, whereas normal
[15,16]
colon mucosa is negative or stains weakly
. These
previous reports have focused on the expression of
SphK1 protein; however, little is known about the
expression of SphK1 transcripts in human colorectal
cancer.
Malignant transformation in ovarian and thyroid
cancers results in the aberrant expression of
lysophosphatidic acid receptor 2 (LPAR2) (and LPAR3
in ovarian cancer), suggesting that LPA receptor
expression shifts during malignant transformation
[17,18]
in these cancer types
. In human colorectal
cancer tissue, we previously found that LPAR2 is
[19]
overexpressed at both the mRNA and protein levels .
Thus, LPA and one of its receptors, LPAR2, appear to
play a role in tumor biology.
We recently found that LPA markedly upregulates
the expression of SphK1 and the S1P receptor, S1PR3,
in MKN1 gastric cancer cells via the LPAR1 and EGFR
[4]
transactivation . SphK1 and S1PR3 are critical for
[4]
LPA-induced chemotaxis and invasion in these cells .
These findings provide evidence for crosstalk between
LPA and S1P signaling, and reveal a key role for
SphK1 in integrating events downstream of LPA and
EGF receptors. Thus, we considered it informative to
examine the expression of not only LPAR2 mRNA,
but also SphK1 mRNA, in human colorectal cancer
tissue and to examine the correlation between the
two in order to better understand how LPA and S1P
contribute to the development of colorectal cancer.

Key words: Sphingosine kinase 1; Lysophosphatidic
acid receptor 2; Carcinogenesis; Colorectal cancer;
Sphingosine 1-phosphate
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study examining the mRNA
expression of SphK1, an oncogenic kinase that produces
sphingosine 1-phosphate (S1P), at the mRNA level and
its correlation with the expression of lysophosphatidic
acid receptor 2 (LPAR2), a major lysophosphatidic acid
(LPA) receptor overexpressed in various cancers, in
human colorectal cancer. Colorectal cancer tissue in 22
of 27 patients had higher levels of SphK1 mRNA than
in normal tissue. A highly significant positive correlation
was found between SphK1 and LPAR2 expression (r
= 0.784 and P < 0.01). Our findings suggest that S1P
and LPA may play important roles in the development
of colorectal cancer via the upregulation of SphK1 and
LPAR2.
Shida D, Inoue S, Yoshida Y, Kodaka A, Tsuji T, Tsuiji M.
Sphingosine kinase 1 is upregulated with lysophosphatidic acid
receptor 2 in human colorectal cancer. World J Gastroenterol
2016; 22(8): 2503-2511 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i8/2503.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2503

INTRODUCTION
Two simple lysophospholipids, sphingosine 1-phosphate
(S1P) and lysophosphatidic acid (LPA), are natural
bioactive mediators of diverse cellular processes. The
biological effects of these serum-borne lipids are mainly
mediated by a family of G protein-coupled receptors,
six specific for LPA and five specific for S1P, termed
[1]
LPAR1-6 and S1PR1-5, respectively . Lymphocyte
egress from both the thymus and peripheral lymphoid
[2]
organs depends on S1PR1 . FTY720 (known as
fingolimod) is a pro-drug which alters lymphocyte
trafficking via S1PR1. FTY720 itself is not bioactive,
but when phosphorylated (FTY720-P) by sphingosine
kinase, it becomes active and modulates the activity
of S1P receptors. In more than 80 countries, FTY720
has been approved and clinically used to treat multiple
sclerosis, a common autoimmune disorder affecting
[3]
the central nervous system .
Both S1P and LPA are also implicated in the etiology
of cancer due to their involvement in tumor growth,
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software was used to construct a calibration curve by
plotting the crossing point (Cp) vs the logarithm of
the number of copies for each calibrator. The number
of copies in unknown samples was calculated by
comparing their Cps with the calibration curve. To
correct for differences in both RNA quality and quantity
between samples, data were normalized using the
ratio of the target cDNA concentration to that of β-actin.

Table 1 Patient characteristics
Sex (male/female)
Age (yr)
Tumor location
Right colon
Left colon
Rectum
Histological type
Well-differentiated adenocarcinoma
Moderately-differentiated adenocarcinoma
Mucinous adenocarcinoma
Tumor size (cm)
Tumor depth (T1/T2/T3/T4a/T4b)
Stage (UICC-7th)
Ⅰ/Ⅱ/Ⅲa/Ⅲb/Ⅲc/Ⅳ

20/7
68 (range: 45-91)
7
15
5
7
19
1
5.2 ± 1.7
0/1/15/6/5

Statistical analysis

Pearson’s product-moment correlation coefficient (r)
was used to analyze the relationship between SphK1
and LPAR2 expression, using commercially available
software (Microsoft Excel, Microsoft Co., WA, United
States). Relationships between the expression of
SphK1 and each S1P receptor, as well as LPAR2 and
each S1P receptor, were also examined using Pearson’
s product-moment correlation coefficient. P < 0.01
was considered significant.

1/12/0/4/2/8

MATERIALS AND METHODS
Patients

Twenty-seven patients with colorectal cancer who
underwent surgical resection in the Department
of Surgery, Tokyo Metropolitan Bokutoh Hospital,
between March 2010 and March 2011 were enrolled
in this study. Patients who received preoperative
radiotherapy and/or chemotherapy were excluded.
Histological examination was performed routinely for
all tumors, and all were diagnosed as adenocarcinoma.
All cases were staged according to the American Joint
Commission on Cancer (AJCC) TNM classification
th
(7 edition). This study was approved by the
Institutional Review Board (IRB) of Tokyo Metropolitan
Bokutoh Hospital (IRB code: 32-Heisei22). Written
informed consent was obtained from all patients who
participated.

RESULTS
Patient characteristics

Patient characteristics are summarized in Table 1.
Twenty-seven patients (20 male and 7 female) were
enrolled. The median age was 68 years (range,
45-91 years). The expression of SphK1, LPAR2, three
S1P receptors, and β-actin mRNA was evaluated in
colorectal cancer tissue samples and corresponding
normal tissue samples from the 27 patients.

Quantification of SphK1 mRNA in colorectal cancer
tissue and normal tissue

Figure 1A shows ratios of SphK1 mRNA (normalized
to β-actin mRNA) in cancer tissue to those in normal
tissue. Colorectal cancer tissue in 22 of 27 patients
expressed a higher level of SphK1 mRNA relative to
normal tissue, whereas four patients had a lower level
in colorectal cancer tissue and one patient had similar
levels between colorectal cancer tissue and normal
tissue. In two-thirds of the samples, expression levels
of SphK1 mRNA in cancer tissue were more than twofold that in normal tissue.

Isolation of total RNA and reverse transcription

Tumor tissue from the resected primary lesion and
paired non-tumor tissue (taken 10 cm away from the
neoplasm) were immediately frozen in liquid nitrogen
and kept at -80 ℃ until RNA extraction. Total RNA was
[19]
extracted from each sample as described previously .
Total RNA (1 μg) was reverse-transcribed using
®
PrimeScript RT reagent kit with gDNA Eraser (Takara
Bio, Inc., Shiga, Japan). The reverse transcription
reaction was carried out in a total volume of 20 μL
according to the manufacturer’s instructions. The cDNA
was stored at -20 ℃ until use.

Quantification of LPAR2 mRNA in colorectal cancer
tissue and normal tissue

Figure 1B shows ratios of LPAR2 mRNA (normalized
to β-actin mRNA) in cancer tissue to those in normal
tissue. Colorectal cancer tissue in 20 of 27 patients
expressed a higher level of LPAR2 mRNA relative to
normal tissue, whereas seven patients had a lower
level in colorectal cancer tissue. These results are
consistent with our previous data using colorectal
[19]
cancer tissue from a different patient population .

Real-time fluorescence-based quantitative PCR

Gene expression of SphK1, LPAR2, S1PR1, S1PR2,
S1PR3, and β -actin were examined. All primers were
®
chosen from TaqMan Gene Expression Assays (Life
Technologies Co.). Real-time PCR was performed
with a StepOne™ System (Life Technologies Co.)
®
using TaqMan probes with the following profile: one
step at 50 ℃ for 2 min, one step at 95 ℃ for 10 min,
and 40 cycles at 95 ℃ for 30 s and 60 ℃ for 1 min.
Thermocycling was performed in a final volume of
20 μL containing 1 μL of cDNA sample. StepOne™

WJG|www.wjgnet.com

Quantification of S1P receptor mRNA in colorectal
cancer tissue and normal tissue

Expression profiles of three major S1P receptors,
S1PR1, S1PR2, and S1PR3, were also examined.
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Figure 1 Ratios of SphK1 mRNA (A) and LPAR2 mRNA (B) in cancer tissue to those in normal tissue. Both normalized to β-actin mRNA, as measured by realtime reverse-transcription polymerase chain reaction. In two-thirds of the samples, expression of SphK1 mRNA in cancer tissue was more than two-fold that of normal
tissue. Colorectal cancer tissue in 20 of 27 patients expressed a higher level of LPAR2 mRNA than in normal tissue.

Figure 2 shows ratios of S1P receptor mRNA (nor
malized to β-actin mRNA) in cancer tissue to those in
normal tissue. Expression profiles of all three major
S1P receptors varied without any apparent trend, with
no significant difference between cancer tissue and
normal tissue.

lack of a strong correlation (Table 2).

Relationship between expression of SphK1 and LPAR2
and clinicopathological factors

We also examined the correlation between SphK1
and LPAR2 expression and various clinicopathological
factors. SphK1 mRNA levels did not correlate with
tumor location, histological type, tumor depth (data
not shown), or TNM stage (Figure 3). Similarly, LPAR2
mRNA levels did not correlate with tumor depth,
lymph node metastasis, histological grading (data not
shown), or TNM stage (Figure 3). These results are
[19]
consistent with our previous data .

Correlation of SphK1 expression and LPAR2 expression
in human colorectal cancer tissue

We next determined whether there was a correlation
between SphK1 and LPAR2 expression. A highly significant
positive correlation was observed between SphK1 and
LPAR2 expression (Figure 3). Pearson’s correlation
coefficient (r) and the corresponding P value for this
correlation were r = 0.784 and P < 0.01, respectively
(Table 2). Correlation coefficients (r) between SphK1
and each S1P receptor were all less than 0.67,
suggesting the lack of a strong correlation. Similarly,
correlation coefficients (r) between LPAR2 and each S1P
receptor were all less than 0.64, again revealing the

WJG|www.wjgnet.com

DISCUSSION
In this study, we found that SphK1 mRNA was markedly
upregulated in human colorectal cancer tissue, and
that SphK1 and LPAR2 mRNA expression was strongly
correlated in this cancer type. Quantitative real-time
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Figure 2 Ratios of sphingosine 1-phosphate receptor mRNA (S1PR1, S1PR2 and S1PR3), normalized to β-actin mRNA, in cancer tissue to those in normal
tissue, as measured by real-time reverse-transcription polymerase chain reaction. Expression profiles of all three major sphingosine 1-phosphate (S1P)
receptors varied without any clear trend, with no significant difference between cancer tissue and normal tissue.
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SphK1 vs LPAR2
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Figure 3 Correlation between SphK1 and LPAR2 mRNA expression in human colorectal cancer tissue. Cancer stages are indicated. Pearson’s correlation
coefficient (r) and the corresponding P value for the correlation were r = 0.784 and P < 0.01, respectively.

Table 2 Correlation coefficients (r) between levels of SphK1, LPAR2, and each S1P receptor

LPAR2
SPHK1
S1PR1
S1PR2
S1PR3

Pearson correlation
Sig. (2-tailed)
Pearson correlation
Sig. (2-tailed)
Pearson correlation
Sig. (2-tailed)
Pearson correlation
Sig. (2-tailed)
Pearson correlation
Sig. (2-tailed)

LPAR2

SPHK1

S1PR1

S1PR2

S1PR3

1

0.7841
0.000
1
.
0.6611
0.000
0.577
0.002
0.553
0.003

0.6381
0.000
0.6611
0.000
1
.
0.587
0.001
0.8151
0.000

0.6391
0.000
0.577
0.002
0.587
0.001
1
.
0.576
0.002

0.620
0.001
0.553
0.003
0.8151
0.000
0.576
0.002
1
.

0.7841
0.000
0.6381
0.000
0.6391
0.000
0.620
0.001

1

Correlation is significant at the 0.01 level (2-tailed).

reverse-transcription polymerase chain reaction (RTPCR) was used to quantify SphK1, LPAR2, and S1P
receptor mRNA levels in colorectal cancer and normal
mucosa obtained by surgical resection, the reliability
of which we previously confirmed with LPAR2 mRNA
[19]
measurements .
Previous studies have shown that SphK1 is
overexpressed in many human cancers, including
breast cancer, prostate cancer, ovarian cancer,
lung cancer, stomach cancer, and acute myeloid
[5,12]
leukemia
. Moreover, increased SphK1 expression
is associated with poor prognosis in patients with
certain cancers, such as glioblastoma, breast cancer,
[12-14]
and gastric cancer
. Thus, SphK1 may serve as

WJG|www.wjgnet.com

a prognostic biomarker for several cancers. With
respect to colon cancer, previous studies reported
that most colon cancer tissue samples stained
positively for SphK1 protein, whereas normal
colon mucosa had negative or weak staining by
[15,16]
immunohistochemistry
. Similarly, in this study,
we found that human colorectal cancer expresses high
levels of SphK1 mRNA relative to normal mucosa.
S1P produced by upregulation of SphK1 was
recently shown to link chronic intestinal inflammation
[20]
to colitis-associated cancer in mice . Moreover,
deletion of the Sphk1 gene in the Min mouse, in which
intestinal adenomas develop spontaneously, resulted
[21]
in reduction of adenoma size . In a mouse model
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of colitis-driven colon cancer, development of colon
cancer was also shown to be suppressed by a small
[11]
molecule inhibitor of sphingosine kinase . Similarly,
in rats, the expression of SphK1 protein is upregulated
[22]
in colon tumors induced by azoxymethane . These
results collectively suggest that upregulation of SphK1
mRNA in human colorectal cancer likely plays a role in
tumorigenesis. We also found that the expression of
three major S1P receptors, S1PR1, S1PR2, and S1PR3,
varied in colorectal cancer tissue without any clear
trend whereas SphK1, the key S1P-producing kinase,
is upregulated.
The biological effects of LPA are mainly mediated
by a family of G protein-coupled receptors, five
[23]
of which are specific for LPA (LPAR1-6) . These
receptors differ with respect to their tissue distribution.
For example, LPAR1 is broadly expressed, whereas
the expression of LPAR2 and LPAR3 is more restricted,
which may account for the various biological effects
[23]
of LPA . LPAR1 and LPAR2 knockout mice have
different phenotypes. Deletion of Lpar1 in mice results
in craniofacial dysmorphism, semi-lethality due to
defective suckling behavior, and generation of a small
[24]
fraction of pups with frontal hematoma . In contrast,
Lpar2(-/-) mice are born at the expected frequency
[25]
and display no obvious phenotypic abnormalities .
In many colorectal cancer cell lines, at least one LPA
[19]
receptor is expressed . LPAR1 expression has been
linked to cell migration, LPAR2 expression to the
production of neovascularizing factors (e.g., IL-8, IL-6,
and VEGF), and LPAR3 expression to cell survival. Yet,
each of the LPA receptors has the ability to mediate
the major functions of LPA, with the relative efficiency
[8,26]
determined by the spectrum of receptors activated
.
We previously reported that human colorectal cancers
express LPAR1 mRNA at a significantly lower level, and
LPAR2 mRNA at a significantly higher level, compared
to normal tissue, resulting in a marked increase in the
ratio of LPAR2/LPAR1 during malignant transformation
(18-fold increase). This supports the characterization
[19]
of LAPR2 as an oncogene . Indeed, the absence of
LPAR2 attenuates tumor formation in an experimental
[27]
mouse model of colitis-associated cancer . Our
present results also revealed high expression of LPAR2
mRNA in human colorectal cancer tissue as compared
with normal mucosa, which is consistent with our
findings from a different colorectal cancer patient
[19]
population . These results strongly suggest that
LPAR2 expression in colorectal tissue is universally
upregulated during malignant transformation of
human colorectal cancer. With respect to other tissues,
malignant transformation also resulted in aberrant
expression of LPAR2 in ovarian and thyroid cancers,
suggesting that shifts of LPA receptor expression
during malignant transformation are involved in the
[17,18]
progression of these cancer types
. Taken together,
these data suggest that overexpression of LPAR2 may
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be a common finding in a wide range of human cancer
tissues and that LPAR2 may be a key receptor involved
in the development of various cancers.
In this study, we found a strong positive correlation
between SphK1 and LPAR2 mRNA expression in
human colorectal cancer (r = 0.784). Although LPAR2
is an oncogenic receptor and SphK1, the key S1Pproducing kinase, is associated with cancer, it was
somewhat surprising that two leading characters of
lysophospholipids and cancer, SphK1 and LPAR2, were
strongly correlated in human colorectal cancer. SphK1
also plays a role in linking LPA and S1P, and their
cognate G protein-coupled receptors with the EGF
[4]
tyrosine kinase receptor . These results suggest that
SphK1 may control several amplification loops that
[5]
contribute to cancer progression .
The limitation of this study is that there is only one
kind of experimentation done to assess the expression
of the molecules and the conclusion are based on the
results using quantitative real-time RT-PCR, which has
become standard method for investigating expression
of mRNA because of simplicity and high reproducibility.
In our previous paper we have already confirmed mRNA
expression of LPA receptors measured by real-time RTPCR is in consistency with that measured by Northern
[19]
blot analysis . In addition, in this study, we examined
real-time RT-PCR of LPA receptors and SphK1 several
times for each sample, and the results were highly
reproducible (data not shown). Thus, the data of
mRNA expression obtained from RT-PCR method in
this study seemed very reliable. Moreover, several
groups including us have already confirmed correlation
between mRNA expression and protein expression
using Western blot analysis and immunohistochemical
[13,19,28]
staining of LPA receptors as well as SphK1
.
From these reasons, we consider our mRNA results
are reliable and have significant meanings in reality,
although further investigation will be needed.
Recently, FTY720 (known as fingolimod) was
approved and is now used to treat multiple sclerosis in
[3]
more than 80 countries . FTY720 is the gold standard
of S1P-centric drugs and illustrates the therapeutic
value of modulating SphK1 and S1P receptor functions.
In the context of cancer, FTY720 was shown to
interfere with the SphK1/S1P/S1PR1 axis and suppress
the NF-κB/IL-6/Stat3 malicious amplification loop and
[20]
colitis-associated cancer in mice . This suggests the
possibility that FTY720 may also be useful for treating
colorectal cancer in humans.
In summary, SphK1 expression was markedly
upregulated in human colorectal cancer tissue, and,
interestingly, its expression strongly correlated with
that of LPAR2. These findings provide evidence for
crosstalk between two simple lysophospholipids, LPA
and S1P. Given SphK1’s role in linking LPA and S1P,
it may serve as an attractive therapeutic target for
treating colorectal cancer.
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Abstract
AIM: To investigate whether a glucagon-like peptide-1
(GLP-1) analogue inhibits nonalcoholic steatohepatitis
(NASH), which is being increasingly recognized in Asia,
in non-obese mice.

Institutional review board statement: All procedures involving
animals were reviewed and approved by the Institutional Animal
Care and Use Committee of Aichi Medical University.
Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee of Aichi Medical
University (AMU protocol number 2008-55).

METHODS: A methionine-choline-deficient diet (MCD)
along with exendin-4 (20 μg/kg per day, ip ), a GLP-1
analogue, or saline was administered to male db/db
mice (non-obese NASH model). Four or eight weeks
after commencement of the diet, the mice were
sacrificed and their livers were excised. The excised
livers were examined by histochemistry for evidence of
hepatic steatosis and inflammation. Hepatic triglyceride
(TG) and free fatty acid (FFA) content was measured,
and the expression of hepatic fat metabolism- and
inflammation-related genes was evaluated. Oxidative
stress-related parameters and macrophage recruitment
were also examined using immunohistochemistry.
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: Four weeks of MCD feeding induced
hepatic steatosis and inflammation and increased the
hepatic TG and FFA content. The expression of fatty
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acid transport protein 4 (FATP4), a hepatic FFA influxrelated gene; macrophage recruitment; and the level
of malondialdehyde (MDA), an oxidative stress marker,
were significantly augmented by a 4-wk MCD. The
levels of hepatic sterol regulatory element-binding
protein-1c (SREBP-1c) mRNA (lipogenesis-related
gene) and acyl-coenzyme A oxidase 1 (ACOX1) mRNA
(β-oxidation-related gene) had decreased at 4 wk
and further decreased at 8 wk. However, the level of
microsomal triglyceride transfer protein mRNA (a lipid
excretion-related gene) remained unchanged. The
administration of exendin-4 significantly attenuated the
MCD-induced increase in hepatic steatosis, hepatic TG
and FFA content, and FATP4 expression as well as the
MCD-induced augmentation of hepatic inflammation,
macrophage recruitment, and MDA levels. Additionally,
it further decreased the hepatic SREBP-1c level and
alleviated the MCD-mediated inhibition of the ACOX1
mRNA level.

which encompasses a wide range of disorders, has
become a major health issue and the most common
[1]
liver disease worldwide . NAFLD is a term used
to describe liver diseases associated with hepatic
steatosis without excessive alcohol consumption.
Nonalcoholic steatohepatitis (NASH) is characterized
by steatosis, necroinflammation, and cytopathic
changes. It causes liver cirrhosis and is within the
[2]
spectrum of NAFLD . Although the pathogenesis of
NASH remains to be elucidated, insulin resistance and
obesity are considered to play important roles. Recent
studies have shown that the prevalence of NAFLD in
[3]
non-obese patients is considerably high in East Asia .
Especially in India, 54% of patients with NAFLD were
[4]
neither overweight nor had abdominal obesity .
Although there is no promising therapy for NASH,
several therapeutic approaches have been evaluated
[5,6]
in NASH models . Glucagon-like peptide-1 (GLP-1)
is considered a potential therapeutic agent for the
[7]
treatment of type 2 diabetes mellitus (DM) . GLP-1
acts on the β-cells in the pancreas leading to their
proliferation and the promotion of insulin secretion,
[7,8]
which controls the blood glucose level . Since GLP-1
is immediately inactivated by dipeptidyl peptidase-4
(DPP-4), a proteolytic enzyme, it has limitations as
[9]
a therapeutic agent . Exendin-4, a 39-amino acid
peptide isolated from the Gila monster (Heloderma
suspectum) salivary glands, has approximately 53%
[10]
homology with mammalian GLP-1 . Additionally, it
is a long-acting GLP-1 analogue and is resistant to
[10,11]
inactivation by DPP-4
.
The pleiotropic actions of GLP-1 have fostered
considerable interest in the use of exendin-4 for the
treatment of type 2 DM. GLP-1 not only regulates blood
glucose levels but also induces satiety and regulates
[12,13]
gastrointestinal motor functions
. Regarding
hepatic fat metabolism, a GLP-1 analogue was recently
reported to decrease high fat diet-induced hepatic
[14-16]
steatosis and inflammation in obese rodents
.
However, it remains to be elucidated whether exendin-4
attenuates steatohepatitis in a non-obese NASH animal
model.
A methionine-choline-deficient diet (MCD) has
been reported to induce steatohepatitis, which is
morphologically similar to NASH except for body weight
[17]
gain . A recent report indicated that MCD-induced
adipose tissue lipolysis resulted in an increased serum
free fatty acid level and hepatic triglyceride content
[18]
in mice . The db/db mice spontaneously developed
type 2 diabetes and fatty liver because of a functional
[19]
defect in the long-form of the leptin receptor . These
mice when fed with MCD showed decreased body
weight and insulin resistance; however, they developed
steatohepatitis and liver fibrosis within just 8 wk. Thus,
they could be used as a rodent model to study non[17,20]
obese NASH
. In the present study, we examined
whether exendin-4 decreased hepatic steatosis and
inflammation and affected hepatic fat metabolism in

CONCLUSION: These results suggest that GLP-1
inhibits hepatic steatosis and inflammation through the
inhibition of hepatic FFA influx and oxidative stress in a
non-obese NASH model.
Key words: Glucagon like peptide-1; Nonalcoholic
steatohepatitis; Kupffer cells; Free fatty acid; Oxidative
stress
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Herein, we suggest that a glucagon-like
peptide-1 (GLP-1) analogue inhibits nonalcoholic
steatohepatitis (NASH), which is being increasingly
recognized in Asia, in non-obese mice. A methioninecholine-deficient diet (MCD) was reported to induce
steatohepatitis, which is morphologically similar to
NASH. Additionally, it increases serum free fatty acid
levels and hepatic free fatty acid and triglyceride
content in mice. In our study, we showed for the first
time that exendin-4, a novel GLP-1 analogue, improved
steatohepatitis through the inhibition of hepatic free
fatty acid influx and by suppression of macrophage
recruitment and oxidative stress in our MCD-fed NASH
model.
Yamamoto T, Nakade Y, Yamauchi T, Kobayashi Y, Ishii N,
Ohashi T, Ito K, Sato K, Fukuzawa Y, Yoneda M. Glucagonlike peptide-1 analogue prevents nonalcoholic steatohepatitis in
non-obese mice. World J Gastroenterol 2016; 22(8): 2512-2523
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i8/2512.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2512

INTRODUCTION
With the increase in the prevalence of metabolic
syndrome, nonalcoholic fatty liver disease (NAFLD),
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db/db mice. Based on our observations, we suggest
that that exendin-4 improves steatohepatitis through
the inhibition of hepatic free fatty acid influx and
suppression of macrophage recruitment and oxidative
stress in an MCD-fed NASH animal model.

malondialdehyde (MDA), a marker of reactive oxygen
species (ROS), were measured using an MDA Assay
Kit (Northwest Life Science, Vancouver, WA, United
States).

Histopathological and immunohistochemical
examination

MATERIALS AND METHODS

Five-micrometer-thick sections from the liver tissues
fixed in formalin and embedded in paraffin were
examined in all the experimental groups. Hematoxylin
and eosin staining was performed to assess hepatic
inflammation. Oil Red O staining was performed using
a standard technique to assess hepatic fat deposition.
Hepatic inflammation was scored from 0 to 3, based
on the histological scoring system for NAFLD edited by
[21]
Kleiner et al , and averaged over 5 fields per slide
at 50× magnification. The Oil Red O positive area was
quantified in 5 randomly selected fields per section.
The percentage of Oil Red O-positive areas was
measured using a computerized image analysis system
with Image-Pro Plus, version 4.5 (Media Cybernetics,
Silver Spring, MD, United States).
For immunohistochemical analysis, endogenous
peroxidase activity was blocked with hydrogen
peroxide, and nonspecific binding was blocked with
10% normal goat serum in phosphate-buffered saline.
After blocking, the liver sections were incubated
overnight with anti-F4/80 (rat monoclonal, 1:50
dilution; Abcam, Cambridge, MA, United States), a
macrophage marker. Antigen-antibody complexes were
detected using the avidin-biotin peroxidase method
(Vectastain ABC kit; Vector Laboratories, Burlingame,
CA, United States). The number of F4/80 positive cells
was counted independently by 2 pathologists (Nakade
Y and Fukuzawa Y), who were blinded to the source of
the specimens, and averaged over 5 fields per slide at
50 × magnification.

Substances and treatments

Exendin-4, a GLP-1 agonist, was purchased from
Sigma Aldrich (St. Louis, MO, United States). The
non-obese NASH model mice received MCD, while the
control group mice received a methionine-cholinesufficient diet (MCS). Both the diets were purchased
in powdered form (Oriental Yeast Co., LTD., Tokyo,
Japan). Exendin-4 was diluted in saline to achieve
a concentration of 2 μg/mL (as used in a previous
[14]
study ).

Animal model and experimental design

Six-week-old male db/db mice were purchased from
Japan SLC Inc. (Hamamatsu, Japan). After a 1-wk
acclimatization period on a basal diet (Oriental Yeast),
44 mice were divided into 3 groups and received 1 of
the following diets: (1) MCS; (2) MCD with saline; or
(3) MCD with exendin-4 (20 μg/kg per day, ip) for 4 or
8 wk. The exendin-4 dose was determined according
[14]
to a previous study . All mice were given free access
to water and the experimental diets. Body weight and
food consumption of the mice in each group were
recorded weekly. Protocols describing the use of mice
were approved by the Institutional Animal Care and
Use Committee of Aichi Medical University, and were
in accordance with the National Institutes of Health’s
“Guide for the Care and Use of Laboratory Animals.”
After 4 or 8 wk of the experimental diet, the mice
were euthanized and their livers were rapidly excised
and fixed either in buffered formalin (10%) or frozen
in liquid nitrogen, and stored at -80 ℃. Blood samples
were collected from the left ventricle and centrifuged,
and the serum samples were stored at -80 ℃.

Real-time polymerase chain reaction of liver RNA

The frozen liver specimens were crushed in TRIzol
reagent (Life Technologies, Tokyo, Japan). RNA
extraction was performed using an RNeasy Mini
Kit (Qiagen, Tokyo, Japan). RNA was resuspended
in 40 μL of RNase-free water and quantified by
spectrophotometry [optical density (OD) 260 and lowmass gel electrophoresis] (Invitrogen, Tokyo, Japan).
Total RNA was reverse transcribed to cDNA using
a High Capacity cDNA Reverse Transcriptional Kit
(Applied Biosystems, Foster City, CA, United States)
according to the manufacturer’s instructions. Real time
quantitative polymerase chain reaction (PCR) was
carried out with the ABI Step One Sequence Detection
System (Applied Biosystems) using the TaqMan
Gene Expression Assays [acyl-coenzyme A oxidase 1
(ACOX1), Mm01246834_m1; microsomal triglyceride
transfer protein (MTTP), Mm00435015_m1; sterol
regulatory element-binding protein-1c (SREBP-1c),
Mm01495763_g1; fatty acid transport protein (FATP)

Serum and tissue biochemical measurements

Serum alanine aminotransferase (ALT) and fasting blood
glucose levels were determined using commercially
available kits (Wako, Osaka, Japan). Serum immuno
reactive insulin (IRI) levels were measured using a
Mouse Insulin ELISA kit (Funakoshi, Tokyo, Japan),
and then the homeostasis model assessment-insulin
resistance (HOMA-IR) was calculated.
The stored liver samples (100 mg) were lysed and
homogenized in 2 mL of a solution containing 150
mmol/L NaCl, 0.1% TritonX-100, and 10 mmol/L Tris
using a polytron homogenizer (NS-310E; MicroTech
Nichion, Tokyo, Japan) for 1 min. Hepatic triglyceride
(TG) and free fatty acid (FFA) content was measured
using the Triglyceride Detection Kit and Free Fatty Acids
Detection Kit (Wako), respectively. The levels of hepatic
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Table 1 Clinical characteristics of mice fed experimental diets for 4 or 8 wk
Group

n

MCS 4 wk
MCD + saline 4 wk
MCD + exendin-4 4 wk
MCS 8 wk
MCD + saline 8 wk
MCD + exendin-4 8 wk

6
8
8
6
8
8

Daily food consumption (g) Liver weight (g) Hepatic TG (mg/g liver) Hepatic FFA (mg/g liver) Serum ALT (IU/L)
6.4 ± 0.5
3.4 ± 0.5b
3.2 ± 0.6
6.2 ± 0.5
3.4 ± 0.4a
3.0 ± 0.6

2.3 ± 0.03
1.6 ± 0.02b
1.3 ± 0.04d
2.2 ± 0.03
1.4 ± 0.04a
1.1 ± 0.03c

102 ± 30
314 ± 17b
200 ± 40d
43 ± 9
137 ± 31a
96 ± 19

0.82 ± 0.06
1.24 ± 0.18b
1.05 ± 0.11
0.64 ± 0.01
0.87 ± 0.06a
0.69 ± 0.06

30 ± 5.4
209 ± 30b
190 ± 29
32 ± 16
103 ± 41a
81 ± 24

P < 0.05, vs MCS 8 wk; bP < 0.01, vs MCS 4 wk; cP < 0.05, MCD + saline 8 wk; dP < 0.01, vs MCD + saline 4 wk. TG: Triglyceride; FFA: Free fatty acid; ALT:
Alanine aminotransferase; MCS: Methionine-choline-sufficient diet; MCD: Methionine-choline-deficient diet.

Body weight (g)

a

60

Image Gauge (Fuji Film).

50

Statistical analysis

40

b

b

b

b

30
20

b

b

d

c

b

b

d

d

7

8

All results are expressed as mean ± se. Values in 2
groups were compared using the Student’s t-test.
Multiple group comparison was performed using
analysis of variance (ANOVA) followed by Fisher’s
protected least significant difference post-hoc test. A p
value < 0.05 was considered statistically significant.

MCD + saline
MCD + exendin-4

10

MCS

RESULTS

0
0

1

2

3

4

5

6

Changes in food intake and body weight, hepatic
steatosis, and hepatic TG and FFA content

t /wk

The daily intake of MCS was more than that of MCD
in the 4- and 8-wk experiments (Table 1). The MCDfed mice had lost weight whereas the MCS-fed mice
had gained weight over the 8-wk experimental period
(Figure 1). MCD resulted in an Oil Red O-positive
area at 4 wk, and this area had reduced in size at 8
wk (Figure 2). The hepatic TG and FFA content was
significantly higher in the MCD-fed mice than in the
MCS-fed mice at both 4 and 8 wk (Table 1).
Administration of exendin-4 did not change
the daily intake of MCD until 4 and 8 wk (Table 1).
Additionally, it did not change the body weight of the
MCD-fed mice until the end of the 4-wk experiment;
however, it significantly reduced the body weight
of these mice from 5 to 8 wk (Figure 1). Exendin-4
administration also significantly attenuated the
MCD-induced Oil Red O-positive area in the MCD +
exendin-4 group compared to in the saline group at 4
and 8 wk (Figure 2). Moreover, it significantly reduced
the hepatic TG content in MCD-fed mice at both 4 and
8 wk (Table 1). Furthermore, extendin-4 administration
showed a tendency to decrease hepatic FFA content in
the MCD-fed mice at both 4 and 8 wk (Table 1).

Figure 1 Time course changes in body weight of mice fed methioninecholine-sufficient diet (n = 6), methionine-choline-deficient diet with saline
(n = 8), and methionine-choline-deficient diet with exendin-4 (n = 8). Data
are expressed as mean SE. (bP < 0.01, vs MCS, cP < 0.05, dP < 0.01, vs MCD
with saline). MCD: Methionine-choline-deficient diet; MCS: Mice fed methioninecholine-sufficient diet .

2, Mm0128768_m1; FATP4, Mm01327413_g1; tumor
necrosis factor-α (TNF-α), Mm00443258_m1; monocyte
chemotactic protein-1 (MCP-1), Mm00441242_m1;
cc-chemokine receptor 2 (CCR-2), Mm99999051_Gh]
and the TaqMan Universal PCR Master Mix (Applied
Biosystems), according to the manufacturer’s
instructions. The detailed protocol for TaqMan PCR was
[22]
determined based on a previous study .

Western blot analysis for FATP4

The liver tissue samples (100 mg) were lysed in a
sodium dodecylsulphate (SDS) sample buffer, separated
on a 10% SDS-acrylamide gel, and electrotransferred
to the nitrocellulose membranes. After blocking with
5% nonfat dry milk in TBST buffer [10 mmol/L TrisHCl (pH 8.0), 150 mmol/L NaCl, 1% Tween-20], the
membranes were probed with anti-rabbit polyclonal
FATP4 antibody (1:400; Abcam), and incubated
using HRP-conjugated anti-rabbit or anti-mouse
immunoglobulin G secondary antibodies (1:2000;
DAKO Japan, Tokyo, Japan). Antibody binding was
then visualized using an enhanced chemiluminescence
reagent (GE Healthcare, Tokyo, Japan), and the band
images detected using the LAS1000 system (Fuji Film,
Tokyo, Japan) were densitometrically analyzed using
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Changes in hepatic lipid metabolism-related gene
expression and FATP4 protein levels

SREBP-1c mRNA (Figure 3a) and ACOX1 mRNA levels
(Figure 3b) tended to decrease in the MCD-fed mice
at 4 and 8 wk. MTTP mRNA levels were unchanged in
the MCD-fed mice at 4 and 8 wk (Figure 3c). FATP2
mRNA levels tended to increase, and FATP4 mRNA
levels significantly increased in the MCD-fed mice at 4
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MCD + exendin-4 8 wk

80

b

b

60
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b
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MCD +
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Figure 2 Evaluation of hepatic lipid contents of mice fed mice fed methionine-choline-sufficient diet, methionine-choline-deficient diet with exendin-4 or
saline for 4 and 8 wk (A) and quantitative analysis of changes in Oil Red O positive area in respective groups (B). Frozen liver sections were stained with Oil
Red O. Data are expressed as mean ± SE. (bP < 0.01 vs respective groups). Original magnification, 100 ×. MCD: Methionine-choline-deficient diet; MCS: Mice fed
methionine-choline-sufficient diet.

wk (Figure 3d and e). FATP2 and FATP4 mRNA levels
tended to increase in the MCD-fed mice at 8 wk (Figure
3d and e). FATP4 protein levels were significantly
increased in the MCD-fed mice at 4 wk (Figure 3f and
g).
Administration of exendin-4 decreased SREBP1c mRNA levels in MCD-fed mice at both 4 and 8 wk
(Figure 3a). Additionally, it tended to reverse the MCDinduced decrease of ACOX1 mRNA levels at both 4
and 8 wk (Figure 3b); however, it did not alter MTTP
mRNA levels in MCD-fed mice at 4 and 8 wk (Figure
3c). Exendin-4 administration slightly decreased the
FATP2 mRNA levels augmented by 4- and 8-wk MCD,
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and significantly depressed the FATP4 mRNA levels
augmented by 4-wk MCD (Figure 3d and e). The
8-wk exendin-4 administration tended to decrease the
FATP2 mRNA levels altered by MCD (Figure 3d and
e). Moreover, extendin-4 significantly inhibited the
augmentation of FATP4 protein levels altered by the
4-wk MCD (Figure 3f and g).

Changes in serum ALT levels, hepatic inflammation
and inflammation-related gene expression, and F4/80
positive cells

Serum ALT levels were significantly higher in the MCDfed mice than in the MCS-fed mice at 4 wk (Table 1).
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Figure 3 Evaluation of hepatic lipid metabolism-related genes of mice fed methionine-choline-sufficient diet, methionine-choline-deficient diet with
exendin-4, or saline for 4 wk. The relative mRNA expression of SREBP-1c (A), ACOX1 (B), MTTP (C), FATP2 (D) and FATP4 (E) were evaluated. Immunoblot of
FATP4 protein expressions in the liver (F); To control for loading, the blot was stripped and reprobed for β-actin. FATP4 levels in each group, after a 4-wk treatment,
were expressed relative to β-actin (G). Data are expressed as mean ± SE. (aP < 0.05, bP < 0.01 vs respective groups). MCD: Methionine-choline-deficient diet; MCS:
Mice fed methionine-choline-sufficient diet; SREBP: Sterol regulatory element-binding protein; ACOX1: Acyl-coenzyme A oxidase 1; MTTP: Microsomal triglyceride
transfer protein; FATP: Fatty acid transport protein.

Changes in the fasting blood glucose, serum IRI, HOMAIR levels

Hepatic inflammatory foci appeared in the 4-wk MCDfed mice (Figure 4a). The hepatic inflammation score
was significantly augmented in the 4-wk MCD-fed
mice, and was further exacerbated in the 8-wk MCDfed mice (Figure 4b). F4/80 positive cells in the liver
appeared in the 4-wk MCD-fed mice (Figure 4c and
d). The hepatic MDA and TNF-α mRNA levels were
significantly increased by MCD at both 4 and 8 wk
(Figure 4e and f). Hepatic MCP-1 and CCR-2 mRNA
levels were significantly increased in MCD-fed mice
at both 4 and 8 wk (Figure 4g and h). In contrast,
exendin-4 did not significantly alter the serum ALT
levels that were increased by MCD at 4 wk; however,
it significantly improved these hepatic indices at 8 wk
(Table 1). It prevented the MCD-induced augmentation
of the hepatic inflammation score at both 4 and
8 wk. Furthermore, it significantly decreased the
increased number of F4/80 positive cells due to MCD
at 4 wk (Figure 4b and d). Additionally, exendin-4
administration significantly attenuated the hepatic
MDA and TNF-α mRNA levels enhanced by MCD at
both 4 and 8 wk (Figure 4e and f). Furthermore, it
significantly attenuated the MCD-induced increase in
hepatic MCP-1 and CCR-2 mRNA levels at both 4 and 8
wk (Figure 4g and h).
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The fasting blood glucose, IRI, and HOMA-IR levels
were significantly higher in the MCS-fed mice than in
the MCD-fed mice at both 4 and 8 wk (Table 2). The
administration of exendin-4 tended to further decrease
the fasting blood glucose level, and it significantly
decreased the IRI level at both 4 and 8 wk (Table 2).
The HOMA-IR level in the MCD + exendin-4 group was
significantly decreased compared to that in the MCD +
saline group (Table 2).

DISCUSSION
In the current study, we examined whether exendin-4,
a long acting GLP-1 analogue, inhibited MCD-induced
hepatic steatosis and inflammation in a non-obese
NASH model. The administration of exendin-4 improved
MCD-induced hepatic steatosis as well as decreased the
hepatic TG and FFA content. Furthermore, the MCDinduced increase in the recruitment of macrophages
and hepatic inflammation were attenuated by exendin-4.
With regard to hepatic fat metabolism, FFA influx
and TG excretion, hepatic de novo lipogenesis, and
[14,20,23]
.
β-oxidation are impaired in NASH models
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Figure 4 Evaluation of hepatic inflammation-related parameters of mice fed methionine-choline-sufficient diet, methionine-choline-deficient with
exendin-4, or saline for 4 and 8 wk. A: Representative images showing the inflammatory foci for MCD-induced liver injury at 4 wk. Original magnification, 200 ×; B:
The number of inflammatory foci per 20 × field was enumerated on each section; C: Representative images of F4/80 immunoreactivity; positive cells are indicated
by arrows. Original magnification, 200 ×; D: Quantitative analysis of changes in F4/80 positive cells in the respective groups; E: Evaluation of hepatic MDA levels
and hepatic inflammation-related genes of mice fed MCS, MCD with exendin-4, or saline for 4 and 8 wk. Hepatic MDA levels, a marker of oxidative stress, were
examined. Relative mRNA expression of TNF-α (F), MCP-1 (G), and CCR-2 (H) was evaluated in the liver. Data are expressed as mean ± SE. (aP < 0.05, bP < 0.01,
vs respective groups). MCD: Methionine-choline-deficient diet; MCS: Mice fed methionine-choline-sufficient diet ; MDA: Malondialdehyde; TNF-α: Tumor necrosis
factor-α; MCP-1: Monocyte chemotactic protein-1; CCR-2: cc-chemokine receptor 2.
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Figure 5 Predicted mechanism of hepatic lipid metabolism on methionine-choline-deficient diet-induced nonalcoholic steatohepatitismodel. MCD
increases FATP in the liver and hepatic FFA contents are increased. SREBP-1c modulates fatty acid synthase, and facilitates hepatic de novo lipogenesis. Fatty acid
synthase produces Acyl-CoA which is catalyzed by ACOX1 in b-oxidation. Accumulated FFA is stored in hepatocytes as TG, and hepatic TG are excreted by MTTP,
as VLDL. MCD: Methionine-choline-deficient diet; FATP: Fatty acid transport protein; FFA: Free fatty acid; SREBP-1c: Sterol regulatory element-binding protein-1c;
ACOX1: Acyl-coenzyme A oxidase 1; TG: Triglyceride; MTTP: Microsomal triglyceride transfer protein; VLDL: Very low density lipoprotein.

increased by MCD. Moreover, exendin-4 administration
significantly attenuated the increase in MCD-induced
FATP4 mRNA and protein levels in the liver. These
results suggest that MCD may increase the hepatic FFA
influx through FATP4, and exendin-4 administration
may contribute to decreasing the influx through the
inhibition of FATP4.
With regard to hepatic de novo lipogenesis, a high
fat diet increases body weight and insulin resistance
and augments the expression of the gene encoding
SREBP-1c, an important lipogenic enzyme, in NAFLD
[14]
mice . Conversely, MCD attenuates SREBP-1c mRNA
levels, resulting in the inhibition of de novo lipogenesis
[20,26]
in the liver
. In the present study, we demonstrated
that exendin-4 moderately facilitated MCD-induced
inhibition of hepatic SREBP-1c mRNA levels, indicating
that exendin-4 might have inhibited hepatic de novo
lipogenesis in this non-obese NASH model.
A previous study showed that exendin-4 admini
stration enhanced the mRNA levels of ACOX1, which
is a rate-limiting enzyme involved in β-oxidation in the
[14]
liver . We too observed that MCD tended to decrease
the ACOX1 mRNA level, and exendin-4 attenuated
the MCD-induced decrease in the ACOX1 mRNA level.
These results suggest that exendin-4 may stimulate
hepatic lipid oxidation in this model animal.
Very low density lipoprotein (VLDL) is reported to
[5]
play an important role in hepatic TG excretion . The
impairment of the synthesis and release of VLDL is
thought to be a key factor in the progression of NASH
[23]
in humans . MTTP, which is an important regulator of
hepatic lipid excretion in hepatocytes, is known to be

Table 2 Effect of exendin-4 on fasting blood glucose,
immunoreactive insulin, homeostasis model assessment-insulin
resistance
Group

n

MCS 4 wk
MCD + saline 4 wk
MCD + exendin-4 4 wk
MCS 8 wk
MCD + saline 8 wk
MCD + exendin-4 8 wk

6
8
8
6
8
8

Fasting blood IRI (ng/dL)
glucose
(mg/dL)
520 ± 51
126 ± 13a
109 ± 7
707 ± 99
133 ± 12c
94 ± 8.7

19.7 ± 5.4
4.3 ± 1.4a
2.4 ± 0.9b
5.3 ± 3.6
4.2 ± 0.5c
1.1 ± 0.2d

HOMA-IR

26.4 ± 8.1
1.4 ± 0.5a
0.7 ± 0.3b
9.4 ± 6.9
1.4 ± 0.5c
0.3 ± 0.04d

a

P < 0.01, vs MCS 4 wk; bP < 0.05, vs MCD + saline 4 wk; cP < 0.05, vs MCS 8
wk; dP < 0.05, vs MCD + saline 8 wk. IRI: Immunoreactive insulin; HOMAIR: Homeostasis model assessment-insulin resistance; MCS: Methioninecholine-sufficient diet; MCD: Methionine-choline-deficient diet.

The most plausible mechanisms of hepatic lipid
metabolism and the related genes are illustrated
in Figure 5. Emerging evidence has suggested that
[24]
FFA is an important source of hepatic TG . In the
current study, hepatic FFA levels were significantly
increased by MCD; exendin-4 administration tended
to decrease the increased levels. The FATP family,
which is composed of 6 structurally related members,
plays an important role in FFA uptake by the liver. The
FATPs, except for FATP1 and FATP6, are found in the
[25]
liver . FATP4 is considered to play an important role
in the enhancement of hepatic fatty acid uptake in
[20]
MCD NASH models . In the current study, while the
FATP2 mRNA levels were only marginally increased,
the FATP4 mRNA and protein levels were significantly
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[27]

conducted; however, it remains unclear whether GLP-1 analogues improve
hepatic steatosis in non-obese NASH models.

involved in the production of VLDL . In the present
study, the MTTP level was not obviously changed by
MCD, and exendin-4 did not affect the MTTP mRNA
level in this model. These results suggest that the
modification of hepatic FFA excretion is not involved in
the exendin-4-induced decrease in hepatic steatosis.
Regarding hepatic inflammation, the number of
F4/80 positive cells, which reflect the recruitment of
macrophages; the hepatic inflammation score; and the
TNF-α, MCP-1, and CCR-2 mRNA levels were obviously
increased with MCD. Furthermore, MCD significantly
increased hepatic MDA, a ROS marker. Exendin-4
counteracted the MCD-induced increase in hepatic
inflammation score; F4/80 positive cells; TNF-α,
MCP-1, and CCR-2 mRNA levels; and hepatic MDA
levels. Altered abundance and composition of fat in the
liver was reported to modulate the biological activity of
Kupffer cells, which are the recruited macrophages that
[28]
augment hepatic inflammation in vivo . During the
first several weeks of MCD feeding, Kupffer cells were
[28]
significantly increased in the liver . Increased Kupffer
cells release ROS, which enhance the sensitivity of
Kupffer cells to hepatotoxin, which in turn stimulates
the secretion of pro-inflammatory cytokines and
[29]
chemokines such as TNF-α and MCP-1 . MCP-1 binds
to CCR-2, a specific MCP-1 receptor, resulting in the
[30,31]
induction of macrophage infiltration into the liver
.
In this study, body weight and the fasting blood
glucose and IRI levels were significantly decreased
in the mice fed with MCD compared with mice fed
with MCS. In a high fat diet diabetic rodent model,
exendin-4 improved hepatic glucose homeostasis
by promoting insulin signaling through potentiating
tyrosine phosphorylation of the insulin receptor
[32]
substrate-2 . Conversely, MCD by itself decreased
body weight and improved insulin resistance, and
exendin-4 administration did not stimulate insulin
secretion in the MCD-fed group. These results indicate
that the decrease in the hepatic TG and FFA content
by exendin-4 might not be due to an improvement in
insulin resistance in MCD-fed animals.
These data suggest that exendin-4, a GLP-1
analogue, attenuates hepatic steatosis through
the inhibition of FATP4-related hepatic FFA influx,
suppression of SREBP-1c-related hepatic lipogenesis,
and stimulation of ACOX1-related β-oxidation. It
prevents hepatic inflammation through the suppression
of macrophage recruitment and oxidative stress in a
non-obese NASH model. Thus, in future, exendin-4
could be used for the treatment of non-obese patients
with NASH.

Research frontiers

Previous studies have shown that GLP-1 analogues reduce hepatic steatosis
in high fat diet-induced NASH models. Additionally, GLP-1 analogues stimulate
hepatic lipid oxidation induced by a high fat diet in NASH models.

Innovations and breakthroughs

To our knowledge, this is the first study evaluating the effects of a GLP-1
analogue in a non-obese NASH model. The authors showed that the GLP-1
analogue prevented not only hepatic steatosis but also hepatic inflammation in
a methionine choline deficient diet (MCD)-induced non-obese NASH model.

Applications

Regarding hepatic inflammation, a previous study has shown that the number
of F4/80 positive cells was increased in NASH models. Those data showed
that F4/80 positive cells were significantly increased by MCD. The presence of
F4/80 positive cells suggests that hepatic steatosis and inflammation induced
the recruitment of macrophages in the liver.

Terminology

A MCD has been reported to induce steatohepatitis, which is morphologically
similar to NASH except for body weight gain. MCD-induced adipose tissue
lipolysis resulted in an increase in serum free fatty acid levels and hepatic free
fatty acid content in rodents.

Peer-review

The authors demonstrated that a GLP-1 analogue, exendin-4, prevented
hepatic steatosis and inflammation, and decreased hepatic free fatty acid influx
in a non-obese NASH model. The title reflects the topic and contents of the
study. The authors clearly state the purpose of the manuscript. The manuscript
is well structured and concise. The methods used are appropriate.
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Abstract
AIM: to investigate the relationship of serum levels
of polyunsaturated fatty acid (PUFA) with kinds of
cytokines in colorectal cancer (CRC).
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financial or personal relationships with other individuals or
organizations that can inappropriately influence our work and that
there is no professional or other personal interest of any nature
in any product, service and/or company that could be construed
as influencing the position presented in or the review of the
manuscript.

METHODS: Serum samples of 100 CRC patients were
collected. The concentration of total n-3 PUFA which
included C18:3 n-3, C20:5 n-3, C22:5 n-3, C22:6 n-3
and the total n-6 PUFA included C18:2 n-6, C18:3 n-6,
C20:3 n-6, C20:4 n-6, and C22:5 n-6 were detected on
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[1-3]

GC-2010 Plus Gas Chromatograph with a OmegawaxTM
250 column. Cytokines were detected by MagPlexTM-C
microspheres. P values for the trend were estimated by
creating a continuous variable using the median value
within quartiles.

in tumor progression and a poorer prognosis . Many
previous studies have shown that n-3 polyunsaturated
fatty acids (PUFA) have the potential to inhibit
[4,5]
inflammation and support cancer treatment
.
n-3 and n-6 PUFA have multiple mechanisms of
action, including regulation of anti-inflammatory and
[6,7]
inflammatory responses .
n-3 PUFA can inhibit the production of interleukin-1
[7]
(IL-1) and tumor necrosis factor-α (TNF-α) and has
been shown to be independently associated with low
levels of pro-inflammatory markers (IL-6 and TNF-α)
and higher levels of anti-inflammatory markers (soluble
[8]
IL-6r, IL-10 and TGF-β) . In American men and
women, the dietary intake of n-3 and n-6 PUFA was
inversely associated with plasma levels of soluble TNFreceptors 1 and 2 but not with the plasma levels of
[9]
other cytokines . n-6 PUFA, such as arachidonic acid, a
molecule that is esterified to membrane phospholipids,
are precursors of pro-inflammatory mediators, and the
metabolites of arachidonic acid play important roles in
[10,11]
regulating the immune response
. PUFAs played
important role in promoting inflammation by increasing
vascular permeability and vasodilatation and directing
the synthesis of pro-inflammatory cytokines and their
[12,13]
migration to the site of inflammation
.
In our study, we investigated the relationships
between the serum levels of PUFAs and the serum
levels of cytokines in colorectal cancer (CRC). Our
study may be useful for determining new nutritional
adjuvant treatments for colorectal cancer in clinical
practice.

RESULTS: Interleukin-6 (IL-6) showed significantly
positive association with the C20:4 n-6 (P for trend =
0.004). Interferon gamma (IFN-γ) showed significant
positive association with the C22:5 n-3 (P for trend =
0.035). IL-8 and matrix metalloproteinase-9 (MMP-9)
showed significant inverse association with the C22:6
n-3 (P for trend = 0.049, and 0.021). MMP-2 showed
significant inverse association with the C20:5 n-3 (P for
trend = 0.008). MMP-7 showed significantly positive
association with the ratio of n-6 PUFA and n-3 PUFA
(P for trend = 0.008). MMP-7 also showed significantly
inverse association with the ratio of C20:4 n-6 and (n-6
PUFA + n-3 PUFA) (P for trend = 0.024). IL-10 (P for
trend = 0.023) and IL-6 (P for trend = 0.036) showed
significantly positive association with the ratio of C20:4
n-6 and C20:5 n-3.
CONCLUSION: Our data suggested that serum levels
of PUFA is related to the inflammation of CRC, and also
play different role in regulation of immune response.
Key words: Polyunsaturated fatty acids; Cytokine;
Colorectal cancer; Odds ratio; Nutrition
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serum levels of polyunsaturated fatty acid
(PUFA) with interferon gamma (IFN-γ), interleukin-10
(IL-10), IL-6, IL-8, tumor necrosis factor-α, matrix
metalloproteinase-2 (MMP-2), MMP-7 and MMP-9 in
colorectal cancer (CRC) were analyzed. IL-6 showed
significantly positive association with the C20:4 n-6.
IFN-γ showed significant positive association with
the C22:5 n-3. IL-8 and MMP-9 showed significant
inverse association with the C22:6 n-3. MMP-2 showed
significant inverse association with the C20:5 n-3. Our
data suggested that nutritional intervention may be
related to the inflammation of CRC, and also found
that their different role in the regulation of immune
response.

MATERIALS AND METHODS
Study population

Our study was reviewed and approved by the Ethics
Committee of the Chinese PLA General Hospital. All
individuals provided informed written consent. The
serum samples were collected before the administration
of any CRC treatment, such as surgery, chemotherapy
and radiation therapy. CRC was diagnosed according
to combined clinical criteria, including imaging data
and serum tumor markers and was further confirmed
by histopathological analysis. All study subjects were
Han Chinese in origin, lived in northern inland cities,
and did not have an increased dietary intake of PUFAs.
Body mass index (BMI) was calculated as weight
(kilograms)/height (square meters). Smoking and
alcohol consumption statuses were reported as current
[14]
(C), former (F), or never (N) . The average daily
intakes of energy, protein, fat and carbohydrates were
estimated using the Chinese PLA General Hospital
Nutrition Analyzer System. The clinical characteristics
of all CRC samples used in this study were described in
[15]
our previous study .

Jia HJ, Zhang PJ, Liu YL, Jiang CG, Zhu X, Tian YP. Relationship
of serum polyunsaturated fatty acids with cytokines in colorectal
cancer. World J Gastroenterol 2016; 22(8): 2524-2532 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i8/2524.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2524

INTRODUCTION

Measurement of serum PUFA

Cancer has been demonstrated to be closely related to
inflammation, and inflammatory processes may result
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Q1

Q2

Q3

the procedures metioned above, the fluorescent
signal of the beads was detected by a Luminex 200
(Luminex, Austin, TX, United States). The levels were
calculated according to the standard curves which
were established by 5 different concentration ranged
from 0-10000 pg/mL (IFN-γ, IL-10, IL-6, IL-8, TNF-α,
and MMP-9), 0-50000 pg/mL (MMP-2) and 0-40000
pg/mL (MMP-7). The levels were reported as median
fluorescent intensity. Total cholesterol, LDL cholesterol,
HDL cholesterol, and triglycerides were detected
by Cobas 8000 modular analyzer series (Roche
Diagnostic, Mannheim, Germany).

Q4

2.5

Concentration of IL-6 (pg/mL)

P = 0.175

P = 0.614

P = 0.382
P = 0.952 P = 0.004

2.0

P = 0.476

1.5

1.0

0.5

Statistical analysis
n6

All statistical analyses were performed on SAS 9.2
statistical package (SAS Institute, Inc. Cary, United
States). Serum levels of n-3 and n-6 PUFA were
divided into quartiles. The relationship of n-3 and n-6
PUFA with cytokines were analyzed by computing
age, sex, smoke, alcohol drinking, body mass
index (BMI), total cholesterol, LDL cholesterol, HDL
cholesterol, triglycerides, total energy, protein, fat and
carbohydrate intake adjusted partial Person correlation.
P values for the trend were estimated by creating a
continuous variable using the median value within
quartiles, and P < 0.05 showed significant difference.

PU
FA

n6
C2
2

:5

n6
C2
0

:4

n6
C2
0

:3

n6
:3
C1
8

C1
8

:2

n6

0.0

Figure 1 Analysis of the association of n-6 polyunsaturated fatty acid with
the concentration of interleukin-6 in colorectal cancer. Q means quartiles.
PUFA: Polyunsaturated fatty acids; IL-6: interleukin-6.

methylation tube. 5 μg intern control C23:0 The, 1 ml
hexane and 1 ml 14% BF3/MeOH reagent were added
and mixed into the methylation tube. After blanketing
by nitrogen, and heated at 100 ℃ for 45 min. Then
the tube was cooled to room temperature, added 1 ml
H2O into the tube. After centrifugation at 1200 r/min
for 5 min, the upper hexane layer was transferred
to a new tube, and then concentrated by nitrogen.
The total fatty acid methyl esters were detected
by GC-2010 Plus Gas Chromatograph (ChiyodaTM
ku, Tokyo, Japan) with a Omegawax 250 column
(Supelco, Belletonte, PA, United States) 30 m × 0.25
mm × 0.25 μm film thickness. The parameter of the
Column temperature Program was 210 ℃ and 45 min.
The levels of polyunsaturated fatty acids were showed
as a percentage. The indicators detected in our study
included C18:3 n-3, C20:5 n-3, C22:5 n-3, C22:6 n-3,
C18:2 n-6, C18:3 n-6, C20:3 n-6, C20:4 n-6, and
C22:5 n-6.

RESULTS
Association of n-6 PUFA and indicators with cytokines

In this study, we analyzed the associations of n-6
PUFAs with IFN-γ, IL-10, IL-6, IL-8, TNF-α, MMP-2,
MMP-7 and MMP-9. As shown in Figure 1, IL-6 had a
significant positive association with C20:4 n-6; when
the percentage of C20:4 n-6 increased from Q1 to
Q4, the concentration of IL-6 increased from 1.55
to 1.92 pg/mL (P for trend = 0.004). However, IL-6
concentration was not significantly associated with
C18:2 n-6, C18:3 n-6, C22:5 n-6 or n-6 PUFA. As
shown in Table 1, IFN-γ, IL-10, IL-8, TNF-α, MMP-2,
MMP-7 and MMP-9 were not significantly associated
with C18:2 n-6, C18:3 n-6, C20:4 n-6, C22:5 n-6 or
n-6 PUFA.

Multiplex microbead immunoassay and clinical serum
marker detection

A multiplex bead-based sandwich immunoassay
kits was used to detect the serum concentration of
interferon gamma (IFN-γ), IL-10, IL-6, IL-8, TNF-α,
matrix metalloproteinase-2 (MMP-2), MMP-7 and
MMP-9 according to the instruction of manufacturer
(HCYTOMAG-60K, Millipore, Billerica, MA, United
States). Briefly, 25 μL serum sample and 25 μL
beads were incubated at 4 ℃ overnight in a 96 well
solid plate. Then the plates were washed twice by
automated plated washer, and 25 μL biotinylated
detecting antibodies cocktail was added, after shaking
at room temperature for 1 h. 25 μL streptavidinphycoerythrin solution was then added and shakedat
room temperature for 30 min. After washing the
plate twice, 150 μL sheath fluid was added. After

WJG|www.wjgnet.com

Association of n-3 PUFA and indicators with cytokines

As shown in Figure 2A, IFN-γ had a significant positive
association with C22:5 n-3; when the percentage of
C22:5 n-3 increased from Q1 to Q4, the concentration
of IFN-γ increased from 0.38 to 0.57 pg/mL (P for
trend = 0.035). As shown in Figure 2B, IL-8 had a
significant inverse association with C22:6 n-3; when
the percentage of C22:6 n-3 increased from Q1 to
Q4, the concentration of IL-8 decreased from 53.01
to 38.10 pg/mL (P for trend = 0.049). As shown in
Figure 2C, MMP-2 had a significant inverse association
with C20:5 n-3; when the percentage of C20:5
n-3 increased from Q1 to Q4, the concentration of
MMP-2 decreased from 12.39 to 6.30 ng/mL (P for
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< 6.72
5.99
0.41
2.14
41.89
6.45
12.39
3.02
10.94

Quartiles limits
edian
IFN-γ (pg/mL)
IL-10 (pg/mL)
IL-8 (pg/mL)
TNF-α (pg/mL)
MMP-2 (ng/mL)
MMP-7 (ng/mL)
MMP-9 (ng/mL)

22.74-24.46 24.46-26.50 > 26.50
23.75
25.47
28.54
0.22
0.81
0.33
2.06
2.70
1.98
48.43
51.01
30.76
7.34
9.23
6.68
12.86
10.89
8.80
3.10
2.94
3.06
12.16
10.75
10.71
C20:4 n-6 (quartiles),%1
6.72-7.75
7.75-9.01
> 9.01
7.29
8.19
9.74
0.46
0.22
0.41
2.97
1.85
2.63
44.92
41.14
65.83
7.78
7.39
9.38
11.16
8.45
13.54
3.04
2.94
3.52
10.93
11.96
11.81
< 0.13
0.06
0.52
2.20
46.68
7.32
9.75
3.10
10.91

P value for trend
0.298
0.681
0.129
0.182
0.741
0.055
0.200

0.834
0.959
0.259
0.443
0.485
0.735
0.058

< 0.21
0.17
0.41
2.19
57.55
9.74
13.54
3.39
10.86

P value for trend

1

0.21-0.28
0.28-0.34 > 0.34
0.24
0.31
0.40
0.27
0.40
0.46
2.27
1.99
2.68
21.77
45.19
73.44
6.69
7.32
8.30
9.68
7.54
12.24
2.55
3.22
3.00
9.89
12.14
12.57
C22:5 n-6 (quartiles),%1
0.13-0.18
0.18-0.25 > 0.25
0.15
0.21
0.31
0.22
0.27
0.41
1.74
2.68
2.57
30.06
66.74
62.79
6.67
8.41
7.43
6.28
14.83
13.41
2.80
2.87
3.55
9.97
13.00
11.01

C18:3 n-6 (quartiles),%

0.709
0.453
0.348
0.457
0.223
0.981
0.493

P value for trend

0.943
0.828
0.436
0.450
0.488
0.426
0.255

P value for trend

< 32.52
31.07
0.30
2.23
47.90
7.17
10.60
3.04
10.32

< 1.28
1.05
0.30
2.04
62.18
7.76
10.79
3.01
10.61

1.59-1.92
> 1.92
1.72
2.13
0.34
0.41
2.50
2.63
47.60
64.69
8.29
8.43
12.86
11.62
2.62
3.14
14.03
11.83
PUFA n-6 (quartiles),%1
32.52-34.53
34.53-36.58
36.58
33.65
35.56
37.92
0.67
0.41
0.27
2.77
2.00
2.01
41.00
78.72
43.19
6.83
9.38
8.61
12.19
13.41
8.88
2.91
3.20
3.03
12.40
12.56
10.89

1.28-1.59
1.38
0.46
2.10
34.07
6.97
11.57
3.10
9.81

1

C20:3 n-6 (quartiles),%

0.610
0.287
0.983
0.480
0.065
0.870
0.868

P value for trend

0.760
0.552
0.266
0.743
0.863
0.444
0.187

P value for trend

2527
[16-18]

Previsous studies have demonstrated that inflammation is closely related to cancer development
. The PUFAs may involve in the inflammation of CRC, and may
[19]
be a potential biomarker for prognosis of CRC . When the PUFAs were loaded with magnetoliposomes, they may serve as a novel theranostic anti-inflammatory
[20]
[21]
formulations . Some authors found that n-3 PUFA increases B-cell CD69 surface expression, IL-6 and IFN-γ secretion. It can promote pro-inflammatory responses .
[22]
In addition, they may also related to the risk of colorectal cancer according to microsatellite instability . In our study, IFN-γ has a significant positive association with

DISCUSSION

As shown in Figure 3A, MMP-7 had a significant positive association with the ratio of n-6 PUFA to n-3 PUFA (P for trend = 0.008). MMP-7 also had a significant inverse
association with the ratio of C20:4 n-6 to (n-6 PUFA + n-3 PUFA) (P for trend = 0.024). As shown in Figure 3B and C, IL-10 (P for trend = 0.023) and IL-6 (P for trend
= 0.036) had significant positive associations with the ratio of C20:4 n-6 to C20:5 n-3. As shown in Table 3, IFN-γ, IL-8, TNF-α, MMP-2, MMP-9 were not significantly
associated with n-6 PUFA/n-3 PUFA, C20:4 n-6/(C20:5 n-3 + C22:6 n-3), C20:4 n-6/C20:5 n-3, and C20:4 n-6/(n-6 PUFA + n-3 PUFA).

Association of n-6 PUFA and n-3 PUFA indicators with cytokines

trend = 0.008). As shown in Figure 2D, MMP-9 had a significant inverse association with C22:6 n-3; when the percentage of C22:6 n-3 increased from Q1 to Q4, the
concentration of MMP-9 decreased from 11.76 to 8.86 ng/mL (P for trend = 0.021). As shown in Table 2, C18:3 n-3, C20:5 n-3, C22:5 n-3, C22:6 n-3, and n-3 PUFA
were not significantly associated with IL-10, IL-6, TNF-α, or MMP-7.

The association of n-6 PUFA and cytokines were adjusted for potential confounding factors, including age, sex, smoke, alcohol drinking, body mass index, total cholesterol, low density lipoprotein cholesterol, high density
lipoprotein cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-10: interleukin-10; TNF-α: tumor necrosis factor-α; MMP-2: matrix
metalloproteinase-2.

1

< 22.74
21.55
0.55
2.63
66.00
7.36
12.26
2.96
12.03

Quartiles limits
Median
IFN-γ (pg/mL)
IL-10 (pg/mL)
IL-8 (pg/mL)
TNF-α (pg/mL)
MMP-2 (ng/mL)
MMP-7 (ng/mL)
MMP-9 (ng/mL)

C18:2 n-6 (quartiles),%

1

Table 1 Multivariate analysis of the relationship between n-6 polyunsaturated fatty acid and cytokines
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Figure 2 Analysis of the association of n-3 polyunsaturated fatty acid with the concentration of interferon gamma, interleukin-8, matrix metalloproteinase-2
and matrix metalloproteinase-9 in colorectal cancer. Q means quartiles. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-8: interleukin-8; MMP-2:
matrix metalloproteinase-2.

C22:5 n-3. Our results were consistent with those of
previous studies. Previous studies also shown that
PGE2 can affect the Th1/Th2 balance. It not only
decreases the production of Th1-type cytokines, such
as IFN-γ and IL-2, but also enhances the production of
Th2-type cytokines, such as IL-4 and IL-5. n-3 PUFA
can decrease the PGE2 concentration to increase the
IFN-γ levels. Previous studies found that n-3 PUFA
bind to peroxisome proliferator-activated receptor-γ
[23]
(PPAR-γ) . PPARγ decreases the mRNA stability of
[24]
IL-8 , and the concentration of n-3 PUFA has been
[25,26]
shown to be inversely associated with IL-8
. We
observed an inverse association between n-3 PUFA and
IL-8, which is consistent with the results of previous
studies. An increase in theconcentration of PPAR-γ
[27,28]
results in decrease in the concentration of MMP-2
,
[29]
and PPARγ agonists can activate pro-MMP-2 . In our
study, MMP-2 was inversely associated with n-3 PUFA.
n-3 PUFA also reduces the release of inflammatory

WJG|www.wjgnet.com

promoters and promote the release of IL-10, improve
[30]
the nutritional state of patients . The n-3 PUFA
sensitivity of colon cancer cells is closely related
to autophagy, and may have potential therapeutic
[31]
effects against cancer cells with low autophagy . n-3
epoxides may also serve as regulators of inflammation
and autophagy in insulin-sensitive tissues and
postulate sEH as a druggable target in metabolic
[32]
diseases . Some authors have demonstrated a
positive association between endogenous PGE2, and
eicosanoids derived from n-6 PUFA and release of
[33]
the inflammatory cytokine IL-6 . In a recent study
of chronic obstructive pulmonary disease patients,
higher n-6 PUFA intake was associated with higher
[34]
IL-6 concentrations .Increased consumption of n-6
PUFA altered the production of important mediators
and regulators of inflammation and immune responses
towards a pro-inflammatory profile, with increased
[35]
production of PGE2, LTB4, TXA2, IL-1β and IL-6 .

2528
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< 1.56
1.31
2.63
1.79
7.03
2.94

Quartiles limits
Median
IL-10 (pg/mL)
IL-6 (pg/mL)
TNF-α (pg/mL)
MMP-7 (ng/mL)

0.33-0.47
0.41
2.34
1.43
7.78
2.97

0.47-0.61
> 0.61
P value for trend
0.53
0.74
1.93
2.42
0.465
1.34
1.90
0.184
8.36
7.43
0.644
2.87
3.27
0.520
C22:6 n-3 (quartiles),%1
1.56-2.13
2.13-2.62
> 2.62
P value for trend
1.79
2.36
3.01
2.64
1.93
2.30
0.838
1.87
1.43
1.34
0.679
7.66
7.07
8.40
0.636
3.13
3.26
2.97
0.827

1

< 2.79
2.45
2.63
1.85
7.27
2.92

< 0.20
0.15
2.38
1.45
7.45
2.62
2.79-3.30
3.04
2.25
1.51
7.08
2.69

0.20-0.31
0.25
1.96
1.89
8.59
3.10

0.31-0.46
> 0.46
0.37
0.60
2.54
2.46
1.74
2.09
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6.92
3.10
3.14
PUFA n-31
3.30-4.08
> 4.08
3.73
4.45
1.98
2.34
1.25
1.83
9.49
7.21
3.61
3.20

C20:5 n-3 (quartiles),%

6

1

0.074
0.279
0.728
0.160

P value for trend

0.959
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0.821
0.412

P value for trend
Quartiles limits
Median
IL-10
IL-6
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3.00

> 0.49
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C22:5 n-3 (quartiles),%
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Figure 3 Analysis of the association of n-6 polyunsaturated fatty acids and n-3 polyunsaturated fatty acids indicators with the concentration of matrix metalloproteinase-7, interleukin-10 and interleukin-6 in colorectal cancer. Q
means quartiles. PUFA: Polyunsaturated fatty acids. PUFA: Polyunsaturated fatty acids; IL-10: interleukin-10; MMP-7: matrix metalloproteinase-7.

n-

Concentration of MMP-7 (ng/mL)
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Concentration of IL-10 (pg/mL)

A

Concentration of IL-6 (pg/mL)
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The association of n-6 PUFA and cytokines were adjusted for potential confounding factors, including age, sex, smoke, alcohol drinking, body mass index, total cholesterol, low density lipoprotein cholesterol, high density
lipoprotein cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-10: interleukin-10; TNF-α: tumor necrosis factor-α; MMP-7: matrix
metalloproteinase-7.

1

< 0.33
0.26
2.58
1.75
7.35
3.02

Quartiles limits
Median
IL-10 (pg/mL)
IL-6 (pg/mL)
TNF-α (pg/mL)
MMP-7 (ng/mL)

C18:3 n-3 (quartiles),%

Table 2 Multivariate analysis of the relationship between n-3 polyunsaturated fatty acid and cytokines

Jia HJ et al . Serum PUFA and cytokines

February 28, 2016|Volume 22|Issue 8|

WJG|www.wjgnet.com

< 16.65
12.66
0.29
26.78
6.63
8.99
9.73

Quartiles limits
edian
IFN-γ(pg/mL)
IL-8 (pg/mL)
TNF-α (pg/mL)
MMP-2 (ng/mL)
MMP-9 (ng/mL)

16.65-25.18
19.67
0.46
41.71
8.01
10.84
11.32

8.47-10.25
9.41
0.46
70.90
10.53
14.95
11.81

10.25-12.66
> 12.66
11.64
14.08
0.30
0.41
48.43
50.67
6.62
7.45
11.55
11.37
11.27
12.24
C20:4 n-6/C20:5 n-31
25.18-39.20
> 39.20
30.67
48.51
0.46
0.30
80.35
50.88
8.47
8.30
12.81
13.77
12.59
12.14

1

< 0.18
0.16
0.41
23.13
6.29
9.10
10.85

P value for trend
0.906
0.978
0.334
0.977
0.058

0.240
0.495
0.600
0.549
0.734

< 2.64
2.16
0.27
18.58
6.81
4.12
9.73

P value for trend
3.21-3.94
> 3.94
3.56
4.79
0.55
0.30
63.53
60.30
7.98
7.36
14.13
11.37
12.56
12.26
C20:4 n-6/(n-6 PUFA + n-3 PUFA)1
0.18-0.21
0.21-0.23
> 0.23
0.20
0.22
0.25
0.27
0.55
0.46
43.41
71.56
65.01
8.15
8.70
8.40
11.35
12.24
12.81
10.52
12.57
11.90

2.64-3.21
2.95
0.55
53.84
9.20
11.48
10.30

1

C20:4 n-6/(C20:5 n-3 + C22:6 n-3)

0.769
0.108
0.432
0.200
0.350

P value for trend

0.157
0.413
0.094
0.980
0.495

P value for trend
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IL-6 showed significantly positive association with the C20:4 n-6. IFN-γ showed significant positive association with the C22:5 n-3. IL-8 and MMP-9 showed significant inverse association with the C22:6 n-3. MMP-2 showed significant inverse
association with the C20:5 n-3. MMP-7 showed significantly positive association with the ratio of n-6 PUFA and n-3 PUFA. MMP-7 also showed significantly inverse association with the ratio of C20:4 n-6 and (n-6 PUFA + n-3 PUFA). IL-10 and

Innovations and breakthroughs

to investigate the relationship of serum levels of PUFA with interferon gamma (IFN-γ), interleukin-10 (IL-10), IL-6, IL-8, tumor necrosis factor-α (TNF-α), matrix metalloproteinase-2 (MMP-2), MMP-7 and MMP-9 in CRC.

Research frontiers

Lots of previous studies have demonstrated that the n-3 polyunsaturated fatty acid (PUFA) may have potential action for inhibiting inflammation, and further to support cancer treatment. n-3 PUFA and n-6 PUFA involve multiple mechanisms,
including regulation the anti-inflammation and inflammation response.Little study was performed to investigate the relationship of serum levels of PUFAs with cytokines in colorectal cancer (CRC).

Background

COMMENTS
COMMENTS

In our study, n-6 PUFA had a significant positive association with IL-6. Previous studies support our results, and IL-6 may be important for the regulation of immune
responses by n-6 PUFA.
In conclusion, our results demonstrated a significant positive association between IL-6 and C20:4 n-6. MMP-2 had a significant inverse association with C20:5
n-3. IFN-γ had a significant positive association with C22:5 n-3. IL-8 and MMP-9 had significant inverse associations with C22:6 n-3. MMP-7 had a significant positive
association with the ratio of n-6 PUFA to n-3 PUFA (P for trend = 0.008) and a significant inverse association with the ratio of C20:4 n-6 to (n-6 PUFA + n-3 PUFA). IL-10
and IL-6 both had a significant positive association with the ratio of C20:4 n-6 to C20:5 n-3. Our data suggest that nutritional intervention may impact inflammation in
colorectal cancer and that different PUFA play different roles in regulating immune responses.

The association of n-6 PUFA and cytokines were adjusted for potential confounding factors, including age, sex, smoke, alcohol drinking, body mass index, total cholesterol, low density lipoprotein cholesterol, high density
lipoprotein cholesterol, triglycerides, total energy, protein, fat and carbohydrate intake. PUFA: Polyunsaturated fatty acids; IFN-γ: Interferon gamma; IL-8: interleukin-8; TNF-α: tumor necrosis factor-α; MMP-2: matrix
metalloproteinase-2.

1

< 8.47
7.49
0.45
23.82
7.01
5.80
9.88

Quartiles limits
Median
IFN-γ (pg/mL)
IL-8 (pg/mL)
TNF-α (pg/mL)
MMP-2 (ng/mL)
MMP-9 (ng/mL)

n-6 PUFA/n-3 PUFA

Table 3 Multivariate analysis of the relationship between n-6, n-3 polyunsaturated fatty acid indicators and cytokines
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IL-6 showed significantly positive association with the ratio of C20:4 n-6 and
C20:5 n-3.

14

Applications

The data suggested that that nutritional intervention may be related to the
inflammation of CRC, and also found that their different role in the regulation of
immune response.

15

Terminology

n-3 PUFA and n-6 PUFA involve in regulation the anti-inflammation and
inflammation response which played important role in the development of kinds
of cancers.

16

Peer-review

This study investigates the relationship between the serum levels of
polyunsaturated fatty acids and cytokines in CRC patients. The study is very
interesting and well-conducted.
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AIM: To investigate the effect of different dietary fatty
acids on hepatic inflammasome activation.
METHODS: Wild-type C57BL/6 mice were fed either
a high-fat diet or polyunsaturated fatty acid (PUFA)enriched diet. Primary hepatocytes were treated with
either saturated fatty acids (SFAs) or PUFAs as well as
combined with lipopolysaccharide (LPS). The expression
of NOD-like receptor protein 3 (NLRP3) inflammasome,
peroxisome proliferator-activated receptor-γ and nuclear
factor-kappa B (NF-κB) was determined by real-time
PCR and Western blot. The activity of Caspase-1 and
interleukine-1β production were measured.
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RESULTS: High-fat diet-induced hepatic steatosis
was sufficient to induce and activate hepatic NLRP3
inflammasome. SFA palmitic acid (PA) directly activated
NLRP3 inflammasome and increased sensitization to
LPS-induced inflammasome activation in hepatocytes.
In contrast, PUFA docosahexaenoic acid (DHA) had the
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potential to inhibit NLRP3 inflammasome expression
in hepatocytes and partly abolished LPS-induced
NLRP3 inflammasome activation. Furthermore, a highfat diet increased but PUFA-enriched diet decreased
sensitization to LPS-induced hepatic NLRP3 inflam
masome activation in vivo . Moreover, PA increased
but DHA decreased phosphorylated NF-κB p65 protein
expression in hepatocytes.

hit or further insults. Recently, increasing evidence
has suggested chronic and systemic low-grade
inflammation play an essential role in the pathogenesis
[1,2]
of insulin resistance and NAFLD .
Inflammasome has emerged as an important
[3,4]
regulator of inflammation . The NOD-like receptor
protein 3 (NLRP3) inflammasome is a cytosolic protein
complex composed of the regulatory subunit NLRP3,
the adaptor apoptosis-associated speck-like protein
(ASC) and the effector caspase-1. Inflammasome can
be activated by both pattern-associated molecular
patterns (PAMPs) and danger-associated molecular
[5,6]
patterns (DAMPs) . The two-signal hypothesis is
accepted in inflammasome activation: the first signal
produces and induces pro-interleukine-1 beta (proIL-1β) and inflammasome components expression,
and the second signal assembles inflammasome
components to engage in caspase-1 activation and
secret bioactive IL-1β.
Recent studies suggest a critical role for NLRP3
[7-9]
inflammasome in obesity and its complications . Loss
of NLRP3 inflammasome components protects mice
against insulin resistance and metabolic dysfunction,
indicating that NLRP3 inflammasome may function
as a sensor to detect metabolic danger signals. Free
fatty acids (FFAs), usually elevated in plasma of
[10,11]
NASH patients
, have been proposed as a major
contributing factor for inflammatory response through
engaging toll-like receptors (TLRs) and inducing nuclear
factor-kappa B (NF-κB)-dependent production of
inflammatory cytokines such as Tumor Necrosis Factor-α
[12]
(TNF-α) and IL-6 . Recently, several studies have
demonstrated that the saturated FFA (SFA) palmitic acid
triggered inflammation by activating inflammasome
[13,14]
in macrophages and hepatocytes
. However, these
studies indicated SFAs alone only primed and induced
the NLRP3 inflammasome expression but failed to
completely activate NLRP3 inflammasome. Furthermore,
there was no inflammasome activation in liver with
simple hepatic steatosis in ob/ob mice. Therefore,
the effect of SFAs or high-fat diet (HFD) on activation
of the NLRP3 inflammasome needs to be further
confirmed. Interestingly, recent studies revealed that
n-3 polyunsaturated fatty acids (n-3 PUFAs) suppressed
both lipopolysaccharide (LPS)-induced priming and
NLRP3 inflammasome activation in macrophages and,
more importantly, n-3 PUFAs prevented HFD-induced
metabolic disorders such as insulin resistance through
[15,16]
inhibition of NLRP3 inflammasome activation
.
These results indicated that different types of fatty acids
exerted different or even opposite roles in the activation
of the NLRP3 inflammasome. Currently, the mechanism
involved in inflammasome regulation remains largely
unknown. Elevated ROS levels, mitochondria damage
and lysosomal rupture have been proposed to
[17-19]
participate in NLRP3 inflammasome activation
but
little is known about FFAs to positively or negatively
regulate NLRP3 inflammasome activation.

CONCLUSION: Hepatic NLRP3 inflammasome
activation played an important role in the development
of non-alcoholic fatty liver disease. Dietary SFAs and
PUFAs oppositely regulated the activity of NLRP3
inflammasome through direct activation or inhibition of
NF-κB.
Key words: non-alcoholic fatty liver disease; NODlike receptor protein 3 inflammasome; saturated fatty
acids; polyunsaturated fatty acids; nuclear factor-kappa
B
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our research inventively elucidated that highfat diet-induced hepatic steatosis was sufficient to
induce and activate hepatic NOD-like receptor protein
3 (NLRP3) inflammasome, playing an important
role in the development of non-alcoholic fatty liver
disease. Furthermore, dietary saturated fatty acids and
polyunsaturated fatty acids oppositely regulated the
activity of NLRP3 inflammasome in hepatocytes and
transmitted different sensitization to lipopolysaccharideinduced activation of NLRP3 inflammasome in vitro and
in vivo , partly through direct activation or inhibition of
nuclear factor-kappa B.
Sui YH, Luo WJ, Xu QY, Hua J. Dietary saturated fatty acid
and polyunsaturated fatty acid oppositely affect hepatic NODlike receptor protein 3 inflammasome through regulating
nuclear factor-kappa B activation. World J Gastroenterol 2016;
22(8): 2533-2544 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i8/2533.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2533

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is considered
the hepatic manifestation of the metabolic syndrome.
The spectrum of NAFLD includes simple steatosis,
steatosis with inflammation and non-alcoholic steato
hepatitis (NASH) with fibrosis. A “two hit” mechanism
is proposed to drive progression from NAFLD to NASH.
The initial step involves excessive fat accumulation in
the liver and the second hit includes enhanced lipid
peroxidation and increased generation of reactive
oxygen species (ROS). Subsequently, fat accumulation
in the liver enhances sensitization to the second
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In the current study, we investigated whether HFDinduced hepatic steatosis had a direct effect on NLRP3
inflammasome activation. Furthermore, the effect of
dietary SFAs and PUFAs on the NLRP3 inflammasome
activation in hepatocytes was determined and the
possible underlying mechanism was explored. We also
determined the effect of different FFAs on LPS-induced
NLRP3 inflammasome activation.

Island, NY, United States). cDNA was synthesized from
2 μg of total RNA using Primescript RT Reagent kit
(TaKaRa, Japan). For real-time PCR, 10 ng template
was added in a 10 μl reaction system containing each
primer and SYBR Green PCR Master Mix (TaKaRa,
Japan). PCR thermocycling parameters were 95 ℃
for 30 s, followed by 40 cycles of 95 ℃ for 5 s and
60 ℃ for 30 s performed by ABI Prism 7300 system
(Applied Biosystems, Grand Island, NY, United
States). All reactions were performed in triplicate.
The expression levels of target genes were quantified
-ΔΔCt
by the double-delta method (2
). Murine primers
(provided by Sangon Biotech Co., Shanghai, China)
were as follows: NLRP3: GAGTTCTTCGCTGCTATGT
and ACCTTCACGTCTCGGTTC; Caspase-1: TGG
AGAGAAACAAGGAG and TTGAAGAGCAGAAAG
CAAT; IL-1β: TCTTTGAAGTTGACGGACCC and
TGAGTGATACTGCCTGCCTG; TNF-α: TCTTCTCATTCCTG
CTTGTGG and GGTCTGGGCCATAGAACTGA; PPARγ:
GCCCTTTACCACAGTTGATTTCT and GTGATTTGTCCGT
TGTCTTTCCT; β-actin: TGTTACCAACTGGGACGACA and
CTGGGTCATCTTTTCACGGT.

MATERIALS AND METHODS
Animal experiments

Adult (age 6-8 wk) male wild type C57BL/6 mice were
obtained from the Experimental Animal Center (Ren
Ji Hospital, Shanghai Jiao Tong University). Mice were
fed either a normal control diet (NCD, 12% kcal from
fat, n = 10) or a high-fat diet (HFD, 59% kcal from
fat, Shanghai SLACCAS Company, n = 10) for 14 wk.
All mice were maintained in a temperature and lightcontrolled facility and permitted to consume water and
pellet chow ad libitum. All animal experiments fulfilled
Shanghai Jiao Tong University criteria for the humane
treatment of laboratory animals and was approved by
the Ren Ji Hospital Animal Care and Use Committee
(SYXK 2011-0121).
For LPS-induced liver injury, mice received an
intraperitoneal injection of lipopolysaccharide (LPS,
1.5 mg/kg, Sigma-Aldrich Corporation, St. Louis, MO,
United States) 6 h before being sacrificed after feeding
with either NCD (n = 5), HFD (n = 5) or PUFA-enriched
diet (enriched in polyunsaturated fatty acid, 45% kcal
from fish oil, Medicience Ltd, China, n = 5) for 4 wk.
The serum and liver tissue were collected.

Hepatocyte isolation and treatment

Western blot analysis

Whole protein extracted from mice liver tissue and
hepatocytes were resolved by 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
gels according to standard procedures. The samples
were then transferred to 0.45 μm nitrocellulose
membranes (Bio-Rad, Hercules, CA, United States)
and incubated at 4 ℃ overnight with antibodies against
NLRP3 (1:1000, Abcam, Cambridge, MA, United
States), Caspase-1 (procaspase-1 and Caspase-1-p10,
1:1000, Abcam, Cambridge, MA, United States),
peroxisome proliferator-activated receptor-γ (PPAR-γ)
(1:500, Cell Signaling Technology, Danvers, MA, United
States), NF-κB p65 (1:1000, Cell Signaling Technology,
Danvers, MA, United States), phosphorylated NFκB p65 (1:500, Cell Signaling Technology, Danvers,
MA, United States) and GAPDH (1:10000, KangChen
Bio-tech, Shanghai, China). The blots were then
incubated with a horseradish peroxidase (HRP)conjugated secondary antibody (1:10000, KangChen
Bio-tech, Shanghai, China) at room temperature for
1 h. Immunoreactive bands were detected with ECL
Western blotting kit (Thermo Scientific Pierce, Grand
Island, NY, United States), exposed to films and
developed.

[20]

Hepatocytes were isolated as previously described
and obtained through low-speed centrifugation of the
liver filtrate and cultured in DMEM solution containing
12% fetal bovine serum (FBS, Gibco, Grand Island,
NY, United States), with 100 U/mL penicillin G and 100
U/mL streptomycin sulfate on collagen I-coated plates.
The viability of cells was assessed by the trypan blue
exclusion test. Exclusion was greater than 90% for
hepatocytes.
After overnight culture, hepatocytes were treated
with either palmitic acid (PA, 0.5 mmol/L, SigmaAldrich Corporation, St. Louis, MO, United States) or
docosahexaenoic acid (DHA, 50 μmol/L, Sigma-Aldrich
Corporation, St. Louis, MO, United States) for 6 or 24 h,
as well as combined with LPS (1 μg/mL, Sigma-Aldrich
Corporation, St. Louis, MO, United States) treatment.
Meanwhile, DMEM solution or LPS treatment alone
served as a control respectively in the separated
experiments.

Caspase-1 activity measurement

Protein from mice liver tissue and hepatocytes was
extracted in the same way as above. The activity of
Caspase-1 was assessed with the caspase-1 activity
assay kit (BioVision, Milpitas, CA, United States)
according to the manufacturer’s instruction.

Total RNA isolation and real-time PCR

enzyme-linked immunosorbent assay analysis

Total RNA was extracted from mice liver tissue and
hepatocytes using TRIzol reagent (Invitrogen, Grand
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culture supernatants of hepatocytes were collected
after 24 h treatment. These lysates and culture
supernatants were assayed for IL-1β production with
IL-1β ELISA kit (eBioscience, San Diego, CA, United
States) according to the manufacturer’s protocol.

and activate NLRP3 inflammasome was investigated
and the effect of different fatty acids on NLRP3
inflammasome activation was explored further.
Primary hepatocytes isolated from C57BL/6 mice were
incubated in either SFA (PA, 0.5 mmol/L) or PUFA (DHA,
50 μmol/L) for 24 h. Oil red O staining showed severe
lipid droplet deposition in PA-treated hepatocytes when
compared to those of normal controls. However, slight
lipid droplet deposition was observed in DHA-treated
hepatocytes (Figure 2A), which was similar to that of
normal controls. As expected, PA-treated hepatocytes
demonstrated markedly increased mRNA expression of
NLRP3 and IL-1β compared to normal controls (Figure
2B). The protein expression of NLRP3 and fountional
caspase1-p10 in hepatocytes after PA treatment
was also increased (Figure 2C). Moreover, caspase-1
activity (Figure 2D) and IL-1β secretion (Figure 2E)
were markedly increased in PA-treated hepatocyte
culture supernatants. In contrast, DHA treatment
significantly decreased mRNA expression of NLRP3 and
IL-1β compared to normal controls (Figure 2B) but no
significant change was detected in caspase-1 activity
and IL-1β secretion in culture supernatants. Altogether,
these results indicated that SFAs alone could induce
and activate NLRP3 inflammasome in hepatocytes,
which may be associated with lipid deposition. On the
other hand, PUFAs had the potential to inhibit NLRP3
inflammasome activation.

Liver histology and oil red O staining

Liver tissues were fixed in 10% formalin and
embedded in paraffin. The sections were stained with
hematoxylin-eosin and examined under Olympus
light microscopy. Liver tissue and fatty acid treated
hepatocytes were fixed in 10% formalin and stained
with oil red O and hematoxylin for examination of lipid
accumulation.

Statistical analysis

All statistical analyses were carried out with GraphPad
Prism 5 and expressed as mean ± SEM. The pairedindividual means were compared by t-test. P < 0.05
was considered statistically significant.

RESULTS
High fat diets induce and activate hepatic NLRP3
inflammasome

Chronic and systemic activation of the inflammatoryimmune system plays an important role in the
[1,2]
development of NAFLD . Inflammasomes are major
contributors to inflammation. Here, the association
between high-fat diet feeding and hepatic NLRP3
inflammasome expression was studied. As in our
previous report, 14 wk of HFD induced significant but
simple hepatic steatosis (Figure 1A) and up-regulated
mRNA expression of proinflammatory cytokines TNF-α
and IL-1β in liver (Figure 1B) when compared to those
of NCD mice. Unlike other proinflammatory cytokines,
IL-1β is cleaved from pro-IL-1β by caspase-1, which
is activated by the inflammasome complex. Here
we found expression of NLRP3 and caspase-1 was
significantly up-regulated at mRNA level in the livers
of HFD-fed mice versus NCD-fed mice (Figure 1B).
Furthermore, the protein expression of NLRP3 and
fountional cleavage caspase-1 (caspase-1-p10)
was also increased in HFD-fed mice (Figure 1C). In
agreement with the increased fountional caspase-1
mRNA expression, caspase-1 activity (Figure 1D)
and mature IL-1β protein levels (Figure 1E) in liver
tissue were significantly increased in HFD-fed mice
versus NC-fed mice, which indicated inflammasome
activation. Taken together, these results indicated that
high-fat diet induced hepatic NLRP3 inflammasome
activation is associated with hepatic steatosis.

Combined effect of fatty acids with LPS on NLRP3
inflammasome activation in hepatocytes

LPS has been proposed as an important factor in the
pathogenesis of NAFLD. Recent reports have shown
LPS can induce and activate NLRP3 inflammasome in
[21]
the liver . Furthermore, TLRs and PA cooperatively
[14,22]
activated inflammasome in the liver
. Next, the
effect of LPS combined with different fatty acids on
NLRP3 inflammasome activation in hepatocytes was
investigated. Figure 3A and B shows that PA combined
with LPS significantly increased NLRP3 gene and
protein expression when compared with LPS treatment
alone. Simultaneously, caspase-1 activity (Figure 3C)
and IL-1β secretion (Figure 3D) were also significantly
increased in the combined treatment group versus
LPS treatment alone. In contrast, DHA combined with
LPS significantly decreased NLRP3 expression at gene
and protein levels when compared with LPS treatment
alone (Figure 3A and B). Furthermore, IL-1β secretion
in culture supernatant was decreased markedly after
DHA combined with LPS treatment (Figure 3C). These
results indicated that SFAs enhanced sensitization to
LPS-induced NLRP3 inflammasome activation, while
PUFAs had the potential to decrease LPS-induced
inflammasome activation.

Different fatty acids have opposite effect on NLRP3
inflammasome activation in hepatocytes

Effect of different fatty acid diets combined with LPS on
hepatic NLRP3 inflammasome in vivo

Hepatic steatosis was characterized with overloading
of lipid droplets in hepatocytes. Next, whether lipid
droplets deposition in hepatocytes can directly induce
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Figure 1 High fat diets induce hepatic steatosis and NOD-like receptor protein 3 inflammasome activation. Wild-type C57BL/6 mice were fed either
normal control (NC) diet or high-fat diet (HFD) for 14 wk. A: Liver histology (magnification × 100); B: mRNA expression of NLRP3 inflammasome components and
proinflammatory cytokines, determined by quantitative real-time PCR; C: Protein expression of NLRP3 and caspase-1 in Western blot; D: Caspase-1 activity in liver
tissue; and E: Mature IL-1β secretion in liver. Values are Mean ± SEM, aP < 0.05, bP < 0.01 vs NC; n = 10 animals per group. NLRP3: NOD-like receptor protein 3;
GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase; IL-1β: Interleukine-1 beta.

NLRP3 inflammasome activation in vitro. Next, whether
different fatty acids-enriched diets had different effect
on LPS-induced NLRP3 inflammasome activation in
vivo was explored. Hepatic NLRP3 inflammasome
expression was determined after administration of
LPS and 4 wk feeding of either HFD (enriched in SFAs)
or high-PUFA diet (enriched in PUFAs). Short-term
feeding of HFD significantly enhanced LPS-induced upregulation of NLRP3 and IL-1β gene expression when
compared to NCD (Figure 4A). NLRP3 and caspase-1
protein expression were also up-regulated in mice fed
with HFD combined with LPS treatment (Figure 4B).
Furthermore, caspase-1 activity and IL-1β production
in liver tissue were significantly increased in HFD mice
(Figure 4C and D). In contrast, a PUFA-enriched diet
significantly decreased LPS-induced caspase-1 gene
and protein expression (Figure 4A and B). Altogether,
these results revealed that different fatty acidsenriched diet offered opposite sensitization to LPSinduced NLRP3 inflammasome activation.

NF-κB activation. Therefore, different fatty acids
exerted opposite effects on the inflammatory response
partly through regulating the NF-κB activity.

DISCUSSION
Increasing evidence has suggested that inflammasome
plays an important role in the insulin resistance and
[7-9]
development of NAFLD . In the current study, we
confirmed that HFD-induced hepatic simple steatosis
was sufficient to induce and activate hepatic NLRP3
inflammasome. Furthermore, different fatty acids
had opposite effects on the NLRP3 inflammasome in
hepatocytes. SFAs significantly activated the NLRP3
inflammasome, while n-3 PUFAs had the potential
to decrease the activity of NLRP3 inflammasome. In
addition, different fatty acids transmitted different
sensitization to LPS-induced activation of NLRP3
inflammasome in vitro and in vivo. The different
effects of fatty acids on NLRP3 inflammasome may be
dependent on the NF-κB/PPAR-γ signaling.
Previous study has shown up-regulation and
activation of NLRP3 inflammasome in mice models
of long-term (9 mo) HFD-induced NASH, while there
was no inflammasome activation in mice models
[14]
of short-term (4 wk) HFD . In the current study,
14 wk of HFD feeding induced significant hepatic
steatosis and increased mRNA expression of TNF-α
and IL-1β. Furthermore, hepatic expression of NLRP3
and caspase-1 were up-regulated at both mRNA
and protein levels and caspase-1 activity and IL-1β
secretion in the liver of HFD-fed mice were significantly
increased, which indicated inflammasome activation.
Our previous studies showed no significant lipid
accumulation in the liver of short-term (4-6 wk)
HFD-fed mice, but 8-12 wk feeding of HFD induced
[23]
markedly hepatic steatosis . Therefore, HFD-induced
hepatic steatosis was a prerequisite to induce and
activate NLRP3 inflammasome. It has been widely
acknowledged that NLRP3 inflammasome is activated

Effect of different fatty acids on NF-κ B/PPAR-γ
expression

Recent study has shown that NF-κB plays a critical
role in priming NLRP3 inflammasome. Furthermore,
PPAR-γ inhibited proinflammatory cytokine expression
partly by antagonizing activities of the transcription
factors NF-κB. In the current study, we determined
NF-κB/PPAR-γ expression in hepatocytes treated
with different fatty acids. Figure 5A shows that
DHA treatment significantly increased PPAR-γ gene
expression in hepatocytes, but LPS alone as well as
combined with either PA or DHA treatment decreased
PPAR-γ expression. However, PPAR-γ protein expression
was similar in PA and DHA-treated hepatocytes (Figure
5B). On the other hand, we found PA increased but
DHA decreased NF-κB p65 protein expression in
hepatocytes. Furthermore, PA combined with LPS had
a synthetic effect on p65 NF-κB protein expression,
while DHA almost completely abolished LPS-induced
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Figure 2 Effect of different fatty acids on NOD-like receptor protein 3 inflammasome activation in hepatocytes. Primary hepatocytes were isolated from
wild-type C57BL/6 mice and were treated with either palmitic acid (PA, 0.5 mmol/L) or docosahexaenoic acid (DHA, 50 μmol/L). A: Lipid deposition in hepatocytes
after exposure to PA or DHA for 24 h; B: mRNA expression of NLRP3 inflammasome components after FFAs treatment for 6 h; C: Protein expression of NLRP3 and
caspase-1 in Western blot; D: Caspase-1 activity and E: Culture supernatant IL-1β level. Values are Mean ± SEM, aP < 0.05, bP < 0.01 vs normal control (NC), n = 3
experiments. NLRP3: NOD-like receptor protein 3; GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase; LPS: Lipopolysaccharide; IL-1β: Interleukine-1 beta.
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Figure 3 Combined effect of free fatty acids with lipopolysaccharide on NOD-like receptor protein 3 inflammasome activation in hepatocytes. Primary
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Figure 4 Effect of different fatty acid diets combined with lipopolysaccharide on hepatic NOD-like receptor protein 3 inflammasome in vivo. Wild-type
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[5,6,24]

by PAMPs or DAMPs
. Excessive intracellular lipid
droplet deposition has been thought as one of the
[12]
endogenous DAMPs . Therefore, hepatic steatosis
may initiate NLRP3 inflammasome gene expression
through metabolic stress-induced endogenous DAMPs.
Furthermore, FFAs derived from HFD could directly
stimulate TLRs and activate inflammasome as a
second stimulus. Altogether, HFD-induced hepatic
steatosis was sufficient to induce and activate hepatic
NLRP3 inflammasome, which may contribute to the
development of NAFLD.
FFAs, usually elevated in the plasma of NASH patients
and animal models of NAFLD, have been proposed to
promote inflammatory responses by directly engaging

WJG|www.wjgnet.com

TLRs and inducing NF-κB-dependent production of
[10-12]
inflammatory cytokines
. Recently, emerging
evidence demonstrated that FFAs activated the
[13,14,25]
[13]
inflammasome
. Wen et al
demonstrated the
SFA palmitate could activate the NLRP3 inflammasomedependent IL-1β secretion from murine macrophages.
Reynolds CM found palmitate induced IL-1β secretion
in dendritic cells through a caspase-1/ASC/NLRP3[25]
dependent pathway . These results implicated
that dietary SFAs served as DAMPs to induce NLRP3
inflammasome; however, SFAs only showed a priming
role on NLRP3 inflammasome. In the current study, we
found exposure to dietary PA induced significant lipid
deposition in hepatocytes. The lipid-loaded hepatocytes
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Figure 5 Effect of different fatty acids on nuclear factor-kappa B/peroxisome proliferator-activated receptor-γ expression. Primary hepatocytes were isolated
and treated with PA (0.5 mmol/L), DHA (50 μmol/L) or LPS (1 μg/mL) alone or both of them. (A) mRNA expression of PPAR-γ, (B) Protein expression of NF-κB and
PPAR-γ. Values are mean ± SEM, aP < 0.05, bP < 0.01 vs control, n = 3 experiments. PPAR-γ: Peroxisome proliferator-activated receptor-γ; NF-κB: Nuclear factorkappa B; PA: Palmitic acid; DHA: Docosahexaenoic acid; LPS: Lipopolysaccharide.

exhibited not only up-regulated NLRP3 inflammasome
expression and pro-IL-1β gene transcription, but also
increased caspase-1 activity and IL-1β secretion.
Our results indicated that SFAs alone could directly
induce and activate NLRP3 inflammasome and
initiate inflammatory responses in hepatocytes. The
discrepancy between ours and others was mainly due
to the different cell types studied. Hepatocytes were
the major place of lipid metabolism and excessive
lipid deposition in hepatocytes led to lipotoxicity.
Recent study has demonstrated that SFAs enhanced
endoplasmic reticulum stress and induced production
of ROS, which were sufficient for the induction of
IL-1β production via activation of the NF-κB and
[26]
inflammasome pathways . Therefore, endogenous
DAMPs associated with excessive intracellular lipid
deposition may serve as both a priming and activating
signal on NLRP3 inflammasome. On the other hand, we
found n-3 PUFAs had no effect on IL-1β secretion and it
even decreased NLRP3 inflammasome gene expression
[16]
to some extent. Recently, Yan et al
reported that
omega-3 fatty acids inhibited the NLRP3 inflammasome
[15]
activation in macrophages. L’homme et al
found
unsaturated fatty acids abolished SFA-induced NLRP3
inflammasome activation and inhibited subsequent
caspase-1 activation and IL-1β secretion in human
monocytes/macrophages. These results indicated
different dietary fatty acids exerted opposite roles in
the activation of the NLRP3 inflammasome. Taken

WJG|www.wjgnet.com

together, SFAs, the main fatty acids derived from HFD,
may contribute to the development of NAFLD through
activating NLRP3 inflammasome, at least partly. In
contrast, PUFAs had the potential to play a protective
role in NAFLD.
The level of bacterial endotoxin (or LPS) is
increased in the portal and/or systemic circulation
[27]
in NFALD . Emerging evidence supported the role
of gut-derived endotoxin in the pathogenesis of
NAFLD. LPS was recognized by TLRs and activated
the signaling pathway to produce proinflammatory
cytokines such as TNF-α, which further increased
lipid accumulation and decreased β-oxidation of fatty
[28,29]
acids
. Previous studies demonstrated LPS directly
induced and activated the NLRP3 inflammasome in the
[21,30]
liver
. Furthermore, SFAs enhanced sensitization
to LPS-induced inflammasome activation and IL-1β
release in hepatocytes. In the current study, we found
that SFAs increased but PUFAs decreased sensitization
to LPS-induced NLRP3 inflammasome activation and
subsequent IL-1β secretion in hepatocytes. A similar
result was observed in vivo. HFD increased sensitization
to LPS-induced hepatic NLRP3 inflammasome activation
in vivo, while a PUFA-enriched diet had the potential
to inhibit LPS-induced hepatic NLRP3 inflammasome
activation to some extent. Taken altogether, HFD or
SFAs and LPS cooperatively contributed to NLRP3
inflammasome activation, which may play an
important role in the progression of NAFLD to NASH.
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important regulator of inflammation.

In contrast, PUFAs had an inhibitory effect on NLRP3
inflammasome and decreased LPS-induced NLRP3
inflammasome activation, indicating a new protective
and anti-inflammatory function of PUFAs.
We found different fatty acids or diets oppositely
regulated the activity of NLRP3 inflammasome, but
the underlying possible mechanism involved was not
elucidated. It has been shown that SFAs were able to
activate TLR4 signaling to induce gene expression of
diverse proinflammatory cytokines by regulating the
[12]
transcription factors, including NF-κB . In contrast,
PUFAs were verified to reduce lipid accumulation
and improve insulin sensitivity through regulating
transcription factors, such as PPAR-γ, to exert anti[31]
inflammatory responses . Recently, studies have
shown that NF-κB signaling was necessary for proper
activation of the NLRP3 inflammasome. Bauernfeind
FG demonstrated that NF-κB inhibition led to reduction
[30]
of NLRP3 inflammasome expression induced by LPS .
Furthermore, some studies demonstrated that PPAR-γ
inhibited proinflammatory cytokine gene expression
partly by antagonizing activities of the transcription
[32]
factors AP-1, STAT and NF-κB . In the present study,
we found SFAs increased but PUFAs decreased NF-κB
p65 protein expression in hepatocytes. Furthermore,
SFAs combined with LPS had a synthetic effect on
p65 NF-κB protein expression, while PUFAs almost
completely abolished LPS-induced NF-κB activation.
However, PPAR-γ protein expression was similar in
hepatocytes treated with SFAs or PUFAs. Our result
was similar to other reports. Recently, Williams-Bey
Y found that DHA suppressed macrophage inflam
masome activation by inhibiting NF-κB activation
and also potently reduced LPS-induced nuclear
[33]
translocation of p65 NF-κB . Therefore, different
dietary fatty acids oppositely regulated the activity
of NLRP3 inflammasome through directly regulating
NF-κB activation, which may play a crucial role in the
progression or improvement of NAFLD.
In conclusion, our study confirmed that HFDinduced hepatic steatosis was sufficient to induce
and activate hepatic NLRP3 inflammasome, which
played an important role in the development of
NAFLD. Moreover, SFAs directly activated NLRP3
inflammasome and increased sensitization to LPSinduced inflammasome activation, while PUFAs had the
potential to inhibit NLRP3 inflammasome expression
and abolished LPS-induced NLRP3 inflammasome
activation. Different fatty acids oppositely regulated
NLRP3 inflammasome activity through direct activation
or inhibition of NF-κB.

Research frontiers

Recent studies suggest a critical role for the NOD-like receptor protein 3
(NLRP3) inflammasome in obesity and its complications. Elevated reactive
oxygen species levels, mitochondria damage and lysosomal rupture have been
proposed to participate in NLRP3 inflammasome activation but little is known
about fatty acids to positively or negatively regulate NLRP3 inflammasome
activation.

Innovations and breakthroughs

This research inventively demonstrated that hepatic NLRP3 inflammasome
activation played an important role in the development of NAFLD. Dietary
saturated fatty acids (SFAs) and polyunsaturated fatty acids (PUFAs) oppositely
regulated the activity of NLRP3 inflammasome through direct activation or
inhibition of nuclear factor-kappa B (NF-κB).

Applications

This research confirmed that dietary SFAs and PUFAs oppositely affect hepatic
NLRP3 inflammasome through regulating NF-κB activation, which may provide
a new therapy option of a dietary-based intervention for NAFLD.

Terminology

The NLRP3 inflammasome is a cytosolic protein complex composed of the
regulatory subunit NLRP3, the adaptor apoptosis-associated speck-like protein,
and the effector caspase-1. Two-signal hypothesis is accepted in inflammasome
activation: the first signal produces and induces pro-Interleukine-1 beta (proIL-1β) and inflammasome components expression; and the second signal
assembles inflammasome components to engage in caspase-1 activation and
secret bioactive IL-1β.

Peer-review

The authors investigated the effect of different dietary fatty acids on hepatic
inflammasome activation. The work was logically designed and nicely
described.
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Abstract
AIM: To analyze the clinical and pathological parameters
and expression of the neural cell adhesion molecule
(CD56) in patients with biliary atresia (BA).
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METHODS: Established clinical laboratory markers
of hepatic function, including enzyme activity, protein
synthesis, and bilirubin metabolism, were evaluated
in patients with BA and compared with those in
patients with choledochal cysts and neonatal hepatitis.
Pathological changes in tissue morphology and fibrosis
were examined by histological and tissue collagen
staining. Immunohistochemical staining for the biliary
epithelial cell markers CD56 and CK19 together with
the Notch signaling related molecules Notch1 and
Notch2 was performed in the context of alterations in
the structure of intrahepatic biliary ducts.
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[1,2]

parameters among the three diseases examined
were observed, but they did not correlate with
the pathological classification of fibrosis in BA.
Immunohistochemical staining showed the presence
of CD56-positive immature bile ducts in most patients
(74.5%) with BA but not in patients with choledochal
cysts or neonatal hepatitis. The number of CD56expressing cells correlated with disease severity, with
more positive cells present in the later stages of liver
damage (81.8% vs 18.2%). Furthermore, bile plugs
were mainly found in CD56-positive immature biliary
ducts. Notch signaling was a key regulatory pathway
in biliary duct formation and played a role in tissue
fibrosis. Notch1 was co-expressed in CD56-positive
cells, whereas Notch2 was found exclusively in blood
vessels in the portal area of patients with BA.

liver transplantation . The etiology of BA is still not
fully understood, although a variety of pathological
[3]
processes, such as viral infection , dysregulation of
[4]
the immune system , and genetic defects, have been
[5]
reported in animal models and patients. It has also
[6]
been proposed that the condition is multifactorial . As
transplantation is limited, advancing our knowledge on
the pathological processes, such as inflammation and
fibrosis, in BA may identify new therapeutic targets for
treatment.
In patients with BA, an increase in bile ductules
as the disease develops has been demonstrated, a
process that is suggested to be associated with liver
[7]
regeneration . However, the function of these ductules
is not fully understood, especially in liver fibrosis.
Several markers have been used to differentiate
biliary epithelial cells (BECs) from other hepatic cells
and blood vessels. The most commonly used marker
is cytokeratin 7 (CK7), which stains all BECs but also
[8]
reacts with some progenitor hepatocytes . Some
investigators have used CD56 (neural cell adhesion
molecule, NCAM) to identify immature BECs and
epithelial cell adhesion molecule (EpCAM) as a marker
of mature BECs, and antibodies specific for these
molecules have been successfully used to isolate BECs
[9]
from animal and human samples . The expression of
CD56 in patients with BA has been described in some
[10,11]
studies
, however, the function and relationship of
this marker with the pathological changes that occur in
BA have not been well studied.
Notch signaling plays a key role in the development
[12]
of the biliary system . Alagille syndrome is caused
by mutations in Jagged1, which encodes a ligand for
Notch1, resulting in a loss of bile duct structure in the
[13]
portal tracts . However, Notch signaling contributes
to the pathology of carbon tetrachloride-induced
liver fibrosis in an animal model, and use of the
[14]
inhibitor γ-secretase reduces fibrosis . In addition,
in Alagille syndrome, although cholestasis is severe,
[15]
progression to biliary cirrhosis is rare , further
indicating that Notch1-mediated signaling contributes
to tissue fibrosis. Notch2 functions in normal periand post-natal formation of the intrahepatic bile
duct (IHBD), and low expression of this receptor
causes malformation of the IHBD. Notch2 can also
[16]
influence the development of blood vessels . As the
pathological processes in BA include the formation of
neo-ductules and tissue fibrosis, the function of Notch
signaling in BA warrants investigation.
In this study, we report differences in serum levels
of markers of bile metabolism, i.e., total bilirubin (TBIL),
direct bilirubin (DBIL), and total bile acid levels (TBA),
in three cholestatic diseases: BA, neonatal hepatitis
(NH), and choledochal cysts (CCs). Significantly
higher levels of TBIL, DBIL, and TBA were found in
patients with BA and NH compared to those with CC,
which suggests that the liver, but not extra-hepatic
structures, influences function. In addition, we noted
that gamma-glutamyl transferase (γ-GT), which

CONCLUSION: The maturation of biliary epithelial
cells and the expression of Notch may play a role in the
pathogenesis of BA.
Key words: Biliary atresia; CD56; epithelial cell adhesion
molecule; cytokeratin 7; Biliary epithelial cells; Liver
fibrosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinical laboratory parameters did not correlate
with tissue fibrosis in patients with biliary atresia (BA).
Immunohistochemical staining showed that CD56positive immature bile ducts were present only in
patients with BA but not in those with choledochal cyst
or neonatal hepatitis. The number of CD56 expressing
cells correlated with disease severity, with more positive
cells present in the later stages of liver damage.
Furthermore, the signaling molecule Notch1, but not
Notch2, was co-expressed in CD56 positive cells. Our
data provide new insights into the pathogenesis of BA
in terms of biliary epithelial cell maturation and Notch
expression.
Zhang RZ, Yu JK, Peng J, Wang FH, Liu HY, Lui VCH, Nicholls
JM, Tam PKH, Lamb JR, Chen Y, Xia HM. Role of CD56expressing immature biliary epithelial cells in biliary atresia.
World J Gastroenterol 2016; 22(8): 2545-2557 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i8/2545.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2545

INTRODUCTION
Biliary atresia (BA) is an infantile disorder that affects
both intrahepatic and extrahepatic bile ducts, with
progressive tissue fibrosis leading to irreversible liver
[1]
cirrhosis . With advances in clinical care and the
availability of Kasai portoenterostomy to re-establish
bile drainage, mortality has been significantly reduced;
however, patients may still develop cirrhosis without
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reflects involvement of BECs, was increased in BA, but
was less pronounced in NH. Detailed analysis of the
phenotype of BECs in the context of CD56, EpCAM, and
CK7 expression was performed in order to determine
the different stages of maturation. Biliary epithelial
cells stained for CD56 were present in higher numbers
in patients with BA compared to those with CC or NH,
which implies that neo-BECs might contribute directly
to liver fibrosis. As Notch signaling is related to tissue
fibrosis, increased expression of Notch1 in these cells
suggests that CD56-related Notch signaling may also
be involved in the pathogenesis of BA.

Table 1 Patient medical histories
Patient
characteristic
Number
Age1 (mo)
Sex

BA-ML

41
2.2 ± 1.0
M: 19
F: 22

44
2.4 ± 1.7
M: 30
F: 14

NH

CC

CC-AM

32
65
32
1.9 ± 1.0 43.4 ± 31.6 2.9 ± 2.5
M: 23
M: 17
M: 9
F: 9
F: 47
F: 23

1
mean ± SD. BA: biliary atresia; BA-E: early stage of BA with less tissue
fibrosis; BA-ML: middle or late stage BA with more or dense tissue
fibrosis; CC: choledochal cyst; CC-AM: patients aged < 1 year with CC; F:
female; M: male.

parameter and classified according to the degree
of tissue fibrosis by the pathology department. To
confirm the clinical observations, sections were stained
with Masson’s Trichrome Stain. In brief, the paraffin
sections obtained from the pathology department
were dewaxed and hydrated in xylene and descending
concentrations of ethanol. The pathological changes
were illustrated by Hematoxylin and Eosin staining.
For Masson’s Trichrome staining, the sections were
re-fixed in Bouin’s solution and then stained with
Weigert’s iron hematoxylin solution before Biebrich
scarlet-acid fuchsin solution was added. The color was
differentiated in phosphomolybdic-phosphotungstic
acid solution until the collagen was no longer red. The
sections were then transferred to aniline blue solution
and finally differentiated in 1% acetic acid solution.
To confirm deposition of collagen, the adjacent
sections were de-waxed and hydrated, and Sirius
Red was applied for 1 h at room temperature; after
counterstaining with hematoxylin, the sections were
mounted and analyzed.

MATERIALS AND METHODS
Materials

The Trichrome Stain (Masson) Kit, Sirius Red, and
other chemical reagents used were purchased from
Sigma (Sigma-Aldrich Corporation, St Louis, MO,
United States). Antibodies used were mouse antihuman CD56 (Dako Denmark, Glostrup, Denmark),
mouse anti-human EpCAM, and mouse anti-human
CK7 (Santa Cruz Biotechnology, Dallas, TX, United
States), rabbit anti-human Notch1 (Cell Signaling
Technology, Beverly, MA, United States), and rabbit
anti-human Notch2 (Bethyl Laboratories, Montgomery,
TX, United States).

Patients’ medical histories

Patients’ medical histories were obtained from the
patient record system of Guangzhou Women and
Children’s Medical Center, China. Clinical information
relevant to this study is shown in Table 1. The age of
patients with BA and NH was often less than 1 year,
whereas the age of patients with CC varied from 4
months to 10 years, therefore, the latter group was
further categorized by age (i.e., CC-AM < 1 year
old) and then compared. The experimental protocols
were approved by the Medical Ethics Committee of
Guangzhou Women and Children’s Medical Center.

Immunohistochemical analysis

Tissue sections were dewaxed and hydrated as
described above. Depending on the antibody, antigen
retrieval was performed on the sections in 0.01 M
citrate buffer (pH 6.0) for EpCAM, CK7, and Notch2,
or tris-ethylenediaminetetraacetic acid (EDTA) buffer
(pH 9.0) for CD56, Notch1, and CD31 in a microwave
for 10 min at 95 ℃. Endogenous peroxidase was
quenched with 3% hydrogen peroxide (H2O2) for 10
min, and non-specific signals were blocked by the
addition of 0.1% bovine serum albumin (BSA) and
0.1% goat serum for 30 min at room temperature. The
antibodies (1:50-1:200 in dilution buffer, Dako) were
added and incubated at 37 ℃ for 60 min or overnight
at 4 ℃ . The signals were revealed by the Dako
EnVision System (Dako Denmark, Glostrup, Denmark)
with diaminobenzidine (DAB) or the Polink DS-MRHu C1 kit for double staining following the manufac
turer’s instructions. The sections were observed using
Nikon Eclipse Ci (Nikon Instruments (Shanghai) Co.,
Ltd., Shanghai, China) and photographed with NISElements software (Nikon Instruments).

Clinical laboratory investigations

To compare differences in the biochemical parameters
for BA, CC, and NH, the serum levels of 10 biochemical
parameters were measured and analyzed. The serum
samples were obtained from patients before surgery
and were analyzed using a Hitachi Pre-Analytical
Process Automation System with a 7600 Clinical
Analyzer. The 10 parameters analyzed were alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), γ-GT, total protein (TP), albumin (ALB), globulin
(GLO), TBIL, DBIL, indirect bilirubin (IBIL), and TBA.

Histology analysis and evaluation of tissue fibrosis

Tissue fibrosis is one of the key pathophysiological
changes in patients with BA and is often an indicator
of an adverse clinical outcome. The deposition of
tissue collagen was assessed as a clinical pathological
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Table 2 Clinical laboratory analysis of molecules in blood related to liver function
Population

Average (SD) value

Normal ranges
BA (n = 85)
NH (n = 32)
CC
All (n = 65)
Aged < 1 yr
(n = 32)
Aged > 1 yr
(n = 33)

ALT
(U/L)

AST
(U/L)

γ-GT
(U/L)

TP
(g/L)

ALB
(g/L)

GLO
(g/L)

ALB
GLO

TBIL
(μmol/L)

DBIL
(μmol/L)

IBIL
(μmol/L)

TBA
(μmol/L)

9-50
183.8
(167.9)
251.9
(391.2)

5-60
284.8
(279.8)
372.7
(425.9)

10-60
898.0
(724.0)
271.7d
(297.6)

65-85
57.7
(6.7)
61.3
(40.5)

40-55
39.0
(5.6)
38.1
(6.2)

20-40
21.4
(28.8)
39.4
(132.8)

1.2-2.4
2.4
(0.9)
(2.5
(0.8)

2-17
184.8
(60.6)
199.0
(96.5)

0-7
136.7
(45.7)
134.0
(86.7)

2-13.7
48.1
(20.7)
64.7
(39.2)

0-15
169.7
(79.5)
158.0
(96.0)

105.0b
(115.3)
88.6a
(104.3)
117.3
(116.8)

208.9
(252.1)
245.6
(326.1)
260.9
(264.2)

575.4c
(644.8)
786.9e
(759.2)
357.2
(408.4)

62.1
(9.3)
57.9
(7.7)
66.2
(9.2)

41.1
(5.6)
39.6
(5.0)
42.6
(5.8)

24.3
(27.1)
18.3
(4.4)
30.4
(37.4)

3.2
(8.8)
2.3
(0.5)
4.1
(12.4)

88.8f
(100.8)
130.7g
(116.8)
46.9
(58.2)

47.2h
(61.0)
62.3i
(71.4)
32.0
(44.6)

41.6
(68.4)
68.4
(88.1)
14.9
(16.7)

77.7j,l
(124.1)
83.9k,m
(91.1)
71.8
(150.7)

For the statistical analysis, the differences in BA, NH, and CC (total) for each clinical parameter were studied, we first used one-way ANOVA to determine
whether the F test was significant and if so, Tukey’s multiple comparisons test was used. A similar procedure was used to analyze age-matched CC.
Details of the F test results are shown in the results section. bP < 0.01 and aP < 0.05 vs NH; cP < 0.05 and dP < 0.001 vs BA; eP < 0.01 vs NH; fP < 0.001 and gP
< 0.01 vs BA and NH; hP < 0.001 and iP < 0.001 vs BA and NH; jP < 0.001 and kP < 0.001 vs BA; lP < 0.01 and mP < 0.01 vs NH. ALB: albumin; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; BA: biliary atresia; CC: choledochal cyst; DBIL: direct bilirubin; γ-GT: gamma-glutamyl transferase;
GLO: globulin; IBIL: indirect bilirubin; NH: neonatal hepatitis; TBA: total bile acid; TBIL: total bilirubin; TP: total protein.

Statistical analysis

the means of ALT in BA, NH, and CC patients [F (2,
180) = 5.702, P = 0.0040] and in BA, NH, and CCAM patients [F (2, 148) = 4.048, P = 0.0194]. There
was no statistically significant difference when the
patients with BA were compared to those with CC or
NH, although there were differences between patients
with NH and both the overall CC group and the CCAM subgroup (P < 0.01 and P < 0.05, respectively).
There were differences in the means of γ-GT between
BA, NH, and CC patients [F (2, 179) = 11.57, P <
0.0001] and between BA, NH, and CC-AM [F (2, 148)
= 9.927, P < 0.0001]. Markedly higher levels of γ-GT
were observed in patients with BA (898.0 ± 724.0
U/L), which were 3-fold higher than in the NH group
(271.7 ± 297.6 U/L, P < 0.001) and 1.5-fold higher
than in the CC group (575.4 ± 644.8 U/L, P < 0.05).
There was no significant difference in γ-GT between BA
and CC-AM groups, although the level in the CC-AM
group was higher (786.9 ± 759.2 U/L). Furthermore,
the high level of γ-GT in the CC-AM group reached
significance compared with the NH group (P < 0.01).
Bilirubin metabolism is one of the most important
indicators of liver function. Levels of all three bilirubin
proteins (TBIL, DBIL, and IBIL) were higher than the
upper limit of the normal ranges in the three diseases
studied. In terms of TBIL, one way ANOVA showed
differences in the means of these three proteins in BA,
NH, and CC patients [F (2, 180) = 30.48, P < 0.0001],
and in BA, NH and CC-AM patients [F (2, 148) = 6.469,
P = 0.0020], when compared with the CC group (88.8
± 100.8 μmol/L). The levels of TBIL were significantly
higher in the BA and NH groups (184.8 ± 60.6 μmol/L
and 199.0 ± 96.5 μmol/L, respectively; P < 0.001 for
both) and the CC-AM group (130.7 ± 116.8 μmol/L,
P < 0.01). Similarly, differences in the means of
DBIL were observed in the three groups [CC; F (2,

All clinical data are presented as mean ± standard
deviation (SD). The statistical analysis was performed
®
using GraphPad Prism software (GraphPad Software,
Inc., La Jolla, CA, United States). Student’s t test was
used when comparing two sets of data and one way
analysis of variance (ANOVA) was used when three
sets or more were compared. The Tukey multiple
comparison test was used for statistical analysis of
each individual comparison within a group. P values <
0.05 were considered statistically significant.

RESULTS
Differences in biochemical parameters in patients with
BA, CC, and NH

Overall, none of the parameters was significantly
different when the CC-AM group was compared with
CC group using the Student’s t test (Table 2). However,
when CC-AM patients were compared with CC patients
excluding the CC-AM group (i.e., CC-AM patients vs
CC patients aged > 1 year), the level of γ-GT was
significantly different (786.9 ± 759.2 U/L vs 357.2 ±
408.4 U/L, respectively, P < 0.01), as was TBIL (130.7
± 116.8 μmol/L vs 46.9 ± 58.2 μmol/L, respectively, P
< 0.001). The difference in TBIL might have arisen due
to increased levels of IBIL in the CC-AM patients (68.4
± 88.1 μmol/L vs 14.9 ± 16.7 μmol/L, respectively, P
< 0.01).
No differences in TP, ALB, GLO, or the ratio of ALB
to GLO were observed between the three diseases
compared with the normal ranges of expression of
these biochemical markers. AST levels were higher
than normal (> 3-fold) in all three patient groups, but
there was no significant difference. Using one way
ANOVA with regard to ALT, there were differences in
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180) = 46.06, P < 0.0001] and CC-AM; F (2, 148) =
17.92, P < 0.0001]. Increased levels of serum DBIL
were observed in the BA and NH groups (136.7 ±
45.7 μmol/L and 134.0 ± 86.7 μmol/L, respectively)
compared with the CC (47.2 ± 61.0 μmol/L) and CCAM (62.3 ±7 1.4 μmol/L) subgroups (P < 0.001 for
all comparisons). Total bile acid levels reflect liver
function in terms of fatty acid metabolism, and the
pattern of high levels detected in patients with BA and
NH compared to those with CC was similar to that for
bilirubin. The same phenomenon was observed for
TBA in the three groups, BA, and NH with either CC or
CC-AM, and the differences were significant [F (2, 172)
= 14.79, P < 0.0001] and [F (2, 140) = 10.50, P <
0.0001]. Increased levels of TBA were observed in the
BA and NH groups (169.7 ± 79.5 μmol/L and 158.0 ±
96.0 μmol/L, respectively) compared with the CC and
CC-AM groups (71.8 ± 150.7 μmol/L, P < 0.001 and
83.9 ± 91.1 μmol/L, P < 0.01, respectively).

the different stages of BA, no difference was found in
the accumulation of bile plugs, which was extensive in
both stages, and their presence in liver tissue was not
evenly distributed.

Analysis of intrahepatic bile ducts

Changes in morphology of the IHBDs were further
examined using different markers for BECs. CK7 has
long been used as a marker for BECs and showed
positive staining in all tissue sections examined in
patients with BA, NH, and CC as well as the disease
control (portal vein cavernous transformation, PVCT)
(Figure 3A, D, G and J). However, CK7 staining was
slightly weaker in BA, which may have been related
to its immature status. Compared to the control, the
number of CK7-positive cells was greatly increased
in patients with BA, but less so in those with NH. In
patients with CC, the number of cells was similar to
that in the control.
EpCAM is a marker of mature BECs and was
expressed in BA, NH, CC, and the disease control
(Figure 3B, E, H and K). The pattern of EpCAM staining
was similar to that of CK7, but the number of cells was
less pronounced than that detected for CK7. In some
tissue sections, bile ducts in the portal tract did not
stain with EpCAM; and, therefore, the staining pattern
was different from that of CK7 (Figure 3M and N).
CD56 is a marker of immature BECs. Marked
expression of CD56-positive BECs was observed in
patients with BA (Figure 3C), but not in those with
NH, CC, or in normal control liver (Figure 3F, I and L).
Using adjacent tissue sections from patients with BA, a
partial co-localization of CD56 and CK7 was observed
(Figure 3M and O).

Evaluation of liver tissue fibrosis

In order to determine whether clinical laboratory
parameters had any relation to tissue fibrosis, the
collagen content in tissue sections was examined with
Masson’s Trichrome Stain. We observed that low levels
of collagen were deposited in patients with early liver
damage [early stage of biliary atresia (BA-E)], in which
[17,18]
there was neither fibrosis nor mild portal fibrosis
,
and similar results were obtained for patients with NH
and CC. However, collagen deposits were markedly
increased in patients with moderate or late liver
damage [middle or late stage of biliary atresia (BAML)], who were reported to have a high degree of
[17,18]
fibrosis
(Figure 1 left panel). These results were
confirmed by Sirius Red staining, which allowed more
accurate quantification (Figure 1, right panel).
The levels of biochemical parameters, especially
γ-GT, TBIL, and DBIL, were significantly different in
the three different cholestatic diseases, and these
were reanalyzed in the context of the degree of
tissue fibrosis, using BA-E and BA-ML as the stages
of disease progression. There were no statistically
significant differences, although the trend in the BA-ML
group suggested that there might be increases in all
three parameters compared with the BA-E group.

Distribution of CD56-positive cells in patients with BA

Using adjacent tissue sections, expression of CD56 was
further analyzed and was observed to co-localize with
EpCAM (Figure 4A-H). The CD56-positive immature
bile ducts were mostly found in the periportal tract,
where bile plugs were often observed (Figure 4I).
Inflammatory cell infiltration is an important event
in the development of BA, and expression of major
histocompatibility complex class Ⅱ [human leucocyte
antigen (HLA)-DR] proteins was detected in tissue
sections. The co-localization of CD56 and HLA-DR
staining indicated the close relationship between these
two sets of cells, and, in some instances, HLA-DRpositive cells were found in CD56-positive immature
bile ducts (Figure 4J).
Three categories of CD56 expression were identified
based on the intensity of staining: strong (++) (Figure 4A
and B), weak (+) (Figure 4C), and no signal (-) (Figure
4D). In order to further understand the relationship
between CD56, bile plugs and the pathological classi
fication of BA-E and BA-ML, the percentage of each
category was calculated for patients with BA (Table 3).
Overall, the percentage of CD56++ was higher for BA-

Bile plugs in liver samples from patients with BA

No significant differences in serum levels of the
biochemical parameters of bilirubin metabolism
were found between the BA-E and BA-ML groups,
which suggested either a reduction in the expression
of bilirubin-related molecules or impairment of the
transport of these products. Accumulation of bile
plugs is a hallmark of BA, and it can often be found
in bile ducts or ductules (Figure 2A, B, E, and F). In
contrast, the presence of bile plugs was much less
marked in patients with NH and CC (Figure 2C and G;
D and H). However, when using BA-E and BA-ML as
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Masson’s

Sirius red

E

B

F

C

G

D
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CC

NH

BA-M

BA-E

A

Figure 1 Evaluation of tissue fibrosis in biliary atresia, choledochal cyst, and neonatal hepatitis patients. Liver tissues from patients with BA, CC, and NH
were collected and adjacent sections were cut. Tissue fibrosis was evaluated with Masson’s Trichrome Stain, in which the collagen was detected by blue color.
Depending on the stage of fibrosis, sections from patients with BA were further separated into two groups: early stage BA (BA-E), with no or mild collagen deposition,
and middle or late stage BA (BA-ML), with dense collagen deposition. The adjacent tissue sections were further stained with Sirius Red to validate the results, with
collagen detected by pink color. Sections were examined with a Nikon light microscope. Scale bar shown represents 50 μm. NH: neonatal hepatitis; CC: choledochal
cyst; BA: biliary atresia.

ML than for BA-E (57.1% vs 40.1%) and for sections
with bile plugs than those without (51.2% vs 41.7%).
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Further analysis of the disease subcategories found that
BA-E without bile plugs had a higher percentage of CD56-
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Figure 2 Comparison of bile plugs in biliary atresia, choledochal cyst, and neonatal hepatitis patients. HE staining was performed on tissue sections from
patients with three cholestatic diseases: biliary atresia [early (BA-E) and middle and late (BA-ML)], CC, and NH. The sections were separated based on their serum
levels of DBIL into two groups: bilirubin high (DBIL-H) and bilirubin low (DBIL-L), with the sections containing the highest number of bile plugs in each group selected
and photographed. The sections were examined with a Nikon light microscope. Scale bar represents 50 μm. CC: Choledochal cyst; DBIL: Direct bilirubin; HE:
Hematoxylin and eosin; NH: Neonatal hepatitis

cells than CD56+ cells (50% vs 16.7%) and BA-ML with
bile plugs had a higher percentage of CD56+ than CD56-
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cells (54.4% vs 18.2%). These data suggest a positive
correlation between CD56+ cells and disease progression.
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Figure 3 Immunohistochemical analysis of the expression of cytokeratin 7, epithelial cell adhesion molecule, and CD56. Tissue sections from patients
with BA (A-C), NH (D-F), CC (G-I), and the disease control (J-L) together with a set of adjacent sections (M-O) were selected. Immunohistochemical staining was
performed with antibodies for CK7 (A, D, G, J and M), EpCAM (B, E, H, K and N) and CD56 (C, F, I, L and O). After antigen retrieval, the sections were incubated with
antibodies overnight at 37  ℃. The black arrow in (H) indicates a bile duct. The sections were examined with a Nikon light microscope. Scale bar represents 50 μm.
EpCAM: epithelial cell adhesion molecule; CK7: cytokeratin 7; NH: neonatal hepatitis; CC: choledochal cyst; BA: biliary atresia.
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Figure 4 Co-localization of CD56 with epithelial cell adhesion molecule, bile plugs, and human leucocyte antigen-DR. Co-localization of CD56 (A-D) and
EpCAM (E-H) is illustrated in adjacent sections using immunohistochemical staining. From the upper (A, E) to the lower (D, H) slides, the full spectrum of the CD56
staining results is shown. Co-localization of CD56 with bile plugs is shown in (I). Localization of CD56 and HLA-DR positive cells is shown in (J). Black arrows indicate
bile plugs. Pink arrows indicate HLA-DR-positive cells. Dark green represents CD56-positive cells. The sections were examined and the scale bar represents 50 μm.
Hep: hepatocytes; PT: portal tract; EpCAM: epithelial cell adhesion molecule; HLA-DR: human leucocyte antigen-DR.
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occurs only at the end stage of these conditions.
Metabolism of bilirubin was the main feature that
differentiated CC (including age-matched CC) from BA
and NH, with the levels of DBIL being much lower in
the CC group. This difference can be explained by the
fact that CC mostly affects the extra-hepatic biliary
ducts, but also damages the hepatocytes themselves
and leakage of bile into the bloodstream is not severe.
Similar results were obtained for TBIL and TBA,
which indicates that metabolism of bilirubin was more
severely impaired in patients with BA and NH than in
those with CC. In terms of distinguishing BA and NH
based on clinical laboratory parameters, only γ-GT
showed different levels. In patients with NH, a 4-fold
increase in γ-GT was observed compared to the upper
limit of the normal range; however, γ-GT expression
was increased 14-fold in patients with BA. Histological
and immunohistochemical analyses showed more bile
ducts and ductules in patients with BA than in those
with NH. As γ-GT was expressed in both hepatocytes
[19]
and BECs , higher numbers of BECs may be the
source of increased levels of γ-GT. Our data validate an
earlier report in which γ-GT was demonstrated to be
[20]
a valuable indicator for distinguishing BA from NH .
However, as NH is a complex multi-factorial disease
with variations in pathology, it is likely that some
patients may develop BA in the later phase of the
disease, and, therefore, the use of γ-GT as an exclusive
clinical indicator requires caution.
The transition from inflammation to fibrosis is
a pathological change that occurs in patients with
BA, although the time frame for this has not been
[2]
conclusively defined . Infiltration of inflammatory
cells, proliferation of neovascular and neo-biliary
epithelial cells, and accumulation of bile play a role
in this process, which complicates the understanding
of the pathophysiology of the disease. In an attempt
to simplify the analysis of the disease processes, we
separated liver damage into two stages - BA-E and
BA-ML - with tissue fibrosis as the main discriminator.
We found that there was no difference in the number
of bile plugs in early fibrosis compared to late stage
fibrosis.
The number of bile plugs noted in bile ducts, which
were occasionally found in hepatocytes, prompted
us to study the morphology of the bile ducts. Using
three different markers of BECs, we detected the
presence of both CD56- and EpCAM-positive cells,
which respectively reflect immature and mature BECs,
and these two cell populations were a part of the
cell population that stained with CK7. These results
indicate that pathological changes develop in the biliary
system of patients with BA. The expression of CD56
in bile ductules discriminated between BA and both
[10,11,21]
NH and CC, confirming previous observations
.
We failed to detect CD56-positive cells in some tissue
sections from patients with BA, but the presence of
the mature BEC markers may indicate heterogeneity
of the maturation process. Whether this reflects the

Table 3 Expression of CD56 in biliary atresia n (%)
Stage of BA

n

CD56++

CD56+

CD56-

All
BA-E without bile plugs
BA-E with bile plugs
BA-ML without bile plugs
BA-ML with bile plugs
All BA-E
All BA-ML
All without bile plugs
All with bile plugs

55
6
21
6
22
27
28
12
43

27 (49.1)
1 (16.7)
10 (47.6)
4 (66.7)
12 (54.5)
11 (40.7)
16 (57.1)
5 (41.7)
22 (51.2)

14 (25.5)
2 (33.3)
5 (23.8)
1 (16.7)
6 (27.3)
7 (25.9)
7 (25.0)
3 (25.0)
11 (25.6)

14 (25.5)
3 (50.0)
6 (28.6)
1 (16.7)
4 (18.2)
9 (33.3)
5 (17.9)
4 (33.3)
10 (23.3)

BA: biliary atresia; BA-E: early stage of BA with less tissue fibrosis; BAML: middle or late stage BA with more extensive or dense tissue fibrosis.

Expression of Notch signaling components in patients
with BA

Notch signaling is involved in development of the bile
duct system and also plays a role in tissue fibrosis. In
order to study the relationship between CD56-positive
BECs and the Notch signaling pathway, expression of
the receptors Notch1 and Notch2 was investigated
in patients with BA using immunohistochemistry and
double staining. In age-matched liver tissue controls,
Notch1 expression was detected in mature bile ducts
in the portal area (Figure 5A). Expression of CD56
was rarely detected in normal liver tissue, but, when
observed, it was not co-localized with Notch1. In
contrast, increased expression of CD56 was found in
immature bile ducts in patients with BA, and most of
them also expressed Notch1 (Figure 5B). Expression
of Notch1 was detected mainly in the lumen of the bile
ducts in both normal tissue and tissue from patients
with BA, which suggests the presence of the secreted
form of the protein. Expression of Notch2 was mainly
in the blood vessels, both the hepatic arteries and
portal veins, which are situated inside the portal area
in healthy subjects and those with BA (Figure 5C-F).
No co-localization of CD56+ and Notch2+ cells was
observed in the portal tract (Figure 5D). However,
increased CD31, one of the endothelial cell markers,
was found in tissue from patients with BA, and colocalization with Notch2 was observed. It is suggested
that Notch signaling is increased in patients with BA,
which may impact progression of tissue fibrosis.

DISCUSSION
In this study, we compared 10 clinical laboratory
parameters in three neonatal cholestatic diseases
and found similarities in most of the parameters
examined. The levels of TP, ALB, and GLO, which
reflect biosynthesis and storage of liver proteins, were
similar to normal reference levels. Although there was
variation between individual patients, it seems unlikely
that these parameters are primarily responsible for
severe liver damage. This is understandable, as
blockade of bile transport in these three diseases is
initially affected, while damage to the hepatocytes
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Figure 5 Expression of Notch signaling components in biliary atresia. Co-localization of CD56-positive cells with Notch1 (A and B) and Notch2 (C and D) is
illustrated by immunohistochemical double staining with mouse anti-human CD56 and rabbit anti-human Notch1 and Notch2 using the Polink DS-MR-Hu C1 kit.
Positive signals are indicated by arrows, with corresponding colors in the side bars. Scale bar represents 50 μm. BD: bile duct; HA: hepatic artery; PV: portal vein.
[21]

early phase of “ductal reaction” warrants further
study. Nevertheless, even in the absence of CD56positive cells, the possibility of BA cannot be excluded.
Our observation that progression of BEC maturation
reduced the expression of CD56 also suggests that
analyzing the expression of EpCAM might help to
clarify further events in the development of BA. As CK7
[22]
also stains ductal hepatocytes, or oval cells , which
are progenitors of BECs, it may aid in understanding
the origin of CD56-positive cells. The combined use
of these three markers for BECs will extend our
understanding of the function of BECs in the BA
disease process.
Liver tissue regeneration offers some compensation
for lost organ function arising from these diseases,
and it has been suggested that the presence of CD56
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positivity is a sign of tissue repair . However, in
this study, we found that newly formed bile ductules
often co-localized with bile plugs. Analysis of the
morphology of the ductules with CD56-positive
staining often showed no lumen, and as maturation
progressed, we noted that the CD56 signal reduced,
but increased for EpCAM, which resulted in an increase
in the lumen area. However, the high expression of
CD56 in BA suggests that there is inhibition of the
maturation process. Furthermore, bile accumulation
contributes to liver fibrosis, as demonstrated by the
finding that ligation of the bile duct can directly induce
[23]
liver fibrosis . The presence of CD56 implies the
progression of BA to liver fibrosis. This, together with
evidence for Notch signaling in CD56-positive cells,
further increases the possibility of liver fibrosis, as this
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Terminology

signaling pathway plays a key role in the development
[24]
of fibrosis directly within tissues
and by the
[25]
infiltration of inflammatory cells . Our data suggest
that the presence of CD56-positive BECs might
promote deleterious outcomes in the progression of
BA. We also demonstrated that CD56-positive cells are
often surrounded by HLA-DR expressing cells, which
[26,27]
is in agreement with previous studies
. Therefore,
it is possible that CD56-positive BECs from ductal
hepatocytes may interact with the inflammatory cell
infiltrate. Our results are compatible with extrahepatic
bile duct blockade and inflammatory cellular infiltration
acting together to promote the pathogenesis of
BA. The presence of CD56-positive cells does not
ameliorate the pathological condition but, in contrast,
accelerates the development of tissue fibrosis.
In conclusion, our study shows that levels of
bilirubin-related parameters, such as TBIL, DBIL,
and TBA, are higher in patients with BA and NH and
moderately high in patients with CC. Furthermore,
γ-GT was significantly increased in patients with BA
as compared to those with NH. This change might
be related to the increased levels of CD56-positive
immature BECs in patients with BA. However, newly
formed immature bile ducts or ductules have no bile
transport function and bile may accumulate to form
bile plugs. Enhanced expression of Notch signaling in
CD56-positive cells further increases the possibility
of progression to liver cirrhosis. Inhibition of the
formation of CD56-positive BECs or the promotion
of maturation of these cells may help to reduce BA
progression to cirrhosis.

CD56 is a marker of immature BECs, whereas epithelial cell adhesion molecule
(EpCAM) expression is representative of more mature BECs. CK7 labels all
BECs.

Peer-review

The authors analyzed the clinical and pathological parameters together with the
expression of the neural cell adhesion molecule (CD56) in BA patients. They
found that the maturation of biliary epithelial cells and the expression of Notch
might play a role in the pathogenesis of BA.
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Abstract
AIM: To investigate the hepatoprotective effect of
improved prescription of Taohechengqi-tang (IPTT)
against acute liver failure (ALF) in rats.

Institutional animal care and use committee statement:
All animal experiments were carried out in accordance with
the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and approved by the Institutional Animal
Care and Use Committee of Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine, Chengdu, China.

METHODS: Seventy specific pathogen free male
Wistar rats were randomly divided into four groups:
control group (normal rats, n = 10), ALF group (ALF
model, n = 20), Stronger Neo-Minophagen C (SNMC)
group (ALF model + SNMC, n = 20), and IPTT group
(ALF model + IPTT, n = 20). The ALF model group
was administered an intraperitoneal injection of
D-galactosamine (1.4 g/kg), and the control group
received normal saline intraperitoneally. The SNMC
and IPTT groups were treated with SMMC (15.6 mg/
kg) or IPTT (28.6 g/kg) by gavage at 24 h intervals,
and the ALF and control groups were treated with
normal saline. At 36 h after injection, serum alanine
aminotransferase, aspartate aminotransferase, total
bilirubin, albumin, and cholinesterase and prothrombin
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work non-commercially, and license their derivative works on
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time were determined, and liver histopathological
scores were observed by microscopy after hematoxylin
and eosin staining. mRNA expression of high mobility
group box (HMGB) 1, toll-like receptor (TLR) 4, nuclear
factor kappa B (NF-κB) and caspase-3 were analyzed
via fluorescence quantitative reverse transcriptase
polymerase chain reaction. Proliferating cell nuclear
antigen (PCNA) immunohistochemistry in liver tissue
was also performed.

INTRODUCTION
Acute liver failure (ALF) is a life-threatening condition.
It is accompanied by an intense inflammatory response,
resulting in massive hepatocyte necrosis and fatal
[1]
multiorgan failure . Hospital mortality from ALF was
as high as 83% in 1973-1978, dropping to 38% in
[2]
2004-2008 . The only treatment option shown to
improve radically the outcome of LF is emergency liver
[3]
transplantation (LT) . Nevertheless, due to a lack of
donated livers, nontransplanted mortality in ALF was >
[4]
20% with a waiting time of up to 6 wk . In addition,
the complex pathophysiological mechanisms of LT
need further study.
According to traditional Chinese medicine (TCR), the
syndrome of heat toxin stagnation is a major pattern
[5]
of LF . The incidence of the pattern was reported to
be 58.6% in an epidemiological investigation from
[6]
China . Taohechengqi-tang (TT) is a well-known
traditional Chinese herbal formulation, documented
in Shang Han Za Bing Lun (a book of TCR on febrile
and miscellaneous diseases in the Han Dynasty,
AD 200-210). Based on TCR theory, TT is a classic
formulation for clearing heat and resolving stasis and
[7]
is used for treating not only diabetes mellitus but
also liver diseases. A recent study indicated that TT
protected against chemically induced liver injury, at
[8]
least partially through an antioxidant-like mechanism .
In our prospective cohort study, high doses of
herbs for clearing heat and resolving stasis had a
[9]
significant protective effect against LF . However, the
curative mechanism is still unclear. The present study
was performed to investigate the effect of improved
prescription of Taohechengqi-tang (IPTT) in ALF rats
and its underlying mechanisms.

RESULTS: D-galactosamine notably decreased the
biochemical and coagulation profiles in serum. IPTT
not only improved liver function and histopathology
but also normalized the gene expression levels in liver
tissue. Compared with the model group, in the IPTT
and SNMC groups, HMGB1 mRNA/β-actin (0.06 ± 0.03,
0.11 ± 0.04 vs 0.25 ± 0.04, P < 0.05); TLR4 mRNA/
β-actin (0.07 ± 0.02, 0.22 ± 0.08 vs 0.41 ± 0.22, P <
0.05); NF-κB mRNA/β-actin (0.74 ± 0.41, 1.78 ± 0.64
vs 2.68 ± 1.35, P < 0.05); and caspase-3 mRNA/β-actin
levels were all significantly reduced (1.61 ± 0.45, 2.57
± 1.04 vs 3.41 ± 0.85, P < 0.05). The gene expression
levels were significantly lower in the IPTT group than
in the SNMC group (P < 0.05). Compared with the
model group, the PCNA expression in liver tissue was
significantly enhanced in the IPTT and SNMC groups
(36.34 ± 4.91, 25.57 ± 2.94 vs 17.55 ± 2.40, P < 0.05).
CONCLUSION: IPTT attenuates inflammation in
ALF via inhibition of HMGB1 production, which may
contribute to limited liver regeneration.
Key words: Acute liver failure; Traditional Chinese
medicine; Taohechengqi-tang; High mobility group box
1; Inflammation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Acute liver failure (ALF) is a life-threatening
condition. Our prospective cohort study demonstrated
that high doses of herbs for clearing heat and resolving
stasis have a protective effect on LF. However, the
curative mechanism is unclear. Our evidence showed
that improved prescription of Taohechengqi-tang
attenuated the inflammatory reaction of ALF in rats
via inhibition of high mobility group box 1 production,
which may contribute to recovery of limited liver
regeneration. We provide evidence for the clinical
application of Chinese herbs for clearing heat and
resolving stasis.

Chemicals

D-galactosamine (D-GalN) was obtained from
Hongbang Medical Technology Co. Ltd. (Shanghai,
China). Stronger Neo-Minophagen C (SNMC) was
purchased from Minophagen Pharmaceutical Co. Ltd.
(Tokyo, Japan) and prepared at a concentration of 1.56
mg/mL with distilled water.

Preparation of IPTT

IPTT consists of seven types of TCM ingredients
(herbal plants and animal-based materials) (Table
1). All TCMs were purchased from Sichuan Chinese
Herbs Co. Ltd. (Chengdu, China) and validated by
Prof. Zhu-Yun Yan (Chengdu University of Traditional
Chinese Medicine, China). All indicators of the abovementioned TCMs were in line with the standards of the
Chinese Pharmacopoeia (2010). Voucher specimens
were deposited at the Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine (Chengdu,

Zhang Y, Luo JX, Hu XY, Yang F, Zhong S, Lin W. Improved
prescription of taohechengqi-tang alleviates D-galactosamine
acute liver failure in rats. World J Gastroenterol 2016;
22(8): 2558-2565 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i8/2558.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2558
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immunohistochemistry assay.

Table 1 Herbal prescription of improved prescription of
Taohechengqi-tang
Chinese name
Chi-shao
Tao-ren
Hong-hua
Shui-zhi
Quan-xie
Mang-xiao
Da-huang

Latin name

Origin

Amount in
preparation (g)

Radix paeoniae rubra
Semen persicae
Flos carthami
Hirudo
Scorpio
Natrii sulfas
Radix et rhizoma rhei palmati

Sichuan
Hebei
Sichuan
Sichuan
Henan
Sichuan
Sichuan

100
50
50
15
10
10
30

Biochemistry

Histopathological scores

Liver tissues obtained from each rat were fixed,
embedded in paraffin, and cut into 3-5 mm sections.
HE staining was used to evaluate the degree of
hepatocyte necrosis. Microscopic injuries were graded
according to a semiquantitative scoring system on
a scale of 0 to 4 (0 = no discernable necrosis, 1 =
bridging necrosis, 2 = confluent necrosis, 3 = sub[1]
massive necrosis, and 4 = massive necrosis) . In
order to minimize bias, each slide was read by three
pathologists in a blinded manner and observed three
times.

China).
The extraction process of IPTT was as follows:
Radix paeoniae rubra 100 g, Semen persicae 50 g,
Flos carthami 50 g, Hirudo 15 g, Scorpio 10 g, Natrii
sulfas 10 g, and Radix et rhizoma rhei palmate 30
g were added in 1.5 volumes of water, soaked for
30 min, and decocted three times for 20, 25, and
30 min, respectively. The decoction was mixed and
concentrated to 2.86 g/mL (1 mL extract contained
2.86 g herbal mixture).

Fluorescence qRT-PCR

Animals and treatments

mRNA expression of high mobility group box (HMGB) 1,
toll-like receptor (TLR) 4, nuclear factor kappa B (NFκB) and caspase-3 were analyzed via qRT-PCR and the
-ΔΔct
2
method. In accordance with the manufacturer’s
protocol (Invitrogen, Carlsbad, CA, United States),
total RNAs were extracted from pulverized liver
tissues with TRIzol reagent, then reverse-transcribed
into cDNA by the ABI Step-One Plus Real Time PCR
System (Applied Biosystems, Foster City, CA, United
States). For HMGB1, the 5’ primer sequence was 5’
TGTTCTGAGTACCGCCCAAA3’, and the 3’ primer
sequence was 5’ TTTCGCTGCATCAGGTTTTC3’.
Fo r T L R 4 , t h e 5 ’ p r i m e r s e q u e n c e w a s 5 ’
CCAGGAAGGCTTCCACAAGA3’, and the 3’ primer
sequence was 5’AATTCGACCTGCTGCCTCAG3’.
Fo r N F - κ B, t h e 5 ’ p r i m e r s e q u e n c e wa s 5 ’
GCACGAGGCTCCTTTTCTCAA3’, and the 3’ primer
sequence was 5’CGTTTTTCTTCAATCCGGTGG3’.
For caspase-3, the 5’ primer sequence was 5’
ACCGATGTCGATGCAGCTAA3’, and the 3’ primer
sequence was 5’AGGTCCGTTCGTTCCAAAAA3’. For the
housekeeping gene (β-actin), the 5’ primer sequence
was 5’AAGGAGGCAAAGGACACCAA3’, and the 3’
primer sequence was 5’AATGGCCCCCTTCACAGTTA3’.

Male specific pathogen free Wistar rats weighing 150
± 20 g were obtained from Shanghai Experimental
Animal Co. Ltd. (Shanghai, China) and housed in the
laboratory animal center at our university. Seventy
Sprague-Dawley rats were randomly divided into four
groups: control group (n = 10 rats), model group (n =
20), SNMC group (n = 20), and IPTT group (n = 20).
For the SNMC group, rats were treated with SNMC
15.6 mg/kg daily by gavage. For the IPTT group, rats
were treated with IPTT 28.6 g/kg per day by gavage.
The dosages used in rats were calculated from the
formula: Doserat = Dosehuman × (habeas indexrat/habeas
indexhuman ) × (body weighthuman/body weightrat) ×
[10]
2/3 . First, the translational coefficient 6.25 was
produced based on the formula. Then, the dose used
in humans was converted to that used in rats through
the translational coefficient. For the control and model
groups, rats were treated with saline 10 mL/kg per
day by gavage. All rats were treated by gavage for 3 d
before induction of ALF, once daily, for a total of 5 d.
For the preparation of rats with D-GalN-induced
ALF, rats were administered an intraperitoneal injection
of D-GalN (1.4 g/kg). The control group was given
intraperitoneally the same dose of saline. Thirty-six
hours later, all rats were sacrificed. Blood samples (6
mL) were collected via the femoral artery, centrifuged
at 3000 rpm for 10 min, and the sera were kept at
-70 ℃ for detection of biochemical parameters. The
livers were rapidly removed, and tissues were removed
from the left lobes, fixed in 10% neutral formalin, and
retained for further analyses, including hematoxylin
and eosin (HE) staining, fluorescence quantitative
reverse transcriptase polymerase chain reaction (qRTPCR), and proliferating cell nuclear antigen (PCNA)
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[11]

Serum biochemical parameters
closely associated
with liver function, including mainly alanine amino
transferase (ALT), aspartate aminotransferase (AST),
total bilirubin (TBIL), albumin (ALB), cholinesterase
(CHE), and prothrombin time (PT), were determined
according to the manufacturers’ instructions.

PCNA immunohistochemistry

PCNA staining of the formalin-fixed and paraffinembedded liver tissues was performed with an
immunohistochemistry kit purchased from Boster
Bioengineering Co. Ltd. (Wuhan, China). The number
of PCNA-positive cells was counted in five random
fields at 40 × magnification for each section. An
average of the percentage of PCNA-positive cells was
[12]
taken over these fields . Sections were examined
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Table 2 Biochemistry and histopathology
Group

n

Control
Model
SNMC
IPTT

10
20
20
20

ALT (U/L)
35.15 ± 6.01
441.10 ± 60.36a
267.18 ± 41.45b
127.45 ± 25.33b,c

AST (U/L)
151.61 ± 20.87
887.80 ± 128.47a
380.49 ± 55.38b
264.04 ± 63.432b,c

TBiL (μmol/L)
1.55 ± 0.43
38.04 ± 6.84a
24.37 ± 4.03b
19.37 ± 3.26b,c

ALB (g/L)
35.25 ± 4.19
23.67 ± 3.21a
26.65 ± 4.50
30.22 ± 4.30b,c

CHE (U/L)
557.40 ± 43.23
343.92 ± 68.93a
378.50 ± 83.53
488.61 ± 76.41b,c

PT (s)
13.60 ± 1.73
31.80 ± 5.02a
29.93 ± 3.83
23.78 ± 4.34b,c

Histopathological
scores
0
3.69 ± 0.38a
2.78 ± 0.31b
2.06 ± 0.40b,c

P < 0.05 vs control group; bP < 0.05 vs group; and cP < 0.05 vs SNMC group. Control group: Negative control group; Model group: Injected with D-GalN;
SNMC group: Injected with D-GalN and treated with SNMC; IPTT group: Injected with D-GalN and treated with modified Taohechengqi-tang.
a

A

C

B

D

Figure 1 Hematoxylin and eosin staining. A: Control, negative
control group; B: Model group, injected with D-GalN; C: SNMC
group, injected with D-GalN and treated with SNMC; D: IPTT group,
injected with D-GalN and treated with modified Taohechengqi-tang.
D-GalN: D-galactosamine; SNMC: Stronger Neo-Minophagen C; IPTT:
Improved prescription of Taohechengqi-tang.

SNMC groups, especially the IPTT group.

microscopically, and photographs were collected using
a digital image-capture system (CX40; Olympus,
Tokyo, Japan).

Histopathological scores

The histopathological results are shown in Table 2 and
Figure 1. Light microscopy revealed no liver necrosis
in the control group, but massive hepatocyte necrosis
was observed in rats treated with D-GalN. Compared
to the model group, necrosis was markedly reduced
in the IPTT and SNMC groups, and IPTT had a more
significant impact.

Statistical analysis

Continuous variables were summarized as mean ± sd.
The histopathological scores, biochemical parameters,
mRNA, and PCNA expression were analyzed by oneway analysis of variance (ANOVA), followed by the
Student’s t test. All analyses were performed with
SPSS version 17.0 (Chicago, IL, United States). All P
values were two-sided, and P < 0.05 was considered
statistically significant.

mRNA expression

mRNA expression was observed as shown in Table 3.
Compared to the model group, mRNA expression of
HMGB1, TLR4, NF-κB, and caspase-3 were markedly
reduced in the control, IPTT, and SNMC groups.
Moreover, IPTT was found to have a more significant
impact than SNMC.

RESULTS
Biochemical profile in serum

The serum parameters are summarized in Table 2.
D-GalN significantly increased serum ALT, AST, TBIL,
and PT, while it decreased serum ALB and CHE. The
effects were significantly reversed in the IPTT and
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PCNA immunohistochemistry

Table 3 and Figure 2 show that the mean PCNA-
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Table 3 mRNA expression and proliferating cell nuclear antigen immunohistochemistry
Group

n

Control
Model
SNMC
IPTT

10
20
20
20

HMGB1

TLR4

0.01 ± 0.01
0.25 ± 0.04a
0.11 ± 0.04b
0.06 ± 0.03b,c

NF-κB

0.04 ± 0.02
0.41 ± 0.22a
0.22 ± 0.08b
0.07 ± 0.02b,c

0.49 ± 0.25
2.68 ± 1.35a
1.78 ± 0.64b
0.74 ± 0.41b,c

Caspase-3

PCNA (%)

1.36 ± 0.26
3.41 ± 0.85a
2.57 ± 1.04b
1.61 ± 0.45b,c

7.48 ± 0.90
17.55 ± 2.40
25.57 ± 2.94b
36.34 ± 4.91b,c

P < 0.05 vs control group; bP < 0.05 vs model group; and cP < 0.05 vs SNMC group. HMGB: High mobility group box; TLR: Toll-like receptor; NF: Nuclear
factor; PCNA: Proliferating cell nuclear antigen; Control group: Negative control group; Model group: Injected with D-GalN; SNMC group: Injected with
D-GalN and treated with SNMC.
a

A

B

C

D

Figure 2 Proliferating cell nuclear antigen immunohistochemistry.
A: Control, negative control group; B: Model group, injected with
D-GalN; C: SNMC group, injected with D-GalN and treated with
SNMC; D: IPTT group, injected with D-GalN and treated with modified
Taohechengqi-tang. D-GalN: D-galactosamine; SNMC: Stronger NeoMinophagen C; IPTT: Improved prescription of Taohechengqi-tang.

positive rates were significantly higher in the model,
IPTT, and SNMC groups than in the control group.
The PCNA-positive rate in the IPTT group was highest
among the three groups.

by infection, is characterized by prolonged hypercy
tokinemia, which is associated with the systemic com
plications (e.g., encephalopathy, infection, and renal
[18-20]
failure) and poor outcome
.
Overactivation of the TLR4/NF-κB pathway is
correlated with these pathological events in ALF. TLR4
is a member of the TLR family recognizing pathogen[21]
associated molecular patterns . One of its ligands
[22]
is bacterial lipopolysaccharide (LPS) . Once TLR4
recognizes LPS or LPS-CD14 complex, macrophages
and dendritic cells are activated to present antigen
to helper T cells. Furthermore, upregulated TLR4
signaling activates NF-κB via a MyD88-dependent
pathway and/or MyD88-independent pathway. NFκB is a downstream intracellular molecule of different
receptors and induces the release of proinflammatory
cytokines, such as tumor necrosis factor (TNF)-α,
[23-25]
interleukin (IL)-1, and IL-6
. TNF-α, the core of
the cytokine network, still plays an important role in
the development of hepatocyte apoptosis. The binding
of TNF-α to the TNF receptor 1 triggers the apoptotic
cascade mediated by proapoptotic Bcl-2 family

DISCUSSION
In our study, IPTT not only remarkably improved the
biochemical and coagulation profiles in serum, but it
also reduced histopathological scores in ALF induced
by D-GalN.
Inflammation plays a centrals role in the develop
ment of ALF. The net loss of hepatocytes mainly
contributes to overwhelming injury with subsequent cell
[13,14]
death rather than a lack of regeneration
. Similar to
severe acute pancreatitis and sepsis, ALF initially starts
with a systemic inflammatory response syndrome
(SIRS phase) and is followed by a compensatory anti[15,16]
inflammatory response syndrome
. There is an
imbalance in both the pro- and anti-inflammatory
systems, leading to immune-inflammatory dysregu
[17]
lation . The SIRS in ALF, whether or not precipitated

WJG|www.wjgnet.com

2562

February 28, 2016|Volume 22|Issue 8|

Zhang Y et al . Traditional Chinese medicine for acute liver failure
[26,27]

proteins
.
HMGB1 is a nuclear protein with cytokine-type
functions that is passively released during necrosis
[28]
or actively secreted during immune cell activation .
There are many receptors, including the receptor
for advanced glycation endproducts, TLR2, TLR4,
[29]
and TLR9 , to which HMGB1 can bind. TLR4 is the
critical receptor mediating the inflammatory activity of
[30,31]
HMGB1
. Once the HMGB1/TLR4/NF-κB pathway is
activated, overexpression of TNF-α induces hepatocyte
necrosis and activates the TNF-α-mediated extrinsic
[32]
apoptotic pathway . Our results support the antiinflammatory and antiapoptotic effects of IPTT, as
the liver expression of HMGB1, TLR4, NF-κB, and
caspase-3 was significantly reduced in ALF rats.
Moreover, IPTT improved hepatocyte regeneration.
Acute liver injury may recover via the process
of hepatocyte regeneration once the injury is
discontinued. After massive liver injury, the capacity
of hepatocyte proliferation was not lost, only severely
[33]
suppressed . In a recent study, HMGB1 was reported
to impair hepatocyte regeneration after acetaminophen
overdose, and blockade of HMGB1 enhanced liver
[34,35]
recovery
. Our results showed that severe liver
damage limited hepatocyte regression. However, the
hepatoprotective effect of IPTT might contribute to
liver regeneration. Furthermore, IPTT may be sensitive
to the stimulation of growth factors, such as HGF and
transforming growth factor (TGF) α, and progress into
[36]
the cell cycle for replication .
IPTT has been used for a long time in the Affiliated
Hospital of Chengdu University of Traditional Chinese
[9]
Medicine and is composed of seven different types
of TCM. Among them, Radix paeoniae rubra was
effective in attenuating hepatocyte apoptosis, and
this effect was partly mediated through the activation
of the mitochondrial pathway and subsequent
regulation of expression of particular proapoptotic
[37]
genes . Semen persicae protected against cisplatininduced hepatotoxicity by reducing cisplatin-induced
[38]
oxidative stress . Flos carthami protected the liver
from long-term alcohol injury, which was related
to enhanced antioxidant capacity and inhibition of
[39]
TGF-β1 expression . Radix et rhizoma rhei palmate
promoted bioavailability and liver protective effects
and prevented and treated hepatic encephalopathy
[40,41]
in rats with thioacetamide-induced ALF
. IPTT
combined these Chinese herbal medicines following
the principle of clearing heat and resolving stasis.
Our data suggested that IPTT protected against ALF
through its anti-inflammatory, antiapoptotic, and
regeneration promoting effects. It provided evidence
for clinical application of Chinese herbs for clearing
heat and resolving stasis.
In conclusion, IPTT attenuates inflammatory reaction
of ALF in rats via inhibition of HMGB1 production, which
may contribute to recovery of limited liver regeneration.
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A systemic inflammatory response syndrome in ALF is characterized
by prolonged hypercytokinemia, which is associated with the systemic
complications and poor outcome. The high mobility group box (HMGB)1/Tolllike receptor 4/nuclear factor-κB pathway has been the recent research focus
in inflammation.

Innovations and breakthroughs

The present study demonstrates that improved prescription of Taohechengqitang (IPTT) attenuated the inflammatory reaction of ALF. One of the
mechanisms is likely related to inhibition of HMGB1 production, which
contributes to recovery of liver regeneration.

Applications

The data from this study provide a rational basis for IPTT for treatment of LF
in clinical practice. It also provides evidence for clinical application of Chinese
herbs for clearing heat and resolving stasis.

Terminology

ALF is a clinical syndrome in which abrupt onset, manifesting as jaundice and
coagulopathy, is complicated within 2 wk by grade II + encephalopathy in a
patient with undiagnosed chronic liver disease.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Scientific Research Institutional Review
Board of Liaoning University of Traditional Chinese Medicine.

AIM: To observe the efficacy and mechanism of grainsized moxibustion at different acupoints in a rat model
of ulcerative colitis (UC).

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of Liaoning
University of Traditional Chinese Medicine (protocol number:
20141104).

METHODS: Sprague-Dawley rats were randomly
divided into control, UC model, grain-sized moxibustion
at a single acupoint (CV 12), grain-sized moxibustion
at two acupoints (CV 12 and CV 4), grain-sized
moxibustion at three acupoints (CV 12, CV 4, and ST
36), and medication groups (n = 8/group). The UC
model was established by enema of trinitrobenzene
sulfonic acid. Direct moxibustion was used once a day
for 7 d. Disease activity index (DAI) was evaluated
before and after the treatment. Morphologic changes
of intestinal tissue were observed under an optical
microscope. The expression of tumor necrosis factor
(TNF)-α and p38 mitogen-activated protein kinase
(p38MAPK) in colonic tissue was detected using
Western blot, and the levels of occludin and zonula
occludens-1 (ZO-1) mRNAs were detected using
reverse transcription PCR.
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RESULTS: Compared with the control group, the
intestinal mucosae were incomplete in the model group,
glandular structures were irregular, and submucosae
were edematous, hyperemic, and infiltrated with
inflammatory cells. The DAI scores and expression of
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TNF-α and p38MAPK were increased significantly in the
model group compared to controls (P s < 0.01), while
the mRNA levels of occludin and ZO-1 were reduced
significantly (P s < 0.01). Compared with the model
group, colonic mucosa and the arrangement of glands
were complete and regular in the treatment groups.
DAI scores and the expression of TNF-α and p38MAPK
were reduced significantly in moxibustion groups
compared to controls (P s < 0.01), while the mRNA
levels of occludin and ZO-1 were increased significantly
(P s < 0.01). The improvements in the above indices in
the three acupoints group and the medication group
were superior to those in the single and two acupoints
groups (all P < 0.05).

the treatment of UC, which can control and relieve
[1]
symptoms in the short term , but have more adverse
[2]
reactions in the long term .
Moxibustion is a therapy that treats and prevents
diseases using moxa floss. The combustion of the
moxa floss permits transmission of heat to the
acupoints or other parts of the body that have various
pathologic changes. It is an external therapy to
treat or prevent diseases and promote health of the
body. Moxibustion is safe and effective in treatment
[3-6]
of UC . Studies have shown that the mechanisms
of moxibustion mainly include the regulation of the
[7,8]
[9,10]
immune function , apoptosis
, and expression of
[11,12]
protein in acupoint areas
.
In order to improve the clinical efficacy of moxibustion
in the treatment of UC, specific moxibustion therapy
and a combination of acupoints should be performed
[13]
first . Grain-sized moxibustion has the advantage
of short treatment duration, with only a mild burning
sensation and slight scarring of the skin; however,
there is still a lack of relevant experimental studies
on grain-sized moxibustion in the treatment of UC.
Therefore, in this study, the effects of grain-sized
moxibustion at different acupoints on inflammatory
mediators and mucosal barrier of colonic tissue in UC
rats were investigated to explore the similarities and
differences of the efficacy and mechanisms, and to
provide a reasonable acupoint prescription for grainsized moxibustion in treatment of UC in the clinic.

CONCLUSION: Reduction of TNF-α and p38MAPK and
increased expression of occludin and ZO-1 in colonic
tissue represent a potential mechanism for improved
intestinal mucosal tissue repair with grain-sized
moxibustion.
Key words: Different acupoints; Grain-sized moxibustion;
Inflammatory factors; Intestinal mucosal barrier; Ulcerative
colitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The efficacy of different acupoint prescriptions
for grain-sized moxibustion on inflammatory responses
and the mucosal barrier of colonic tissue was assessed
in ulcerative colitis rats. Treatment with moxibustion
reduced expression of tumor necrosis factor-α and
p38 mitogen-activated protein kinase, with increased
levels of occludin and zonula occludens-1 mRNA in
colonic tissue of rats. These data suggest that the
improved mucosal barrier function of colonic tissue
and decreased invasion of inflammatory factors are
mechanisms for grain-sized moxibustion in repairing
the intestinal mucosal tissue. The therapeutic effect
of grain-sized moxibustion was greater with three
acupoints compared to one or two acupoints.

MATERIALS AND METHODS
Materials

Fifty-two, healthy, clean-grade Sprague-Dawley
rats (26 males, 26 females) provided by Liaoning
Changsheng Biotechnology Co., Ltd. were selected,
weighing 200 ± 20 g [license number: SYXK
(Liao)2013-0009]. Principles of humane animal use
[14]
for experiments
were strictly followed during the
experimental design and implementation. According
to a random number table, the 52 rats were divided
into two groups, 8 in a control group and 44 in model
replication groups. After modeling, two rats were
sacrificed to verify whether models were successfully
established. Next, model rats were randomly divided
into model, grain-sized moxibustion at single acupoint,
grain-sized moxibustion at two acupoints, grain-sized
moxibustion at three acupoints, and medication groups
(final n = 8/group).

Ma TM, Xu N, Ma XD, Bai ZH, Tao X, Yan HC. Moxibustion
regulates inflammatory mediators and colonic mucosal
barrier in ulcerative colitis rats. World J Gastroenterol 2016;
22(8): 2566-2575 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i8/2566.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2566

Main reagents: 5% trinitrobenzene sulfonic acid
(TNBS) (batch No. 22972; Sigma-Aldrich, St. Louis,
MO, United States); salazosulfapyridine colon-soluble
capsules (batch No. G.Y.Z.Z. H20051173; Guangdong
Qianji Pharmaceutical Co., Ltd., China); reverse
transcription kit (DBI), rabbit anti-rat tumor necrosis
factor (TNF)-α and p38 mitogen-activated protein
kinase (p38MAPK) antibodies and reverse transcription

INTRODUCTION
Ulcerative colitis (UC) is a kind of chronic digestive
system disease with clinical manifestations of
continuous or recurrent abdominal pain, diarrhea,
mucus, bloody purulent stool, and others. In Western
medicine, aminosalicylic acid drugs, hormone drugs,
or immunosuppressive agents are often used in
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(RT)-PCR kit (Beijing TransGen Biotech Co., Ltd.).

and fixed at the same time as that in moxibustion
groups but without any treatment.

Main instruments: Paraffin slicing machine (LEICA
RM2235; Leica Microsystems, Wetzlar, Germany);
digital microscope (BX41; Olympus Corp., Shinjuku,
Tokyo, Japan); electrophoresis apparatus (EPS300;
Shanghai Tanon Science & Technology Co., Ltd.); gel
imaging analysis system (Tanon5200, Shanghai Tanon
Science & Technology Co., Ltd.); PCR amplifier (Bio-Rad
Laboratories, Hercules, CA, United States).

Disease activity index

A disease activity index (DAI) score was applied for the
assessment of the severity of colonic inflammation in
rats before and after treatment; DAI = (rate of weight
[16]
loss + viscosity of stool + status of hematochezia)/3 .
The details are shown in Table 1.

Sample collection

Modeling

After the last treatment, rats in each group were
fasted for 24 h but allowed free access to water. Rats
were euthanized by an overdose injection (0.5 mL/100
g) of 10% chloral hydrate. Then, 2 cm of colonic tissue
was rapidly removed and divided into two parts: one
segment was frozen at -80 ℃ for index testing, while
the other segment was immersed and fixed in a 4%
paraformaldehyde solution and stored at 4 ℃ for
hematoxylin-eosin staining.

The modified modeling method was used according to
[15]
the previous reports . Briefly, 5% TNBS and absolute
ethyl alcohol were mixed in the proportion of 1:1.
Rats in the model replication group were fasted for
24 h but allowed free access to water. The rats were
anesthetized with an intraperitoneal injection of 10%
chloral hydrate (3 mL/kg). Anesthesia was achieved
when the breath and heartbeat of rats were smooth
and steady. Then, an enemator with diameter of 0.2
cm was gently inserted 6 cm into the anus, and the
TNBS/ethanol mixture was injected slowly using a 2-mL
syringe at a dose of 60 mg/kg, which was followed
by an injection of 0.3 mL of air. The tails of rats were
lifted and the rats were placed on a 45° slope for 30 s.
Then, the rats were put into the cage in a supine
position, and allowed to wake up naturally and feed
th
freely. On the 7 day, two rats were randomly selected
and sacrificed for sampling and observation. The
model was successfully established when an intestinal
adhesion had formed and an ulcer scar was obvious
with macroscopic observation.

Pathologic observation of colonic tissue

Six rats in each group were randomly selected. The
corresponding intestinal tissues stored at 4 ℃ were
taken, dehydrated in an alcohol series, embedded
in paraffin, and sectioned. Then, sections were
deparaffinated, stained with hematoxylin-eosin,
dehydrated again, transparentized, and mounted.
Morphologic changes of intestinal tissue were observed
under an optical microscope.

Detection of TNF-α and p38MAPK in colonic tissue

A piece of frozen intestinal tissue with the same code
number in pathologic examination was taken, and
the expression levels of TNF-α and p38MAPK were
detected by Western blot. Protein extraction reagent
was added in a ratio of 1:10 between net weight of
tissue and lysate. The sample was centrifuged at a
speed of 10000 r/min for 15 min, and the obtained
supernatant was total protein. Coomassie brilliant blue
method was applied for the quantitative determination
of total protein. Electrophoresis was performed with
each well containing 20 µg of total protein. Then,
protein was transferred to a PVDF membrane using a
semi-dry transfer printing method. Primary antibody
(1:200) was incubated overnight at 4 ℃ followed
by secondary antibody (1:2000) for 1 h at room
temperature. Electrochemiluminescence was used for
detection, and film was exposed and scanned. The
gray values of target protein and internal reference
protein bands were read through a gel imaging
analysis system, and the ratio of the gray value of the
target protein band to that of internal reference protein
band was taken as the relative expression level.

Treatment methods

After establishment of the model, Zhōngwăn (CV 12)
was selected for the single acupoint group, CV 12 and
Guānyuán (CV 4) were selected for the two acupoints
group, and CV 12, CV 4, and Zúsānlĭ (ST 36) were
selected for rats in the three acupoints group. Rats
were fixed. Hair on the treatment area was shaved
and vaseline was applied. A grain-sized moxa cone
(1 mg of pure moxa punk with a base of 2.5-3.0 mm
and a height of 4-5 mm) was put on the acupoints
using tweezers and ignited with a line-incense stick
(the burning time of each cone was 10-12 s, with
temperature of 48-52 ℃ at acupoints). A new moxa
cone was applied when the prior one was burned up.
Seven grain-sized moxa cones were applied at each
acupoint for a total of 7 d.
Sulfasalazine (SASP) solution was administrated
by gavage in the medication group. The dose of SASP
colon-soluble capsules (0.25 g/capsule) was calculated
according to the equivalent dose-ratio table of human
and animal body surface area. The conversion factor
was 0.018 and the dosage for a rat with weight of
200 g was 0.054 g/d (2.16 mL of 0.025 g/mL SASP
solution), once daily for 7 consecutive days.
Rats in the model and control groups were taken
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Detection of occludin and zonula occludens-1 mRNAs in
colonic tissue
A piece of frozen intestinal tissue with the same code
number in pathologic examination was taken, and

2568

February 28, 2016|Volume 22|Issue 8|

Ma TM et al . Grain-sized moxibustion for rat UC
Table 1 Disease activity index score
Rate of weight loss (%)

Viscosity of stool

Hematochezia

Score (points)

Normal

Normal

Loose stool

Positive occult blood

Liquid stool

Bloody stool with macrography

0
1
2
3
4

None
≤5
5-10
10-15
> 15

Normal stool: Formed stool; Loose stool: Pasty and semi-formed stool without clinging to the anus; Liquid stool: Watery stool clinging to the anus.

Control group

5

Model group

4

a

a

a

a

Two acupoints group
Three acupoints group

a

3
DAI scores

Single acupoint group

a

Medication group
bcd

2

b

b

b

1
0

Pre-treatment

Post-treatment

-1

Figure 1 Comparison of DAI scores. DAI decreased significantly after the different treatments. Data are expressed as mean ± SD; n = 8/group. aP < 0.01 vs control
group; bP < 0.01 vs model group; cP < 0.05 vs three acupoints group; dP < 0.05 vs medication group. DAI: Disease activity index.

the levels of occludin and zonula occludens-1 (ZO-1)
mRNAs were detected by RT-PCR using target and
internal reference gene primers. Images were collected
using a gel imaging analysis system to determine the
integral optical density value of each gene. The ratio of
integral optical density value of the target gene band
to that of the internal reference gene band was taken
as the relative expression level.

treatment group when compared with the model
group (all P < 0.01). The difference between the single
acupoint group and the three acupoints group, and
the difference between the single acupoint group and
the medication group were statistically significant (all
P < 0.05), while the difference was not statistically
significant when compared among the rest treatment
groups (Figure 1).

Statistical analysis

Histomorphologic observations

Data were analyzed using SPSS 16.0 software (SPSS
Inc., Chicago, IL, United States). Measurement data
are expressed as mean ± SD. One-way analysis of
variance was carried out for the comparison of means
of multiple groups and least significant differences
were calculated for intergroup comparisons. P < 0.05
indicated statistical significance.

In rats in the control group, intestinal mucosae were
complete, the arrangement of glands was regular,
structure was clear, and there was no edema, hype
remia, or tissue necrosis. In rats in the model group,
intestinal mucosae were deficient, the arrange
ment of glands was irregular, and submucosae
were edematous, hyperemic, and infiltrated with
inflammatory cells. In each treatment group, the
arrangement of glands was relatively regular, the
arrangement of mucosae was somewhat intact, and
there were new epithelial cells on the ulcerations
and a small amount of inflammatory-cell infiltration.
Among them, the recovery in the three acupoints
group and the medication group was slightly superior
to that in the single acupoint and two acupoints
groups (Figures 2 and 3).

RESULTS
th

On the 7 day after modeling, two rats in the
model replication group exhibited accidie, hogback,
listlessness, abdominal distension, and significant
weight loss, and were excluded due to suspected
intestinal obstruction.

Comparison of DAI among the six groups

Comparison of TNF-α and p38MAPK expression in
colonic tissue among the six groups

Before treatment, the DAI index was increased
significantly in the model and treatment groups when
compared with the control group (all P < 0.01). After
treatment, the DAI decreased significantly in each
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significantly in the model group compared with
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A

B

C

Figure 2 Morphologic changes in colonic tissue of rats. A: Control group (left) and model group (right); B: Single acupoint group (left) and two acupoints group
(right); C: Three acupoints group (left) and medication group (right). There was mucosal and tissue injury in the model group. The recovery in the three acupoints and
medication groups was slightly superior to that in the single and two acupoints groups (hematoxylin-eosin staining, × 50 magnification).

the control group (Ps < 0.01), and were reduced
significantly in each treatment group compared with
the model group (all P < 0.01). The expression of
TNF-α and p38MAPK was higher in the single acupoint
group than in the three acupoints and medication
groups, while only TNF-α expression was higher in
the two acupoints group (P < 0.01); the difference
between the three acupoints group and the medication
group was not statistically significant (Figure 4).

and ZO-1 mRNAs were further increased in the three
acupoints and medication groups compared with the
single and two acupoints groups (all P < 0.01); the
difference between the three acupoints group and the
medication group was not statistically significant (Figure
5).

DISCUSSION
Grain-sized moxibustion therapy belongs to the
category of direct and small-cone moxibustion.
Small-cone moxibustion can alleviate burning pain
caused by warm febricity and reduce scarring, which
is easily accepted by patients. The point selection
for grain-sized moxibustion is simplified; generally,
one acupoint is selected, but as many as two or
three acupoints can be used. Therefore, this study

Comparison of occludin and ZO-1 mRNA levels in
colonic tissue among the six groups

The levels of occludin and ZO-1 mRNAs were
significantly reduced in the model group compared
with the control group (Ps < 0.01), and were increased
significantly in each treatment group compared with
the model group (all P < 0.01). The levels of occludin
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A

B

C

Figure 3 Higher detail of morphologic changes in colonic tissue of rats. A: Control group (left) and model group (right); B: Single acupoint group (left) and two
acupoints group (right); C: Three acupoints group (left) and medication group (right). In the model group, intestinal mucosa was deficient, the arrangement of gland
was irregular and submucosa was edematous, hyperemic and infiltrated with inflammatory cells. After the different treatments, the gland, mucosa, etc. were improved
significantly. The efficacy in the three acupoints and medication groups was superior to that of the single and two acupoints groups (hematoxylin-eosin staining, × 400
magnification).

included three prescriptions: one, two, or three
acupoints. In traditional Chinese medicine, UC is
mainly characterized by spleen-stomach weakness
and damp-heat accumulation. Among them, spleenstomach weakness is the most common clinical
syndrome. Therefore, warming and nourishing the
spleen-stomach is the main therapeutic principle
during treatment. CV12, an influential point of the
abdomen, has the function of fortifying the spleenstomach, which is the key to treatment of UC. CV 4, a
front-mu point of the small intestine, has the function
of reinforcing healthy qi and the vital essence, which
is the root to treatment of chronic disease. ST 36, a
he-sea point of stomach meridian, has the function of
treatment for all gastrointestinal digestive diseases.
TNF-α, a cytokine with multiple biologic activities,
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mediates the inflammatory response, which is closely
[17,18]
related with the pathogenesis of UC
. TNF-α can
induce vascular endothelial cells to express adherence
factors and adhere to white blood cells, leading to
the accumulation of white blood cells at sites of
inflammation and an aggravation of local inflammatory
[19,20]
responses
. TNF-α can also stimulate monocytemacrophages and other types of cells to produce
[21]
cytokines, further augmenting inflammation .
Under a variety of extracellular stimuli, such as
stress, cytokines, and G protein-coupled receptors,
tyrosine and threonine residues in p38MAPK are
phosphorylated, subsequently increasing the
expression of lipopolysaccharide, TNF, interleukin-1,
[22-25]
and platelet-activating factor
and further
aggravating the inflammatory response. The results
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Figure 4 Comparison of tumor necrosis factor-α and p38 mitogen-activated protein kinase expression in colonic tissue. Representative Western blot and
quantification showing that the expression of TNF-α and p38MAPK protein are decreased significantly after the different treatments. Data are expressed as mean
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2: model group, 3: single acupoint group, 4: two acupoints group, 5: three acupoints group, 6: medication group. TNF-α: Tumor necrosis factor-α; p38MAPK: p38
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of this study showed that grain-sized moxibustion
reduced the expression of TNF-α and p38MAPK in
colonic tissue of rats with UC, and the therapeutic
effect in the three acupoints group was superior
to those in the single and two acupoints groups,
indicating a mechanism by which this treatment may
alleviate the inflammatory response in colonic tissues
of UC rats.
The integrity of the intestinal barrier relies on
different elements, including robust innate immune
responses, epithelial paracellular permeability,
epithelial cell integrity, and the production of
[26]
mucus . Occludin, a type II transmembrane protein,
connects adjacent epithelial cells and blocks the gap
between them, forming the basic structure of tight
junctions with ZO-1 in the cytoplasm. Its adhesion
is proportional to its expression. ZO-1 is a peripheral
membrane protein, and its C terminus can combine
with occludin, actin, stress fibers, and others, thus
forming a stable connection between occludin and the
actin cytoskeleton to potentially prevent the entrance
[27]
of harmful substances and pathogens . A previous
study showed that moxibustion combined with
acupuncture could repair intestinal epithelial barrier
lesions and relieve inflammation by upregulating the
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expression of tight junction proteins in Crohn’s disease
[28]
patients . Another experimental study indicated
that moxibustion could reduce apoptosis of colonic
epithelial cells, repair tight junctions, and enhance
colonic epithelial barrier function in rats with Crohn’s
[29]
disease . In this study, the results showed that grainsized moxibustion increased the levels of occludin and
ZO-1 mRNAs in colonic tissue of rats with UC, with a
superior effect achieved with three acupoints. Thus,
grain-sized moxibustion therapy may increase the
expression of the tight junction proteins occludin and
ZO-1 to restore intestinal mucosal barrier function, so
as to protect the intestinal mucosa and to treat UC.
SASP (at a dosage of 3 g/d) is commonly used in
the treatment of patients with UC, and can significantly
alleviate the clinical symptoms and the degree of
[30,31]
inflammation of the intestinal mucosa
. In this
study, the therapeutic effect in the three acupoints
group was similar to that in the medication group,
but with avoidance of the adverse reactions from
Western medicines. Therefore, it may be a reasonable
acupoint prescription in treatment of UC, and can be
used as a specific therapy for UC. The therapeutic
effect in the three acupoints group was superior to
those in the single and two acupoints groups, which
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[32,33]

is consistent with the study by Yan et al
showing
that the combination of acupoints had a better efficacy.
However, it does not mean that the more acupoints
[34]
are selected, the better the efficacy will be. Huang
selected four or five acupoints for the treatment of
a stiff neck, but the therapeutic effect was not good,
whereas treatment at one point (Xuánzhōng; GB 39),
achieved a better efficacy. Other studies have shown
that the combination of different acupoints might have
[35,36]
synergistic or antagonistic effects
. Thus, further
study on the best acupoint combination for grain-sized
moxibustion in treatment of UC is needed. Although
the therapeutic effect in the two acupoints group
was inferior to that in the three acupoints group, the
burning sensation from two acupoints group is minor.
Morever, the selection of acupoints in the abdomen
avoids the development of moxibustion scars on the
limbs. Importantly, there was a certain therapeutic
effect in treatment of UC in the two acupoints group.
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Therefore, it can be used as a complementary therapy
for UC. Concerning the combination of grain-sized
moxibustion at two acupoints and SASP in treatment
of UC, further study is needed.
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can increase the expression of TNF-α and further aggravate the inflammatory
response. Occludin and zonula occludens-1 (ZO-1) are important substances in
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Inflammatory mediators and the mucosal barrier of the colon play important
roles in UC. A previous study showed that moxibustion combined with
acupuncture could repair intestinal epithelial barrier lesions and relieve
inflammation by upregulating the expression of tight junction protein expression
in Crohn’s disease patients.
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Innovations and breakthroughs

7

In this study, the authors observed the efficacy of different acupoint
combinations and explored the mechanism underlying improvement of UC in
clinic. They associated the effects of moxibustion therapy with inflammatory
responses and function of the mucosal barrier by observing protein levels
of TNF-α and p38MAPK, and mRNA expression of occludin and ZO-1. The
results showed reductions of TNF-α and p38MAPK, and increases of occludin
and ZO-1 mRNAs in colonic tissue in the moxibustion groups suggests that
the improved function of the mucosal barrier in the colon and the decreased
invasion of inflammatory factors are potential mechanisms for grainsized moxibustion in repairing the intestinal mucosal tissue. The combined
therapeutic effect of moxibustion with grain-sized moxa at CV 12, CV 4, and ST
36 is superior to that from one or two acupoints.
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Applications

This study provides a reasonable acupoint prescription for grain-sized
moxibustion in the treatment of UC, and clarifies part of the scientific evidence
for its therapeutic effects for UC.
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Terminology

Moxibustion is a therapy that treats and prevents diseases using moxa
floss. The combustion of the moxa floss permits transmission of heat to the
acupoints or other parts of the body that have various pathologic changes.
Direct moxibustion is one of its treatment methods to. Grain-sized moxibustion
therapy is a form of direct moxibustion, where a seed-shaped moxa cone is
burned directly on the skin. It has the advantages of a short treatment duration,
with only a mild burning sensation and slight scarring of the skin, which is easily
accepted by patients.
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Abstract

Institutional review board statement: The study was reviewed
and approved by The Human Research Ethics Committee of
China-Japan Friendship hospital.

AIM: To determine the significance of increased serum
direct bilirubin level for lymph node metastasis (LNM) in
Chinese rectal cancer patients, after those with known
hepatobiliary and pancreatic diseases were excluded.

Informed consent statement: Informed written consent was
obtained from all patients.

METHODS: A cohort of 469 patients, who were
treated at the China-Japan Friendship Hospital, Ministry
of Health (Beijing, China), in the period from January
2003 to June 2011, and with a pathological diagnosis of
rectal adenocarcinoma, were recruited. They included
231 patients with LNM (49.3%) and 238 patients
without LNM. Follow-up for these patients was taken
through to December 31, 2012.
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RESULTS: The baseline serum direct bilirubin
concentration was (median/inter-quartile range)
2.30/1.60-3.42 µmol/L. Univariate analysis showed
that compared with patients without LNM, the patients
with LNM had an increased level of direct bilirubin
(2.50/1.70-3.42 vs 2.10/1.40-3.42, P = 0.025).
Multivariate analysis showed that direct bilirubin was
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independently associated with LNM (OR = 1.602;
95%CI: 1.098-2.338, P = 0.015). Moreover, we found
that: (1) serum direct bilirubin differs between male
and female patients; a higher concentration was
associated with poor tumor classification; (2) as the
baseline serum direct bilirubin concentration increased,
the percentage of patients with LNM increased; and (3)
serum direct bilirubin was associated with the prognosis
of rectal cancer patients and higher values indicated
poor prognosis.

in recent years, some experimental and clinical
research has demonstrated that serum bilirubin has
several protective effects, including potent antioxidant,
[13-17]
anti-inflammatory and anticancer activities
. In
one study, the authors used their national, large
health survey database and observed that patients
with slightly increased serum bilirubin concentrations
[14]
had a decreased risk of colorectal cancers (CRC) .
The results were supported by another exploratory
case-control study that was performed in the Charles
University in Prague of Czech Republic and was
designed to determine the relationship between
promoter variations of heme oxygenase-1 and bilirubin
UDP-glucuronosyltransferase genes, serum bilirubin
[13]
concentrations and the risk of CRC . Moreover,
experimental studies performed in cell lines of CRC
showed that unconjugated bilirubin can induce their
[18]
apoptosis .
However, no significant association was found in
some epidemiological studies. One case-control study
was performed in the United States that was designed
to determine the differences of baseline serum bilirubin
concentrations between patients with colon cancers
[19]
and control patients without cancers . This study
involved 236 patients, including 118 colon cancer
patients and 118 control patients without cancers.
Their blood was collected and the serum bilirubin
levels were measured 20 years before these patients
[19]
developed colon cancers . According to the results,
no difference was found between their baseline serum
bilirubin concentrations and the risk of development
of colon cancers. This result was also supported by
another cohort study that was designed to identify
the association of total bilirubin levels with the risk of
developing CRC in one representative United States
[15]
population . The study included 5487 cases and
they were followed up for 88339 person-years. No
relationship was found between their serum total
bilirubin concentration and the risk of CRC, although
some modified factors had been adjusted in the
multivariable analysis.
For the association between serum bilirubin and
LNM, no information is available. Our preliminary data
showed that serum direct bilirubin, not total bilirubin,
was related with LNM in RCs. The present was
performed to determine the significance of increased
serum direct bilirubin concentration for Chinese RC
patients with LNM, after known hepatobiliary and
pancreatic diseases were excluded.

CONCLUSION: Higher serum direct bilirubin con
centration was associated with the increased risk of
LNM and poor prognosis in our rectal cancers.
Key words: Rectal cancer; Lymph node metastasis;
Direct bilirubin; Risk; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Serum bilirubin has been associated with
colorectal cancer; however, no information is available
for the association between bilirubin and lymph
node metastasis (LNM). This study was designed to
determine the significance and prognostic value of
increased serum direct bilirubin for Chinese rectal
cancer patients with LNM, after exclusion of known
hepatobiliary and pancreatic diseases. For the first
time, this study found that higher serum direct bilirubin
concentration was associated with an increased risk of
LNM and poor prognosis in rectal cancer patients.
Gao C, Fang L, Li JT, Zhao HC. Significance and prognostic
value of increased serum direct bilirubin level for lymph
node metastasis in Chinese rectal cancer patients. World J
Gastroenterol 2016; 22(8): 2576-2584 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i8/2576.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i8.2576

INTRODUCTION
Rectal cancer (RC) is a very common malignant
tumor of the digestive tract, with a high incidence
and high mortality. Its incidence has dramatically
[1]
increased worldwide in recent years . The presence
of lymph node metastasis (LNM) has been identified
as one most powerful risk factor for recurrence and
[2,3]
overall survival of RCs
. The number of lymph
nodes dissected is significantly linked with survival
[4,5]
and mortality in RC patients . For RC patients with
LNM, some known risk factors have been identified,
including younger age, cancer location, diameter of
tumors, poor differentiation, surrounding infiltration
[6-12]
and tumor invasion
.
Historically, serum bilirubin has been considered to
have no physiological function other than that of being
the garbage of heme (bilirubin) metabolism. However,
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MATERIALS AND METHODS
Study population

A cohort of 469 patients, who were treated at our
hospital (China-Japan Friendship Hospital, Ministry
of Health, Beijing, China) in the period from January
2003 to June 2011, and with a pathological diagnosis
of rectal adenocarcinoma, according to the diagnostic,
exclusion and inclusion criteria, were recruited,
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including 231 patients with LNM (49.3%) and 238
patients without LNM. Follow-up for these patients was
taken through to December 31, 2012.
According to our previous researches and current
knowledge, the exclusion criteria were determined
as followed: (1) patients with known hepatobiliary
and pancreatic diseases; (2) patients that had been
diagnosed with RC for more than two weeks or been
subjected to any medical treatments associated
with tumors before inclusion; (3) patients that had
other tumors, including lymphoma and leukemia;
(4) patients diagnosed with hereditary non-polyposis
CRC and familial adenomatous polyposis; (5) patients
that did not have complete clinical and pathological
data, which would affect the statistical analysis; (6)
patients that had used immunosuppressive agents
and cytotoxic drugs during the past half of a year; (7)
patients who died within three months after surgery;
and (8) patients that had been diagnosed with serious
conditions of other important systems or organs.
Our hospital Human Research Ethics Committee
approved our study. This current research was
performed in accordance with the Declaration of
Helsinki.

For these RC patients, the data were obtained
after confirmed diagnosis, and data was excluded if it
was obtained two weeks before or after the diagnosis.
If multiple values were obtained for one parameter,
we only recorded the first measured value. BMI was
calculated based on the results of body weight and
height. These clinical and pathological data were
assessed by two authors carefully and independently.

Statistical analysis

We used the SPSS 17.0 software (Chicago, IL,
United States) for statistical analyses. For statistical
description, mean ± SD, median/inter-quartile
range, and numbers and proportions were used
for continuous variables with normal distributions,
continuous variables with skewed distributions, and
categorical variables, respectively. For statistical
analysis, Independent-Samples t-test, Mann-Whitney
2
non-parametric U-test, and three kinds of χ tests were
used. According to the findings of univariate analysis,
we used multivariate logistic regression to determine
the independent relationship between serum direct
bilirubin and pLNM.
For clinical practice, the continuous variables
were changed to categorical variables, and the cutoff
values were determined based on the combination
of sensitivity, specificity, Youden index, their receiver
operator characteristics (ROC) curves and areas under
the curve (AUC). The values of CEA were lost for 77
RC patients; therefore, this parameter was excluded
from the logistic regression analysis. In addition, our
preliminary findings (data not shown) demonstrated
no association between CEA and pLMN in these RC
patients.
2
Moreover, using the χ test, we studied the
association of serum direct bilirubin levels with certain
clinical and pathological parameters/factors, including
age, gender, tumor differentiation, pN, pT, pM, serum
CEA and serum sodium. In addition, we studied the
relationship between serum baseline direct bilirubin
concentration and pLNM, when serum direct bilirubin
was treated as one continuous variable. Follow-up was
taken through to December 31, 2012. For prognostic
significance, we used the Kaplan-Meier method and
multivariate Cox regression model. The results were
reported as the ORs with their 95%CI. Differences
were considered statistically significant when P was <
0.05. All the quoted P values are two-sided.

Determination of RC and LNM

The pathological/histological results were the only
diagnostic criteria used for RC. Usually, patients
were diagnosed preliminarily based on the biopsy of
endoscopy examination, and confirmed by the results
of surgical specimens. We only included those patients
diagnosed with rectal adenocarcinoma. If two or
more pathological/histological subtypes were shown
in one sample and adenocarcinoma was considered
to be occupying the leading pathological type, we
also excluded them from our final analysis. Diagnosis
of LNM was determined mainly by pathological/
histological results after surgery (pathological LNM,
pLNM). For the stage of LNM, cancer classification
and distant metastasis of tumors, the results from
pathological/histological findings were abbreviated as
pN, pT and pM, respectively.

Clinical and pathological data

Based on our previous studies and current knowledge,
we included the following parameters, mainly from
clinical and pathological examinations: age, gender,
body mass index (BMI), presence of hypertension,
drinking, smoking, white blood cell count, hemoglobin,
platelet count, total bilirubin, direct bilirubin (DBil),
total bile acid, alanine aminotransferase (ALT), alkaline
phosphatase (ALP), glutamic-oxalacetic transaminase
(AST), gamma-glutamyl transpeptidase (GGT), serum
cholinesterase, International normalized ratio/INR,
prothrombin time, albumin level, potassium, serum
sodium, creatinine, CA19-9, carcinoembryonic antigen
(CEA), tumor differentiation, pN, pT, pM, lymph nodepositive and total number of lymph nodes removed.
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RESULTS
Basic and pathological characteristics of 469 RC
patients

Tables 1 and 2 show the basic and pathological
characteristics of 469 rectal adenocarcinoma patients,
including 231 patients with pLNM (49.3%) and 238
control cases without pLNM (50.7%). Their mean age
was 62.1 ± 12.6 years old. Two hundred and eighty-
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Table 1 Basic characteristics of 469 rectal adenocarcinoma patients n (%)
Characteristic

Total patients

RAC patients with LNM

1

Male sex
Mean age, yr
BMI3, kg/m2
Hypertension
Alcohol intake
Smoking
White blood cell, × 109/L
Hemoglobin, g/L
Platelet count, × 109/L
Total bilirubin2, mmol/L
Direct bilirubin2, mmol/L
ALT2, U/L
AST2, U/L
ALP2, U/L
GGT2, U/L
Serum cholinesterase4, U/L
Total bile acid2, μmol/L
Prothrombin time5, s
International normalized ratio/INR5
Albumin level6, g/L
Creatinine, mg/dL
Serum sodium7, mmol/L
Serum potassium7, mmol/L
Carcinoembryonic antigen2,8, ng/mL
Serum CA19-92,9, kU/L

1

RAC patients without LNM

P value

1

(n = 469)

(n = 231)

(n = 238)

286 (61.0)
62.1 ± 12.6
23.95 ± 3.54
131 (27.9)
29 (6.2)
129 (27.5)
6.66 ± 2.10
132 ± 20
233 ± 79
10.26 (7.70-14.40)
2.30 (1.60-3.42)
16 (12-22)
19 (16-23)
66 (55-81)
17 (13-25)
161.3 ± 50.0
4.4 (2.4-7.3)
13.2 ± 1.4
1.02 ± 0.14
42.3 ± 4.5
82.1 ± 18.0
141.0 ± 3.0
4.1 ± 0.5
4.33 (2.22-11.91)
14.02 (7.20-28.63)

146 (63.2)
60.6 ± 12.8
23.90 ±3.67
58 (25.1)
18 (7.8)
55 (23.8)
6.70 ± 2.09
131 ± 20
235 ± 74
10.26 (7.40-15.0)
2.50 (1.70-3.42)
15 (12-22)
18 (15-22)
66 (54-82)
18 (13-26)
158.1 ± 50.1
4.5 (2.4-8.5)
13.2 ± 1.7
1.02 ± 0.17
42.3 ± 4.4
80.8 ± 15.5
141.0 ± 3.1
4.1 ± 0.4
5.40 (2.40-13.95)
15.10 (7.39-33.91)

140 (58.8)
63.6 ± 12.2
24.0 ± 3.41
73 (30.7)
11 (4.6)
74 (31.1)
6.61 ± 2.11
132 ± 19
232 ± 84
10.26 (8.13-13.68)
2.10 (1.40-3.42)
16 (12-22)
19 (16-24)
66 (55-80)
16 (12-23)
164.5 ± 50.0
4.2 (2.5-7.1)
13.2 ± 1.1
1.01 ± 0.11
42.2 ± 4.6
83.3 ± 20.1
142.0 ± 2.9
4.1 ± 0.5
3.50 (2.08-8.67)
13.41 (7.10-23.10)

0.331
0.012
0.779
0.179
0.154
0.077
0.666
0.553
0.659
0.451
0.025
0.262
0.076
0.905
0.136
0.170
0.546
0.651
0.313
0.908
0.128
0.028
0.282
0.009
0.109

1

Plus-minus value indicates mean ± SD; 2Median (inter-quartile range, Q1-Q3). Data were available in 3403 (202 + 201), 4461 (226 + 235), 5456 (225 + 231),
463 (227 + 236), 7457 (226 + 231), 8392 (192 + 200) and 9370 (178 + 192) patients. The numbers before the brackets indicate the total available cases in the two
groups. BMI: Body mass index; LNM: Lymph node metastasis; RAC: Rectal adenocarcinoma.
6

Table 2 Pathological characteristics and follow-up results of 469 rectal adenocarcinoma patients n (%)
Characteristic

Total patients

RAC patients with LNM

1

Pathological lymph node stage
pN0
pN1
pN2
Pathological tumor classification (pT)
pT1
pT2
pT3
pT4
Pathological distant metastasis (pM)
pM0
pM1
Tumor differentiation
Moderately/well
Poorly
Unknown
Number of lymph node
Lymph node-positive (metastasis)
Total number of lymph node removal
Results of follow-up
Death
Survival
Lost
Time of follow-up2 (mo)

1

RAC patients without LNM

P value

1

(n = 469)

(n = 231)

(n = 238)

238 (50.7)
136 (29.0)
95 (20.3)

0 (0.0)
136 (58.9)
95 (41.1)

238 (100.0)
0 (0.0)
0 (0.0)

18 (3.8)
90 (19.2)
118 (25.2)
243 (51.8)

1 (0.4)
21 (9.1)
54 (23.4)
155 (67.1)

17 (7.1)
69 (29.0)
64 (26.9)
88 (37.0)

< 0.001
< 0.001
-

439 (93.6)
30 (6.4)

213 (92.2)
18 (7.8)

226 (95.0)
12 (5.0)

0.224
-

388 (82.7)
57 (12.2)
24 (5.1)

166 (71.9)
46 (19.9)
19 (8.2)

222 (93.3)
11 (4.6)
5 (2.1)

< 0.001
-

2.2 ± 4.5
13.3 ± 8.4

4.5 ± 5.5
15.0 ± 9.1

11.6 ± 7.3

< 0.001

72 (15.4)
277 (59.1)
120 (25.6)
24.0 (9.0-44.3)

46 (19.9)
118 (51.1)
67 (29.0)
20 (9.0-37.9)

26 (10.9)
159 (66.8)
53 (22.3)
29.1 (10.5-48.5)

0.007
0.001
0.095
0.013

1

Plus-minus value indicates mean ± SD; 2Median (inter-quartile range, Q1-Q3). LNM: Lymph node metastasis; RAC: Rectal adenocarcinoma.
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Direct bilirubin, mmol/L

10.00

(Table 1 and Figure 1).
For the other basic characteristics shown in Table
1, compared with patients without LNM, the patients
with LNM were younger (60.6 ± 12.8 year vs 63.6 ±
12.2 year, P = 0.012), had an increased level of CEA
(5.40/2.40-13.95 vs 3.50/2.08-8.67, P = 0.009), and
a decreased concentration of serum sodium (141 ±
3.1 mmol/L vs 142 ± 2.9 mmol/L, P = 0.028). The
values of CEA were lost for 77 RC patients and those
of serum sodium were lost for 12 patients. Pathological
characteristics are shown in Table 2 and statistically
significant differences were observed for tumor
pathological classification (P < 0.001) and cancer
differentiation (P < 0.001). In the 231 patients with
LNM, 209 patients (90.5%) were diagnosed with pT3
or pT4, and 166 patients (71.9%) were diagnosed
with moderate/good tumor differentiation; whereas
in the 238 patients without LNM, 152 (63.9%) were
diagnosed with pT3 or pT4, and 222 (93.3%) were
diagnosed with moderate/good tumor differentiation.

*
*

12.00

*

*

P = 0.025

8.00
6.00
4.00
2.00
0.00

RAC without pLNM

RAC with pLNM

Figure 1 Baseline serum direct bilirubin concentration (median and interquartile range) in rectal adenocarcinoma patients with and without lymph
node metastasis. Error bars indicate full ranges and the five-pointed stars
indicate the exceptional values.

Table 3 Multivariate analysis: significance of increased serum
direct bilirubin for rectal cancer patients with lymph node
metastasis
Variable
Direct bilirubin ≥ 2.60 μmol/L
Age < 60 yr
Serum sodium ≤ 141 mmol/L

Adjusted OR

95%CI

P value

1.602
1.851
-

1.098-2.338
1.259-2.724
-

0.015
0.002
0.090

Multivariate analysis: Significance of increased serum
direct bilirubin for RC patients with LNM

The independent association between direct bilirubin
and LNM was determined using a multivariate
unconditional logistic regression model. Direct bilirubin,
age and serum sodium were included, according to
the findings of univariate analysis. Ultimately, we
included 457 RC patients because the values of serum
sodium were lost for 12 patients. For clinical practice,
the continuous variables were changed to categorical
variables, and the cutoff values were determined
based on the combination of sensitivity, specificity,
Youden index, ROC curves and AUC. Among the
three variables that changed were direct bilirubin ≥
2.60 µmol/L, age < 60 year and serum sodium ≤
141 mmol/L. Multivariate analysis (Table 3) showed
that the serum direct bilirubin concentration was
independently related to pLNM in our RC patients (OR
= 1.602, 95%CI: 1.098-2.338, P = 0.015).

Four hundred and fifty-seven patients were included because the data were
not available for 12 patients. Carcinoembryonic antigen (CEA) was excluded
because data were not available in 77 patients and preliminary multivariate
analysis results showed that CEA was not associated with lymph node
metastasis in our patients. For clinical practice, these continuous variables
were changed to categorical variables, and the cutoff values were
determined based on the combination of sensitivity, specificity, Youden
index, receiver operator characteristics curves and areas under the curve.

six patients (61.0%) were male. One hundred and
thirty-one patients (27.9%) had hypertension and 129
(27.5%) were smokers. Parameters for liver function
were demonstrated, including total bilirubin, direct
bilirubin, ALT, AST, ALP, GGT, serum cholinesterase,
total bile acid, prothrombin time, INR, and albumin
level. Among the 231 RC patients with LNM, 136
patients were determined as pathological lymph node
stage 1 (pN1) and 95 patients were diagnosed with
pN2. The mean number of lymph nodes removed was
13.3 ± 8.4. For pathological tumor classification (pT),
361 patients (77.0%) were diagnosed with pT3 or pT4.

Relationship between increased serum direct bilirubin
level and clinicopathological parameters

We studied the relationship between direct bilirubin
and some clinical and pathological parameters, using
2
the χ test. Eight parameters were included based on
the findings of univariate analysis, as shown in Tables
1 and 2, including age, gender, cancer differentiation,
pN, pT, pM, serum CEA and serum sodium. Statistically
significant differences were observed for gender (P
< 0.001) and pathological cancer classification (P =
0.039) (Table 4). For patients with direct bilirubin ≥
2.60 µmol/L, 148 (70.5%) were male, whereas 138
(53.3%) patients were male for those with direct
bilirubin < 2.60 µmol/L; thus, serum direct bilirubin
differs between male and female RC patients. For
pathological tumor classification, compared with
patients with direct bilirubin < 2.60 µmol/L, patients

Baseline serum direct bilirubin concentration and
comparison of RC patients with and without pLNM:
Univariate analysis

Among the 469 RC patients, their baseline serum
direct bilirubin concentration (median and interquartile range) was 2.30 µmol/L (1.60-3.42 µmol/L).
Univariate analysis showed that, compared with
patients without LNM, the patients with LNM had an
increased level of direct bilirubin (median/inter-quartile
range 2.50/1.70-3.42 vs 2.10/1.40-3.42, P = 0.025)
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Table 4 Association between increased serum direct bilirubin
level and clinicopathological data n (%)
Direct bilirubin Direct bilirubin P value

Variable

Direct bilirubin/
DBil (μmol/L)

≥ 2.60 μmol/L < 2.60 μmol/L

Gender
Male
Female
Age, yr
< 60
≥ 60
Serum sodium, mmol/L
≤ 141
> 141
Carcinoembryonic antigen,
ng/mL
< 5.0
≥ 5.0
Tumor differentiation
Moderately/well
Poorly
Pathological tumor
classification (pT)
pT1/ pT2
pT3/ pT4
Pathological lymph node
stage (pN)
pN1
pN2
Pathological distant
metastasis (pM)
pM0
pM1

148 (70.5)
62 (29.5)

138 (53.3)
121 (46.7)

< 0.001
-

79 (37.6)
131 (62.4)

102 (39.4)
157 (60.6)

0.697
-

101 (49.5)
103 (50.5)

142 (56.1)
111 (43.9)

0.159
-

85 (50.0)
85 (50.0)

129 (58.1)
93 (41.9)

0.110
-

171 (86.8)
26 (13.2)

217 (87.5)
31 (12.5)

0.827
-

39 (18.6)
171 (81.4)

69 (26.6)
190 (73.4)

0.039
-

65 (57.0)
49 (43.0)

71 (60.7)
46 (39.3)

0.571
-

200 (95.2)
10 (4.8)

239 (92.3)
20 (7.7)

0.193
-

DBil ≤ 1.50
1.50 < DBil ≤ 2.50
2.50 < DBil ≤ 3.50
DBil > 3.50

0
>
il
DB

DB
2.
50
<

DB
<
50
1.

3.
5

3.
50
il

≤

2.
50
≤

il

≤

1.
50

40

il

50 (43.1)
67 (46.9)
60 (50.4)
54 (59.3)

66 (56.9)
76 (53.1)
59 (49.6)
37 (40.7)

1 (reference)
1.164 (0.711-1.905)
1.342 (0.803-2.244)
1.926 (1.104-3.362)

0.547
0.261
0.020

Follow-up for these patients was taken through to
December 31, 2012. They were followed up for a
median time of twenty-four months. The range of
follow-up was 0.4-107.1 mo and their inter-quartile
range time was 9.0-44.3 mo. Of the total 469 RC
patients, 120 (25.6%) patients were lost from followup. No statistically significant difference was observed
by comparison of the lost patients between the two
groups with and without LNM (29.0% vs 22.3%,
P = 0.095) (Table 2). In terms of death, the group
of patients with LNM had a larger number and a
higher percentage of deaths than the group without
LNM (19.9% vs 10.9%, P = 0.007). As shown in
Figure 3, the log rank test with the Kaplan-Meier
curve demonstrated that serum direct bilirubin con
centration was associated with the prognosis of RC
patients (P = 0.011) and higher values indicated poor
prognosis. These results were further confirmed by Cox
regression model analysis. Furthermore, considering
the significance of TNM staging for prognosis, we
added the TNM staging to the modified Cox regression

43.1

DB

P value

Follow-up and survival analysis: Prognostic value of
increased serum direct bilirubin

46.9

Figure 2 Association between concentrations of increased serum direct
bilirubin and lymph node metastasis. Patients were separated into four
groups based on the concentration of direct bilirubin (DBil), including DBil ≤ 1.50
μmol/L, 1.50 μmol/L < DBil ≤ 2.50 μmol/L, 2.50 μmol/L < DBil ≤ 3.50 μmol/L,
and DBil > 3.50 μmol/L. The histograms indicate the percentages of patients
with lymph node metastasis (LNM) in each group.

with direct bilirubin ≥ 2.60 µmol/L had an increased
number of RC patients with pT3/pT4 (81.4% vs
73.4%, P = 0.039). However, no significant differences
were found for other parameters, including the stage
of pLNM.

WJG|www.wjgnet.com

OR (95%CI)

We studied the relationship between serum baseline
direct bilirubin concentration and pLNM, when serum
direct bilirubin level was treated as one continuous
parameter. Based on the baseline concentration of
serum direct bilirubin, combined with their median and
inter-quartile range, 469 patients were classified into
four sub-groups, including direct bilirubin ≤ 1.50 µmol/
L, 1.50 µmol/L < direct bilirubin ≤ 2.50 µmol/L, 2.50
µmol/L < direct bilirubin ≤ 3.50 µmol/L, and direct
bilirubin > 3.50 µmol/L (Figure 2 and Table 5). The
percentages of patients with pLNM in each group were
43.1%, 46.9%, 50.4% and 59.3%, respectively. Thus,
as the baseline serum direct bilirubin concentration
increased, the percentage of patients with LNM
increased (Figure 2). As demonstrated in Table 5, the
same trends were found for their ORs and 95%CIs.
Statistically significant differences were observed for
comparison of patients with direct bilirubin ≤ 1.50
µmol/L and direct bilirubin > 3.50 µmol/L (OR = 1.926,
95%CI: 1.104-3.362, P = 0.020).

50.4

45

Patients
without
LNM

Concentrations of increased serum direct bilirubin and
LNM

55

50

Patients
with LNM

LNM: Lymph node metastasis.

Association between direct bilirubin and pLNM
59.3

60
Percentage of patients with pLNM (%)

Table 5 Association between concentrations of increased
serum direct bilirubin and lymph node metastasis n (%)
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risk of CRC. A similar association was described in
hepatocellular carcinoma (HCC) and diabetes mellitus
(DM). Recently, diabetes has been regarded as a new
[20-22]
risk factor for hepatocellular carcinoma
; however,
in the progression of cirrhosis to HCC, it may be
[23,24]
inversely correlated with the incidence of HCC
.
The major concern was the observational, crosssectional, case-control design of our study. For the
causal association in this design, no definite evidence
can be provided. When serum direct bilirubin
concentration was measured, these patients already
had RC and LNM. Therefore, we only showed that
these RC patients had LNM that was associated
with the increased serum direct bilirubin level in the
past. We have not resolved the clinical-associated
issue of whether serum direct bilirubin level can be
regarded as a new risk factor for the development of
LNM in RC patients, much less whether serum direct
bilirubin can promote the occurrence of LNM in RCs;
thus, more well-designed prospective studies are
required. However, for the first time, an association
between direct bilirubin and LNM in RC was shown.
In addition, we provide some additional evidences for
this relationship, including: (1) higher serum direct
bilirubin concentration was associated with poor tumor
classification; (2) the percentage of LNM increased
with the serum direct bilirubin concentration; and
(3) serum direct bilirubin level was associated with
prognosis and higher values indicated poor prognosis.
The second concern was that higher serum bilirubin
concentration may be associated with different kinds
of liver diseases. However, in our study the possible
confounding effect associated with those liver diseases
was eliminated by excluding patients with known
hepatobiliary and pancreatic diseases and more than
95% of the included subjects had the normal hepatic
enzyme levels. In addition, the values of serum
bilirubin were found to vary slightly each day in healthy
[15]
subjects . All the patients were required to fast for
the measurement of bilirubin.
Besides the association of serum total bilirubin
with the risk of CRC, baseline serum bilirubin has
also been correlated with both pharmacokinetics and
[25]
toxicity . Bilirubin undergoes glucuronidation by
uridine diphosphate glucuronosyltransferase isoform
[26]
1A1 (UGT1A1) . Gilbert’s syndrome represents an
insufficiency of UGT1A1. Irinotecan, which is derived
from camptothecin, can inhibit UGT1A1 topoisomerase
I, and the latter has been confirmed to be useful for
[25]
CRC . One case report showed that two Gilbert’s syndrome
patients experienced more serious side effects from
[27]
irinotecan than others . For toxicities and irinotecan in
metastatic CRC patients, two studies demonstrated that
serum bilirubin concentrations could be used to predict
[25,28]
neutropenia, but not others
. However, in another
cohort study that was designed for irinotecan and
metastatic CRC, the authors performed a secondary
analysis and found that the serum bilirubin level was

1.0

P = 0.011

Cum survival

0.8

0.6

0.4
Direct bilirubin ≥ 2.60 mmol/L

0.2

0
1
0-censored
1-censored

0.0
0.0

20.0

40.0
60.0
80.0
Survival time (mo)

100.0

120.0

Figure 3 Survival analysis: Kaplan-Meier curve (log rank test) showed
that serum direct bilirubin was associated with the prognosis (survival
time) in rectal adenocarcinoma patients. The cutoff (direct bilirubin ≥ 2.60
μmol/L) was determined based on the combination of sensitivity, specificity,
ROC curve and areas under the curve.

analysis and the result showed a similar independent
association (HR = 1.142, 95%CI: 1.003-1.305, P =
0.048).

DISCUSSION
Our study showed that a higher concentration of
serum baseline direct bilirubin was correlated with
the increased risk of pLNM and poor prognosis in RC.
Moreover, we found: (1) serum direct bilirubin differs
between male and female patients. The percentage
of male patients was higher in RC cases with direct
bilirubin ≥ 2.60 µmol/L than those with direct bilirubin
< 2.60 µmol/L; (2) a higher concentration of direct
bilirubin was associated with poor tumor classification,
patients with direct bilirubin ≥ 2.60 µmol/L had a
higher percentage of patients with pT3/pT4; (3) as the
baseline serum direct bilirubin concentration increased,
the percentage of patients with LNM increased; and (4)
direct bilirubin was associated with prognosis.
For the first time, baseline serum direct bilirubin
concentration was associated with pLNM in RC. No
unified opinion has been reached, although serum
total bilirubin has been associated with CRC by
some epidemiological researches. As described in
the Background section, some studies demonstrated
that elevated serum bilirubin concentration was
[13,14]
correlated with a decreased risk of CRC
, whereas
[15,19]
other found no significant association
. However,
different from these studies, our current research
was designed to determine the relationship between
serum direct bilirubin, not total bilirubin, and pLNM in
RC, not CRC. Moreover, an increased serum bilirubin
may be associated with a higher percentage of LNM,
even though it has been correlated with a decreased
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Applications

[25]

not associated with overall drug-related toxicity .
Our study found that serum direct bilirubin differs
between male and female patients, and the percentage
of male patients is higher in RC cases with direct
bilirubin ≥ 2.60 μmol/L than those with direct bilirubin
< 2.60 μmol/L, leading to the deduction that serum
bilirubin level is higher in men than in women, which
[14]
was supported by another previously published study .
In that study, performed in the United States, the
authors used the national, large health survey data
to explore the demographic characteristics of serum
bilirubin levels in the ordinary healthy population. They
concluded that compared with women, the level of
[14]
serum bilirubin of men is higher .
For the association between direct bilirubin level
and pLNM in RC, the mechanism remains unclear.
However, some data have suggested the mechanisms
for the protective effect of bilirubin for the decreased
risk of CRC. First, unconjugated bilirubin can induce
cell apoptosis in colon cancer cell lines by triggering
mitochondrial depolarization, suggesting that the
occurrence and evolvement of CRC may be associated
with the insufficiency of endogenous antioxidants,
and the oxidative stress defense mechanisms may be
[18]
deficient in CRC patients . Secondly, the vascular
cell adhesion molecule signaling pathway has been
confirmed to be associated with the carcinogenesis
of many kinds of cancers, and this pathway may be
[29,30]
inhibited by bilirubin
. Whether these mechanisms
are correlated with pLNM in RC requires further
researches.
In conclusion, higher serum direct bilirubin con
centration was associated with the increased risk of
pLNM and poor prognosis in RC. The case-control
design, single-center study and relatively limited
number of study population require that our results
should be validated.

Serum direct bilirubin level may be used to predict LNM and prognosis.

Peer-review

Median values of direct bilirubin in this study were noted to be higher in lymph
node positive patients than negative patients. It is well written paper but I
would advice that it can still be improved with additional graphs by using other
statistical packages such as STATA.
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Abstract
AIM: To examine incidence of tuberculosis (TB) in
gastrectomy patients and investigate the risk factors
for developing TB after gastrectomy in patients with
gastric cancer.

Institutional review board statement: This study was reviewed
and approved by the Institutional Review Board of Severance
Hospital (IRB No. 4-2014-0506).

METHODS: A retrospective cohort study of gastre
ctomy patients with gastric cancer was performed at
a university-affiliated hospital in Seoul, South Korea
between January 2007 and December 2009. We
reviewed patient medical records and collected data
associated with the risk of TB, surgery, and gastric
cancer. Standardized incidence ratios (SIRs) of TB
were calculated to compare the incidence of TB in
gastrectomy patients with that in the general Korean
population, and risk factors for TB after gastrectomies
were analyzed.

Conflict-of-interest statement: None of the authors has a
conflict of interest.
Data sharing statement: The technical appendix, statistical
codes, and dataset are available from the corresponding author
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reviewers. It is distributed in accordance with the Creative
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: Among the 1776 gastrectomy patients, 0.9%
(16/1776) developed post-gastrectomy TB, with an
incidence of 223.7 cases per 100000 patients per year.
The overall incidence of TB in gastrectomy patients,
adjusted by sex and age, was significantly higher than
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that in the general population (SIR = 2.22, 95%CI:
1.27-3.60). Previous TB infection [odds ratio (OR) =
2
7.1, P < 0.001], lower body mass index (BMI) (kg/m ;
OR = 1.21, P = 0.043) and gastrectomy extent (total
gastrectomy vs subtotal gastrectomy) (OR = 3.48,
P = 0.017) were significant risk factors for TB after
gastrectomy in a multivariate analysis.

reported that an increased risk of TB is associated with
[7-11]
gastrectomy
, the influence of gastrectomy on the
risk of TB has not been clearly demonstrated and the
risk factors for TB in gastrectomy patients with gastric
cancer remain unknown. In particular, the highest
incidence of gastric cancer is in South Korea, where
gastrectomy is frequently performed.
Thus, we determined the incidence of TB among
gastric cancer patients who had undergone gastrec
tomies and investigated risk factors for the development
of active TB in gastrectomized patients in South Korea,
an intermediate TB burden country.

CONCLUSION: TB incidence after gastrectomy is
higher than that in the general population. Previous
TB infection, lower BMI, and total gastrectomy are risk
factors for TB after gastrectomy in patients with gastric
cancer.
Key words: Tuberculosis; Gastrectomy; Body mass
index; Risk factor; Gastric cancer

MATERIALS AND METHODS

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

This retrospective longitudinal cohort study was
performed among patients who underwent gastrec
tomies for gastric cancer at Severance Hospital, a
2000-bed university tertiary referral hospital in Seoul,
South Korea, between January 1, 2007 and December
31, 2009. During the period, 2933 patients underwent
gastrectomies for stomach cancer. We excluded those
patients who received chemotherapy after gastrectomy
(n = 1836), who had a history of previous gastrectomy
(n = 10), who were treated for TB within 6 mo before
surgery or developed TB within 2 mo after surgery
(n = 8), and who visited the hospital only once after
surgery (n = 42). After excluding these patients, the
study population consisted of 1776 patients.
We reviewed the medical records and imaging
studies and collected data that included baseline
characteristics, previous history of TB, chest X-ray
(CXR) findings, laboratory data, cancer stage,
pathology, surgery extent, duration of follow-up, and
mortality. These data were compared between patients
with and without post-gastrectomy TB.

Study design and subjects

Core tip: The incidence of tuberculosis (TB) in patients
who underwent gastrectomy was found to be more
than two-times higher than that in the general
population. Also, we found that a previous TB infection
[odds ratio (OR) = 7.1, P < 0.001], gastrectomy extent
(total gastrectomy vs subtotal gastrectomy) (OR = 3.48,
P = 0.017) and lower body mass index (kg/m2; OR =
1.21, P = 0.043) were significant risk factors for TB
after gastrectomy in gastric cancer.
Jung WJ, Park YM, Song JH, Chung KS, Kim SY, Kim EY, Jung
JY, Park MS, Kim YS, Kim SK, Chang J, Noh SH, An JY, Kang
YA. Risk factors for tuberculosis after gastrectomy in gastric
cancer. World J Gastroenterol 2016; 22(8): 2585-2591 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i8/2585.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2585

Definitions

INTRODUCTION

Diagnosis of active TB: TB diagnosis was confirmed
if Mycobacterium tuberculosis (M. tuberculosis) was
isolated in the culture of any clinical specimen or if M.
tuberculosis DNA was identified by polymerase chain
reaction from any clinical specimen. Histopathological
diagnoses were also accepted. Patients who had a
high clinical likelihood of active TB and a negative
mycobacterial culture finding but who also had
good clinical and radiographic responses to anti-TB
treatment were also included as active TB patients.

Tuberculosis (TB) is a widespread infectious disease,
with worldwide incidence. According to the data of
the World Health Organization, one-third of the world’
s population is estimated to be latently infected with
TB and an estimated 8.6 million people developed
[1,2]
TB in 2012 . South Korea is an intermediate TB
burden country; the annual incidence was 89.4 cases
per 100000 person-years in 2008. Given this reality,
preventing active TB and increasing awareness of the
risk factors for the development of TB are important
issues. Risk factors for development of active TB
include HIV infection, TB scars on chest radiographs,
diabetes, malnutrition, chronic renal failure, silicosis,
[3,4]
and transplantation . Impaired immunity is presumed
to be a risk factor for reactivation.
Gastrectomy is also considered to be a risk factor
for development of TB, likely related to malnutrition
[5,6]
and decreased immunity . Although studies have

WJG|www.wjgnet.com

Previous TB infection: Previous TB infection was
defined as a history of TB treatment or radiological
evidence of previously healed TB. Chest films were
reviewed by board-certified pulmonologists. Abnormal
chest radiographic findings consistent with previously
healed TB were defined as fibro-nodular lesions and
multiple non-calcified nodules in the upper zones of
[3,12,13]
the lung
.
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Table 1 Baseline characteristics of gastrectomy patients
Characteristic
Age (yr)
< 40
41-60
61-80
> 80
Sex, male
Smoking
Alcohol
BMI1 (kg/m2)
< 18.5
18.5-24.99
≥ 25
Postoperative BMI2 (kg/m2)
Comorbidity
Diabetes mellitus
Other malignancy
Previous TB infection
Laboratory data
Hemoglobin (g/dL)
Albumin (g/dL)
Cholesterol (mg/dL)
ASA physical status
Class Ⅰ
Class Ⅱ
Class Ⅲ
Surgery extent, total gastrectomy
Cancer stage
ⅠA
ⅠB
Ⅱ
Ⅲ
Ⅳ
Cancer cell type
Adenocarcinoma
Signet-ring cell
Others
Death

Total
(n = 1776)

No active TB
(n = 1760)

Active TB
(n = 16)

58 (20-89)
169 (9.5)
843 (47.5)
743 (41.8)
21 (1.2)
1156 (65.1)
887 (49.9)
591 (33.4)
23.4 (21.5-25.2)
71 (4.0)
1219 (68.8)
482 (27.2)
21.3 (19.5-23.1)

58 (20-89)
168 (9.5)
834 (47.4)
738 (41.9)
20 (1.1)
1142 (64.9)
873 (49.6)
579 (33.0)
23.4 (21.5-25.2)
67 (3.8)
1208 (68.8)
481 (27.4)
21.3 (19.5-23.1)

54 (40-83)
1 (6.3)
9 (56.3)
5 (31.3)
1 (6.3)
14 (87.5)
14 (87.5)
12 (75.0)
22.4 (18.5-23.9)
4 (25.0)
11 (68.8)
1 (0.2)
18.8 (18.2-20.6)

173 (9.7)
36 (2.0)
200 (11.3)

171 (9.7)
36 (2.0)
191 (10.9)

2 (12.5)
0 (0.0)
9 (56.3)

13.8 (12.6-14.8)
4.6 (4.4-4.8)
182 (160-206)

13.8 (12.6-14.8)
4.6 (4.4-4.8)
182 (160-206)

13.6 (12.4-14.6)
4.6 (4.3-4.9)
177 (152-190)

1241 (69.9)
495 (27.9)
40 (2.2)
359 (20.2)

1226 (69.7)
494 (28.1)
40 (2.2)
351 (19.9)

15 (93.8)
1 (6.3)
0
8 (50.0)

1255 (70.6)
253 (14.2)
156 (8.8)
94 (5.3)
5 (0.3)

1245 (70.7)
252 (14.3)
153 (8.7)
92 (5.2)
5 (0.3)

10 (62.5)
1 (6.3)
3 (18.8)
2 (12.5)
0 (0)

1239 (69.7)
454 (25.6)
72 (4.0)
42 (2.4)

1227 (69.7)
451 (25.6)
71 (4.0)
53 (3.0)

12 (75.0)
3 (18.7)
1 (6.2)
1 (6.3)

P value
0.395

0.059
0.010
0.001
0.015
< 0.001

0.001
0.664
1.000
< 0.001
0.340
0.195
0.120
0.222

0.007
0.616

0.762

0.391

Data are presented as n (%) or median (interquartile range) unless otherwise indicated. 1Measured BMI before gastrectomy; 2Measured BMI about 1 yr after
gastrectomy; not measured in 233 (13%) patients. TB: Tuberculosis; BMI: Body mass index; CXR: Chest X-ray; ASA: American Society of Anesthesiologists.

Statistical analysis

the expected number of gastrectomy patients. The
expected number of gastrectomy patients with TB
was extrapolated from the TB incidence in the general
population in 2008 (the midpoint of 2007-2009). The
expected number of TB patients was calculated by
multiplying the TB incidence in the general population
in 2008 by the number of gastrectomy patients. The
95% confidence intervals (CIs) for the SIRs were
estimated by assuming that the observed cases had a
Poisson distribution using Byar’s normal approximation
method. The SPSS software (ver. 19; SPSS Inc.,
Chicago, IL, United States) was used for all statistical
analyses.

Categorical variables were analyzed using the chisquare test or Fisher’s exact test. Continuous variables
were analyzed using the t-test or Mann-Whitney
U-test. To evaluate independent risk factors for postgastrectomy TB, multivariate analysis using logistic
regression was conducted using potentially associated
explanatory variables detected in a univariate analysis
(P < 0.1). Multi-collinearity of these variables was
checked, and the goodness-of-fit of the model was
verified using the Hosmer‑Lemeshow test.
Standardized incidence ratios (SIRs) of TB
were calculated to compare the incidence of TB in
gastrectomy patients with that in the general Korean
[14]
population . Data covering the incidence of TB in
the general population were provided by the Korean
Tuberculosis Surveillance Center, and an estimate of
the total population was obtained from the Korean
National Statistical Office. The observed number
of gastrectomy patients with TB was divided by

WJG|www.wjgnet.com

RESULTS
Characteristics of gastrectomy patients

The characteristics of the 1776 patients with and
without active TB are shown in Table 1. Males ac
counted for two-thirds of the study populations and
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Table 2 Clinical and demographic characteristics of 16 tuberculosis patients after gastrectomy
Sex/age

History
of TB

Previous
healed TB
on CXR

Smoking
history

BMI
2
(kg/m )

Gastrectomy
extent

Cancer
stage

1
2
3
4

M/83
M/59
M/42
F/40

+
+
-

+
-

±
+
+
-

25.3
18.2
21.8
17.6

Total
Total
Total
Subtotal

ⅠA
ⅠA
ⅠA
ⅠA

62
34
52
13

Lung
Lung
Lung
Lung

5

M/54

-

-

±

21.1

Subtotal

ⅠA

7

Neck LN

6
7

M/79
M/52

-

+
-

±
±

18.3
17.2

Subtotal
Subtotal

ⅠA
ⅢB

46
3

Lung
Neck LN

8
9
10

M/45
F/71
M/54

+
+

+
+

+
±

23.6
24.9
19.0

Total
Subtotal
Subtotal

ⅠB
ⅢB
Ⅱ

16
42
4

Lung
Lung
Lung

11

M/41

-

-

±

23.4

Subtotal

ⅠA

13

Intestine

12

M/54

-

+

±

23.5

Total

ⅠA

18

13
14
15
16

M/47
M/62
M/67
M/67

+
+

+

+
+
±
±

23.0
24.3
20.0
23.9

Total
Subtotal
Total
Total

ⅠB
ⅠA
ⅠA
ⅠB

39
10
9
39

Lung,
pleura
Lung
Lung
Lung
Lung

Case

From surgery
Site of
TB diagnosis
method
to TB onset TB infection
(mo)

TB
treatment
outcome

Culture
Culture
Culture
Pathology
(TBLB)
Pathology
(LN)
Culture
Pathology
(LN)
Culture
Culture
Pathology
(VATS)
Pathology
(colon)
Culture

Death1
Cure
Cure
ND2

Clinical
Clinical
Culture
Clinical

Cure
Cure
Cure
Cure

ND2
Cure
Cure
Cure
Cure
Cure3
Cure
Cure

1

Death due to lung cancer progression during TB treatment; 2Patients were referred to other hospitals during TB treatment; 3Lung lesion by TB was resected
and TB medication was used for only 2 wk due to side effects, but the patient was considered to be cured clinically. TB: Tuberculosis; BMI: Body mass
index; CXR: Chest X-ray; LN: Lymph node; TBLB: Transbronchial lung biopsy; VATS: Video-assisted thoracoscopic surgery ± former smoker.

Table 3 Sex-age standardized incidence ratios of tuberculosis in gastrectomy patients
Subgroup
Sex
Male
Female
Age
20-29
30-39
40-49
50-59
60-69
≥ 70
Total

Gastrectomy patients,

n

Sum of observation
(patient-years)

Observed TB, n

Expected TB, n

Standardized
incidence ratio

95%CI

1156
620

4628.0
2524.5

14
2

4.69
1.81

2.99
1.11

1.63-5.011
0.12-4.01

13
112
343
490
557
261
1776

57.7
465.6
1465.1
2072.3
2234.5
857.3
7152.5

0
0
5
5
3
3
16

0.05
0.30
0.90
1.60
2.60
1.90
7.20

5.54
3.16
1.18
1.62
2.22

1.79-12.931
1.02-7.381
0.24-3.43
0.33-4.74
1.27-3.601

1

Significantly higher than expected at the 5% level. New TB case notification rates in 2008 were used for estimation of expected TB cases. TB: Tuberculosis.

the median age was 58 (range: 20-89) years. Among
the 1776 total patients, 16 were diagnosed with active
TB; the remaining 1760 patients were compared
with the active TB patients. Smoking history, alcohol
history, lower body mass index (BMI), previous TB
infection, and gastrectomy extent (total gastrectomy
vs subtotal gastrectomy) were related to active TB (P
< 0.05). The mean duration of follow-up was 1469
(range: 42-2279) d. Of the patients, 1687 (95%) were
followed for more than 1 year and 1609 (92.1%) of
the survivors were followed for more than 2 years.

gastrectomy. Table 2 describes the characteristics of
these 16 patients. The median time from gastrectomy
to development of TB was 25.3 (range: 4-62) mo,
and 5 developed TB within 1 year after gastrectomy.
Of the 16 patients with TB, 13 were diagnosed with
pulmonary TB and 3 with extrapulmonary TB. Among
the 14 patients with available follow-up data, 13
were considered to be “cured” by first line treatment
or resection. One patient died during the anti-TB
treatment due to lung cancer progression.

Incidence of TB after gastrectomy

Characteristics of the TB patients

The incidence of TB after gastrectomy was 223.7 per
100000 patients per year. Table 3 shows the incidence

Of the 1776 patients, 16 (0.9%) developed TB after

WJG|www.wjgnet.com

2588

February 28, 2016|Volume 22|Issue 8|

Jung WJ et al . Gastrectomy and risk of tuberculosis
malnutrition secondary to poor food intake and
intestinal malabsorption. Malnutrition is known
to increase susceptibility to TB by impairing the
[16-18]
immune response
. In this study, low BMI was
independently associated with the development of
TB in the multivariate analysis. Those results can be
interpreted as being consistent with the explanation
[8,11,19]
given above as well as in previous reports
.
Additionally, we found that patients who underwent
total gastrectomy were more likely to develop a
reactivation of TB than those who underwent subtotal
gastrectomy. This can be explained by the fact that
subtotal gastrectomy entails higher calorie intake
[20-23]
and better nutritional status
. To our knowledge,
this is the first study that has analyzed gastrectomy
extent and identified it as a risk factor for TB after
gastrectomy.
Previous TB infection, such as an old TB lesion
on CXR, is a well-known risk factor for developing
[3,4]
TB . Our results also show that prior TB infection
was a significant risk factor for developing TB after
gastrectomy. This finding is compatible with previous
studies showing that many patients who develop
pulmonary TB after gastrectomy have an old TB lesion
[7,11]
on CXR or a TB history
. Such patients should be
monitored closely for reactivation of TB.
Gastric cancer is one of the most commonly occurring
cancers, and gastrectomy is frequently performed
in South Korea with advanced surgery showing a
[24]
5-year survival rate > 60% ; thus, monitoring the
development of active TB is of great clinical signifi
cance in gastrectomy patients, particularly those
with risk factors. We investigated a greater variety of
parameters compared with previous studies, not only
those associated with the risk of TB but also those
related to surgery and gastric cancer. Among the study
population, no patient had human immunodeficiency
viral infection or silicosis and none was treated with
TNF-α inhibitors. Two patients were receiving chronic
high-dose steroids, but they did not have TB. Thus,
our data would seem to not have been subject to bias
by these factors. Nevertheless, some risk factors for
TB development were not available for analysis. We did
not know the patients’ performance status, such as the
European Cooperative Oncology Group score. However,
we investigated the preoperative American Society of
Anesthesiologists (ASA) score. Additionally, detailed
glucose control status data, including hemoglobin A1c
level, were not available. In particular, most of the
patients had not undergone a tuberculin skin test (TST)
or interferon-gamma release assay (IGRA), which are
relevant to the risk of developing TB and are useful in
LTBI diagnosis. TST or IGRA should also be performed
to verify the latent TB status and to assess the risk
of reactivation after gastrectomy. Another limitation
of our study is that it was retrospective in design
and conducted at a single medical center. Thus, our

Table 4 Multivariate analysis for risk factors of active
tuberculosis after gastrectomy
Variable
Sex, male
Low BMI
Smoking
Alcohol
Previous TB infection
Surgery extent, total
gastrectomy

Odds ratio

95%CI

P value

1.29
1.21
1.93
1.22
7.10
3.48

0.18-9.40
1.01-1.46
0.79-4.75
0.55-2.75
2.47-20.36
1.25-9.66

0.801
0.043
0.149
0.622
< 0.001
0.017

TB: Tuberculosis; BMI: Body mass index; CXR: Chest X-ray.

ratios adjusted by sex and age. The overall incidence
of TB in gastrectomy patients, adjusted by sex and
age, was significantly higher than that in the general
population (SIR = 2.22, 95%CI: 1.27-3.60). The
incidence of TB in gastrectomy patients was higher in
males and those aged 40-60 years.

Risk factors for TB after gastrectomy

A multivariate logistic regression analysis to assess
development of active TB after gastrectomy was
performed (Table 4). Previous TB infection (OR = 7.1,
2
95%CI: 2.47-20.36, P < 0.001), lower BMI (kg/m ;
OR = 1.21, 95%CI: 1.01-1.46, P = 0.043) and surgical
extent (total gastrectomy vs subtotal gastrectomy) (OR
= 3.48, 95%CI: 1.25-9.66, P = 0.017) were significant
risk factors for TB after gastrectomy.

DISCUSSION
This retrospective cohort study performed in Korea
between 2007 and 2009 showed that gastrectomy
increased the risk of developing TB in an intermediate
TB burden area. The frequency of TB in gastrectomy
patients with gastric cancer was 0.9% and the
incidence was 223.7/100000 patients/year. We also
documented that prior TB infection, lower BMI, and
surgical extent (total gastrectomy) were significant risk
factors for developing TB after gastrectomy.
Up to now, no larger-scale prospective study
regarding gastrectomies and the risk of TB has
been reported. Several studies have argued that
gastrectomy increases the risk of TB, although most
[7-11,15]
were reported several decades ago
. One recent
study reported that patients had a 2.5-fold higher
incidence of TB after gastrectomy than that in the
[7]
general population . Our study also showed that
patients had a higher incidence of TB after gastrectomy
than the general population (SIR = 2.22, 95%CI:
1.27-3.60). These results indicate that gastrectomy
remains an independent risk factor for developing TB.
Gastrectomy may influence TB reactivation
in patients with a latent M. tuberculosis infection
(LTBI) because it can cause poor nutritional status
and an associated reduction in immunity. Patients
who have undergone gastrectomy can suffer from
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results may not reflect those at other institutions or in
other areas. Additionally, the follow-up period differed
among subjects, and patients lost to follow-up could
have developed TB.
In conclusion, the risk of TB was higher in patients
who underwent gastrectomies for gastric cancer
compared with that in the general population in
Korea. Careful monitoring and timely diagnosis of TB
are needed for patients who undergo gastrectomies,
especially those with risk factors, such as prior TB
infection, low BMI, and total gastrectomy. Further welldesigned, large-scale studies, including use of TST and
IGRA, are needed to identify the predictors of TB.
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Abstract

Institutional review board statement: This study was
reviewed and approved by Seoul St. Mary’s Hospital Institutional
Review Board, No. KC12RISI0317.

AIM: To determine whether Helicobacter pylori (H.
pylori ) infection confers a higher risk of Nonalcoholic
fatty liver disease (NAFLD).

Informed consent statement: No consent statements were
needed in carrying out this manuscript as this was a retrospective
study using blinded records. The Institutional Review Board of
The Catholic Medical Center approved the waiving of informed
consent forms.

METHODS: Healthy people who underwent health
screening were analyzed retrospectively. Inclusion
criteria were age ≥ 20 years, history of H. pylori
infection, and recorded insulin level. Participants were
classified as H. pylori positive or negative according
13
to C urea breath tests. NAFLD was defined using the
hepatic steatosis index (HSI) and NAFLD liver fat score
(NAFLD-LFS). Those with an HSI > 36 or NAFLD-LFS >
-0.640 were considered to have NAFLD. Multivariable
logistic regression was performed to identify risk factors
for NAFLD.

Conflict-of-interest statement: No conflicts of interest were
reported for all authors.
Data sharing statement: The original, blinded data are
available from the corresponding author at yoonsk@catholic.
ac.kr.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: Three thousand six hundred and sixtythree people were analyzed and 1636 (44.7%) were
H. pylori positive. H. pylori infection was associated
with older age, male gender, hypertension, higher body
mass index, and a dyslipidemic profile. HSI differed
significantly between H. pylori positive and negative
subjects (median 33.2, interquartile range (IQR)
30.0-36.2 for H. pylori -positive vs median 32.6, IQR
29.8-36.0 for negative participants, P = 0.005), but
NAFLD-LSF did not [median -1.7, IQR -2.4 - -0.7 vs
median -1.8, IQR -2.4-(-0.7), respectively, P = 0.122].
The percentage of people with NAFLD did not differ
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between infected and uninfected groups: HIS, 26.9%

carbohydrates, which increases nutrient absorption;
decreasing glucagon-like-peptide-1 expression;
modifying conjugated bile acid patterns; and producing
[7-12]
endogenous ethanol
. However, NAFLD treatment
by targeting the gut microbiota is limited because the
relevant bacterial strains and treatment modalities are
[8]
under investigation .
In this respect, Helicobacter pylori (H. pylori) infection is
appealing as its diagnostic and eradication methods are
[13]
easy and inexpensive . H. pylori is a gram-negative,
[14]
microaerophilic bacteria that colonizes the stomach .
Although H. pylori is a cause of gastrointestinal
[14]
disease , recent attention has focused on whether
H. pylori contributes to metabolic disorders including
[15-17]
NAFLD
. H. pylori is thought to contribute to
the pathogenesis of NAFLD by increasing insulin
resistance, stimulating the release of proinflammatory
[16,18]
cytokines, and increasing intestinal permeability
.
However, clinical data linking H. pylori with NAFLD
are limited because the studies included small sample
sizes or relied on serological tests to identify H. pylori
[19-22]
infection
. Therefore, we performed a large crosssectional screening study of asymptomatic healthy
people to investigate whether H. pylori infection is
associated with NAFLD.

vs 27.1%, P = 0.173; NAFLD-LFS, 23.5% vs 23.1%, P
= 0.778. H. pylori infection was not a risk factor, but
C-reactive protein concentration and smoking were
significant risk factors for NAFLD.

CONCLUSION: H. pylori infection is not a risk factor for
NAFLD as indicated by HSI or NAFLD-LFS. Prospective,
large-scale studies involving liver biopsies should be
considered.
Key words: Helicobacter pylori ; Nonalcoholic fatty liver
disease; Hepatic steatosis index; Nonalcoholic fatty liver
disease liver fat score; Urea breath test
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is
a common disorder which affects 20%-45% of the
general population. Helicobacter pylori (H. pylori )
infection has been suggested as a contributing to
NAFLD. We investigated the association between H.
pylori infection and NAFLD by using two non-invasive
scoring formula, NAFLD-fat score and hepatic steatosis
index. Our study showed that H. pylori infection was
not a risk factor for NAFLD by either formula. However,
c-reactive protein and smoking were significant risk
factors for NAFLD. Prospective studies involving liver
biopsies should be carried out to further investigate the
association between H. pylori infection and NAFLD.

MATERIALS AND METHODS
Study population

We conducted a cross-sectional study of people who
underwent routine health screening examinations at
the Center for Health Promotion of Seoul St. Mary’s
Hospital (Seoul, South Korea) between January 2010
and December 2011. The inclusion criteria were
asymptomatic people who (1) had undergone tests to
identify the presence of H. pylori; (2) were tested to
obtain the serum insulin concentration; and (3) were
aged ≥ 20 years.
We excluded subjects who (1) were heavy drinkers
(> 20.0 g alcohol/d for women and > 30.0 g alcohol/d
for men); (2) were seropositive for either hepatitis B
virus surface antigen or anti-hepatitis C virus antibody;
(3) had been diagnosed with liver cirrhosis; (4) had a
history of malignancy; or (5) had missing records. This
study was reviewed and approved by the institutional
review board of the Seoul St. Mary’s Hospital (IRB No.
KC12RISI0317), which waived the need for consent
forms because this was a retrospective study with
blinded records.

Baeg MK, Yoon SK, Ko SH, Noh YS, Lee IS, Choi MG.
Helicobacter pylori infection is not associated with nonalcoholic
fatty liver disease. World J Gastroenterol 2016; 22(8): 2592-2600
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i8/2592.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2592

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
disorder that is reported to affect 20%-45% of the
[1,2]
general population and 60%-75% of obese people .
NAFLD is believed to be the hepatic expression of
the metabolic syndrome and is closely associated
with visceral obesity, dyslipidemia, insulin resistance,
[3]
and type 2 diabetes . NAFLD is clinically significant
because it confers higher all-cause mortality and
increases the risk of cardiovascular diseases and liver[2,4]
related death .
NAFLD is a complex disorder that is influenced by
diverse mechanisms, including genetic, environmental,
[2]
and metabolic factors . Recent studies have focused
on the microbiota of the gastrointestinal tract as a
[5,6]
cause of NAFLD . These may act through a variety
of mechanisms, such as by increasing gut permeability
through small intestinal overgrowth; influencing
the innate immune system; fermenting indigestible

WJG|www.wjgnet.com

Data collection

All participants completed a standardized, selfvalidated questionnaire during the routine health
screening program. The questionnaire asked about
smoking habits, alcohol consumption, and medical
history, including prior malignancy, surgery, diabetes,
hypertension, dyslipidemia, and liver cirrhosis.
Medication history included the regular use of aspirin,
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nonsteroidal anti-inflammatory drugs, antidiabetic
medication, antihypertensive medication, or medication
for dyslipidemia. Anthropometric measures were
obtained by trained medical personnel. Waist circum
ference was measured in the horizontal plane at the
midpoint of the distance between the lowest rib and
the iliac crest. Hip circumference was measured as the
greatest circumference of the buttocks. Blood pressure
was measured in the right arm using a mercury
sphygmomanometer with an adequate cuff size with
the participant seated and after at least 10 min of
rest. Body mass index (BMI) was calculated as weight
2
divided by the square of height (kg/m ).
13
H. pylori status was determined using the C
urea breath test (Helifinder™; Medichems, Seoul,
South Korea). Venous blood samples were taken in
the morning after an overnight fast of at least 12 h.
Fasting serum insulin level was measured using a
radioimmunoassay kit (Insulin RIA beads; TFB-Japan
Co. Ltd., Tokyo, Japan). Fasting plasma glucose,
glycated hemoglobin, total cholesterol, triglyceride,
high-density lipoprotein cholesterol (HDL-C), and lowdensity lipoprotein cholesterol (LDL-C) levels were
measured on the Hitachi 7150 Autoanalyzer (Hitachi
Ltd., Tokyo, Japan). Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and gammaglutamyltransferase concentrations were measured
on the Hitachi 7600 Autoanalyzer (Hitachi Ltd., Tokyo,
Japan). Complete blood cell counts were performed
using a Sysmex XE-2100 analyzer (Sysmex, Kobe,
Japan).

Diabetes Federation as ≥ 3 of the following: (1)
waist circumference ≥ 90 cm in men and ≥ 80 cm in
women, which are the modified criteria for the Asian
population; (2) triglyceride concentration ≥ 150 mg/
dL or use of triglyceride-lowering medication; (3) low
HDL-C concentration (< 40 mg/dL in men and < 50
mg/dL in women); (4) systolic blood pressure ≥ 130
mmHg, diastolic blood pressure ≥ 85 mmHg, or use
of antihypertensive medication; or (5) fasting glucose
level ≥ 100 mg/dL or use of antidiabetic medication
[26]
or previously diagnosed type 2 diabetes . The
participants were categorized based on their alcohol
consumption behavior as either nondrinkers or mildto-moderate drinkers (1.0-30.0 g alcohol/d in men
and 1.0-20.0 g alcohol/d in women). Smoking was
defined as either ‘‘yes’’ (participants who had smoked
≥ 100 cigarettes over their lifetime) or ‘‘no’’ (< 100
cigarettes).

Statistical analysis

Categorical variables were examined by Pearson’s

χ 2 test, and differences in continuous variables were
identified using the Mann-Whitney U test. Results are
presented as numbers (%) and medians [interquartile
range (IQR)]. Agreement between the HSI and NAFLDLFS scores was determined by overall agreement,
Goodman and Kruskal’s gamma, and Cohen’s kappa.
Multivariable analysis of the risk factors for both
NAFLD scores was performed using logistic regression
by excluding variables included in the scoring formula.
Odds ratios (ORs) and 95%CIs were calculated for
each variable in the multivariable analysis. All tests
were 2-sided and were performed at the 5% level of
significance using SAS software (SAS; SAS Institute,
Cary, NC, United States). Statistical review of the study
was performed by a biomedical statistician from the
Catholic University of Korea College of Medicine. All
authors had access to the study data and reviewed
and approved the final manuscript.

Definitions

The participants were classified as either positive or
negative for H. pylori according to the results of their
H. pylori test. Determination of NAFLD was based
on a previously published noninvasive steatosis
[23,24]
formula
. The hepatic steatosis index (HSI) and
NAFLD liver fat score (NAFLD-LFS) were used to
identify the presence of NAFLD. Participants with an
HSI > 36 or NAFLD-LFS > -0.640 were classified as
[23,24]
having NAFLD
. The following equations were used
to calculate the HSI and NAFLD-LFS.
HSI = 8 × ALT/AST + BMI (if diabetes mellitus is
[23]
present, +2; if the participant is female, +2) .
NAFLD-LFS = -2.89 + 1.18 × metabolic syndrome
(yes = 1, no = 0) + 0.45 × type 2 diabetes (yes = 2,
no = 0) + 0.15 × insulin (mU/L) + 0.04 × AST (U/L) [24]
0.94 × AST/ALT .
Obesity was defined according to the World
Health Organization Regional Office for the Western
2 [25]
Pacific Region criteria (BMI > 25 kg/m ) . Type
2 diabetes was defined as a hemoglobin A1c level
≥ 6.5%, previous diagnosis of type 2 diabetes, or
current use of antidiabetic medication. The metabolic
syndrome was defined according to the definitions
of the American Heart Association and the National
Heart, Lung, and Blood Institute, and the International
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RESULTS
Routine health screening was completed by 18216
asymptomatic people from January 2010 to December
2011. Of these people, 4030 had results for both H.
pylori infection and insulin concentration, and were
included in this study. Three-hundred sixty-seven were
excluded for the following reasons: (1) 121 were heavy
drinkers; (2) 181 were seropositive for either hepatitis
B virus surface antigen or hepatitis C virus antibody;
(3) 18 had been diagnosed with liver cirrhosis; (4) 15
had a history of malignancy; and (5) 32 had missing
records. Of the remaining 3663 people, 1636 (44.7%)
were H. pylori positive and 2027 H. pylori negative
(Figure 1).
A comparison between the participants according
to H. pylori infection status showed a significant
difference in HSI (median 33.2, IQR 30.0-36.2 for
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Underwent routine health screening
(n = 18216)

Table 1 Clinico-demographic characteristics of the study
population n (%)
H. pylori (+)
n = 1636
Age (yr)
54 (46-61)
Male
988 (60.4)
Body mass index (kg/m2)
23.8 (21.8-25.7)
Diabetes
215 (13.1)
Hypertension
453 (27.7)
Metabolic syndrome
334 (20.4)
Smoking
699 (42.7)
Alcohol
893 (54.6)
Fasting glucose (mg/dL)
93 (86-103)
Insulin (mIU/mL)
5.9 (3.9-8.7)
HOMA-IR1
1.4 (0.9-2.2)
Hemoglobin A1c (%)
5.5 (5.2-5.7)
Total cholesterol (mg/dL)
201 (180-225)
Triglyceride (mg/dL)
89 (58-137)
HDL-C (mg/dL)
50 (43-59)
LDL-C (mg/dL)
126 (104.0-147.8)
AST (IU/L)
24 (20-30)
ALT (IU/L)
24 (18-34)
AST/ALT
1.0 (0.8-1.2)
GGT (IU/L)
27 (18-43)
C-reactive protein (mg/dL) 0.06 (0.03-0.13)
HSI2
33.2 (30.3-36.2)
HSI > 36
505 (30.9)
NAFLD-LFS3
-1.7 (-2.4 - -0.7)
NAFLD > -0.640
469 (28.7)

Met eligibility criteria and included in the study
(n = 4030)

Patients who met exclusion
criteria were excluded (n = 367)
Heavy drinkers (n = 121)
Positive for HBV or HCV (n = 181)
Liver cirrhosis (n = 18)
Malignancy (n = 15)
Missing records (n = 32)

Patients enrolled (n = 3663)

H. pylori positive (n = 1636)

H. pylori negative (n = 2027)

Figure 1 Flow chart of the study design.

P value

53.0 (43-60) < 0.001
1153 (56.9)
0.032
23.5 (21.4-25.5)
0.002
225 (11.1)
0.059
483 (23.8)
0.008
385 (19.0)
0.281
894 (44.1)
0.403
1135 (56.0)
0.394
93 (86-102)
0.611
5.8 (3.9-8.5)
0.732
1.3 (0.9-2.1)
0.582
5.5 (5.2-5.8)
0.763
195 (173-220) < 0.001
86 (57-131)
0.202
51 (43-60)
0.020
120 (98-141)
< 0.001
24 (20-29)
0.596
24 (18-34)
0.249
1.0 (0.8-1.2)
0.198
25 (17-43)
0.043
0.06 (0.03-0.13)
0.905
32.6 (29.8-36.0)
0.005
440 (21.7)
0.173
-1.8 (-2.4 - -0.7)
0.122
385 (19.0)
0.778

1
HOMA-IR = (fasting glucose × fasting insulin)/405; 2HSI = 8 × ALT/AST
+ body mass index (if diabetes mellitus, +2; if female, +2); 3NAFLDLFS = -2.89 + 1.18 × metabolic syndrome (yes = 1, no = 0) + 0.45 × type 2
diabetes (yes = 2, no = 0) + 0.15 × insulin (mU/L) + 0.04 × AST (U/L) 0.94 × AST/ALT. HOMA-IR: Homeostatic model assessment of insulin
resistance; HDL-C: High-density lipoprotein cholesterol; LDL-C: Lowdensity lipoprotein cholesterol; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; GGT: Gamma-glutamyltransferase; HSI:
Hepatic steatosis index; NAFLD: Nonalcoholic fatty liver disease; NAFLDLFS: Nonalcoholic fatty liver disease liver fat score.

H. pylori-positive vs median 32.6, IQR 29.8-36.0 for
negative participants, P = 0.005) but none for NAFLDLFS [median -1.7, IQR -2.4-(-0.7) vs median -1.8,
IQR - 2.4-(-0.7), respectively, P = 0.122] scores.
There were no differences between groups in the
percentages of participants classified as having NAFLD
according to the HSI (26.9% vs 27.1%, P = 0.173) or
NAFLD-LFS (23.5% vs 23.1%, P = 0.778).
The H. pylori-positive group was significantly older
(median 54, IQR 46-61 vs median 53, IQR 43-60, P
< 0.001) and included more males (60.4% vs 56.9%,
P = 0.032). A higher percentage of the positive group
had hypertension (27.7% vs 23.8%, P = 0.008). The
positive group had a higher BMI (median 23.8, IQR
2
21.8-25.7 vs median 23.5, IQR 21.4-25.5 kg/m , P =
0.002), total cholesterol concentration (median 201,
IQR 180-225 vs median 195, IQR 173-220 mg/dL, P
< 0.001), and LDL-C concentration (median 126, IQR
104-147.8 vs median 120, IQR 98-141 mg/dL, P <
0.001), and a lower HDL-C concentration (median 50,
IQR 43-59 vs median 51, IQR 43-60 mg/dL, P = 0.007)
(Table 1).
There was significant agreement in NAFLD diagnosis
between the 2 scoring formulas. Overall agreement was
81.5%, Goodman and Kruskal’s gamma was 0.846 (P
< 0.001), and Cohen’s kappa was 0.500 (P < 0.001).
Univariable analysis identified the risk factors for
NAFLD defined by the HSI as the metabolic syndrome,
hypertension, C-reactive protein (CRP) concentration,
and smoking. Protective factors were age and HDL-C
concentration. Univariable analysis of the risk factors
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H. pylori (-)
n = 2027

for NAFLD defined by the NAFLD-LFS showed that the
risk factors for NAFLD were age, male gender, BMI,
smoking, and CRP concentration (Table 2). In both
cases, the presence of H. pylori was not significant.
Multivariable analysis was performed for NAFLD
as defined according to each scoring formula after
exclusion of the risk factors included in the scoring
formula, such as gender, BMI, insulin resistance, liver
enzyme levels, and metabolic syndrome components.
The presence of H. pylori was not significant for
either the HSI or NAFLD-LFS. In both formulas, CRP
concentration and smoking were significant risk factors
for NAFLD (Table 3).

DISCUSSION
In our study, current H. pylori infection was not a
risk factor for NAFLD. Risk factors for NAFLD included
male gender; higher BMI; the presence of diabetes,
hypertension, or the metabolic syndrome; smoking;
insulin resistance; and higher concentrations of total
cholesterol, triglyceride, LDL-C, and CRP. HDL-C
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Table 2 Univariable analysis of nonalcoholic fatty liver disease according to hepatic steatosis index and nonalcoholic fatty liver
disease liver fat score scores
HSI
Age
Male
Body mass index
Hypertension
Metabolic syndrome
Smoking
Alcohol
Presence of H. pylori
Fasting glucose
Insulin
HOMA-IR
Total cholesterol
Triglyceride
HDL-C
LDL-C
C-reactive protein

1

NAFLD-LFS

P value

OR

95%CI

0.993

0.986-0.999

0.034

2.001
4.757
1.327
1.022
1.109
1.024
1.244
2.240
1.005
1.009
0.932
1.008
1.410

1.703-2.350
4.002-5.654
1.144-1.539
0.881-1.186
0.956-1.286
1.020-1.027
1.218-1.270
2.076-2.417
1.003-1.007
1.007-1.010
0.925-0.940
1.006-1.010
1.163-1.710

< 0.001
< 0.001
< 0.001
0.772
0.173
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

2

OR

95%CI

P value

1.017
2.043
1.460

1.010-1.024
1.731-2.410
1.413-1.509

< 0.001
< 0.001
< 0.001

1.301
0.902
1.022

1.115-1.517
0.773-1.051
0.876-1.193

0.001
0.186
0.778

1.004

1.001-1.006

0.001

1.003
1.602

1.000-1.005
1.298-1.978

0.021
< 0.001

Factors included in each scoring formula, such as sex, body mass index, diabetes, insulin, and metabolic syndrome components, were excluded from the
analysis. 1HSI: 8 × ALT/AST + body mass index (if diabetes mellitus, +2; if female, +2); 2NAFLD-LFS: -2.89 + 1.18 × metabolic syndrome (yes = 1, no = 0) +
0.45 × type 2 diabetes (yes = 2, no = 0) + 0.15 × insulin (mU/L) + 0.04 × AST (U/L) - 0.94 × AST/ALT. NAFLD: nonalcoholic fatty liver disease; HSI: Hepatic
steatosis index; NAFLD-LFS: Nonalcoholic fatty liver disease liver fat score; HOMA-IR: Homeostatic model assessment of insulin resistance; HDL-C: Highdensity lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

concentration was a preventive factor, whereas age
had opposite effects in the 2 scoring systems. Our
results showing a lack of association between H. pylori
and NAFLD are in contrast with those of recent reports,
which have linked H. pylori infection with NAFLD,
[16,27,28]
insulin resistance, and the metabolic syndrome
.
NAFLD is the most common liver disease worldwide
and is especially prevalent in obese or diabetic
[2]
people . People with NAFLD have been reported to
have higher overall mortality and increased risk of liver
[2,4]
disease, cardiovascular disease, and malignancy .
Originally, the pathogenesis of NAFLD was thought
[29]
to be a 2-hit process . Recently, a multi-hit theory,
which may involve the gut microbiota, has been
[30,31]
suggested to explain the pathogenesis of NAFLD
.
The gut microbiota is thought to contribute to the
pathogenesis of NAFLD through various mechanisms.
Small intestinal overgrowth resulting in increased
gut permeability and involving interaction with Tolllike receptors induces inflammatory and fibrogenic
[7]
responses in the liver . Changes in the innate immune
system induced through Toll-like receptors and
increased energy absorption through production of
short-chain fatty acids have also been implicated in the
[8,30]
pathogenesis of NAFLD
. Other possible mechanisms
include decreased glucagon-like-peptide-1 expression,
modification of conjugated bile acid patterns, and
[10-12]
production of endogenous ethanol
. Although
these proposed mechanisms offer an attractive target
for treating NAFLD, the current treatment is limited
because the target bacterial strains and therapeutic
[8]
modalities remain under investigation .
The link between H. pylori infection and NAFLD
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was first suggested when H. pylori 16S rDNA was
[32]
discovered in a liver biopsy from an NAFLD patient .
Various clinical studies have reported further evi
[20,22,33,34]
dence about H. pylori infection and NAFLD
.
The potential mechanisms include an association
between insulin resistance and H. pylori infection,
inflammation and production of proinflammatory
cytokines, changes in lipid metabolism, and increased
[16,27,35]
intestinal permeability
. However, evidence
for an association between H. pylori infection and
NAFLD remains limited and studies have produced
[20-22]
contradictory results
. This may be explained by
[19,20,22,36]
the limited numbers of subjects
, use of serum
immunoglobulin G as the H. pylori detection method, or
[21,22]
publication bias (Table 4)
.
Our results suggest that, in contrast to previous
[20,22]
reports
, H. pylori infection is not a risk factor for
NAFLD. Our results are similar to those of a recent
large-scale Japanese cross-sectional study that
reported no significant relationship between NAFLD
[21]
and H. pylori seropositivity . However, the H. pyloripositive group in our study had a significantly higher
percentage of hypertensive subjects and higher BMI,
total cholesterol, triglyceride, and LDL-C levels, and
lower HDL-C levels. These findings support the concept
that H. pylori may affect components of the metabolic
[28]
syndrome, as previously reported .
The reasons behind the discrepancy between
metabolic syndrome components, NAFLD scores, and
H. pylori infection are unclear. One possible mitigating
mechanism may be the role of the commensal gut
microbiota. A recent animal study reported that the
commensal microbiota can attenuate the metabolic
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Table 3 Multivariable analysis of nonalcoholic fatty liver disease according to hepatic steatosis index and nonalcoholic fatty liver
disease-liver fat score scores
HSI
Age
Smoking
Presence of H. pylori
C-reactive protein

1

NAFLD-LFS

2

OR

95%CI

P value

OR

95%CI

P value

0.993
1.300
1.129
1.414

0.986-1.000
1.119-1.511
0.972-1.311
1.166-1.714

0.038
0.001
0.113
< 0.001

1.018
1.342
1.007
1.546

1.010-1.025
1.148-1.568
0.862-1.176
1.254-1.906

< 0.001
< 0.001
0.935
< 0.001

Factors included in the HSI or NAFLD-LFS formula, such as sex, body mass index, diabetes, insulin, or metabolic syndrome components, were excluded
from the analysis. 1HSI = 8 × ALT/AST + body mass index (if diabetes mellitus, +2; if female, +2); 2NAFLD-LFS = -2.89 + 1.18 × metabolic syndrome (yes =
1, no = 0) + 0.45 × type 2 diabetes (yes = 2, no = 0) + 0.15 × insulin (mU/L) + 0.04 × AST (U/L) - 0.94 × AST/ALT. NAFLD: Nonalcoholic fatty liver disease;
HSI: Hepatic steatosis index; NAFLD-LFS: Nonalcoholic fatty liver disease liver fat score.

Table 4 Characteristics of Studies Investigating Helicobacter pylori and nonalcoholic fatty liver disease
Ref.

Jamali et al[19], 2013
Polyzos et al[20], 2013

Okushin et al[21], 2015
Sumida et al[22], 2015
Polyzos et al[36], 2014

Type of
study

Country

No. of
subjects
(male)

RCT1

Iran

100 (49)

Crosssectional

Greece

533

CrossJapan
sectional
CrossJapan
sectional
Prospective2 Greece

H. pylori

detection

H. pylori %
(female/male)

13

C UBT

Serum IgG,
history of
H. pylori
eradication
5289 (1816) Serum IgG
130 (65)
12 (3)

Serum IgG
13

C UBT

NAFLD diagnosis

100% (N/A)

Ultrasonography and
elevated liver enzyme levels
75.5% (N/A)
Liver biopsy

27.4%
(27.5/27.1)
40%
(44.6/35.4)
50% (N/A)

Ultrasonography
Liver biopsy
NAFLD-LFS
HSENSI
MRI-HFF

NAFLD %
(female/
male)

Association with

100%

No association with
H. pylori eradication
Higher IgG
seropositivity in
NAFLD group

52.8%
(39.6/13.2)

34.1%
(25.4/50.7)
100%
100%

H. pylori

None
Associated with
hepatocyte ballooning
Significant in HSENSI
only

1

Data compared between H. pylori eradication and lifestyle modification group vs lifestyle modification only group; 2Data collected at baseline and 12
months after H. pylori eradication; 328 (7 males) NAFLD cases vs 25 (5 males) controls. NAFLD: Nonalcoholic fatty liver disease; RCT: Randomized
controlled trial; UBT: Urea breath test; N/A: Not available; IgG: Immunoglobulin G; NAFLD-FS: Nonalcoholic fatty liver disease liver fat score; HSENSI:
Homocysteine, serum glutamic oxaloacetic transaminase, erythrocyte sedimentation rate, nonalcoholic steatohepatitis index; MRI-HFF: Magnetic resonance
imaging hepatic fat fraction.

[37]

effects induced by H. pylori infection . Another factor
may relate to the stage of fatty liver disease. A recent
Japanese study reported that people with nonalcoholic
steatohepatitis who are positive for H. pylori serology
[22]
are more likely to exhibit hepatocyte ballooning . This
suggests that H. pylori by itself may not be associated
with NAFLD but may contribute to the progression to
nonalcoholic steatohepatitis. The NAFLD formulas used
in our study were designed to identify individuals with
NAFLD rather than nonalcoholic steatohepatitis, which
may help explain the lack of an association between H.
pylori and NAFLD in our study.
This study has clinical significance because we
13
included > 3600 people with C urea breath test
data. To our knowledge, this is the largest study to
investigate the association between H. pylori infection
and NAFLD that did not rely on H. pylori serology.
Serology testing for H. pylori has limited effectiveness
because the diagnostic accuracy may be low, and
testing cannot distinguish between current and past
[38]
infections .
Our study has some limitations. First, this was a
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cross-sectional study with inherent limitations that
allow us to draw conclusions only about the association
between H. pylori infection and NAFLD. Second, we
used 2 scoring formulas to determine NAFLD status
instead of a liver biopsy or ultrasonography because
of ethical and cost considerations. Although these 2
formulas showed statistically significant agreement,
the lack of biopsy or ultrasonographic confirmation
may have limited the accuracy of the NAFLD diagnosis.
However, though these formula may be limited in
[39,40]
differentiating the degree of NAFLD
, studies have
reported that they are fairly robust in discriminating
[24,40,41]
NAFLD with an AUROC of 0.80
. Third, we
did not account for secondary causes of steatosis
such as some hepatic viral infections, autoimmune
hepatitis, Wilson’s disease, α-1-antitrypsin deficiency,
cystic fibrosis, hemochromatosis, and celiac disease.
However, as these are either very rare in the Korean
[42-47]
population
, we believe that the inadvertent
inclusion of these diseases would not have affected
our study results. Fourth, though virulence factors
of H. pylori such as cagA and VacA genes may have
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affected the degree of NAFLD, we could not investigate
virulence factors as this was a retrospective study
involving individuals who underwent routine health
check-up.
Our large-scale, cross-sectional study showed
that H. pylori infection was not a significant risk factor
for NAFLD as defined by the HSI and NAFLD-LFS.
Further prospective, large-scale studies involving liver
biopsies and ultrasonography should be performed
to determine more accurately whether there is a
relationship between H. pylori infection and NAFLD.
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Abstract
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AIM: To evaluate the prognostic factors of hilar
cholangiocarcinoma in a large series of patients in a
single institution.

Informed consent statement: All involved patients gave their
informed consent statement prior to the study inclusion.

METHODS: Eight hundred and fourteen patients with
a diagnosis of hilar cholangiocarcinoma that were
evaluated and treated between 1990 and 2014, of
which 381 patients underwent curative surgery, were
included in this study. Potential factors associated with
overall survival (OS) and disease-free survival (DFS)
were evaluated by univariate and multivariate analyses.
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term survival with a median OS of 26.3 mo. The
median DFS was 18.1 mo. Multivariate analysis showed
that patients with tumor size > 3 cm [hazard ratio (HR)
= 1.482, 95%CI: 1.127-1.949; P = 0.005], positive
nodal disease (HR = 1.701, 95%CI: 1.346-2.149; P
< 0.001), poor differentiation (HR = 2.535, 95%CI:
1.839-3.493; P < 0.001), vascular invasion (HR =
1.542, 95%CI: 1.082-2.197; P = 0.017), and positive
margins (HR = 1.798, 95%CI: 1.314-2.461; P < 0.001)
had poor OS outcome. The independent factors for
DFS were positive nodal disease (HR = 3.383, 95%CI:
2.633-4.348; P < 0.001), poor differentiation (HR
= 2.774, 95%CI: 2.012-3.823; P < 0.001), vascular
invasion (HR = 2.136, 95%CI: 1.658-3.236; P < 0.001),
and positive margins (HR = 1.835, 95%CI: 1.256-2.679;
P < 0.001). Multiple logistic regression analysis showed
that caudate lobectomy [odds ratio (OR) = 9.771,
95%CI: 4.672-20.433; P < 0.001], tumor diameter (OR
= 3.772, 95%CI: 1.914-7.434; P < 0.001), surgical
procedures (OR = 10.236, 95%CI: 4.738-22.116; P <
0.001), American Joint Committee On Cancer T stage
(OR = 2.010, 95%CI: 1.043-3.870; P = 0.037), and
vascular invasion (OR = 2.278, 95%CI: 0.997-5.207;
P = 0.051) were independently associated with tumorfree margin, and surgical procedures could indirectly
affect survival outcome by influencing the tumor
resection margin.

INTRODUCTION
Hilar cholangiocarcinoma (HC) is a rare, devastating,
[1-4]
and highly malignant disease of the bile duct
.
On the basis of the Bismuth classification, hilar
cholangiocarcinoma can be divided into four types:
type Ⅰ represents tumors affecting the common
hepatic duct, type Ⅱ represents tumors affecting the
hilus, type Ⅲ A/B represents tumors invading the right
or left hepatic duct, and type Ⅳ represents tumors
infiltrating both right and left hepatic ducts and the
[1]
subsegments . A variety of risk factors are reported to
increase the odds ratios of HCs, which include primary
sclerosing cholangitis, biliary duct cysts, oriental
cholangiohepatitis, hepatolithiasis, biliary parasitic
disease, and toxins exposure, though the specific
[5,6]
etiology is still unclear .
HC is reported to be a slow-growing and late[7-9]
metastasizing malignant disease , but as it is situated
at a cabinet and pivotal space, encircled by the portal
vein, hepatic artery, liver parenchyma, and the bile
duct, it has a strong tendency to extensively invade
the portal vein, hepatic artery, perineural tissue, and
surrounding liver parenchyma, including the caudate
[10-15]
lobe
. Moreover, the caudate lobe lies in a deep
and complex location and has an intimate relationship
[16,17]
with the major vascular structures
, resulting
in high operative risks and increased postoperative
[18,19]
complications
. In addition, HC always lies in the
core part of the biliary system, causing malignant
biliary obstruction and cholestatic hepatitis. Thus,
major hepatic resection tends to be associated with
increased risk of postoperative hepatic insufficiency,
and postoperative hepatic failure is reported to
be the most frequent cause of in-hospital death
[14,20]
following major hepatectomy
. This is the reason
why hepatobiliary surgery for HC is still recognized
as the most difficult besides liver transplantation.
Nevertheless, surgical resection with extended
hepatectomy, caudate lobectomy, lymphadenectomy,
vascular resection, and reconstruction remains the
cornerstone of the treatment and represents the only
potentially radical therapeutic modality to prolong the
[21-26]
survival of patients with HC
.
Uni- and multivariate analyses have identified
various prognostic factors for overall survival (OS)
[7,27-29]
and disease-free survival (DFS) of HC
. However,
only large-volume patient cases can provide more
confidence to guide the treatment. Thus, the current
study was planned to determine the following: (1)
estimate prognostic factors associated with OS
and DFS after successful resection of HC in a large,
single-center study; (2) evaluate which factors could
contribute to the obtaining of R0 resection to help
future surgical decision making; and (3) compare
various surgical procedures in treating and prolonging
the lifespan of HC patients to guide their treatment
and forecast the postoperative prognosis.

CONCLUSION: Tumor margin, tumor differentiation,
vascular invasion, and lymph node status were indepen
dent factors for OS and DFS. Surgical procedures can
indirectly affect survival outcome by influencing the
tumor resection margin.
Key words: Hilar cholangiocarcinoma; Prognosis;
Surgical outcome; Survival; Tumor-free margin
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hilar cholangiocarcinoma remains among the
most difficult management problems faced by surgeons.
Although curative surgery prolongs the survival time
of patients diagnosed with hilar cholangiocarcinoma,
outcomes from studies may be contradictory or biased
due to differences in study methods and small patient
numbers. Furthermore, some large, multi-center
reports may induce biases due to the heterogeneity
of clinical methods and surgical strategies. Thus,
we retrospectively analyzed the prognostic factors
of hilar cholangiocarcinoma and factors associated
with tumor-free margin in a large sample of hilar
cholangiocarcinoma cases from a single institution.
Hu HJ, Mao H, Shrestha A, Tan YQ, Ma WJ, Yang Q, Wang JK,
Cheng NS, Li FY. Prognostic factors and Long-term outcomes
of hilar cholangiocarcinoma: A single-institution experience in
China. World J Gastroenterol 2016; 22(8): 2601-2610 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i8/2601.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2601
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were reviewed using the log-rank test. Multivariate
analysis was performed on all factors with a P value
of less than 0.10 in univariate analysis. Univariate and
bivariate analyses were used to check the association
of several tumor variables with tumor resection
margin. Multiple logistic regression analysis was
used in the final analysis to adjust for independent
variables for tumor-free margin. The hazard ratio (HR)
and the 95%CI were estimated, and a P < 0.05 was
considered as significant.

MATERIALS AND METHODS
Patients

All patients with a diagnosis of HC that were evaluated
and treated at our institution since 1990 were identified
from a hepatobiliary database. Patients were divided
into three groups: those who underwent curative
surgery (n = 381), those who only received palliative
surgery (n = 330), and those who did not receive
any surgery (n = 103). Patients with intrahepatic
bile duct carcinoma infringing the hilum, those with
gallbladder carcinomas, and those who underwent
liver transplantation were excluded. Clinical, radiologic,
histopathologic, therapy, and survival data were obtained
and evaluated.

RESULTS
Patients and tumors

The clinical characteristics of the study population
are summarized in Table 1. The specific surgical
procedures for patients who underwent curative and
palliative surgery are presented in Table 2.

Assessment of resectability

Resectability was assessed both with preoperative
imaging studies and intraoperative evaluation. Patients
with any of the following were considered to be
unresectable: poor conditions, Child-Pugh C, advanced
biliary invasion that excludes complete tumor
resection, encasement of major vessel structures
that eliminate vascular reconstruction, lymph nodes
metastases beyond the hepatoduodenal ligament,
and metastatic disease (lung and peritoneum metas
[30,31]
tases)
. Biliary drainage was performed in most
of patients with obstructive jaundice. In patients with
cholangitis, resection was performed after alleviation of
inflammation. As for the patients who were considered
to have potentially resectable tumors, portal vein
embolization was performed when the future remnant
liver volume (25%-30%) was deemed insufficient (n
= 53 patients). Surgical procedures were selected
according to the preoperative and intraoperative
evaluation.

Morbidity and mortality

Curative intent surgery: The perioperative complication
rate after major surgical treatment was 29.4% (n =
112), which includes, hemorrhage (15 cases), bile
leakage (40 cases), peritoneal cavity infection (16
cases), lung infection (23 cases), sepsis (3 cases),
acute cardiac failure (3 cases), hepatic failure (20
cases), renal failure (5 cases), stress ulcer (10 cases),
wound dehiscence (4 cases), and hydrothorax or
ascites (6 cases). The perioperative mortality rate
was 3.8% (n = 10). Both postoperative morbidity and
operative mortality were deemed as those occurring
within 60 d of the major surgery, or occurred at any
time during the postoperative hospital stay.
The relationship between postoperative complications
and risk factors was evaluated. Patients undergoing
hepatectomy had more complications when compared
with those who underwent bile duct resection
alone (P < 0.001). In patients with postoperative
hyperbilirubinemia, the incidence of postoperative
complication rate was also higher (P = 0.004).

Follow-up protocol

After treatment, patients were regularly followed-up
at an outpatient clinic with clinical examination, serum
carbohydrate antigen (CA) 19-9 level, liver function
tests, and hepatic ultrasonography. If recurrence
was suspected in some specific patients, further
assessments such as abdominal CT or magnetic
resonance cholangiopancreatography were used to
make a definitive diagnosis. The median follow-up
period for resected patients was 21.7 mo (range, 3-85
mo) with a follow-up rate of 95.6%.

Palliative intent surgery: The perioperative complication
rate after palliative treatment was 11.2% (n = 37), of
which the most frequent was lung infection (16 cases),
followed by hemorrhage (4 cases), bile leakage (7
cases), peritoneal cavity infection (13 cases), sepsis
(2 cases), wound infection (2 cases), hepatic failure
(3 cases), renal failure (1 cases), wound dehiscence
(1 case), and others (3 cases). The perioperative
mortality rate was 4.5% (15 cases), of which the most
common cause was multiple organ failure because
of liver failure (8 cases), followed by renal failure (3
cases), infective complications (3 cases), and heart
failure (1 case).

Statistical analysis

Data analysis was performed using SPSS version16.0
(SPSS Inc., Chicago, IL, United States). Frequency
and descriptive analysis were used to depict patient
characteristics. Parametric statistical analysis was
conducted using a Student’s t test, while nonparametric
2
analysis was calculated using a χ test. Survival
(calculated from the time of surgery) was estimated
using Kaplan-Meier methods, differences in survival
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Survival analysis of curative and palliative surgery

As expected, radical resection provided the best
opportunity for OS with a median survival time of 26.3
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Table 1 Characteristics of patients receiving curative and palliative surgery n (%)
Variable

Curative surgery (n = 381)

Palliative surgery (n = 330)

60 [26-82]
231 (60.6)

58 [19-80]
178 (53.9)

267 (70.1)
26 (6.8)
24 (6.3)
20 (5.2)
44 (11.6)

240 (72.7)
22 (6.7)
28 (8.5)
17 (5.1)
23 (7.0)

348 [0.6-1000]
19.84 [1.23-257.70]
3.23 [0.20-65.51]

539.9 [0.6-3015.2]
33.94 [1.54-1598.00]
4.44 [0.47-1000.00]

209.4 [7.1-586.3]
95 [10-967]
86 [14-1016]
36.7 [18.7-51.8]
7 [2-44]
19 [9-113]
53 (13.9)
201 (52.8)
600 [50-2000]

239.65 [1.90-805.70]
78.5 [6.0-1212.0]
87 [11-927]
35.95 [21.30-72.50]
7 [3-48]
16 [4-102]

95 (25.2)
92 (24.2)
102 (26.8)
92 (24.2)

16 (4.8)
59 (17.9)
102 (30.9)
153 (46.4)

Age (median [range])
Sex, male (%)
Presenting symptoms
Jaundice
Weight loss
Abdominal pain
Nausea and vomiting
General fatigue
Tumor markers (median [range])
Preoperative CA 19-9 level, U/mL
Preoperative CA 125 level, U/mL
Preoperative CEA level, ng/mL
Liver functions (median [range])
Preoperative TB level, umol/L
Preoperative ALT level, U/L
Preoperative AST level, U/L
Preoperative Albumin level, g/L
Preoperative hospital stay (median [range])
Total hospital stay (median [range])
Portal vein embolization
Biliary drainage
Estimated blood loss (median [range])
Bismuth-Corlette classification
Type Ⅰ
Type Ⅱ
Type Ⅲa or Ⅲb
Type Ⅳ

348 [0.6-1000]

ALT: Alanine aminotransferase; AST: Aspartate transaminase; CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; TB: Total bilirubin.

respectively (Figure 1, log-rank test, P < 0.001). The
median DFS for the radical resection group was 18.1
mo, and the one-, three-, and five-year DFSs were
78%, 18%, and 10% respectively. Furthermore, we
compared the survival rate of those who underwent
surgical palliation and nonsurgical palliation; the former
had a median survival time and 6-mo survival rate of
7.4 mo and 27% respectively, while the latter had a
median survival time of 5.5 mo and 6-mo survival rate
of 9% respectively (P < 0.001).

Table 2 Type of surgical procedures
Surgical procedures
Curative intent surgery
Hilar bile duct resection alone
Left hemihepatectomy
Right hemihepatectomy
Left trisegmentectomy
Right trisegmentectomy
Mesohepatetctomy
Additional procedures
Caudate lobectomy
Portal vein resection
Pancreatoduodenectomy
Palliative intent surgery
Surgical palliation
Nonsurgical palliation
ERCP
PTCD

n (%)
381 (53.6)
50 (13.1)
142 (37.3)
101 (26.5)
46 (12.1)
20 (5.2)
22 (5.8)
300 (78.7)
51 (13.4)
8 (2.1)
330 (46.4)
266 (80.6)
64 (19.4)
35 (10.6)
29 (8.8)

Factors associated with OS and DFS after curative
resection

As is shown in Table 3, OS was significantly longer in
patients with no lymph node metastasis (P < 0.001),
well histologic differentiation (P < 0.001), negative
resection margin (P < 0.001), tumor size ≤ 3 cm (P <
0.001), caudate lobectomy (P = 0.04), lower CA 19-9
level (P = 0.039), and no vascular invasion (P = 0.009).
Hepatectomy and the lack of perineural infiltration
approached statistical differences as positive prognostic
factors for OS in univariate analysis (P = 0.072 and
0.084 respectively). The factors associated with
disease-free survival were also examined. Resection
margins (P < 0.001), tumor differentiation (P < 0.001),
lymph nodes metastases (P < 0.001), tumor size (P <
0.001), caudate lobectomy (P < 0.001), CA 19-9 level (P
= 0.018), American Joint Committee On Cancer (AJCC)
T stage (P = 0.028), and vascular invasion (P < 0.001)

ERCP: Endoscopic retrograde cholangiopancreatography; PTCD:
Percutaneous transhepatic cholangial drainage.

mo, and the one-, three-, and five-year survival rates
were 80%, 43%, and 28%, respectively. This was
in contrast to the patients who underwent palliative
surgery with a median OS of approximately 7.3 mo,
with one-, three-, and five-year survival rates of 10%,
2%, and 0%, respectively (Figure 1, log-rank test,
P < 0.001). As for patients who did not receive any
surgical treatment, the median OS and the one- and
three-year survival rates were 2.6 mo and 1% and 0%,
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Surgical procedures
Curative surgery
Palliative surgery
No treatment

1.0

Cum survival

0.8

DISCUSSION
HC remains among the most difficult management
problems faced by surgeons. The accumulated
outcomes from many institutions show confidently that
only an excision with negative resection margin can be
regarded as radically therapeutic, and in this condition,
[28,30]
hepatic resection is often demanded
. Many
authorities have reported various prognostic factors of
HC; however, due to the differences in study methods
and small patient numbers in other studies, potential
biases or even contradictory outcomes may result.
Furthermore, some large cases of multi-center reports
may also induce biases due to the heterogeneity of
clinical methods and surgical strategies. Thus, a large
number of HC cases from a single center are urgently
needed to standardize the prognostic factors and to
supply better guidance and treatment for HC.
We report a median OS of 26.3 mo, with the one-,
three-, and five-year survival rates of approximately
80%, 43%, and 28%, which are comparable to some
published articles from high-volume hepatobiliary
centers reporting a median OS of 16-40 mo, and
[4,32-34]
a five-year survival rate of 11%-40%
. We
also report a median DFS of 18.1 mo for the radical
resection group, which is within the range of 12 mo
[1,4,31,35]
to 20 mo covered by other literature
. The data
in our series has also verified the common notion
that curative surgery provides the best opportunity
to increase the median and long-term survival rates
of patients diagnosed with HC, as the failure of
conducting curative surgery resulted in a sharp and
signficant decrease in the OS. Compared with patients
who did not accept any treatment, palliative surgery
resulted in a relatively better outcome, which might be
explained as follows. Palliative surgery can remove the
root of obstructive jaundice and adequately open the
biliary tract, thus, liver function can be improved. We
also identified that intraoperative palliation conferred
a relatively longer survival than nonsurgical palliation,
and can lessen the odds of bile duct obstruction by
opening the bile duct as much as possible, facilitating
whole biliary decompression, and enhancing liver
function. Therefore, we believe that intraoperative
palliation is superior to nonsurgical palliation in
patients who do not undergo curative resection.
However, further studies with larger numbers of cases
are needed to confirm this. In the long run, compared
with curative surgery, we believe that curative surgery
is the best way to prolong survival.
Many clinical, surgical, and pathologic factors have
recently been shown to influence OS and DFS after
[28,29,31,36]
major resection
. In our retrospective study,
multivariate analysis showed that surgical margin,
lymph node, tumor differentiation, and vascular
invasion were independent factors for OS and DFS. In
addition, tumor size was also an independent factor for
OS, but not for DSF.
It is widely recognized that among a large

P < 0.001

0.6
0.4
0.2
0.0
0.00

10.00

20.00 30.00 40.00 50.00
Time (mo)

60.00

Figure 1 Cumulative overall survival of patients who underwent curative
intent surgery, palliative surgery, and those who did not receive any
treatment for hilar cholangiocarcinoma.

were associated with DFS (Table 3).
In multivariate analysis, tumor size > 3 cm (HR
= 1.482, 95%CI: 1.127-1.949; P = 0.005), positive
nodal disease (HR = 1.701, 95%CI: 1.346-2.149; P
< 0.001), poor differentiation (HR = 2.535, 95%CI:
1.839-3.493; P < 0.001), vascular invasion (HR =
1.542, 95%CI: 1.082-2.197; P = 0.017), and positive
margins (HR = 1.798, 95%CI: 1.314-2.461; P < 0.001)
remained associated with OS. For DFS, positive nodal
disease (HR = 3.383, 95%CI: 2.633-4.348; P < 0.001),
poor differentiation (HR = 2.774, 95%CI: 2.012-3.823;
P < 0.001), vascular invasion (HR = 2.136, 95%CI:
1.658-3.236; P < 0.001), and positive margins (HR
= 1.835, 95%CI: 1.256-2.679; P < 0.001) were
correlated as determined by the multivariate analysis.

Factors associated R0 resection

R0 resection was found to confer to a median survival
time of 35.2 mo, while patients with R1 and R2
resections had a median survival time of 12.4 mo, and
the palliative surgery only granted a median survival
time of 7.3 mo. Thus, further studies emphasized
the factors that could affect the tumor-free margin.
Univariate analysis showed that tumor differentiation (P
= 0.001), tumor diameter (P < 0.001), hepatectomy
(P = 0.012), lymph node metastasis (P = 0.001),
AJCC T stage (P = 0.001) caudate lobectomy (P =
0.001), Bismuth-Corlette classification (P = 0.038),
and vascular invasion (P = 0.010) were associated
with tumor-free margin. Multiple logistic regression
analysis showed that caudate lobectomy [odds ratio
(OR) = 9.771, 95%CI: 4.672-20.433; P < 0.001],
tumor diameter (OR = 3.772, 95%CI: 1.914-7.434; P
< 0.001), surgical procedures (OR = 10.236, 95%CI:
4.738-22.116; P < 0.001), AJCC T stage (OR =
2.010, 95%CI: 1.043-3.870; P = 0.037), and vascular
invasion (OR = 2.278, 95%CI: 0.997-5.207; P =
0.051) were independently associated with tumor-free
margin after adjusting for other factors.
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Table 3 Univariate analysis of prognostic factors for OS and DFS
Variables
Tumor size
≤ 3 cm
> 3 cm
Surgical procedures
BDR
BDR + hepatectomy
Lymph node metastasis
N0
N1-2
Tumor differentiation
Well
Moderate
Poor
Resection margin
R0
R1 and R2
Presence of vascular invasion
No
Yes
Caudate lobe resection
Yes
No
CA 19-9 > 100 U/L
No
Yes
Perineural infiltration
No
Yes
T stage (AJCC)
T1 and T2
T3 and T4

Median OS (mo)

P value

Median DFS (mo)

P value

35.2
14.7

< 0.001

19.8
13.0

< 0.001

20.8
27.6

0.072

15.0
18.7

0.065

39.9
15.7

< 0.001

25.4
12.3

< 0.001

54.1
27.6
13.5

< 0.001

25.3
17.8
12.1

< 0.001

35.2
12.4

< 0.001

20.6
9.6

< 0.001

26.3
20.9

0.009

19.0
10.6

< 0.001

35.7
21.4

0.040

21.3
15.0

< 0.001

39.7
23.0

0.039

23.6
16.7

0.018

27.3
20.8

0.084

22.7
15.9

0.090

27.6
25.7

NS

19.2
16.9

0.028

Additional factors not significant in univariate analysis included age, sex, gross feature, operative time, total hospital stay, preoperative biliary drainage,
and Bismuth-Corlett classification. AJCC: American Joint Committee on Cancer; BDR: Hilar bile duct resection; CA: Carbohydrate antigen; DFS: Diseasefree survival; NS: Not significant; OS: Overall survival.

succession of prognostic factors for HC, tumor-free
margin is the most powerful predictor for both OS and
[35,37,38]
DFS
. In our present study, R0 resection emerged
as an independent prognostic factor for both OS (Figure
2A) and DFS (Figure 3A); patients with negative
margins had markedly better OS and DFS than those
with positive ones. The fact that patients undergoing
R1 or R2 resection have better outcomes than patients
undergoing palliative surgery has also been confirmed
in current research. We further examined factors
associated with R0 resection, finding that patients with
smaller tumor size, concomitant hepatic resection,
caudate lobectomy, T1 and T2 stage, and the lack of
vascular invasion had a higher likelihood of obtaining
tumor-free margin.
In our study, survival was affected by the existence
of lymph node metastasis as testified by univariate
and multivariate analyses, with a decrease in the
median OS from 39.9 mo to 15.7 mo, and a decrease
in the median DFS from 25.4 mo to 12.3 mo. These
correspond with times reported by previous studies,
in which lymph node metastasis was an important
[31,39,40]
independent prognostic factor for both DFS
[26,28,39,41,42]
and OS
. The prognostic significance
of node status stresses the necessity for radical

WJG|www.wjgnet.com

lymphadenectomy. In this respect, thorough lymph
nodes dissection may be important, and should be
prospectively evaluated and studied in the future.
Tumor differentiation is a disputable factor in
[42]
many retrospective studies. Hasegawa et al
did
not find a survival disadvantage in cases of tumor
[4]
differentiation, while Saxena et al have shown that
tumor differentiation is a biologic marker for measuring
tumor invasion and metastasis and predicting longterm survival, which is comparable to our results, as
the median OS decreased sharply from 54.1 mo to
13.5 mo when the patients had poor differentiation.
The median DFS of patients with well-differentiated
tumors was twofold greater than those with poordifferentiated tumors. Thus, in view of the fact that
histologic differentiation is an independent prognostic
factor for both OS and DFS, we are tempted to
conclude that poorly differentiated cancers have a poor
prognosis and higher recurrence rate.
Vascular invasion is no longer a contraindication
for the excision of HC. As this procedure has a
high mortality and risk, we performed vascular
resection and reconstruction only in patients with
clinically suspected vascular infiltration. Our report
demonstrates that patients with vascular invasion are
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A

Resection margin
R0
R1 and R2

1.0

B

0.6
0.4

0.0

0.0
20.00 30.00 40.00 50.00
Time (mo)

60.00

0.00

B

Vascular invasion
Yes
No

0.8

10.00

0.8

Cum survival

0.6
0.4

20.00 30.00 40.00 50.00
Time (mo)

60.00

Vascular invasion
Yes
No

1.0

P = 0.009

P < 0.001

0.6
0.4
0.2

0.2

0.0

0.0
0.00

10.00

C

20.00 30.00 40.00 50.00
Time (mo)

0.00

60.00

Tumor size
Tumor size ≤ 3 cm
Tumor size > 3 cm

1.0
0.8

Cum survival

0.4
0.2

10.00

P < 0.001

0.6

0.2

1.0

Cum survival

0.8

P < 0.001

0.00

Resection margin
R0
R1 and R2

1.0

Cum survival

Cum survival

0.8

A

0.4
0.2
0.0
20.00 30.00 40.00 50.00
Time (mo)

60.00

Figure 2 Cumulative overall survival of patients who underwent curative
surgery for hilar cholangiocarcinoma stratified by A: Resection margin; B:
Vascular invasion; and C: Tumor size.

more likely to have a poor OS and DFS (Figures 2B and
3B); similarly, vascular invasion was also associated
with a higher tendency of R1 and R2 status, though
it only approached statistical difference multivariate
logistic regression. Thus, in those highly suspected
patients, vascular resection is recommended.
Perhaps more importantly, we found that tumor
size was a significant prognostic parameter for OS
and DFS in the univariate analysis. It was also an

WJG|www.wjgnet.com

60.00

independent factor associated with OS in multivariate
analysis (Figure 2C). So far, no other reports have
shown this association as clearly as the results of the
present study. The findings also confirmed that T stage
of the DeOliveira staging system, in which the 3-cm
cutoff was regarded as T3, is important. Moreover,
tumor size influenced R0 resection in multivariate
logistic regression analysis. Thus, from this point of
view, tumor size needs to be taken into consideration
when evaluating the long-term survival of HC patients.
Many studies have shown that caudate lobectomy
appears to have a positive effect on tumor-free margin
[26,43,44]
and survival after resection of Klatskin tumors
.
In our study, caudate lobes were routinely removed,
which was not associated with postoperative
complications, and the OS and DFS were significantly
longer in these patients as compared with those
without caudate lobectomy in the univariate analysis.
At the same time, caudate lobectomy approached
statistical significance as a positive prognostic factor
for OS on multivariate analysis. Furthermore, it was
also an independent factor for tumor-free margin
in our current series. Thus, we firmly believe that
this procedure should be considered as a part of the

0.6

10.00

20.00 30.00 40.00 50.00
Time (mo)

Figure 3 Disease-free survival of patients who underwent curative
surgery for hilar cholangiocarcinoma stratified by A: Resection margin;
and B: Vascular invasion.
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that could affect tumor-free margin in a large, single-center study. The study
was well performed and its findings are interesting and informative.

standard surgical resection.
In contrast to previous studies, a survival advantage
was not observed in case of hepatectomy. We only
found that curative surgery accompanied with
hepatectomy achieved more complete tumor-free
margins, which is consistent with many previous
[27,29,43,45]
studies
. Tumor-free margin, in turn, could
promote OS and is a powerful predictor of survival,
both reported in our series and in other literature. In
our research, hepatectomy was the most important
factor that could affect the tumor-free margin. Thus
hepatectomy is an indirect prognostic factor that
can promote OS by influencing the tumor resection
margin.
In conclusion, radical surgical resection is the best
treatment option for HC. R0 resection along with
negative lymph nodes metastases, well differentiation,
and lack of vascular invasion indicate better OS and
DFS. Smaller tumor size also predicts better OS, but
not DFS. Multivariate logistic regression analysis shows
that hepatectomy, tumor diameter, T stage, caudate
lobectomy, and vascular invasion are independently
associated with tumor-free margin. Hepatectomy can
help achieve more tumor-free resection margins and
then indirectly affect OS; it is an indirect prognostic
factor for survival.
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Abstract
AIM: To describe the disease and psychosocial
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outcomes of an inflammatory bowel disease (IBD)
transition cohort and their perspectives.

Bennett AL, Moore D, Bampton PA, Bryant RV, Andrews
JM. Outcomes and patients’ perspectives of transition from
paediatric to adult care in inflammatory bowel disease. World J
Gastroenterol 2016; 22(8): 2611-2620 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i8/2611.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i8.2611

METHODS: Patients with IBD, aged > 18 years, who
had moved from paediatric to adult care within 10
years were identified through IBD databases at three
tertiary hospitals. Participants were surveyed regarding
demographic and disease specific data and their
perspectives on the transition process. Survey response
data were compared to contemporaneously recorded
information in paediatric service case notes. Data
were compared to a similar age cohort who had never
received paediatric IBD care and therefore who had not
undergone a transition process.

INTRODUCTION
In adolescents with chronic diseases, movement
from paediatric to adult services is inevitable and is
increasingly recognised as an essential element of
[1-3]
holistic care . A successful transition in young people
with chronic conditions differs from simple handover of
care and should aim to maximise the young person’s
[4]
quality of life , with the ultimate goal of facilitating the
[5]
development of successful self-management .
The topic of transition care has received significant
[6-9]
attention in the literature
with considerable debate
around the most effective way to achieve a smooth
transition. A general consensus exists however; that
whatever solution is adopted it should encompass
a comprehensive programme that reflects and
encourages the patient’s physical, psychological and
social development, rather than merely providing
[10]
a physical transfer from paediatric to adult care .
Implementation of an effective transition program
has been shown to improve patient health and life
[11]
outcomes in patients with liver transplant , diabetes
[12]
[13]
mellitus
and juvenile arthritis
and facilitate self[14]
reliance . Conversely, if done poorly, adverse effects
[15-17]
[12]
on health
and health service use
in other
diseases have been reported. There is currently only
extremely scant outcome data in inflammatory bowel
disease (IBD).
In Australia, transition practises for IBD are highly
variable and often involve a physical transfer of the
patient rather than a coordinated, comprehensive and
supportive process. This is despite a recent survey of
adult and paediatric gastroenterologists, reporting that
[18]
this is important .
Previous IBD transition care literature has high
lighted multiple barriers to effective transition, with
several studies obtaining perspectives from paediatric
[18-21]
and adult gastroenterologists’ and IBD nurses
.
From this growing body of literature practical recom
mendations for transitioning IBD patients have been
[22,23]
promulgated
. However, as yet, these proposals
lack actual outcome data and have omitted patient
perspectives. Thus it is not yet clear whether these
recommendations would improve health outcomes.
Therefore outcome and patient perspective data are
needed to critically appraise current practices and
inform the development of interventions intended to
improve transition outcomes.
The aims of this study were to thus to present such
factual data and specifically to describe the disease

RESULTS: There were 81 returned surveys from 46
transition and 35 non-transition patients. No statistically
significant differences were found in disease burden,
disease outcomes or adult roles and responsibilities
between cohorts. Despite a high prevalence of mood
disturbance (35%), there was a very low usage (5%)
of psychological services in both cohorts. In the
transition cohort, knowledge of their transition plan was
reported by only 25/46 patients and the majority (54%)
felt they were not strongly prepared. A high rate (78%)
of discussion about work/study plans was recorded
prior to transition, but a near complete absence of
discussion regarding sex (8%), and other adult issues
was recorded. Both cohorts agreed that their preferred
method of future transition practices (of the options
offered) was a shared clinic appointment with all key
stakeholders.
CONCLUSION: Transition did not appear to adversely
affect disease or psychosocial outcomes. Current
transition care processes could be optimised, with
better psychosocial preparation and agreed transition
plans.
Key words: Transition care; Crohn’s disease; Ulcerative
colitis; Chronic illness; Inflammatory bowel disease;
Patient perspectives; Disease outcomes
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Limited data exists regarding psychosocial
and disease outcomes for inflammatory bowel disease
patients following transition from paediatric to adult
care and their perspectives on the process. Our
study obtained this data through questionnaires and
compared it to a matched cohort to see if the transition
process itself influenced outcomes. We found that
transition programs did not appear to adversely affect
disease or psychosocial outcomes; however, patients
have poor knowledge of their transition plan many are
not strongly prepared. Current transition care practices
could be optimised and this data contributes to a
foundation on which future transition practices can be
designed.
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and psychosocial outcomes and personal perspectives
of a cohort of young adults with IBD who had recently
moved from paediatric to adult care (transition cohort).
The outcomes of this group are also compared to a
cohort of patients with IBD with similar demographics
and disease duration whose care had been solely in
the adult realm (non-transition cohort).

the transition process itself might have influenced
physical/disease and psychosocial outcomes. This
cohort was chosen out of a convenience sample of
young patients diagnosed before 18, but never cared
for in a paediatric setting. This results from the fact
that in SA, from age 14, parents have a choice as to
who (paediatric or adult specialist) cares for their child.
IBD databases at the RAH and FMC were interrogated
to derive a cohort which matched (as closely as
possible) the original transition group cohort for age,
gender, diagnosis and disease duration. Potential
participants were invited to participate by completing
the same questionnaire as the transition cohort with
exemption of the section relating to personal transition
experiences. Given that patients in this cohort did not
undergo the transition process, medical records for this
group were not reviewed.
Questionnaires were posted out accompanied
by a letter of invitation, information sheet, consent
form and opt-out form. Both the transition and nontransition cohorts had reminder letters at 2 wk and
2 mo except for “return to senders” and opt-out
candidates. All completed surveys were de-identified.

MATERIALS AND METHODS
This cross-sectional study was conducted in three
parts. Firstly, a cohort of IBD patients diagnosed in
paediatric services who had moved to adult care was
identified and surveyed. Secondly, the case records
of these transition patients were examined to verify
their histories and to review clinician recorded data on
transition plans and doctor-patient discussions. Finally,
a non-transition cohort of young adults with IBD was
surveyed for comparison.

Transition cohort identification and survey

In 2013 an IBD database established and maintained
at the sole public paediatric gastroenterology service in
South Australia (SA), Women’s and Children’s Hospital
(WCH), was interrogated to identify people with IBD
who had turned 18 (mandatory timing of transfer of
care to adult services) since 2003. Patients diagnosed
prior to age 18 on the Royal Adelaide Hospital (RAH)
and Flinders Medical Centre (FMC) IBD databases were
also identified. Potential participants were invited to
participate by completing the questionnaire by return
mail. The questionnaire (Appendix 1) included items
relating to demographics, disease specific quantitative
data, patient perspectives regarding their personal
transition experience and perceived barriers.
During this period in SA, transition of adolescent
IBD patients to adult healthcare services occurred
via a letter of referral and if appropriate, telephone
handover. Only since 2013, has IBD and hospital
information been sent to the patient and a telephone
introductory call by an adult IBD service nurse made.

Ethics, consent and permission

The study was approved by the Human Research
Ethics Committees of the WCH, RAH and FMC. All
participating patients completed a consent form.

RESULTS
Survey response

Two hundred and twenty three transition patients who
appeared to have received paediatric IBD care were
criteria invited to participate. Twenty-three patients
were uncontactable (post marked “return-to-sender”),
49 completed surveys and 8 opted out requesting
no further contact (response rate 49/200 = 24.5%).
Three of the respondents were subsequently found to
have received all care in the adult setting and were
re-allocated to the non-transition cohort, leaving
46 transition respondents. Of 127 non-transition
patients invited, 32 completed surveys, 7 opted-out
and 6 “return-to-senders” were received (response
rate 32/121 = 26%). The 3 surveys earlier excluded
from the transition cohort were included in the nontransition cohort, resulting in 35 respondents (Figure
1). Not all respondents answered all questions. Data
are presented as a percentage of those answering
each item. The response rate did not differ between
transition and non-transition cohorts (24.5% vs 26%,
P = 0.69), and non-responders did not differ from
responders in either cohort in terms of age, gender
or postcode (as a proxy measure of socioeconomic
status).

Transition cohort medical records review

In this transition cohort, survey response data were
compared to contemporaneously recorded information
in paediatric service case notes. Data regarding the
planned transition process to adult care, availability
of choice of location of adult care, timing of transition,
psychosocial discussions during the transition period
and disease characteristics at diagnosis were reviewed.
Medication recommendations, current medication use,
disease complications and surgery following transition
to adult care were not reviewed nor confirmed in
medical records.

Non-transition cohort identification and survey

Transition and non-transition cohort characteristics

A comparative cohort who had not undergone
transition to adult care was investigated to see whether

WJG|www.wjgnet.com
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223 distributed to
transition patients

123 distributed to Nontransition patients
6 RTS

23 RTS
200 with correct
address

121 with correct
address

57 replies

39 replies

7 opt-outs

8 opt-outs
32 completed surveys

49 completed surveys
3 non-transition

36 non-transition
Surveys

46 transition surveys

Figure 1 Recruitment and patient flow.

had crohn’s disease (CD), 14 (30%) had ulcerative
colitis (UC) and one (2%) had IBD-Unclassified.
Compared to case notes data, correct knowledge
of disease was found in 100% of patients, however,
correct knowledge of disease extent was found in only
18 of 31 patients (58%) with CD and 8/14 (57%) with
UC. In the non-transition cohort (n = 35), 22 (63%)
had CD and 13 (37%) had UC. Correct knowledge of
disease extent was not assessed as case notes for this
cohort were not reviewed. Cohorts were matched for
age (P = 0.26) and gender (P = 0.51), but a highly
statistically significant difference was found between
cohorts for disease duration (p < 0.000005). No
significant differences were found between cohorts for
location of residence or socio-economic status based
upon post-code. Demographic details for both cohorts
are outlined in Tables 1 and 2.

patients]. Among transition patients reviewed 15%
were reviewed 3 monthly or more often, 60% 6
monthly and 25% annually. This compared with 38%,
48% and 14% respectively in the non-transition group.
Twelve out of 22 (55%) transition patients, all of whom
were public patients, reported contacting their IBD
nurse as an option if a problem arose and 12 public
patients felt adequately supported. Of note, these
were not entirely the same 12 who reported contacting
the IBD nurses. This compared with approximately the
same proportion [12/29 (41%)] non-transition patients
contacting their IBD nurse yet almost all [30/31 (97%)]
feeling adequately supported.
Utilisation of members of other the multi-disciplinary
team was generally low in both cohorts, except for
their general practitioners (Table 3). The percentage of
physical, psychological and social side effects relating
to IBD is outlined in table 3. The most frequent patientreported symptoms listed in descending order of
frequency included; fatigue, weight loss and diarrhoea;
mood disturbance and reduced social interactions and
interruptions to work/school.

IBD outcomes of transition

No significant difference was found between cohorts
for occurrence of IBD complications (defined as
perforation, bowel obstruction or stricture), perianal
disease, surgery or hospitalisation since diagnosis
(Table 3).
Similar rates of self-reported medication use for
most classes of drugs, non-compliance and side effects
were found in both cohorts (Table 3). Self-reported
medication recommendations compared to actual
use was not confirmed given the retrospective nature
of the study and the lack of a universal prescription
tracking database.
The majority of respondents were regularly
reviewed by a gastroenterologist [42/46 (91%),
transition patients and 30/35 (86%), non-transition

WJG|www.wjgnet.com

Social and occupational outcomes of transition

No significant differences were seen in the rate of
achievement of adult roles and responsibilities (marital
status, education level and employment) between
patients who transitioned compared to non-transition
patients (Table 3).

Transition experience and perceptions

Details regarding personal transition experience are
outlined in Table 4. Thirty seven (of 46) transition
patient medical records were available for review to
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Table 1 Demographic detail for inflammatory bowel disease patient n (%)
IBD transition patients (n = 46)

IBD non-transition patients (n = 35)

P value

31 (67)
14 (30)
1 (2)

22 (63)
13 (37)
0 (0)

0.81
0.64
1.00

24 (52)
22 (48)

13 (37)
22 (63)

0.26
0.26

26 (57)
20 (43)
14
10.7

17 (49)
18 (51)
17
5.1

0.51
0.51
< 0.000005
< 0.000005

22 (52)
18 (43)
2 (5)

21 (70)
8 (27)
1 (3)

0.15
0.21
1.00

Type of IBD
Crohn’s disease
Ulcerative colitis
Indeterminate
Gender
Male
Female
Current age (yr)
18-23
23-28
Mean age at diagnosis (yr)
Disease duration (yr)
Current location of care
Public
Private
Both
IBD: inflammatory bowel disease.

Table 2 Patient demographics with different ages n (%)
As a child

Current

As a child

Current

34 (76)
8 (18)
2 (4)
0 (0)
1 (2)

20 (67)
4 (13)
2 (7)
3 (10)
1 (3)

17 (57)
6 (20)
6 (20)
1 (3)
0 (0)

3 (7.0)
11 (25.5)
11 (25.5)
8 (19.0)
10 (23.0)

7 (23.3)
3 (10.0)
10 (33.3)
6 (20.0)
4 (13.3)

6 (20.0)
4 (13.3)
10 (33.3)
4 (13.3)
6 (20.0)

ASGC classification1 (Postcode based)
RA1 - Major cities
28 (64)
RA2 - Inner regional
9 (20)
RA3 - Outer regional
4 (9)
RA4 - Remote
3 (7)
RA5 - Very remote
0 (0)
SEIFA classification (IRSAD)2 (quintiles)
1
8 (18.5)
2
9 (21.0)
3
15 (35.0)
4
6 (14.0)
5
5 (11.5)
1

Australian Standard Geographical Classification - Remoteness Areas[22]; 2Socio-economic Indexes for Areas. The Index of Relative Socio-economic Advantage
and Disadvantage[23]. NB: no statistical difference was found between cohorts for ASGC or SEIFA classification. NB: not all subjects answered every
question and consequently the denominators for each response are provided.

compare with self-reported plans. In the majority
(29/37, 78%) of case notes reviewed, there was
evidence of discussion regarding future study/
employment; however, documentation of any sexual
or psychological discussions was found in only 3 and 7
patients’ files respectively.
Positive feedback regarding what was done well
at the time of transition was given by 24 patients
(52%) and predominantly centred on provision of
information and communication. Conversely, when
asked what was done poorly at the time of transition
10/26 (38%) reported ‘Nothing’ and 3 (12%) reported
“the handover”. The majority of respondents (37/44,
84%) were currently continuing with the same adult
gastroenterologist as initially directed to after transition
with no difference observed between those directed to
either the public or private medical setting.
The majority (44/46, 96%) of the transition cohort
felt that a structured transition plan was important.
Non-transition patients also endorsed this statement
(32/35, 91%). The transition cohort identified

WJG|www.wjgnet.com

the task of establishing a new relationship with a
practitioner; lack of communication and patients’ own
lack of understanding of their disease as potential
barriers to successful transition. Similar responses
were proposed by the non-transition group. Aspects
suggested by respondents as ways of improving the
transition process are outline in Table 4. The majority
of transition respondents thought that the timing of
transition should be “age 18 years” compared with
the non-transition cohort who nominated “patient
readiness”. If timing of transition were to be solely
based upon age, the transition group identified
“age 17-18” whereas the non-transition group said
“depended”. When respondents were asked if the
timing of transition should be different for males and
females, both cohorts replied that it would depend on
the scenario. Both cohorts agreed that their preferred
method of future transition practices (of the options
offered) was that “at the time of transfer there is a
single clinic appointment attended by the patient,
caregiver, nurse coordinator, paediatric and adult
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Table 3 Inflammatory bowel disease outcomes of transition n (%)

Medication (self-reported)
5-aminosalicylic acid
Sulfasalazine
Mesalazine
Immunomodulator
Azathioprine/6
Mercaptopurine
Methotrexate
Biologic therapy (anti-TNF)
Infliximab
Adalimumab
Non-compliance
Perianal disease
Complications (Perforation, bowel obstruction, stricture)
Surgery (Resection +/- stoma, fistula with seton)
Number of hospital admissions per patient (median)
During paediatric care
During adult care
Number of flares requiring steroids per patient (median)
Since transition
During last year
Extra intestinal manifestations of IBD (Arthropathy/Cutaneous/Ocular/
Hepatobiliary/Metabolic bone disease)1
IBD symptoms
Physical
Psychological
Social
MDT utilisation
General Practitioner
Psychologist
Dietician
Colorectal surgeon
IBD nurse
Relationship status
Single
In a relationship
Married
Divorced
Education (level completed)
Primary
Secondary
Tertiary
TAFE (Technical and further education)
Apprenticeship/trade
Employment
Currently employed
Full-time employment
Average hours worked/week

Transition cohort

Non-transition cohort

P value

19 (41)

14 (41)

1.00

30 (65)
27

25 (71)
24

0.63

3
8 (17)
6
2
3 (7)
9 (20)
12 (26)
15 (33) (9 prior to transition)

1
9 (26)
5
4
4 (11)
8 (24)
5 (14)
10 (29)

3.2
1.5

N/A
2.1

0.67

0.5
0.5
6 (14)

N/A
1
8 (24)

0.31
0.37

39 (85)
16 (35)
29 (63)

33 (94)
16 (46)
26 (76)

0.29
0.36
0.23

34 (74)
2 (4)
9 (20)
12 (26)
11 (24)

25 (69)
3 (8)
7 (19)
11 (31)
19 (25)

0.80
0.65
1.00
0.80
0.01

22 (48)
20 (43)
4 (9)
0 (0)

17 (49)
12 (34)
6 (17)
0 (0)

1.00
0.49
0.32
1.00

43 (100)
38 (88)
19 (41)
8 (17)
6 (13)

35 (100)
27 (77)
5 (14)
12 (34)
7 (20)

1.00
0.23
0.01
0.12
0.54

35 (76)
21 (60)
29.8

21 (60)
11 (52)
34.2

0.15
0.59

0.42

0.46
0.79
0.27
0.81

1

Mouth ulcers were omitted. IBD: inflammatory bowel disease.

gastroenterologist”.

despite active disease in paediatric years (frequent
flares and hospital admissions), the cohort appears
to have better disease control after entering adult
care. This is represented by an apparent reduction
in hospital admissions after leaving paediatric care
with a comparable figure to the non-transition cohort.
In addition, transition did not appear to significantly
affect the rate of complications, surgery requirements,
hospitalisation or perianal disease, which may seem
surprising given the longer disease duration in the
transition cohort.
Medication use was similar with self-reported non-

DISCUSSION
This is the first study to simultaneously describe and
compare outcome data and patients’ perspectives with
regard to transition, in a cohort of paediatric onset IBD
patients who have since moved on to adult care.
Approximately 25% of IBD patients are diagnosed
[24]
under the age of 16 years with data to suggest that
onset in this period can have a more active disease
[25]
course than in adults . Our data suggests that
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passport , may alleviate this knowledge gap.
A further area of significant concern is the rare
documentation of any discussion regarding sexuality
and reproduction on notes review of transitioning
patients (in 3/34 notes only). Many young people
[35]
are sexually active before age 18 , and the lack of
early discussion misses an opportunity to inform them
accurately about how their IBD and especially any
immunosuppressant therapy may or may not affect
sexual function, sexually transmitted infections, fertility
and pregnancy. This is an area where there is known to
be poor knowledge amongst patients and primary care
[36-39]
[40]
doctors
, which can be helped by brief education .
Whilst paediatric gastroenterologists may not feel
equipped or comfortable to do this, if they do not start
the discussion in may be left until they are sexually
active and it may be too late. These issues may have
been discussed but not documented, highlighting
the need for a transition checklist so that they are
indeed addressed perhaps with specific assistance for
paediatricians who may not be comfortable with these
discussions.
Currently less than half of transition respondents
feel that the process they experienced was adequate,
with 23% not feeling prepared and 42% not feeling part
of the decision making process. Whilst approximately
half of respondents recalled knowledge of a “transition
plan”, medical records indicate that this was docu
mented in nearly all patients. This suggests that
although the idea of transition was discussed 1 year
on average prior to actual transition (recorded in
notes) it may not be long enough or involve sufficient
discussion/documentation to prepare/engage the patient.
Future programs may need to involve distribution of
written information or use of on-line resources, rather
than a simple note in the file, as something to look at
away from the doctor’s office.
Our cohort identified aspects of their transition
experience that were done well and poorly, pleasingly,
these were similar to key concepts of successful
transition highlighted in a recent overview of the
[10]
topic , suggesting clinicians have a good idea of how/
where to make changes.
Adolescents with IBD have been highlighted
as a group where there are significant barriers to
[7]
transition to adult care . The barriers identified by
patients in our study, in addition to poor patient
knowledge, concur with results from a small study
[41]
of surveyed IBD patients in Spain . Findings differ
however, to a medical position paper based upon
recommendations of the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition.
Barriers discussed related to the reluctance of the
patient, their family and medical providers for transition
and the lack of a clear and consistent route to follow
[42]
by medical practitioners . Further survey data
obtained from the perspectives of adult and paediatric
gastroenterologists and nurses highlights suboptimal
[43]
training for adult gastroenterologists , lack of entities

Table 4 Transition experience and perceptions n (%)
Age at first discussion of transition (yr)
Median
Mean
Age at transition (yr)
Median
Mean
Knowledge of transition plan by patient
Case note documentation of transition plan
Patient prepared for transition
Not prepared
Slightly prepared
Strongly prepared
Transition felt to be structured
Part of transition decision making process
Patient reported choice of transition plan

18 (Range: 16-18)
17
18 (Range: 16-19)
18
16 (36)
32 (86)
10 (23)
15 (34)
19 (43)
26 (63)
25 (58)
1 (3)

compliance being low in both cohorts (7% transition,
11% non-transition). This is lower than 35% observed
[26]
by López San Román et al
however; it is important
to highlight that in reality, when objective measures of
adherence were used, it is found that nearly 50% of
[27]
patients do not take medications as prescribed .
The majority of the transition patients in our cohort
appear to be coping well, as assessed by educational
activity, employment and partnership rates. These
findings are similar to the comparison non-transition
cohort and more reassuringly also to Australian
[28,29]
Bureau of Statistic population data
(based upon
similar age categories). The only other paper to our
knowledge examining these outcomes in young
IBD patients found lower rates of further education
[30]
and employment (50%) , and thus our data is
reassuring.
[31]
Turunen et al
found that the quality of life of the
patients with paediatric onset of IBD was decreased
in early adulthood when compared to populationbased controls. Our data supports this notion with
a significant proportion (35%) reporting mood
disturbance but despite this, psychological services
are underutilised, with only 5% of those with mood
disturbances accessing specific care. Whilst this data
is comparable to that of the non-transition cohort
suggesting that the transition process itself may not
be the sole influence, it is concerning as it represents
a lost opportunity to optimise their outcomes entering
adult life.
Adult providers have identified a lack of medical
knowledge in young patients with IBD transferred from
[32]
the paediatric clinics , which may impair the success
of transition. Pleasingly, 100% of patients in both
the reported cohorts were able to correctly indicate
their diagnosis. However, only 58% of the transition
cohort correctly reported their extent of disease. This
ignorance of an important aspect of their disease is in
[32,33]
keeping with previous data trends
. It is concerning
given the potential practical ramifications of preventing
effective self-assessment and management. Provision
of written information to adolescents, such as an IBD
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such as resources, and clinician time
, and lack
[42]
of self-advocacy
as the main barriers. Perspectives
on this topic are diverse and vary according to the
cohort surveyed, with a paucity of viewpoints from
patient cohorts in published literature. Our study has
shown that patient perspectives differ to those aired
by healthcare professionals and are vital, as without
them we risk designing a system which suits medical
professionals and not patients. Regardless of the origin,
barriers identified can potentially lead to sub-optimal
outcomes, which have been observed in existing chronic
[31]
illness programme descriptions . Being aware of all
barriers is essential to any proposed system re-design
to ensure what is done, is practical and acceptable to all
stakeholders.
Currently, changes in transition practices are being
[7,43,44]
recommended
without knowing what is actually
happening to this cohort and what their preferences
are. When specifically asked what they would prefer
as a transition practice the majority of our transition
cohort agreed that a period of overlapping care with
a single clinic appointment attended by the patient,
caregiver, nurse coordinator, paediatric and adult
gastroenterologist would be the most appropriate.
This technique has been shown to be beneficial for
[45]
increasing IBD patients “readiness” for transfer , and
among diabetic patients in improving disease control
[2]
and increasing rates of follow up .
Despite the uniqueness of the data collected we
recognise the limitations of our study. The foremost
is the response rate (about 25%) in both cohorts.
These response rates are similar for other young adult
[46,47]
cohorts without incentive
, and whilst one cannot
regard the data as conclusive, one can certainly draw
inferences and make suggestions based on this data in
conjunction with the scant existing literature. Moreover
the data are likely to be representative as there does
not appear to be either a strong positive or negative
responder bias as no difference in SES, age or gender
was found between responders and non-responders.
Secondly although the cohorts were matched for
age and disease, there was a statistically significant
difference in disease duration, despite rigorous
attempts to match for this, which may have led to
differences in disease outcomes. Responders did not
differ in age, gender or postcode from non-responders
so this is somewhat reassuring that there is not a
large source of bias. Whilst these limitations exist we
feel that our methodology is the most appropriate,
as we are documenting outcomes of an existing
process before changing it, so any alterations address
deficiencies and are in line with patients’ wishes.
Whilst recent transition practice did not appear to
adversely affect disease or psychosocial outcomes,
current processes could be optimised, with better
psychosocial preparation, greater awareness of mood
disturbance, more effective provision of psychological
care and explicitly documented and shared transition
plans. These new data which include young patients’
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perspectives are an important missing piece that
contributes to a foundation on which future transition
practices can be designed to optimise the process and
improve outcomes.
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Background

Transitioning of adolescent patients with inflammatory bowel disease (IBD), a
chronic, lifelong condition, is inevitable and an important aspect of their holistic
care. Effective transition programs have been shown to improve patient health
and life outcomes in other chronic diseases and conversely, if done poorly,
adverse effects on health and health service use have been reported. Whilst
transition practices are highly variable worldwide, a successful transition
in young people with chronic conditions should aim to maximise the young
person’s quality of life, with the ultimate goal of facilitating the development of
successful self-management.

Research frontiers

Previous IBD literature has highlighted multiple barriers to effective transition
with practical recommendations being made. However, these proposals lack
actual outcome data and patient perspectives and thus it is not yet clear
whether these recommendations would improve health outcomes. This
study simultaneously describes and compares outcome data and patients’
perspectives with regard to transition and provides important information in a
field where IBD data is minimal.

Innovations and breakthroughs

This study is the first of its kind to present disease outcome data and patient
perspectives in an IBD transition cohort. The authors found that whilst recent
transition practices did not appear to adversely affect disease or psychosocial
outcomes, current processes could be optimised, with better psychosocial
preparation, greater awareness of mood disturbance, more effective provision
of psychological care and explicitly documented and shared transition plans.

Applications

These new disease and psychosocial outcome data in addition to young
patients’ perspectives are an important missing piece that contributes to a
foundation on which future transition practices can be designed to optimise the
process and improve outcomes.

Terminology

The main concept of transition care is that it should encompass a comprehensive
programme that reflects and encourages the patient’s physical, psychological
and social development, rather than merely providing a physical transfer from
paediatric to adult care.

Peer-review

This is a retrospective study, a survey, on an important aspect in IBD, transition
care. In this cross-sectional study, the authors provide well documented
outcomes of transition from paediatric to adult care in a large group of patients
with ibd.
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AIM: To evaluate the full-spectrum endoscopy (FUSE)
colonoscopy system as the first report on the utility
thereof in a Korean population.

Informed consent statement: All study participants, or their
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thisretrospective study because the analysis used anonymous
clinical data that were obtained retrospectively after each patient
agreed to examination.

METHODS: We explored the efficacy of the FUSE
colonoscopy in a retrospective, single-center feasibility
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2015. A total of 262 subjects (age range: 22-80)
underwent the FUSE colonoscopy for colorectal cancer
screening, polyp surveillance, or diagnostic evaluation.
The cecal intubation success rate, the polyp detection
rate (PDR), the adenoma detection rate (ADR), and
the diverticulum detection rate (DDR), were calculated.
Also, the success rates of therapeutic interventions
were evaluated with biopsy confirmation.

Conflict-of-interest statement: Authors have no financial
relationships to disclosure.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS: All patients completed the study and the
success rates of cecal and terminal ileal intubation
were 100% with the FUSE colonoscope; we found
313 polyps in 142 patients and 173 adenomas in 95.
The overall PDR, ADR and DDR were 54.2%, 36.3%,
and 25.2%, respectively, and were higher in males,
and increased with age. The endoscopists and nurses
involved considered that the full-spectrum colonoscope
improved navigation and orientation within the colon.
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No colonoscopy was aborted because of colonoscope
malfunction.

(with a 140°-170° angle of view) and are often only
accessible if a skillful endoscopist manipulates the
colonoscope, flattening folds and straightening flexures,
with prolonged retroflexion of the colonoscope per
[7-9]
se . Such maneuvers may not always be performed,
or may be performed suboptimally, because they
require additional time, more skill, and are associated
with (limited) risks to the patient. However, today,
most endoscopists still employ colonoscopic technology
[10]
that has been used for the past 40 years . In recent
times, efforts have been made to enhance the imaging
and endoscopic technologies used during colonoscopy
beyond employment of standard-definition white-light
[4,11-13]
(SDWL) and the traditional SFV angle
. Of these,
®
the recently developed Full-Spectrum Endoscopy
®
(FUSE , EndoChoice, Alpharetta, GA, United States)
colonoscope is a new platform with imagers not only
on the forward tip of the colonoscope, but also on
[14,15]
both sides of that tip
. The three imagers cover
a 330° angle of view displayed on three side-by-side
video monitors, affording a comprehensive picture
of the entire colonic lumen, including the traditional
blind spots at flexures or the proximal edges of
mucosal folds. In an in vitro model of the colon, a
significant increase in polyp detection was evident
when the FUSE colonoscope was used; 85.7% versus
52.9% using a conventional scope (P < 0.0001). The
FUSE colonoscope was particularly valuable to detect
[14]
polyps in flexures behind folds . Further, in the firstever pilot feasibility study in 50 subjects, the cecal
intubation rate was 100% and the device was ranked
highly by both patients and endoscopists; no adverse
[15]
event was noted . In a randomized, multicenter,
back-to-back study on same-day FUSE and SFV
colonoscopies in 185 patients, the adenoma miss rate
with the FUSE colonoscopy was considerably less than
[16]
that with SFV (7.5% vs 40.8%, P < 0.001) . We thus
sought to establish the feasibility, safety, and utility
of the FUSE colonoscopy in terms of polyp detection
rate (PDR), adenoma detection rate (ADR), and
diverticulum detection rate (DDR), in Korea. We were
the first to use the FUSE system in Korea; this is thus
the first report in a Korean population.

CONCLUSION: The FUSE colonoscopy yielded a higher
PDR, ADR, DDR than did traditional colonoscopy, without
therapeutic failure or complications, showing feasible,
effective, and safe in this first Korean trial.
Key words: Colonoscopy; Colonoscopes; Feasibility
studies; Colonic polyps
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although many efforts have been made to
improve visualization and reduce blind spots in the
colonic mucosa, about 10% of the colonic surface
remains unobserved during traditional standard
forward-view (SFV) colonoscopy. In contrast to the
maximum field of view (170°) of SFV colonoscopes,
the full-spectrum endoscopy (FUSE) colonoscopy
platform affords the endoscopist a high-resolution,
330° “full spectrum” view of the colorectal mucosa. In
this first Korean trial, the FUSE colonoscopy yielded
a higher polyp, adenoma, diverticulum detection rate
without therapeutic failure or complications, to be
feasible, effective, and safe.
Song JY, Cho YH, Kim MA, Kim JA, Lee CT, Lee MS.
Feasibility of full-spectrum endoscopy: Korea’s first fullspectrum endoscopy colonoscopic trial. World J Gastroenterol
2016; 22(8): 2621-2629 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i8/2621.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2621

INTRODUCTION
Although it is widely accepted that screening
colonoscopy is most effective for early detection
of colorectal cancer (CRC), CRC remains a leading
[1]
cause of cancer-related mortality worldwide .
Simple colonoscopic polypectomy can prevent CRC
and reduce mortality. However, several studies have
highlighted the miss rates of adenomatous polyps
[2,3]
during colonoscopy . The overall adenoma miss rate
is approximately 20% during traditional colonoscopy,
[4-6]
ranging from 6%-48% . As such missed adenomas
can trigger interval CRC, improving adenoma detection
during colonoscopy is important to enhance screening
efficiency. Other than inadequate colon preparation,
incomplete colonoscopy (thus not examining the
cecum), short withdrawal times (less than 6 min), and
patient-related factors, the principal problem is that it
is relatively difficult to visualize polyps on the proximal
sides of haustral folds, in the internal curves of
[6]
flexures, and in the area around the ileocecal valve .
These anatomical sites tend to be hidden from the
traditional, standard forward-view (SFV) colonoscope
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MATERIALS AND METHODS
Study design and patients

This was a retrospective, single-center feasibility
study conducted between February 1 and July 20,
2015, at Division of Gastroenterology, Departement
of Internal Medicine at LCT Hospital, Suwon, Korea.
Gastroenterologists experienced in colonoscopy
evaluated the feasibility, utility, and safety of the FUSE
colonoscope in 272 patients referred for colorectal
cancer screening, polyp surveillance, or diagnostic
evaluation. We excluded individuals with a history of
colonic resection (n = 2), inflammatory bowel disease
(n = 1), polyposis syndrome or a suspected colonic
stricture caused by prior abdominal surgery (n = 5),
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[15]

suspected acute diverticulitis (n = 2) . Neither of the
participating endoscopists had prior clinical experience
of the FUSE colonoscopy system.

polyps detected were completely removed and sent
to the pathology department. Histological results
were reported to the attending gastroenterologist
and the study coordinator. Polyps were categorized as
adenomatous, hyperplastic, or other. If a polyp was
adenomatous on the basis of pathology, the adenoma
subtype was also recorded (i.e., tubular, tubulovillous,
villous, or serrated). We also histologically analyzed
[15,16]
low- and high-grade dysplasias within adenomas
.

FUSE colonoscopy system

The FUSE colonoscopy platform features a video
colonoscope and a processor. The colonoscope is a
standard adult device (168 cm in working length,
outer diameter 12.8 mm) that is flexible, re-usable,
re-processable, and appropriate for repeated clinical
use (for diagnostic visualization and/or therapeutic
interventions). The device has a high-resolution
330° field of view with maintenance of all standard
colonoscopic capabilities. The technical features are
identical to those of current SFV colonoscopes in
terms of maneuverability [including full tip deflection
(up or down 180° and left or right 160°)]; working
channel diameter (3.8 mm); the availability of air
or CO2 insufflation options; a suction feature; and
forward water jet irrigation. The FUSE colonoscopy
features three imagers and light-emitting diode groups
positioned at the front and on the sides of the distal tip
of the colonoscope. Figure 1 shows the fields of view of
the SFV and the FUSE gastroscopes and colonoscopes
displayed on two or three contiguous video monitors.
The left, center, and right monitors show colonic
images transmitted from the left-facing, forwardfacing, and right-facing lenses, respectively (Figure
[14-16]
2)
.

Outcomes

The primary endpoint was cecal intubation. Additional
endpoints included the extent of success of diagnostic
and therapeutic interventions, and the number of
adverse events. We calculated the PDR, ADR, and
DDR. We defined an adenoma 10 mm or greater in
diameter as advanced if villous histology, or high-grade
[2]
dysplasia, or cancer was evident .

Statistical analysis

All variables and derived parameters were compared
using descriptive statistics. The data summary tables
include sample sizes; means; standard deviations;
and the medians, minima, and maxima of the means
of continuous variables. The paired t-test was used to
explore the significance of differences between the two
view modes in terms of the numbers and percentages
of polyps, adenomas, and diverticula detected. We
calculated 95%CI where appropriate, using the
binomial proportion for one-way tables. All tests were
two-tailed, and a P value ≤ 0.05 was considered to
indicate statistical significance. All data were analyzed
using SAS version 9.1 for Windows (SAS Institute,
Cary, NC, United States).

Colonoscopy

All subjects underwent standard colonoscopy pre
paration using either a polyethylene-glycol-based
solution or a sodium picosulfate preparation; these
solutions are commercially available and are approved
for use in colonoscopy preparation in Korea. The
choice of preparative method was at the discretion of
the endoscopist. The mode of conscious sedation was
chosen by the endoscopist and featured the use of
either midazolam or propofol, or a combination thereof.
All colonoscopy examinations were performed under
white light only; no electronic imaging technology was
employed. The intention was to attain and intubate
the cecum. Intubation of the terminal ileum was
optional, thus at the discretion of the endoscopist.
The endoscopists were instructed to use their usual
withdrawal techniques but to spend a minimum of 6
[13]
min withdrawing and examining the colon . Insertion,
withdrawal, and total procedure times were derived
from times printed on colonoscopic images, all of
which were recorded. A polyp or diverticulum located
proximal to the splenic flexure was a priori defined
as being in the right colon; all more distal polyps or
diverticula were regarded as being located in the left
[4,5]
colon . Retroflexion of the colonoscope within the
rectum was performed in each subject. Biopsies and/
or polypectomies, and even endoscopic submucosal
dissections (ESDs), were performed as needed. All
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RESULTS
The success rates of cecal and terminal ileal intubation
were both 100% using the FUSE colonoscope. A total
of 262 subjects completed the study and we found
313 polyps in 142, 173 adenomas in 95, and 26
cases of colitis. The gender ratio (M:F) was 50.4:49.6
and the mean age was 48.9 ± 11.8 (range 22-80)
years. The overall PDR, ADR, and DDR were 54.2%,
36.3%, and 25.2%, respectively (Table 1). The right
side: left side ratios (in %) of all polyps, adenomas,
and diverticula in colon, and colonoscopy procedure
times were also shown at Table 1. In patients over
41 years of age, the PDR, ADR, and DDR were
60%, 42%, and 28.5%, respectively. All of the PDR,
ADR, and DDR were higher in males, and increased
with age (Table 2). One hundred and sixty subjects
(61%) underwent a total of 387 diagnostic and/or
therapeutic interventions [136/387 “cold” or simple
biopsies (35.2%); 143/387 “hot” biopsy polypectomies
featuring bipolar coagulation (37%); 102/387 “hot”
snare polypectomies featuring bipolar coagulation
(26.3%); and 6/387 ESDs (1.5%)]. After biopsy, 23
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A

SFV gastroscopy (150°)

B

FUSE® gastroscopy (245°)

C

SFV colonoscope (170°)

D

FUSE® colonoscope (330°)

FUSE® gastroscopy (245°)

FUSE® colonoscope (330°)

FUSE® colonoscope (330°)

Figure 1 Standard forward-view vs full-spectrum endoscopy. The standard forward-viewing (SFV) endoscope has a 150° (gastroscope) or 170° (colonoscope)
field of view shown on a single screen (A and C). The full-spectrum endoscopy (FUSE) system features additional imagers and provides a 245° (gastroscope) or 330°
(colonoscope) field of view presented on two (gastroscope) or three (colonoscope) contiguous screens (B and D).

of the adenomas (13.3%) had advanced histologies
(e.g., high-grade dysplasia, or a villous component, or
cancer). All diagnostic and therapeutic interventions
were performed with the FUSE colonoscope and
successful. No acute or delayed adverse event was
noted. The endoscopists and nurses considered that
the FUSE colonoscope improved navigation and
orientation within the colon. Insertion of endoscopic
accessories through the working channel, followed
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by guidance to the desired location, was convenient.
No colonoscopy was aborted because of equipment
malfunction or failure.

DISCUSSION
The principal advantage of colonoscopy compared to
non-endoscopic screening is that the former technique
facilitates therapy, or at least allows biopsy of colorectal
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Figure 2 Demonstration of full-spectrum endoscopy. The full-spectrum endoscopy (FUSE) reveals “hidden” colon polyps of several types not detected by
traditional standard forward-view colonoscopy.

lesions prior to subsequent therapy. Therefore,
colonoscopy is regarded as the gold standard when
screening for CRC and the precursor lesions thereof,
colorectal adenomas. Although many efforts have been
made to improve visualization and reduce blind spots in
the colonic mucosa, and to increase the PDR and ADR,
about 10% of the colonic surface remains unobserved
during SFV colonoscopy even after good bowel
[12,17]
preparation
. Even more importantly, the quality
of colonoscopy is a major determinant of the risk of
incident interval CRC; substantial adenoma miss rates
[approximately 20% for any adenoma and 2%-6% for
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large adenomas (≥ 10 mm in diameter)] have been
[3,4,7,11,14]
reported in many studies
. The ADR is inversely
associated with the risks of interval colorectal cancer,
advanced-stage interval cancer, and fatal interval
cancer. Importantly, each 1% increase in the ADR was
associated with a 3% decrease in the risk of colorectal
[3]
cancer . In addition, other than the quality of bowel
preparation and the skills of the endoscopist, growing
evidence suggests that it is important to reduce the
adenoma miss rate of traditional SFV colonoscopy
by improving current colonoscopic techniques, and
removing current limitations of visualization and
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lesions in high-risk populations, such as those with
inflammatory bowel disease or hereditary syndromes
[23]
associated with development of colonic polyps . In
a large randomized trial comparing CE-plus-HDWL
with HDWL alone, only marginal increases in the ADR
and the number of adenomas detected per patient
[24]
were evident . In contrast to optical CE, several
virtual CE systems enhance images using light of
specific wavelengths; these include the Narrow
Band Imaging system (Olympus Medical Systems),
Fujinon Intelligence Chromoendoscopy (FICE), Storz
Professional Image Enhancement System (SPIES, Karl
Storz), and the i-Scan (Pentax). Selection of specific
wavelengths creates a colored image resembling that
[25,26]
of an image derived using CE
. However, overall,
studies on virtual CE have yielded conflicting results,
or have found that CE was of limited utility compared
[27-29]
to HDWL in terms of improving the ADR
. To
enhance visualization during mucosal resection,
mucosal folds have been flattened by fitting a 4-mmdiameter clear cap to the end of the colonoscope.
However, randomized trials of CAC versus conventional
colonoscopy have yielded conflicting results in terms
[30,31]
of improving the ADR
. The Third Eye technologies,
the acronyms for which are TER and TEP, are auxiliary,
through-the-scope (TER) or fitted-onto-scope (TEP)
techniques developed to detect polyps located on
proximal folds and at anatomical flexures of the
[12]
colon; they afford 135° retrograde views . Several
studies have evaluated additional diagnostic yields
afforded by the TER technology; increases in the PDR
[5,32]
and ADR were evident
. Despite such increases,
the TER system has several limitations that mitigate
against widespread adoption. The TER is more
expensive than conventional colonoscopy (because
the device is disposable), and the auxiliary scope must
be removed from the working channel if any other
item, such as forceps or a snare, is required for polyp
removal. This may prolong withdrawal time and limit
[10,17]
the utility of the system in daily practice
. The
NaviAid G-EYE system uses a standard endoscope
in which a permanently integrated, inflatable
reusable, reprocessable balloon is incorporated at
the distal flexible tip. Mechanical flattening and
straightening of haustral folds using the inflated
balloon allows visualization of hidden anatomical
areas, thus increasing adenoma detection. The EC
is similar in concept to balloon-assisted colonoscopy.
This is a 2-cm-long flexible cuff with two rows of
small flexible hinged wings that help to flatten large
mucosal folds during withdrawal of the instrument,
permitting visualization of hidden anatomical areas,
[33,34]
thus increasing the ADR
. Although relatively
few studies have been performed, increased ADRs
have been reported using NaviAid G-EYE and the EC
[35,36]
system; further evaluation is required
. The ExtraWide-Angle-View colonoscope has a projecting convex
lens affording a lateral-backward (144°-232°) view, in

Table 1 Patient characteristics n (%)
Characteristics
Total number of enrolled patients
M:F
Age range, yr
All cases: Mean ± SD, yr
Under 40 (M:F)
41-60 (M:F)
Over 61 (M:F)
Total number of patients with polyp(s)
Total number of polyps detected
Location in colon, Rt : Lt side
Total number of patients with adenoma(s)
Total number of adenomas detected
Location in colon, Rt : Lt side
Total number of patients with diverticula
Location in colon, Rt : Lt side
Success rate of cecal intubation
Adverse events
Procedure time, minute, mean ± SD
All procedure (except ESD)
Insertion time
Withdrawal time
Total time
Diagnostic procedure
Insertion time
Withdrawal time
Total time

262
132:130
22-80
48.9 ± 11.8
62 (41:21)
160 (75:85)
40 (16:24)
142 (54.2)
313
130:183 (41.5:58.5)
95 (36.3)
173
83:90 (48:52)
66 (25.2)
82.1:17.9
100%
0

5.8 ± 1.5 (5.8 ± 1.4)
12.5 ± 8.3 (11.7 ± 7.0)
18.3 ± 8.6 (17.5 ± 7.4)
5.4 ± 1.2
7.3 ± 1.0
12.7 ± 1.4

M:F: Male:Female; ESD: Endoscopic submucosal dissection.

[9,10,14]

optics
. Such efforts have yielded: (1) whitelight endoscopy; high-definition white-light (HDWL)
endoscopy, water-infused colonoscopy, and the fullspectrum endoscopy colonoscopy platform (FUSE,
EndoChoice, Alpharetta, GA, United States); (2)
chromoendoscopy and optical (dye-based) or virtual
chromoendoscopy (CE); and (3) accessory-assisted
endoscopy, cap-assisted colonoscopy (CAC), the Third
Eye Retroscope (TER), the Third Eye Panoramic (TEP,
Avantis Medical Systems, Sunnyvale, United States)
and other retroviewing devices, the NaviAid G-EYE
balloon endoscope (SMART Medical Systems Ltd, Ra’
anana, Israel), the Endocuff (EC)-assisted colonoscope
(Arc Medical Design Ltd., Leeds, England), and the
Extra-Wide-Angle-View colonoscope (Olympus, Tokyo,
Japan).
One of the major recent advances in colonoscopy
has been the development and adoption of HDWL
instruments. Such scopes allow more detailed imaging
of the colonic mucosa. However, studies using HDWL
scopes have found that the ADR increase is minimal
compared to that afforded using SDWL. Also, the
newly detected polyps are small; HDWL affords
no improvement in detection of large or advanced
[18-20]
lesions
. Water infusion rather than air insufflation
during colonoscopy seeks to facilitate cecal intubation
[21]
and reduce patient discomfort . However, a recent
systematic review found no differences in the ADRs of
[22]
water-immersion and air-insufflation colonoscopy .
Dye-spray CE improves the detection of neoplastic
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Table 2 Age and gender differences in terms of polyp detection rate, adenoma detection rate, and diverticulum detection rate
Age

Gender (n )

All patients

Overall (262)
M (132)
F (130)
Overall (62)
M (41)
F (21)
Overall (160)
M (75)
F (85)
Overall (40)
M (16)
F (24)

Under 40 yr

41-60 yr

Over 61 yr

PDR

ADR

54.2% (142/262)
68.2% (90/132)
40.0% (52/130)
35.5% (22/62)
51.2% (21/41)
4.8% (1/21)
58.1% (93/160)
73.3% (55/75)
44.7% (38/85)
67.5% (27/40)
87.5% (14/16)
54.2% (13/24)

DDR

36.3% (95/262)
47.0% (62/132)
25.4% (33/130)
17.7% (11/62)
26.8% (11/41)
0% (0/21)
38.1% (61/160)
52.0% (39/75)
25.9% (22/85)
57.5% (23/40)
75.0% (12/16)
45.8% (11/24)

25.2% (66/262)
26.5% (35/132)
23.8% (31/130)
14.5% (9/62)
14.6% (6/41)
14.3% (3/21)
22.5% (36/160)
24.0% (18/75)
21.2% (18/85)
52.5% (21/40)
68.8% (11/16)
41.7% (10/24)

PDR: Polyp detection rate; ADR: Adenoma detection rate; DDR: Diverticulum detection rate; M: Male; F: Female.

addition to a forward-view (140°) lens at the tip of the
scope, and blends simultaneous views from either lens
into a single endoscopic image. However, the ADRs
[37]
of several studies have differed . In contrast to the
maximum field of view (170°) of SFV colonoscopes,
the FUSE colonoscopy platform affords the endoscopist
a high-resolution, 330° ‘full spectrum’ view of the
colorectal mucosa, with maintenance of all standard
colonoscopic capabilities. Following in vitro testing, a
successful pilot study in humans, and an international
multicenter, randomized, back-to-back comparative
study, Hassan et al reported that the FUSE colonoscopy
appeared to be more cost-effective in terms of colon
cancer screening and surveillance than was standard
[12,16,38]
colonoscopy
.
In our present study, the PDR, ADR, and DDR
using the FUSE colonoscopy were higher than
those of other studies using traditional colonoscopy
ranging 18%-37.5%, 17%-25%, and 1.3%-11.5%,
[39]
respectively. Very recently, Choi et al
reported the
PDR, ADR of 1937 Korean individuals in a multicenter
study as 49.9% and 36.6%, respectively. But those
relatively high PDR, ADR might be related with
more older subjects (age range: 40-84) than our
study, and they used transparent cap and virtual
[39-42]
chromoendoscopy in part
. We used only FUSE
colonoscope for all diagnostic and therapeutic
interventions, and we encountered no therapeutic
failure or complications. However, our study has
certain limitations. First, as no other Korean center
currently employs the FUSE technology, this was a
single-center, retrospective, non-comparative and nonrandomized study. Second, we did not use a stopwatch
to record time, but we did check the time stamps on
the videos taken during each colonoscopy. In addition,
as we performed many therapeutic interventions, even
ESDs, mean total procedure time (18.3 ± 8.6 min,
range 9-48 min) was thus probably longer than those
[15]
of other studies . But if we considered only diagnostic
interventions, mean total procedure time was
shortened to 12.7 ± 1.4 min (range 9-17 min). Third,
we report only the presence of a diverticulum, and not
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the numbers thereof, because many cases had too
many diverticula to count. Fourth, we did not measure
the exact polyp size, and thus cannot compare amongstudy differences in the PDR or ADR by the sizes of
polyps or adenomas.
After several months of using the FUSE system, we
also have some recommendations we wish to make
to the FUSE manufacturer. Participating endoscopists
considered that the FUSE colonoscope was somewhat
softer and more flexible than other SFV colonoscopes,
possibly resulting in more loop formation during
insertion, particularly by unskilled physicians. Scope
stiffness should be variable, to prevent loop formation.
Also, additional working channels are needed on both
sides of the scope. If “hidden” polyps are found on
both sides, it is presently necessary to manipulate the
scope to remove the polyps through the single central
working channel. This may sometimes be difficult
and time-consuming. Finally, hidden, diminutive flat
lesions could be more readily detected if virtual CE was
combined with the FUSE system.
In conclusion, the FUSE colonoscopy yielded a higher
PDR, ADR, and DDR than did traditional colonoscopy,
without therapeutic failure or complications. In this
first Korean trial, the FUSE colonoscopy was feasible,
effective, and safe; further larger comparative studies
are required.
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Although it is widely accepted that screening colonoscopy is most effective
for early detection of colorectal cancer (CRC), CRC remains a leading cause
of cancer-related mortality worldwide. Simple colonoscopic polypectomy can
prevent CRC and reduce mortality. However, several studies have highlighted
the miss rates of adenomatous polyps during colonoscopy. In recent times,
many efforts have been made to enhance the imaging and endoscopic
technologies used during colonoscopy beyond the traditional SFV angle. Of
these, recently developed the Full-Spectrum Endoscopy® (FUSE®, EndoChoice,
Alpharetta, GA, United States) colonoscopy platform is expected to improve
the detection of colorectal lesions because the field of view (330°) is much
wider than that of traditional colonoscopy (170°). An international, multicenter,
randomized, back-to-back comparative study showed that the adenoma
detection rate was significantly higher and the miss rate lower when the FUSE
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rather than standard colonoscopy was employed.

Research frontiers
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As no other Korean center currently employed the FUSE technology, the author
of this study explored the efficacy of the FUSE system for the first time in
Korea; this is thus the first report on a Korean population.

Innovations and breakthroughs

11

In this study, the polyp detection rate (PDR), adenoma detection rate (ADR),
and diverticulum detection rate (DDR) using the FUSE colonoscopy (54.2%,
36.3%, and 25.2%, respectively) were higher than those of other studies
using traditional colonoscopy at 18%-37.5%, 17%-25%, and 1.3%-11.5%,
respectively. The authors used only the FUSE colonoscope for all diagnostic
and therapeutic interventions including ESDs, and they encountered no
therapeutic failure or complications.

12

Applications

This study shows that FUSE colonoscopy is feasible, effective, and safe,
resulting a relatively higher PDR, ADR, and DDR, without problems.

13

Peer-review

14

The author of this paper showed that the FUSE colonoscopy yielded a higher
PDR, ADR, and DDR than did traditional colonoscopy, without therapeutic
failure or complications. In this first Korean trial, the FUSE colonoscopy was
feasible, effective, and safe; further larger comparative studies are required.
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We observed a sustained viral response (SVR) of
ombitasvir/paritaprevir/ritonavir, dasabuvir and ribavirin
therapy, for 12 wk, in two cases with compensated
liver cirrhosis and fully destroyed early hepatocellular
carcinoma (HCC). Patients were infected with hepatitis
C virus (HCV) genotype 1b and were previous null
responders/relapsers to interferon-alpha/ribavirin
(IFN/RBV). There was a rapid suppression of HCV RNA
to undetectable levels within the first two treatment
weeks. SVR was achieved even after marked reduction
of the RBV dose. The treatment was well tolerated.
Both subjects experienced worsening of liver disease
during therapy, in different patterns: severe, transient,
predominantly direct hyperbilirubinemia without cytolysis
(case 1) or progressive increase of aminotransferases
(grade 4) without severe hyperbilirubinemia (case 2).
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Adverse events spontaneously resolved. The patients
remained in a good clinical condition without hepatic
decompensation. There was no re-occurrence of HCC.
This is the first report for treatment of HCV cirrhosis
after complete HCC destruction.

A three drug regimen (3-D) of fixed-dose ombitasvir
(NS5A inhibitor), paritaprevir (NS3/4A inhibitor)
boosted by ritonavir, taken in combination with
dasabuvir (non-nucleos(t)ide analogue inhibitor of
NS5B) was approved in United States and European
Union for the treatment of chronic HCV genotype
1 infection. This 3-D regimen ± RBV provides SVR
rates over 90% 12 wk post therapy even in patients
with compensated cirrhosis, liver transplants or
[1,2]
HIV co-infection . The SVR rate in genotype 1b is
99% irrespective of the presence of cirrhosis, prior
treatment status (naıve or experienced) or type
of prior treatment failure: partial/null response or
[1,2]
relapse .
The risk of hepatocellular carcinoma (HCC) in
patients with chronic HCV infection is highest among
[5-7]
subjects with cirrhosis . HCC is a major global health
problem as it represents more than 90% of primary
liver cancers, which is the sixth most common cancer,
the third cause of cancer-related death, and accounts
[8]
for 7% of all cancers . Patients with HCC are curable
at early stage A according to the Barcelona clinic
[8]
liver cancer (BCLC) staging classification . These
subjects are candidates for surgery or local destructive
treatment procedures. The latter are preferred, if
significant portal hypertension, hyperbilirubinemia or
[8]
significant comorbidity are present .
Recently introduced IFN-free anti-HCV therapy
provides the opportunity to achieve SVR in the vast
majority of cirrhotic patients probably even after HCC
destruction. Despite this significant treatment advance,
there are still no data for the behavior of completely
destroyed early HCC by local therapy during and after
an IFN-free regimen, as well as regarding the efficacy,
safety and tolerability of DAAs among cirrhotic patients
with complete HCC destruction.
Here we present the treatment results of a 12-wk
therapy with ombitasvir, paritaprevir/ritonavir, dasabuvir
and RBV in two patients who were diagnosed with: (1)
compensated cirrhosis and genotype 1b HCV infection;
(2) previous null response or relapse to IFN/RBV; (3)
early stage HCC; and (4) complete destruction of HCC
by local therapy

Key words: ombitasvir; paritaprevir; ritonavir; dasabuvir;
ribavirin; hepatitis C virus cirrhosis; hepatocellular
carcinoma
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interferon-free regimens based on a com
bination of different direct acting antivirals (DAAs)
are intensively studied in patients with hepatitis C
virus (HCV)-related cirrhosis who are previous null
responders or relapsers to interferon/ribavirin. DAAs
are very effective and relatively safe in compensated
cirrhosis, but there are no data regarding patients with
successfully treated hepatocellular carcinoma (HCC).
These two cases are the first reports on the efficacy,
safety and tolerability of an ombitasvir/paritaprevir/
ritonavir plus dasabuvir and ribavirin therapy in subjects
with HCV cirrhosis and fully destroyed early HCC, as
well as on an evaluation of the serum level of total bile
acids during therapy and 12 wk thereafter.
Krastev Z, Jelev D, Antonov K, Petkova T, Atanasova E, Zheleva
N, Tomov B, Boyanova Y, Mateva L. Ombitasvir, paritaprevir,
ritonavir, dasabuvir and ribavirin in cirrhosis after complete
destruction of hepatocellular carcinoma. World J Gastroenterol
2016; 22(8): 2630-2635 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i8/2630.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2630

INTRODUCTION
Recently developed interferon-alpha (IFN)-free
regimens based on a combination of different direct
acting antivirals (DAAs) bring hope for the successful
treatment of patients with hepatitis C virus (HCV)related cirrhosis who are null responders or relapsers
to previous pegylated interferon-alpha (PegIFN) and
ribavirin (RBV) dual therapy. New treatment regimens
are very effective and relatively safe. The reported
sustained viral response (SVR) rate in HCV genotype
[1-3]
1 cirrhotic patients is more than 90% . However,
data obtained in registration trials need further careful
evaluation, especially in terms of safety. A recent reallife study with first generation protease inhibitors plus
PegIFN/RBV showed a significantly higher incidence of
serious adverse events, including death, compared to
[4]
registration phase Ⅲ trials . In this study low platelet
count (< 100 G/L) together with low albumin level (<
34 g/L) in cirrhotic patients were the most important
predictors of serious adverse events associated with
[4]
triple therapy .
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CASE REPORT
Case report 1

A 68-year-old female presented with HCV-related liver
cirrhosis (genotype 1b), moderate arterial hypertension
and type-Ⅱ diabetes mellitus. She was anti-HBc total
positive, but negative for hepatitis B surface antigen
(HBsAg) and anti-HIV 1/2 and had no history of alcohol
or drug abuse. Liver cirrhosis was morphologically
proved in 2001 during cholecystectomy. At the time of
diagnosis there were no data of esophageal varices.
In 2002 IFN/RBV was administered. The patient was
a primary null responder to this dual therapy. For a
further 13 years she received supportive treatment.
Over the years a regular follow-up was performed and
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Table 1 Laboratory findings in case 1

Hgb (g/L)
WBC (G/L)
PLT (G/L)
TBil/DBil (µmol/l)
ALT (U/L)
Alb (g/L)
PT (s)
HCV RNA (IU/ml)
FIBROMAXTM
TBA (µmol/l)

BL

Week 1

Week 2

106
3.2
80
16/10
49
39
14.4
496183
A2/F4
27

107
2.4
69
98/47
28
39
14.2

97
3.7
111
66/34
20
42
14.9
UND

Week 4 Week 8
85
5.8
123
41/25
23
41
15.8
UND

79
5.3
136
42/9
25
36
14.5

Week 12
(ETR)

Week 12 post therapy
(SVR-12)

Week 24 post therapy
(SVR-24)

89
3.5
94
13/7
15
38
15.1
UND
A0/F4
39

105
4.5
81
10/5
11
44
14.2
UND

111
4.7
91
12/5
15
44
15.3
UND

33.5

BL: treatment baseline; ETR: end of treatment response; SVR-12: sustained virological response 12 wk post therapy; SVR-24: sustained virological response
24-wk post therapy; UND: undetectable; Hgb: hemoglobin; WBC: White blood cell count; PLT: Platelet count; TBil: Total bilirubin; DBil: direct bilirubin;
ALT: alanine aminotransferase; Alb: albumin; PT: prothrombin time; HCV: hepatitis C virus; TBA: total bile acids.

the patient remained in a good clinical condition with
low viral load (HCV RNA < 800000 IU/ml), normal or
slightly elevated alanine aminotransferase (ALT) [< 2
× upper limit of normal (ULN)] and with compensated
liver disease (no evidence of ascites, jaundice,
encephalopathy or varices bleeding).
In September 2013 abdominal ultrasound (US) and
a contrast enhanced computed tomography (CT) scan
showed a liver nodule in the third hepatic segment with
dimensions 14 mm × 8 mm and typical signs of HCC
(enhanced density in arterial phase with washout in
venous phase). US-guided biopsy confirmed HCC. The
patient was at stage A according to BCLC classification.
At that time she had significant portal hypertension
(grade Ⅱ esophageal varices and platelets < 100
G/L) and was not suitable for surgery, but there were
clear indications for local HCC therapy. Angiography
revealed a clearly visible hepatic artery branch vessel
ensuring the arterial blood supply of the single HCC
nodule. The discussed vessel was very suitable for
embolization, so transarterial chemoembolization
(TACE) was performed. The control CT scan in March
2014 revealed a residual vital HCC nodule in the third
hepatic segment. Three sessions of radiofrequency
ablation (RFA) were performed subsequently in March
2014, October 2014 and at the beginning of January
2015. After the last session of RFA, the HCC lesion was
completely destroyed and a control CT scan showed
no data for vital tissue within the ablated malignant
nodule, nor at the tumor edge. The CT showed only a
zone of ablation-induced necrosis with axial dimensions
of 36 mm × 47 mm.
At the end of January 2015 the patient started to
receive antiviral therapy with ombitasvir, paritaprevir/
ritonavir, dasabuvir and ribavirin 800 mg for 12
wk. Serum HCV RNA fell to undetectable levels
at treatment week 2 and the subject remained
aviremic throughout the therapy, as well as 12 and
24 wk thereafter. This was associated with complete
normalization of aminotransferases and reduction
of the liver disease activity grade from A2 to A0
TM
(FibroMax ) - Table 1.
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The most significant adverse events were anemia,
transitory direct hyperbilirubinemia with jaundice and
marked fatigue.
The anemia was RBV-related as it was properly
managed by RBV dose modification. RBV was
administered in a lower initial daily dose (800 mg
instead of 1000 mg) due to a grade 1 anemia at
baseline, but nevertheless the anemia became grade
2 and the RBV dose was reduced to 400 mg daily
at week 4. This resulted in initial stabilization of the
hemoglobin (Hgb) level, but at treatment week 8 the
anemia became more severe - grade 3 (Hgb < 80
g/L) and the RBV dose was reduced again to 200 mg
daily and remained the same until week 12. At the end
of treatment the anemia was grade 2 and during the
follow-up period the Hgb level progressively increased
to its baseline level.
A rapid elevation of total bilirubin, including direct
bilirubin, occurred within the first treatment week
causing moderate jaundice. Direct bilirubin was a
predominant fraction of the total bilirubin at baseline.
This pattern continued through treatment week 4 and
resolved with ongoing DAA therapy. Hyperbilirubinemia
was not accompanied by increased aminotransferase
activity and was not associated with a decreased
albumin level or prolonged prothrombin time. The
serum level of total bile acids was highly elevated at
baseline, and was additionally increased during therapy
from 27 to 39 µmol/L but decreased after treatment
discontinuation - Table 1. There were no clinical signs
of liver decompensation (ascites, encephalopathy
or bleeding). The patient had predominantly direct
hyperbilirubinemia and during the bilirubin peak level
at week 1 she showed no significant changes in the
Hgb level, so the initial rapid elevation of bilirubin could
not be explained by RBV-induced hemolysis - Table 1.
Paritaprevir effects on bilirubin transporters (OATP1B1
and 1B3) may result in the elevation of indirect
bilirubin, which is the typical pattern, independent of
RBV-related effects on hemolysis.
The patient experienced marked fatigue that started
during the first treatment week and progressively
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Table 2 Dynamic of alpha fetoprotein levels in case 1
Aug 2013 Nov 2013 Mar 2014
AFP (ULN < 5.5 IU/ml)

15

14

Jun 2014 Aug 2014 Oct 2014 Jan 2015 Apr 2015 Jul 2015 Oct 2015

19

13

13

20

77

4

4.05

4.36

ULN: Upper limit of normal; AFP: alpha fetoprotein.

Table 3 Alterations of alpha fetoprotein levels in case 2
Apr 2012 July 2012 Aug 2012 Sep 2012 Feb 2012 Sep 2013 Apr 2014 Jan 2015 Apr 2015 Jun 2015 Sep 2015
AFP (ULN < 5.5 IU/ml)

86

120

153

167

16

3

2

3

2

1.5

1.2

ULN: upper limit of normal; AFP: alpha fetoprotein.

increased until treatment week 4. Fatigue persisted
relatively unchanged during the entire treatment
course and rapidly disappeared within the first weeks
of post-treatment follow-up.
During therapy and in post-treatment follow-ups,
the patient was carefully evaluated with respect to
previously diagnosed HCC. Alpha-fetoprotein (AFP)
decreased from 77 IU/mL (normal value < 5.5 IU/
mL) to normal serum level of 4.0 IU/mL at week 12
(Apr 2015) and remained normal for 24 wk thereafter
(with follow-ups in Jul and Oct 2015) - Table 2. The
control contrast-enhanced abdominal US showed a
well-delineated zone of prior ablations with dimensions
of 4 cm × 3 cm in June 2015 and with a diameter
of 2.6 cm in Sep 2015. There were no signs of HCC
recurrence or newly developed liver nodules.

3 cm in diameter and with typical signs of HCC. Based
on the above findings, the patient was diagnosed with
early HCC stage A according to BCLC classification.
He was not suitable for surgery due to significant
portal hypertension, advanced age and significant
comorbidity, mainly related to diabetes. He was
indicated for local HCC therapy and received two TACE
sessions in September 2012 and in December 2012.
A full HCC destruction was achieved and documented
by regular control US and CT examinations, performed
over a 3-mo interval from Jan 2013 to Aug 2014.
There were no data for vital tissues within previously
destroyed HCC lesions, including their margins. During
the subsequent regular US examinations on a 3-mo
interval (the last one in Sep 2015) there were no signs
for new liver nodules. Alterations of the AFP level in
case 2 are presented in Table 3.
After the last TACE session the patient remained in
a good clinical condition and with compensated liver
disease without clinical or US signs of ascites, jaundice,
encephalopathy or GI bleeding.
In January 2015, a 12-wk antiviral therapy with
ombitasvir, paritaprevir boosted by ritonavir, dasabuvir
and RBV 1000 mg/d (according to body weight) was
initiated. HCV RNA was undetectable at treatment
week 2 and the subject was persistently aviremic
during further therapy, as well as at weeks 12 and 24
post treatment. The dynamic of laboratory parameters
during antiviral therapy is presented in Table 4.
The most significant adverse event during therapy
was a marked elevation of aminotransferases which
occurred at treatment week 4, reached a maximal
level at week 6 (ALT toxicity grade 4), followed by
progressive reduction to baseline level at week 12 Table 4.
A mild direct hyperbilirubinemia was also observed.
It occurred within the first treatment week and
reached maximal levels at treatment week 12.
The hyperbilirubinemia was accompanied by mild
prolongation of prothrombin time at week 6, but there
was no parallel reduction of the serum albumin level.
The serum level of total bile acids was initially normal,
increased about 4 times from 4.5 to 19 µmol/L at the
end of therapy and returned to the initial level during

case report 2

A 76-year-old male was diagnosed with hepatitis C
(genotype 1b) in 2001. He had a history of arterial
hypertension and type Ⅱ diabetes with onset in 2002.
In 2008 he started insulin therapy. In 2011 tamsulosin
0.4 mg daily was initiated for the treatment of benign
prostatic hyperplasia. The patient’s history did not
reveal alcohol or drug abuse. He was anti-HBc total
positive, but negative for HBsAg or anti-HIV 1/2.
In 2002 a liver biopsy was performed and data for
chronic hepatitis with fibrosis stage 2 were found. In
2002/2003 the patient was treated with IFN/RBV for
48 wk. He proved a relapser to dual therapy. During
further supportive treatment the patient remained with
persistently elevated aminotransferase levels above 3
× ULN.
In 2009, liver cirrhosis (Child-Pugh A) was diag
nosed based on an abdominal US examination
and endoscopic evidence of portal hypertension grade Ⅰ -Ⅱ oesophageal varices. In Apr 2012 an
elevated AFP of 86 IU/mL (ULN < 5.5 IU/mL) was
found. There were no clinical or US signs of hepatic
decompensation (ascites, jaundice, encephalopathy or
varices bleeding), nor was there any evidence of portal
vein thrombosis. However, a subsequent contrastenhanced US and a CT scan showed two nodules in
the sixth hepatic segment. Both of them were below
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Table 4 Laboratory findings during treatment (case 2)
Baseline Week 1 Week 2 Week 4 Week 6 Week 12 (ETR) Week 12 post therapy (SVR-12) Week 24 post therapy (SVR-24)
Hgb (g/L)
132
WBC (G/L)
5.7
PLT (G/L)
183
Tbil/Dbil (µmol/l) 7/3.6
ALT (U/L)
99
PT (s)
13.5
Alb (g/L)
42
HCV RNA (IU/ml) 1799000
FIBROMAXTM
A3/F4
TBA (µmol/L)
4.5

130
6.4
166
19/13
61
13.7
40

115
8.8
304
24/13
53
13.1
49
UND

99
5.1
320
16/10
265
15.6
45
UND

104
4.5
278
9/4
510
16.3
42

103
6.2
308
34/23
45
13.4
43
UND
A3/F4
19

the post-treatment follow-up.
Another important problem during therapy was
potential drug-drug interactions related to tam
sulosin as this drug is a substrate of CYP3A4. Coadministration of a 3-D regimen and tamsulosin has
not been studied, but exposure to tamsulosin increases
2.8 fold with ketoconazole, which is a CYP3A4 inhibitor
similar to ritonavir. The current recommendation
was to avoid use of tamsulosin with 3-D, so we
discontinued tamsulosin prior to the antiviral therapy.
At treatment week 1, a severe dysuria occurred. There
were no US signs of urine retention and the prostatespecific antigen level remained within normal ranges.
Antibacterial therapy with ciprofloxacin was initiated to
treat a potential urinary tract infection, although there
were no marked laboratory data confirming it. The
dysuria became more severe. The antibiotic therapy
was discontinued and treatment with tamsulosin was
resumed with a lower dose of 0.4 mg every other day.
Within a few days the dysuria resolved and the patient
remained in a good clinical condition during further
therapy.

125
8.1
182
6.4/2.6
16
14.4
47
UND

5.2

that IFN-free therapy might be a suitable treatment
option for this specific patient subgroup. In both cases
we observed a rapid suppression of serum HCV RNA
to undetectable levels within the first two weeks of
antiviral therapy. SVR was achieved even after marked
reduction of the RBV dose to only 200 mg/daily in the
first case.
Generally, the treatment was well tolerated, but both
subjects experienced signs of worsening of liver disease
during therapy which was manifested in two different
patterns: a severe, early, transient predominantly
direct hyperbilirubinemia without cytolysis (case 1)
or progressive increase of serum aminotransferases
(grade 4) without severe hyperbilirubinemia (case 2).
The reported incidence of grade 3-4 hyperbilirubinemia
and grade 3-4 ALT elevation during 3-D therapy is 9.7%
[1]
and 1.6%, respectively , but it might be higher in HCC
patients, so careful clinical and laboratory evaluations
are required. This is also the first report for an elevation
of the level of serum total bile acids during treatment
with DAAs.
In our cases the above-described adverse events
were transient and spontaneously resolved without
an interruption of the 3-D regimen and without
concomitant medications. Both patients remained
in a good clinical condition and with persistently
compensated liver disease. There were no signs of
ascites, encephalopathy or GI bleeding.
We did not observe re-occurrence of HCC and
newly developed liver nodules during the 3-D therapy
or in a post-treatment follow-up of 24 wk. In addition,
a recently published case report described a regression
of HCC after sofosbuvir-based IFN-free therapy in a
53-year-old male with metastatic HCC, who failed
[9]
sorafenib treatment . Together all these data clearly
suggest that patients with HCC may benefit from IFNfree therapies.
The results of several studies and meta-analyses
indicated that the risk of HCC is reduced among
patients with HCV who achieved SVR with IFN/RBV
[7]
dual therapy . Once cirrhosis is established, there
is no conclusive evidence that antiviral therapy can
[7]
prevent or delay the occurrence of HCC . Additional
studies are needed to test the potential preventive
effect of a combination with new DAAs in cirrhotic

DISCUSSION
The three-drug regimen of ombitasvir, paritaprevir/
ritonavir and dasabuvir plus RBV is a spectacular
treatment advance for genotype 1 patients with
compensated HCV cirrhosis. It is associated with a
high SVR rate of 91.8% and 95.9% after treatment
[1]
for 12 and 24 wk, respectively . However, there are
still many open questions regarding IFN-free therapy
in liver cirrhosis. It is unknown whether the elimination
of HCV infection will be sustained over the years and
what the long-term treatment impact on chronic liver
disease will be, including a regression of fibrosis and
cirrhosis. It is also not clear which cirrhotic patients
will mostly benefit from therapy in terms of prolonged
survival and a slowing down of the progression to
HCC. And finally there are no safety and efficacy data
in subjects with cirrhosis who were successfully cured
from early HCC.
To the best of our knowledge this is the first report
of a 3-D regimen in patients with HCV cirrhosis and
early HCC that had been completely destroyed by local
treatment procedures in advance. Our results suggest
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6.7
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5.2/2.3
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patients remained in a good clinical condition and with compensated liver
disease.

patients and particularly in those who have cured early
HCC.
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The authors have described the first two cases in the literature with HCV-related
cirrhosis and completely destroyed early HCC, treated with IFN-free therapy.
The article highlights the obtained clinical data regarding efficacy, safety and
tolerability of a 3-D regimen. Results suggest that IFN-free therapy might be a
suitable treatment option for this specific patient subgroup.

Case characteristics

Both cases had compensated hepatitis C virus (HCV) cirrhosis, were previous
non responders or relapsers to interferon-alpha/ribavirin (IFN/RBV) and had
a history of completely destroyed early hepatocellular carcinoma (HCC) by
radiofrequency ablation (RFA) and/or transarterial chemoembolization (TACE)
procedures.
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endoscopic submucosal dissection
Akiko Sasaki, Takeshi Nakajima, Hideto Egashira, Kotaro Takeda, Shinnosuke Tokoro, Chikamasa Ichita,
Sakue Masuda, Haruki Uojima, Kazuya Koizumi, Takeshi Kinbara, Taku Sakamoto, Yutaka Saito, Makoto Kako
Akiko Sasaki, Hideto Egashira, Shinnosuke Tokoro,
Chikamasa Ichita, Sakue Masuda, Haruki Uojima, Kazuya
Koizumi, Takeshi Kinbara, Makoto Kako, Gastroenterology
Medicine Center, Shonan Kamakura General Hospital, 1370-1
Okamoto, Kamakura, Kanagawa 247-8533, Japan

Medicine Center, Shonan Kamakura General Hospital, 1370-1
Okamoto, Kamakura, Kanagawa 247-8533,
Japan. akikomontblanc@yahoo.co.jp
Telephone: +81-467-461717
Fax: +81-467-450190

Takeshi Nakajima, Taku Sakamoto, Yutaka Saito, Endoscopy
Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuoku, Tokyo 104-0045, Japan

Received: September 18, 2015
Peer-review started: September 19, 2015
First decision: November 5, 2015
Revised: November 19, 2015
Accepted: December 8, 2015
Article in press: December 8, 2015
Published online: February 28, 2016

Kotaro Takeda, Diagnostic Pathology, Shonan Kamakura
General Hospital, 1370-1 Okamoto, Kamakura, Kanagawa
247-8533, Japan
Author contributions: Sasaki A, Nakajima T, Egashira H,
TakedaK, Tokoro S, Ichita C, Masuda S, Uojima H, Koizumi K,
Kinbara T, Sakamoto T, Saito Y and Kako M made substantial
contributions to conception and design, acquisition of data, or
analysis and interpretation of data; drafting the article or revising
it critically for important intellectual content; and final approval
of the version to be published.

Abstract
Condyloma acuminatum (CA) is a common sexually
transmitted disease caused by human papilloma
virus infection. Not all individuals develop persistent,
progressive disease, but careful follow up is required
with moderate-to-severe dysplasia to prevent pro
gression to malignancy. Standard therapies include
surgical treatments (trans-anal resection and transanal endoscopic microsurgery) and immunotherapeutic
and topical methods (topical imiquimod); however,
local recurrence remains a considerable problem.
Here, we report a case with superficial CA of the anal
canal, treated with endoscopic submucosal dissection
(ESD). A 28-year-old man presented with a chief
complaint of hematochezia. Digital exam did not detect
a tumor. Screening colonoscopy revealed 10-mm long,
whitish condyles extending from the anal canal to the
lower rectum. The lesion covered almost the whole
circumference, and only a small amount of normal
mucosa remained. Magnifying endoscopy with narrow
band imaging showed brownish hairpin-shaped, coiled
capillaries. Although histopathological diagnosis by
biopsy revealed CA, accurate histological differentiation
between CA, papilloma, and squamous cell carcinoma
can be difficult with a small specimen. Therefore, we
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performed diagnostic ESD, which provides a complete
specimen for precise histopathological evaluation.
The pathological diagnosis was CA, with moderate
dysplasia (anal intraepithelial neoplasia 2). There
was no recurrence at 16 mo after the initial ESD.
Compared to surgical treatment, endoscopic diagnosis
and resection could be performed simultaneously and
the tumor margin observed clearly with a magnifying
chromocolonoscopy, resulting in less recurrence. These
findings suggest that endoscopic resection may be an
alternative method for CA that prevents recurrence.

to differentiate neoplasms from non-neoplasms with a
small biopsy specimen; diagnostic resection is feasible.
Compared with surgical treatments, endoscopic
resection-particularly endoscopic submucosal dissection
(ESD)-enables en-bloc resection. A high-definition,
magnified view with narrow band imaging (NBI) and
indigo carmine dye spray is beneficial for precise
tumor margin determination and subsequent reduced
[7]
recurrence . In addition, transmission or persistence
of HPV in the tissues and coexistence with visible warts
might increase the risk of recurrence. Therefore, ESD
is particularly useful.
Here, we report a case of anal CA treated with ESD.

Key words: Condylomata acuminate; Recurrence;
Endoscopy; Dissection; Carcinoma in situ
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

CASE REPORT
A 28-year-old man presented to the gastroenterology
outpatient department after a 6-mo episode of
hematochezia. He had a male partner. Physical
examination was unremarkable; the digital exam
did not reveal a tumor. Laboratory investigations
revealed a hemoglobin level of 15.6 g/L, erythrocyte
sedimentation rate of 1 mm/h, and normal liver and
kidney profiles. Hepatitis B surface antigen, hepatitis
C virus antibody, syphilis, and HIV antibody tests were
negative. Colonoscopy revealed 10-mm long, whitish
condyles extending from the anal canal to the lower
rectum (Figure 1A and B). The lesion was situated
almost circumferentially; little normal intestinal
membrane remained in the proximal-to-distal site, as
observed with white light and the NBI system (Figure
1A and B). A single small wart coexisted in the mucosa
around the anus. Dilated red vessels on the surface
of the lesion in the anal canal as brownish capillaries
with a hairpin shape or coil were observed using
magnifying endoscopy with the NBI system (Figure
1C). Colonic biopsy specimens revealed acanthotic
squamous epithelium with hyperpapillomatosis (Figure
1D). The epithelial cells indicated koilocytosis, single
cell keratinization, and mild-to-moderate dysplasia of
the squamous epithelium, confirming the diagnosis of
CA related to HPV infection. Because the lesion was
circumferential and had poor visibility for endoscopic
mucosal resection, ESD was performed (Figure 1E and
F).
The procedures were primarily performed using a
dual-knife or insulation-tipped (IT) knife (Olympus Co,
Tokyo, Japan) with carbon dioxide insufflation instead
[8]
of air insufflation to reduce patient discomfort .
Lesion margins were delineated before ESD using
0.4% indigo-carmine dye spray. To prevent pain,
1% lidocaine (100 mg/10 mL) was injected on the
®
anal side of the lesion. Following Glyceol (Chugai
Pharmaceutical Co., Tokyo, Japan; 10% glycerol and
[9]
5% fructose in normal saline solution) and sodium
hyaluronate acid injection into the submucosal
[10]
layer , a circumferential incision was made using the
dual knife. ESD was then performed using both the
dual and IT knives. The entire submucosal dissection

Core tip: We report a case of condyloma acuminatum
(CA) in a patient who underwent endoscopic submucosal
dissection (ESD). Although most cases of CA have been
treated with surgery or immunotherapeutic techniques,
the rate of local recurrence is high because of difficulty
detecting a precise margin of the lesion, especially
those located in the anal canal. ESD enables detection
of the lesion with magnification chromoendoscopy
and treatment in the endoscopic visual field; thereby
achieving en-bloc resection. ESD provides precise
histopathological evaluation and could be an alternative
method for CA that prevents recurrence.
Sasaki A, Nakajima T, Egashira H, Takeda K, Tokoro S, Ichita C,
Masuda S, Uojima H, Koizumi K, Kinbara T, Sakamoto T, Saito
Y, Kako M. Condyloma acuminatum of the anal canal, treated
with endoscopic submucosal dissection. World J Gastroenterol
2016; 22(8): 2636-2641 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i8/2636.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i8.2636

INTRODUCTION
Condyloma acuminatum (CA) is one of the most
[1]
common viral sexually transmitted diseases globally ,
affecting as many as 30 million individuals. It is caused
by human papilloma virus (HPV) infection, and has
[2]
an incubation period ranging from 3 wk to 8 mo .
Perianal HPV infection is the most common anorectal
[3]
infection affecting homosexual young men and
results in several diseases from asymptomatic infection
[4]
to genital warts to invasive cancer .
Recurrence is a significant issue for CA treatment,
ranging from 4.6% to > 70% depending on the
[5,6]
treatment modality . Inferior visualization of the
operative field in surgical treatments, such as transanal resection (TAR) and trans-anal endoscopic micro
surgery, may contribute to these rates; with these
procedures, the margins of rectal lesions spreading to
[7]
the dentate line are not clearly observed . It is difficult
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B

C

D

E

F

Figure 1 Clinical evaluation of the case of a 28-year-old man who presented with hematochezia. A: Colonoscopy revealing 10-mm long, whitish condyles
extending from the anal canal, with little normal intestinal membrane remaining in the proximal-to-distal site; B: The lesion is almost circumferentially located in the
lower rectum, as observed using narrow band imaging (NBI); C: NBI magnification shows dilated red vessels on the surface of the lesion in the anal canal that are
indicated as brownish capillaries with hairpin shapes or coil forms; D: Colonic biopsy specimens reveal acanthotic squamous epithelium with hyperpapillomatosis. The
epithelial cells show koilocytosis, single cell keratinization, and mild-to-moderate dysplasia of the squamous epithelium. We highly suspected condyloma acuminatum
related to human papilloma virus infection; E: Endoscopic submucosal dissection of the lesion all around the anal canal; F: Dissected specimen, 40 mm × 40 mm in
diameter. White warts surround almost the entire anal canal (arrow).

took 160 min, without any adverse event (Figure 1E
and F). The patient complained of anal pain for 3 d,
without massive bleeding. We applied corticosteroid
ointment to the lesion to prevent stenosis. In addition,
the ablation treatment was performed for the other
wart on the anus (3 mm in size). Five months postESD, colonoscopy revealed no recurrence. He had no
pain, bleeding, or dyschezia by stenosis (Figure 2A).
Follow-up colonoscopy performed 16 mo post-ESD
also showed no apparent recurrence or stenosis (Figure
2B).
The pathological diagnosis was CA, with moderate
dysplasia [anal intraepithelial neoplasia 2 (AIN2);
Figure 3A-C]. Immunohistochemical peroxidase
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staining for p53 protein showed cells were negative
(Figure 3D), and the Ki-67 stain showed 40% of cells
were positive through the epithelial layer (Figure
3E). Immunohistochemical studies for papillomavirus
common antigen were positive, confirming the
presence of HPV (Figure 3F). The specimen did not
demonstrate any malignancy.

DISCUSSION
The previously reported standard treatment for CA
includes surgical, palliative, or immunotherapeutic
techniques, such as topical imiquimod, each with
limitations. Post-TAR recurrence for non-invasive
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A

B

Figure 2 Follow-up colonoscopy after endoscopic submucosal dissection for condylomata acuminatum. A: Five-month follow up showing no recurrence, and
no symptoms of pain, bleeding, or dyschezia by stenosis; B: Sixteen-month follow-up showing no recurrence of condylomata acuminatum.

A

B

C

D

E

F

Figure 3 Histologic and immunohistochemical analyses of a specimen from the anal canal. A: A low-power scan of the glass slide showing papillomatosis,
parakeratosis, dyskeratosis, acanthosis, and distinct koilocytosis; B: A low-power scan shows an underlying chronic inflammatory cell infiltrate and basal cell
atypical hyperplasia; C: Condylomata acuminatum with accentuated transepithelial lymphocytic infiltrate was diagnosed as anal intraepithelial neoplasia 2; D:
Immunohistochemical peroxidase staining for p53 protein showing negative cells; E: Ki-67 stain showing 40% positive cells through the layer of the epithelium; F:
Immunohistochemical studies indicate positive staining for papillomavirus common antigen.
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Table 1 Case reports regarding condyloma acuminatum treatment with endoscopic mucosal resection/endoscopic submucosal
dissection

Age (yr)
Sex
Country
Chief complaint
HIV Ab antigen sensitivity
Location
Size
Treatment
Pathology
Recurrence

Case 1

Case 2

Case 3

Our case

76
F
Japan
Anemia
Negative
Lower rectum to anal canal
One-third circumference
ESD
AIN2
No (4 mo f/u)

63
F
Japan
Occult blood
Negative
Lower rectum to anal canal
15 mm
ESD
AIN2
Unknown

63
F
Italy
Occult blood
Unknown
Lower rectum to anal canal
30 mm
ESD
AIN1
Unknown

28
M
Japan
Hematochezia
Negative
Anal canal and skin
Almost circumferential
ESD
AIN2
No (16 mo f/u)

1

Three case reports have been published regarding condyloma acuminatum treatment with endoscopy[15,17,18]. AIN1: Anal intraepithelial neoplasia 1; ESD:
Endoscopic submucosal dissection; f/u: Follow up; M: Male; F: Female.

rectal tumors varies (2.8%-30%) and is considerably
[7]
higher than post-ESD recurrence . The present case
indicates that ESD is an alternative method with high
curability for CA of the anal canal to the lower rectum.
This method enables detection of the lesion margin
with magnification chromoendoscopy and precise
marking in the endoscopic visual field; therefore, enbloc resection can be achieved.
A qualitative diagnosis can be challenging for rectal
lesions spreading to the dentate line. ESD enables
a precise pathological diagnosis with safe and enbloc R0 resection. Piecemeal resection of colorectal
lesions generally results in a higher recurrence rate
[11,12]
than does ESD, especially in lesions > 20 mm
.
In 122 patients with perianal warts who underwent
surgical excisions between 2000 and 2004, local
recurrence occurred in 59 patients (48%) within 6 mo
[13]
after surgery, except for 1 case . Multiple perianal
lesions, the presence of an anal canal lesion, and
bleeding were significant risk factors for postoperative
recurrence after surgical therapy. Warts may also
recur after treatment because of the activation of a
[14]
latent virus in healthy skin adjacent to the lesion .
Thus, immunotherapy, such as topical imiquimod, is
recommended after surgical therapy. However, topical
imiquimod is contraindicated for anal canal lesions
because of its toxicity. Topical imiquimod is an immune
modulator that induces interferon and cytokine release
by the host tissues. Because it causes severe erosion
and ulcers, its indication has been limited to pudendal
and perianal lesions.
In addition to the many merits of ESD, the method
[15]
is further improved with magnifying colonoscopy .
Although current efforts aim at removing or destroying
all visible warts, little is known about subsequent
transmission or persistence of papillomavirus in the
[16]
tissues . Oono reported that latent infection could
occur under the seemingly normal epithelium between
[17]
visible warts , as demonstrated histopathologically
with endoscopic findings, and suggested that iodine
staining and autofluorescence imaging could detect
latent infection in the tissues; an unstained lesion
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with a clear margin was detected via a colonoscopy
after iodine staining. These findings may help detect
underlying lesions.
Three case reports have been published regarding
[15,17,18]
CA treatment with endoscopy (Table 1)
. In the
first case, a lesion of one-third circumference treated
with ESD showed AIN2 histopathologically, while the
second case with an approximately 15-mm ESD also
showed AIN2 histopathologically. In both cases, no
obvious recurrence was observed at 3-4 mo follow-up.
The third case, with a lesion of 30 mm in diameter that
was originally diagnosed as a laterally spreading tumor,
[18]
was successfully treated with ESD . In the present
case, there was no visible recurrence at 16 mo postESD. The risk of recurrence is considerably reduced if it
[13]
does not occur more than 6 mo after CA treatment .
In addition to removing the visible warts, underlying
lesions should be detected and addressed to reduce
the risk of relapse. Careful endoscopic observation with
image-enhanced endoscopy may be beneficial.
In conclusion, endoscopic therapy can be an
alternative method for CA in the anal canal. We believe
this method will reduce the CA recurrence rate and
protect the younger generation from anorectal cancers
and the spread of infections. Further studies are
needed to confirm our findings that ESD treatment can
be useful for anal condyloma acuminatum.

COMMENTS
COMMENTS
Case characteristics

A 28-year-old man, who had a male partner, presented to the gastroenterology
outpatient department after a 6-mo episode of hematochezia.

Clinical diagnosis

Physical examination was unremarkable; the digital exam did not reveal a
tumor.

Differential diagnosis

Squamous cell carcinoma, rectal polyp, and Bowenoid papulosis.

Laboratory diagnosis

A hemoglobin level of 15.6 g/L, erythrocyte sedimentation rate of 1 mm/h, and
normal liver and kidney profiles. Hepatitis B surface antigen, hepatitis C virus
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antibody, syphilis, and HIV antibody tests were negative.

7

Imaging diagnosis

Colonoscopy revealed 10-mm long, whitish condyles extending from the anal
canal to the lower rectum almost circumferentially.

8

Pathological diagnosis

The pathological diagnosis was condyloma acuminatum (CA) with moderate
dysplasia, with immunohistochemical staining negative for p53, papillomavirus
common antigen was positive, and the Ki67 index was 40% higher than is
normal.

9

Treatment

The patient was treated with endoscopic submucosal dissection (ESD).
10

Related reports

The local recurrence rate of CA is high because of the difficulty of detecting a
precise margin of the lesion, especially those located in the anal canal; use of
ESD potentially reduces the recurrence of CA.
11

Term explanation

Immunohistochemical staining is based on antigen-antibody reactions that
detect whether there is a target antigen in cells or tissue.

Experiences and lessons

This case report presents a case of CA treated with ESD.

12

Peer-review

This is a case report on CA, treated with ESD, and it was well-written one and
had enough importance for readers.
13
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Abstract
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Type Ⅳ paraesophageal hernia (PEH) is very rare,
and is characterized by the intrathoracic herniation
of the abdominal viscera other than the stomach into
the chest. We describe a 78-year-old woman who
presented at our emergency department because of
epigastric pain that she had experienced over the past
24 h. On the day after admission, her pain became
severe and was accompanied by right chest pain and
dyspnea. Chest radiography revealed an intrathoracic
intestinal gas bubble occupying the right lower lung
field. Emergency explorative laparotomy identified a
type Ⅳ PEH with herniation of only the terminal ileum
through a hiatal defect into the right thoracic cavity.
In this report, we also present a review of similar
cases in the literature published between 1980 and
2015 in PubMed. There were four published cases
of small bowel herniation into the thoracic cavity
during this period. Our patient represents a rare case
of an individual diagnosed with type Ⅳ PEH with
incarceration of only the terminal ileum.
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Core tip: Type Ⅳ paraesophageal hernias (PEH) is
very rare, occurring in only 2%-5% of all PEH cases.
The clinical course of PEH may present with minimal
symptoms, but potentially life-threatening complications
such as strangulation, necrosis, or perforation could
occur. Early recognition and prompt therapy of these
hernias and associated comorbidities are crucial.
Hsu CT, Hsiao PJ, Chiu CC, Chan JS, Lin YF, Lo YH, Hsiao CJ.
Terminal ileum gangrene secondary to a type Ⅳ paraesophageal
hernia. World J Gastroenterol 2016; 22(8): 2642-2646 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/i8/2642.
htm DOI: http://dx.doi.org/10.3748/wjg.v22.i8.2642

Figure 1 Plain chest radiography computed tomography of the patient.
Chest radiograph (A) revealed an intrathoracic intestinal gas bubble and an air
fluid level (arrow). Thoracoabdominal computed tomography (B) confirmed an
incarceration of small intestine in right thoracic cavity (arrow).

base. We repeated the blood test; this time, there were
abnormalities as follows: white blood count, 30890 cells/
3
mm ; band neutrophils, 26%; creatine phosphokinase,
528 U/L; and C-reactive protein, 25.2 mg/dL. Plain
chest radiography (Figure 1A) revealed an intrathoracic
intestinal gas bubble occupying the right lower lung
field and an air-fluid level. Subsequent computed
tomography (CT) of the chest and abdomen (Figure 1B)
revealed a large segment of the small intestine within
the right thoracic cavity. Upon emergency explorative
laparotomy, the terminal ileum was found to be
incarcerated within a hiatal defect (Figure 2A); however,
the gastroesophageal junction (GEJ) was located in
its normal anatomic position. The terminal ileum was
found to be strangulated and gangrenous. The surgeon
resected approximately 50 cm of the ischemic terminal
ileum (Figure 2B) with primary anastomosis. The hiatal
defect, 5 cm long, was repaired with a prolene mesh.
The patient had an uneventful postoperative course and
was discharged 17 d after admission.

INTRODUCTION
Hiatal hernias are classified into four types: more than
[1]
95% are type Ⅰ or sliding hernias , whereas less than
[1]
5% are paraesophageal hernias (PEH) (types Ⅱ-Ⅳ) .
Type Ⅳ PEH is very rare, comprising only 2%-5% of all
[2]
cases , and is defined by the intrathoracic herniation
of the abdominal viscera other than the stomach
into the chest. Sporadic cases of hiatal hernias of the
stomach plus the colon, greater omentum, mesentery,
or small bowel; the colon alone; or the gastric volvulus
[3]
alone have been reported . However, herniation of the
terminal ileum without the involvement of the other
abdominal components has rarely been reported.
The initial symptoms of PEH may be subtle, and can
therefore be neglected or else lead to misdiagnosis.
PEH merits separate consideration from the more
commonly diagnosed sliding hiatal hernia owing to the
possibility of life-threatening complications such as
[1]
strangulation, necrosis, or perforation . In reporting
the rare case of a terminal ileum within an incarcerated
PEH without involvement of the abdominal viscera,
we highlight the importance of careful differential
diagnosis and early treatment of such conditions to
avoid life-threatening complications.

DISCUSSION
Hiatal hernia is a condition in which portions of the
abdominal contents, mainly the GEJ and stomach, are
proximally displaced above the diaphragm through
[4]
the esophageal hiatus into the mediastinum .
[1]
Hiatal hernias can be classified into four types .
Type Ⅰ is a sliding hernia that occurs when the GEJ
migrates into the posterior mediastinum through the
hiatus because of laxity of the phrenoesophageal
[5,6]
ligament . Types Ⅱ, Ⅲ, and Ⅳ hiatal hernias are
known as PEH. Type Ⅱ is the classic form of PEH,
which occurs when the fundus herniates through the
hiatus alongside a normally positioned GEJ by a defect
[2]
in the phrenoesophageal membrane . Type Ⅲ is a
combination of type Ⅰ and Ⅱ hernias with the GEJ and
stomach cranially displaced through the hiatus. Type
Ⅳ is characterized by the displacement of the stomach
plus other organs such as the colon, spleen, and
small bowel into the chest. Our patient was diagnosed

CASE REPORT
A previously healthy 78-year-old woman presented at
our emergency department with epigastric pain and
nausea experienced over the past 24 h. She reported
no trauma or surgery. On examination, the epigastrium
was tender but findings were otherwise unremarkable.
Initially, a blood test revealed a normal white blood
3
cell count of 8530 cells/mm , a hemoglobin level of
11.8 g/dL, and normal electrolyte levels. One day after
admission, her epigastric pain became severe and
was accompanied by right chest pain and dyspnea.
Examination revealed epigastric tenderness with positive
bowel sounds and absent breath sounds at the right lung
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Figure 2 Intra-operative images revealing a hiatal defect great than 5 cm (A) and a loop of ischemic terminal ileum and ascending colon (B). I: Ischemic
terminal ileum; AC: Ascending colon.

Table 1 Cases of type Ⅳ paraesophageal hernia with incarceration of small bowel
Reference/year

Age/sex

Ohtsuka et al[7], 2012
Pappachan et al[8], 2013
Ho et al[3], 2014

78/female
78/female
78/female

Makris et al[9], 2015
Our case

66/male
78/female

Symptom

Involved organ

Abdominal pain
Stomach and Small bowel (ileum)
syncope
Small bowel and colon
Abdominal pain and vomiting Stomach omentum and small bowel
(ileum)
Epigastric pain and dyspnea
Small bowel (ileum only)
Epigastric pain and dyspnea
Small bowel (terminal ileum only)

with type Ⅳ PEH on the basis of her terminal ileum
herniating through a hiatal defect into the thoracic
cavity, while the GEJ was in its normal location.
Sporadic cases of hiatal hernias of the stomach
along with the colon, greater omentum, mesentery, or
small bowel, or otherwise only the colon or the gastric
[3]
volvulus, have been reported . Prolapse of peritoneal
organs other than the stomach into the thoracic cavity
is rare. As shown in Table 1, only 5 patients (including
our patient) with type Ⅳ PEH involving incarceration of
[3,7-9]
the small bowel have been reported
. Our patient’s
diagnosis, a type Ⅳ PEH with incarceration of only the
terminal ileum, is extremely rare.
More than 50% of patients with PEHs are
asymptomatic, and many of the symptoms that do
[1]
occur are minor and may be overlooked . Typical
symptoms of hiatal hernias include chest pain,
epigastric pain, dysphagia, postprandial fullness,
heartburn, regurgitation, vomiting, weight loss,
[10]
anemia, and respiratory symptoms . Patients
may present with severe epigastric pain caused
by incarceration and/or obstruction. If obstruction
persists, ischemia, necrosis, perforation, and septic
shock may ensue. The presence of severe epigastric
tenderness, chest pain, and dyspnea are grounds for
considering a differential diagnosis of type Ⅳ PEH.
Plain chest radiography often identifies a PEH as a
retrocardiac air-fluid level within the intrathoracic
stomach or intestine. CT scanning is a helpful tool to
assess the widening of the esophageal hiatus, PEH
size, content, and position. PEH merits additional

WJG|www.wjgnet.com

Ischemia

Therapy

No
No
Yes

laparotomy
No
laparotomy

Yes
Yes

laparotomy
laparotomy

attention compared to the more common sliding hiatal
hernia because of life-threatening complications such
as strangulation, necrosis, or perforation that may
[1]
develop . Providing immediate, intensive surgical
intervention is crucial to prevent deterioration.
Acute incarceration of PEH is a surgical emergency
presenting with sudden chest pain, abdominal pain,
or dyspnea. This development can be so rapid that
the patient can present on admission with respira
tory failure or systemic sepsis, as in the case of our
patient. This can be due to strangulation, necrosis,
or perforation of the abdominal viscera, and can lead
to abdominal emergencies. Options for performing a
PEH repair include the laparoscopic approach, open
laparotomy, and open thoracotomy. Traditionally,
acute incarceration of PEH has been treated with open
surgery, through either the abdomen or the chest, and
has been accompanied by high rates of morbidity and
[11]
mortality, especially among older patients . However,
there are no clear guidelines for emergency treatment
of PEH by laparoscopic or open intervention. One metaanalysis study that included 20 patients suggested that
emergency open surgery should be indicated when a
patient presents with clear clinical evidence of acute
[12]
ischemia, obstruction, or perforation . Another metaanalysis of 64 patients suggested that laparoscopic
repair should be attempted whenever possible, even in
emergency settings, but recognized that conversion to
open repair may be required if ischemia or perforation
[11]
is identified . Based upon these observations, the
presence of clinical evidence of ischemia, obstruction,
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or perforation can determine whether to perform a
PEH repair by laparoscopy or by an open approach in
abdominal emergency cases. Emergency laparoscopic
repair of PEH is safe and feasible in selected patients,
and an emergency open repair may be required to
manage the suspected ischemia and necrosis of the
herniated viscus.
The optimal operative approach, whether laparos
[13]
copic or open, has been debated extensively .
The benefits of laparoscopic PEH repair include low
morbidity, short hospital stay, and rapid recovery;
[12]
these are crucial aspects for elderly patients .
However, some published studies have reported a high
[14]
hernia recurrence rate after laparoscopic PEH repair .
A meta-analysis of 13 retrospective studies including
965 patients who underwent laparoscopic repair
reported an overall hernia recurrence rate of 10.2%
[15]
(range, 3%-33%) . In fact, the true recurrence
rate was 25.5% when a video barium esophagram
[15]
was used to assess the repair . Additionally, the
laparoscopic approach has a steep learning curve and
requires advanced laparoscopic experience to perform
safely and effectively. Other PEH repair methods
include thoracotomy or laparotomy. Laparotomy still
plays an important role in an emergency context
and has a low recurrence rate, ranging from 2.5% to
[16]
13% . In contrast to laparoscopy, it is characterized
by slower recovery, higher incidence of wound
infections, poorer mediastinal visualization, and more
[16]
challenging transhiatal dissection . Transthoracic
repair can provide a better view of the herniated
structures, easier sac dissection and resection, and
[17]
better mobilization of the esophagus . Disadvantages
of a thoracotomy include incisional discomfort, pul
monary complications, prolonged hospital stay, as well
as difficulty assessing the intra-abdominal organs.
A retrospective study of 240 patients undergoing
primary transthoracic repair reported a 10% anatomic
[13]
recurrence rate . Hence, surgeons should carefully
consider the risk of complications and the possible
reduction in recurrence rates before selecting the best
intervention method.
The incidences of esophageal hiatal hernia are
increasing as the population ages; approximately
60% of individuals > 50 years of age are affected
[18]
by this condition . In elderly adults, an increase
in the laxity of the diaphragmatic crus forming the
esophageal hiatus, as well as high abdominal pressure
that causes enlargement of the esophageal hiatus,
[19]
may cause hiatal hernias . Early recognition of
symptoms associated with type Ⅳ PEH is critical.
Physicians should be alert to the possibility of type
Ⅳ PEH in patients presenting with rapid onset of
severe epigastric tenderness along with chest pain
and dyspnea, especially in older individuals. This
report highlights the importance of careful differential
diagnosis and early treatment of PEH to avoid lifethreatening sequelae.
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Case characteristics

A previously healthy 78-year-old woman presented with epigastric pain and
nausea that progressed to dyspnea and right chest pain after admission.

Clinical diagnosis

The patient exhibited positive bowel sounds and absent breath sounds at the
right lung base.

Differential diagnosis

Peptic ulcer perforation, lung abscess, and pneumothorax were considered.

Laboratory diagnosis

The patient had an elevated white blood cell count of 30890 cells/mm3, band
neutrophil content of 26%, creatine phosphokinase of 528 U/L, and C-reactive
protein of 25.2 mg/dL.

Imaging diagnosis

Plain chest radiography revealed an intrathoracic intestinal gas bubble
occupying the right lower lung field and an air-fluid level; computed tomography
of the chest and abdomen revealed a large segment of small intestine within
the right thoracic cavity.

Pathological diagnosis

Sections of the terminal ileum showed evidence of ischemic bowel disease with
marked mural infarction; furthermore, marked transmural ischemic necrosis with
dense inflammatory cell infiltration was observed.

Treatment

Emergency explorative laparotomy was performed: approximately 50 cm of the
ischemic terminal ileum was resected and the hiatal defect (5 cm) was repaired
with a prolene mesh.

Related reports

Herniation of the stomach along with the abdominal viscera is the most common
presentation of type Ⅳ paraesophageal hernia (PEH); colon- or pancreas-only
herniation has also been reported.

Term explanation

Type Ⅳ PEH is a hernia characterized by displacement of the stomach in
addition to other organs, such as the colon, spleen, and small bowel, into the
chest.

Experiences and lessons

This case not only represents the first reported type Ⅳ PEH involving the
incarceration of only the terminal ileum and no other abdominal visceral organs,
but also provides a differential diagnosis in elderly adults with symptoms of
severe epigastric and chest pains, and describes early treatment to avoid lifethreatening complications.

Peer-review

Case report on a paraesophageal hernia combined with an incarcerated
segment of terminal ileum. A rare case with short overview of existing literature
and illustrative images.
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